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Title: Immunologic Mechanisms of Susceptibility to Systemic Invasive Mold 
Infections in German Shepherd Dogs 

 
Hypothesis 1: One or more innate and adaptive immune cell functions, such as 
exhaustion response, oxidative burst, phagocytic activity, and CD62L shedding, are 
impaired in German Shepherd dogs with invasive mold infections. 
Hypothesis 2: Cytokine response profiles will differ in leukocytes from German 
Shepherd dogs with invasive mold infections compared to healthy dogs with one or 

more mediators (TNF-, IL-1, IL-6, or IFN-) impairment.   

 
Lay Abstract 

Invasive mold infections (IMIs) in dogs are typically progressive and fatal, affecting 
approximately 0.5% of the VMTH dog population. Infections occur primarily in young to 
middle-aged, medium to large breed dogs. German shepherd dogs are highly over-
represented, but other breeds, such as Hungarian vizslas, Rhodesian ridgebacks, and 
sometimes even mixed-breed dogs are also at risk. Infections are managed long-term 
with oral and intravenous antifungal drugs, but these can be costly for many owners, 
typically don’t result in a cure, and can be associated with adverse effects such as liver 
and kidney damage. Even with treatment, the median survival time is only 90 to 531 days. 
The conundrum of this disease is that all dogs and humans are routinely exposed to 
molds, but most control the infection, not allowing it to progress to a systemic disease, 
while IMI patients fail to do so. Because the immune system is the body’s guardian against 
any infection, it is reasonable to assume that unrecognized dysfunction is present in the 
immune system of affected dogs.  
 
Few studies have investigated the immune function of dogs with IMIs, yet the strong breed 
predisposition and young age of affected dogs suggest the possibility of underlying 
immunodeficiency. In humans with IMIs multiple functional defects in the immune system 
were reported. Therefore, studies investigating immune system function in dogs with IMIs 
might inform new approaches to prevention and treatment. Investigation of this potentially 
complex immune dysfunction requires an understanding of the function of individual 
immune system components and how they interact. Our study is designed to assess the 
function and crosstalk between immune system components to inform how 
immunomodulatory therapies might be used in conjunction with antifungal agents to 
achieve better outcomes for dogs with IMIs.  

 
Scientific Abstract 

Invasive mold infections (IMIs) in dogs are usually fatal and typically progress in the face 
of systemic antifungal drug therapy. They are primarily caused by hyaline mold (clear 
wall) species, primarily Aspergillus spp., but also Rasamsonia, Paecilomyces, and 
Scedosporium spp.  Infections occur primarily in young to middle-aged, medium to large-
breed dogs, with female dogs at increased risk. Among dog breeds, German Shepherd 
dogs (GSDs) are highly over-represented, but other pure and mixed-breed dogs are also 
reported. Even with treatment, median survival time is only 90 to 531 days; survival times 
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appear prolonged with the use of antifungal drugs combinations. Reports from studies on 
humans with IMIs indicate dysfunctional innate and adaptive immune system 
mechanisms [2, 3]. Although IgA deficiency has been documented in otherwise healthy 
GSDs [4-6], no other studies investigating the immune function in dogs with IMIs have 
been done. Furthermore, humans with congenital IgA deficiency are not reported to 
develop IMIs. Hence it is highly likely, that dogs with IMIs have multifactorial immune 
function deficiency. Once the mechanism of immune dysfunction in IMIs dogs is identified, 
adjunctive immunomodulatory drug therapy can be introduced to improve and possibly 
clear the fungal infections in canine companions. We hypothesize that dysfunction of 
circulating leukocytes or inefficiency in their crosstalk predisposes dogs to IMIs. We will 
test this hypothesis through a comprehensive functional assessment of key immune 
system components including key cellular players of innate and adaptive system wings 
and their crosstalk. We will approach the latter by analyzing immune cell phenotypes, 
functional leukocyte assays and cytokine screening, in dogs with IMIs and healthy, age-
matched controls. We expect to identify a functional disorder in one or more types of 
leukocytes that will correspond to abnormal systemic cytokine profile.  
 
Background Information 

Aspergillus species, and more rarely, other molds such as Paecilomyces, Rasamsonia, 
and Scedosporium are soil saprophytes that cause opportunistic infections in humans 
and a variety of other animals [7, 8]. Upon entry via the nose or skin, molds induce a 
localized, contained granulomatous infection that, with treatment, often resolves without 
systemic invasion [9]. However, some dogs, especially German Shepherds (GSDs), 
develop invasive mold infections (IMIs) with widespread dissemination to multiple organs 
and no known initial portal of entry. Affected dogs most often show signs of osteomyelitis, 
discospondylitis, lymphadenopathy, pyelonephritis, splenitis, and meningoencephalitis 
[10]. As affected dogs are typically young adults (median age 4.5; range 2-8 years) [8], 
an underlying, as-yet uncharacterized immunological dysfunction that predisposes to 
systemic spread is suspected. 
 
