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“The health of animals, people, plants and the environment are
interconnected. One Health is an integrated approach that recognizes this
fundamental relationship and ensures that specialists in multiple sectors work
together to tackle health threats to animals, humans, plants and the

environment '\,



INTRODUCTION

“One Health” concept links human health, animal health and the environment with a
great potential to mutually influence the health of all species. Infectious diseases
associated with wildlife can worse negative public perceptions of wild animals and
public support for conservation requiring conscientious effort and urgency to avoid an
undesirable outcome 2.

The exponential growth of the human population led to ecologic drastic changes related
to human encroachment on wildlife habitats 3.

During the 20" century, growth of human population, invasion of wildlife habitats,
changes in agricultural practices, domestication of wild animals and ecotourism have
damaged the conservation of wildlife *°. Establishing and maintaining protected areas
are key tools for biodiversity conservation. However, this approach is insufficient for
wide-ranging species. Protected areas, created for conservation purposes, do not
always adequately conserve biodiversity, many terrestrial protected areas within
human-dominated systems are isolated from one another increasing the risk of species
extinctions °. The relationship between isolation and extinction is the basis of the
“metapopulation theory” that many spatially distinct subpopulations reconnected by
movement of individuals, leading to genetic exchange and the possibility of re-
establishing extirpated subpopulations 7.

Numerous emerging infectious diseases have arisen from, or have been identified in,
wildlife with implications for human health. For this reason, wildlife conservation can

be considered an important resource of protection®. Since 1960 the IUCN Red List has
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made multiple lists for a compendium of animals and plants conservation. To date,
more than 134000 species have been assessed for The IUCN Red List, of these 26%
are mammals °.

In this thesis, different aspects related to an animal classified as vulnerable by the [UCN
Red List, the cheetah, will be focused.

The aim is to investigate the gastrointestinal physiopathology of cheetahs, with a
morbidity rate of 95% in captive animals, correlating it with the immune response.
Different studies compared diseases in captive and free-ranging cheetahs showing the
prevalence of stress-induced pathologies '°. The reduction of the population has led
several cheetahs to be housed in zoos, in conditions that do not allow carrying the
physiological behaviors of the species '°. For this reason, some pathologies are defined
as probably stress-induced.

The present research project is based on a multidisciplinary approach to the
physiopathology of “cheetahs™ GI diseases. In the first part of the study, starting from
a common viral disease of cats (feline infectious peritonitis - FIP) in which the immune
system plays a key role in disease progression, methods of monocytes’ isolation from
peripheral blood were investigated, and then macrophages were studied regarding
phagocytosis and respiratory burst activities. The method was firstly performed from
samples of cats with feline infectious peritonitis (FIP) and cats’ samples positive for
Feline coronavirus but not FIP, and then performing the same evaluations in samples
from healthy cheetahs and from subjects with GI disease associated to Helicobacter

spp. In the second part of project, the study of the cytokines profile on the same samples



was performed, comparing results between animal populations (healthy vs diseased
cheetahs). In the third line of research, fecal proteomics to investigate possible

differences in healthy and diseased cheetahs was performed.



HISTORY AND CONSERVATION STATUS OF CHEETAH

The Felidae family includes about 37 species, representing a great morphological
variability!!. Felids have a wide distribution with one or more species native to every
continent except Australia, Antarctica and some oceanic islands !!. As reported by
CITES and by the WCMC (World Conservation Monitoring Center), in the adopted
classification there are three distinguished sub-families: Acinonychinea, Felinae,
Pantherinae . Since the 1900s, the cheetah has achieved a unique taxonomic status
and has been classified as the only species of the genus Acinonyx.

Currently the known cheetah’s population is of about 7,000 animals with an estimated
total population of no more than 10,000 mature individuals, representing a decline of
at least 30% in 18 years *. Today, free-ranging cheetahs are isolated populations across
Africa and the Middle East. Throughout history, the reduction of cheetahs was caused
by hunters, poachers, and habitat destruction causing the extinction of the cheetah in
Asia . Its unique adaptations for speed, such as lightweight legs, a small skull,
shortened jaws and smaller canines than other felids, makes the cheetah a poor fighter
4 Consequently, cheetahs are easily robbed of their kills and their cubs are often
attacked by other predators 3.

Currently, the competition with stronger predators such as lions (Panthera leo),
leopards (P. pardus) and spotted hyenas (Crocuta crocuta) often results in the
exclusion of cheetahs from conservation areas or protected reserves. Therefore,
cheetahs frequently come into conflict with humans and are often killed by farmers

protecting their livestock'?. Hence, proactive conservation methods, including
10



alternative livestock protection programs and community education projects play an

important role in efforts to prevent the extinction of this species.

GASTROINTESTINAL DISEASES IN CHEETAH

The decline of the cheetah population has increased the focus on the conservation of

this species to study chronic diseases. Between 1989 and 1992, Munson and her team

conducted the first research about diseases affecting cheetahs in captivity, to calculate

the incidence of different pathologies '°. Renal diseases, gastro-enteric disease, feline

infectious peritonitis, testicular degeneration, and pneumonia in cubs, have been shown

to have a high prevalence (Tables 1 and 2).

CHRONIC DISEASE PREVALENCE REFERENCE
GASTRITIS 99% (Munson et al., 2005)'
RENAL DISEASE 81% (Munson et al., 2005)'
VENO-OCCLUSIVE 43% (Munson et al., 2005)'
DISEASE"

* Veno-occlusive disease (VOD) of the liver

Table 1. Prevalence of chronic diseases in cheetahs.

INFECTIOUS DISEASE PREVALENCE REFERENCE
FELINE CORONAVIRUS 29% (Munson et al., 2004) 7
(FECOV)
FELINE HERPESVIRUS 12% (Munson et al., 2004) 7
TYPE 1 (FHV1)
FELINE 48% (Munson et al., 2004)!7
PANLEUKOPENIA VIRUS
(FPV)
CANINE DISTEMPER 24% (Munson et al., 2004)!7
VIRUS (CDV)
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FELINE LEUKEMIA 0% (Munson et al., 2004)!7
VIRUS (FELYV)
FELINE 0% (Munson et al., 2004)!7
IMMUNODEFICIENCY
VIRUS (FIV)

Table 2. Prevalence of infectious diseases in cheetahs.

Among these conditions, chronic gastritis showed high prevalence in cheetahs, and in
95% of cases it was caused by spiraliform bacteria '°. To date, it is known that
gastrointestinal diseases represent a high number of recorded cases associated with
significant mortality in cheetahs, especially in captive animals'®!°. Reasons must be
sought in diseases associated to chronic gastritis as for example: Barrett's esophagus
20 gastro-esophageal reflux disease (GERD), acquired hiatal hernia, and related
secondary conditions such as ab ingestis pneumonia'>2!?2, Inconstant clinical signs
including vomiting, diarrhea, and weight loss are described in cheetahs affected by
chronic gastro-enteric disorders. Gastritis in cheetah was also classified with 3
histological degrees, depending on lesions severity!® (Figure 1):
e gastritis grade 1: characterized by moderate inflammation and few necrotic
areas interspersed in the epithelial layer.
e gastritis grade 2: characterized by inflammatory infiltrate invading the lamina
propria with some glandular dilatations and necrotic area.
e gastritis grade 3: in which the lamina propria is invaded by inflammatory
infiltrate, and the glands appear dilated, with necrotic areas associated to areas

of erosion and ulceration.
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Figure 1. Histological pictures of stomach in cheetahs with gastric disorders (a-b).
Stomach characterized by chronic-active interstitial gastritis with neutrophilic-
lymphocytic inflammatory infiltrate and oedema of the mucosal corion (H&E. 20X).

As strict carnivores, cheetah has a simple and relatively developed stomach and a small
intestine that is predominant while the large intestine is much smaller 2%, This
anatomical conformation has been adapted to the diet of the species based on the
consumption of animal tissues. These animals need to take proteins with the diet to
obtain the essential amino acids and a non-specific nitrogen source that is used to
synthesize other nitrogen compounds 2. Also, felids cannot synthesize adequate
amounts of arachidonic acid from linoleic acid ?°, and cheetahs have limited delta-6
desaturase which catalysts the biosynthesis of polyunsaturated fatty acids (PUFAs),
that converts linoleic acid in gamma-linolenic acid and hence the arachidonic acid 7.
The ratio between n-3/n-6 PUFAs is an important cofactor in the modulation of the

immune system and to maintain an anti-inflammatory condition 2. PUFAs deficiency
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needs to be supplemented in the diet, however, different concentrations of arachidonic
acid are present in the prey they consume; for example, rabbit (Oryctolagus cuniculus)
meat contains lower concentrations of arachidonic acid than the meat of ungulates #.
PUFAs concentration is elevated in hunted prey in the wild but, in the diet in captive
conditions, these acids are highly unstable and rapidly deteriorate on low temperature
storage of meats®®. Depending on the type of feeding of the chicken (Gallus gallus), in
this species the amount of n-6 PUFA is very high ?®. Free-range cheetahs hunt ungulates
such as eland (Taurotragus oryx), kudu (Tragelaphus strepsiceros), springbok
(Antidorcas marsupialis), steenbok (Raphicerus campestris), scrub hare (Lepus
saxatilis), hartebeest (A/celaphus buselaphus), gemsbok (Oryx gazella) and other small
mammals, while livestock (Bovidae family), goats (Capra spp.), and sheep (Ovis spp.),
are comprised only in a small proportion *!. In captive cheetahs, the diets are different,
being fed with meat from rabbit, chicken, beef, turkey (Meleagris gallopavo f.
domestica), horse, lamb and goat 22. Studies suggested that the prevalence of diarrhea
associated with dietary factors was significantly higher in cheetahs fed raw meat or
mixed diets (made by the alternation of raw meat, commercially prepared and
carcasses), while being lower in carcass-fed cheetahs ?2. The components of proper
diets are essential substrates for the proper function of the gastrointestinal apparatus
and contribute to the composition of cheetah’s microbiome, conditioning a healthy gut
and consequently, the health of the host animal. Cheetah’s GI microbiome is mainly
composed by Firmicutes, Fusobacteria, Bacteroidetes, Proteobacteria and

Actinobacteria 3. The difference in bacterial populations found in the GI microbiome
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of free-range cheetahs, if compared with captive ones, highlights the presence of
bacteria belonging to the classes Clostridia and Erysipelotrichi, possibly associated
with the intake of perivisceral fat present in hunted prey *2. Conversely, Clostridium
chauvoei and Enterococcus avium/E. hirae have been detected in captive cheetah and
are possibly associated with meat handling by the keepers and the presence of domestic
animals *2. Studies showed that n-3 PUFAs could reduce Helicobacter spp. associated
gastric diseases through an inhibitory effect on bacterial growth via disruption of cell

membrane leading to bacteria lysis *3

reducing iodoacetamide-induced gastritis by
decreasing malondialdehyde (MDA), gastrin and nitric oxide (NO), and normalizing
mucosal glutathione levels 3. It is well established that Helicobacter spp. infection can
enhance PGE2 synthesis and accelerate n-6 PUFAs metabolism in gastric mucosal
cells. Conversely, since essential dietary fatty acids confer protection to the
gastroduodenal mucosa, n-3 PUFAs represent an important gastro-protective factor
against damage to the gastric mucosa induced by Helicobacter spp. *. Early studies
have shown that the cause of gastritis in captive cheetahs were linked to Helicobacter-
like organisms which are found in the wild population, with no signs of disease in the
latter !°. It has been hypothesized that captivity can exasperate stress conditions in

cheetah including enclosure size, the presence of the people, diet, the lack of exercise

and inability to perform other natural behaviors *.
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IMMUNE SYSTEM ALTERATION AND GASTROINTESTINAL
DISEASE

Stressors cause an adaptive response of the organism through the interaction between
the neuroendocrine and the immune systems . In the evolution, vertebrates developed
adaptations in response to harmful or dangerous stimuli *®. This primary biological
response, aimed at survival, is characterized by activation of the hypothalamus-
pituitary-adrenal axis, followed by the release of catecholamine and cortisol from the
medullary and the cortical of the adrenal gland area *%. However, the variability in the
physiological stress response in animal species is not fully understood *°. Knowledge
of disease susceptibility of endangered species is fundamental to understand the
population dynamics of such species and for planning conservation strategies. The
global cheetah’s population has diminished drastically, yet the health status and disease
susceptibility of cheetahs have been studied predominantly in captive cheetahs. It is
supposed that cheetahs kept in captivity can suffer from infectious and chronic
degenerative diseases, with subsequent mortality. The high prevalence of infectious
diseases in captive cheetahs was suggested to be a consequence of a lack of genetic
variability at the class I loci of the major histocompatibility complex (MHC-I) *°. The
most prevalent disease reported in the cheetah is chronic gastritis associated with
increased stress levels '°. To assess stress in cheetahs, cortisol levels were measured
using different methods such as the evaluation of adrenal gland cortico-medullary ratio
or fecal corticosterone concentrations *!**2. In chronic stress condition a greater release
of adreno corticotropic hormone (ACTH), stimulating the cells of the fasciculate area,
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increases synthesis and secretion of cortisone, causing hypertrophy and hyperplasia of

%4 In Japan, fecal corticosterone was monitored on cheetahs

the glandular area
between two seasons (spring to winter) to identify a possible relationship between the
climatic conditions and corticosterone levels. The study showed that cheetahs were
susceptible to climatic variations as suggested by higher fecal corticosterone
concentrations, caused by the decrease in temperature®’.

In the GI system, stress can induce a catecholamines mediated ischemia of the gastric
mucosa, decreasing mucus secretion®,

Furthermore, a greater quantity of corticosteroids produced under stressful conditions,
induces a reduction in the synthesis of prostaglandins through the suppression of the
constitutive enzymes COX1 and COX2. The activity of the COXI enzyme is
fundamental for the synthesis of prostaglandins which favor the production of mucus
by the epithelium of the gastric body and antrum regions. Elevated cortisol levels
therefore strongly reduce gastric mucus production.

In this stress condition, Helicobacter infection can interfere with the processes of
physiological control of gastric acidity. Physiologically, gastrin-producing G cells and
somatostatin-producing D cells regulate gastric acid secretion; they are regulated by a
paracrine feedback system of mutual regulation, but also by endocrine and nervous

4. Gastrin, released by G cells, responsible for acid secretion, is

mechanisms
influenced by histamine, gastrin, and vagal nerve stimulation *°. It has been shown that

the gastric colonization of some Helicobacter species (for example H. pylori, H. canis,

etc.) 1s associated with an increase in the concentration of G cells in the antral mucosa
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and in gastrin values *°. These changes in gastrin and somatostatin increase acid
secretion and lead to ulceration. It is therefore possible that in cheetahs, the combined
action of stress and infection lead to a serious alteration of the mucous layer, exposing
the mucosa to infection-induced hyperacidity **. The inflammatory products that are
generated further altering acid secretion and leading to gastric atrophy with
hypochloridria over time. Additionally, chronic stress induces changes in the
neuroendocrine and immune as

systems, predisposing to chronic diseases

21 As reported above, the ratio between n-3/n-6

Helicobacter-associated gastritis
PUFAs is an important co-factor in the modulation of the immune system (Figure2)

and in the anti-inflammatory function %%,

a-linolenic acid (ALA)
eicosapentaenoic acid (EPA)
docosahexaenoic acid (DHA)
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Figure 2. Effect of omega-3 fatty acids in immune system cells .
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In cheetahs, GHLOs are not found in only sick animals. External or internal host factors
can contribute to the development of the gastroenteric pathology having, an important
role in the pathogenesis of chronic gastritis, related to stress, diet and individual
immune response. Unlike H. pylori, in cheetahs, the isolated GHLOs do not seem to
fulfill Koch’s postulates in accordance with which:

- the microorganism must be found in the diseased animal, and not found in healthy
animals”;

2- it “must be extracted and isolated from the diseased animal and subsequently grown
in culture”;

3- it “must cause disease when introduced to a healthy experimental animal”;

4- it “must be extracted from the diseased experimental animal and demonstrated to
be the same microorganism that was originally isolated from the first diseased
animal 8.

