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ABSTRACT OF DISSERTATION
UPPER RESPIRATORY TRACT DISEASE IN CATS: ORGANISMS INVOLVED,
MODULATION OF THE IMMUNE RESPONSE, AND ANALYSIS OF A NOVEL

TREATMENT

This work evaluated organisms detected by microbiologic culture and molecular
biology techniques in acute upper respiratory disease in shelter cats. Compared to other
studies, similar detection rates were found for feline herpesvirus-1 (FHV-1) and
Bordetella bronchiseptica but in our study population, there was a low incidence of
Chlamydophila felis and calicivirus. Our results suggest that results from samples
collected from the nasal or pharyngeal cavity were similar and detection by nucleic acid
amplification techniques were suitable sampling strategies. A quantitative PCR assay
was applied to nasal and pharyngeal samples and correlation between disease status and
FHV-1 viral load was demonstrated, suggesting the assay may be useful clinically.

A whole-blood proliferation assay was evaluated in order to assess the cellular
immune response during an attempt to improve response to FHV-1 vaccination via
supplementation with a strain of Enterococcus faecium (SF68) in kittens. The assay was
shown to be reliable and used little blood, allowing for repeated testing in young animals.
An increase in the percentage of CD4+ lymphocytes but not an increase in proliferative

response to FHV-1 antigens secondary to supplementation was demonstrated. This may
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suggest an improvement in antigen processing abilities of the cats; however, more
detailed studies are needed to prove this theory.

In an attempt to ameliorate clinical signs in cats with rhinitis, response to a novel
therapy of liposome DNA complexes was reported in three groups of cats: client-owned,
shelter-owned, and healthy laboratory-animals. Detection of FHV-1 was low in the
diseased animals, suggesting that FHV-1 is not involved in the disease or, alternatively,
instigates a pathologic process and then is cleared. Also notable, no bias towards a Th2-
type immune response leading to ineffective clearance of virus was detected in diseased
cats. Administration of the liposome-complexes produced an innate immune response
manifested by fever and malaise in placebo and treatment groups, which may have
affected our ability to detect significant differences in the groups, as the placebo appeared
to have an effect in cats as well. Reduction in severity of clinical signs was noted in
client-owned treatment cats but not more acutely affected shelter-owned cats.

Traditionally defined pathogens were not detected in several cats in our studies;
further investigation of all organisms detected in these cats is warranted. Mycoplasma
species were detected in the majority of these cats, therefore, a real-time PCR assay was

developed to allow for quantitation of organismal load in future studies.
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INTRODUCTION

Acute upper respiratory tract disease (URTD) is a source of major morbidity and,
less frequently, mortality in the domestic cat. It has been reported to be a major financial
burden (Foley and Bannasch 2004) and a leading cause of euthanasia in shelters
(Pedersen et al 2004). The syndrome is characterized by nasal discharge, conjunctivitis,
ocular discharge, sinusitis, dyspnea, coughing, inappetence, lethargy, and in kittens or
debilitated animals, death. Many pathogens are associated with the syndrome, including
feline herpesvirus-1 (FHV-1), feline calicivirus (FCV), Chlamydophila felis, and
Bordetella bronchiseptica. Additionally, several species of Mycoplasma have been
isolated from cats with URTD (Campbell et a/ 1973, Haesebrouck et a/ 1991, Johnson et
al 2004, Tan et al 1977), however, the role of this group of organisms as primary
pathogens in respiratory disease remains contentious, as, similar to the above pathogens,
some studies have 1solated Mycoplasma species from the respiratory tract of healthy cats
at a frequency similar to that found in cats with URTD (Foster et a/ 2004b, Haesebrouck
et al 1991, Tan et al 1977, Tan and Miles 1974).

As expected, the relative frequency of organisms associated with URTD in cats
varies from study to study. This fact can be attributed to differences in entry criteria
(conjunctivitis compared to nasal discharge), geographic distribution, populations
sampled (shelter vs. privately owned), detection methods (microbiological culture
compared to nucleic acid amplification), and anatomic sampling site. Additionally, most

studies to date have examined only a single class of pathogens (i.e. viral or bacterial),
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pathogens detected by a single detection method (virus isolation or nucleic acid
detection), or a single sampling site (nasal, pharyngeal, or ocular), making identification
of co-infections compared to primary infection and comparisons across studies difficult.
Therefore, our laboratory examined the prevalence of all proven primary pathogens
(FCV, FHV-1, Chlamydophila) as well as Mycoplasma species in shelter cats with URTD
by both microbiologic culture techniques as well as nucleic acid amplification from two
anatomic sampling sites (nasal and pharyngeal). The objectives of this study (Chapter 1)
were to a) identify pathogens most frequently assoctated with URTD using both
microbiologic and nucleic acid amplification techniques, b) determine if there were cases
of URTD not associated with traditional primary pathogens (FCV, FHV-1, Bordetella
bronchiseptica, Chlamydophila felis) in which Mycoplasma species were detected,
thereby suggesting a primary pathogen role for the group, and c¢) compare recovery rates
for all pathogens studied from the two sampling sites and the two classes of detection
assays.

In most prevalence studies of URTD, including work completed in Chapter 1 of
this dissertation, FHV-1 emerges as a major pathogen. Feline herpesvirus-1 was first
identified as an organism associated with URTD in cats by Crandell et al in 1958 after in
vitro culture of nasopharyngeal swabs from both diseased and healthy cats resulted in
characteristic cytopathic effects in host feline cells. Primary sites of replication are
epithelial cells, as is typical for the a-herpesviruses. These sites in the cat include
corneal epithelial cells, conjunctiva, and nasal and pharyngeal epithelium (Gaskell and
Povey 1979). The organism is a cause of neonatal death in cats and can be associated

with the chronic sequelae of herpetic stromal keratitis (HSK), which is similar to the
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disease in man (Stiles 2003). Like herpes simplex virus-1 (HSV-1), the causative agent
of HSK, FHV-1 is a classic a-herpesvirus and as such, readily establishes neuronal
latency in the trigeminal ganglia with an incidence of up to 80% (Gaskell e al 1985,
Nasisse et al 1992, Ohmura et al 1993) and can cause disease secondary to reactivation
(Gaskell and Povey 1977). Latency is associated with transcription of short RNA
transcripts termed latency associated transcripts (LAT) in infected neurons in
experimentally infected animals (Daheshia et a/ 1998) and in naturally infected cats
(Townsend et al 2004). This makes detection and isolation or removal of carriers
difficult. Additionally, the virus is easily spread from cat to cat (Pedersen et al 2004)
making spread of the virus from stressed, reactivated carriers to healthy animals in
isolation or holding areas of shelters a significant problem. In one shelter study, the
prevalence of FHV-1 shedding as detected by virus isolation increased from just 4% at
admission to over 50% after just one week of housing at the shelter (Pedersen et al 2004).
As with all of the primary pathogens, prevalence rates of FHV-1 vary depending
on sampling site and method of detection. Studies have reported detection rates of FHV-
1 in healthy cats ranging between 0 and 31% and the organism has been detected in up to
69% of cats with nasal discharge as a component of their URTD (Bannasch and Foley
2005, Holst et al 2005, Pedersen et al 2004, Rampazzo et al 2003a, Sykes et al 1999).
Despite these high rates of detection in affected animals, a recent study has demonstrated
that the mere detection of FHV-1 DNA by polymerase chain reaction (PCR) is not
significantly correlated with disease (Rampazzo et al/ 2003b) given the high rate of
detection in healthy animals. Correspondingly, there was no significant difference in

detection of infection with FHV-1 by virus isolation (VI), the immunofluorescent
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antibody assay (IFA), or seroprevalence in normal cats, cats with acute URTD or
conjunctivitis, or chronically infected cats (Maggs et al 1999). Confusing interpretation
of test results even further, several studies have demonstrated that many commonly used
PCR protocols for FHV-1 are capable of detecting FHV-1 in widely available and
utilized commercial vaccines (Lappin et al 2006, Maggs and Clarke 2005, Weigler et al
1997) both in vivo and in vitro. In a review of FHV-1 diagnosis and pathogenesis,
possible reasons for a positive result for FHV-1 by PCR were characterized as: 1)
coincidental, 2) consequential (recrudescence secondary to a primary disease), and 3)
causal (recrudescence is the primary disease) (Maggs 2005). For these reasons, a positive
result by any method of detection cannot be used as the sole means of diagnosis. In
lower respiratory tract disease, previous authors have taken the approach that organisms
which can be found in normal animals but are also frequently detected at a higher rate in
diseased animals can be quantified. Subsequently, a cutoff value at which the presence of
the organism is pathologic is determined (Peeters et al 2000). In Chapter 2 of this
dissertation, we used a similar approach to determine if results from the use of a
quantitative assay for detection of FHV-1 DNA from nasal swabs in cats could be used to
stratify animals into disease groups, specifically healthy, suspected carriers, and animals
with current oculo-nasal disease suggestive of FHV-1.

The exact protective immune response in o-herpesvirus infections are unknown,
either in man or cat. However, previous studies initially focused on maximizing antibody
responses in the development of vaccines for HSV, perhaps because glycoprotein specific
neutralizing antibodies reduced mortality and even protected from infection in some

animal models in passive immunity studies (Rajcani and Durmanova 2006) and
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antibodies specific for glycoprotein D are able to neutralize the virus in vitro. However,
one author suggested a compelling argument against the importance of humoral
immunity by pointing out that there is a significantly increased presence of disease in
patients lacking cell-mediated immunity (AIDS, immunosuppression secondary to organ
transplantation) but not in patients that are agammaglobulinemic (Krause and Straus
1999). In order to fully assess the cell-mediated immune response in future studies in our
laboratory, the ability to evaluate the proliferative response to both mitogens and the
specific antigen of interest, FHV-1, was needed.

Proliferative assays are commonly used immunologic assays and various methods
are used to detect the response to stimuli. However, among the methods of detection,
tritium labeled thymidine ([3H]-TdR) is routinely more sensitive and reliable than other
methods of detection. Protocols for assessment of proliferative response to mitogens by
feline peripheral blood mononuclear cells (PBMC) have been well described (DeBoer
and Moriello 1993, Moriello et al 2003, Otto et al 1993, Sparkes et al 1996); however,
large volumes of blood are needed for the various separation processes. Additionally,
there is evidence in some species that the separation process affects proliferative
responses in some species (Confer et al 1989). The only direct evaluation of this
phenomenon in the cat (Tham et a/ 1982) found a lower response to mitogens in
separated mononuclear cells as compared to unadulterated or washed whole blood but did
not evaluate antigen specific responses.

Antigen specific responses are less sensitive to extraneous influences such as
concurrent disease and age in murine models (Gummert ez a/ 1999). Evaluation of

proliferative response in cats to specific antigens has focused mainly on infection with
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dermatophytes (DeBoer and Moriello 1993, Moriello et al 2003, Sparkes et al 1996) but
some authors have examined the response to incubation with FHV-1 preparations (Otto et
al 1993, Tham and Studdert 1987). Both studies of response to FHV-1 used derivations
of vaccines as antigen preparations. The preparation used by Otto et al was simply a
diluted commercially available vaccine, however, the authors noted that minimal
proliferation was seen and subsequently hypothesized that something in the preparation
affected overall viability of the cells. Tham ez a/ demonstrated a reliable and sensitive
method; however, the antigen used in that case was a vaccine preparation without
adjuvants which would be difficult for most investigators to obtain. Therefore, Chapter 3
of this dissertation describes the evaluation of an assay for both concanavalin A and
FHV-1 specific responses in whole blood to minimize volume of blood needed,
maximize sensitivity to differences among samples, and allow researchers ready access to
all necessary components.

Because of the possibility of lifelong infection with periodic recrudescences,
shedding, and spread to other cats as well as the confounding nature of diagnostics
associated with FHV-1, prevention from infection would be ideal. Vaccination for FHV-
1 has been widely administered for decades and has been shown to decrease severity of
clinical signs in experimentally infected cats when challenged (Scott and Geissinger
1999). However, vaccination with currently available products does not prevent
establishment of latency (Weigler ef al 1997) and vaccine efficacies do not approach
100% as they do for panleukopenia, another component of multivalent “kittenhood”
vaccines. The ideal vaccine would completely prevent infection and subsequent latency

and this has been attempted by using both killed (Scott and Geissinger 1999, Tham and
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Studdert 1987) and gene deleted or subunit vaccines (Yokoyama et al/ 1996). However,
as with all vaccines of these types studied to date, severity of clinical signs on challenge
can be reduced but signs were still present but whether the latent state was prevented 1s
unknown.

