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SUMMARY

Expression of vascular endothelial growth factor in dogs with Spirocerca lupi-

associated neoplastic transformation

Mukorera V. University of Pretoria, 2012

Tumour development is dependent upon the formation of an adequate blood supply through
angiogenesis. Vascular endothelial growth factor (VEGF) is one of the most potent and
specific pro-angiogenic factors associated with tumour development. Vascular endothelial
growth factor is elevated in dogs with a variety of neoplastic tumours and has been linked to
an increased risk for metastasis and a poorer prognosis in several tumours. Spirocerca lupi (S.
lupi) is a nematode of canids which infests the oesophagus where it forms a nodule. The
oesophageal nodule can develop into a neoplastic tumour namely osteosarcoma, fibrosarcoma
or anaplastic sarcoma. The pathogenesis of the neoplastic transformation is poorly
understood. Diagnosis of neoplastic transformation can be challenging and is based on
endoscopy-guided biopsies which are invasive, expensive and may yield non diagnostic
samples. The aim of this prospective study was to determine if serum and plasma VEGF
levels could be used to distinguish between neoplastic and non-neoplastic spirocercosis.

Twenty four dogs were enrolled in the study, 9 with non-neoplastic, 9 with neoplastic
spirocercosis, and 6 control dogs. Plasma and serum samples for VEGF analysis were
collected at diagnosis. Measurement of VEGF was done using a canine VEGF Quantikine

ELISA kit. Statistical analysis to compare the means of the VEGF concentrations between
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the groups was performed using the Kruskal-Wallis followed by the Dunn’s test. Significance
was set at p<0.05

The median plasma VEGF concentration of the dogs with neoplastic spirocercosis 629pg/ml
(range 282 — 2366) was higher than the median plasma VEGF concentrations of both the non-
neoplastic Opg/ml (range 0 — 716) and controls Opg/ml (range 0 — 0) (p<0.001). The median
serum VEGF concentration of the neoplastic dogs 69pg/ml (range 0 — 212) was higher than
the serum VEGF concentrations in the non-neoplastic Opg/ml (range 0 — 44.13) and control
Opg/ml (range 0 — 39.4) (p=0.001). Plasma VEGF at a cut off value of 250pg/ml was
determined to have a sensitivity of 100%, specificity of 77.8%, a PPV of 81.8% and a NPV
of 100% for determining neoplastic transformation. Serum VEGF at a cut off value of
25pg/ml was determined to have a sensitivity of 88.9%, specificity of 100%, a PPV of 100%
and a NPV of 90% for determining neoplastic transformation.

Both plasma and serum VEGF concentrations can be used to differentiate between non-
neoplastic and neoplastic spirocercosis. Plasma VEGF concentrations were higher than serum
VEGF concentrations, contrary to what is reported in literature. Both plasma and serum
VEGF concentrations can, therefore, potentially be used for diagnosis of neoplastic vs. non-
neoplastic cases in canine spirocercosis. There is a need to perform more studies to determine
cut-off concentrations that would maximize the sensitivity and specificity for determining
neoplastic transformation in canine spirocercosis as well as to determine the role of VEGF in

the pathogenesis of the neoplastic transformation.
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CHAPTER 1: Literature review

1.1  Life cycle of Spirocerca lupi

Spirocerca lupi (S. lupi) is a nematode that infects primarily canidae.'® The adult worm
resides in a nodule in the oesophagus from where eggs are passed into the lumen of the
oesophagus. The eggs are passed in the faeces and are ingested by corprophagous beetles that
serve as the intermediate hosts. The larvae develop to L3 in the intermediate host. The beetles
can be ingested by paratenic hosts which include lizards, hedgehogs, mice, rabbits and birds."
The dog becomes infected when it ingests infected beetles or paratenic hosts. Once in the
stomach, the larvae excyst and penetrate the gastric mucosal lining and migrate along the
gastric arteries to reach the abdominal aorta and ultimately the caudal thoracic aorta. The
immature adults migrate from the aorta to the caudal thoracic oesophagus where they develop
and reside in a nodule and mature to adults. Spirocercosis is associated with 3 pathognomonic
lesions: the caudal oesophageal nodule, aortic aneurysms that develop in the aorta secondary
to the migration of S. lupi larvae and spondylitis of the ventral bodies of the caudal thoracic
vertebrae.” * In untreated canine spirocercosis, the oesophageal nodule can transform into a
sarcoma.” The different types of sarcoma that have been diagnosed include osteosarcoma,
fibrosarcoma and anaplastic sarcomas.” *®* Both the non-neoplastic and neoplastic nodules
show histological evidence of inflammation.* Non-neoplastic spirocercosis is treated
successfully with doramectin.’ In breeds that are susceptible to the side effects of doramectin,
milbemycin can be used as an alternative.'® Once neoplastic transformation occurs, treatment
involves surgical resection followed by chemotherapy and the prognosis is much poorer.’ The
identification of cases with neoplastic transformation, therefore, has major therapeutic and

prognostic implications.
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1.2 Clinical signs and complications associated with canine spirocercosis

Clinical signs associated with S. lupi infection are related to the different stages of the worm
life cycle within the host. Some cases of are subclinical and go undetected for a long time.”
Regurgitation and/or vomiting, weight loss and pyrexia are the most common clinical signs.>
® Aortic aneurysms can occur from as early as 2 weeks post infection and can lead to sudden
death when they rupture.> Anaemia may develop as a result of bleeding oesophageal ulcers®
on necrotic nodules and/or as a result of anaemia of chronic disease. A myriad of respiratory
signs are associated with canine spirocercosis including cough and dyspnoea, secondary
bronchial compression, mediastinitis or pleuritis.* ** Salivation due to sialoadenitis is a
relatively common entity that is observed in S. lupi.? Paresis has been described in cases that
have had aberrant migration into the spinal cord,” as well as cases with extramedullary spinal
migration.”® Lameness may develop secondary to hypertrophic osteopathy (HO) and

secondary polyarthritis.*>

1.3  Diagnosis of canine spirocercosis

The diagnosis of S. lupi can be achieved by faecal evaluation, thoracic radiography and

endoscopy.
Faecal evaluation

The detection of larvated worm eggs on faecal evaluation is considered definitive.® ” ** The
egg is small (35 x 15um), thick shelled and contains a larva.* > Diagnosis by this mthod
however is not without pitfalls. Shedding of eggs by the worm happens inconsistently during
the adult female lifespan.® A recent study demonstrated that the diagnosis of canine

spirocercosis using faecal evaluation had a sensitivity of up to 67%, quite a low figure for a
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diagnostic test. In addition, egg shedding was shown to be much lower in dogs with

neoplastic transformation.”