Very interestingly, however, research by O’Brien ef al. *° revealed that cheetah went
through a historic population bottleneck leaving them genetically monomorphic at the
major histocompatibility complex (MHC) . It has been showed that bottlenecked
populations have a highly reduced MHC variation associate with low immune
adaptability and a prevalence for disease and extinction *°. The sharp reduction of the
population impairs species immune-response and the low polymorphisms in MHC 1
and II genes have been associated with high susceptibility to infectious diseases °!. In
MHC, two subgroups were suggested in 2000 by different metabolism of arginine after

LPS injection >

19



a) MHC-I molecules are expressed by all nucleated cells and are recognized by
cytotoxic CD8+ T cells *3;

b) MHC-II which are present on antigen-presenting cells such as macrophages and
lymphocytes and can present processed antigens to T-helper cells 3.

This family of genes encodes receptor molecules to recognize and bind foreign proteins

driving the immune cells and the immune response. Pathogens or foreign organisms

can enter cells by infection or phagocytosis into specific cells such as macrophages.

Through the interaction between protein fragments of the pathogen and the MHC, the

activation of the immune response starts > . Genetics is a key factor in the control of

the immune response and, consequently, in the evolution of the disease.

20



SCIENTIFIC AIMS OF THE STUDY

The present research project is based on a multidisciplinary approach aiming at
investigating the gastrointestinal disease in cheetahs, mainly induced by Helicobacter
spp. infection.

In the first line of the project, I performed the study of samples from cats with feline
infectious peritonitis (FIP) and in samples from cats positive for Feline coronavirus not
causing FIP. The test subsequently performed in samples from healthy cheetahs and
from subjects with GI disease associated to Helicobacter spp. Although apparently
different, it was decided to refine the technique in cats with feline coronavirus infection
and then to apply it on cheetahs, as in both diseases the severity of the condition is
caused by the host’s immune response to the pathogen. Samples have been collected
from cheetahs housed in European zoos through a project authorized by Biobank
EAZA.

The second line of the project aimed at studying the cytokine profile on the same
samples, comparing results between animal populations.

Within the third line of research, I performed the study of the fecal proteome in both
healthy and diseased cheetahs.

The different goals were achieved through different steps synthesized as follows:

- Study of macrophages activity in cats with feline infectious peritonitis and healthy
Feline Coronavirus (FeCoV)-shedding cats.

- Study of macrophages activity in cheetahs with gastrointestinal diseases associated

with gastric Helicobacter-like organisms (GHLOs) and healthy cheetahs.
21



- Study of the immune profile through the determination of the cytokine pattern in cats
with feline infectious peritonitis and healthy FeCoV-shedding cats.

- Study of the immune profile through the determination of the cytokine pattern in
cheetahs affected by gastritis associated with gastric Helicobacter-like organisms and
healthy cheetahs.

- Evaluation of the fecal protein pattern in cheetahs, investigating possible differences

between healthy and diseased subjects.
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RESEARCH LINES OF THE STUDY

a. STUDY OF MACROPHAGES ACTIVITIES

a.l INTRODUCTION

The mammalian digestive tract is a complex environment for the immune system which
maintains ongoing homeostasis by highly specialized structural and cellular strategies
>4, The epithelium is constituted of a single layer of epithelial cells (IECs) that
participates in innate immunity. The turnover of IECs is another important mechanism
to prevent pathogen attachment to the intestinal mucosa, as well as tight junction
complexes, in which claudins, occludins, zonula occludens and junction adhesion
molecules create a seal between neighboring IECs and pathogens *°. Under the
epithelium, the lamina propria harbours dendritic cells (DCs), which are important
APCs and the gut-associated lymphoid tissue (GALT). GALT includes Peyer’s
patches, lamina propria-lymphocytes and intraepithelial lymphocytes (IELs) *°. Under
physiological condition, there is a dynamic regulation of all these components,
however sustained inflammation or infections can lead to dysregulation and barrier
breach allowing the entry of microbes *’. In the lamina propria from the proximal small
intestine to the distal large tract there is the largest population of resident macrophages
8, The resident macrophages are specialized phagocytic cells characterized by

bactericidal properties, and chemokines production finalized to the recruitment of

effector cells from the blood *°. Macrophages can produce IL-1B following TLR
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stimulation, supporting Th17 cell development in the healthy gut . Many of the
macrophages found in lymphoid and non-lymphoid tissues are derived from peripheral
blood monocytes that were recruited from the blood into the tissue, the differentiation
occurs on exposition to cytokines favoring inflammation and local growth factors
production ¢!. Depending on the stimulus that actives macrophages, these cells can
exist on a spectrum of phenotypes, the end of which are the pro-inflammatory or
classical activated M1 macrophages and anti-inflammatory or alternatively activated
M2 macrophages. M1 macrophages, also named classically activated macrophages,
are 1dentified as CD64+CD80+. This type can be polarized through interferon-y,
lipopolysaccharide, tumor necrosis factor-a, or monocyte chemoattractant protein-1 2,

M2 macrophages are identified as CD11b+CD209+, which can be polarized through

IL-4, IL-10, IL13, glucocorticoids, or vitamin D3 2,

In general, macrophages are important cells of the immune system involved in both
innate and cell-mediated immunity ®'. These cells have different functions:

- Eliminate foreign organisms and dead cellular debris by phagocytosis ©!.
Internalization mechanisms are complex, and include macro-pinocytosis (the major
uptake pathway for extracellular solutes, or particles), endocytosis (process for
importing viruses, microorganisms, and nanometer sized particles), and
phagocytosis (mechanism by which foreign particles such as dead cells, pathogens

and digesting drug particles can enter cells and is characterized by the fusion of the

phagosome and lysosome) ®;
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- Present antigens derived from these entities to T or B lymphocytes °!;

- Produce a broad of mediators such as cytokines, growth factors, and reactive oxygen

species that influence other immune cells functions ¢'.

Phagocytosis is a key component of the immune defense. This dynamic pathway is
defined as the cellular uptake of particulates (>0.5 pm) within a plasma-membrane
envelope, and different names have been applied associated with the uptake of
apoptotic cells (efferocytosis) and of necrotic cells in infection and inflammatory
condition (necroptosis and pyroptosis) . Once internalized, the phagosome vacuole
can fuse with primary lysosomes, or with the product of the endoplasmic reticulum and
Golgi apparatus producing a secondary phago-lysosome %. The term ‘professional
phagocytes’” was introduced by Michel Rabinovitch, related to the highly efficient
activity in leukocytes, and includes monocytes, macrophages, dendritic cells,
neutrophils, and osteoclasts *°.

After phagocytosis, newly recruited monocytes and tissue macrophages use pre-
existing phospholipids and arachidonates in the plasma membrane to release radicals
generated by activation of a respiratory burst or induction of nitric oxide synthesis,
and secretion induced by phagocytosis in macrophages is mainly achieved by new
synthesis of RNA and a large variety of cytokines and enzymes °.

There is ongoing interest in establishing how and to what extent the host phagocyte can

mount an appropriate response 7.
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Phagocytosis is commonly assessed via:

- microscopy: allows for clear discernment between engulfed particles and those

associated with the cell surface %;

- flow cytometry: relatively rapid, however intra- and extracellular particles are often

indistinguishable from one another ;

- fluorometric plate-based approach .

Respiratory burst is characterized by the rapid release of reactive oxygen species. As
a mechanism against pathogens, the assessment of respiratory burst is used in
immunological studies. Respiratory burst is often assessed via flow cytometry but
alternative methods are reported. Plate-based colorimetric assays provide an alternative
approach for estimating respiratory burst in vitro . In this assay, respiratory burst may
be induced via one mitogen (e.g., phorbol 12-myristate 13-acetate (PMA),
lipopolysaccharide (LPS)) 7. Nitroblue tetrazolium (NBT), is added to isolated cell
suspensions, and it diffuses into the cells where it is reduced by reactive oxygen
species, particularly superoxide, to produce formazan crystals, which upon dissolution
in potassium hydroxide (KOH) and dimethyl sulfoxide (DMSO) produce a blue color.
This color change can be measured with a standard plate reader. The absorbance of the
solution is directly related to the amount of superoxide produced °.

Different methods have been employed to isolate monocytes from peripheral blood.

Commonly used methods are plastic adhesion and magnetic bead-based isolation kits
71
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Within the first research line of the present project, it was evaluated the phagocytosis
and respiratory activity of monocyte-derived macrophages in FIPV-infected cats and
cheetahs with Helicobacter spp. infection. Knowledge of the immune mechanisms
involved in animal protection plays a pivotal role in understanding the pathogenesis

and clinical progression of these diseases.

Feline coronavirus (FeCoV) is the major pathogens of Felidae family with worldwide
distribution . In cats FeCoV replicates in the intestines and can spread by oral-fecal
transmission but not understood changes can give rise to mutants that are referred to
feline enteric coronavirus (FECV) and feline infectious peritonitis virus (FIPV) 72. FIP
1s mainly a disease of domestic cats but has also been recognized in the African lion,
Mountain Lion, Leopard, Jaguar, and Cheetah "3, In FIP there are two clinical forms
which can occur separately or coexist "7, The effusive FIP is characterized by
pyogranuloma and the infection is considered as a distinct form of vasculitis, induced
by Type III hyper-sensivity reaction. This form is particularly prevalent in the abdomen
covering the serosal surfaces of organs, fibrin and protein-rich fluid are also deposited

within and around the lesions and necrosis is often evident 77 (Figure 3).
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Figure 3. Gross lesions at necropsy in a cat with FIP. All lesions were confirmed by
subsequent histological examination and immunohistology demonstration of feline
coronavirus (FeCoV) antigen within the lesions. Abdominal cavity shows fibrous and
fibrinous adhesions between the organs and the body wall: a) presence of extensive
fibrinous plaque on intestinal serosal surfaces; b) yellow effusion visible in the
abdominal cavity; c-d) macro and micro-granulomatous granulomas lesions on the

surface of the liver.

Pyogranulomatous lesions are histologically made up of central aggregates of
macrophages adjacent to venules and surrounded by a rich inflammatory infiltration
composed by neutrophils and macrophages with a scattering of plasma cells and T-
lymphocytes ’®. Macrophages within pyogranulomas lesions contain viral antigen 7.

Though the pyogranulomatous process is usually surface oriented, focal lesions of
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vasculitis and a mixed inflammatory cells infiltrate may be seen deep in underlying

muscle or organ parenchyma (Figure 4).

Figure 4. Histological findings in a cat with FIP: a) Perivascular infiltrates in the white
matter and diffuse infiltrates in the leptomeninges. (b) The infiltrate is dominated by
macrophages and lymphocytes. (¢) The perivascular infiltrate as well as the
leptomeningeal infiltrate FIPV3 positive cells.

The pathogenesis of FIP is still not fully understood, studies suggested that responses
of macrophages to the virus followed by depletion of CD4+ and CD8+ T-lymphocytes
are crucial for understanding the virus-host interactions "%, A predominant theory has
been that the mutation of FeCoV virus leads to pathogenic FIPV and consequently
tropism for monocytes/macrophages which transport the virus systemically, causing
the disease ®'#2, FIPV-infected macrophages cause the typical immunopathological

damage. As a result of apoptosis, severe T-cell depletion in association with FIPV-
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positive macrophages causing release of pro-inflammatory cytokines and cytokine

8 However, to date no

dysregulation has been observed in lymphoid organs
convincing studies have been published that demonstrate incontrovertibly that this viral
mutation occurs, transforming FeCoV into FIPV.

In cheetahs, gastritis associated with Helicobacter organisms has been an important
clinical disease reported predominantly in the captive population '°. Chronic gastritis
may predispose to other chronic pathologies up to the death of the animal, and the
severity of the clinical presentation is different between captive and free-ranging
animals '8, Two Helicobacter species have been identified in cheetahs with gastritis:
Helicobacter acinonychis (or H. acinonyx), associated with lymphoplasmacytic gastric
infiltration, lymphoid follicles with hyperplastic gastric associated lymphoid tissue
(GALT), evidence of gastric reflux, erosion, and necrosis; and H. heilmannii, that

seems to be less frequently associated to gastric disease 8.

The correlation between
captivity and severity of clinical symptoms in captive cheetahs, if compared to those
in free ranging, would seem related to internal and external factors. In captivity, the
social composition of groups, the enclosure, the visitors, the vocalization and the lack
of predatory activity or exercise are associated with stress conditions that predisposes
animals to gastritis. In addition, the differences in the diet between captive and free-

range cheetahs, may lead to nutritional deficiencies and alteration of the cheetah’s

microbiome.

a.2 MATERIALS AND METHODS
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To assess biological variation and repeatability of the described methods, each assay
was conducted in separate trials, each consisting of one sample obtained from different
subjects for each trial.

Ethical review and approval were not required for this study because this case report
referred to a spontaneous medical condition of client-owned cats; samples used were
those collected for medical purpose. Written informed consent was obtained from the
owners before enrolling their animals in the study.

For cheetahs’ samples, written informed consent was obtained from the zoos for the
participation of their animals in this study. Blood samples used were those resulting
from routine programmed screening/monitoring evaluations. The present research
project was approved by the EAZA Biobank and the European Cheetah Protection
Program Coordinators. With this agreement, all European zoos belonging to EAZA

were included for sending cheetah samples.

For the study of macrophage activity in cats the study population consisted in:

- Study group or (FIP +): 26 cats diagnosed with feline infectious peritonitis of which

14 with the clinical wet form and 12 with the dry form. The diagnosis for the wet
form was made by PCR examination on a sample of abdominal effusion, which was
positive for FIPV. The diagnosis for the clinical dry form was made by PCR assay
on abdominal lymph node biopsy or CSF. All subjects tested negative for other

infectious diseases (FIV, FeLV, and Toxoplasma spp.).
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- Control group or (FIP-): 32 healthy cats, positive for feline coronavirus (FeCoV) in

fecal samples. All subjects were tested for infectious diseases (FIV, FELV),
resulting negative. Complete blood test and serum biochemical examination were

performed and resulted within the reference values for all parameters.

Pathology Whole blood Serum Feces Necropsy
FIP (wet form) 14 14 14 10
FIP (dry form) 12 12 12 5

FeCoV infection 32 32 32 0

Table 3. Samples from cats with FIP (wet and dry form) and feline coronavirus
infection including whole blood, serum, feces, necropsy tissue samples.

For the study of macrophage activity in cheetahs the study population consisted in:

- Study group or (GD): 7 cheetahs with a clinical history of recurrent gastrointestinal

disorders and positive for Helicobacter spp.; all subjects were tested with complete

blood tests, and FIV-FeLV tests.

- Control group or (Healthy): 4 healthy cheetahs; all subjects were tested for

infectious diseases (FIV, FeLV) and tested negative. Complete blood test and serum

biochemical examination were performed and resulted within the reference values.
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Cheetahs Whole blood Serum Faeces GI biopsies
GI disorder 7 7 19 (7+12) 3

Healthy 4 4 7 (4+3) 1

Table 4. Cheetah samples examined during my PhD. Samples were sent from
European zoos but not all biological matrices were received for each animal. The
cheetahs included in my study were those that were shipped whole blood and serum
and feces.