By definition, probiotics are “live microorganisms which when administered in
adequate amounts confer a health benefit on the host” beyond nutritional value
(Mcfarland et al 1995). Probiotics have been commonly used to modulate the course of a
variety of infectious diseases in human medicine (Isolauri 2001), most often in the
prevention or attenuation of bacterial gastroenteritis. However, in addition to local
immunomodulatory mechanisms within the gut and genitourinary system, administration
of probiotic organisms has been shown to affect systemic immunity in human studies as
well, characterized most frequently by an increase in in vitro phagocytosis of potentially
pathogenic bacteria (Schiffrin et al 1995) and natural killer cell activity (Schiffrin et a/
1995). These characteristics have been applied with at least partial success in human
studies in an attempt to improve the response to mucosal vaccines (Wold 2001). In
murine models, application of three specific strains of probiotics improved the phagocytic
response of peripheral white cells, increased the proliferative response of splenocytes in
response to both T and B cell mitogens, and increased production of cytokines by
splenocytes after stimulation with the T cell mitogen concanavalin A (Gill et al 2000).

In contrast, few studies have been performed in veterinary medicine, with the
majority of veterinary studies examining the effects of probiotics on large animals to alter
the shedding of fecal pathogens (Kim et a/ 2001) or to improve production parameters

such as weight gain, feed conversion rate and reduced mortality (Broom et al 2006). In
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one companion animal study, Enterococcus faecium strain SF68 was fed to a group of
puppies vaccinated with canine distemper virus {CDV) and compared to a control group
that received vaccinations only (Benyacoub et a/ 2003). Puppies supplemented with
SF68 had increased serum and fecal total IgA concentrations, increased CDV-specific
IgG and IgA serum concentrations, and increased percentage of circulating B
lymphocytes compared to control puppies proving an immune enhancing effect induced
by this probiotic.

Modulation of the immune response by probiotics is an attractive theory in feline
medicine. Probiotics in general are extremely economical in comparison to more
expensive immunomodulators such as pharmaceuticals. The strain studied in Chapter 4
of this dissertation, Enterococcus faecium SF68, was encapsulated making it durable
enough for the food milling process and extremely stable at room temperature. In theory,
this would allow the addition of therapeutic levels to daily rations without the need for
additional administration by caretakers, a significant concern in cats which may already
be averse to oral medications secondary to upper respiratory disease. These qualities,
along with the potential to augment the innate immune response to a vaccine that is only
moderately effective, led our laboratory to study the effects of the probiotic Enterococcus
faecium SF68 on the immune response to a routine multivalent feline “kittenhood”
vaccine that included FHV-1.

In some cats with URTD, clinical signs continue for prolonged periods of time
and may develop into the chronic rhinitis-sinusitis syndrome (CRS). Clinical signs are
similar to those in URTD and include nasal discharge, sneezing, anorexia, ocular

discharge, and unlike most URTD, can progress to severe turbinate destruction.
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Treatment of these animals is frequently unrewarding and frustrating for owners and
clinicians. Transient responses to antimicrobials are common, but relapses are frequent.
Similar to URTD, the syndrome probably has many etiologies and as such, the role of
individual organisms has been hard to define. In the only prospective study of the
prevalence of bacteria, viral, and fungal organisms in the literature there was no
statistically significant difference in the rate of detection of FHV-1 between the disease
and control groups (Johnson ef a/ 2005). However, the study was limited in the numbers
of animals available to be enrolled in the study and quantitative data regarding viral DNA
was not available. Additionally, given the role of FHV-1 in acute disease, the sequelae of
turbinate destruction in experimentally induced FHV-1 infection, and the ability of the
virus to produce lifelong infection with either chronic clinical signs or intermittent
relapses, FHV-1 would seem to be a logical organism to investigate as an etiologic agent
in CRS.

In a hallmark study, BenMohamed et a/ (2003) demonstrated that administration
of CD4+Th1 peptide epitopes but not with CD4+ Th2 peptide epitopes provided
protective immunity in an ocular administration murine model of HSV-1 disease. This
study demonstrated the importance of a Thl type response in protection from disease. In
a review of the immunology of HSV, it was pointed out that interferon gamma (IFN- y) 1s
important in the primary response to HSV, being released by “yd T cells, NK cells, CD4+
T cells and possibly neurons” (Whitley and Miller 2001). Additionally, [FN-y stimulates
IgG class switching and downregulation of Th2 T cells, promoting the balance of the
immune response to a Thl type response (Janeway et a/ 2001), which was demonstrated

in the study outlined above to be beneficial in HSV immunity.
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Administration of cationic lipid DNA complexes (CLDC) in mice was previously
shown to be induce release of cytokines which have been shown to have significant anti-
viral activity, including IFN-y, IFN-qa., and interleukin 12 (IL-12) as well as partially
reversing the Th2 predisposition of the animals in the model (Dow et al 1999b). In
another study from the same author, administration of CLDC in mice with experimental
tumors demonstrated that these substances stimulated release of IFN- y and IL-12 (Dow
et al 1999a). Based on these previous findings, we hypothesized in Chapter 5 that cats
with CRS may have a Th2 bias that does not allow proper control of viral activity and
that administration of CLDC would ameliorate clinical signs.

As previously noted, FHV-1 1s not the only organism commonly detected in cats
with URTD. Mycoplasma species have been isolated in our laboratory from cats with
URTD (Veir et al 2004) and have been detected at a higher rate in cats with URTD than
normal cats by other authors (Bannasch and Foley 2005). However, they are readily
detected in the oropharynx and nasal cavity of normal cats as well (Randolph et al 1993,
Tan et al 1977). In cats with chronic upper respiratory tract disease, Mycoplasma species
were cultured from the nasal cavity in sick cats only, although the control group was
small (Johnson et al 2005) and a Mycoplasma species was grown in pure culture from the
nasal cavity in a retrospective study of the disease (Cape 1992). Mycoplasma species
have also been isolated more frequently from the conjunctiva of cat with conjunctivitis as
compared to normal controls and conjunctivitis has been induced experimentally with a
Mycoplasma species as well, although repeated administration was necessary to produce

clinical signs (Haesebrouck et al 1991).
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The role of Mycoplasma species as pathogens in lower airway disease in the
feline is hotly debated as well, with many authors reporting isolation of mycoplasmas
from lower airway samples (Chandler and Lappin 2002, Crisp et al 1987, Foster et al
1998, Foster et al 2004b, Foster et al 2004a), but they are also isolated from normal
animals (Padrid ef a/ 1991). Anecdotal reports of response to therapy with doxycycline
in cats with pure cultures of Mycoplasma species from the lower airway tract are
suggestive that the organisms can be true pathogens. It should be noted, however, this
group of organisms is associated with lower respiratory disease in humans, frequently in
association with asthma. As very few centers have the ability to measure airway
reactivity in cats, it is difficult to determine how many of these anecdotal reports also
involve an underlying subclinical case of feline lower airway disease.

An additional confounding factor in the debate regarding the role of Mycoplasma
species in respiratory disease in cats is the fastidious nature of the organism.
Mycoplasma species require rapid transport to a diagnostic facility as they do not survive
well outside of the host and special media is required for culture (Johnson et al 2004),
therefore, the clinician must specifically request culture of the organism in most facilities.
Finally, Mycoplasma species are slow growing, requiring up to a week of culture.

The advent of nucleic acid based detection methods has greatly improved
diagnosis in human disease. Mycoplasmal pneumonia is a frequent cause of community
acquired pneumonia in humans. However, because of the slow microbiologic culture
characteristics, both serology and culture results are evaluated in diagnosis. In a small
comparative study, a real-time PCR and a conventional endpoint PCR were shown to be

more sensitive than and as specific as traditional serologic diagnosis (Templeton et al
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2003) and allows for more targeted therapies earlier in the disease due to decreased turn
around time. The improved sensitivity and turn around time has also been applied to
patients with mycoplasmal pneumonia in order to decrease morbidity associated with
sampling techniques. The results of a real-time PCR applied to serum were as specific as
traditional diagnostic methods (serology and clinical signs) although not as sensitive
(Daxboeck et al 2005). These techniques have been evaluated in the feline species as
well. A Mycoplasma felis-specific conventional endpoint PCR was recently developed
and evaluated for use in clinical specimens from the respiratory tract of cats (Chalker et
al 2004). The PCR assay was both sensitive and specific, allowing for widespread use in
veterinary diagnostic laboratories and decreased turn around time for clinicians awaiting
results. Another laboratory applied the results of a conventional endpoint PCR specific
for Mycoplasma at the genus level to both nasal flush and biopsy specimens in normal
cats and compared the results to microbiologic culture (Johnson et al 2004).
Concordance between the two assays was excellent and the more broadly defined
amplicon may allow for a more useful screening assay.

In our investigation of the organisms associated with URTD in cats (Chapter 1),
nine cases were identified in which traditional primary pathogens were not detected,
either by molecular or microbiological culture techniques, but did have positive samples
for Mycoplasma felis. We would like to evaluate the pathogenicity and sensitivity to
treatment of these samples further, however, a quantitative assay would be preferable to a
qualitative assay in this case as response to therapy may be measured in organismal

burden. Therefore, in Chapter 6 of this dissertation, the development of a quantitative
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real time PCR (g-rtPCR) based assay specific for Mycoplasma felis to be used in future

studies of the isolates obtained from the cats with URTD is described.
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Abstract: In order to describe the isolation rates of potential pathogens and to compare
sampling site suitability, nasal and pharyngeal swabs were taken from cats with clinical
upper respiratory disease in a humane society. DNA of FHV-1 was amplified from 51 of
52 cats sampled, Mycoplasma species were cultured or detected by PCR in samples from
34 of 42 cats sampled for both assays, and Bordetella bronchiseptica was isolated from 3
of 59 cats sampled for aerobic culture. A single swab was positive for calicivirus and no
swabs were positive for Chlamydophila felis. Mycoplasma, Pasteurella, and Moraxella
species were all isolated from at least one cat in which no primary pathogen was
identified. With the exception of B. bronchiseptica, which was detected in nasal swabs
only, recovery rates for all suspect primary pathogens were comparable between

sampling sites.
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Introduction

Upper respiratory tract disease (URTD) continues to be a major problem in
shelters and humane societies; many report it to be a leading cause of euthanasia in cats
in traditional shelters (Foley and Bannasch 2004) and a major financial burden for no-kill
shelters (Pedersen et al 2004). Multiple organisms have been isolated from cats with
acute upper respiratory tract disease including feline herpesvirus-1 (FHV-1) and feline
calicivirus (FCV), as well as many aerobic and anaerobic bacteria (Cape 1992, Helps et
al 2005). With the exception of Bordetella bronchiseptica and Chlamydophila felis, most
bacterial infections are thought to be secondary to other primary diseases. Although
historically implicated in feline lower respiratory tract disease (Foster et al 1998, Foster
et al 2004, Padrid et al 1991), Mycoplasma species have recently been proposed to be
associated with chronic (Johnson ef al 2005) and acute (Bannasch and Foley 2005) feline
upper respiratory tract disease.

Microbial detection techniques utilized in URTD prevalence studies include
aerobic culture, anaerobic culture, virus isolation, polymerase chain reaction (PCR) assay
for microbial DNA, and reverse transcriptase PCR (RT-PCR) assay for RNA viruses like
calicivirus. However, comparison of results amongst previous prevalence studies cannot
be made because of lack of standardization in microbial detection techniques and
sampling sites. In order to maximize limited diagnostic and treatment resources, shelter
personnel must know not only the most common organisms associated with URTD, but
also the optimal sampling site and diagnostic assays for use in refractory or sentinel
cases. Therefore, the objectives of this study were to determine the prevalence rates of

aerobic bacteria, select viruses, and Mycoplasma species in clinically i1l cats residing in a
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humane society by use of standardized methods of microbial isolation applied to samples
collected from two separate but commonly referenced sampling sites (nasal and
oropharyngeal).
Materials and Methods
Experimental Design

Samples were collected from cats residing in a combined rural and urban humane
society shelter in north central Colorado between January and December, 2003. Sixty-
one cats with clinical signs of upper respiratory tract disease (oculonasal discharge,
sneezing, and stertorous breathing) with a qualifying clinical score were entered
concurrently into the study described here as well as an antibiotic therapy comparison
study (Ruch-Gallie et al, 2006). Within 24 hours of admission, three swabs from both the
nasal cavity and oropharynx were taken from each cat prior to treatment. Nasal swabs
were obtained by gently rolling a sterile transurethral culture swab® in the anterior aspect
of the right nares after removing any excess mucous. Oropharyngeal swabs were
obtained using a sterile cotton tipped applicator gently rotated in the oropharynx of each
cat. One swab from each sampling site was placed into a commercial transport medium®
and submitted for culture of Mycoplasma species and aerobic bacteria within four hours.
A second swab was placed in viral transport medium® and submitted for virus isolation
within four hours. The final swab was placed in 1 mL sterile phosphate buffered saline
solution (PBS), allowed to equilibrate for two to three hours at room temperature
according to the extraction kit manufacturer’s instructions and then stored at -70°C until
assayed for the presence of FHV-1 DNA, Chlamydophila felis DNA, Mycoplasma

species DNA, and calicivirus RNA.