Radiology

Radiology can also be used for the diagnosis of S. lupi owing to the characteristic radiological
signs seen in S. lupi infected dogs. These signs are a mass in the caudodorsal mediastinum,
spondylitis of the caudal thoracic vertebrae, and undulation of the left lateral border of the
proximal part of the descending aorta.> > The diagnosis of spirocercosis with thoracic
radiographs is 86% sensitive and in 14% of cases the mass in the oesophagus is not visualised
on thoracic radiographs, either due to small size or cranial location that results in

superimposition on other mediastinal organs.*

Oesophageal endoscopy

Direct visualisation of the nodules in the oesophagus can be achieved by performing
oesophageal endoscopy. One or several smooth rounded nodules which may have a nipple-
like protuberance through which the female lays eggs are typically seen in early infections.
Over time, the nodules may enlarge and become ulcerated, lobulated and cauliflower-like.?

These latter signs are commonly associated with neoplastic transformation."

1.4 Determination of neoplastic transformation in canine spirocercosis

Currently, the definitive ante-mortem determination of neoplastic transformation is based on

histopathology of samples obtained through oesophageal endoscopy.” * ** Endoscopy guided
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biopsies are invasive, expensive and the biopsy samples often yield non-diagnostic necrotic

samples.’ In the study by Ranen, false negative results were obtained in 3 out of 6 cases."

In the study by Dvir, 8 out of 13 biopsy samples were non diagnostic.> As the neoplastic
mass grows, it becomes fragile and necrotic on the periphery. Biopsies obtained via
oesophageal endoscopy often are not deep enough to obtain diagnostic tissue and only
necrotic material is obtained.> 7 ** Previous studies evaluating the signalment of dogs with
spirocercosis reported that sterilised females seem to be predisposed to the development of
neoplastic transformation while intact males were more frequently seen in the non-neoplastic
group.” ® Dogs with Spirocerca-induced sarcoma were significantly older than those with
non-neoplastic nodules. The ages in these groups however, overlapped substantially and it is
most likely related to the time required for neoplastic transformation and not biological
predisposition.” ® On thoracic radiography neoplastic cases show a higher prevalence of
spondylitis of the caudal thoracic vertebrae and bronchial displacement, but as they are seen
in 16 and 38 percent of non-neoplastic cases respectively, they are therefore not sensitive
markers for neoplastic transformation. Increased height and width of the oesophageal nodules
are also features of neoplasia but there was a substantial overlap in the values between
neoplastic and non-neoplastic cases.” ' Endoscopic appearance of neoplastic nodules can be
used to determine neoplastic transformation.”" The endoscopic appearance generally
correlates well with either non-neoplastic or neoplastic status, it is subjective and sometimes
unreliable. Neoplastic nodules generally appear cauliflower-shaped, necrotic and ulcerated.
Early neoplastic nodules may be misclassified as non-neoplastic and some non-neoplastic
may look neoplastic (possibly old and injured nodules).” Response to treatment can be used to
determine if neoplastic transformation has occurred. Non-neoplastic nodules are expected to
become smaller with treatment while the neoplastic nodules are expected to remain the same

size or become bigger.’ This approach is time consuming and may not be suited to clinically
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compromised cases. Hypertrophic osteopathy is associated with neoplastic transformation in
cases with canine spirocercosis with 100% specificity.” However, only about 40% of cases
with neoplastic disease develop HO, making it a insensitive marker for neoplastic

transformation.

In light of the expense and difficulties encountered in trying to determine if neoplastic
transformation of the S. lupi nodule has occurred, there is a need for relatively easy and

readily available methods to determine if neoplastic transformation has taken place.

1.5 Biomarkers in cancer

A biomarker is described as a characteristic that is objectively measured and evaluated as an
indicator of normal biologic process, pathogenic process or pharmacologic responses to a
therapeutic intervention. The parameters can be chemical, physical or biological.”** Soluble
biomarkers are “signature” molecules of a disease process which are present in blood, other
body fluids and body tissues and are often measured in non-invasively collected biofluids."
Blood soluble markers have the potential to provide a relatively non invasive, readily
available, rapid and affordable method of determining neoplastic transformation in canine
spirocercosis. The challenge is to identify a biomarker with a high sensitivity and
specificity.”” * The majority of biomarkers are non specific with a low sensitivity and
specificity. In order to overcome the inherent shortcomings of the majority of biomarkers, the
use of biomarker panels has shown an increased sensitivity and specificity at distinguishing
between controls and diseased individuals. Prolactin, insulin growth factor 1, leptin and
osteopontin in a panel were able to distinguish between human patients with ovarian cancer

and controls with a sensitivity and specificity of 95%.%°
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1.6 Biomarkers in canine spirocercosis

Different soluble biomarkers have been evaluated for their suitability in differentiating
between non-neoplastic and neoplastic spirocercosis. The biomarkers evaluated include a
panel of routine clinical chemistry parameters® * 7, alkaline phosphatase (ALP)** and C-
reactive protein (CRP).”> The clinical pathological parameters that have been evaluated for
possible use as biomarkers to determine neoplastic transformation in spirocercosis include
haematocrit (HT), mean corpuscular volume (MCV), white blood cell count (WBC), mature
neutrophil count, immature neutrophil count, monocyte count, eosinophil count, serum
albumin and globulin.> 7 Of these variables, anaemia, leucocytosis, hyperglobulinaemia,
thrombocytosis, and eosinopaenia occurred more commonly in neoplastic cases.” *’ These
changes could be due to continual oesophageal injury and blood loss from the neoplastic
neoplasm. They can also be associated with chronic disease, but paraneoplastic causes cannot
be excluded. At best, they would be useful for increasing the index of suspicion for neoplastic

transformation in a confirmed case of canine spirocercosis.’