1) Macrophage’s phagocytosis activity in cats

Whole blood was obtained from residual venous whole blood collected for medical
purpose from 26 cats with feline infectious peritonitis and 32 healthy FeCoV-shedding
cats. Monocytes were isolated in parallel by either CDI14positive selection with
QuadroMAcs separator as reported by the manufacturing instructions (Miltenyi
Biotec). PBMCs for CD14positive selection were diluted to 1x10% cells/ml Leibovitz’s
L-15 <cell media supplemented with 10% FCS, 100 U/100 pg/ml
penicillin/streptomycin (ThermoFisher Scientific). 200 pl of monocyte suspension
with and without PMA was distributed in duplicate in polarized slides. Slides were
placed in a 30°C humidified incubator to recover overnight. After 24h the solution in
excess on each slide was removed. 200 pl of solution with Saccharomyces cerevisiae
was added. Slides were placed in a 30 °C humidified incubator for 90 minutes to allow

phagocytosis. Three washes with PBS were carried out on each slide, always with
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extreme caution until a background opacity was obtained, indicating the presence of
the cells. The slides dried and staining was carried out with May-Grunwald Giemsa
stain. Phagocytosis was measured by counting, microscopically, the number of
macrophages that had ingested one or more yeast cells (Saccharomyces cerevisiae) per
HPFs. The percentage of phagocytosis, on the other hand, was obtained by counting
on a total of 100 macrophages, those who had engulfed the yeast cells in their
cytoplasm.

The phagocytosis activity methods using fluorescent liposomes were also investigated.
After incubating for 24h at 37°C, the media was carefully aspirated and then 200uL
liposomes resuspended and added to the cells culture. These cells were also incubated
at 37°C for 4 hours to measure internalization of the fluorescent liposomes. After
3xPBS washes, slides were then analyzed with C2 Plus confocal laser scanning
microscope (Nikon Instruments, Firenze, Italy). Optimized emission detection
bandwidths were configured by Zeiss Zen control software. Images were processed

using NIS Element Imaging Software (Nikon Instrumentes, Firenze, Italy).

11) Macrophages respiratory burst in cats

Whole blood was obtained as previously reported. Monocytes were isolated in parallel
by either CDl14pos selection with QuadroMAcs separator as reported by the
manufacturing instructions (Miltenyi Biotec). PBMCs for CD14positive selection were
diluted to 1x108 cells /ml Leibovitz's L-15 cell media supplemented with 10% FCS,

100 U/100 pg/ml penicillin/streptomycin (ThermoFisher Scientific). Cell viability was
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evaluated by MTT assay and resulted greater than 98%. Isolated cells were cultured in
96-well plates at 37°C, 5% CO: for 24h allowing the cells to recover overnight. The
following reaction mixes were prepared: nitroblue tetrazolium (NBT) at stock solution
concentration 2.5 mg/mL, and phorbol 12-myristate 13-acetate (PMA) at stock solution
concentration 100 pg/mL. Using a multichannel pipette, 5S0uL of media was removed
from the top of each well. Cells should have settled to the bottom and therefore not be
removed from the plate, as reported by Hampton et al. 3%. After vigorously vortexing,
Sull of NBT and 0,5 pL. of PMA in triplicate were added to each sample and then
returning immediately the plate to the incubator for 1h. Following incubation, 100uL
70% MeOH to each well are added, then immediately removed all solution from the
wells and washed each well with an additional 100uL 70% MeOH two more times.
After the second wash, remove any remaining solution and allow the plate to air dry at
room temperature. After the plate was completely dry (30min), 120uL of 2M KOH
was added to each well followed by 140 pL of DMSO and mixed 15 times to dissolve
formazan. The absorbance of the solution on a standard plate reader at 620 nm is

measured.

111) Macrophage’s phagocytosis activity in cheetahs

Whole blood was obtained from residual venous whole blood collected for
screening/monitoring purpose from 7 cheetahs with gastrointestinal disorders and 4
healthy cheetahs. Monocytes were isolated in parallel by either CD14+ selection with

QuadroMAcs separator as reported by the manufacturing instructions (Miltenyi
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Biotec). PBMCs for CD14+ selection were diluted to 1x108 cells/ml Leibovitz's L-15
cell media supplemented with 10% FCS, 100 U/100 pg/ml penicillin/streptomycin
(ThermoFisher Scientific). Two hundred pl of monocyte suspension with and without
PMA was distributed in duplicate in polarized slide. Slides were placed in a 30°C
humidified incubator to recover overnight. After 24h the solution in excess on each
slide was removed. 200 pl of solution with Saccharomyces cerevisiae was added.
Slides were placed in a 30°C humidified incubator for 90 minutes to allow
phagocytosis. Three washes with PBS were then carried out on each slide, always with
extreme caution until a background opacity was obtained, indicating the presence of
the cells. The slides dried and staining was carried out with May-Grunwald Giemsa
stain. Phagocytosis was measured by counting, microscopically, the number of
ingested yeast (Saccharomyces cerevisiae) within the macrophages (as previously

reported).

1v) Macrophages respiratory burst in cheetahs

Whole blood was obtained as previously reported. Monocytes were isolated in parallel
by either CD14+ selection with QuadroMAcs separator as reported by the
manufacturing instructions (Miltenyi Biotec). PBMCs for CDI14+selection were
diluted to 1x108 cells/ml Leibovitz's L-15 cell media supplemented with 10% FCS,
100 U/100 pg/ml penicillin/streptomycin (ThermoFisher Scientific). Cell viability was
evaluated by MTT assay and resulted greater than 98%. Isolated cells were cultured at

a density of 1x106/mL in 96-well plates (Nunc, Roskilde, Denmark), at 37°C, 5%
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COz for 24 h allowing the cells to recover overnight. The following reaction mixes
were prepared: nitroblue Tetrazolium (NBT) at stock solution concentration 2.5
mg/mL, and phorbol 12-myristate 13-acetate (PMA) at stock solution concentration
100 pg/mL. Using a single-channel or multichannel pipette, 50 puL of media was
removed from the top of each well. Cells should have settled to the bottom and
therefore not be removed from the plate, as reported by Hampton et al. . After
vigorously vortexing, SuL. of NBT and 0.5uL of PMA in triplicate was added to each
sample, and then the plate immediately returned to the incubator for 1h. Following
incubation, 100puL 70% MeOH were added to each well; immediately removing all
solution from the wells and washing each well with an additional 100puL 70% MeOH
two more times. After the second wash, any remaining solution was removed, and the
plate air-dried at room temperature. After the plate was completely dry (30min), 120uL
of 2M KOH was added to each well followed by 140uL of DMSO and mixed 15 times
to dissolve formazan.

The absorbance of the solution on a standard plate reader at 620 nm is measured.

a.3 STATISTICAL ANALYSIS

All data are presented as the means = SEM. A two-way Analysis of Variance
(ANOVA) with Sidak’s multiple comparisons test was used to analyze differences
between phagocytic and non-phagocytic cells percentage between FIP+ and healthy
FeCoV-shedding cats (FIP-) to investigate differences in PMA-stimulated respiratory

burst activity between the same two categories of cats. Moreover, a Mann-Whitney test
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was used to compare differences within FIP+ and FIP- groups both for phagocytic
percentage and respiratory burst activity. All statistical analyses were performed with
GraphPad Prism 8 (GraphPad Software Inc., San Diego, CA, USA). p < 0.05 was

considered significant.

a.4 RESULTS

1) Macrophage’s phagocytosis activity in cats

For each animal in both groups, 3 microscopic fields were examined (Figure 6). The
mean of the number of phagocytic cells undergoing yeast phagocytosis was evaluated

and reported in tables 5 and 6.
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Figure 6. Cat’s samples (FIP+). a-b) Light microscopy: Culture of macrophages with
stimulated cells in the presence of PMA. Note the presence of vacuoles of uniform
dimension in the macrophages. c-d) Fluorescence microscopy: Co-culture of
macrophages (red arrows) with intra-cytoplasmatic liposomes (black asterisk). Note
the intra-cytoplasmatic material by the macrophages (d) (yellow asterisk). e-f) Note
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the nuclear (DAPI stained) material by the macrophages and the intra-cytoplasmatic
liposomes (f) by confocal microscope. Scale bars 12pum.

Cat (FIP+) Phagocytic cells (%) Non-Phagocytic cells (%)
1 13 87
2 6 94
3 10 90
4 15 85
5 20 80
6 18 82
7 23 77
8 13 87
9 5 95
10 10 90
11 8 92
12 20 80
13 15 85
14 15 85
15 25 65
16 15 78
17 12 88
18 21 79
19 19 81
20 15 85
21 25 75
22 25 75
23 12 88
24 22 78
25 30 70
26 33 67

Mean 17,1 82,9

Table 5. Mean of phagocytic cells evaluated in cat FIP+.
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Cat (FIP-)
1
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Phagocytic cells (%)
25
25
60
48
44
39
46
86
31
17
39
23
80
54
74
56
48
43
51
29
52
38
89
21
60
57
77
40
73
46
82
88

Non-Phagocytic cells (%)
75
75
40
52
56
61
54
14
69
83
61
77
20
46
26
44
52
57
49
71
48
62
11
79
40
43
23
60
27
54
18
12
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Mean 51,3 48,7

Table 6. Mean of phagocytic cells evaluated in cat FIP-.

The mean value of phagocytic cells in the FIP + group was low compared to the mean
of phagocytic cells in the FIP- group.

ANOVA with Sidak’s multiple comparisons test was used to analyze differences
between phagocytic and non-phagocytic cells percentage between FIP+ and FIP-

(Fig7). P-Values p <0.05 is significant. Our results reached statistical significance with

****p < 0.0001.
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Figure 7. Schematic representation of phagocytic and non-phagocytic cells
percentage in FIP+ and FIP— groups. ™"p < 0.0001.
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11) Macrophage’s respiratory activity in cats

The absorbance of cultured cells on a standard plate reader at 620nm was measured in

FIP+ and FIP- without PMA and stimulated with PMA respectively (Tables 7 and 8).

Cat (FIP+) PMA- PMA+
1 0,517 0,761
2 0,671 0,744
3 1,213 1,397
4 0,493 0,573
5 0,578 0,69
6 0,507 0,646
7 1,26 1,37
8 1,47 1,56
9 1,11 1,44
10 1,16 1,32
11 0,96 1,2
12 0,87 1,15
13 1,15 1,41

14 1,16 1,47
15 0,835 0,859
16 1,156 1,341
17 1,086 1,219
18 1,145 1,219
19 1,09 1,124
20 0,771 0,992
21 0,953 1,112
22 1,160 1,32
23 0,798 1,04
24 1,060 1,192
25 1,030 1,23
26 1,035 1,39
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Mean 0,1 1,14

Table 7. Absorbance measured in cats FIP+ without PMA and stimulated with PMA.

Cat (FIP-) PMA- PMA+
1 1,232 0,811
2 1,115 1,039
3 1,057 1,004
4 1,275 1,131
5 1,964 1,591
6 1,272 1,482
7 1,804 1,573
8 1,564 1,493
9 1,067 1,189
10 1,311 1,493
11 1,041 1,005
12 0,820 1,444
13 1,206 1,5
14 1,293 1,388
15 1,249 1,456
16 1,350 1,48
17 1,974 1,919
18 1,500 1,68
19 1,585 1,807
20 1,330 1,54
21 1,238 1,357
22 1,355 1,506
23 1,260 1,47
24 1,300 1,48
25 1,11 1,44
26 1,32 1,64
27 0,966 1,405
28 0,871 1,151
29 1,154 1,415
30 1,169 1,477
31 1,526 1,757
32 1,31 1,455

Mean 1,3 1.4

Table 8. Absorbance measured in cats FIP- without PMA and stimulated with PMA.
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The (Mean + Standard deviation) of absorbance calculated without PMA stimulation
in the FIP+ group (0,1 + 0,25) was low compared to the absorbance calculated in the
FIP-group (1,3 + 0,26). The (Mean + Standard deviation) of absorbance calculetd wit
PMA stimulation in the FIP + group was low (1,14 £+ 0,27) compared to the absorbance
calculated in the FIP- group (1,4 = 0,23).

ANOVA with Sidak’s multiple comparisons test was used to analyze differences in
PMA-stimulated respiratory burst activity between FIP+ and FIP- (Figure 8).

Our results reached statistical significance ("p < 0.01, "p < 0.0001).
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Figure 8. Schematic representation of absorbance in non-stimulated (PMA-) and
stimulated (PMA+) macrophages in FIP+ and FIP— groups. ~p <0.01, ™p <0.0001.
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1i1) Macrophage’s phagocytosis activity in cheetahs

For each animal in both groups, 3 microscopic fields were examined (Figure 9) The

mean of the number of phagocytic cells undergoing yeast phagocytosis was evaluated

and reported in tables 9 and 10.

Figure 9 Cheetah’s samples (Healthy). Light microscopy: Culture of macrophages
with stimulated cells in the presence of PMA. Note the presence of vacuoles of
uniform dimension in the macrophages (black arrows) and non-phagocytic

macrophages (orange arrows).

Cheflti::r:iih G Phagocytic cells (%) Non-phagocytic cells (%)
1 46 54
2 86 14
3 31 69
4 17 83
5 39 61
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6 23 77
7 29 71

Mean 38,7 61,3

Table 9. Mean of phagocytic cells evaluated in cheetahs with GI disorders.

Healthy cheetahs Phagocytic cells (%) Non-phagocytic cells (%)
1 48 52
2 44 56
3 39 61
4 60 40
Mean 47,8 52,2

Table 10. Mean of phagocytic cells evaluated in healthy cheetahs.

The mean value of phagocytic cells in the Cheetah with GI disorder group was low

compared to the mean of phagocytic cells in the healthy group.

A two-way Analysis of Variance (ANOVA) with Sidak’s multiple comparisons test

was used to analyze differences between phagocytic and non-phagocytic cells

percentage between healthy cheetahs and cheetahs with gastrointestinal disorders

(Figure 10). Our results did not reach statistical significance.
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Figure 10. Schematic representation of phagocytic and non-phagocytic cells

percentage in cheetahs with gastrointestinal disorders (GD) and healthy cheetahs
(Healthy).

1v) Macrophage’s respiratory activity in cheetahs
The absorbance of cultured cells on a standard plate reader at 620nm is measured in
cheetahs with gastrointestinal disorders and healthy cheetahs, without PMA and

stimulated with PMA respectively (Tables 11 and 12).
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Cheetah with GI PMA- PMA-+

disorder
1 1,591 1,964
2 1,272 1,482
3 1,573 1,804
4 1,493 1,564
5 1,067 1,189
6 1,311 1,493
7 1,005 1,041
Mean 1.3 15

Table 11. Absorbance measured in cheetahs with gastrointestinal disorders without
PMA and stimulated with PMA.

Healthy Cheetahs PMA- PMA+
1 0,811 1,232
2 1,039 1,115
3 1,004 1,057
4 1,131 1,275
Mean 0,9 1,6

Table 12. Absorbance measured in healthy cheetahs without PMA and stimulated with
PMA.

The (Mean + Standard deviation) of absorbance calculated without PMA stimulation
in GD group (1,3 £ 0,21) was higher compared to the absorbance calculated in the

Healthy group (0,9 &+ 0,11). The (Mean + Standard deviation) absorbance calculated
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with PMA stimulation in GD group (1,5 £+ 0,29) was higher compared to the absorbance
calculated in the Healthy group (1,16 £ 0,08).

ANOVA with Sidak’s multiple comparisons test was used to analyze differences in
PMA-stimulated respiratory burst activity between cheetahs with gastrointestinal
disorders (GD) and healthy cheetahs (Figure 11). Our results reached statistical

significance (""p < 0.0001).
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Figure 11. Schematic representation of absorbance in non-stimulated (PMA-) and
stimulated (PMA+) macrophages in cheetahs with gastrointestinal disorders (GD)
and healthy cheetahs (Healthy). *“p < 0.0001.

a.5 DISCUSSION

Macrophages are considered professional phagocytes that are important for pathogen

clearance. In this first line of the PhD project, it is presented a method for studying ex
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vivo macrophages functional capacity. This technique uses fluorescent-tagged or yeast
particles and whole blood, preserving, at least in part, the physiological in vivo
conditions. This method offers several advantages due to its speed and simplicity, by
this assay, cellular phagocytic capacity can be quantified.