22

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Aerobic bacteria and Mycoplasma species culture

Discharge collected on one oropharyngeal and nasal swab from each cat was
inoculated onto blood agar, MacConkey, Columbia agar and Friis broth agar plates, then
placed in 2 mL of Friis broth and incubated at 37°C with 5% CO, for 24 hours. One
hundred microliters of the resulting liquid culture was again inoculated onto Friis broth
agar plates. All plates were incubated at 37°C with room air (blood agar, MacConkey),
5% CO; (Friis broth) or 10% CO; (Columbia) for 72 hours immediately after inoculation.
Aerobic bacteria were characterized using standard biochemical methods. Mycoplasma
species cultures were considered positive if colonies had a microscopic “fried egg”
appearance on selective agar (Friis broth). Determination of the species of Mycoplasma
causing infection is difficult and not currently performed at Colorado State University
and so all positive results are described as Mycoplasma species.
Virus Isolation |

After low speed centrifugation at 4°C, sample supernatant (~1 mL) was filtered
using a sterile 0.45 um filter and inoculated in triplicate onto a monolayer of Crandell
Rees Feline Kidney (CRFK) cells. After an adsorption period of 1-2 hours at 37°C in 5%
CO,, the sample was decanted and cells were incubated with one mL of Modified Eagle’s
Medium (MEM) with 3% FBS in the same environment for a maximum of seven days.
Cells were checked daily for evidence of cytopathic effect after comparison to a control
well of naive CRFK cells. Samples that did not show evidence of cytopathic effect after
seven days were passaged a second time as previously described prior to being declared

negative. For positive samples, the virus causing cytopathic effects was assumed to be
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either FHV or FCV based on the results of the FHV-1 PCR assay and FCV RT-PCR

assay performed on the same sample.

PCR and RT-PCR assays

Detection of FHV-1, Mycoplasma species, and Chlamydophila felis DNA in
swabs was performed using previously published assays (Baird et al 1999, Burgesser et
al 1999, Sykes et al 1997) after extraction of DNA from one-half the volume of the
sample using a commercially available kit according to manufacturer’s protocols. RNA
was extracted from the remainder of the sample using a commercially available kit® and
the RNA was assessed using two previously published RT-PCR assays for the

amplification of FCV (Radford et al 1997; Sykes et al 1998).

Statistical Analyses

Concordance of assay and sampling site results for FHV-1, FCV, C. felis, B.
bronchiseptica, and Mycoplasma species were evaluated using the kappa statistic with
indices of specific agreement (ppos and preg) (Feinstein 2002). Definitions of quantitative
significance for kappa were as defined by Landis and Koch (1977). Any analysis that
required larger than a 2x2 agreement matrix (i.e. comparison of agreement between
results for two organisms from both sampling sites) and concordance of assay and
sampling site results for the remaining detected organisms were evaluated using a simple

proportion of agreement (Feinstein 2002).
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Results

Overall, 65 cats were enrolled in the study. Due to sample volume limitations,
not all assays were run on all samples. The number of cats tested 1s detailed within the
results section for the assay for each organism.
Comparison of Sampling Sites for Microbial Recovery

Aerobic bacteria were cultured from the majority of cats regardless of sampling
stte (nasal: 45/59, 76.3%; pharyngeal: 56/59, 94.9 %, Table 1). However, aerobic
bacterial culture results from nasal and pharyngeal swabs were in complete agreement for
only seven of 59 cats sampled. Suspected primary pathogens (C. felis, B. bronchiseptica,
Mycoplasma species, FCV, and FHV-1) were cultured or amplified from a variable
number of cats and results differed between sampling sites depending on the organism
and assay (Table 2). RNA of FCV was not amplified from any sample using the first RT-
PCR assay (Sykes et al 1998) we utilized, prompting the assay of the samples in a second
assay (Radford ef a/ 1997). In the second assay, FCV was detected in a single sample.
In addition, C. felis was not amplified from any sample assayed. Because of the low
prevalence rates of FCV and C. felis, analysis of cumulative primary pathogen results
between sampling sites were compared only for FHV-1, Mycoplasma species and B.
bronchiseptica (Table 2). For 39 cats, PCR assay results for both FHV-1 and
Mycoplasma species from both sites were available; 35 of 39 (89.7%) nasal swabs and 37
of 39 (94.9%) pharyngeal swabs were positive for one or both of the organisms. Results
were in agreement for the two sampling sites for both organisms via PCR assay in 19 of
39 (48.7%) cats. Culture for FHV-1 (virus isolation), Mycoplasma species and B.

bronchiseptica yielded positive results for at least one of the organisms in 39 of 51
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(76.5%) in both nasal and pharyngeal samples. Agreement between the two sampling
sites for all three organisms by microbiologic culture was 62.7% (32 of 51 cats, Table 2).
Comparison of PCR assay and culture for detection of Mycoplasma species

Results of both PCR assay and culture for Mycoplasma species were available for
42 cats. Of the 42 nasal samples, 26 (61.9%) were positive as determined by PCR assay
and 21 (50.0%) were positive via bacteriologic culture (kappa = 0.67, ppos = 0.85, Preg =
0.81). Of the 42 pharyngeal samples, 29 (69.0%) were positive by PCR assay and 23
(54.8%) were positive on bacteriologic culture (kappa = 0.41, ppos = 0.77, pneg = 0.63).
When both sampling sites were taken into account, there was a 64.3% (27 of 42)
agreement rate for detection of Mycoplasma species between PCR assay and
bacteriologic culture.
Detection of organisms in which no traditional primary pathogens were detected

Although Mycoplasma species and Pasteurella species have been suggested to be
primary pathogens in cats with upper respiratory tract disease, these organisms have not
been definitively linked to disease to date. Thus, we considered FHV-1, FCV, C. felis, B.
bronchiseptica primary pathogens because Koch’s postulates have been fulfilled. When
results of all assays and both sample sites were considered, at least one primary pathogen
was cultured or amplified from all but nine cats (Table 3). In these nine cats,
Mycoplasma species was detected in seven. Six of the Mycoplasma species positive cats
were co-infected with Pasteurella species (P. multocida [n = 5], P. dogmatis [n = 3]) and

four were co-infected with Moraxella species.
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Discussion

A primary goal of this study was to determine whether nasal or pharyngeal
samples were optimal for detection of the primary pathogens associated with URTD in
shelter cats; detection rates of pathogenic organisms obtained by pharyngeal and nasal
swabs were similar between sites for all traditionally defined primary pathogens. With
the exception of Bordetella bronchiseptica, the kappa statistics for comparison of nasal
and pharyngeal sampling sites for all assays and organisms were classified as moderate
(FHV-1 PCR, Mycoplasma species PCR), substantial (FHV-1 virus isolation,
Mycoplasma species culture), or perfect (FCV, C. felis). In such a poorly distributed
population (FCV, C. felis, B. bronchiseptica), the kappa statistic must be viewed with
caution. Nasal swabs performed in the manner used for this study require a great deal
more time and discomfort for the cat with minimal improvement in yield, therefore,
unless there is a high index of suspicion of FHV-1 and virus isolation is more readily
available, swab sampling sites are most likely equivalent. However, to achieve maximal
sensitivity for use in prevalence studies, results from both sample sites are needed.

As FHV-1, FCV, and Mycoplasma species can be difficult to culture and require
minimal transport time before recovery rates fall, nucleic acid amplification assays are
being used more frequently. In a previous study, Mycoplasma culture and PCR assay
results were compared in a small number of samples taken from the nasal cavity of cats
of unknown respiratory health status and shown to be similar (Johnson et al 2004). In
this study, we compared results of culture and PCR assay for FHV-1 and Mycoplasma
species in a larger number of cats with URTD and determined the techniques to give

similar results although the kappa statistics for Mycoplasma species were not as high as
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previously reported (Johnson et al 2004). While PCR assays present several distinct
advantages over culture (decreased need for special transport, time for storage, rapid
results), the assays detect only the presence of microbial DNA, not viable organisms.
However, it is unlikely that DNA of dead organisms persist for any length of time. We
conclude that PCR assays for both FHV-1 and Mycoplasma species are acceptable
alternatives to traditional culture techniques for use in prevalence studies.

Because FHV-1 was so prevalent in the cats of this study, most cats with
concurrent infections were FHV-1 positive. FHV-1 can be a primary pathogen and can
also damage epithelial tissues allowing for secondary bacterial infection. In addition,
currently available assays cannot discriminate between FHV-1 modified live vaccine
strains and virulent strains (Maggs 2005). Thus, detection of FHV-1 by culture or PCR
assay does not prove illness associated with the virus. In addition, while FHV-1 could be
grown or amplified from similar numbers of nasal and pharyngeal samples, maximum
sensitivity was not achieved until results of both sites were combined. Because FHV-1
culture and conventional PCR assays are expensive and positive results do not correlate
to illness, routine use of these assays in individual shelter cats with acute URTD appears
to have little clinical benefit. Results of quantitative PCR assays that document the FHV-
1 viral load in a sample may prove to have a better positive predictive value (Veir, 2003),
but further studies are needed.

The prevalence of FCV in this study population was lower than in previous
studies. Even in normal cats, the rate of detection of calicivirus in the oropharynx via
PCR or virus isolation has been reported to be as high as 22% (Binns et al 2000) as the

virus can be shed continuously despite lack of clinical signs. It is possible to have false-
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negative RT-PCR assay results because of RNA degradation, however the samples were
handled appropriately and the two RT-PCR assays gave similar results. In addition,
while our virus isolation assay does not discriminate between FCV and FHV-1, all
samples positive on virus isolation were also positive for FHV-1 via PCR assay. Based
on these findings, we believe that calicivirus was not a common cause of disease in this
population of cats. It is possible that this is related to breeds of cats seen at this humane
society; a previous study showed a correlation with FCV infection and longhair breeds
(Coutts et al 1994). As for FHV-1, positive FCV culture or RT-PCR assay results do not
correlate to FCV-associated disease and the assays are relatively expensive. Based on
these facts, routine use of FCV culture or RT-PCR assay in individual shelter cats with
acute URTD appears to have minimal clinical benefit.

Both the pharynx and nasal cavity of normal and clinically affected cats are host
to a wide variety of organisms (Bannasch and Foley 2005, Johnson et al 2005). Thus,
detection of different aerobic bacteria from the nasal cavity and pharynx of the cats
described here was not unexpected. Results of this study are similar to others and suggest
that aerobic culture of nasal discharge or the pharynx of cats with URTD 1is unlikely to
yield useful clinical information and that it may be more cost effective to use logical
empirical antibiotic therapy when bacterial URTD is suspected. In a previous study of
antibiotic susceptibility testing of aerobic bacterial isolates from cats with URTD, more
than 80% of the aerobic bacterial isolates from both the upper and lower airway cultures
were susceptible to amoxicillin-clavulanic acid, cephalosporins, chloramphenicol,

enrofloxacin, and tetracyclines (Stein and Lappin 2006).
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All of the organisms isolated from the cats described here have also been isolated
from healthy cats; therefore, determining which are primary pathogens should be based
on demonstration of Koch’s postulates. While these have been fulfilled for FHV-1, FCV,
B. bronchiseptica, and C. felis, other proposed primary pathogens (Mycoplasma species
and Pasteurella species) have only been implicated by epidemiologic evaluations
(Bannasch and Foley 2005, Johnson et al 2005). In this study, only nine cats were
negative for all the primary pathogens; in seven of these cats Mycoplasma species were
detected either by PCR assay or bacteriologic culture. In the remaining two cats,
Pasteurella and Moraxella species were the only organisms associated with upper
respiratory tract disease detected (Table 3). Pasteurella multocida has been suggested to
be associated with chronic nasal disease in cats by one author (Johnson et a/ 2005) and 1s
associated with atrophic rhinitis in swine (Eamens et a/ 1988). Similarly, Moraxella
species are associated with rhinitis in humans (Boyle et al 1991), but no evidence for
their role as a primary pathogen in acute upper respiratory disease in cats has been
published. It is possible that an unknown organism or separate disease process (allergic,
foreign body, nasopharyngeal polyp, or anatomical abnormality) may have caused the
clinical signs in these nine cats. For example, some authors have suggested that
anaerobic bacteria may be associated with disease in cats with chronic rhinitis (Johnson
et al 2005) and we did not culture for that group of bacteria. However, it is also possible
that some Mycoplasma species, Pasteurella species, or Moraxella species can be primary
pathogens in cats. Further studies attempting experimental transmission and proof of

Koch’s postulates with these organisms will be needed to prove or deny the hypothesis.
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We failed to detect C. felis in any sample. Chlamydophila felis is most often
associated with conjunctivitis and ocular signs in cats (Bannasch and Foley 2005) and
while this was not an exclusionary criterion in our study, very few cats exhibited
conjunctivitis. The results of this suggest that C. felis was not a common cause of URTD
in these cats and that performance of assays to detect C. felis on nasal or pharyngeal

swabs is unlikely to have significant clinical benefit.
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Aerobic Culture (n-=59)
n (% positive)
Nasal Pharyngeal

Borderella bronchiseptica 3(5.1%) 0(0%)
Mycoplasma spp. 28(47.5%) | 31(52.5%)
Pasteurella spp. 19(32.2%) | 43(72.9%)
Moraxella spp. 4 (6.8%) 21 (35.6%)
Coagulase (-) Staphylococcus spp. 4(6.8%) 6 (10.2%)
Non-hemolytic Streprococcus spp. 4(6.8%) 7(11.9%)
Flavobacterium 0(0%) 10 (17.0%)
Staphylococcus aureus 0(0%) 203.4%)
Staphylococcus intermedius 3(51%) 0(0%)
Enterobacter spp. 0(0%) 1(1.7%)
Escherich coli 0(0%) 1(17%)
Streptococcus B-hemolytic 7(11.9%) 6 (10.2%)
Cornebacterium spp. 1(17%) 1(1.7%)
Haemophilus spp. 0(0%) 1(17%)
Actinomyces spp. 2(3.4%) 1(1.7%)
Micrococcus spp. 1(1.7%) 0(0%)

Table 1 Aerobic organisms isolated from nasal or pharyngeal swabs of cats with URTD. Within 24
hours of admission, samples were collected from consecutive admissions to a combined rural and urban
humane society shelter with clinical signs of upper respiratory tract disease. Routine aerobic culture was

performed on samples within four hours of collection.