The prognosis for dogs with IMIs is poor; 57% of dogs were euthanized within 7 days of 
diagnosis in one study [8]. GSDs account for more than half of reported cases, but other 
dog breeds and crosses are also documented. Published studies on immune function 
have been limited to the identification of IgA dysfunction in otherwise healthy GSDs [5, 
6].  Genetic studies conducted by co-investigators on this proposal (JD, and JS), identified 
two loci with single-nucleotide polymorphisms (SNPs) approaching Bonferroni 
significance on chromosomes 8 and 31 in the GSD with IMIs (unpublished data, abstract 
presented at a conference on Advances Against Aspergillosis 2017). However, these 
SNPs were not tied to any genes associated with immunologic pathways. Hence, a 
holistic evaluation of the functional immune response in IMI dogs is needed and critical 
for understanding of why the immune system fails to protect certain dogs from IMIs. 
Following detection of functional impairment, genetic investigation can be resumed with 
more focused approach.  
 
Protection against IMIs depends on the rapid, sequential activation of innate and adaptive 
immune mechanisms.  There are multiple checkpoints in this process where failure might 
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predispose to uncontrolled infection. Specifically, the innate immune system is required 
to prevent dissemination following initial exposure to inhaled mold spores. Alveolar or 
tissue macrophages, by means of Toll-like receptors or other pattern-recognition 

receptors, will initiate a downstream cascade to activate NF-kappa B (Nf-B) to culminate 

in cytokine secretion by these cells. The secretion of TNF-, IL1-, and IL-6 results in 
recruitment of neutrophils and macrophages to the site of infection, which phagocytose 
and digest the pathogen [11]. This early control is critical because it prevents fungal 
invasion of blood vessels (angioinvasion) and subsequent systemic spread. Hence, the 
first aim of this study is to assess the phagocytic function (oxidative burst) of neutrophils 

and macrophages in dogs with IMIs vs. controls. Secretion of TNF-, IL1-, and IL-6 by 
these cells will be assessed in aim 2.  
 
To successfully exit capillaries, neutrophils and monocytes must express surface receptor 
CD62L (L-selectin). Failure of this process (CD62L shedding) results in impaired 
neutrophil and monocyte trafficking, allowing the fungus to spread systemically. In 
addition, instead of eliminating a phagocytosed pathogen through lysis, macrophages can 
carry viable fungi to new anatomic sites, where they are then expelled through a process 
known as vomocytosis (or non-lytic expulsion) [12, 13]. Here, expression of CD62L is also 
relevant because, if not shed in a timely fashion, “vomited” fungal elements will be allowed 
to establish new sites of infection. Therefore, in aim 1 of our proposed study, we will also 
investigate CD62L receptor expression on neutrophils and monocytes of dogs with IMIs 
vs. controls.  
 
The adaptive immune response must be activated shortly after initial exposure to fungal 
elements and upon proper function of the innate immune system components discussed 

above. Specifically, T helper cells (Th1, CD4+ T helper lymphocytes) secrete IFN- to 
stimulate macrophage chemotaxis to the site and facilitate their phagolysosomal killing. 
Therefore, to evaluate this arm, we will quantify CD4+ lymphocytes (Aim 1) and their 

ability to secrete IFN- (Aim 2). Th17 signaling (Th17, CD4+ T helper lymphocyte) is also 
critical for the adaptive immune system’s control of fungal infection [3]. Through secretion 
of IL-17A, IL-17F, and IL-22, these cells stimulate GM-CSF secretion, which in turn 
triggers production of neutrophils by the bone marrow and production of antimicrobial 
peptides (such as defensins and S100 proteins) by epithelial cells. To measure this 
response, we will quantify IL-17 secretion in our study populations (Aim 2).  
 
With identification of insufficiencies, targeted immunomodulatory adjunct therapies can 

be explored in an IMI dogs. For example, in human medicine, recombinant IFN- was 

given in IMI case in conjunction with antifungals [14]. Interdog (recombinant canine IFN-

 is available and was used in clinical trials to treat canine atopic dermatitis [15]. Similarly, 
the canine version of GM-CSF protein (filgrastim) can be explored as a potential adjunct 
therapy, as it shown success in human cases of IMIs. Lastly, in case of adaptive immune 
cell dysfunction, specifically, T-cell exhaustion, PD-1 blockers were shown to be 
advantageous as a supplemental therapeutic in humans with IMIs [16]. In that context, 
caninized PD-1 blocker (Gilvetmab) is commercially available.  
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Basic research of immunological mechanisms using flow cytometry, ELISA, and other 
bench assays are not new to our laboratory [17, 18]. We are currently investigating 
leukocyte phenotypes in the context of feline blood biobanking. Our laboratory also 
studies the effects of MHC-I matching in the context of maxillofacial engineered tissue 
implantation, using a minipig model (NIDCR, R03 grant). Hence, we can properly execute 
and interpret the experiments outlined below.  