The experiments reported demonstrate that in cats with FIP monocyte-derived
macrophages have significantly lower phagocytic activity than healthy cats, and
similarly, in cheetahs with GI disorders associated with Helicobacter spp. infection
monocyte-derived macrophages have lower phagocytic activity than healthy cheetahs.
In physiologic condition, after inflammatory response M1-/ike macrophages switch to
the M2-like phenotype to initiate the resolution of inflammation. M1 macrophages
constitute the first line of defense against intracellular pathogens and promote or
amplify Thl polarization of CD4+ lymphocytes by IL-12 production %. This
phenotypic switch is characterized by decreased production of inflammatory mediators
and increased release of anti-inflammatory cytokines such as IL-10 . Ml
macrophages differentiate under the influence of IFN-y and/or LPS and are usually
characterized by increased microbicidal activity and the secretion of high levels of pro-
inflammatory cytokines (TNFa, IL-6, production of reactive oxygen intermediates
(ROI) and nitric oxide synthase-2 (NOS-2/iNOS)-dependent reactive nitrogen
intermediates . M2 macrophages have been initially identified under the influence of
IL-4 and IL-13 produced during a strongly Th2-polarized response. M2-like cells have
been described in pathological conditions such as infections by intracellular bacteria or

virus, allergy, diabetes, or cancer >. M1 macrophages are characterized by the selective
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expression of markers such as arginase 1 (Argl), CD36 (fatty acid translocase), and
CD206, and the production of low levels of IL-12 and iNOS. M2-associated phenotypic
markers have been recognized: M2a (induced by exposure to IL-4 or IL-13); M2b (by
stimulation with TLR, or the IL-1 receptor antagonist), both subtypes drive Th2
responses; and M2c type (generated by stimulation with IL-10) play a predominant role
in the suppression of immune responses and tissue remodeling 7.

The interaction between pathogens and the host is characterized by strategies. M2
macrophages appear to be a ‘“favorable situation” for long-term persistence of
intracellular pathogens.

In this study, it was also optimized the use of a colorimetric plate-based respiratory
burst. Oxidative burst activity was assessed by stimulating phagocytes with and
without phorbol 12-myristate 13-acetate (PMA) in all groups and measuring the
absorbance. Present results show that in cats with FIP, monocyte-derived macrophages
have significantly lower burst activity than healthy cats, as well as in cheetahs with GI
disorders associated with Helicobacter spp. infection monocyte-derived macrophages
have higher burst activity than healthy cheetahs.

Present results demonstrate that these assays can be used to study immune function and
to detect perturbation of cellular function in animals with immunological impairment
(cats with and without FIP; cheetahs with gastrointestinal disorders related to

Helicobacter-like organisms’ infection and healthy cheetahs).

a.6 CONCLUSION
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Monocytes are considered an intermediate stage between bone marrow precursors and
tissue macrophages. Circulating monocytes have important effector functions in
homeostasis and repair functions and during infections by having inflammatory
effects®®. Several populations of tissue resident macrophage originate from yolk sack
embryonic precursors but some tissues (such as dermis and the intestine) host adult
monocyte-derived macrophages %%. During infectious process, blood inflammatory
monocytes migrate to inflamed tissues and differentiate into monocyte-derived
macrophage populations.

Present results seem to suggest that in cats with FIP the macrophage is deficient in the
recognition and elimination of the virus, with a reduction of phagocytic activity and
respiratory burst. This result was not found in healthy positive FeCoV shedding cats
where there is an increase in phagocytosis and burst activity.

In cheetah, present results show that in subjects with GI disorders the macrophage is
deficient in phagocytic activity if compared to healthy cheetahs. However, the
respiratory burst activity was found higher in cheetahs with GI disorders if compared
with healthy animals. These results show that, in absolute terms, the phagocytic
capacity of macrophages belonging to cheetahs with GE pathology is lower, reducing
the host's defense capacity, but that the macrophages that can carry out phagocytosis,
produce a higher respiratory burst, from the moment which they differ in an

inflammatory background.

53



b. STUDY OF CYTOKINES PROFILE

b.1 INTRODUCTION

Cytokines are mediators and modulators within localized environments regulating
immunological responses, hematopoietic  development, and cell-to-cell
communication. Cytokines are important for migration, maturation, and proliferation
of immune cells %. Differences in cytokines expression are associated with disease
activity in immuno-mediated and inflammatory disorders *°. The abnormalities of
cytokines may reflect the imbalance among different immune cell subsets, such as
Th1/Th2 immune response *°. Cytokines can be classified into several categories
including tumor necrosis factors (TNFs), interferons (IFNs), interleukins (ILs),
monokines, lymphokines, colony stimulating factors (CSFs), and transforming growth
factors (TGFs). Based on their cellular source, cytokines can be classified into: type 1
cytokines, produced by cluster of differentiation 4 (CD4)+ Thl cells, including 1L-2,
IL-12, IFN-y, and TNF-B; and type 2 cytokines, produced by CD4+ Th2 cells,
including IL-4, IL-5, IL-6, IL-10, and IL-13 °!. Cytokines may also be classified as
pro-inflammatory or anti-inflammatory °':
e Pro-inflammatory: IL-1B, IL-6, IL-8, IL-12, TNF-a, and interferons, that
facilitate inflammatory reactions and tend to stimulate immunocompetent cells.
e Anti- inflammatory: 1L-4, IL-6, IL-10, IL-11, IL-13, IL-1 receptor antagonist
(IL-1RA), and TGF-B. These molecules inhibit inflammation and suppress
immune cells.
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A single cytokine may be secreted by different cells and have both pro-inflammatory
and anti-inflammatory activities (such as IL-6) %2,

The characterization of cytokine profiles in different pathological condition, should
make it possible to estimate a “peripheral immune state” in a specific subject.

Feline infectious peritonitis is a progressive Arthurs-type immune-mediated disease
that is triggered in cats are infected with enteric coronavirus 8!. As described above,
the disease is characterized by multiple organ failure, generalized effusion, or
neurological disease 8. The development of FIP lesions is triggered by activated virus
infected monocytes that induce the granulomatous phlebitis that is the first and
hallmark lesion occurring in all organs®. The overactivation of the immune system
appears characterized by an excessive release of pro-inflammatory cytokines (or also
called “cytokine storms ™) which results in multi-organ dysfunction and fatal outcome

94,95

of the disease . The cytokine pattern of healthy cheetahs and cheetahs with

gastrointestinal disease has never been studied.

b.2 MATERIAL AND METHODS

For ethical aspects please see above what reported for the first research line.
Frozen serum samples collected from 7 cheetahs with GI disorders associated with

Helicobacter spp. infection (GD) and 4 healthy cheetahs (Healthy) are used.
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- study group or GD: 7 cheetahs with a clinical history of recurrent gastro-energy

disorders and positive for Helicobacter spp. All subjects were tested with complete

blood tests, and FIV-FELYV tests.

- control group or Healthy: 4 healthy cheetahs. All subjects were tested for infectious

diseases (FIV, FELV) and tested negative. Complete blood test and serum

biochemical examination were performed and resulted in the norm of all values.

Collected Serum samples were cryopreserved at —80°C and remained frozen until
analysis.

A commercial feline-specific multiplex assay was utilized allowing for simultaneous
measurement of 10 Feline cytokines suitable for serum, plasma, cell culture media,
other body fluids, cell and tissue lysates: Fas, I[FNy, IL-1p, IL-2, IL-4, IL-5, IL-8, IL-
10, IL-12p40 and RANTES. Serum samples were assayed according to manufacturer's
recommendations.

Serially diluted standards were prepared. 100 pL of Sample Diluent was added into
each well and incubate at room temperature for 30 minutes to block slides. 100 uL
standard cytokines was added in 8 wells and 100 ul of samples (GD and Healthy group)
was added to the rest of well. The slide was incubated at room temperature for 1-2
hours. Samples was decanted from each well and washed 5 times.

with 150 pL of 1X Wash Buffer I. After decanted the 1X Wash Buffer I from each
well, wells were washed 2 times with 150 puL of 1X Wash Buffer II. The buffer was

completely removed. 80 pL of the detection antibody cocktail was added to each well.
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and incubate at room at 2-8°C for overnight.

After 24 h, the samples were decanted from each well, and wash 5 times with 150 puL
of 1X Wash Buffer I and then 2 times with 150 pL of 1X Wash Buffer II. The wash
buffer was completely removed.

The Cy3 equivalent dye-conjugated streptavidin was prepared as shown in the Reagent
Preparation section and 80 puL of Cy3 equivalent dye-conjugated streptavidin was
added to each well. The slide was covered with aluminum foil and incubated at room
temperature for 1 hour. The samples were decanted from each well, and wash 5 times
with 150 pL of 1X Wash Buffer I. The device was disassembled and place in the slide
Washer/Dryer with 1X Wash Buffer I (about 30 mL) to cover the whole slide. The
glass array slide was dried by centrifuge at 1,000 rpm for 3 minutes. The signals was

visualized through use of fluorescence microscopy with a Cy3 wavelength.

2.6 CONCLUSION and FUTURE PERSPECTIVES

The incidence of chronic disease in cheetahs is associated with chronic systemic
inflammation. Cytokines regulate cell differentiation, proliferation and communication
and difference in their expression is associated with disease activity in immuno-
mediated and inflammatory disorders °. The ability to misure cytokines pattern in
serum sample is usefull to assess levels of systemic inflammation during chronic
disease. Few studies reported to study the cytokine profile in cheetah®®. Cytokine
concentrations in cheetah serum were based on the use of domestic cat standards. but

studies on cytokine profiles in cats with FIP provided controversial results®’. In this
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part of my research, I performed the study of the immune profile through the

determination of the cytokine pattern in healthy cheetahs and cheetahs with

gastroenteric disorder associated with Helicobacter spp. infection.

A commercial

feline-specific multiplex assay was utilized allowing to measure 10 Feline cytokines

suitable for serum: Fas, IFNy, IL-1p, 1L-2, IL-4, IL-5, IL-8, IL-10, IL-12p40 and

RANTES (tab. 13).

Cytokine

Main Sources

Classification

Major function

Fas

IFNy

IL-1B

IL-2

1L-4

IL-5

T cells and natural killer cells

Natural killer cells, innate lymphoid

cells (ILCs), T helper 1 (TH1) cells

and CD8+ cytotoxic T lymphocytes
(CTLs)

Monocytes and macrophages, B
cells, DCs

Thl-cells

Th cells

Th2 Cells and mast cells

Pro-inflammatory

Pro-inflammatory

Pro-inflammatory

Adaptive immunity

Adaptive immunity

Adaptive immunity

Anti-viral,
macrophage
activation,
increases
neutrophil and
monocyte
function, MHC-I
and -1I
expression on
cells
Pyrogenic, pro-
inflammatory,
proliferation and
differentiation
Proliferation of
B cells, activated
T cells, NK cell
function
Proliferation of
B and cytotoxic
T cells, enhances
MHC class II
expression,
stimulates [gG
and IgE
production

B-cell
proliferation and
maturation,
stimulates [gA
and IgM
production
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IL-8 Macrophages

IL-10 T cells, B cells, macrophages

IL-12p40 T cells, macrophages, monocytes

Hematopoietic and non-

RANTES hematopoietic cell

Pro-inflammatory

Anti-inflammatory

Anti-inflammatory

Pro-inflammatory

Table 13. Summary of selected cytokines and their functions.

Chemotaxis for
neutrophils and
T cells
Inhibits cytokine
production and
mononuclear
cell function
Activates NK
cells, phagocyte
cell activation,
endotoxic shock,
tumor
cytotoxicity.
Chemotaxis for
monocytes, NK
cells, memory T
cells,
eosinophils and
DCs

However, the final interpretation of the method has not been developed. These

molecules can provide key insight into disease progression or regression, and can be

considered at as biomarkers of a disease process providing insight into the possible

effect of treatment, the disease state or future disease developmen

t92

Future research could be carried out on the study of the citchin profile of cheetahs with

different stages of gastroenteric disease associated with Helicobcater spp infection. The

correlation between histological, haematobiochemical and cytokine profile tests could

suggest the porgnostic course of the disease and be used for preventive therapeutic

purposes.
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c. STUDY OF THE FECAL PROTEOME

c.l INTRODUCTION

Since the mapping and sequencing of the human genome, different new technologies
are improved to obtain a huge number of molecular measurements in biological
samples *®. The scientific fields associated with the study of biological molecules in a
high-throughput way are called “omics.” Omics study includes transcriptomics,
proteomics, metabolomics, genomics, lipidomics, and epigenomics *%.

The term “proteome” describes the set of proteins encoded by the genome *°. Proteome
study is called “proteomics”, including all protein isoforms and modifications '%.
Potential biological samples for proteome analysis can be in vitro cultured cell lines or
in vivo sources including animal tissues, organs, feces, and body fluids '°'. Fecal
samples offer accessible alternative biological samples to investigate a range of
diseases of the gastrointestinal tract '°!. Proteins and peptides present in stools have
potential as biomarkers in different bowel-related diseases. Mass spectrometry (MS) is
the method of choice for analysis of complex protein samples 2. One of the most
reported proteomics methods consists of different stages. The proteins to be analyzed
are isolated from biological samples (blood, tissue, feces, urine) by biochemical

102 after this a step one-dimensional gel electrophoresis and second

fractionation
dimension electrophoresis are performed 2. Proteins are degraded enzymatically to

peptides by trypsin, leading to peptides with C-terminally protonated amino acids. The

peptides are separated and after evaporation multiply protonated peptides enter the
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mass spectrometer and a mass spectrum of the peptides eluting is performed °2. Among
proteomics technologies, conventional, advanced, and quantitative techniques are

recognized % (Tab.14).

Proteomics technology Subtypes

Conventional e Chromatography-based techniques
¢ Enzyme-linked immunosorbent assay
e Western blotting

Advanced e Protein microarray
e Gel-based approaches

Quantitative e ITAC
e SILAC
e iTRAq
High-throughput techniques e Mass spectrometry

e NMR spectroscopy

Bioinformatics analysis

Table 14. Schematic representation of different proteomics techniques'®.

The two-dimensional polyacrylamide gel electrophoreses (2D-PAGE) is an efficient
method for separation of proteins based on their mass and charge '°%!%, By 2D-PAGE,

proteins, that are firstly separated by charge in the first dimension, are separated

101

because of differences between their mass The selection of appropriate

experimental model and preparation of sample are the most important step in proteomic
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study that can affects the results !°*. The major impediments associated with this
analysis, are the wider range of protein abundance, such as severe copies of a protein
in a singular cell '%.

Within this third line of the present PhD research project, the study of proteome in fecal
samples of cheetahs with GI disorders associated with Helicobacter spp. infection, and
then comparing it with the fecal proteome from healthy cheetahs, was performed. The
present study protocol applied to cheetahs’ samples, was previously performed in fecal

samples from healthy dogs and cats and from dogs with lymphangiectasia '%%1%7,

c.2 MATERIAL AND METHODS

As above (two previous research line), the study population consisted of:

e Study group or GD: made by 7 cheetahs with GI disorders associated with
Helicobacter spp. infection. Helicobacter spp. presence was detected in fecal
samples by RT-PCR analysis. Other pathologies were excluded by complete
blood exams and clinical history. All subjects were tested for infectious diseases
(FIV, FeLV) and tested negative

e Control group or Healthy: made by 4 healthy cheetahs. All subjects were tested
for infectious diseases (FIV, FeLV) and tested negative. Complete blood test
and serum biochemical examination were performed and resulted in the norm
of all values.