Alkaline phosphatase is a membrane bound glycoprotein with three clinically significant
isoforms in the dog namely bone, liver and corticosteroid induced.”® Alkaline phosphatase has
been found to be elevated in a variety of neoplastic conditions, especially appendicular
osteosarcoma, where the bone-specific ALP isoenzyme is elevated.”> Previous studies on
spirocercosis have documented an increase in serum ALP in some cases with neoplastic
spirocercosis.”” ** However in a retrospective study on a larger sample population (88
confirmed non-neoplastic and 32 confirmed neoplastic cases, in which other diseases that
could influence serum ALP levels were excluded), there was no significant difference in the
ALP levels between the two groups.”* Based on these results, serum ALP could be used to

differentiate between non-neoplastic and neoplastic spiorcercosis®™. Further research
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quantifying the different isoforms of ALP in the two groups may be beneficial in
differentiating them. However, the determination of ALP isoforms may have a limited

clinical value since the measurement of the different isoforms is not done routinely.

C-reactive protein is one of the major positive acute phase proteins in the dog and it is
produced in response to infection and inflammation.”” It is non-specific as it is part of the
innate host response.”” ?® Nonetheless, CRP has shown potential as a diagnostic, prognostic
and disease monitoring marker in a variety of human neoplasms, namely Hodgkin’s
lymphoma, non-Hodgkin’s lymphoma, and epithelial ovarian cancer amongst others.”® In
dogs, C-reactive protein has been shown to be elevated in multicentric lymphoma and was
useful in predicting complete remission status in patients treated with cytotoxic drugs.”® In
order to determine if CRP could be used to determine neoplastic transformation in canine
spirocercosis, CRP concentrations were compared between non-neoplastic, neoplastic and
healthy control cases.” In addition six of the non-neoplastic cases had follow up serum
samples which were collected after treatment had commenced. The mean CRP concentrations
of the non-neoplastic and neoplastic cases were markedly higher compared to the normal
range with no statistically significant difference in the CRP concentrations between
neoplastic and non-neoplastic cases. The six follow up cases had significantly lower CRP
concentrations on the convalescent serum samples. Thus, elevated serum CRP concentration
cannot be used to differentiate between non-neoplastic and neoplastic S. lupi cases. Serial C-
reactive protein concentrations can however potentially be used to monitor response to
treatment in non-neoplastic spirocercosis cases. Serial CRP concentrations are only useful in

cases where other diseases that could increase CRP concentrations are eliminated.
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1.7  Biomarkers in tumour angiogenesis

Angiogenesis is a fundamental process in tumour progression and metastasis. Tumour growth
is dependent on angiogenesis to allow exchange of nutrients, oxygen and waste products once
simple diffusion is no longer able to meet the needs of the rapidly dividing cell population.”
Metastasis of tumours is dependant upon angiogenesis so that the neoplastic cells within a
primary tumour can gain access to the circulation and also in order for the metastasized cells
to grow within target organs. In the normal state, angiogenesis is a finely controlled process
with a balance between proangiogenic factors and antiangiogenic factors. An angiogenic
switch occurs in tumour tissue that grows beyond one cubic milimeter.*® ** The angiogenic
switch occurs when local hypoxia within the growing tumour induces the expression of
hypoxia-inducible transcription factor 1 (HIF-1). The HIF-1leads to an increased production
of proangiogenic factors.>® Dysregulation of proangiogenic factors can lead to the
development, progression and metastasis of tumours. The angiogenic factors can be measured
in serum, plasma, body effusions and tissues and their concentrations may be of therapeutic
and prognostic value in animals with neoplastic disease.** The proangiogenic factors that have
been identified amongst others are basic fibroblast growth factor (bFGF), platelet derived
growth factor (PDGF), vascular endothelial growth factor (VEGF) and insulin-like growth
factor (IGF). Of these factors, VEGF is the most potent and specific factor that was
identified.*® The VEGF levels were demonstrated to be more likely detected in dogs with

neoplasia as opposed to healthy dogs and those with non neoplastic conditions.*

1.8  Vascular endothelial growth factor

Vascular endothelial growth factor is a homodimeric heparin binding protein that is one of

the most potent pro-angiogenic factors described to date. It plays a role in embryo
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34-37

angiogenesis and maintenance of the female reproductive tract,***” inflammation and repair,*®

* and blood vessel function.”” Hypoxia and hypoglycaemia are the major stimulators of
VEGF expression. Hypoxia-induced production of VEGF is mediated by HIF-1.*" *
Cytokines may also modulate angiogenesis by regulating VEGF expression. Factors that can

% angiotensin II,*

enhance VEGF production include tumour necrosis factor alpha (TNFa),
and transforming growth factor B(TGF B).** Cells that have been shown to produce VEGF

include activated T-cells,” platelets,” monocytes, macrophages,* fibroblastic and epithelial

cells.*®

Angiogenesis in neoplasia has been shown to be an independent prognostic marker associated
with metastasis in several types of tumours and VEGF plays a major role in this process.*”
Vascular endothelial growth factor is a potent stimulator of angiogenesis, an inducer of
endothelial cell migration as well as vascular permeability.®” ** It is the key mediator for
angiogenesis in cancer, where it is upregulated by oncogenic expression and a variety of
growth factors. VEGF has been reported to contribute to the high degree of vascularisation in
malignant tumours as well as promote the progression of neoplasia.”® It exerts its effects by
binding to one of three tyrosine kinase receptors (VEGF receptors 1, 2 and 3).*® Vascular
endothelial growth factor is expressed in human tumours including breast carcinoma,>
angiosarcoma® and lymphoma.*® Plasma and serum VEGF is elevated in dogs with mammary
gland tumours, seminomas, and a variety of other tumours.* In addition, tissue expression of
VEGEF has been documented in both the peri-tumour and tumoral regions in multiple canine
soft tissue sarcomas including extraskeletal osteosarcoma, neoplastic peripheral nerve sheath
tumour, haemangisarcoma and liposarcoma.”” Importantly, tissue levels of VEGF have been
shown to be elevated in the S. lupi-induced nodule. Tissue expression progressively increases
from the non-neoplastic to pre-neoplastic nodules with the highest levels being seen in the

neoplastic nodules.”® An increase in VEGF expression has been linked to an increased risk for
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metastasis and a poorer prognosis in several human tumours.” In canine mammary tumours,
circulating VEGF can be used as a prognostic indicator with higher serum and plasma
concentrations in neoplastic tumours versus the non-neoplastic canine mammary gland

tumours.>* *

Since neoplastic transformation of tissue is associated with the growth of new blood vessels,
and there has been a documented increase in tissue expression of VEGF in S. lupi-induced

neoplasias,”

it was expected that there would be an increase in serum or plasma VEGF
concentrations in dogs that have neoplastic spirocercosis and hence aid in the determination

of neoplastic transformation and ultimately the prognostication of canine spirocercosis.

