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Abstract

Various combinations of tests are used to confirm the diagnosis of canine sino-nasal
aspergillosis (SNA) because false-positive and false-negative results can occur with
each test. Therefore, the aim of this study was to evaluate whether detection of fungal
DNA in blood and nasal tissue samples was of value in the clinical diagnosis of this
disease.

Four groups were included in the study (dogs with SNA, lymphoplasmacytic rhinitis or
nasal neoplasia, and control animals). Real-time PCR assays detecting DNA from all
Penicillium and Aspergillus species (PenAsp assay) or species-specific DNA from A4.
fumigatus, A. terreus, A. flavus and A. niger were applied to whole blood and nasal
tissue samples. Results obtained by PCR were compared between the groups.
Sensitivity, specificity, positive and negative predictive values (PPV and NPV) for
fungal DNA detection were compared with those for alternative diagnostic procedures
including histopathology, serology and fungal culture.

Significantly more fungal DNA was detected by the PenAsp assay in tissue biopsies
from dogs with SNA than in the three other groups. Sensitivity, specificity, PPV and
NPV for this method were 1.00, 0.06, 0.32 and 1.00. Aspergillus fumigatus DNA was
detected in seven tissue biopsies from dogs with SNA and in one biopsy from a dog
with a nasal tumour. Sensitivity, specificity, PPV and NPV for this diagnostic test were
0.50, 0.97, 0.87 and 0.82. No significant difference was found between the groups with
respect to the amount of DNA detected in blood by the PenAsp assay. Sensitivity,
specificity, PPV and NPV for this method were 0.71, 0.24, 0.31 and 0.64. Aspergillus
fumigatus DNA was detected in the blood of three dogs with SNA and sixteen dogs

without SNA. Sensitivity, specificity, PPV and NPV for this diagnostic tool were 0.21,
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44 0.45, 0.15 and 0.54. Detection of A. fumigatus DNA in nasal tissue had the highest
45  specificity, PPV and NPV but sensitivity of this method was low. Detection of fungal

46  DNA in whole blood was of no value in the diagnosis of SNA.
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Abbreviations

Afumi assay: Aspergillus fumigatus assay

Ct: threshold cycle

G3PDH: glyceraldehyde-3-phosphate dehydrogenase
gDNA: genomic DNA

LPR: lymphoplasmacytic rhinitis

NPV: negative predictive value

PCR: polymerase chain reaction

PenAsp assay: Penicillium/Aspergillus assay

PPV: positive predictive value

SNA: sino-nasal aspergillosis
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Introduction

Sino-nasal aspergillosis (SNA) is a common cause of nasal discharge in the dog
and is most often caused by Aspergillus fumigatus (Sharp et al., 1991). Various
combinations of diagnostic tests, such as radiography, computed tomography,
rhinoscopy, histological examination, cytology, fungal culture, and serology are used to
confirm the diagnosis of canine SNA (De Lorenzi et al., 2006; Saunders and van Bree,
2003; Sharp et al., 1991). Currently, no single test can be used to make the diagnosis
because false-positive and false-negative results can occur with each (De Lorenzi et al.,
2006). Therefore, the gold standard for diagnosing this disease is considered to be the
direct visualization of fungal plaques by rhinoscopy or the microscopical observation of
fungal elements in samples taken for cytological or histopathological examination (De
Lorenzi et al., 2006; Johnson et al., 2006; Zonderland et al., 2002).

As the fungus does not invade the mucosa or disseminate throughout the body in
canine SNA (Peeters et al., 2005), this disease resembles a form of human fungal
sinusitis that occurs in immune competent patients. Although quantification of fungal
DNA by real-time polymerase chain reaction (PCR) is widely used in human medicine
for the diagnosis and monitoring of therapy of invasive aspergillosis (Ferns, 2006), we
are not aware of any report of the use of fungal DNA detection in the diagnosis of
human non-invasive fungal sinusitis.

Idiopathic lymphoplasmacytic rhinitis (LPR) is another common cause of nasal
discharge in the dog, but in this disease the clinical signs tend to be less severe than in
SNA (Windsor et al., 2004). The etiology of this condition in dogs is unknown. In
human medicine, airborne fungi have been shown to play a key role in the pathogenesis

of disease in some patients with chronic rhinosinusitis (Ponikau et al., 2006; Rao et al.,
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2006). In a recent study, molecular analysis has shown higher loads of fungal DNA in
nasal biopsies from dogs with idiopathic LPR than in nasal biopsies from healthy dogs,
suggesting a possible role for fungal organisms in idiopathic LPR of dogs (Windsor et
al., 20006).