 
Specific Aims 

AIM 1: Evaluate phenotypic distribution and function of specific leukocyte subsets 
in dogs with IMIs vs. controls.  
Neutrophils and monocytes will be isolated from the peripheral blood and assessed for 
their oxidative burst function and CD62L surface receptor expression with and without 
prior fungal antigen stimulation. Lymphocytes will be quantitatively assessed for CD4 and 
CD8 subsets ratios with flow cytometry. Activation state of the CD4 and CD8 T-cells will 
be further elucidated by studying their CD25 surface expression.  
AIM 2: Assess cytokine secretion (IFN-gamma, TNF-alfa, IL-1beta, IL-17, and IL-6, 
and GM-CSF) in whole blood and by specific leukocyte subsets at baseline and 
upon stimulation with fungal antigen in dogs with IMIs vs. healthy controls.  
Plasma will be tested for 19 cytokines with Luminex Multiplex ELISA before and after 

fungal antigen stimulation. Specific focus will be given to IFN-,TNF-, IL-12, IL-6, and 
GM-CSF. Subsequently, the CD4+ lymphocytes will be magnetically separated from 

other peripheral mononuclear cells and quantitatively assessed for IL-17 and IFN- 
production with ELISA, with and without repeated fungal stimulation.  
 
We will adhere to the study design as graphically presented in Figure 1.  
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Experimental Plan for Each Specific Aim 
 

Rigor and reproducibility:  
All assays will strictly adhere to the protocols developed and validated in our laboratory. 
The PI will oversee all data analysis for any inconsistencies or inaccuracies. All personnel 
performing flow cytometry have received professional training (Flow cytometry course) 
and have many years of experience with this method. Additionally, all cell isolation and 
preparation for assays will be previously validated on healthy dog blood and performed 
according to detailed protocols that are already in place in the Vapniarsky laboratory or 
will be established upon validation.  
 
The rigor is further achieved by using the same dogs as its own baseline control before 
and after fungal antigen stimulation, and inclusion of wide spectrum of control subjects. 
This approach will allow applying different statistical analysis utilizing different sets of 
controls to detect more subtle differences and to discern breed-specific nuances. Also, 
inclusion of the dogs with systemic bacterial infection will allow to differentiate between 
generic inflammatory response from fungus-specific response.  
 

Figure 1: Study design. Two 10ml aliquots of EDTA blood will be collected from 
healthy and IMIs dogs. One aliquot will be processed for baseline cytokines, oxidative 
burst, and leukocyte phenotypes, while another aliquot of blood will be subjected for 
fungal antigen stimulation with Aspergillus terreus extract.  Subsequently, the process 
specified for unstimulated blood will be repeated with the stimulated blood.  
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Sample Size and Statistical Analyses: 

Sample size calculation was based on the primary outcome of neutrophil oxidative burst, 
considering a large effect size (Cohen’s d=0.8), alpha of 0.05, and standard deviation of 
5% in the previously published studies in dogs [19]. Considering these criteria, a sample 
size of 20 control and 20 diseased dogs would be sufficient to achieve 80% power. 
Secondary outcomes, such as cytokine secretion and multiplex cytokine assays, will be 
considered exploratory. Hence, for the oxidative burst analyses, we will apply the Mann-
Whitney statistic on the % reactive Oxidative Species-positive cells (% ROS cells) or 
Median Fluorescence Intensity (MFI). To compare cytokine responses following fungal 
antigen stimulation, we will analyze the data in two separate ways. Once considering 
changes within the dog before and after fungal stimulation, using the Wilcoxon Rank test 
(or t-test if differences are normally distributed). The latter will allow us to answer whether 
fungal stimulation changes cytokine secretion in control dogs, separately from diseased 
dogs (i.e., healthy dogs alone and diseased dogs alone). Then, to answer whether there 
is a difference in specific cytokine between control and diseased dogs, we will first 
calculate the stimulation index per dog (i.e., the delta value of after minus before the 
stimulation) and apply Mann-Whitney U test.  
 
Although 20 control dogs are required for this power calculation, we intentionally included 
four-times more control subjects. This is because it is plausible that breed-matched 
healthy GSD will have identical immunodeficiency, and just by the lack of draw were not 
exposed to fungal organisms. For that reason and informed by the Genome-wide 
Association Study outcomes mentioned above, we have included also 20 non-GSD 
healthy control dogs.  Importantly, we also included dogs with localized nasal mold 
infection for reason that these dogs never progress to systemic manifestation of the 
disease, which implies they have sufficient immune function to resist the systemic spread. 
Lastly, inclusion of dogs with bacterial systemic infection would be helpful to discern 
fungal specific response from generic systemic inflammatory response before and after 
fungal antigen stimulation.  
 