All animals included in the study did not undergo dietary changes or medical

treatments. Parasitic and other gastrointestinal diseases were excluded.
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Fecal samples naturally eliminated from each cheetah were collected and stool samples
from the GD and Healthy groups were frozen and stored at -20°C within 8 h of
sampling. 2 grams of feces for each animal was mixed in a pool and resuspended in 42
mL of phosphate-buffered saline (PBS) diluted 1:100, containing a protease inhibitor
cocktail (Sigma-Aldrich, Saint Louis, MO, USA), and extracted as previously
described !9, After centrifugation at 10000xg for 20 minutes, samples were filtered
using 0.45um filters and subsequently 0.20um filters. To the final filtrate, 90 %
ammonium sulphate in the solution was added. The solution was divided equally in
Iml Eppendorf and centrifuged at max speed for 30 minutes. The supernatant was
discarded. The precipitate was resuspended in 100 ml of PBS buffer and total protein
content was determined according to the Bradford method '°®. Before 2DE, one
milligram of total protein was treated with the 2D Clean-Up Kit (GE-Healthcare Life
Sciences, Uppsala, Sweden). The first dimension was performed using the [PGphor
isoelectric focusing cell apparatus (GE-Healthcare) a pH range of 3-10 (Immobiline
DryStrip, IPG-strip, length 18 cm was used (Figure 12), and 13% SDS-PAGE (Protean
IT apparatus, Bio-Rad, Hercules, CA, USA) for the second dimension, as described in

previous studies '%°. The analyses were performed in triplicate.
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Figure 12. First dimension with pH range of 3—10 (Immobiline DryStrip, IPG-strip,
length 18 cm; IPGphor isoelectric focusing cell, GE-Healthcare) used for cheetahs’
samples.

The stained gels were scanned at 600dpi and subjected to image analysis using the
PDQuest software (Version 7.1.1; Bio-Rad Laboratories), to calculate the isoelectric
point (pl), the molecular mass (Mr), and the normalized quantity of each protein spot
(Fig.13). The selected spots were manually excised, and the protein was extracted from
the gel as previously described, then subjected to LC-MS/MS analysis for protein

identification !1°,
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Figure 13. PDQuest software (Version 7.1.1; Bio-Rad Laboratories), to calculate the
isoelectric point, the molecular mass, and the normalized quantity of each protein
spot.

The MS spectra were extracted and analyzed by MASCOT software
(www.matrixscience.com; http://hs2.proteome.ca/prowl/knexus.html [accessed on 10

March 2021]).

c.3 STATISTICAL ANALYSIS

2DE experiments were performed in triplicate. Quantitative data of protein level in
fecal samples are presented. The differences of protein spots were compared between

groups.
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c.4 RESULTS

The protein expression profiles of fecal samples of healthy cheetahs and cheetahs with
GI disorders associate with Helicobacter spp. infection were examined by 2DE in the
pH range 3-10.

In healthy cheetahs, PDQuest analysis revealed the presence of 13 spots differentially
expressed in the fecal samples. In samples of cheetahs with GI disorders, 6 different

spots were identified (Figure 14 and 15).

270 kDa — §
130 kDa —

95 kDa —
66 kDa —

52 kDa —

37 kDa —

30 kDa —

16 kDa —
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Figure 14. 2D electrophoresis gel shows a representation of the protein spots in healthy
cheetahs. The spots that were identified by the mass spectrometry are evidenced in red.
The proteins were separated on an immobilized pH 3-10 linear gradient strip and
subsequently subjected to a 13% SDS-PAGE. The standards were Bio-Rad low
molecular weight (phosphorylase b, 97.4 kDa; bovine serum albumin, 66.2 kDa;
ovalbumin 45.0 kDa; carbonic anhydrase, 31.0 kDa; soybean trypsin inhibitor, 21.5
kDa; lysozyme, 14.4 kDa).

270 kDa —
130 kDa —
95 kDa — §

66 kDa —
52 kba —

37 kDa —

30 kDa —

16 kDa —

Figure 15. 2D-electrophoresis gel of the protein spots in cheetahs with GI disorders
associated with Helicobacter spp. infection (right) and healthy cheetahs (left). The
spots that were identified by the mass spectrometry are evidenced in red. The proteins
were separated on an immobilized pH 3-10 linear gradient strip and subsequently
subjected to a 13% SDS-PAGE. The standards were Bio-Rad low molecular weight
(phosphorylase b, 97.4 kDa; bovine serum albumin, 66.2 kDa; ovalbumin 45.0 kDa;
carbonic anhydrase, 31.0 kDa; soybean trypsin inhibitor, 21.5 kDa; lysozyme, 14.4
kDa).
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In table 14 and 15 it is shown the normalized quantity of each spot, as well as the
experimental Ip values and the molecular weights of the spot proteins, compared with
the theoretical values found by the MASCOT or SONAR software. Before to perform
the spots identification, the spots of interest were excised from 2-D gels and digested
with trypsin. In healthy cheetahs, the most representative spots present in triplicate
have been selected and identified as follow: C1 (Collagen alpha-1), C2
(Transthyretin), C3 (Transthyretin), C5 (Transthyretin), C6 (IgGFc-binding protein),
C8 (IgGFc-binding protein), C9 (Titin), C12 (Dystonin), CI13 (Isopentenyl-
diphosphate Delta-isomerase 1), Cl4 (Sodium/potassium-transporting ATPase

subunit alpha-1), C15 (Protein disulfide-isomerase A6), C16 (Dystonin) (Tab. 14).

(Tab. 15).
Spot Mr Normalized  Protein name ¢ Mr Score Sequence ¢
ID (kDa)/pI P quantity (kDa)/pI ¢ ¢
Cc? (x10%) P
C1 135.5/9.3 175147 Collagen alpha-  141.8/6.6 40 GIAGPQGPR
1
(1l) chain
C2 44.2/6.9 128+50 Transthyretin 15.7/5.9 109  GSAPAANVGVK
C3 40.7/6.4 307+2 Transthyretin 15.7/5.9 144  GSAPAANVGVK
C5 39.1/5.9 324+48 Transthyretin 15.2/5.9 59 KAADDTWEPFA
SG
Co 48.1/5.7 149427 IgG Fc-binding 571.6/5.1 128 VLVENEHRG
protein
C7 36.9/4.7 401+£25 n.d. n.d. n.d. n.d.
39.8/4.7 3298+518
C8 35.7/4.4 460+15 IgG Fc-binding  571.6/5.1 50 LDSLVAQQLQS
protein K
c9 51.8/4.5 288+130 Titin 3813.0/6.0 85 APTPSPVR
50.2/4.4 7634
C12 18.6/7.1 207+40 Dystonin 833.7/5.2 73 AVITALK
C13 18.7/5.5 163+36 Isopentenyl- 55 AANGEIK
diphosphate 26.4/5.6
Delta-isomerase
1
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C14 17.8/5.3 144+43 Sodium/potassiu 81 CRGAGIKV
m-transporting 112.6/5.6
ATPase subunit
alpha-1
C15 16.4/4.8 125+10 Protein 48.1/4.9 51 KAATALKD
disulfide-
isomerase A6
C16 18.1/4.7 19246 Dystonin 833.7/5.2 83 AVTTALK

Table 15. Identification of fecal proteins from healthy cheetahs by LC-MS/MS
followed by MASCOT and SONAR software analysis.
 Assigned spot ID as indicated in figure 1 (1A: healthy cheetahs; 1B: diseased

cheetahs);
b Experimental values calculated from the 2DE maps by the PDQuest software;

¢ Data obtained from MASCOT results (SwissProt databases).

In cheetahs with GI disorders, the spots present in triplicate in this study group have
been selected and identified as follow: SC1 (4/bumin), SC2 (n.d.), SC3 (n.d.), SC4

(Albumin), SC5 (n.d.), SC6 (Titin) (Tab. 16).

Spot Mr Normalized  Protein name Mr Scor Sequence ¢
ID (kDa)/pI P quantity ¢ (kDa)/pl ¢ e°

SC*? (x10%) P

SC1 61.7/4.6 6477+3214 Albumin 68.6/5.5 190 KAPVSTPTLVEV

SC2 62.6/5,5 6290+864 n.d. n.d. n.d. n.d.

SC3 57.3/4.7 5880+1240 n.d. n.d. n.d. n.d.

SC 4 58.9/5.7 79224922 Albumin 68.6/5.5 421 KAPVSTPTLVEV

SC7 36.9/4.7 401+£25 n.d. n.d. n.d. n.d.
39.8/4.7 3298+518

SC6 51.8/4.5 288+130 Titin 3813.0/6.0 85 APTPSPVR
50.2/4.4 7634
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Table 16. Identification of fecal proteins from cheetahs with GI disorders associated
with Helicobacter spp. infection by LC-MS/MS followed by MASCOT and SONAR
software analysis.

 Assigned spot ID as indicated in figure 1 (1A: healthy cheetahs; 1B: diseased

cheetahs);
b Experimental values calculated from the 2DE maps by the PDQuest software;

¢ Data obtained from MASCOT results (SwissProt databases).

c.5 DISCUSSION

Recently, useful advances are made in the field of proteomics. This method is
considered rapid and sensitive providing greater proteome coverage. Different fields
related to biological sciences have been benefited with increasing use of proteomics
techniques. These methods can be used in clinical research suggesting potential new
biomarkers for specific pathologies possibly helpful as diagnostic and prognostic tools.
Proteomics can be a useful research method in veterinary medicine, in different
biological samples (such as blood, urine, body fluids or stool). The aim of this part of
my research is the proteomic analysis of fecal samples from a population of healthy
cheetahs and cheetahs with GI disorders associated with Helicobacter spp. infection.

In healthy cheetahs included in our study, 13 different spots were identified. 12 spots
(not the C7) were identified with LC-MS/MS followed by MASCOT analysis (for a
total of 8 proteins, considering duplicates). Analyzing proteins from healthy cheetahs,
the most interesting spot were the spot C1, identified as Collagen alpha-1protein, which
is a fibril-forming collagen found in most connective tissues and with a different
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functions within the organism '!!. Spots C2-C3-C5 were identified as transthyretin, a
protein secreted from the liver and choroid plexus into the blood and transporter for
thyroid hormones and a retinol binding 2. In animals, few studies reported a lower
concentration of transthyretin in diarrheic calves and in Mycobacterium avium

113

paratuberculosis seropositive cows ''°. Recently, the presence of transthyretin

106 "and was found to be

precursor in the feces was reported in clinically healthy cats
more expressed in dogs suffering from chronic enteropathy than in in healthy controls
14 Spots C6 and C8 were identified as IgGFc-binding protein was identified in healthy
cheetahs as. This protein fragment, i1s abundant in the intestinal mucus as MUC2
produced and secreted by goblet cells ''°. Also the presence of IgGFc-binding protein
was reported in proteomic study of clinically healthy cats '%. Spot C9 was identified
as Titin, which inserts the NH» terminus, in the Z-disk and reaches all the way to the
center of the sarcomere ''®. This protein is expressed in different isoforms, its presence
could be attributed to the raw animal meat on which cheetahs are fed. Spots C12 and
C16 were identified with Dystonin, which is a member of the plakin family and a
cytoskeletal linker protein with both actin- and tubulin-binding domains !!’. Different
isoforms of Dystonin are found in neural, muscle and epithelial tissues ''7. The role of
loss of this protein in nervous system is known leading to a fatal peripheral
neuropathies in humans and mice ''8. The spot C13 in fecal proteomic was identified
as Isopentenyl-diphosphate Delta-isomerase 1, an enzyme that participates in the

cholesterol biosynthesis pathway '!°. The presence of Isopentenyl-diphosphate Delta-

isomerase 1 was reported in proteomic study of proteomic analysis in healthy dogs and
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in dogs with food responsive diarrhea 2. Spot C14 was identified in healthy cheetahs
as sodium/potassium-transporting ATPase subunit alpha-1 which belongs to the family
of P-type cation transport ATPases, and Na+/K+-ATPases subfamily. This protein is
responsible to maintain the electrochemical gradients of Na and K ions across the
plasma membrane essential for osmotic regulation '2!. In general, the Na+-K+-ATPase
comprises two subunits (o and B). The catalytic a-subunit encompasses the sites of
nucleotide and cation binding, and multiple isoforms of the a- (a1, a2, a3 and a4) are

2

expressed in tissues 22, Spot C15 in fecal proteome of healthy cheetahs, was finally

identified as Protein disulfide-isomerase A6, one of more than 20 protein disulfide

isomerases in the eukaryotic endoplasmic reticulum 2.

This protein is an active
oxidoreductase with similar enzymatic properties to protein disulfide isomerases 24,
In fecal samples of cheetahs with GI disorders, 3 spots (out of 6 — not SC6, SC2 and
SC3) were identified (for a total of 3 proteins, considering duplicates) were selected
and analyzed with LC-MS/MS. The spot SC5 was identified as Titin, it was present
also in helathy group, while SC1 and SC4 were identified as corresponding to different
albumin isoforms belong to Canis lupus familiaris. The presence of the different
albumin isoforms that characterize the group of sick cheetahs could be attributed to
chronic gastrointestinal disease present in the study group.

In this study, the protein fragments identified by mass spectrometry belong to species

different from Acinonyx jubatus, because the absence in database of peptide fragment

spectra from Acynonix jubatus species. In particular, regarding to species attribution,
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proteins were attributed to other species such as Mus musculus, Bos taurus, Ovis aries,
Homo sapiens, Macaca fascicularis, and Canis lupus familiaris.

The cheetah belongs to the genus Acinonyx of which it is the only extant species. This
species has unique phenotypic characters that distinguish it from other big felids'?’.
The present results show for the first time the fecal proteomic pattern of healthy
cheetahs and cheetahs with gastrointestinal disease affected by Helicobacter spp.
infection. Comparing the present results with those already present in literature in

healthy dogs and cats %

, 1t 1s interesting to notice that cheetahs’ fecal proteome looks
more similar to the canine than it 1s with the feline one; but further studies are needed

in all such species before a comparison could provide strong evidences.

c.6 CONCLUSION

In the previous several years, useful advances have been made in the field of
proteomics. The technologies are rapid, sensitive and provide greater proteome
coverage. Furthermore, combination of these technologies has achieved success in
purification, analysis, characterization, quantification, sequence and structural analysis
and bioinformatics analysis of large number of proteins in all types of eukaryotic and
prokaryotic organisms. All fields related to biological sciences have been benefited
with increasing use of proteomics techniques. However, further work is still required
to improve the reproducibility and performance of well-known proteomics tools. This
is the first study of fecal proteomic study and healthy cheetahs and cheetahs with GI

disorder associated with Helicobacter spp. infection. The cheetahs included in the

73



study are housed in European zoos, implying subjective and group variability. The
present results need to be confirmed by further studies in order to interpret more in
depth and to eventually identify possible tools or biomarker in cheetahs suffering from
chronic GI disease associated with Helicobacter spp. but may represent the starting

point for these kind of studies.
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GENERAL DISCUSSION

Wildlife conservation involves the managing of wildlife populations and their
environment leading to not despoil or extinguish species or their habitats. Wildlife
conservation can be considered a social value in a normative belief system, and
associated actions are collectively the practice of wildlife conservation 2.