Therefore, the aims of the present study were (1) to evaluate the potential value
of detection of fungal DNA in samples of whole blood and nasal tissue in the diagnosis
of canine SNA, and (2) to investigate whether Aspergillus may have a role in the

pathogenesis of canine LPR.
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Materials and Methods

Animals

Fourteen dogs with a diagnosis of aspergillosis involving the nasal cavities and
frontal sinus were included in the study. Ages ranged from 1 to 10 years (median 4.5).
Diagnosis of SNA was based on results of physical examination and observation of
typical intranasal or intrasinusal fungal plaques associated with turbinate destruction on
rhinoscopy/sinuscopy.

Seven dogs with a diagnosis of LPR were included in the study. Ages ranged
from 0.5 to 13 years (median 6). Diagnosis of LPR was made on the basis of clinical
signs, rhinoscopic (unilateral or bilateral mild to moderate turbinate lysis with
congestion and oedema of the mucosa, mucoid to mucopurulent secretions, and failure
to demonstrate a foreign body, neoplasia or fungal plaques in the nasal cavities) and
histopathological findings.

Thirteen dogs suffering from neoplasia of the nasal cavity were entered into the
study. Ages ranged from 6 to 18 years (median 10). Diagnosis was based on
visualisation of a mass during rhinoscopy and histopathological findings.

Eight client-owned dogs, euthanased for various independent reasons (non-
metastatic gastric carcinoma in two dogs, brain tumour in two dogs, and uncontrollable
aggression, congestive heart failure, pulmonary carcinoma and non metastatic
osteosarcoma in one dog each), and four healthy beagle dogs were sampled as control
animals. None of these dogs had clinical history or signs of upper respiratory disease,
immune-mediated disease or systemic immunosuppression. Ages of these dogs ranged

from 4 to 12 years (median 7.5).
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Seven dogs with SNA had received oral antifungal therapy (ketoconazole in four
dogs and itraconazole in three dogs) for 8 to 15 days prior to rhinoscopy. In all other
animals, no systemic antifungal therapy had been administered for at least 2 months

preceding rhinoscopy.

Sample collection

Two ml of whole blood were collected from all dogs (except three control dogs)
into EDTA. The samples were stored at -70°C until DNA extraction. Two ml of clotted
blood were also collected and the serum harvested from these samples was stored at -
18°C until Aspergillus serology was performed.

All of the rhinoscopic and sinuscopic examinations were performed by the same
investigator (CC). In diseased dogs, the nasal cavities were explored with a rigid
endoscope (Cytoscope K Storz SL 30°, Karl-Storz-Endoscopy Belgium SA, Strombeek-
Bever, Belgium) and, where possible, the frontal sinuses were investigated with a
flexible bronchoscope (Fujinon BRO-YP2, Onys, SA, Brussels, Belgium). In each dog
(including control animals), nasal secretions were blindly sampled with a dry swab for
fungal culture.

In dogs with SNA, perendoscopic mucosal biopsy samples were taken from the
distal part of the nasal cavity, near the junction with the frontal sinus. In dogs with LPR,
perendoscopic biopsies were taken where the mucosa appeared to be the most inflamed.
In dogs with nasal tumour, biopsies were taken from the tissue suspected to be
neoplastic. In control client-owned dogs, perendoscopic mucosal biopsy samples were
taken with owners’ consent within 10 minutes of euthanasia from the posterior third of

the right nasal cavity, but the frontal sinuses could not be explored. In control beagle
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dogs, perendoscopic biopsies were taken from the distal part of the nasal cavity.
Samples were placed in a 2.0-ml cryotube (CM.LAB, Vordingborg, Denmark), snap

frozen in liquid nitrogen and stored at -70°C.

Histopathology

Additional mucosal biopsy samples from each dog were placed in 10% neutral
buffered formalin for histopathological examination. Sections were stained with
haematoxylin & eosin and Grocott (for fungal organism) by standard histochemical
procedures (Bancroft and Cook, 1984). All biopsy sections were reviewed by a board-

certified veterinary histopathologist (MJD), without knowledge of their origin.

Fungal DNA quantification

DNA Isolation

Freeze-dried ampoules of 4. fumigatus (IMI number: 360452), A. flavus
(367606), A. niger (358433) and A. terreus (348431) were obtained from CABI

Bioscience (Eagham, Surrey, UK).