Inclusion/Exclusion criteria and Control dogs: 
Dogs with a history of exogenous steroid administration or dogs suspicious or confirmed 
for endogenous hypocortisolemia, will be excluded from the study.  
The control dogs will include 20 healthy non-German Shepherd dogs aged 2-8 years. 
20 GSD or GSD crosses, 20 dogs with localized nasal mold infection (any breed), and 
10-20 dogs with systemic bacterial infection.  
 

Aim 1: Evaluate phenotypic distribution and function of specific leukocyte subsets 
in dogs with IMIs vs. healthy controls. 
 
Patients:  Blood will be collected from 20 client-owned dogs referred to UC Davis or 
diagnosed at UC Davis VMTH for IMIs. According to the Internal Medicine and 
Microbiology registry of IMIs cases, 20-30 cases typically admitted to the hospital 
annually, hence 20 IMIs dogs sample size is a realistic expectation. The IACUC protocol 
for recruitment of IMIs dogs and client-owned control dogs (specified above) is already in 
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place # 24967. It is expected that many IMI dogs will already be receiving antifungal 
drugs. Dogs that received no prior antifungal treatments will be prioritized, but to meet the 
study’s sample size requirements, we will collect blood from these patients as well. 
Antifungal drugs should not affect the immunological studies we propose here. Eighty 
large to medium breed control dogs (2-8 years old) will be recruited as control subjects. 
In the IMIs group, both female and male dogs will be sampled at their natural sex 
distribution, while controls will be adjusted accordingly to match the IMIs group’s sex 
distribution. The 80 control dogs will include 20 GSD, 20 non-GSD and GSD crosses, 20 
dogs of any breed with localized nasal mold infection, and 20 dogs with systemic bacterial 
infection.  
 
Blood collection 
Two 10ml aliquots of blood will be collected from IMIs and control dogs into EDTA tubes. 
The blood will be processed within 1-2h of collection.  
 
Fungal lysate preparation:  
A pure culture of Aspergillus terreus Thom strain 1012 will be purchased from American 
Type Culture Collection (ATCC) and propagated on Sabouraud dextrose agar (SDA) 
plates at 30–37 °C until adequate sporulation occurs (Figure 2). Fresh conidia will be 
harvested in sterile PBS containing 0.01% Tween-20 and quantified using a 

hemocytometer. Fifty milliliters of 
RPMI-1640 medium supplemented 
with 2% glucose, 2 mM L-glutamine, 
and 1% penicillin/streptomycin will 
be inoculated with 1–5 × 10⁶ 
conidia/mL and incubated at 37 °C 
with shaking at 200 rpm for 48–72 
hours to promote robust mycelial 
(hyphal) growth. Of note, mycelial 
lysate is preferred over spores for 
immunological stimulation due to 
higher exposure of cell wall PAMPs 
(β-glucans, mannans, 
galactomannans). The fungal 
biomass will be collected by 
centrifugation at 4,000 × g for 10 min 
at 4 °C. Pellets will be washed three 
times in sterile, endotoxin-free PBS 

to remove residual medium components that may interfere with immune assays. To 
preserve antigenic structure while ensuring sterility, the pellets will be heat-inactivated in 
the water bath at 65 °C for 30 min followed by brief, 10 min 70% ethanol incubation. The 
ethanol will be removed by centrifugation and four subsequent washes in sterile PBS. 
Sterility will be confirmed by plating aliquots onto SDA and incubating at 30–37 °C for 72 
hours. Washed, inactivated fungal pellets will be resuspended in PBS and mechanical 
disruption will be performed using bead beating with sterile glass beads (0.5–1 mm) for 
20 min on ice. Lysates will be clarified by centrifugation at 15,000g for 20 min at 4 °C. 

Figure 3: Schematic illustration of Aspergillus 
spp. Fruiting body bearing the conidia (i.e. 
asexual spores) 
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The supernatant (soluble antigen fraction) will be collected and sterile-filtered through a 
0.22 µm low-protein-binding filter. Although fungi do not produce endotoxin, 
environmental LPS contamination will be excluded by an endotoxin removal column/filter, 
and residual endotoxin levels will be quantified using a Limulus Amebocyte Lysate (LAL) 
assay to ensure endotoxin levels of <0.1 EU/mL. Total protein concentration will be 
determined using a BCA assay. Lysates will be standardized to 1–5 mg/mL total protein 
and stored at −80 °C until use [20].  
 