My PhD research project is based on a multidisciplinary approach aiming at
investigating the gastrointestinal disease in cheetahs, mainly induced by Helicobacter
spp-

In the first line of the project, it is presented a method for studying ex vivo macrophages
functional capacity. This technique uses fluorescent-tagged or yeast particles and
whole blood, preserving, at least in part, the physiological in vivo conditions. This
method offers several advantages due to its speed and simplicity, by this assay, cellular
phagocytic capacity can be quantified. Through the study of samples from cats with
feline infectious peritonitis (FIP), and then comparing these results with the study done
in samples from cats positive for Feline coronavirus not causing FIP, it has been
perfected the test subsequently performed in samples from healthy cheetahs and from
subjects with GI disease associated to Helicobacter spp. Although apparently different,
it was decided to refine the technique in cats with feline coronavirus infection and then
to apply it on cheetah, as in both diseases the severity of the condition is caused by the
host's immune response to the pathogen. Present results suggest that in cats with FIP
the macrophage is deficient in the recognition and elimination of the virus, with a

reduction of phagocytic activity and respiratory burst. This result was not found in
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healthy positive FeCoV shedding cats where there is an increase in phagocytosis and
burst activity. In cheetah, present results showed that in subjects with GI disorders the
macrophage is deficient in phagocytic activity if compared to healthy cheetahs.
However, the respiratory burst activity was found higher in cheetahs with GI disorders
if compared with healthy animals. These results show that the phagocytic capacity of
macrophages in cheetahs with GE pathology is lower, reducing the host's defense
capacity, but that the macrophages that can carry out phagocytosis, producing a higher
respiratory burst.

The second line of the project aimed at studying the cytokines profile on the same
samples, comparing results between cheetah’s populations. In human, studies support
the hypothesis that host genotype and cytokine pattern could have a key role in H.

126 However, the final interpretation of the method has not been

pylori susceptibility
developed. Future research could be carried out on the study of the citchin profile of
cheetahs with different stages of gastroenteric disease associated with Helicobcater spp
infection. The correlation between histological, haematobiochemical and cytokine
profile tests could suggest the porgnostic course of the disease and be used for
preventive therapeutic purposes.

In the third line of research, I performed the study of the fecal proteome in both healthy
and diseased cheetahs. This method is considered rapid and sensitive providing greater
proteome coverage. Different fields related to biological sciences have been benefited

with increasing use of proteomics techniques. These methods can be used in clinical

research suggesting potential new tools or biomarkers for specific pathologies, with
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both diagnostic and prognostic perspective. Present results showed that 13 different
spots were identified in fecal samples of healthy cheetahs. In fecal samples of cheetahs
with GI disorders, only partially overlapping results were found, and, interestingly,
different spots corresponding to different albumin isoforms were identified, probably
due to chronic gastrointestinal disease present in the study group. It has been very
difficult to compare our results with previous ones as very few proteomic studies are
present in the veterinary scientific literature and therefore the meaning of some findings
remains unclear; the study, however, provide a first step towards the study fo such
topic. In this study, the protein fragments identified in both groups belong to species
other than Acynonyx jubatus. This seems to be due to the absence of data from the
Acynonix jubatus species. The present results show for the first time the fecal proteomic
pattern of healthy cheetahs and cheetahs with gastrointestinal disease affected by
Helicobacter spp. infection.

The cheetah belongs to the genus Acinonyx of which it is the only extant species. This
species has unique phenotypic characters that distinguish it from other big felids ',
The survival of this species is linked to many aspects including the high incidence of
chronic diseases '°. Among chronic disorders, chronic gastrointestinal diseases have
been shown to have a high incidence of disease in captivity !°. Studies about
gastrointestinal disease in captive and wild cheetahs and archived biopsies between
1993 and 2021 of indistinct 4. jubatus subspecies are presented in Table (Tab.17),
correlating the presence of Helicobacter spp. with diet, and the immune response with

gastroenteric disorders.

77



Reference

Aims

No. Cheetah

Eaton et al., 1991 %7

Eaton et al., 1993 128

Munson, 1993 13

Lobetti et al., 1999 !

Dailidiene et al., 2004 '%°

Munson et al., 2005 16

Terio et al., 2005 '8

Laneetal., 2012 8

Terio et al., 2012 19

Rossietal., 2014 20

Whitehouse-Tedd et al., 2015%°

Gastritis Associated with
Gastric Spiral Bacilli in Cheetahs

Isolation of Helicobacter Acinonyx
from cheetah with gastritis

Diseases of Captive Cheetahs (4Acinonyx
Jjubatus jubatus) in South Africa

Prevalence of Helicobacteriosis and
gastritis in Cheetahs

Helicobacter pylori-like gastric
pathogen of cheetahs and other big cats

Extrinsic factors affect pattern of
disease in free-ranging and captive
cheetah

Helicobacter species in captive cheetahs
with gastritis

Effect of diet on the incidence of and
mortality owing to gastritis and renal
disease in captive cheetahs

Characterization of the gastric immune
response in cheetahs with Helicobacter

Severe gastritis with double
Helicobacter spp. infection associated
with Barrett's esophagus in a cheetah

Dietary factors associated with fecal
consistency and other indicators of
gastrointestinal health in the cheetah

Table 17. Studies about gastro-enteric pathologies in cheetahs.

25

69

28

227

33

72

21

184
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Although captive cheetahs have been shown to have a higher severity of gastritis than
free-ranging animals, however, due to the difficulty of monitoring the free-ranging
population it is not known to what extent the prevalence to chronic diseases affects the
lifespan of the free-ranging population. Species survival has been linked to the
immunocompetence that is influenced by genetic factors such as the Major
histocompatibility Complex (MHC) *. Studies showed that cheetahs have low genetic
variability in the loci of the MHC, although recent studies have shown that this is more
evident for MHC- II than MHC-I thus predisposing to a decreased function of the
phagocytic system 3. In captivity, the composition of social groups, size of the
enclosure, the number of visitors, the vocalization and the lack of predatory activity or
exercise are associated with stress conditions that predisposes animals to gastritis. In
addition, the differences in the diet between captive and free-range cheetahs, may lead
to nutritional deficiencies and alteration of the cheetah’s microbiome. Knowledge of
how extrinsic and intrinsic factors affect cheetah may aid in successful management.

The present research project is based on a multidisciplinary approach to study the

physiopathology of cheetahs’ GI diseases.
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CONCLUSIONS and FUTURE PERSPECTIVES

Wildlife conservation can be considered an important resource of protection. Specific
knowledge of the individual factors contributing to species extinction and
endangerment is critical to the development of efficient conservation strategies. Since
1960 the IUCN Red List has made multiple lists for a compendium of animals and
plants conservation. More than 134,000 species have been assessed for The [IUCN Red
List, among these the cheetah the cheetah plays a prominent role as it is the only
specimen of the genus Acinonyx. Currently the known adult cheetah population is of
about 7,000 animals with an estimated total population of no more than 10,000 mature
individuals, representing a decline of at least 30% in 18 years '3. In this thesis I
investigated a disease with a high mortality and morbidity rate in cheetahs. However,
little 1s known about the pathogenesis of the disease and the role that the immune
system plays. Through approval of my project by the Biobank of the European
Association of Zoos and Aquaria (EAZA), I have examined samples from European
zoos of healthy cheetahs and cheetahs with gastrointestinal disease. Future studies
should include a larger population and further investigate the role of MHC and
macrophage cells in determining pathogenesis with conservation pourpose and
improve our ability to reduce the extinction; fecal proteomics needs to be completely

developed to understand the real potential

80



SUPPLEMENTAL ACTIVITIES

During my 3-year PhD I improved my skills in veterinary pathology and animal

gastroenterology.

I have carried out techniques of histology, immunohistochemistry, autopsy techniques

and ex vivo cellular studies.

I attended the activities related to small animal gastroenterology at the University

Veterinary Teaching Hospital.

I developed proteomics techniques on fecal samples from healthy cats and dogs, dogs
with lymphangiectasia, dogs with acute diarrhea, healthy cheetahs and cheetahs with

gastrointestinal disease.

During my PhD I participated in national and international congress, as a speaker

presenting researches carried out by my research group.

I spent 3 months abroad at the Complutense University of Madrid where I deepened
and developed my knowledge in small animal clinical gastroenterology. I attended the
Forensic Pathology Department of the Complutense University of Madrid where I

deepened and developed histological and immunohistochemical techniques.

81



SCIENTIFIC ARTICLES

Chronic Stress-Related Gastroenteric Pathology in Cheetah: Relation between Intrinsic and
Extrinsic Factors

Mangiaterra S, Marker L, Cerquetella M , Galosi L, Marchegiani A, Gavazza A, Rossi G.
Biology. 2022, 11(4), 606.

Effect of a Probiotic Mixture in Captive Cheetahs (Acinonyx Jubatus) with Gastrointestinal
Symptoms-A Pilot Study.

Mangiaterra S, Schmidt-Kiintzel A, Marker L, Di Cerbo A, Piccinini R, Guadagnini D, Turba ME,
Berardi S, Galosi L, Preziuso S, Cerquetella M, Rossi G.Animals (Basel). 2022 Feb 7;12(3):395.
doi: 10.3390/ani12030395.PMID: 35158716

Faecal proteome in clinically healthy dogs and cats: Findings in pooled faeces from 10 cats and 10
dogs.

Cerquetella M, Marchegiani A, Mangiaterra S, Rossi G, Gavazza A, Tesei B, Spaterna A,
Sagratini G, Ricciutelli M, Polzonetti V, Pucciarelli S, Vincenzetti S.Vet Rec Open. 2021 Apr
7:8(1):€9. doi: 10.1002/vro2.9. eCollection 2021 Dec.PMID: 33981443

Feline Blood Groups: A Systematic Review of Phylogenetic and Geographical Origin.
Gavazza A, Rossi G, Antognoni MT, Cerquetella M, Miglio A, Mangiaterra S.Animals (Basel).
2021 Nov 23;11(12):3339. doi: 10.3390/ani11123339.PMID: 34944117

Clinicopathological and Fecal Proteome Evaluations in 16 Dogs Presenting Chronic Diarrhea
Associated with Lymphangiectasia.

Rossi G, Gavazza A, Vincenzetti S, Mangiaterra S, Galosi L, Marchegiani A, Pengo G, Sagratini
G, Ricciutelli M, Cerquetella M.Vet Sci. 2021 Oct 19;8(10):242. doi:
10.3390/vetsci8100242.PMID: 34679072

Therapeutic approaches to coronavirus infection according to "One Health" concept.
Rossi G, Galosi L, Gavazza A, Cerquetella M, Mangiaterra S.Res Vet Sci. 2021 May;136:81-88.
doi: 10.1016/j.rvsc.2021.02.009. Epub 2021 Feb 9.PMID: 33588098

Updates on Laboratory Evaluation of Feline Cardiac Diseases.
Gavazza A, Marchegiani A, Guerriero L, Turinelli V, Spaterna A, Mangiaterra S, Galosi L, Rossi
G, Cerquetella M. Vet Sci. 2021 Mar 3;8(3):41. doi: 10.3390/vetsci8030041.PMID: 33802401

Canine Blood Group Prevalence and Geographical Distribution around the World: An Updated
Systematic Review.

Mangiaterra S, Rossi G, Antognoni MT, Cerquetella M, Marchegiani A, Miglio A, Gavazza
A.Animals (Basel). 2021 Jan 29;11(2):342. doi: 10.3390/ani11020342.PMID: 33572864

Ozone Therapy as a Possible Option in COVID-19 Management.

Gavazza A, Marchegiani A, Rossi G, Franzini M, Spaterna A, Mangiaterra S, Cerquetella M.Front
Public Health. 2020 Aug 25;8:417. doi: 10.3389/fpubh.2020.00417. eCollection

2020.PMID: 32984235

Covid-19 mortality in Italy: gene and diet?
Rossi G, Gavazza A, Cerquetella M, Galosi L, Mangiaterra S, De Simone C.Minerva Med. 2020
Jun 12. doi: 10.23736/S0026-4806.20.06663-X. Online ahead of print. PMID: 32538590

82



Evidences on Molecules Most Frequently Included in Canine and Feline Complementary Feed to
Support Liver Function.

Marchegiani A, Fruganti A, Gavazza A, Mangiaterra S, Candellone A, Fusi E, Rossi G,
Cerquetella M.Vet Med Int. 2020 May 9;2020:9185759. doi: 10.1155/2020/9185759. eCollection
2020.PMID: 32454964

Rapid Resolution of Large Bowel Diarrhea after the Administration of a Combination of a High-
Fiber Diet and a Probiotic Mixture in 30 Dogs.

Rossi G, Cerquetella M, Gavazza A, Galosi L, Berardi S, Mangiaterra S, Mari S, Suchodolski JS,
Lidbury JA, Steiner JM, Pengo G.Vet Sci. 2020 Feb 10;7(1):21. doi:
10.3390/vetsci7010021.PMID: 32050688

CONGRESS

European College of Veterinary Clinical Pathology — European Society of Veterinary Clinical
Pathology — International Congress 2021

“Serum concentration of cholinesterase in cats with feline infectious peritonitis: what is the role?”
Gavazza, Alessandra.; Rossi, Giacomo.; Cerquetella, Matteo; Rosorani, Ilaria;

Mangiaterra, Sara.

European College of Veterinary Clinical Pathology — European Society of Veterinary Clinical
Pathology — International Congress 2020

“Renal biomarkers and serum protein electrophoresis in captive Northern-East African cheetahs
(Acinonyx jubatus soemmeringii): A comparison with the Southern cheetah (Acinonyx jubatus
jubatus)”

Mangiaterra, Sara; Petit, Thierry; Cerquetella, Matteo; Galosi, Livio; Rossi, Giacomo; Gavazza,
Alessandra.

INTERNATIONAL YABOUMBA CONGRESS 2020

Administration of the probiotic Slab51 in captive and rescued cheetahs (acinonyx jubatus) with
gastrointestinal disorders: a clinical evaluation

Mangiaterra, Sara; Marker, Laurie; Schmidt-Kuentzel, Anne; Piccinini, Renato; Guadagnini,
Davide; Turba Maria, Elena; Berardi, Sara; Galosi, Livio; Preziuso, Silvia; Cerquetella, Matteo;
Rossi, Giacomo

INTERNATIONAL YABOUMBA CONGRESS 2020

Characteristic Presentation of Avian Tuberculosis in Different Species of Birds

Rossi, Giacomo; Mangiaterra, Sara; Zanoni, Mariagrazia; Pesaro, Stefano; Mari, Subeide; Maschio,
Manuel; Cattarossi, Diego; Pelicella, Fabio; Preziuso, Silvia; Attili, Annarita; Galosi, Livio

SISVET CONGRESS 2019

83



A Case of Bronchioloalveolar Carcinoma - Associated Systemic Toxoplasmosis in a Mountain Lion
(Puma Concolor)

Galosi, Livio; Mangiaterra, Sara; Gambi, Raffaello; Piccinini, Renato; Veronesi, Fabrizia; Filippo,
Bertero; Mari, Subeide; Rossi, Giacomo

SISVET CONGRESS 2018

First detection of Helicobacter canis and related gastric pathology in cheetahs (Acinonyx jubatus)
Mangiaterra, Sara; Galosi, Livio; Scarpona, Silvia; Berardi, Sara; Marini, Maria Cristina;
Cerquetella, Matteo; Preziuso, Silvia; Rossi, Giacomo

84



ACKNOWLEDGEMENTS

This project would not have been possible without the support of many people. Many
thanks to my advisers, Prof. Giacomo Rossi and Prof. Matteo Cerquetella, for their
guidance throughout my PhD. I want to thank prof. Vincenzetti and prof. Gavazza for
their scientific and personal support throughout my career. Thanks go to all the staff of

the pathology and pathological anatomy laboratory.

And finally, thanks to my parents, and numerous friends who endured this long process
with me, always offering support and love.

I would like to thank for their guidance throughout this project.