1.6 Measurement of vascular endothelial growth factor

There is some debate as to the optimal sample to be used for the measurement of VEGF for
prognostication purposes. The aim is to use a sample that will closely represent what is going
on at the tumour site. Vascular endothelial growth factor can be measured from plasma,
serum and whole blood.*® Plasma levels represent free circulating levels while serum levels
also include VEGF that is released during the coagulation cascade.® Platelet activation leads
to the release of VEGF from alpha granules within platelets and hence the assumption that
serum samples may yield higher VEGF concentrations compared to plasma. Additionally, the
concentration of VEGF per platelet has been shown to increase in correlation with the
progression of neoplasia.®” Previously, measurement of VEGF in dogs was done using a
Quantikine Human VEGF Immunoassay (R&D systems Inc. Minneapolis) that was validated
for use in dogs.®® Recently, a Canine kit CAVEOO (R&D Systems Inc. Minneapolis) was
introduced and is now available on the market. The new canine VEGF immunoassay kit

(CAVEOQ00) has been validated for use on serum, EDTA plasma and heparin plasma samples.

10
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Our study objective was to measure serum and EDTA plasma VEGF levels in dogs that have
spirocercosis-associated neoplastic transformation and to compare the levels to those without
neoplastic transformation. A comparison between the EDTA plasma and serum levels will be

carried out to try and determine which of the two will be an optimum sample.

11



2.1

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&
&

ﬂ UNIVERSITEIT VAN PRETORIA
J ‘

A 4

CHAPTER 2: Study objectives

Problem statement

There is need for a quick, objective and non invasive way of determining neoplastic

transformation in canine spirocercosis. Measurement of VEGF concentrations in the

circulation is non-invasive and potentially cheaper and therefore warranted investigation to

show if it can differentiate neoplastic from non-neoplastic spirocercosis cases.

2.2

2.3

11.

Research questions

Is there a difference in the serum and or plasma concentration of VEGF between dogs
with non-neoplastic S. lupi nodules and those with neoplastic transformation of the
nodule?

If there is a difference, is it possible to use levels of VEGF to determine neoplastic
transformation in S. lupi infected dogs?

If VEGF levels can be used to determine neoplastic transformation, which sample,

serum or plasma gives better results?

Hypothesis

There is an increase in the concentrations of circulatory VEGF levels in dogs that
have S. lupi-induced sarcomas.

The increase in VEGF levels in dogs with S. lupi-induced sarcomas can be used to
differentiate between dogs with non-neoplastic S. lupi nodules and those with

neoplastic transformation.

12
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Plasma and serum VEGF levels in dogs with S. lupi-associated sarcomas have the

same predictive value for neoplastic transformation.

Objectives

To establish if VEGF can be used as a biomarker to determine neoplastic
transformation of S. lupi-associated nodules. This will allow the clinician to make the
most appropriate treatment and management decisions. Cost implications can also be
set out from the start for the clients and a realistic prognosis can be offered.

To determine if plasma and serum VEGF levels have the same predictive value for

neoplastic transformation of S. lupi-associated nodules

Benefits arising from the study

The establishment of a biochemical marker that will be able to determine neoplastic
transformation of the oesophageal nodule in S. lupi cases will help with overcoming
the difficulties faced in obtaining a diagnostic biopsy sample from the nodule.
Veterinarians will be in a position to prognosticate earlier in the disease process and
institute appropriate treatment protocols.

The results of this study will aid further research on the pathogenesis of S. lupi
associated sarcoma and hopefully open a window of understanding into the

pathogenesis of neoplasia as a whole.

13



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&
&

ﬂ UNIVERSITEIT VAN PRETORIA

A 4

CHAPTER 3: Materials and Methods

3.1  Model system

This study was a prospective, cross-sectional, observational study based on disease status

(case-control).

3.2 Study population

Dogs presented to the OVAH and diagnosed with naturally acquired S. lupi infection were
included into the study. These dogs were further divided into those with non-neoplastic
(group A) and neoplastic (group B) spirocercosis. The control population was made up of
healthy staff-owned and client-owned dogs. The study was approved by the institutional
Animal Use and Care Committee (protocol number V039/08). This study was run
concurrently with a pre-existing spirocercosis epidemiological study (V037/07). The dogs
enrolled into this current study were also part of the epidemiological study and in addition
had to meet the specific requirements of this study. The author was also actively involved in

the epidemiological study.

3.3  Experimental design

Inclusion criteria

All dogs had to have a consent form signed by the owner (Appendices Aand B) and each

owner was furnished with an information sheet on canine spirocercosis (Appendix C).
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Group A dogs

This group included dogs that were diagnosed as with non-neoplastic S. lupi and no other
concurrent disease. Haematology, serum chemistry (total serum protein, albumin, globulin,
creatinine, and alkaline phosphatase) and abdominal ultrasound performed were performed in

order to screen for the presence of concurrent disease.
Diagnosis of benign spirocercosis will have been made by one of the following criteria:

e A faecal float that is positive for S. lupi worm eggs
e Radiological signs consistent with S. lupi infection. The radiological signs noted were
a combination of: a caudodorsal mediastinal mass, spondylitis of the caudal thoracic
vertebrae and undulation of the lateral border of the descending aorta
e Visual identification of caudal oesophageal S. lupi masses by oesophageal endoscopy.
Classification of the mass as non-neoplastic was achieved by a different combinations of the

following criteria:

e The oesophageal nodule had a typical smooth, non-neoplastic appearance on
endoscopy and response to treatment was shown by a reduction in the size on
endoscopy six weeks after initiation of treatment

e Histopathological evaluation of the entire oesophageal nodule with no evidence of
neoplastic transformation. The samples were obtained by surgical excision or
necropsy.