Plasma collection (baseline) 
Plasma will be isolated from the EDTA blood by centrifugation (within 1-2h) at 2000g for 

15 min. The plasma samples will then be frozen at 1ml aliquots at -80C in the low-protein-
binding Eppendorf tubes. The remaining blood will be used for monocyte and neutrophil 
isolation (see below).  
 
Monocyte, Neutrophil, and Lymphocyte Isolation 
The hematocrit will be diluted with RBC lysis buffer (Cat # 00-4333-57 ThermoFisher) to 
isolate monocytes, neutrophils, and lymphocytes. Aliquots of this cell suspension will 
subsequently be used for various assays, including Oxidative burst, CD62L receptor 
expression, CD4 and CD8 lymphocyte phenotypes, and CD4+ lymphocyte magnetic 
sorting (explained below).  
 
Oxidative burst testing 
Fluorescent colorimetric Dihydrorhodamin, DHR-123 assay will be used [21]. Purified 
neutrophils and monocytes (either neat or pre-stimulated with fungal mycelium extract) 
will be incubated with DHR-123 for 15 min. Cells stimulated with phorbol 12-myristate 13-
acetate (PMA, 100nM) - a synthetic activator of protein kinase C, which subsequently 
leads to assembly of NADPH oxidase complex and rapid production of reactive oxygen 
species (ROS) will be used as a positive control. Oxidation of DHR results in green 
fluorescence, which is immediately quantified by 
flow cytometry. At least 10,000 cells will be 
quantified. Since a mixture of monocytes and 
neutrophils will be present in this assay, cell type 
will be resolved by flow cytometry using forward 
and side scatter  (Figure 3) and subsequently 
assessed for lineage conformation and 
functional status with CD14, CD11d, and CD62L 
antibodies, respectively [21].  
 
CD62L surface receptor expression 
Anti-CD62L antibody (MCA1076G, clone 
FMC46, Bio-Rad), reported and validated to 
cross-react with canine antigen [22], will be 
applied alongside CD14 and CD11d antibodies 
using fluorophore-conjugated antibodies with 
distinct, non-overlapping emission ranges. Given 
the known limitations of these antibodies in 

Figure 3: Resolution of canine monocytes and 
neutrophils using forward and side-scatter 
parameters. This elegant method requires no 
fluorescent antibody labeling [1].   
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definitively separating monocytes from neutrophils during flow cytometric analysis, we will 
also rely on forward and side-scatter (FSC and SSC) parameters to distinguish between 
these two cell types. Specifically, neutrophils will be resolved based on their high SSC 
and intermediate FSC, while monocytes will be identified based on their lower SSC and 
higher FSC [1] Figure 3. Violet Live/Dead labeling with viability dye will be applied to 
exclude any dead cells from the analysis. At a minimum, 10,000 events will be acquired. 
The data will be analyzed with the licensed FlowJo software.  
 
 
CD4 and CD8 T-lymphocyte subsets and their activation status assessment 
After hematocrit RBC lysis, an aliquot will be taken for CD4 and CD8 lymphocyte 
phenotyping and ratio calculation. Canine-specific anti-CD4 and CD8 antibodies, 
manufactured at UCD SVM by Dr. Moor’s laboratory, will be used for this procedure. Violet 
Live/Dead labeling with viability dye will be applied to exclude any dead cells from the 
analysis. At a minimum, 10,000 events will be acquired. The data will be analyses with 
the licensed FlowJo software. Since canine neutrophils are known to express CD4 
antigen, canine CD3 antibody will be added to ensure T-cell lineage is evaluated and 
neutrophils are excluded. The activation status of CD3+CD4+ or CD3+CD8+ cells will be 
further assessed with CD25 antibody. Where CD3+CD4/8+CD25+ phenotype will be 
interpreted as activated.  
 
Expected outcomes  
We expect to detect a significant fold-change in the oxidative burst between at least one 
of the control groups and IMI dog neutrophils and monocytes. Furthermore, we expect to 
detect no significant increase in oxidative burst in IMIs dogs upon fungal antigen 
stimulation as compared to a significant increase in oxidative burst in healthy dogs.  
We anticipate detecting skewed CD4 and CD8 ratios between healthy and IMI dogs, as 
well as no appropriate activation and increase in CD8 cytotoxic cells upon fungal antigen 
stimulus in IMI dogs.  
 