85



REFERENCES

1. Mackenzie JS, Jeggo M. The One Health Approach—Why Is It So Important? 7Trop Med
Infect Dis. 2019;4(2):88. doi:10.3390/tropicalmed4020088

2. Decker DJ, Evensen DT, Siemer WF, et al. Understanding risk perceptions to enhance
communication about human-wildlife interactions and the impacts of zoonotic disease. ILAR J.
2010;51(3):255-261.

3. Chomel BB, Belotto A, Meslin FX. Wildlife, exotic pets, and emerging zoonoses. Emerg
Infect Dis. 2007;13(1):6-11. doi:10.3201/eid1301.060480

4. Daszak P, Cunningham AA, Hyatt AD. Emerging infectious diseases of wildlife--threats to
biodiversity and human health. Science. 2000;287(5452):443-449.
doi:10.1126/science.287.5452.443

5. van Helden PD, van Helden LS, Hoal EG. One world, one health. Humans, animals and the
environment are inextricably linked--a fact that needs to be remembered and exploited in our
modern approach to health. EMBO Rep. 2013;14(6):497-501. doi:10.1038/embor.2013.61

6. Prugh LR, Hodges KE, Sinclair ARE, Brashares JS. Effect of habitat area and isolation on
fragmented animal populations. Proc Natl Acad Sci U S 4. 2008;105(52):20770-20775.
doi:10.1073/pnas.0806080105

7. McCullough DR, Wildlife Society, eds. Metapopulations and Wildlife Conservation. Island
Press; 1996.

8. Buttke DE, Decker DJ, Wild MA. The role of one health in wildlife conservation: a
challenge and opportunity. J Wildl Dis. 2015;51(1):1-8. doi:10.7589/2014-01-004

0. The IUCN Red List of Threatened Species. [UCN Red List of Threatened Species. Accessed
February 28, 2022. https://www.iucnredlist.org/en

10. Terio KA, Mitchell E, Walzer C, Schmidt-Kiintzel A, Marker L, Citino S. Diseases
Impacting Captive and Free-Ranging Cheetahs. Cheetahs Biol Conserv. Published online 2018:349-
364. doi:10.1016/B978-0-12-804088-1.00025-3

11.  Lamberski N. Felidae. Fowlers Zoo Wild Anim Med Vol 8. Published online 2015:467-476.
doi:10.1016/B978-1-4557-7397-8.00047-5

12. Jackson P, Nowell K. Wild Cats : Status Survey and Conservation Action Plan. TUCN;
1996. Accessed February 28, 2022. https://portals.iucn.org/library/node/6998

13.  Durant SM, Mitchell N, Groom R, et al. The global decline of cheetah Acinonyx jubatus and
what it means for conservation. Proc Natl Acad Sci. 2017;114(3):528-533.
doi:10.1073/pnas.1611122114

14.  Marker L. Cheetahs Race for Survival: Ecology and Conservation. In: ; 2019.
doi:10.5772/intechopen.82255

15.  Munson L. Diseases of captive cheetahs (Acinonyx jubatus): Results of the cheetah research
council pathology survey, 1989-1992. Zoo Biol. 1993;12(1):105-124. d0i:10.1002/z00.1430120110
16. Munson L, Terio KA, Worley M, Jago M, Bagot-Smith A, Marker L. Extrinsic factors
significantly affect patterns of disease in free-ranging and captive cheetah (Acinonyx jubatus)
populations. J Wildl Dis. 2005;41(3):542-548. doi:10.7589/0090-3558-41.3.542

17. Munson L, Marker L, Dubovi E, Spencer JA, Evermann JF, O’Brien SJ. SEROSURVEY
OF VIRAL INFECTIONS IN FREE-RANGING NAMIBIAN CHEETAHS (ACINONYX
JUBATUS). J Wildl Dis. 2004;40(1):23-31. doi:10.7589/0090-3558-40.1.23

18. Terio KA, Munson L, Marker L, Aldridge BM, Solnick JV. Comparison of Helicobacter
spp. in Cheetahs (Acinonyx jubatus) with and without Gastritis. J Clin Microbiol. 2005;43(1):229-
234. doi:10.1128/JCM.43.1.229-234.2005

19. Terio KA, Munson L, Moore PF. Characterization of the gastric immune response in
cheetahs (Acinonyx jubatus) with Helicobacter-associated gastritis. Vet Pathol. 2012;49(5):824-
833. doi:10.1177/0300985811412620

20. Rossi G, Gambi R, Uncini R, et al. Severe Gastritis with Double Helicobacter spp. Infection

86



Associated with Barrett&#39;s Esophagus in a Cheetah. Helicobacter. 2014;19:462-464.

21. Lobetti R, Picard J, Kriek N, Rogers P. Prevalence of helicobacteriosis and gastritis in
semicaptive cheetahs (Acinonyx jubatus). J Zoo Wildl Med Off Publ Am Assoc Zoo Vet.
1999;30(4):492-496.

22. Whitehouse-Tedd KM, Lefebvre SL, Janssens GPJ. Dietary Factors Associated with Faecal
Consistency and Other Indicators of Gastrointestinal Health in the Captive Cheetah (Acinonyx
jubatus). PLOS ONE. 2015;10(4):e0120903. doi:10.1371/journal.pone.0120903

23.  Ewer RF. The Carnivores. Cornell University Press; 1998.

24. Kerr KR, Morris CL, Burke SL, Swanson KS. Influence of dietary fiber type and amount on
energy and nutrient digestibility, fecal characteristics, and fecal fermentative end-product
concentrations in captive exotic felids fed a raw beef-based diet. J Anim Sci. 2013;91(5):2199-2210.
doi:10.2527/jas.2012-5702

25.  Verbrugghe A, Bakovic M. Peculiarities of one-carbon metabolism in the strict carnivorous
cat and the role in feline hepatic lipidosis. Nutrients. 2013;5(7):2811-2835. d0i:10.3390/nu5072811
26.  Bauer JJE. Essential fatty acid metabolism in dogs and cats. Rev Bras Zootec. 2008;37:20-
27. doi:10.1590/S1516-35982008001300004

27. Davidson BC, Cantrill RC, Varaday D. The reversal of essential fatty acid deficiency
symptoms in the cheetah. Afi Zool. 1986;21(2):161-164.

28. Lane EP, Miller S, Lobetti R, et al. Effect of diet on the incidence of and mortality owing to
gastritis and renal disease in captive cheetahs (Acinonyx jubatus) in South Africa. Zoo Biol.
2012;31(6):669-682. doi:10.1002/z00.20431

29.  Depauw S. Animal Fibre: A Key Factor for Gastrointestinal Health in an Obligate
Carnivore: The Cheetah.; 2013.

30.  Igene JO, Pearson AM, Gray JI. Effects of length of frozen storage, cooking and holding
temperatures upon component phospholipids and the fatty acid composition of meat triglycerides
and phospholipids. Food Chem. 1981;7(4):289-303. doi:10.1016/0308-8146(81)90034-0

31. Voigt CC, Thalwitzer S, Melzheimer J, Blanc AS, Jago M, Wachter B. The conflict between
cheetahs and humans on Namibian farmland elucidated by stable isotope diet analysis. PloS One.
2014;9(8):e101917. doi:10.1371/journal.pone.0101917

32. Wasimuddin null, Menke S, Melzheimer J, et al. Gut microbiomes of free-ranging and
captive Namibian cheetahs: Diversity, putative functions and occurrence of potential pathogens.
Mol Ecol. 2017;26(20):5515-5527. doi:10.1111/mec.14278

33. Thompson L, Cockayne A, Spiller RC. Inhibitory effect of polyunsaturated fatty acids on
the growth of Helicobacter pylori: a possible explanation of the effect of diet on peptic ulceration.
Gut. 1994;35(11):1557-1561. doi:10.1136/gut.35.11.1557

34, Mohammed A, Janakiram NB, Brewer M, et al. Endogenous n-3 Polyunsaturated Fatty
Acids Delay Progression of Pancreatic Ductal Adenocarcinoma in Fat-1-p48Cre/+-LSL-
KrasG12D/+ Mice. Neoplasia N Y N. 2012;14(12):1249-1259.

35.  Manjari V, Das UN. Effect of polyunsaturated fatty acids on dexamethasone-induced gastric
mucosal damage. Prostaglandins Leukot Essent Fatty Acids. 2000;62(2):85-96.
doi:10.1054/plef.1999.0125

36. Terio KA, Marker L, Munson L. Evidence for chronic stress in captive but not free-ranging
cheetahs (Acinonyx jubatus) based on adrenal morphology and function. J Wildl Dis.
2004;40(2):259-266. doi:10.7589/0090-3558-40.2.259

37.  Elenkov 1J, Chrousos GP. Stress Hormones, Th1/Th2 patterns, Pro/Anti-inflammatory
Cytokines and Susceptibility to Disease. Trends Endocrinol Metab TEM. 1999;10(9):359-368.
doi:10.1016/s1043-2760(99)00188-5

38. Smith SM, Vale WW. The role of the hypothalamic-pituitary-adrenal axis in neuroendocrine
responses to stress. Dialogues Clin Neurosci. 2006;8(4):383-395.

39. Blas J, Bortolotti GR, Tella JL, Baos R, Marchant TA. Stress response during development
predicts fitness in a wild, long lived vertebrate. Proc Natl Acad Sci U S 4. 2007;104(21):8880-8884.

87



doi:10.1073/pnas.0700232104

40. Castro-Prieto A, Wachter B, Sommer S. Cheetah paradigm revisited: MHC diversity in the
world’s largest free-ranging population. Mol Biol Evol. 2011;28(4):1455-1468.
doi:10.1093/molbev/msq330

41. Terio KA, Citino SB, Brown JL. Fecal cortisol metabolite analysis for noninvasive
monitoring of adrenocortical function in the cheetah (Acinonyx jubatus). J Zoo Wildl Med Off Publ
Am Assoc Zoo Vet. 1999;30(4):484-491.

42, Gillis-Germitsch N, Vybiral PR, Codron D, Clauss M, Kotze A, Mitchell EP. Intrinsic
factors, adrenal gland morphology, and disease burden in captive cheetahs (Acinonyx jubatus) in
South Africa. Zoo Biol. 2017;36(1):40-49. doi:10.1002/z00.21341

43, Uetake K, Une Y, Ito S, Yamabe M, Toyoda H, Tanaka T. Relationship of climatic
conditions to fecal corticosterone levels of captive cheetahs reared in Japan. Anim Sci J Nihon
Chikusan Gakkaiho. 2014;85(10):915-918. doi:10.1111/asj.12226

44, Siddiqui AH, Farooq U, Siddiqui F. Curling Ulcer. In: StatPearls. StatPearls Publishing;
2022. Accessed February 28, 2022. http://www.ncbi.nlm.nih.gov/books/NBK482347/

45.  Liu'Y, Vosmaer GDC, Tytgat GNJ, Xiao SD, Ten Kate FJW. Gastrin (G) cells and
somatostatin (D) cells in patients with dyspeptic symptoms: Helicobacter pylori associated and non-
associated gastritis. J Clin Pathol. 2005;58(9):927-931. doi:10.1136/jcp.2003.010710

46.  Megha R, Farooq U, Lopez PP. Stress-Induced Gastritis. In: StatPearls. StatPearls
Publishing; 2022. Accessed February 28, 2022. http://www.ncbi.nlm.nih.gov/books/NBK499926/
47. Gutiérrez S, Svahn SL, Johansson ME. Effects of Omega-3 Fatty Acids on Immune Cells.
Int J Mol Sci. 2019;20(20):5028. doi:10.3390/ijms20205028

48. Segre JA. What Does It Take to Satisfy Koch’s Postulates Two Centuries Later?: Microbial
Genomics and Propionibacteria acnes. J Invest Dermatol. 2013;133(9):2141-2142.
doi:10.1038/jid.2013.260

49. O’Brien SJ, Roelke ME, Marker L, et al. Genetic basis for species vulnerability in the
cheetah. Science. 1985;227(4693):1428-1434. doi:10.1126/science.2983425

50.  Hale KA, Briskie JV. Decreased immunocompetence in a severely bottlenecked population
of an endemic New Zealand bird. Anim Conserv. 2007;10(1):2-10. doi:10.1111/j.1469-
1795.2006.00059.x

51. Prost S, Machado AP, Zumbroich J, et al. Conservation Genomic Analyses of African and
Asiatic Cheetahs (Acinonyx jubatus) Across Their Current and Historical Species Range. Published
online March 31, 2020:2020.02.14.949081. doi:10.1101/2020.02.14.949081

52. Mills CD, Kincaid K, Alt JM, Heilman MJ, Hill AM. M-1/M-2 macrophages and the
Th1/Th2 paradigm. J Immunol Baltim Md 1950. 2000;164(12):6166-6173.
doi:10.4049/jimmunol.164.12.6166

53.  Wieczorek M, Abualrous ET, Sticht J, et al. Major Histocompatibility Complex (MHC)
Class I and MHC Class II Proteins: Conformational Plasticity in Antigen Presentation. Front
Immunol. 2017;8:292. doi:10.3389/fimmu.2017.00292

54. Grainger JR, Konkel JE, Zangerle-Murray T, Shaw TN. Macrophages in gastrointestinal
homeostasis and inflammation. Pfliig Arch - Eur J Physiol. 2017;469(3):527-539.
doi:10.1007/s00424-017-1958-2

55.  Pott]J, Hornef M. Innate immune signalling at the intestinal epithelium in homeostasis and
disease. EMBO Rep. 2012;13(8):684-698. doi:10.1038/embor.2012.96

56.  Mowat AM, Agace WW. Regional specialization within the intestinal immune system. Nat
Rev Immunol. 2014;14(10):667-685. doi:10.1038/nri3738

57. Odenwald MA, Turner JR. The intestinal epithelial barrier: a therapeutic target? Nat Rev
Gastroenterol Hepatol. 2017;14(1):9-21. doi:10.1038/nrgastro.2016.169

58.  Lee SH, Starkey PM, Gordon S. Quantitative analysis of total macrophage content in adult
mouse tissues. Immunochemical studies with monoclonal antibody F4/80. J Exp Med.
1985;161(3):475-489. doi:10.1084/jem.161.3.475

88



59. Gordon S. Alternative activation of macrophages. Nat Rev Immunol. 2003;3(1):23-35.
doi:10.1038/nri978

60. Shaw MH, Kamada N, Kim YG, Nufiez G. Microbiota-induced IL-1f, but not IL-6, is
critical for the development of steady-state TH17 cells in the intestine. J Exp Med.
2012;209(2):251-258. doi:10.1084/jem.20111703

61. Italiani P, Boraschi D. From Monocytes to M1/M2 Macrophages: Phenotypical vs.
Functional Differentiation. Front Immunol. 2014;5:514. doi1:10.3389/fimmu.2014.00514

62.  Mantovani A, Sozzani S, Locati M, Allavena P, Sica A. Macrophage polarization: tumor-
associated macrophages as a paradigm for polarized M2 mononuclear phagocytes. Trends Immunol.
2002;23(11):549-555. doi:10.1016/s1471-4906(02)02302-5

63.  Underhill DM, Goodridge HS. Information processing during phagocytosis. Nat Rev
Immunol. 2012;12(7):492-502. doi:10.1038/nri3244

64. Kolb JP, Oguin TH, Oberst A, Martinez J. Programmed Cell Death and Inflammation:
Winter is Coming. Trends Immunol. 2017;38(10):705-718. do0i:10.1016/5.1t.2017.06.009

65.  Russell DG. Mycobacterium tuberculosis and the intimate discourse of a chronic infection.
Immunol Rev. 2011;240(1):252-268. doi:10.1111/5.1600-065X.2010.00984.x

66.  Nathan C. Secretory products of macrophages: twenty-five years on. J Clin Invest.
2012;122(4):1189-1190. doi:10.1172/JC162930

67.  Iwasaki A, Medzhitov R. Control of adaptive immunity by the innate immune system. Nat
Immunol. 2015;16(4):343-353. doi:10.1038/n1.3123

68.  Platt N, Fineran P. Chapter 14 - Measuring the phagocytic activity of cells. In: Platt F, Platt
N, eds. Lysosomes and Lysosomal Diseases. Vol 126. Methods in Cell Biology. Academic Press;
2015:287-304. doi:https://doi.org/10.1016/bs.mcb.2014.10.025

69. Kollner B, Wasserrab B, Kotterba G, Fischer U. Evaluation of immune functions of rainbow
trout (Oncorhynchus mykiss)--how can environmental influences be detected? Toxicol Lett.
2002;131(1-2):83-95. doi:10.1016/s0378-4274(02)00044-9

70. Choi HS, Kim JW, Cha YN, Kim C. A quantitative nitroblue tetrazolium assay for
determining intracellular superoxide anion production in phagocytic cells. J Immunoassay
Immunochem. 2006;27(1):31-44. doi:10.1080/15321810500403722

71.  Nielsen MC, Andersen MN, Mgller HJ. Monocyte isolation techniques significantly impact
the phenotype of both isolated monocytes and derived macrophages in vitro. Immunology.
2020;159(1):63-74. doi:10.1111/imm.13125

72.  Pedersen NC, Boyle JF, Floyd K, Fudge A, Barker J. An enteric coronavirus infection of
cats and its relationship to feline infectious peritonitis. Am J Vet Res. 1981;42(3):368-377.