Group B dogs

The dogs in this group were diagnosed with S. lupi-associated neoplasia and no other

concurrent disease. Haematology, serum biochemistry (total serum protein, albumin,
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globulin, creatinine, and alkaline phosphatase) and abdominal ultrasound were performed in

order to exclude the presence concurrent disease.

Diagnosis of spirocercosis was achieved using the same criteria as for group A. Classification
of the mass as neoplastic was achieved through histopathological diagnosis. The samples for
histopathology were obtained by one of the following methods: endoscopy guided biopsy
sample, surgical excision of the mass or at necropsy.

Group C dogs

This group comprised of normal healthy dogs without S. lupi infection or any other

concurrent diseases. The following criteria were met:

e Physical examination findings within normal parameters(temperature, pulse,
respiration, thoracic auscultation, and abdominal examination)

e No radiological evidence of S. lupi infection or any other thoracic pathology

e A negative faecal float for S. lupi worm eggs

e Urinalysis results within normal limits (urine specific gravity, urine dipstick
evaluation and urine sediment evaluation)

e Normal haematology and serum chemistry (total serum protein, albumin, globulin,
creatinine, and alkaline phosphatase)

e An abdominal ultrasound scan within normal limits.

3.4  Experimental procedure

At admission, a full physical examination was performed on all the dogs.
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Radiographic views

Four thoracic radiographs were taken for dogs assigned to groups A and B: dorsoventral,
ventrodorsal, left and right lateral recumbent views. The radiographs were assessed for
spondylitis of the ventral bodies of the caudal thoracic vertebrae, an undulating aorta, and
mass effect in the caudodorsal mediastinum. Two thoracic radiographic views (right lateral
recumbent and a ventrodorsal) were taken from dogs in group C to assess for radiographic

evidence of S. lupi infection and any other thoracic pathology.
Oesophageal endoscopy

Oesophageal endoscopy was performed on dogs in groups A and B when they were enrolled
into the study. The length of the nodules was measured using the scale that appears on the
endoscope. The degree of the oesophageal lumen obstructed by the nodule was estimated as a
percentage of the oesophageal lumen. The surface appearance of the nodule/s was also noted.
The form on appendix D was used to record the endoscopic findings. The decision for the

anaesthetic protocol to be used was left up to the clinician performing the endoscopy.
Sample collection processing and storage for all groups

Blood samples were collected at presentation from each dog. The blood was collected by
routine venipuncture from either the jugular or cephalic veins and immediately transferred
into 4ml ethylenediaminetetraacetic acid (EDTA) and plain plastic tubes (Vacutainer™, BD
Vacutainer Systems, Plymouth, UK). The plain tube samples were left to clot for between 1
Y and 2 hours and the spun down to separate the red blood cells and plasma and divided into
two aliquots. One aliquot was used for performing serum chemistry (total serum protein,
albumin, globulin, and alkaline phosphatase) and the other was stored at -80°C until analysis

for VEGF was performed.
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The EDTA sample was also divided into two aliquots. One aliquot was used for running
haematology and the other was spun down within 30 minutes to separate the plasma from the

red blood cells. The plasma was stored at -80°C until analysis for VEGF was performed.

The VEGF samples were analysed as a batch when an adequate sample size had been

obtained.

3.5  Vascular endothelial growth factor analysis

Measurement of VEGF was performed using a canine VEGF Quantikine ELISA Kkit,
CAVEO00 (R&D Systems Inc, Minneapolis, USA). Vascular endothelial growth factor in
100pl of serum or plasma was determined using a quantitative sandwich enzyme
immunoassay technique according to the manufacturer’s guidelines. The system used a solid
phase monoclonal antibody and an enzyme-linked polyclonal antibody against canine VEGF.
All analysis and calibrations were performed in triplicate. Optical densities were determined
by using a microtiter palate reader (BioTek 800-BioTek, Bad Friedrichshall, Germany) at 450
nm. A standard curve was created using Gen 5 software (BioTek Bad Friedrichshall,

Germany).

3.6  Statistical analysis

The data obtained was captured onto a spread sheet on Microsoft excel spreadsheet
(Microsoft Office Excel 2007 for Windows, Microsoft Inc., Redmond, WA), The data did not
have a normal distribution based on the Kolmogorov-Smirnov test (SPSS software, SPSS
17.0 for Microsoft Windows, SPSS Inc., Chicago, IL). Statistical analysis to compare the
VEGF concentrations in the different groups was performed using the Kruskal-Wallis with

Dunn’s post hoc test (GraphPad Prism 5 for windows, version 5.04, GraphPad Software, Inc,
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La Jolla Carlifornia USA, www.graphpad.com). A p value of < 0.05 was considered

significant for all tests.
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CHAPTER 4: Results

4.1 Number of dogs included in the study

A total of 24 dogs were enrolled into the study. Of these, 18 dogs had naturally occurring
canine spirocercosis, with 9 being classified as having non-neoplastic spirocercosis and the
other 9 as having neoplastic spirocercosis. The remaining 6 dogs were healthy staff and client
owned dogs. The neoplasms in the neoplastic group were osteosarcoma (8), fibrosarcoma (1).
There was no significant difference in the mean ages of the non-neoplastic (4.4 + 2.5 years)

(mean+SD) and neoplastic (5.3 = 1.4 years) and control (4.1 + 1.4 years) cases. (Table 1)

Parameter Non-neoplastic Neoplastic Controls
Gender Male Female Male Female Male Female
4 5 5 4 4 2
Age 44+25 53 £14 41+14

Table 1: Gender and age distribution in the control, non-neoplastic and neoplastic groups

4.2 Plasma VEGF concentrations

The median plasma VEGF concentrations of the control, non-neoplastic and neoplastic
groups were Opg/ml (range 0 — 0), Opg/ml (range 0 — 716) and 629pg/ml (range 282 — 2366),
respectively. There was an overall difference in the plasma VEGF concentrations of the
control, non-neoplastic and neoplastic groups (p =0.0003) (Figure 1). The plasma VEGF
concentration of the neoplastic group was significantly higher than that of both the control (p
<0.001) and non-neoplastic groups (p < 0.01). There was no difference in the plasma VEGF

concentrations of the control and non-neoplastic groups (p > 0.05).
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Figure 1: Box and whisker plot representing plasma VEGF concentrations in control, non-neoplastic and
neoplastic dogs. The box represents the 25™ — 75™ percentile range, the horizontal line through the box
represents the median and the outliers are represented by an asterix.