Microbiologic Culture PCR assay
(n positive/n total assayed, %) (n positive/n total assayed, %)
Nasal Pharyngeal | Kappa Nasal Pharyngeal Kappa
Bordetella bronchiseptica | 3/59, 5.1% 0/59, 0% 0 n/a n/a n/a
) . 37/54, 27/54, 49/60, 44/60,
Feline Herpesvirus-I 68.5% 50.0% 0.63 81.7% 73.3% 0.57
28/59, 31/59, 27/50, 33/51,
Mycoplasma spp. 47.5% 52.5% 0.62 54% 64.7% 053
Total* 39/51, 39/51, 32/51, 41/45, 42/45, 29/45,
76.5% 76.5% 62.7% 91.1% 93.3% 64.4%

Table 2 Concordance of results of detection from nasal and pharyngeal swabs of primary pathogens
associated with URTD in cats by microbiologic culture or nucleic acid amplification. Samples were

collected as in Table 1. *”Total” represents results from cats in which all assays were performed.
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Mycoplasma spp.

PCR assay

Mpycoplasma spp.

Culture

Aerobic Culture

Case no.

Nasal

Pharyngeal

Nasal

Pharyngeal

Nasal Pharyngeal

79004

()

()

Pasteurella
multocida, Non-
hemolytic
Streptococcus,
Flavobacterium,
Haemophilus

Pasteurella
mulrocida

98414

n/a

n/a

Pasteurella
dogimatis

101005

n/a

n/a

)

103372

n/a

n/a

Pasteurella
multocida,
Moraxella,
Simonsiella

104146

()

()

Pasteurella
multocida,
Flavobacterium

105577

n/a

n/a

Moraxella,
Simonsiella, Bacillus

106525

(+)

)

)

)

Pasteurella
multocida,
Moraxella,
Pasteurella
dogmatis

Non-
hemolyric
Streptococcus

106548

n/a

n/a

)

)

Pasteurella
muljtocida,
Moraxella,
Pasteurella
dogmatis

)

106555

)

)

)

)

Moraxella,
Pasteurella
dogmatis

)

Table 3 Organisms isolated from nine cats with clinical signs of URTD in which no primary
pathogens were detected. Samples were collected as in Table 1. Primary pathogens were defined as:
Bordetella bronchiseptica, Chlamydophila felis, feline calicivirus, and feline herpesvirus-1.
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ENDNOTES

* Ca alginate swabs, Ultrafine Al, product #14-959-78, Fischer Scientific
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d Qiagen, Valencia, CA
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Introduction

Of the 15,000 cats examined at Colorado State University (CSU) between 1988
and 1999, 1,573 (10.5%) had respiratory signs of disease. Infectious feline upper
respiratory tract disease (URTD) is even more common in multi-cat environments like
humane shelters and catteries and can result in euthanasia rather than adoption or sale.
Feline infectious URTD has multiple causes; feline herpesvirus-1 (FHV-1) and
calicivirus are the most common primary viral causes (Binns et al 2000, Sykes et al
1999). After exposure to FHV-1, cats develop a rapid immune response, however, up to
80% of animals become latently infected (Nasisse et al/ 1992, Ohmura et al 1993), typical
of the a-herpesviruses. Prior to the widespread clinical use of the polymerase chain
reaction (PCR) technology, infection was documented by documenting the organism in
cells by use of fluorescent antibody assays and by detection of serum antibodies by serum
neutralization (Stiles ef a/ 1997b). However, in the past decade, qualitative endpoint
FHV-1 PCR assays have been shown to be a sensitive method of documenting the
presence of FHV-1 DNA (Burgesser et al 1999, Hara et al 1996, Reubel et al 1993, Stiles
et al 19970, Stiles et al 1997a, Sykes et al 1997, Weigler et al 1997). However, because
of latency and intermittent shedding or re-activation, results of these PCR assays cannot
differentiate between co-incidental shedding in healthy FHV-1 carriers, shedding
secondary to immunosuppression from concurrent disease, and the disease entity itself
(Maggs et al 1999). In addition, FHV-1 strains used in modified live vaccines cannot be
distinguished from naturally occurring strains (Maggs and Clarke 2005).

In a recent study of experimentally and naturally-infected cats, results of a

quantitative real time PCR (q-rtPCR) assay targeting the FHV-1 glycoprotein B (Vogtlin
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et al 2002) were compared to those of a FHV-1 endpoint PCR assay using ocular fluids;
the q-rtPCR assay had at least equal sensitivity in vitro and greater sensitivity in vivo
than endpoint PCR assay for later stages of infection. Additionally, the authors used the
quantitative data obtained from the q-rtPCR assay to define “stages” of infection in the
experimentally-infected cats and applied the data to naturally-infected cats. Our
laboratory has recently used a q-rtPCR to compare viral load in recently vaccinated cats
to demonstrate a temporal increase in the presence of viral DNA post-vaccination and
viral challenge (Lappin et a/ 2006). However, whether quantitative FHV-1 q-rtPCR
assay results can be used to differentiate cats that are FHV-1 carriers versus those that are
ill from FHV-1 infection is currently unknown. There are no studies to date evaluating
the use of quantitative viral load data of the respiratory tract in an attempt to discriminate
between FHV-1 carriers and cats clinically ill from FHV-1 infection. Therefore, the
objectives of this pilot study were to amplify FHV-1 DNA from nasal or pharyngeal
swabs from cats with or without history of URTD by use of both a g-rtPCR assay and an
endpoint PCR assay to determine the optimal sampling site and to determine whether
results of the q-rtPCR could discriminate between FHV-1 carriers, suspect carriers of
FHV-1, and cats clinically ill from FHV-1 infection.

Materials and Methods

Study groups. Three groups of cats privately owned by staff or students of Colorado
State University Veterinary Teaching Hospital were sampled. Owners were interrogated
regarding history of clinical signs associated with URTD (sneezing, nasal discharge,
stertorous breathing that resolved without surgical intervention, inappetence, ocular

discharge) and the groups were defined and sampled as follows: Group 1: Healthy (no
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clinical signs of URTD within the last 2 years): pharyngeal swabs only, Group 2:
Suspect carriers: (clinical signs of URTD between 1 and 3 mos prior to sampling but
normal at the time of collection): pharyngeal swabs only, and Group 3: Clinically ill
(discharge referable to recurrent URTD present at time of sampling): pharyngeal and
nasal swabs. All protocols were approved by the Animal Care and Use Committee of
Colorado State University.
Sampling. Swab samples were obtained using standard cotton tipped wooden applicators
(pharynx) or urethral culture swabs® (nasal cavity) on awake, non-sedated cats by a single
author (JKV). Swabs were immediately placed in 1.0 mL sterile 0.01 M phosphate
buffered saline (PBS) and allowed to sit at room temperature for 2-3 hours before being
placed into -70°C until processing and analysis according to manufacturer’s protocol.
DNA was extracted from the PBS using a commercial kit® and assayed for FHV-1 using
previously published protocols using both endpoint (Weigler et al 1997) and q-rtPCR
(Vogtlin et al 2002). The q-rtPCR was modified for use in nasal and pharyngeal
sampling as previously described (Veir et al 2006; Chapter 5 of this dissertation). In
order to normalize cellular yield due to sampling variability between cats, quantification
of feline glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was concurrently
assayed using a previously published q-rtPCR (Leutenegger et al 1999). Products of the
endpoint PCR were separated using agarose gel electrophoresis and considered positive if
a single band of the appropriate size (322 bp) was visualized.

Data from the g-rtPCR was analyzed with the instrument software.” Samples
were considered positive if the fluorescence intensity exceeded ten times the standard

deviation of the baseline fluorescence (threshold cycle [Ct]). All reactions were run in
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duplicate. A control sample consisting of DNA pooled from swabs from 10 normal cats
spiked with plasmid derived FHV-1 DNA was run on each plate to ensure repeatable
thermocycler conditions.
Standard curves for GAPDH and FHV-1 were generated as previously described

(Veir et al 2006; Chapter 5 of this dissertation). Briefly, a standard curve for GAPDH-
cell equivalent was generated using RNA isolated from a feline lung epithelial cell line
(Dow unpublished data) that was digested in the same manner as the test samples (cell
equivalent). The standard curve for FHV-1 was generated using a 10-fold dilution series
using plasmid generated DNA (pDNA). The FHV-1 pDNA was produced using a
commercially available vector? after purification® of product obtained from a
conventional PCR reaction using the primers used in the real time assay. Viral load was
then defined as the calculated FHV copy number divided by the calculated GAPDH-cell
equivalent copy number of each sample.
Analysis. Concordance rates of detection of FHV-1 DNA between the two methods (all
sites grouped together) and the two sampling sites (pharyngeal compared to nasal,
Clinically 11l group only) were analyzed using the kappa statistic as defined by Feinstein
(2002) and evaluated for significance as defined by Landis and Koch (1977).
Quantitative data was compared between disease groups using the student’s unpaired t
test. The level of significance was set at p < 0.05 for between disease group
comparisons.
Results

Twenty one cats were enrolled in the study between November 2002 and January

2004. Six were classified as Healthy (mean age 6.4 years), six were classified as Suspect
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carriers (mean age 5.3 years), and nine were classified as Clinically ill (mean age 4.9
years). Breeds represented were domestic shorthair (n = 20) and domestic longhair (n =
1). There was no statistical difference in mean age among groups (p = 0.86).

Other than transient sneezing associated with nasal swab sample collection, no
hemorrhage or other adverse effects from either sampling technique were observed. The
two assays showed similar detection rates (Table 1) in all disease groups, with
disagreement in the Suspect carrier group only. There was a low rate of detection of
FHV-1 in all groups; therefore, indices of specific agreement were calculated to
determine the effects of the skewed distribution of challenge. In the only disease group
with a kappa between the assays of less than one, the specific proportionate agreement
for negative results was higher than that for positive results, as can be expected in a group
with such low rates of posit.ive results (Table 1). In the single disease group in which
sampling sites were compared (Clinically ill), correlation between results for the assays
was substantial as defined by parameters set forth by Koch and Landis (1977)
(kappa=0.73, Table 2).

After normalization to starting sample size with GAPDH, there was a significant
difference between the copy number of FHV-1 per cell equivalent in pharyngeal samples
between the Healthy (mean = 0.27 £ 0.03) and Clinically ill groups (mean = 20.64 +
13.28, p = 0.027) but no difference between the Suspect carrier group (mean 0.70 £+ 0.13)
and any other disease group (Healthy: p = 0.098, Clinically ill: p = 0.066, Figure 1).
Discussion

All pharyngeal samples except one taken from the pharynx of a healthy cat were

adequate for amplification (with no evidence of PCR inhibitors) as evidenced by GAPDH

42

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



values of at least sixteen cell equivalents, the lower level of detection of the assay. The
sample with inadequate DNA for amplification was taken from a fractious cat which may
have decreased sample size as opposed to the presence of inhibitors of PCR. In support
of this, a Ct value was obtained, but it was not within the linear range of the standard
curve, making quantification inaccurate. All nasal samples had adequate DNA for
amplification of feline GAPDH, indicating that inhibitors of PCR should not confound
sampling from this area.

Sensitivity of the q-rtPCR assay was at least as sensitive as the endpoint PCR
assay across all groups, with one additional positive in the suspect carrier group. Without
a third assay such as virus isolation to be used as a gold standard, it is impossible to say
whether this is a false positive or increased sensitivity of the g-rtPCR assay. However,
the detection limit for the q-rtPCR assay has been shown to be lower than the endpoint
assay 1n vitro (Vogtlin et al 2002), lending support that this is truly a difference in
sensitivity, not specificity. Regardless, there was a high correlation between the two
assays indicating q-rtPCR is a valid assay for detection of FHV-1 from the pharynx and
the nasal cavity of cats.

Sampling from the nasal cavity of cats with URTD yielded a larger number of
positives (3/9, 33%) compared to the pharyngeal cavity (2/9, 22%), However, again,
concordance between the two sites was high (kappa = 0.73, both assays) indicating that
for cats with nasal signs, the nasal cavity is a valid sampling site that carries less risk for
the sampler when using urethral culture swabs than pharyngeal swabs.