Pitfalls, refinements, and contingency plans: 
Although some antibodies selected for this project are made against human antigens and 
validated for canine use, we predict possible low detection of monocytes and neutrophils 
using anti-CD14 and anti-CD11d antibodies. To overcome this potential hurdle, we have 
incorporated a redundant step into the flow cytometric analysis using forward and side-
scatter parameters in the body of the proposal. Also to ensure accurate quantification we 
will explore the validity of Fc-receptor blocking. If deemed necessary, it will be added to 
the execution protocol.  
Due to the prospective nature of this study, we cannot predict the sex and breed 
distribution among IMI patients. With the high prevalence of the disease in females and 
GSD [23], we anticipate receiving a similar distribution in our samples. We will attempt to 
mirror the control samples according to the IMI's dog distribution of sex and breeds. If 
sample size permits, sex and breed will be incorporated as a predefined biological 
variable, and analyses will be stratified by sex and breed. If not, sex and breed will be 
included as fixed effects.   
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Aim 2: Assess the cytokine secretion (IFN-, TNF-, IL-1beta, IL-17, and IL-6, and 
GM-CSF) in whole blood and by specific leukocyte subsets at baseline and upon 
stimulation with fungal antigen in dogs with IMIs vs. controls.  
 
Whole blood fungal antigen stimulation: 
Initial titration of whole blood from a healthy dog will be conducted using 0-10µg/ml 

concentrations of fungal extract. After 24 hours of incubation at 37C, plasma 

supernatants will be collected and assessed for IFN-. The highest of IFN- output will 
identify the desired fungal antigen concentration. The procedure outlined above will be 
then repeated on test subjects, plasma collected and subjected to the multiplex ELISA 
assessment as explained below.  
 
Cytokine quantification 
As outlined above, plasma collected at the baseline and upon fungal antigen stimulation 
in IMIs and control dogs will be subjected to Multiplex ELSIA using Luminex technology. 
This innovative approach allows simultaneous detection of up to 19 different canine-

specific cytokines. Specific emphasis will be given to quantification of IFN-, TNF-, IL-
1beta, IL-17, IL-6, and GM-CSF. Fold change differences will be compared statistically 
subsequently.  
 
CD4 lymphocyte isolation 
To specifically evaluate Th1/T17 lymphocyte response to fungal antigen stimuli, a pure 
population of CD4+ lymphocytes will be needed. To achieve that, a portion of the 
hematocrit generated in Aim 1 after RBS lysis, will be labeled with unconjugated canine-
specific CD4 antibodies made in rat (Bio-Rad clone YKIX302.9) followed by labeling with 
anti-rat magnetic bead-bound antibody (Miltenyi MACS microbeads). Upon labeling, the 
cells will be applied onto a column mounted on a strong magnet, followed by three 
subsequent washes with MACS buffer. The column will then be removed from the magnet 
and cells flushed out using the same buffer. The purity of this selection will be validated 
by cell labeling with a different clone of anti-dog CD4 antibody (296712 R&D, cat # 
MAB2410) conjugated to a green fluorophore and analyzed by flow cytometry. Once 90% 
purity is validated, this step will not be repeated during the processing of the study 
samples.  
 

CD4 lymphocyte IFN- and IL-17 cytokine secretion 

Post magnetic sorting, CD4+ lymphocytes will be allowed to rest ~12h in lymphocyte 
culture media (RPMI-1640 + 1% PenStrep + 10% heat-inactivated FBS, 2 mM L-
glutamine) at a cell density of 106 cells/ml. The cells will then be re-stimulated with PHA 
(2µg/ml) or recombinant fungal antigen at 5–10 µg/mL (Aurora Biolabs cat # 
ABRA0054) for 72 hours. The supernatants will be separated from cells by 
centrifugation and subjected to cytokine detection with ELISA. Specifically, canine IFN 
gamma ELISA (Thermo Cat # ECIFNG) and dog Interleukin 17 ELISA (Biomatik cat # 
EKN46344-96T) kits will be used.  

 
Expected outcomes: 
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We cannot predict the cytokine outcomes with accuracy, but we suspect finding a 
significant difference in one or more cytokines between healthy and diseased dogs at the 
baseline. We also anticipate that post-fungal antigen stimulation, the response between 
healthy and IMI dogs will not be the same, with the disease dogs underperforming in 
response intensity.  

We also anticipate that IFN- and IL-17 cytokine secretion by CD4+ in IMIs dogs will be 
lower than in healthy dogs and will not change significantly before or after recombinant 
fungal antigen stimulation.  
 
Pitfalls and contingency plans: 
We have created a detailed protocol for the preparation of Aspergillus terreus fungal 
extract following the published protocol [20]. The extract is designed for immunological 
studies. We have a built-in validation step with whole-blood stimulation, during which the 
potency of this extract will be examined. In the unfortunate case where extract will not be 

sufficiently potent to mount a strong IFN- response with whole-blood stimulation, we will 
turn to the commercial vendor Creative Biolabs with the following specifications: The 
extract should be sterile, aqueous (PBS-based), preserve β-glucan and protein PAMPs, 
low endotoxin (<0.1 EU/µg), and provided at 1 mg protein/mL. Include QC data for protein 
content, endotoxin, sterility, and extraction method. 