Genomic DNA (gDNA) was isolated from these Aspergillus samples using the
Macherey-Nagel NucleoSpin Blood Isolation Kit (ABgene, Epsom, UK) following
reconstitution of the freeze-dried samples with nuclease-free water. Three methods of
DNA extraction, which were suitable for application to the tissue biopsies and blood,
were tested against 200pl of the Aspergillus suspensions. These methods involved using
the lysis buffer and proteinase K from the extraction kit with or without additional
mechanical disruption. Method 1 involved incubation of the Aspergillus suspension

with lysis buffer and proteinase K in a 2ml Safe-Lock microcentrifuge tube (Eppendorf,

Page 9 of 31



164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

Cambridge, UK) at 55°C overnight in a shaking incubator (Vortemp S6EVC, Labnet,
Rutland, UK). Method 2 was the same as method 1 except that a Smm stainless steel
ball was added to the microcentrifuge tube during the overnight incubation. Method 3
involved mechanical disruption of the Aspergillus using a TissueLyser (Qiagen Ltd,
Crawley, UK). The Aspergillus was pelleted by centrifugation at 10,000g for 5 minutes
and the supernatant removed. A Smm stainless steel ball was added to the tube and the
pellet was snap-frozen with liquid nitrogen before shaking in the TissueLyser at 20
cycles per second for 2 minutes. This procedure was repeated three times before
addition of the lysis buffer and proteinase K and overnight incubation in the shaking
incubator. Following the overnight incubation, the extraction procedure was completed

as per the manufacturer’s instructions.

The three extraction methods were tested with each of the Aspergillus species in
duplicate before testing with the Penicillium spp./Aspergillus spp. (PenAsp) real-time
PCR assay (Table 1). Method 1 was the least effective at extracting DNA. Method 2
was the most effective method which resulted in the lowest threshold cycle (Ct) value
with all of the Aspergillus species tested (Table 1). There was no advantage to use of
freeze-thaw cycles and the TissueLyser (method 3). This experiment was repeated with
Aspergillus suspensions mixed with EDTA blood from a dog which had been
previously determined to be negative for Aspergillus. The results of this experiment
were similar to those obtained with the Aspergillus suspensions, with method 2 being
the most effective (data not shown). Method 2 was therefore used for the extraction of

gDNA from the nasal biopsies and blood samples in the main experiment.

Genomic DNA was isolated from the endoscopic biopsies and blood samples

(200ul) using the Macherey-Nagel NucleoSpin Blood Isolation Kit (ABgene). The
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tissue and blood were added to a 2ml Safe-Lock microcentrifuge tube (Eppendorf)
containing the lysis buffer and proteinase K (from the isolation kit) and a Smm stainless
steel ball. Biopsies, but not blood samples, were disrupted using a TissueLyser (Qiagen
Ltd) by shaking the tubes at 20 cycles per second for 2 minutes. The microcentrifuge
tubes containing both sample types including the stainless steel balls were then
incubated at 56°C overnight in a shaking incubator (Vortemp S6EVC, Labnet) set at
1000rpm before completion of the extraction protocol as per the manufacturer’s

instructions. The DNA was eluted with 100ul of elution buffer (from the extraction kit).

Primer and Probe Design

The assays specific for the ribosomal RNA gene sequences of A. fumigatus
(Afumi), A. flavus, A. niger, A. terreus and PenAsp assays were the same as used by
Haugland et al. (Haugland et al., 2004) (Table 2). The only exception was the probe
sequence for the PenAsP assay which was altered by the use of three locked nucleic
acid bases rather than a 3’ minor groove binder in order to raise the predicted annealing
temperature from that of the unmodified probe (underlined bases in Table 2). The
glyceraldehyde-3-phosphate dehydrogenase (G3PDH) specific assay was the same as
that used previously (Peters et al., 2003). Primers and probes were synthesised by
Eurogentec Ltd. (Southampton, U.K.) and were reconstituted in EB buffer (10mM Tris

HCI1 pH 8.4, Qiagen Ltd.) before use.

Real-Time PCR

11
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Real-time PCR was performed using HotStarTaq Master Mix (Qiagen Ltd.).
Gene-specific amplification was performed using 0.2uM of each primer, 0.1uM of
probe or SYBR Green 1 (1:100,000) (Sigma-Aldrich Ltd., Poole, Dorset) and 2.5ul of
gDNA in a final volume of 25ul. Magnesium chloride concentrations were adjusted to

4.5mM in the final reaction by addition of 25mM MgCl,.