A cut off value of 250pg/ml was set in order to determine the sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) of plasma VEGF concentrations

as a determinant for neoplastic transformation. Plasma VEGF was determined to have a

sensitivity of 100%, specificity of 77.8%, a PPV of 81.8% and a NPV of 100%. (Table 2).

Neoplastic Non-neoplastic Total
spirocercosis spirocercosis
Test(plasma | >250pg/ml | 9 2 11
VEGF) <250pg/ml | 0 7
Total 9 9

Sensitivity = 9/9 = 100%

Specificity = 7/9 = 77.8%

Positive predictive value =9/11 = 81.8%
Negative predictive value = 7/7 = 100%

Table 2: Sensitivity, specificity, PPV and NPV of plasma VEGF concentartions for determining neoplastic
transformation in canine spirocercosis using plasma VEGF concentrations
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4.3 Serum VEGF concentrations

The median serum VEGF concentrations of the control, non-neoplastic and neoplastic groups
were Opg/ml(range 0 — 39.4), Opg/ml (range 0 — 44.13) and 69pg/ml (range 0 — 212)
respectively. There was an overall difference in the serum VEGF concentrations of the
control, non-neoplastic and neoplastic groups (p =0.001) (Figure 2). The serum VEGF
concentration of the neoplastic group was significantly higher than that of both the control (p
<0.01) and non-neoplastic groups (p < 0.01). There was no difference in the serum VEGF

concentration of the control and non-neoplastic groups (p > 0.05).
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Figure 2: Box and whisker plot representing serum VEGF concentrations in control, non-neoplastic and
neoplastic dogs. The box represents the 25" — 75™ percentile range, the horizontal line through the box
represents the median and the outliers are represented by an asterix

A cut off value of 25pg/ml was set in order to determine the sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) of serum VEGF concentrations
as a determinant for neoplastic transformation. Serum VEGF was determined to have a

sensitivity of 88.9%, specificity of 100%, a PPV of 100% and a NPV of 90%. (Table 3)
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Neoplastic Non-neoplastic Total
spirocercosis spirocercosis
Test(SerumVEGF) | >25pg/ml | 8 0 8
<25pg/ml |1 9 10
Total 9 9

Sensitivity = 8/9 = 88.9%

Specificity = 9/9 = 100%

Positive predictive value = 8/8 = 100%
Negative predictive value = 9/10 = 90%

Table 3: Sensitivity, specificity, PPV and NPV of serum VEGF concentrations for determining neoplastic
transformation in canine spirocercosis using serum VEGF concentrations

4.4  Plasma vs serum VEGF concentrations
The serum concentrations were generally consistently lower than the plasma concentrations
in all three groups with a statistically significant difference between the samples in the

neoplastic group, p < 0.01. (Figure 3)
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Figure 3: Box and whisker plot representing serum and plasma concentrations in the control, neoplastic and non
neoplastic cases. The box represents the 25" — 75™ percentile range, the horizontal line through the box
represents the median and the outliers are represented by an asterix and circle
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CHAPTER 5: Discussion

While non-neoplastic spirocercosis can be easily treated with early diagnosis, neoplastic
spirocercosis often has a poor long term prognosis and requires expensive and invasive
diagnostic as well as treatment options. This study aimed to identify a non invasive and
relatively inexpensive method of making an expedient determination of neoplastic

transformation in canine spirocercosis.

Both plasma and serum VEGF concentrations were significantly higher in dogs with
neoplastic spirocercosis compared to non-neoplastic and control groups. Plasma VEGF
concentrations were generally higher than serum VEGF concentrations. Plasma VEGF had a
higher sensitivity (100%) than serum (88.9%) for determining neoplastic transformation. The
implications of this would be that the use of plasma for the determination of neoplastic
transformation would detect all dogs with neoplastic transformation including some false
positives. This can be both an advantage and disadvantage of using plasma VEGF
concentrations for neoplastic determination. It would be an advantage in that dogs that are
likely to have neoplastic transformation are all identified and hence improving their chances
of being treated appropriately. It would be a potential disadvantage because elevated plasma
VEGEF concentrations could mean that a dog is prematurely euthanised due to perceived poor
prognosis. In order to avoid the latter scenario, one would have to perform further
confirmatory tests such as biopsy and histopathology. These sensitivity and specificity
values would need to be reproduced on a larger population of dogs. In addition, the cut off

values would also need to be re-evaluated on a larger population of dogs.

The tissue expression of VEGF and bFGF have been proven to be higher in S. lupi-induced
sarcoma compared to non-neoplastic nodules and normal dogs.>® The results from this study

show that in addition to the increased tissue expression proven earlier, there is a
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corresponding increase in circulatory VEGF. It would be worthwhile to measure the levels of
bFGFin the blood in order to determine if there is a corresponding circulatory increase as

there is for VEGF.

Vascular endothelial growth factor can potentially be used to differentiate between neoplastic
and non-neoplastic spirocercosis with higher concentrations being associated with
malignancy. It is worthwhile noting that VEGF is produced in other neoplasms® and hence a

thorough evaluation for concurrent neoplastic disease is warranted.