It is possible that IL-17 and IFN- threshold will be low when CD4 Cells are stimulated without 
concurrent co-stimuli from antigen-presenting cells. If this is the case, either a higher dose of 
recombinant fungal antigen will be used, or PBMC from a random canine donor will be added 
to the CD4+ lymphocyte cultures to serve as antigen-presenting cells.  

 
Future directions: If a specific cytokine deficiency in IMI dogs is identified, 
supplementation with that cytokine could be attempted in vitro to correct the immune 
response to fungal antigen. Subsequently, a similar strategy can be explored in the 
clinical setting. Alternatively, experiments with activated stem cells can be attempted as 
well once there is more information on immunological behavior of dogs with IMIs.  
 
Significance to companion animal health 
This study, although currently focused on basic immunology, will at a minimum rule out 
immune functions as a possible predisposing cause for IMIs. Many assays will be 
validated in this study, and their utility will be shared via publication, allowing more 
experimentation to be done in vaccine development, and in studies of the mechanisms of 
other pathogens. Lastly, concrete outcomes of this study regarding the inefficiencies of 
innate or adaptive immune system components or their crosstalk will allow the 
development of clinically applicable strategies to be combined with current gold standards 
of antifungal therapies.  
 

 

 

 

https://www.creative-biolabs.com/
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The Team, Budget, and Budget Justification  
 
PERSONNEL 

Natalia Vapniarsky, DVM, PhD, DACVP (PI) 
Dr. Vapniarsky is an associate professor in the Department of Pathology, Microbiology, 
and Immunology at the School of Veterinary Medicine at UC Davis. She is responsible 
for the project execution and will oversee all aspects, particularly the statistical analyses 
of the study. She will be accountable for progress reporting and manuscript preparation, 
mentoring, and instruction of the team. Total requested: $0. 
 
Jane Sykes, BVS (Hons), MPH, MBA,  PhD, DACVIM (Co-PI) 
Will make decisions on the suitability of patients for the study, collect blood samples from 
IMI dogs, consult and help making decisions on all aspect of the study, data analyses, 
and manuscript preparation. Total requested: $0. 
 
Jonathan Dear, DVM, MAS, DACVIM (SAIM) (Co-PI) 
Will make decisions on the suitability of patients for the study, collect blood samples from 
IMI dogs, consult and help making decisions on all aspect of the study, data analyses, 
and manuscript preparation. Total requested: $0. 
 
Tessa LeCuyer, DVM, PhD, DACVM (Co-PI) 
Will oversee the fungal diagnosis verification and provide pure fungal culture ofr fungal 
extract preparation. All fungal cultures, if necessary, will be conducted in Dr. LeCuyer 
microbiology laboratory, that has additional safety qualifications ad approvals. 
Additionally, Dr. LeCuyer, will consult and help making decisions on all aspect of the 
study, data analyses, and manuscript preparation. 
 
Heather McEligot SRA III 
Heather is a highly trained and experienced SRA III in the Vapniarsky laboratory. She has 
performed majority of the listed assays and experiments in various species before and will 
be able to start on the execution of the study immediately. Heather will be responsible for 
the validation and execution of all experiments outlined here. She will also assist with the 
acquisition of laboratory reagents and supplies. Heather is an excellent mentor, and she 
routinely plays a big part in training veterinary and undergraduate students on various lab 
projects, including tissue collection, cell culture, flow cytometry, and ELISA. Her presence 
in the laboratory is vital for providing a research immersion experience that veterinary and 
undergraduate students seek continuously. For example, she has trained Dr. Nicole 
Gonzales on her STAR project, which was successfully completed in less than one year 
and resulted in the first author publication for Nicole. Likewise, Heather trained and 
mentored Nicole Cox (another STAR student) and multiple undergraduate students in our 
lab. We request a 37% annual effort for Mrs. McEligot, over two years, equivalent of 
$104,356, including benefits. 
 
STAR and undergraduate students – Miya Babchuk 
As mentioned above, Vapniarsky Lab is always hiring undergraduate volunteers and 
veterinary STAR students. Graduate students get mentored instruction with hands-on 
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experience on a variety of biological and immunological assays, cell culture, cell isolation 
from blood, data analysis, and critical literature review. Students are required to participate 
in the weekly lab meetings, and if needed, we adjust the lab meeting schedule to meet 
students’ availability. Students routinely present their work in progress at these meetings 
and receive constructive feedback and future directions on their work. So far, many 
students who rotated through our laboratory secured offers from the top veterinary schools, 
and some continue working in the lab while at the UCD SVM. For this project we have 
recruited a first-year veterinary student Miya Babchuk through the STAR program. Miya is 
already working with Heather on validating the antibodies and assays related to this project.  
STAR students are paid through the STAR program and undergraduate students are 
volunteers. Hence no additional expense for their salary is required.  
 