Sample incubations were performed in an iCycler 1Q (Bio-Rad Laboratories,
Hemel Hempstead, U.K.) at 95°C for 15 minutes and then 45 cycles of 95°C for 10
seconds and 60°C (58°C for Afumi assay) for 15 seconds during which the fluorescence
data were collected. Threshold cycle values were calculated as the cycle when the
fluorescence of the sample exceeded a threshold level corresponding to 10 standard
deviations from the mean of the baseline fluorescence. The thermocycling protocol was
extended when SYBR Green I was used by heating samples from 75°C to 95°C in 0.5°C
increments with a dwell time at each temperature of 10 seconds during which time the

fluorescence data were collected in order to create a melt curve.

Nuclease-free water passed through the DNA isolation was analysed in a similar
manner to all other samples to control for sample contamination. A negative control of
nuclease-free water and a positive control sample with a known Ct value were included
with all sample runs to control for run-to-run Ct variation and all reactions were run in

duplicate.

Relative expression data for each of the gene targets were calculated using the

gBase applet for Microsoft Excel (http://medgen.ugent.be/gbase/). This applet calculates

a relative copy number for each sample, normalised against the measured housekeeper

gene (G3PDH), using the methods described by Vandesompele et al. (Vandesompele et

12
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al., 2002). The sample with the fewest gene copies (latest Ct value) is given a relative
copy number of 1 and all other samples are given values relative to this sample.
Samples with no measured Ct value were assigned a relative copy number of 0. These
relative copy number results were used for the statistical testing and presentation in

graphical form.

Reaction Efficiency

A dilution curve (1:10 dilution) of gDNA from each of the Aspergillus species
was tested in both the species-specific and PenAsp assay in triplicate. A master mix was
made up and aliquotted into the PCR plate prior to addition of the template into each
reaction tube individually. A graph of Ct versus logjo copy number of the sample from
the dilution series was produced. The slope of this graph was used to determine the

reaction efficiency.

Efficiency = [10°"°P9] — 1

Other diagnostic tools for diagnosing Aspergillus infection

Histopathology

Diagnosis of SNA was made by histopathology only if branching septate hyphae

were observed on Grocott-stained sections.

Serology
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Serological testing was performed by double agarose gel immunodiffusion
(Immuno-Mycologics, OK, USA) in order to determine the presence of serum antibody

specific for Aspergillus.

Mpycology

Nasal secretions were inoculated on Sabouraud-dextrose-agar medium with
chloramphenicol within 3 hours of collection. The media were incubated at room
temperature (between 20 and 22°C) in ambient air. Positive results were more precisely
characterized by microscopic examination. A positive fungal culture within 10 days of

inoculation was considered compatible with fungal infection.

Statistics

The non-parametric (Kruskal-Wallis) analysis of variance was used to compare
the expression of each gene target among the four clinical groups examined in the study.
Significant results were further characterised using the Mann-Whitney Test. The level

of significance was p<0.05 for all analyses.

For each diagnostic method (blood and tissue fungal DNA quantification,
histopathology, Aspergillus antibody titre and fungal culture), sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV) were calculated.
The gold standard for diagnosing SNA was the observation of typical fungal plaques

during rhinoscopy/sinuscopy.
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Results

Real-time assay validation

All real-time PCR assays produced a single melt curve peak when run with
SYBR Green I and single band products of appropriate size were obtained with agarose
gel electrophoresis (data not shown). Reaction efficiencies were assessed using a ten-
fold serial dilution of gDNA using a minimum of six dilutions. All reactions had
efficiencies between 94 and 100% (Table 2) both with SYBR Green I and the Tagman
probes and these efficiencies are similar to those reported previously for these assays
(Haugland et al., 2004). These efficiencies were used in the calculation of the relative
copy number values. The species-specific assays showed no cross-reactivity with the
non-target species, as was reported previously (Haugland et al., 2004), and all species

were detected by the PenAsp assay.