In this population, the g-rtPCR assay was able to discriminate between the

Healthy and Clinically ill group. However, the assay was not able to discriminate
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between those animals that had recently recovered from an episode of URTD and those
with current clinical signs, negating the usefulness of the assay in some cases. However,
given the population size, outliers and large standard deviations as were present in the
Clinically ill group, will affect significance. Studies of larger populations are needed to
determine if quantification of the targets used in this assay will be able to discriminate
between these two disease states. As previously demonstrated, stress from other diseases
can also induce shedding. Addition of a fourth group with animals suffering from a
concurrent systemic illness such as neoplasia or endocrine disorders but not showing
clinical signs of URTD as well as a group of cats recently given a modified live vaccine
should be included in future studies as well.

Finally, as stated above, a large proportion of FHV-1 infected cats are in the latent
state of disease and therefore samples from these animals may be negative when assayed
for target genes generally expressed during active infection. Other authors (Townsend et
al 2004) have investigated the use of assays targeting latency associated genes in order to
improve detection. Studying these targets in a quantitative manner may help further
discriminate those cats in which FHV-1 is inducing disease as compared to co-incidental
shedding or latency.

Results of this study suggest that detection of FHV-1 in nasal or pharyngeal
swabs by q-rtPCR is a valid method of diagnosis and quantitation can discriminate
between healthy and clinically ill animals but not between animals recently recovered
from a suspicious episode and any other disease group. Studies with larger populations,
the addition of animals suffering from concurrent systemic illness associated with

immunosuppression but not URTD signs, and targets associated with latency are needed
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prior to determining if quantification of FHV-1 can be a useful clinical diagnostic tool in

the diagnosis and ultimately, guide the treatment decision tree of upper respiratory tract

infection in cats.

Endpoint .
. PCR: q-rtP(;R. Concordance
URTD Disease Group detection detection (kappa) Ppos | Pneg
rate pp
rate

Healthy

(n=6, pharyngeal only) 2 (33.3%) 2 (33.3%) 1 1 1
Suspect carriers

(n=6, pharyngeal only) 1(16.7%) 2 (33.3%) 0.57 0.67 | 0.89
Clinically ill

(n=9, pharyngeal) 2 (22.2%) 2 (22.2%) 1 1 1
Clinically il

(n=9, nasal) 3 (33.3%) 3(33.3%) 1 1 1

Table 1 Comparison of two methods of detection by PCR of FHV-1 DNA in respiratory swabs from
privately owned adult cats Samples were obtained using standard cotton tipped applicators (pharyngeal)
or urethral culture swabs (nasal) from privately owned cats. Endpoint and g-rtPCR targeting FHV-1 DNA

were performed on each sample in duplicate. Mean ages at time of sampling were statistically similar

between disease groups. Disease group definitions are defined in text. Indices of specific agreement (pyos
and p,.,) were calculated according to Feinstein (2002).

Assa Pharyngeal: dzzzi‘il(:)n Concordance
y detection rate rate (kappa) Pros | Pneg
Endpoint PCR 2 (22.2%) 3(33.3%) 0.73 0.80 | 0.92
g-rtPCR 2 (22.2%) 3(33.3%) 0.73 0.80 | 0.92

Table 2 Comparison of sampling sites for detection of FHV-1 DNA in respiratory swabs from
privately owned adult cats Two samples of the respiratory tract from each of nine cats (Clinically ill
group, Table 1) were obtained using standard cotton tipped applicators (pharyngeal) or urethral culture
swabs (nasal). All cats were currently showing clinical signs consistent with URTD at the time of

sampling. Indices of specific agreement (ppos and prey) Were calculated according to Feinstein (2002).
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Figure 1 Comparison of copy number of FHV-1 per cell equivalent in pharyngeal swabs from three
groups of privately owned cats Samples were obtained using standard cotton tipped applicators from
privately owned cats. Endpoint and q-rtPCR targeting FHV-1 DNA were performed on each sample in
duplicate. Mean copy number FHV-1/cell equivalent with interquartile ranges for each group are graphed.
Mean ages at time of sampling were statistically similar between disease groups. Disease group definitions
are defined in text. Groups labeled with different letters are statistically different (p<0.05).
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Lymphocyte proliferation assays using incorporation of tritium labeled thymidine
([3H]-TdR) are frequently used as an in vitro measure of cell-mediated immunity in both
humans and veterinary species, including cats (Brown 1977, Hill et al 2005, Horohov et
al 1985, Kim et al 2000, Otto et al 1993, Weiss and Oostromram 1990). These assays
can be used clinically to assess response to vaccination and the need to revaccinate,
detect hypersensitivity reactions, and predict response to infection. These assays are both
sensitive and repeatable but have traditionally required large volumes of blood, typically
between 4 and 8 mL minimum per test sample, due to requirements of lymphocyte
purification techniques typically used. The purification techniques, including low speed
differential density centrifugation and defibrination, are both labor intensive and
extremely user dependent. Incomplete or inadequate layering can result in a dramatic
loss of certain lymphocyte populations (Confer et al/ 1989) and disturb normal cell-cell
interactions (Barten er al 2001). Finally, the separation techniques themselves as well as
certain sedation protocols required for collecting such a large volume of blood may
influence lymphocyte population dynamics and activation state (Gummert et al 1999).
An alternative method is to use whole blood in the assays. Whole blood proliferation
assays utilize less blood (typically 100 microliters) allowing more frequent sampling, the
use of less or no sedation that may affect proliferative capacity, and smaller animals.
Additionally, potential bias towards certain T cell populations is avoided as there is no
separation step required (Barten et al 2001).

Feline herpesvirus-1 (FHV-1) is a viral infection of cats that can cause chronic
morbidity and is a leading cause of both euthanasia (Foley and Bannasch 2004) and

financial expense for animal shelters (Pedersen et al 2004). FHV-1 infection is common

50

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



in cats and extremely contagious between cats. Fever, sneezing, nasal discharge,
inflamed eyes (conjunctivitis), ulcers of the cornea (keratitis), cough, difficult breathing
(dyspnea), and death can occur following FHV-1 infection (Hickman ef al 1994). In a
recent prevalence study at a humane society in north central Colorado, FHV-1 DNA was
amplified from oropharyngeal or nasal swabs collected from 49 of 60 cats (81.7%)
showing clinical signs of upper respiratory tract disease (Veir ef al 2004, Chapter 1).
Protection against FHV-1 is mediated by both humoral and cell-mediated immunity
(Tham and Studdert 1987). While serological tests for FHV-1 antibodies have been
studied extensively, reports of technique for assessment of cell-mediated immune
responses are less common. The purpose of this study was to develop and evaluate a
whole blood [3H]-TdR proliferation assay using both a non-specific T cell mitogen
(concanavalin A) and an inactivated FHV-1 preparation for potential use in FHV-1
vaccine and treatment studies.

All use of animals was approved by the Colorado State University Animal Care
and Use Committee. Feline herpesvirus-1 antigen was prepared from an isolate obtained
from a swab of the nasal cavity of a cat in northern Colorado. After initial isolation, virus
was propagated on a monolayer of Crandall Reese feline kidney (CRFK) cells to a final
concentration of 10" pfu/mL. Viral stock was exposed to UV light in a sterile
environment for varying lengths of time (10, 20, and 30 minutes). An aliquot of stock
was then inoculated onto CRFK cells and confirmed to be inactivated by demonstration
of no evidence of characteristic CPE. Five hundred microliters of whole heparinized
blood was obtained from the jugular vein of each of four two year old domestic short hair

cats (2 female intact, 2 male castrated) previously vaccinated with a killed FVRCP

51

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



vaccine”, Assays were performed in 96-well plates using 10 uL whole heparinized blood
added to 100 uL complete tumor media with various concentrations of concanavalin A
(ConA) (0, 5, 10, 20 pg/mL) and dilutions of FHV-1 (1x10°, 1x10™', 1x10) per well.
Cells were incubated with media only (control), concanavalin A and media (ConA), or
FHV-1 and media. After 102 hours of incubation in a humidified environment at 37°C
with 5% CO,, wells were aseptically pulsed with 0.5 uCi tritiated thymidine for 18 hours
before being harvested onto filter mats and counted.” All samples were assayed in
triplicate and stimulation indexes (SI) were calculated by dividing the average of the
stimulated cell count by the control count for each cat and mitogen or antigen
concentration.

Al UV exposure time groups eliminated viable organisms in preparations as
demonstrated by incubation with confluent CrFK cells for 48 hours at 37°C in a 5% CO,
atmosphere. Additionally, incubation with the non-UV 1nactivated did not allow any
proliferative response. Therefore, all further comparisons considered only the shortest
UV exposure time of 10 minutes for FHV-1 antigen preparation. Results of the effects of
different concentrations of ConA and FHV-1 antigen preparation are summarized in
Figures 1 and 2 and Table 1.

While 5 ug/mlL ConA yielded a higher mean counts per minute (CPM) and mean
stimulation index (SI), the ranges and standard deviations obtained for both CPM and SI
using 10 ug/mL were smaller, therefore, 10 ug/mL was chosen as the preferable ConA
concentration. When the results for the FHV-1 antigen preparation were analyzed for
optimal concentration, an unexpected result was found. The undiluted viral preparation

(10" pfu/mL) seemed to have an inhibitory effect as both CPM and SI were
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dramatically lower than the 10" and 107 dilution (Figure 2). The finding potentially
could be explained by cytopathic effect secondary to infection with viable virus.
However, as previously stated, no differences were seen in titration experiments using the
FHV-1 preparation after exposure to UV light at 10, 20, and 30 minutes, therefore, no
virus should have remained viable. Additionally, viability staining with trypan blue of
control wells (no [3H]-TdR added) revealed greater than 80% viability in all
preparations, including the wells to which the undiluted antigen preparation had been
added. This finding is similar to a previous study in which the most concentrated
preparation of an FHV-1 antigen stock inactivated by chemical means yielded one of the
lowest stimulation indices of those tested as well (Tham and Studdert 1987). In that
study, the authors hypothesized presence of FHV-1 antibodies inhibited exposure of
antigen and subsequent T cell proliferation. However, this seems unlikely because
antibodies in the whole blood cell preparation should have also inhibited the lower
concentrations of virus, perhaps even to a greater degree and a more likely explanation
may be the presence of cytotoxic additives in the viral preparation. Of the remaining two
concentrations, the 10" dilution yielded a higher CPM and SI, however, a smaller
standard deviation and range were obtained using the higher dilution (10, Figure 2).
Concanavalin A stimulation produced reliable results at 10 ug/mL using a very
small volume of whole blood. This assay can be used to assess in vitro T cell-mediated
immunity in cats with a very small volume of blood for very little cost as long as a
radioactive safety and usage program is in place in the performing laboratory. In the only
other published report of a FHV-1 whole blood proliferation assay, the authors used

inactivated FHV-1 vaccine without adjuvant to determine cell-mediated immune
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response to vaccine and infection (Tham and Studdert 1987). However, this preparation
may contain cytotoxic preservatives and additives. In contrast, crude viral stocks are
available to any veterinary diagnostic laboratory performing viral isolation and do not
have additives that affect cell growth. With the simple inactivation procedure presented
in this study, laboratories can easily produce their own viral stock, quantify it with
standard laboratory methods, and inactivate with simple ultraviolet light exposure. This
inexpensive, easy to prepare, and readily available reagent can then be used to assess cell-
mediated immunity to a relevant viral antigen for both research and clinical purposes.
However, prior to the use of the assay to predict need for vaccination (along with already
available commercial assays for antibody dependent immunity), challenge studies
correlating clinical signs to SI levels need to be performed. This assay was used in
Chapters 4 and 5 of this dissertation to evaluate proliferative ability secondary to

stimulation with the specific antigen (FHV-1).