Apart from its possible role in prognostication, VEGF may play a role in the treatment of S.
lupi induced sarcomas. Anti-angiogenic therapy has become an additional pillar in the

6% 6 and is considered as a

treatment of various human malignancies including melanoma
basic standard of care in combination with other therapies in colorectal cancer.”’” The
principles behind anti-VEGF therapy mostly inhibit the binding of VEGF to its receptors.
These treatments include neutralising antibodies to either the ligand or receptor and small
molecule inhibitors directed against the tyrosine kinase activity of VEGF receptors.”
Examples of these drugs include the monoclonal antibody, bevacizumab, and the kinase
inhibitors sorafenib and cediranib.®® Bevacizumab was the first VEGF targeting monoclonal
antibody to be officially approved for cancer therapy. It demonstrated survival benefits in
humans with metastatic colon cancer when combined with conventional chemotherapy.®”
Although bevacizumab was designed to inhibit human VEGEF, the great degree of homology
between canine and human VEGF prompted trials to ascertain efficacy on canine

neoplasms.” It must be noted that the current cost of bevacizumab is prohibitive for use in

most veterinary patients.

Previous reports of the differences in plasma and serum VEGF concentrations suggest that

plasma VEGF concentrations are consistently lower that those obtained in serum.” ’* This is
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speculated to be as a result of the release of VEGF from platelet alpha granules upon
activation of coagulation cascade.”” Additionally, it has been suggested that the VEGF
concentration per platelet increases with tumour progression thereby suggesting that higher
platelet numbers would lead to higher serum VEGF concentrations.” The clinical implication
of the latter part was made questionable because of the study carried out by Gentilini,
showing a lack of statistical correlation between platelet numbers and serum VEGF

concentrations.®

Contrary to other published reports, plasma samples yielded consistently higher VEGF
concentrations compared to serum samples. Though plasma concentrations were on average
ten times higher than the serum levels, there was a good correlation between the ability of
both plasma and serum at being able to identify neoplastic and non neoplastic cases in this
study. This implies that either plasma or serum VEGF concentrations can be used to
differentiate between the two groups as long sample consistency is maintained. The plasma
and serum samples for this study were run as batches on two separate dates. This may have
introduced some inter-assay variability resulting in the consistently lower serum VEGF

concentrations.

There is some controversy in the literature with regards to the stability of VEGF in storage as
well as with repeated freeze-thaw cycles. Salven et al showed that VEGF in serum was stable
after a single freeze-thaw cycle.” Unfortunately, the storage time and the temperature at
which the serum samples were stored were not mentioned. Recently, serum VEGF has been
shown to be unstable when subjected to repeated freeze/thaw cycles leading to a rapid
decrease in VEGF concentrations.”” This finding may explain the lower serum VEGF

concentrations observed in this study. No similar studies on plasma VEGF concentration
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could be identified. It remains to be determined whether plasma VEGF is more stable under

storage and repeated freeze/thaw cycles compared to serum.

5.2 Weaknesses of the study

This study serves as a proof of concept for the potential use of VEGF as a marker for
neoplastic transformation in S. lupi. The study would need to be repeated on a larger
population of dogs in order to allow for the establishment of a cut off value with a high
sensitivity and specificity for the diagnosis of neoplastic transformation in canine
spirocercosis. The small sample size and multiple values of Opg/ml in the non-neoplastic
group precluded the generation of Receiver operator curves (ROC). This would have allowed
a more accurate determination of the ideal plasma and serum cut off values for neoplastic

transformation.

5.3 Future studies

A previous study by Dvir et al was able to prove that there are elevated tissue levels of VEGF
amongst other growth factors in S. lupi-induced sarcomas.”® This current study has shown
that there are elevated levels of circulating VEGF. Vascular endothelial growth factor can be
produced by the majority of cells in the body including anchorage type cells such as vascular
smooth muscle,”” and circulatory cells such as macrophages,” platelets” T lymphocytes,*
mononuclear cells* and polymorphonuclear cells.®” It is now necessary to determine the
source of the VEGF, the trigger for its secretion and if it has any other function in the

neoplastic transformation in canine spirocercosis apart from its known angiogenic properties.
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The stimulation for the VEGF secretion can be the well described hypoxia within the
developing tumour, but it cannot be excluded that the worm itself secretes a product that
stimulate growth factor synthesis and secretion. These questions warrant further

investigation.

The importance of VEGF in the progression and spread of neoplastic disease makes it an
important target for cancer treatment. Future studies evaluating the therapeutic benefit of
antagonists of VEGF and its receptors in canine spirocercosis in combination with more

traditional treatment modalities such as surgical excision and chemotherapy is warranted. In

184 185

certain human neoplastic disease such as ovarian,®® colorectal®® and renal-cell®® cancers
amongst others, single nucleotide polymorphisms (SNPs) in the VEGF gene have been
identified as having treatment predictive and prognostic value. It would be worthwhile to
assess the genetic variation of the VEGF gene in dogs with neoplastic spirocercosis in order

to determine if there is any association with prognosis.
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CHAPTER 6: Conclusion
Vascular endothelial growth factor is a promising biomarker for neoplastic transformation in
canine spirocercosis. This study serves as a basis for the evaluation of VEGF in a larger
population. The study also justifies evaluating anti VEGF therapy in conjunction with

surgical excision and chemotherapy in the treatment of dogs with neoplastic spirocercosis.
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APPENDICES

Appendix A: Client consent form for groups A and B

CLIENT CONSENT FORM:

Dear Client

Your pet has been diagnosed with suspected Spirocercosis.

The incidence of this parasitic disease is increasing dramatically and we are trying to improve
our ability to diagnose infection earlier in patients, determine if the nodule has become
cancerous and determine the best form of treatment and prevention of infection.

To achieve these goals we would like to perform some additional procedures on your pet.
These are listed below.

A. Whilst under anaesthetic for oesophageal endoscopy (camera passed down the
oesophagus), a routine procedure in these cases, we would like to take additional
X-ray views whilst filling the oesophagus with air.

B. We would need to perform an additional abdominal ultrasound (sonar scan) to
evaluate the oesophageal nodule.

C. We would wish to collect additional blood samples from your pet (< 20 ml of
blood).

The above-mentioned procedures hold no additional risk for your pet, the
anaesthesia is just prolonged for approximately 20 minutes.