Fungal DNA quantification

Fungal DNA was detected by the PenAsp assay in all nasal biopsy samples
except in the samples from two dogs with nasal neoplasia (Figure 1). Although the
relative copy numbers overlapped between the four groups, there was significantly more
fungal DNA in biopsies from dogs with SNA than in tissue from dogs of the three other
groups. There was significantly less fungal DNA in nasal biopsies from dogs with nasal
tumour than in control animals and dogs with LPR. Using the species-specific assays,
there was no A. terreus, A. niger or A. flavus DNA in any of the nasal biopsies.
However, A. fumigatus DNA was detected in seven biopsies from dogs with SNA and

in one biopsy from a dog with a nasal tumour (Figure 2).
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Fungal DNA was detected by the PenAsp assay in the blood of 9/9 control dogs,
3/7 dogs with LPR, 10/13 dogs with nasal tumour and 10/14 dogs with SNA (Figure 1).
No significant difference could be found between the groups. Aspergillus fumigatus
DNA was detected in the blood of three dogs with SNA, nine dogs with nasal tumour,
three dogs with LPR and four control animals (Figure 2). There was no 4. ferreus, A.
niger or A. flavus DNA detected in the blood of any dog. Sensitivity, specificity, PPV
and NPV of tissue and blood fungal DNA detection by the PenAsp and the Afumi

assays in the diagnosis of SNA are given in Table 3.

Other diagnostic tools

Histopathology

The samples from control dogs all had normal histological structure. In sections
from dogs with LPR, the architecture of the mucosa was relatively well preserved with
focal oedema. The lamina propria was mildly to moderately infiltrated by lymphocytes
and plasma cells although, in some cases, neutrophils were predominant. In sections
from dogs with SNA, the lesions were more severe. An intense, ulcerative, mixed
inflammatory infiltration with neutrophils and mononuclear cells, associated with
necrosis and fibrin exudation was observed in most cases. In the group of dogs with
nasal neoplasia, eight dogs were diagnosed with carcinoma (adenocarcinoma in seven
dogs and squamous cell carcinoma in one patient), four dogs with sarcoma
(myxosarcoma, osteochondrosarcoma in one dog each, and undifferentiated sarcoma in

two dogs) and one dog with mast cell tumour.
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Using Grocott-stained sections, septate branching hyphae were observed at the

surface of the mucosa in biopsy samples from only 6/14 dogs with SNA.

Serology

Aspergillus serology yielded a positive result in four dogs with SNA and in one

dog with LPR.

Fungal cultures

Fungal culture was positive in six dogs with SNA (all 4. fumigatus). Aspergillus
fumigatus DNA was detected in the nasal mucosa of 5 of these 6 dogs. Fungal culture
was positive in one dog with nasal tumour (4. terreus). Sensitivity, specificity, PPV and

NPV of these tests in the diagnosis of canine SNA are given in Table 3.
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Discussion

In the present study, we have evaluated the diagnostic value of detection of
fungal DNA in tissue and whole blood samples from dogs with SNA. Using a broad-
spectrum real-time PCR assay detecting ribosomal DNA from all Penicillium and
Aspergillus species, sensitivity and NPV of tissue fungal DNA detection were both
100%, but specificity and PPV of this diagnostic method were very low. This was in
part explained by the fact that fungal DNA was detected in the nasal mucosa of all
control dogs. This constitutes the first evidence that fungi are part of the normal flora of
the nasal cavity in the dog. Similarly, fungi, including species from the genera
Penicillium and Aspergillus, have been shown to be part of the background flora of the
nasal cavity in humans (Catten et al., 2001; Murr et al., 2006; Scheuller et al., 2004). In
the present study, there was significantly more fungal DNA in the nasal mucosa of dogs
with SNA than in that of dogs from the three other groups. However, the relative copy
numbers overlapped between the four groups, and no clear cut-off could clearly identify
dogs with SNA. The diagnostic value of this assay would likely have been increased by
deliberately collecting biopsy samples from fungal plaques visualized endoscopically
within the nasal cavity or sinus. However, in this study we instead elected to sample a
standard mucosal site in order to permit comparison between mucosal samples collected

from dogs in the different disease groups.