ENDNOTES
? Fel-o-vax®, Fort Dodge Animal Health, Overland Park, KS
*Wallac-Microbeta; Perkin Elmer, Boston, MA

Treatment Concentration MCZII SLC;)PM ]\?fé;];}s[
Concanavalin A 5 ug/Ml 11595 (6216) 42.09 (26.31)
10 pg/mL 6427 (2601) 22.04 (3.090)
20 ug/mL 6328 (1301) 26.31 (36.92)

FHV-1 Antigen Prep | 7.079x10° pfu/mL | 5382 (1028) 1.035 (0.9510)
7.079x10° pfu/mL | 11956 (6159) | 43.78 (29.21)

7.079x10 pfu/mL 238 (133) 20.05 (5.578)

Table 1. Mean counts per minute (CPM) and stimulation indices (SI) of 10 uL. whole heparinized blood
obtained from four mature FHV-1 vaccinated domestic shorthair cats. Blood was incubated at 370C with 5%
CO2 for 102 hours in complete tumor media with respective treatments prior to being pulsed with 1 uCi [3H]-TdR and
incubated in the same environment for an additional 18 hours. All samples were run in triplicate and stimulation
indices were calculated by dividing the average of the stimulated cell count by the control count for each cat and
mitogen or antigen concentration.
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Figure 1. Mean (with interquartile range) counts per minute (CPM, left panel) and stimulation indices (SI,
right panel) of 10 uL. whole heparinized blood obtained from four mature FHV-1 vaccinated domestic shorthair
cats stimulated with varying concentrations of concanavalin A in vitro. Conditions were as described for Table 1.
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Figure 2. Mean (with interquartile range) counts per minute (CPM, left panel) and stimulation indices (SI,
right panel) of 10 uL whole heparinized blood obtained from four mature FHV-1 vaccinated domestic
shorthair cats stimulated with varying concentrations of an FHV-1 viral stock culture (original stock:
1x107.85 pfu/mL) inactivated by exposure to UV light for 10 minutes. Conditions were as described for Table 1.
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Abstract: To evaluate the effect of supplementation with Enteroccocus faecium (SF68) on
non-specific and antigen-specific humoral and cell-mediated immune responses 18
purpose bred kittens were divided into two groups and were given palatability enhancer
with (Treatment) or without (Placebo) SF68 daily for 20 weeks starting at 7 weeks of age.
Feline viral rhinotracheitis (FHV-1), calicivirus (FCV), and panleukopena virus (FPV)
vaccine was administered at 9 and 12 weeks of age. Survival of SF68 after ingestion,
presence of Clostridium spp. products, fecal cultures, CBC, biochemical profiles, CD4+,
CD8+ and B cell populations, CD44 and MHC Class II expression, Concanavalin-A and
FHV-1-specific proliferation, total serum, salivary and fecal IgG and IgA, FHV-1-
specific serum and salivary IgG and IgA, and FCV- and FPV-specific serum IgG were
evaluated at 7, 9, 15, 21, and 27 weeks of age. No significant differences were seen in
developmental parameters. SF68 was demonstrated in feces of seven of nine treatment
cats during the study. The percentage of CD4+ lymphocytes was significantly higher in
the treatment group at 27 weeks of age. Supplementation of kittens with SF68 does not
negatively affect measured developmental parameters. The results suggest that
supplementation modulates systemic immune responses but longer supplementation may
be needed to reach statistical significance and more detailed studies of the cell

populations affected are needed to determine what these effects are.
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Introduction

Probiotics have been defined as live microorganisms that when administered in

adequate amounts confer a health effect on the host (Schrezenmetir and de Vrese 2001).
It is theorized that probiotics may impart their beneficial health effects either by
increasing the resistance to colonization of mucosal surfaces by pathogenic bacteria
(colonization resistance) (Sanders 2003) or by exerting an indirect effect on gut
associated lymphoid tissue (GALT) resulting in the production of immunomodulating
substances (Isolauri et al 2001, Macpherson and Uhr 2004).

Probiotics have been commonly used to modulate the course of a variety of
infectious diseases in human medicine (Isolauri 2001). In contrast, few studies have been
performed in veterinary medicine, with the majority of veterinary studies being in large
animals where probiotics were used to attempt to alter the shedding of fecal pathogens
(Kim et al 2001) or to improve production parameters such as weight gain, feed conversion
rate and reduced mortality. In one small animal study, Enterococcus faecium strain SF68
(NCIMB10415) was fed to a group of puppies vaccinated with canine distemper virus
(CDV) and compared to a control group that received vaccinations only (Benyacoub et al
2003). Puppies supplemented with SF68 had increased serum and fecal total IgA
concentrations, increased CDV-specific IgG and IgA serum concentrations, and increased
percentage of circulating B lymphocytes compared to control puppies proving an immune
enhancing effect induced by this probiotic.

Feline panleukopenia (FPV) is a virus resulting in viremia followed by severe
gastrointestinal disease; appropriately vaccinated kittens have sterilizing immunity

(Richards et a/ 2001). However, viral upper respiratory tract infections continue to be a
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major problem in feline medicine (Sykes et al 1999). At Colorado State University,
approximately 10% of the feline admissions are for the evaluation of respiratory disease.
Feline rhinotracheitis (FHV-1) and feline calicivirus (FCV) are the two viral pathogens
implicated in the syndrome. While FCV vaccines induce > 95% relative efficacy in
vaccinates when compared to unvaccinated controls after being inoculated with a
pathogenic challenge strain, FHV-1 vaccines only induce approximately 60% relative
efficacy (Lappin et a/ 2002). Thus, FHV-1 continues to be a major problem in humane
shelters and client-owned cats despite widespread vaccination (Sykes et al 1999). Previous
attempts at improving efficacy of vaccination have included intranasal administration,
which leads to greater side effects (Scott and Geissinger 1999), and manipulation of
virulent strains, which leads to decreased disease severity but does not decrease the
prevalence of the carrier state (Slater and York 1976). The carrier state can lead to
recrudescence or reinfection of the host as well as transmission to house mates. Multiple
therapies for chronic FHV-1 infections have been tried, including interferon alpha,
trephination, antiviral drugs, rhinotomy, glucocorticoids, topical decongestants, and
antibiotics directed at secondary bacterial infection (Van Pelt and Lappin 1994).
However, none of these have been able to clear the chronic viral infection; therefore
recurrences of viral shedding and clinical illness are common. Both cell-mediated and
IgA mucosal immune responses are considered important in prevention and control of a-
herpesvirus infections (Lappin ef a/ 2002, Slater and York 1976). Improved FHV-1
vaccines or responses to vaccinations are needed to lessen morbidity induced by this

pathogen.
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In this study, we hypothesized that feeding E. faecium SF68 to kittens would
enhance non-specific immune responses, FHV-1, FCV, and FPV-specific humoral immune
responses, and FHV-1-specific cell-mediated immune responses of kittens.

Materials and Methods

Feline study population. Twenty, six-week old SPF kittens were purchased from a
commercial vendor.” The kittens were shown to be seronegative for feline leukemia virus
antigen and feline immunodeficiency virus antibodies by ELISA.”

Experimental design. All procedures were approved by the Colorado State University
Animal Care and Use Committee. After a 10 day equilibration period, the kittens were
randomized into two groups of ten kittens each and the treatment study started at 7 weeks
of age. Between 0.25 and 0.28 g (~ 5x10 colony forming units [CFU] based on dilution
count assays) of LBC MES5 PET E. faecium SF68 (NCIMB 10415)° were added into
individual 50 mL conical bottom polypropylene centrifuge tubes, capped, and stored at 4°C
for the duration of the study. Similar preparations were used for aliquots of the palatability
enhancer’ using 150 mg per tube. Aliquots were monitored for water absorption and were
to be discarded if there appeared to be any clumping of either the probiotic or palatability
enhancer. Just before administration, one aliquot of palatability enhancer was transferred
to one of the stored E. faecium SF68 tubes (treatment group) or an empty tube (placebo
group) and diluted using room temperature tap water to a total volume of 10 mL. Contents
were vortexed for at least three minutes and aspirated into a 12 cc syringe. Immediately
after vortexing the suspension, appropriate kittens were orally administered 1 ml of either
the E. faecium SF68 (total daily dose 5x10° CFU per day) or the palatability enhancer

alone (placebo kittens) daily until they were 27 weeks of age. Both groups were fed dry

62

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



kitten food ad libitum® and ‘group’ housed in 2 separate rooms to avoid cross-
contamination with the probiotic. At9 and 12 weeks of age, all kittens were vaccinated
subcutaneously with a modified live combination vaccine' for feline herpesvirus-1,
calicivirus, and panleukopenia virus as recommended by the American Association of
Feline Practitioners (Richards ez a/ 2001).

Sample collection and clinical monitoring. The attitudes and behavior of the kittens were
monitored daily throughout the study. Body weight was measured weekly. Blood, saliva,
and feces were collected from all cats prior to starting probiotic or palatability enhancer
supplementation at 7 weeks of age and at 9, 15, 21 and 27 weeks of age. In addition, feces
were collected from kittens in the treatment group at 28 weeks of age. For each group of
kittens, 5 fecal samples per day were randomly selected from the shared litter box and
scored using a standardized graphic scoring card® and the daily group means determined.
Fecal extracts from samples taken at 9 and 27 weeks of ages were analyzed for total IgA
and total IgG measurement according to a previously published protocol (Benyacoub et al
2003). All samples were stored at -80°C until assayed in batches.

Fecal assays. On each sample date, feces from each kitten were plated in eight serial 10-
fold dilutions onto KF Streptococcus Agar and incubated for 48 hours at 37°C
aerobically. Ten colonies of each morphology type were picked off using sterile loops and
placed in 1.2 mL brain heart infusion (BHI)" and stored at -80°C pending analysis.
Randomly amplified polymorphic DNA (RAPD)-PCR was performed on bacterial isolates
from each sample to determine if viable E. faecium SF68 was in the stools of treated cats
and to assess whether the probiotic was accidentally transmitted from the treated kittens to

the control kittens. The thermocycler parameters were as follows: 30 cycles of one minute
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of denaturation at 95°C, one minute of annealing 40°C, four minutes extension at 72°C.
The 25.5 uL reaction mixture included 2.45 uLL 10x magnesium-free buffer (100 mM Tris-
HCIl, pH 8.3, 500 mM KCl), 3.22 mM MgCl2, 0.4 uL (1 Unit), JumpStart Taq DNA
polymerase', 1.9 uL. dNTP mix (2.5 mM), 1 uL primer (100 uM), 15.47 uL PCR water, and
1 uL bacterial culture. The sequence of the primer used was GGT TGG GTG AGA ATT
GCA CG. Five to ten uL of the PCR product was run on a two percent agarose gel and
patterns of banding were compared to a positive SF68 control. Negative controls from
non-SF68 exposed cats were run on each gel. Commercially available ELISAs' were used
to determine whether Clostridium perfringens enterotoxins or C. difficile toxins A/B were
present in the feces of all kittens. Routine aerobic fecal cultures for Salmonella spp. and
Campylobacter spp. were performed by the Colorado State University Diagnostic
Laboratory.

Immunologic Assays. Complete blood counts, serum biochemical panels, and urinalyses
were performed at the Clinical Pathology Laboratory at Colorado State University.
Antigen specific humoral immune responses were estimated by measuring serum FHV-1-
specific IgG, FHV-1-specific IgA, FCV-specific IgG, and feline panleukopenia-spe;:iﬁc
IgG 1n sera as well as FHV-1 specific IgG and IgA levels in saliva using adaptations of
previously published ELISA assays (Ditmer et al 1998, Lappin et al 2002). For FHV-1
specific IgG and IgA, results were calculated by both the mean absorbance for the triplicate
test wells for each sample and by calculation of percentage ELISA units (test sample mean
absorbance minus the negative control sample mean absorbance/positive control sample
mean absorbance minus the negative control sample mean absorbance multiplied by 100).

For FCV and FPV, mean absorbances were used. Total IgG and IgA concentrations in
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sera, fecal extracts, and saliva were estimated by use of commercially available ELISA
assays or radial immunodiffusion assay® and expressed as amount of immunoglobulin per
volume unit serum after comparison to the supplied standards.

Cellular immune responses were assessed via flow cytometry and whole blood
proliferation assays. Flow cytometry was performed within 12 hours of blood collection
using 500 pL of anticoagulated (EDTA) blood incubated at room temperature in red cell
lysis buffer.! Cells were washed two times with phosphate buffered saline (PBS) and the
resultant cell pellets were resuspended in flow cytometry buffer containing PBS, 0.1%
sodium azide and 2% fetal bovine serum to attain a concentration of 1x10° cells/100 pL if
possible. Samples with insufficient volume for at least 500 pL. of the above suspension
were counted and cell concentration recorded. One hundred pL of each cell suspension
was added to individual wells in a round-bottom 96 well plate for immunostaining. Non-
specific binding was blocked by addition of 10% normal cat serum.” Immunostaining was
done at 4°C in the dark in flow cytometry buffer. Lymphocytes were stained for expression
of CD4 and CD8" and expression of CD44.° For analysis of B cells, lysed whole blood
was immunostained with cross-reactive antibodies to B220” and CD21% and MHC class IL."
Cells for analysis were gated on live lymphocyte populations based on forward and side-
scatter characteristics. Data were collected on a Cyan MLE cytometer” and analyzed using
Summit software.®

Proliferation assays were performed in triplicate using 10 pL whole heparinized
blood preconditioned by incubating in 100 pL complete tumor media' at 37°C with 5% CO,
for 30 minutes before addition of the mitogen or antigen. Cells were stimulated with

nothing (unstimulated), concanavalin A" (10 pg/mL: Con A), or a FHV-1 antigen
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preparation (1 pL/well, prepared prior to the start of the study and stored aliquotted at -
80°C) for 96 hours at 37°C with 5% CO,. Cells were pulsed with 1 uCi tritiated thymidine
per well and harvested 18 hours later onto fiberglass filter mats.” Mats were read using a
MicroBeta® liquid scintillation counter. The mean stimulation index (mean maximum
count per stimulated sample divided by mean maximum count per unstimulated sample)
was calculated for all samples.