73. Fowler’s Zoo and Wild Animal Medicine, Volume 8 - 1st Edition. Accessed February 28,
2022. https://www.elsevier.com/books/fowlers-zoo-and-wild-animal-medicine-volume-
8/miller/978-1-4557-7397-8

74. Pfeifer ML, Evermann JF, Roelke ME, Gallina AM, Ott RL, McKeirnan AJ. Feline
infectious peritonitis in a captive cheetah. J Am Vet Med Assoc. 1983;183(11):1317-1319.

75. Wolfe LG, Griesemer RA. Feline infectious peritonitis. Pathol Vet. 1966;3(3):255-270.
doi:10.1177/030098586600300309

76.  Weiss RC, Scott FW. Pathogenesis of feline infectious peritonitis: nature and development
of viremia. Am J Vet Res. 1981;42(3):382-390.

77. Kipar A, Bellmann S, Kremendahl J, Kéhler K, Reinacher M. Cellular composition,
coronavirus antigen expression and production of specific antibodies in lesions in feline infectious
peritonitis. Vet Immunol Immunopathol. 1998;65(2-4):243-257. d0i:10.1016/s0165-2427(98)00158-
5

78. Kipar A, May H, Menger S, Weber M, Leukert W, Reinacher M. Morphologic features and
development of granulomatous vasculitis in feline infectious peritonitis. Vet Pathol.
2005;42(3):321-330. doi:10.1354/vp.42-3-321

79.  Kipar A, Meli ML, Baptiste KE, Bowker LJ, Lutz H. Sites of feline coronavirus persistence

89



in healthy cats. J Gen Virol. 2010;91(Pt 7):1698-1707. doi:10.1099/vir.0.020214-0

80.  Drechsler Y, Vasconcelos EJR, Griggs LM, Diniz PPPV. CRFK and Primary Macrophages
Transcriptomes in Response to Feline Coronavirus Infection Differ Significantly. Front Genet.
2020;11:584744. doi:10.3389/fgene.2020.584744

81.  Pedersen NC. Virologic and immunologic aspects of feline infectious peritonitis virus
infection. Adv Exp Med Biol. 1987;218:529-550. doi:10.1007/978-1-4684-1280-2 69

82.  Vogel L, Van der Lubben M, te Lintelo EG, et al. Pathogenic characteristics of persistent
feline enteric coronavirus infection in cats. Vet Res. 2010;41(5):71. doi:10.1051/vetres/2010043
83.  Haagmans BL, Egberink HF, Horzinek MC. Apoptosis and T-cell depletion during feline
infectious peritonitis. J Virol. 1996;70(12):8977-8983. doi:10.1128/JV1.70.12.8977-8983.1996

84.  Hampton LMT, Jeffries MKS, Venables BJ. A practical guide for assessing respiratory burst
and phagocytic cell activity in the fathead minnow, an emerging model for immunotoxicity.
MethodsX. 2020;7:100992. doi:10.1016/j.mex.2020.100992

85. Fadok VA, Bratton DL, Konowal A, Freed PW, Westcott JY, Henson PM. Macrophages
that have ingested apoptotic cells in vitro inhibit proinflammatory cytokine production through
autocrine/paracrine mechanisms involving TGF-beta, PGE2, and PAF. J Clin Invest.
1998;101(4):890-898. doi:10.1172/JCI1112

86.  Muraille E, Leo O, Moser M. Th1/Th2 Paradigm Extended: Macrophage Polarization as an
Unappreciated Pathogen-Driven Escape Mechanism? Front Immunol. 2014;5. Accessed February
28, 2022. https://www.frontiersin.org/article/10.3389/fimmu.2014.00603

87.  Martinez FO, Sica A, Mantovani A, Locati M. Macrophage activation and polarization.
Front Biosci J Virtual Libr. 2008;13:453-461. do1:10.2741/2692

88.  Auffray C, Sieweke MH, Geissmann F. Blood monocytes: development, heterogeneity, and
relationship with dendritic cells. Annu Rev Immunol. 2009;27:669-692.
doi:10.1146/annurev.immunol.021908.132557

89.  Letkowitz DL, Lefkowitz SS. Macrophage-neutrophil interaction: a paradigm for chronic
inflammation revisited. Immunol Cell Biol. 2001;79(5):502-506. doi:10.1046/j.1440-
1711.2001.01020.x

90.  Balkwill FR, Burke F. The cytokine network. Immunol Today. 1989;10(9):299-304.
do0i:10.1016/0167-5699(89)90085-6

91. Sprague AH, Khalil RA. Inflammatory Cytokines in Vascular Dysfunction and Vascular
Disease. Biochem Pharmacol. 2009;78(6):539-552. doi:10.1016/j.bcp.2009.04.029

92.  Monastero RN, Pentyala S. Cytokines as Biomarkers and Their Respective Clinical Cutoff
Levels. Int J Inflamm. 2017;2017:4309485. doi:10.1155/2017/4309485

93. Kipar A, May H, Menger S, Weber M, Leukert W, Reinacher M. Morphologic features and
development of granulomatous vasculitis in feline infectious peritonitis. Vet Pathol.
2005;42(3):321-330. doi:10.1354/vp.42-3-321

94.  Gunn-Moore DA, Caney SM, Gruffydd-Jones TJ, Helps CR, Harbour DA. Antibody and
cytokine responses in kittens during the development of feline infectious peritonitis (FIP). Vet
Immunol Immunopathol. 1998;65(2-4):221-242. doi:10.1016/s0165-2427(98)00156-1

95. Malbon AJ, Fonfara S, Meli ML, Hahn S, Egberink H, Kipar A. Feline Infectious Peritonitis
as a Systemic Inflammatory Disease: Contribution of Liver and Heart to the Pathogenesis. Viruses.
2019;11(12):1144. doi:10.3390/v11121144

96. Franklin AD, Crosier AE, Vansandt LM, Mattson E, Xiao Z. Induction of cytokine
production in cheetah (acinonyx jubatus) peripheral blood mononuclear cells and validation of
feline-specific cytokine assays for analysis of cheetah serum. J Zoo Wildl Med Off Publ Am Assoc
Zoo Vet. 2015;46(2):306-313. doi:10.1638/2014-0219R.1

97.  Dean GA, Olivry T, Stanton C, Pedersen NC. In vivo cytokine response to experimental
feline infectious peritonitis virus infection. Vet Microbiol. 2003;97(1):1-12.
do0i:10.1016/j.vetmic.2003.08.010

98.  Yao Z, Petschnigg J, Ketteler R, Stagljar I. Application guide for omics approaches to cell

90



signaling. Nat Chem Biol. 2015;11(6):387-397. doi:10.1038/nchembio.1809

99.  Wilkins MR, Pasquali C, Appel RD, et al. From proteins to proteomes: large scale protein
identification by two-dimensional electrophoresis and amino acid analysis. Biotechnol Nat Publ Co.
1996;14(1):61-65. doi:10.1038/nbt0196-61

100. Aslam B, Basit M, Nisar MA, Khurshid M, Rasool MH. Proteomics: Technologies and
Their Applications. J Chromatogr Sci. 2017;55(2):182-196. doi:10.1093/chromsci/bmw167

101.  Jin P, Wang K, Huang C, Nice EC. Mining the fecal proteome: from biomarkers to
personalised medicine. Expert Rev Proteomics. 2017;14(5):445-459.
doi:10.1080/14789450.2017.1314786

102.  Aebersold R, Mann M. Mass spectrometry-based proteomics. Nature. 2003;422(6928):198-
207. doi:10.1038/nature01511

103. Issaq H, Veenstra T. Two-dimensional polyacrylamide gel electrophoresis (2D-PAGE):
advances and perspectives. BioTechniques. 2008;44(5):697-698, 700. doi:10.2144/000112823

104. Freeman WM, Hemby SE. Proteomics for Protein Expression Profiling in Neuroscience.
Neurochem Res. 2004;29(6):1065-1081.

105. Bodzon-Kulakowska A, Bierczynska-Krzysik A, Dylag T, et al. Methods for samples
preparation in proteomic research. J Chromatogr B Analyt Technol Biomed Life Sci. 2007;849(1-
2):1-31. do0i:10.1016/j.jchromb.2006.10.040

106. Cerquetella M, Marchegiani A, Mangiaterra S, et al. Faecal proteome in clinically healthy
dogs and cats: Findings in pooled faeces from 10 cats and 10 dogs. Vet Rec Open. 2021;8(1):e9.
doi:10.1002/vro2.9

107. Rossi G, Gavazza A, Vincenzetti S, et al. Clinicopathological and Fecal Proteome
Evaluations in 16 Dogs Presenting Chronic Diarrhea Associated with Lymphangiectasia. Vet Sci.
2021;8(10):242. doi:10.3390/vetsci8100242

108. Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Anal Biochem. 1976;72:248-254.
doi:10.1006/abi0.1976.9999

109.  Vincenzetti S, Felici A, Ciarrocchi G, et al. Comparative proteomic analysis of two clam
species: Chamelea gallina and Tapes philippinarum. Food Chem. 2017;219:223-229.
doi:10.1016/j.foodchem.2016.09.150

110.  Shevchenko A, Tomas H, Havlis J, Olsen JV, Mann M. In-gel digestion for mass
spectrometric characterization of proteins and proteomes. Nat Protoc. 2006;1(6):2856-2860.
doi:10.1038/nprot.2006.468

111.  PubChem. COL1A1 - collagen type I alpha 1 chain (human). Accessed March 4, 2022.
https://pubchem.ncbi.nlm.nih.gov/gene/COL1A 1/human

112.  Tangthavewattana S, Leelawatwattana L, Prapunpoj P. The hydrophobic C-terminal
sequence of transthyretin affects its catalytic kinetics towards amidated neuropeptide Y. FEBS
Open Bio. 2019;9(4):594-604. doi:10.1002/2211-5463.12604

113. Transthyretin in the Evaluation of Health and Disease in Human and Veterinary Medicine |
IntechOpen. Accessed March 1, 2022. https://www.intechopen.com/chapters/55194

114. O’Reilly EL, Horvati¢ A, Kules J, et al. Faecal proteomics in the identification of
biomarkers to differentiate canine chronic enteropathies. J Proteomics. 2022;254:104452.
doi:10.1016/].jprot.2021.104452

115.  Rodriguez-Pifieiro AM, Bergstrom JH, Ermund A, et al. Studies of mucus in mouse
stomach, small intestine, and colon. II. Gastrointestinal mucus proteome reveals Muc2 and Muc5ac
accompanied by a set of core proteins. Am J Physiol Gastrointest Liver Physiol. 2013;305(5):G348-
356. doi:10.1152/ajpgi.00047.2013

116. Titins: Giant Proteins in Charge of Muscle Ultrastructure and Elasticity. Accessed March 1,
2022. https://www.science.org/doi/10.1126/science.270.5234.293

117.  Kornfeld SF, Lynch-Godrei A, Bonin SR, Gibeault S, Repentigny YD, Kothary R.
Cytoskeletal Linker Protein Dystonin Is Not Critical to Terminal Oligodendrocyte Differentiation or

91



CNS Mpyelination. PLOS ONE. 2016;11(2):¢0149201. doi:10.1371/journal.pone.0149201

118. Edvardson S, Cinnamon Y, Jalas C, et al. Hereditary sensory autonomic neuropathy caused
by a mutation in dystonin. Ann Neurol. 2012;71(4):569-572. doi:10.1002/ana.23524

119. Steiner S, Gatlin CL, Lennon JJ, et al. Proteomics to display lovastatin-induced protein and
pathway regulation in rat liver. ELECTROPHORESIS. 2000;21(11):2129-2137. doi:10.1002/1522-
2683(20000601)21:11<2129::AID-ELPS2129>3.0.CO;2-V

120.  Cerquetella M, Rossi G, Spaterna A, et al. Fecal Proteomic Analysis in Healthy Dogs and in
Dogs Suffering from Food Responsive Diarrhea. Sci World J. 2019;2019:€2742401.
doi:10.1155/2019/2742401

121.  Gal-Garber O, Mabjeesh SJ, Sklan D, Uni Z. Nutrient transport in the small intestine:
Na+,K+-ATPase expression and activity in the small intestine of the chicken as influenced by
dietary sodium. Poult Sci. 2003;82(7):1127-1133. doi:10.1093/ps/82.7.1127

122.  Blanco G, Mercer RW. Isozymes of the Na-K-ATPase: heterogeneity in structure, diversity
in function. Am J Physiol. 1998;275(5):F633-650. doi:10.1152/ajprenal. 1998.275.5.F633

123. Hatahet F, Ruddock LW. Protein disulfide isomerase: a critical evaluation of its function in
disulfide bond formation. Antioxid Redox Signal. 2009;11(11):2807-2850.
doi:10.1089/ars.2009.2466

124.  Eletto D, Eletto D, Dersh D, Gidalevitz T, Argon Y. Protein Disulfide [somerase A6
controls the decay of IRE1a signaling via disulfide-dependent association. Mol Cell.
2014;53(4):562-576. doi:10.1016/j.molcel.2014.01.004

125.  Marker LL, Dickman AJ. Morphology, Physical Condition, and Growth of the Cheetah
(Acinonyx jubatus jubatus). J Mammal. 2003;84(3):840-850. doi:10.1644/BRB-036

126.  Figueiredo CA, Marques CR, Costa R dos S, da Silva HBF, Alcantara-Neves NM.
Cytokines, cytokine gene polymorphisms and Helicobacter pylori infection: Friend or foe? World J
Gastroenterol WJG. 2014;20(18):5235-5243. doi:10.3748/wjg.v20.118.5235

127. Eaton KA, Radin MJ, Kramer L, et al. Gastric Spiral Bacilli in Captive Cheetahs. Scand J
Gastroenterol. 1991;26(sup181):38-42. doi:10.3109/00365529109093206

128.  Eaton KA, Dewhirst FE, Radin MJ, et al. Helicobacter acinonyx sp. nov., Isolated from
Cheetahs with Gastritis. Int J Syst Evol Microbiol. 43(1):99-106. doi:10.1099/00207713-43-1-99
129. Dailidiene D, Dailide G, Ogura K, et al. Helicobacter acinonychis: genetic and rodent
infection studies of a Helicobacter pylori-like gastric pathogen of cheetahs and other big cats. J
Bacteriol. 2004;186(2):356-365. doi:10.1128/JB.186.2.356-365.2004

92