The results of the present study support the fact that canine SNA is mostly
caused by 4. fumigatus. Using the species-specific assays, no DNA derived from A4.
terreus, A. niger or A. flavus was found in any of the nasal biopsies. However,
sensitivity, specificity, PPV and NPV of mucosal 4. fumigatus DNA detection in the

diagnosis of SNA were 50, 97, 87 and 82%, respectively. Although sensitivity was
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moderately low, it was still greater than that of the routine diagnostic tests that were run
for comparison in the present study. The negative results obtained with the four
Aspergillus species-specific assays in nasal biopsies from seven dogs with SNA could
mean that, in these cases, the disease was caused by a Penicillium or an Aspergillus
species other than A. fumigatus, A. terreus, A. niger or A. flavus. However, there may
have been sufficient DNA from a mixture of fungal species present to give a positive
result with the general PenAsp assay but insufficient DNA of any single Aspergillus
species tested to give a positive result with the specific assay. Therefore, the samples
which were negative in the Afumi assay may still have had A. fumigatus present but in
insufficient quantity to be positive with the specific assay.

In the present study, fungal DNA detection in whole blood by the PenAsp assay
was of no value for diagnosing SNA, largely due to low specificity and PPV. This was
mostly related to the high number of positive results obtained from control dogs and
dogs with nasal tumour. A high number of false-positive results has been reported in
many studies examining the performance of blood DNA detection in the diagnosis of
invasive aspergillosis in humans (Halliday et al., 2006; Kami et al., 2001; Quindos,
2006). Although false-positive results could be due to contamination by airborne spores
during the PCR procedures (Kami et al., 2001; Loeffler et al., 1999), the likelihood of
such contamination has decreased significantly due to technical improvements in PCR
methodology (Quindos, 2006). Environmental contamination is not likely to have
occurred in the present study as strict precautions were taken, including the use of
dedicated HEPA filtered PCR cabinets for setting-up the PCR assays. Carryover of PCR
products (Kami et al., 2001) is unlikely due to the strict separation of each phase of the

work in separate laboratories with dedicated equipment (DNA extraction, PCR setup,
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PCR running and amplicon analysis). An alternative explanation for this high number of
positive results is the true detection of fungal DNA in the blood of these patients.
However, none of the dogs had neutropenia or signs of systemic immune suppression
that could have prevented clearance of the fungal elements by neutrophils.

As the amount of fungal DNA was similar in the nasal mucosa of dogs with LPR
and control dogs, the present study does not clearly implicate Penicillium or Aspergillus
fungi in the pathogenesis of canine LPR. In a recent study using a broader pan-fungal
assay, there was more fungal DNA in the nasal mucosa of dogs with LPR than in that of
dogs with nasal tumour or control animals (Windsor et al., 2006). However, in that
study, the difference in fungal DNA load between dogs with LPR and control dogs was
due to the absence of DNA detected in the nasal mucosa of control animals (Windsor et
al., 2006). The discrepancy in the results of these studies can be related to differences in
PCR techniques, assays, samples and DNA extraction methods used (Ferns, 2006).
Alternatively, other fungi, from which DNA was not detected by the PenAsp assay,
might be involved in the pathogenesis of canine LPR Indeed, in humans with chronic
rhinosinusitis, Alternaria is particularly suspected to trigger the local inflammatory
reaction (Shin et al., 2004).

One of the major obstacles to using PCR to quantify Aspergillus DNA is a
reliable and simple method for DNA extraction. The presence of a complex, sturdy cell
wall that is resistant to lysis impairs extraction of the DNA by conventional methods
employed for bacteria (Griffiths et al., 2006). Most fungal DNA extraction protocols are
time-consuming and are not suitable for use as a routine diagnostic technique (Velegraki
et al., 1999; Williamson et al., 2000). More recent extraction methods include freezing

and thawing, freezing and boiling, bead-beating and enzyme extraction (Griffiths et al.,
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2006; Kabir et al., 2003). The best and quickest fungal DNA extraction methods involve
bead lysis with or without enzyme digestion (Griffiths et al., 2006). In the present study,
we have tested three extraction methods and selected the one that yielded the greatest
amount of fungal DNA and which was the quickest to perform. This method involved
enzyme digestion and bead lysis.

In conclusion, the detection of A. fumigatus DNA in nasal biopsy samples shows
the highest specificity, PPV and NPV for diagnosing canine SNA, but sensitivity of this
method is low. The results of the present study do not clearly implicate Penicillium or
Aspergillus fungi in the pathogenesis of canine LPR. However, other fungi could be

involved in the pathogenesis of this disease.
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498