Statistical evaluation. On each sample date, group mean values for all measured
parameters were calculated. Differences between the probiotic-treated group and placebo
group were analyzed using a mixed ANOV A model appropriate for a repeated measures
experiment. Time was included in the model as a continuous variable. Percentages of
cat samples positive for C. perfringens enterotoxin or C. difficile toxins A or B and
percentages of gated cells positive for cell surface markers were calculated for each
group of cats over the duration of the study and compared by a two tailed t test."”
Statistical significance was considered to be p < 0.05.

Results

Clinical monitoring. The stools of all kittens were normal at the beginning of the
supplementation period (7 weeks of age). One kitten in each group was removed from the
study for reasons unrelated to the study (femoral fracture, Isospora felis infection prior to
supplementation) and were therefore removed from the final data analysis. Body weight
and fecal scores were not statistically different between the two groups over time or at
any individual time points (Figure 1).

Fecal Assays. Feces from seven of nine treatment cats were positive for SF68 on at least

one time point during the study. However, SF68 DNA was not amplified from feces of
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any treated cat one week after stopping supplementation (week 28). Neither Salmonella
spp. nor Campylobacter spp. were grown from feces. All samples from placebo cats
were negative for SF68 by RAPD-PCR. Numbers of positive samples for C. difficile
toxins A/B or C. perfringens enterotoxin (Table 1) were not significantly different
between the groups over the course of the study.

Immunologic Assays. Complete blood counts and biochemical profiles were within
normal limits for the age group for all cats at all time points. There was no statistical
difference between the groups over time or at any individual time points among the
assays analyzed. No FHV-1 specific IgG was detected in saliva. FCV-specific-1gG
levels in serum were similar between groups (Figure 4). At 15 weeks of age, the
treatment group serum mean FPV-specific IgG levels were numerically greater than those
of the placebo group, but the differences were not statistically significantly different
(Figure 5). Concentrations of total IgG and IgA in serum were similar between groups
(data not shown). Total IgG was not detected in saliva and total IgA concentrations in
saliva were similar between groups (data not shown). Total IgA concentrations in fecal
extracts were similar between groups (Figure 6).

Proliferation assays using either 10 pg/mL concanavalin A or 1 pLL FHV-1
antigen preparation as the stimulants did not produce significantly different mean
maximum counts between groups at any time points. There were no statistical
differences between the groups for any cell surface markers at the first four time points
(Figure 7). At 27 weeks of age, the treatment group had a significantly higher percentage
of gated lymphocytes positive for CD4 (mean 13.87%) than the placebo group (mean

10.61%, p = 0.022). As could be expected, the calculated number of circulating CD4+
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lymphocytes based on the above percentages were also greater in the treatment group
than in the placebo group as there was no difference between groups in the total number
of circulating lymphocytes as determined by complete blood counts at the same time
points. No other comparisons were significantly different.

Discussion

Complete blood cell counts, biochemistry parameters, and body weights were
similar between groups of cats over the course of the study. Fecal scores were similar
between groups as well suggesting that use of SF68 at the dosage described here will
induce no noticeable clinical abnormalities. Salmonella spp. and Campylobacter spp.
shedding was not induced by SF68 supplementation. Several fecal samples in both
groups of kittens were positive for C. difficile or C. perfringens toxins; however, there
was no significant difference in number of positive samples between groups and positive
results did not correlate to the presence of diarrhea. While we documented SF68 in the
feces of the majority of treated cats, we failed to detect the organism one week after
stopping supplementation. This indicates that the organism persisted in the cats only
transiently. We conclude that administration of SF68 using the dosage described here has
no deleterious effects and is safe for administration in the time period studied.

After vaccinations, each of the kittens developed FHV-1, FCV, and FPV-specific
serum antibody responses that are similar to other studies suggesting they were
immunocompetent and that the modified live vaccine used was viable (Lappin et al
2002). The increase in the percentage of gated lymphocytes positive for CD4 in the
treatment group at 27 weeks of age suggested that feeding of the probiotic influenced

cell-mediated immune responses of these kittens. However, because these lymphocytes
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were not further characterized via antigen specificity or cytokine expression, it unknown
at this time how this increase would impact the overall immune response.

The failure to achieve statistical significance for some parameters could be
explained several ways. First, it is possible that SF68 did not influence humoral immune
responses using the protocol designed here and that a different protocol or probiotic is
needed to induce greater measurable effects. Additionally, while we documented SF68 in
the feces of the majority of treated cats, we failed to detect the organism one week after
stopping supplementation. This may indicate that the organism did not persist in the cats
at a level higher than our detection limit which could be required for maximal immune
stimulating effects. However, detection of SF68 in feces is likely to correlate most
closely to the presence of the organism in the large intestine and may not reflect presence
or absence of the organism in the small intestine. Thus, it is possible that SF68 was
present in the small intestine of the treatment group cats but was just not detectable by
our assays when used on feces.

In a similar study that supplemented puppies with SF68, several parameters for
which we saw numerical trends in our kittens achieved statistical significance
(Benyacoub et al 2003). For example, canine distemper virus-specific IgG and IgA
antibodies in serum were statistically greater in SF68 supplemented puppies, but only
after the puppies had been supplemented for 31 and 44 weeks. It is believed that in these
puppies, SF68 induced immune enhancement resulted in persistence of high antibody
levels in supplemented puppies as the antibody levels in the non-supplemented puppies
began to wane. In the study described here, we stopped collections in the kittens after 20

weeks of supplementation but FPV, FCV, and FHV-1 humoral responses may persist for
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months to years after vaccination (Scott and Geissinger 1999). Based on these results, a
longer collection period is indicated in future feline studies of this type. Lastly, there was
a large degree of inter- and intra-individual variation for results of several assays.
Because of the relatively small numbers of cats in the groups, this variation may have led
to masking of significant results. With this degree of variability, it ts difficult to achieve
statistical power with the small group sizes used in this study.

The increase in the percentage of CD4+ lymphocytes in the treatment group
compared to the placebo group without a concurrent increase in CD8+ counts at 27 weeks
of age demonstrates systemic immune modulating effects by the probiotic. Because we
did not show a significant increase in lymphocyte stimulation by FHV-1 or an increase in
the expression of the memory cell marker CD44 on the CD4+ lymphocytes in the
treatment group, the increase in CD4+ T lymphocytes may have been non-specific as the
cells appear to be unprimed. In man, there is evidence that CD4+ T lymphocytes
dominate the response to herpes simplex virus-1 (HSV1) infection over CD8+ T
lymphocytes (Niemialtowski et a/ 1994). In mice, a subset of CD4+ T lymphocytes are
believed to be responsible for decreased mucosal replication and latency when challenged
with HSV-1 (Morrison and Knipe 1997). In addition, a subset of CD4+ antigen specific
T lymphocytes have been shown to be necessary for induction of protective immunity
from HSV-2 infection in mice (Zhao et al 2003). As the CD4+ T lymphocytes of kittens
in this study were not additionally characterized via cytokine production profiles or
additional cell surface marker characterization; it cannot be determined whether a Thl or

Th2 response predominated. In future feline studies, challenge inoculation with virulent
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FHV-1 could be used to better determine whether SF68 supplementation exerts protective

effects.

ENDNOTES

? Liberty Laboratories, Liberty, NY

b Snap Combo, IDEXX Laboratories, Portland, ME

¢ Cerbios-Pharma SA, Switzerland

4 Typical pet food coating (main component liver digest) was used

¢ Typical kitten growth formula meeting all AAFCO requirements and was based on chicken and rice as
main ingredients.

Macronutrient composition:

ingredient unit value
D.E. calkg 4200
moisture 2/100g 22
_protein g/100g 35
carbohydrates | g/100g 29
fat 2/100g 18
crude fiber 2/100g 1.3
ash g/100g 5.8

P Pfizer Animal Health, Exton, PA

£ Nestlé Purina PetCare, St. Louis, MO

'f Becton-Dickinson, Franklin Lakes, NJ

' Sigma D-4184, Sigma-Aldrich, Inc., St. Louis, MO

Y C. perfringens (ELISA, Kit No. 92-000-22) and C. difficile (ELISA, Kit No. 94-0150-KT), Techlabs,

Blacksburg, VA

k Bethyl Laboratories, INC, Montgomery, TX

'Red blood cell lysis buffer: Ammonium Chloride (Buffered)
0.155 M NH,Cl (Ammonium Chloride)
0.010 M KHCO; (Potassium Bicarbonate)
5X10™* % Phenol Red (0.5%)

™ Jackson ImmunoResearch Laboratories, Inc., West Grove, PA

" vpg34; CD4-fitc, vpg9; CD8-rpe; Serotec, Raleigh, NC (Oxford, UK)

° IM7; CD44-pe/cy5 Pharmingen, Franklin Lakes, NJ

? ra3-b62; B220-biotinylated eBioscience, San Diego, CA

% b-ly4; CD21-apc; BD-Biosciences, Franklin Lakes, NJ

"MHC class II-fitc; clone CAG5-3D1, Serotec, Raleigh, NC (Oxford, UK)

* Dako-Cytomation, Fort Collins, CO

' Complete tumor media: modified Eagle's medium supplemented with essential and non-essential amino

acids + 10% FBS

* Sigma-Aldrich, St. Louis, MO

¥ Wallac-Microbeta Perkin —Elmer, Boston, MA

¥ GRAPHPAD Prism, GRAPHPAD Software, Inc., San Diego, CA
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Figures

' C. dq’ﬁczle G perfringens
ebo |Treatmen| Placebo |Treatmen)|
e WG il
7 11.1 0 0
9 2 0 0 0 0
15 8 | 333 | 333 | 889 556
21 14 0 11.1 0 11.1
27 20 11.1 0 22.2 11.1
Mean 88 | 111 | 222 | 156
P value 0.69 0.75

Table 1. Percent of cats pbsitive for C. difficile toxins A/B and C. perfringens enterotoxin during and
after 20 weeks of daily feeding a diet containing 5 x 10* CFU/kitten/day E. faecium SF68. See figure 1
for the complete legend.

s 1 2 95
o v,
2 114 90 %
= 40 EZZAPlaceo _ £ 85 i E
5 M EZZATreatment % 3 80
E) 8+ 7, 1/
3 74 7] Lk § 75
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£ 0 2 S
g 4 :{4 g eo BZAPlacebo
o 3 & 2ZA Treatment
g 24akn &2
% 1+ @ 50
0 45 =
7 9 15 21 27 7 9 15 21 27 29
Age (weeks) Age (weeks)

Figure 1. Body weights (left panel) and fecal scores (right panel) over time of kittens supplemented
with 150 mg chicken digest PO (Placebo, n=9) or 150 mg chicken digest mixed with 5 x 108 cfu/day
Enterococcus faecium strain SF68 (Treatment, n=9) daily starting at 7 weeks of age until 27 weeks of
age. Kittens were vaccinated subcutaneously with a commercially available, modified live FHV-1 vaccine'
at 9 and 12 weeks of age. Box and whiskers represent the minimum, maximum, median and 25th and 75th
percentiles. P>0.05 at all time points.
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Figure 2. FHV-1 specific IgA results in serum (left panel) and saliva (right panel) from kittens with

(Treatment) or without (Placebo) SF68 supplementation. See figure 1 for the complete legend. P>0.05
for all time points.
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FHYV-1 specific IgG results in serum from Kkittens with (Treatment) or without (Placebe)

SF68 supplementation. See figure 1 for the complete legend. P>0.05 for all time points.
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FCYV specific IgG results from kittens with (Treatment) or without (Placebo) SF68

supplementation. See figure 1 for the complete legend. P>0.05 for all time points.
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Figure 5. FPV specific IgG results from kittens with (Treatment) or without (Placebo) SF68
supplementation. See figure 1 for the complete legend. P>0.05 for all time points.
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Figure 6. Total IgG (left panel) and IgA (right panel) in fecal extracts from kittens with (Treatment)
or without (Placebo) SF68 supplementation. See figure 1 for the complete legend. P>0.05 for all time
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Figure 7. Percent of gated lymphocytes positive for CD4 (left panel) and CD8 (right panel) in
peripheral blood by flow cytometry in kittens with (Treatment) or without (Placebo) SF68

supplementation. See figure 1 for the complete legend. * denotes time points at which treatment group was
significantly (P<0.05) higher than placebo group.
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Summary

The pathogenesis of chronic rhinitis in cats is poorly understood and consistently
effective therapies are not currently available. Therefore, randomized clinical trials were
conducted to evaluate a novel immunotherapy for treatment of chronic rhinitis in adult
(n=12) and young cats (n=28). In addition, cytokine profiles in cats with chronic rhinitis
were compared to those of healthy cats. Cats were treated with a potent stimulator of
innate immunity (liposome-IL-2 DNA complexes) and the effects of treatment on clinical
signs and immune function were assessed. In adult cats with chronic rhinitis,
immunotherapy led to significant improvement in frequency of sneezing but not in other
clinical signs when compared to the placebo group, whereas immunotherapy failed to
improve clinical signs in younger cats. Analysis of cytokine expression in cats with
rhinitis did not reveal evidence of a Th2 cytokine bias in cats with rhinitis. We conclude
that chronic rhinitis in cats is not a Th2-biased disease and that immunotherapy may lead

to clinical improvement in adult cats with the disease.
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Introduction

Chronic rhinitis in cats is a syndrome associated with inflammation of the nasal
cavity; it is frequently associated with secondary infection of the frontal sinuses, and it
typically lasts greater than one month (Cape 1992). Clinical signs in cats include nasal
discharge, sneezing, ocular discharge, anorexia, and stertorous breathing. Possible causes
for chronic rhinitis include neoplasia, foreign bodies, viral infections (feline herpesvirus-
1 [FHV-1], calicivirus), mechanical obstruction (dental disease, polyps, or
nasopharyngeal stenosis), bacterial infections (Bordetella bronchiseptica, Chlamydophila
felis and others), allergic diseases, or fungal diseases (Cryptococcus neoformans or less
commonly, Aspergillus spp. or Penicillium spp.). It is relatively easy to remove foreign
body, neoplasia, fungal infection, dental disease, polyps, and nasopharyngeal stenosis
from the differential list with a diagnostic workup. Once these diseases are excluded,
many chronic rhinitis cases have been attributed to the effects of chronic viral infections
or bacterial infections (Helps ef al 2005, Johnson et al 2005b); however it is virtually
impossible to prove a cause and effect relationship, as many potentially pathogenic
organisms are also detected in clinically normal cats (Van Pelt and Lappin 1994). In
addition, multiple causes of chronic rhinitis may coexist in some cats.