The abovementioned additional procedures will be subsidised by the Veterinary
Faculty

D. If your pet undergoes therapy you will undertake to return for re-evaluation by
means of endoscopy at a predetermined time-point. The costs for this routine
follow up procedure will be calculated at cost of materials used only. The follow
up evaluations are routine but often waived by the client due to an improvement in
clinical signs, however this does not mean that your dog is healed. We have to
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insist on a follow up evaluation, as it is vital to assess efficacy of treatment
protocols.

E. If at any stage you decide to put your pet to sleep due to poor prognosis for
recovery or escalating costs we would request permission to perform a full post
mortem examination (autopsy). Disposal options would be arranged as routinely
done at the OVAH.

I Mr/Mrs/Ms/Dr/Prof/

Hereby acknowledge that I have received the information brochure on spirocercosis in
dogs and I hereby give permission for the additional tests mentioned from A-E to be

performed on my pet over the following 3 months.
Signed at:
Date:
Signature
Duty Clinician: Print:
Sign:
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Appendix B: Consent form for vascular endothelial growth factor trial (Healthy dogs)

Consent form for vascular endothelial growth factor trial (Healthy dogs)

Spirocerca lupi (S. lupi) is a worm that infects mainly dogs. The worm stays in nodules in the
oesophagus from where it sheds eggs. The eggs are passed down the gastrointestinal tract and
are passed out in the faeces. Dung beetles pick up the eggs when they feed on the faeces. The
eggs develop to larvae inside the beetles. The beetles are eaten by other animals such as birds,
lizards and hedgehogs. The larvae are passed from the beetles to the next animal in the food
chain. Dogs get infected when they eat beetles with larvae or alternatively when they eat the
other animals higher up in the food chain. When the dogs ingest animals with larvae, the
larvae are released in the stomach. Once in the stomach, the larvae penetrate the wall of the
stomach and migrate to the aorta through the gastric arteries. Once in the aorta, the larvae
develop to immature adults. When the worms reach this stage of development, they move
from the aorta to the wall of the oesophagus. In the wall of the oesophagus, a nodule forms
around the adult worms. Sometimes as the nodule grows, it transforms into a tumour.

We are conducting a study to measure vascular endothelial growth factors in dogs that are
infected with Spirocerca lupi. The aim of the study is to see if we can use the levels of
vascular endothelial growth factors to pick up the dogs in which the nodules in which the
worm resides have transformed into tumours. For this to be possible we need to be able to
compare the levels of vascular endothelial growth factor in healthy dogs and S. lupi infected
dogs. The healthy dogs chosen have to be free of S. lupi and any other accompanying illness.
We therefore need to screen your pet for other diseases and S. lupi. This will be done by
means of chest x-rays, faecal floatation and routine blood samples (for haematology and
serum chemistry). This set of tests are offered to you free of charge and are very valuable to
screen your dog for possible S. lupi manifestation and other disease.

After your pet had been screened, the same blood samples used for routine screening will be
stored for further evaluation of VEGF. Please feel free to contact Dr V Mukorera on the
following number should you have any further questions or queries.

Office: 012 529 8519
SAM Clinics: 012 529 8128/8096

Cell: 0839837684

Email: vari.mukorera@up.ac.za

I, (full name) hereby give permission for
the dog under my care (Dog’s  name)

Breed Age Sex
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To participate in the clinical study on vascular endothelial growth factor levels in S. lupi
infected dogs at the Onderstepoort Veterinary Academic Hospital.

The trial has been explained to me and 1 understand that the study will in no way harm my
dog and that the costs of additional testing will be borne by the trial fund.

Signed at on the day of

(month) (year)

Signature of owner/authorised person

Home Tel

Office Tel

Cell
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Appendix C: Client information brochure on spirocercosis (Groups A and B)

Client information brochure on spirocercosis

Spirocerca lupi is a worm which starts its lifecycle in the dung-beetle which contains infective larvae.
Infective larvae are also found in animals which eat the dung beetles, such as mice, lizards and birds.
Dogs become infested when eating either the beetle or the so-called transport hosts. The worm larvae
are released by the process of digestion and move through the stomach wall from where they migrate
via the walls of the major blood vessels to eventually reach the aorta, the largest blood vessel in the
body. They then rest and grow to maturity here, a process which takes 100 days. Once mature they
then migrate across the aortic wall towards the oesophagus, which lies in-between the lungs, together
with the aorta, trachea and heart. Once the worms reach the oesophagus, they burrow into the wall and
make a small nodule. Here they reach sexual maturity and start laying eggs. Each nodule can contain

many worms. When the eggs are passed in the faeces, they once again infect the dung beetles

The worm causes disease in many ways: Fever, infection, lung infection, and rupture of the major
blood vessels due to aneurysms, obstruction of the oesophagus due the nodule, intractable vomition
due to oesophageal irritation and eventual transformation of the nodule into a cancer with spread to

the lungs.

There is, to date, no method of detecting infection with this parasite prior to it settling in the

oesophagus and starting to pass eggs. These eggs can be detected in stool examinations but the test is

not very sensitive, as the worms only pass very small eggs, intermittently. Once clinical signs of
vomiting have been detected chest x-rays will often show a suspicious area behind the heart.
Confirmation of the diagnosis is usually by passing an endoscope (camera) into the oesophagus and
visualising the nodule. If there is a suspicion that the nodule may be cancerous a biopsy is taken. In

complicated cases the diagnostic and treatment protocol are individualised.

Treatment is initiated and response to treatment is usually established by a follow up
endoscopy after 48-56 days
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Appendix D: Spirocerca lupi patient endoscopy forms

SPIROCERCA LUPI PATIENT ENDOSCOPY FORMS:

(NB — Only the video endoscope must be used to enable data capture)

Date: Unique Patient no.

Patient Sticker

Distance in cm: ( measured from canine tooth to cranial border of mass)

Appearance of nodules:

D N
a) smooth ( ): b) Cauliflower like

Worms visible?

Length of nodules(cm):
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(measure using distance to cranial pole at level of canine and subtract from
distance to caudal pole from canine.)

Ulcerated ? Necrosis?

Approximate % of insufflated oesophageal lumen compromised:

Biopsied? Y | N

Procedure recorded on the DVD:

Follow up Scoping dates:

(1)
(i)
(iii)

47