499
500
501
502
503
504
505

Table 1
A. flavus A. fumigatus  A. niger A. terreus

Mean Ct 27.6 28.0 30.1 28.6

Method 1
SD 0.72 0.26 0.70 0.68
Mean Ct 23.2 24.0 24 .4 24.2

Method 2
SD 0.17 0.05 0.24 0.14
Mean Ct 25.2 25.6 26.1 26.2

Method 3
SD 0.10 0.29 0.24 0.12

Three methods of DNA extraction were assessed by application to suspensions of the
four target Aspergillus species. Method 1 consisted of lysis buffer and proteinase K
added to the samples with overnight incubation at 56°C in a shaking incubator. Method
2 included the addition of a Smm ball to the tubes during the overnight incubation.
Method 3 involved the use of freeze-thawing and mechanical disruption prior to lysis
buffer, proteinase K and the overnight incubation. The mean Ct and standard deviation

is shown for the three repeats of each extraction method.
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506 Table 2

Product

Forward Primer

Reverse Primer

Probe Sequence

Assay . Efficiency
Size (5'- 3" (5'-3" (5 FAM - 3’ BHQ-1)
PenAsp ~80 CGGAAGGATCATTACTGAGTG GCCCGCCGAAGCAAC CCAACCTCCCACCCGTG 94.0 to 100.2%
Afumi 136 GCCCGCCGTTTCGAC CCGTTGTTGAAAGTTTTAACTGATTAC CCCGCCGAAGACCCCAACATG 99.7%
Aflav 89 CGAGTGTAGGGTTCCTAGCGA CCGGCGGCCATGAAT TCCCACCCGTGTTTACTGTACCTTAGTTGCT 100.7%
Anigr 79 GCCGGAGACCCCAACAC TGTTGAAAGTTTTAACTGATTGCATT AATCAACTCAGACTGCACGCTTTCAGACAG 95.9%
Aterr 72 ATCATTACCGAGTGCGTGTCTTTA CCCGCCGAAGCAACAAG CCCAACCTCCCACCCGTGACTATTG 98.8%
G3PDH 90 TCAACGGATTTGGCCGTATTGG TGAAGGGGTCATTGATGGCG CAGGGCTGCTTTTAACTCTGGCAAAGTGGA 99.9%

507  Sequences of forward and reverse primers as well as the probe used in the real-time PCR reactions (Haugland et al., 2004). The probe

508  sequence used for the PenAsp assay was altered by addition of locked nucleic-acid (LNA) bases to increase the predicted annealing

509  temperature of the unmodified sequence. LNA bases are underlined in the table. All primers were desalted when purified and the probes

510  were HPLC purified.
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512
513

514

Table 3.

Sensitivity Specificity =~ PPV NPV
Fungal culture 0.43 0.97 0.86 0.78
Serology 0.31 0.97 0.80 0.76
Histopathology 0.14 1.00 1.00 0.71
Tissue fungal DNA detection 1.00 0.06 0.32 1.00
(PenAsp assay)
Tissue fungal DNA detection 0.50 0.97 0.87 0.82
(A. fumigatus specific assay)
Blood fungal DNA detection 0.71 0.24 0.31 0.64
(PenAsp assay)
Blood fungal DNA detection 0.21 0.45 0.15 0.54

(A. fumigatus specific assay)

Sensitivity, specificity, positive and negative predictive values (PPV and NPV) of

different diagnostic tests in the diagnosis of canine sino-nasal aspergillosis.
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Legend for figures

Figure 1. Plots of the relative copy number of Penicillium / Aspergillus DNA in nasal
and blood samples assessed by real-time PCR in control dogs (HEA), dogs with nasal
tumour (TUM), dogs with idiopathic lymphoplasmacytic rhinitis (LPR) and dogs with
sino-nasal aspergillosis (ASP). The horizontal line corresponds to the median value of
that group. The samples with a relative copy number of 0 had no detectable template but
measurable amounts of G3PDH DNA. Significant differences between groups are

shown with the corresponding P values shown.

Figure 2. Plots of the relative copy number of A. fumigatus DNA in nasal and blood
samples assessed by real-time PCR in control dogs (HEA), dogs with nasal tumour
(TUM), dogs with idiopathic lymphoplasmacytic rhinitis (LPR) and dogs with sino-
nasal aspergillosis (ASP). The horizontal line corresponds to the median value of that
group. The samples with a relative copy number of 0 had no detectable template but

measurable amounts of G3PDH DNA.
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Figure 1: Relative copy number for Penicillium spp. and Aspergillus spp. in nasal
biopsies and blood from the four clinical groups
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Figure 2: Relative copy number for Aspergillus fumigatus in nasal biopsies and
blood from the four clinical groups
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