 
LABORATORY OR TECHNICAL PROCEDURES: 
 
SUPPLIES 
For the execution of the outline immunological assays and analyses, standard laboratory 
consumables, such as pipettes, plastic plates, and low-adherence tubes, will be needed. 
We have budgeted $1,200 for the entire project. 
 
REAGENTS 
ELISA kits and Multiplex (Luminex) kits will be required for the experiments outlined 
above. An average ELISA kit contains 96 tests, and we expect that three such kits per 
cytokine will be sufficient for validation and execution of the experiments, considering 

analytes will be examined in triplicate. Hence, the cost of the IFN- and IL-17 ELISA kits 
estimated cost is estimated at $6,000. For the Luminex ELISA, we will also require three 
kits, with accommodation of the additional 12 standards, the estimated cost is $12,000 
Additional supplies such as antibodies (CD4, CD8, CD25, CD3, CD11d, CD62L, CD14), 
flow cytometry compensation beads, viability dyes, recombinant fungal antigen, buffers, 
and powdered chemicals, MACS buffers, MACS sorting columns, RBC lysis buffer, DHR-
123, and stimulatory molecules such as LPs, PMA, PHA for positive control stimulations, 
should not exceed $12,122 
 
 
CONTROL DOG BLOOD 
Blood of 90 control 1-8y-old dogs will be obtained from client owned volunteers (veterinary 
students and stuff of the VMTH). To enhance volunteer participation and to reward the 
owners for their efforts, we will offer a one, $25 Amazon or Starbucks gift card, per each 
blood draw, hence the total amount for the gifts is $2250 
 
MATCHING FUNDS AND INSTITUTIONAL SUPPORT:  
Dr. Vapniarsky received a faculty grant of 17,500 form the Center for Companion Aniaml 
Health to initiate pilot data collection on the study. The CCAH additionally provided 
7,500/year matching for externally funded grants. Hence together, UC Davis institutional 
support will be $32,500. This amount will be deducted from the total budget before 
application of the indirect charges.  
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Total requested budget from the AGSCF (including indirect costs and deduction of the 
matching funds and existing institutional support):  $124,693 USD 
 

EQUIPMENT:  

All the equipment required for the execution of this study is available free of charge in 
the Vapniarsky laboratory or as a shared resource at PMI, SVM (flow cytometry). All the 
equipment is in perfect condition and is regularly maintained and calibrated.  

 Description Total Cost (USD) 

Salary SRA III at 37% effort including benefits for two 
years 

$104,356 

Supplies & Reagents Consumables (pipettes, plastic plates, and 
low-adherence tubes) 

Reagents (standard ELISA kits, Multiplex 
ELISA kits, core fees, and core tech fees) 

Antibodies (CD3, CD4, CD8, CD11d, 
CD62L, CD14, CD25), flow cytometry 
compensation beads, viability dyes, 
recombinant fungal antigen, buffers, and 
powdered chemicals, MACS buffers, 
MACS sorting columns, RBC lysis buffer, 
DHR-123, and stimulatory molecules such 
as LPs, PMA, PHA for positive control 
stimulations 

$1,200 

 

$18,000 

 

 

 

$12,122 

Incentive gift card (Dogs 
with systemic mold 
infection, healthy dog 
blood and other control 
dogs’ blood) 

Blood from 30 healthy 1-6y-old dogs (non-
German shepherds), 20 healthy German 
Shepherd or mixes, dogs with localized 
nasal fungal infection (n=20) and systemic 
bacterial infection (n=20), and dogs with 
IMI will be acquired from volunteers, 
incentivized with the gift card ($25). Total 
90 gift cards.  

 

$2,250 

  $137,928 

Other Expenses and 
trouble 
shooting/travel/publication 
costs 

Not anticipated, all the equipment necessary 
for this study is already available, regularly 
maintained, and calibrated. 

Trouble shooting and repeat of some 
experiments or equipment breakage and repair 
are expected and highly likely in the bench 
research setting. Unexpected cost of such 
detours is estimated to a minimum of 3,000. If 
these money are not utilized for 
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troubleshooting, it will be used for travel 
expenses or manuscript publication costs.  

$3000 

 Less Other Funding Source (Pilot study 17,500 
and matching funding is already secured 

through center for Companion Animal Health at 
UCD) 

$15,000 
(7,500/year x 
2years) 

$17,500 

 Direct Costs Subtotal $140,928 

 15% Indirect Costs (maximum) $16,265 

 TOTAL BUDGET $157,193 

 AGSCF budget $124,693 
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