Once foreign bodies, dental disease, neoplasia, polyps, fungal disease, and
nasopharyngeal stenosis are ruled out or considered unlikely, multiple treatments for
chronic rhinitis can be attempted. These include use of recombinant human interferon
(IFN)-a, antiviral drugs, systemic or inhaled corticosteroids, topical decongestants,

antibiotics, rhinotomy, or nasal sinus trephination (Van Pelt and Lappin 1994). However,
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none of these treatments have been shown to be consistently effective and recurrences are
common.

New treatments are needed for cats with chronic rhinitis. Because many cases are
thought to have viral or bacterial involvement, enhancement of innate immune responses
may be of benefit. Modulation of the innate immune responses through the systemic
administration of liposomal DNA complexes, either containing non-coding plasmid DNA
or plasmid DNA encoding the gene for interleukin-2 (IL-2), has been demonstrated to
have substantial activity in rodent tumor models (Dow et al 1999a). In addition,
complexes of cationic liposomes and plasmid DNA (CLDC) are extremely potent
inducers of Th1 cytokine responses, triggering the release of several cytokines with
potent antiviral activity, including IFN-y, IFN-a, and IL-12. Moreover, systemic
administration of these complexes has also been shown to partially reverse the Th2
mediated immunological abnormalities present in a mouse model of asthma (Dow et al
1999b). More recently, we have also found that CLDC can be used as vaccine adjuvants
in dogs with refractory atopy (Mueller et a/ 2005). Studies in mice have used treatment
with recombinant interferon-o to successfully reduce the severity of clinical signs in
experimentally induced herpes virus infection (Lenzo et al 2003). Moreover, scid-hu
mice infected with y-herpesvirus have been treated effectively with recombinant human
IL-2, illustrating that several different Th1 cytokines may elicit potent anti-viral activity
(Baiocchi ef al 2001).

The results of these prior studies suggested that liposome-DNA complexes might
be useful as an immunotherapeutic in feline chronic rhinitis, particularly in cases for

which inflammation is related to viral or bacterial infections. We hypothesized that
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chronic rhinitis in cats could be mediated at least in part by an ineffective or subverted
immune response triggered initially by chronic viral or bacterial infection and that
stimulation of Th1 immune responses may aid in the treatment of affected cats. The
purpose of this study was to administer CLDC to different groups of cats to determine the
immunological and clinical effects.

Materials and Methods

Animals and study inclusion criteria. All protocols and procedures were approved by
the Animal Care and Use Committee of Colorado State University. In total, 4 groups of
healthy or clinically 11l cats were studied in a series of 4 experiments.

Group I cats. The 6 cats in this group were laboratory-reared and apparently
healthy when evaluated at 6 to 8 months of age. There was no history of upper
respiratory disease, a complete blood cell count, serum biochemistry profile, and
urinalysis were normal, and the cats were negative for FeLV p27 antigen and FIV
antibodies in serum.”

Group 2 cats. The 8 domestic shorthair, laboratory-reared cats (5 male neutered,
3 female spayed) in this group were evaluated at 1-2 years of age (median age 17 months,
range 15-25 months) and were apparently healthy on physical examination. There was
no history of upper respiratory disease, a complete blood cell count, serum biochemistry
profile, and urinalysis were normal, and the cats were negative for FeLV p27 antigen and
FIV antibodies in serum.

Group 3 cats. The 12 older cats in this group (median age 102 months, range 12-
168 months; 5 male neutered, 7 female spayed) were client-owned and had clinical signs

of chronic rhinitis, the cause of which was most consistent with chronic viral disease.
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Cats were owned by clients of either a university teaching hospital (n = 5) or private
secondary referral center (n = 7). To be entered into the study, the cats had to have: 1) a
non-progressive nasal discharge of > 1 year duration that was incompletely cleared after
administration of oral antibiotics for 4-6 weeks; 2) minimal to no dental disease on oral
examination; 3) lack of other systemic signs besides anorexia and lethargy; 4) lack of
evidence of facial deformity; and 5) discontinuation of antibiotic therapy or
immunomodulating therapy for at least 3 weeks. All 12 cats were determined to be free
of concurrent systemic disease by means of a routine complete blood count, serum
biochemistry profile, urinalysis, and results of FeLLV p27 antigen and FIV antibody
testing. For some cats, other diagnostic tests were performed to further exclude other
common causes of chronic rhinitis. These included Cryptococcus neoformans antigen
test on serum for cats with travel to endemic areas (n = 2; both negative), thoracic
radiographs (n = 9), nasal radiographs (n = 8), computed tomography of the nasal cavity
and sinuses (n = 3), or rhinoscopy with biopsy, histopathology, and bacterial culture (n =
8).

Group 4 cats. The 28 cats in this group (estimated median age 17 months, range
6 — 96 months; 13 male neutered, 15 female spayed) came from a local animal shelter and
had clinical signs of rhinitis, the cause of which was most consistent with viral disease.
To be entered into the study, Group 4 cats had to have: 1) persistence of clinical signs
precluding adoption despite treatment with two different antibiotics (amoxicillin-
clavulanic acid and azithromycin) over 21 days; 2) minimal to no dental disease on oral
examination; 3) lack of systemic signs besides anorexia and lethargy; 4) lack of evidence

of facial deformity; and 5) discontinuation of antibiotic therapy or immunomodulating
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therapy for at least four days. All 28 cats were determined to be free of concurrent
systemic disease by means of a routine complete blood count, serum biochemistry
profile, urinalysis, and results of FeLV p27 antigen and FIV antibody testing.
Preparation of cationic liposome-DNA complexes. The feline IL-2 cDNA was cloned
by RT-PCR from normal cat peripheral blood mononuclear cells (PBMC), based on
published sequence data. The cDNA was cloned into a eukaryotic expression vector
(pPMB75.6) that utilized the CMV immediate-early promoter-enhancer region, a synthetic
intron (pGL3) immediately upstream of the start site, an SV40 early poly(A) site, and the
kanamycin resistance gene, as described previously (Fairman et al 1999). Expression
was confirmed by assaying the ability of supernatants from transiently transfected feline
CrFK cells to support proliferation of normal feline PBMC in vitro (data not shown).
Plasmid DNA encoding feline IL-2 was prepared by alkaline lysis followed by
chromatographic purification, as described previously (Dow et al/ 1999a). The endotoxin
content of the DNA was less than 0.1 EU/ug DNA, as determined by the LAL kinetic
assay.b Cationic liposomes comprised of DOTIM (octadecenoyloxy [ethyl-2-
heptadecenyl-3-hydroxyethyl] imidazolinium chloride)® and cholesterol! were prepared
as described previously by Templeton et al (2003). Briefly, equimolar amounts of
DOTIM and cholesterol were evaporated to dryness, then rehydrated in 5% dextrose in
water (D5W) at 50°C, then extruded sequentially through filters of decreasing diameter
(1000 nm, 450 nm, and 200 nm) to form extruded liposomes. Immediately prior to
treatment of cats, CLDC were prepared by addition of 100 uL of liposomes to 1.5 mL
D5W. One hundred fifty ug feline IL-2 plasmid DNA was then added to the liposomes

and mixed by gentle pipetting of the solution. Additional DSW was then added to bring
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the solution to a final volume of three milliliters prior to injection. The CLDC solution
was administered to non-anesthetized cats by intraperitoneal injection.
Treatment protocols.

Group 1 cats. These 6 cats were randomly assigned by coin flip to 2 treatment
groups in an unblinded randomized trial. Group 1 cats were administered either CLDC
(treatment group [n = 3]) or 0.9% NaCl solution (placebo group [n = 3]) by
intraperitoneal injection (IP) once weekly for six weeks. This route of administration was
selected because pilot studies in mice indicated that this route gave the highest degree of
systemic immune activation with minimal toxicity (data not shown).

Group 2 cats. These 8 cats were randomly assigned by coin flip and assessed in a
double blinded trial. Group 2 cats were administered either CLDC (treatment group [n =
4]) or cationic liposomes (placebo group [n = 4]) by IP injection, once weekly for four
weeks. To determine humoral responses to a novel antigen, the cats were administered
100 ug of keyhole limpet hemocyanin (KLH)® dissolved in sterile phosphate buffered
saline solution (PBS) intradermally (ID) at week 0 and week 2.

Group 3 cats. These 12 cats were randomly assigned by coin flip and assessed in
a double blinded trial. Group 3 cats were administered either CLDC (treatment group [n
= 7)) or cationic liposomes (placebo group [n = 5]) by IP injection once weekly for four
weeks. To determine humoral responses to a novel antigen, the cats were administered
100 ug of KLH dissolved in PBS ID at week 0 and week 2.

Group 4 cats. These 28 cats were randomly assigned by coin flip and assessed in
a double blinded trial. Group 4 cats were administered either CLDC (treatment group [n

= 13]) or cationic liposomes (placebo group [n = 15]) by IP injection once weekly for
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four weeks. To determine humoral responses to a novel antigen, the cats were
administered 100 ug of KLLH dissolved in PBS, ID at week 0 and week 2.
Clinical monitoring and sample collections.

Group 1 cats. Body temperature was assessed prior to treatment and at 2-4 hour
intervals after injection for a 12 hour period and then again at 24-hours after injection. A
complete blood cell count was performed on blood collected on days -14, 0, 1, 7, and 21.
Percentage of the total lymphocyte population that was CD4+ and CD8+ was determined
by flow cytometry on samples collected on days 0, 21, and 42.

Group 2 cats. Body temperature was assessed prior to treatment and at 4 hour
intervals after injection for a 24-hour period. A complete blood cell count was performed
on blood collected on days 0, 1, 7, and 28. Antibodies to KLH were determined on
serum collected on days 0 and 28. Cytokine profiles were determined on samples
collected prior to treatment as well as 8 hours after the first treatment and on day 28.

Group 3 cats. Each of these 12 cats was monitored closely for clinical
abnormalities in the hospital for 12-24 hours following the first injection of CLDC or
liposomes. The cats were then monitored by their owners at home for the duration of the
study. Owners were blinded as to treatment groups and were asked to assess any changes
in clinical signs relative to the cat's clinical condition at the start of the study. Clinical
responses were measured in 25% increments of improvement or decline from baseline
over the preceding week in specific clinical signs, based on standardized scoring criteria
as follows: serous discharge alone occurring on at least one day but less than four days:
one point; serous discharge occurring anymore than three days of the preceding seven

days: two points; mucopurulent discharge present either one or two days: two points were
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assigned for the period; three to five days of mucopurulent discharge: four points, and the
same discharge for five to seven days: five points. Any day on which sneezing was
observed was also recorded and contributed one point per day observed. Other clinical
signs anticipated but not analyzed due to infrequency of occurrence were severity of
conjunctivitis, amount of coughing, and increase or decrease in appetite. Complete blood
counts and serum biochemical profiles values were also determined on blood samples
collected on days 0 and 28. Percentage of the total lymphocyte population that was
CD4+ and CD8+ was determined by flow cytometry on samples collected on days 0, 1, 7,
and 28. Antibodies to KLH were determined on serum collected on days 0 and 28.
Cytokine profiles were determined on samples collected prior to treatment as well as 8
hours after the first treatment and on day 28. Samples for concanavalin A stimulated
whole blood proliferation were collected on days 0, 14, and 28.

Group 4 cats. Each of these 28 cats was hospitalized for the duration of the study.
On day 1 of the study and then weekly, a nasal swab was collected from each cat, placed
in sterile PBS (0.01 M; ph = 7.2), incubated at room temperature for 2 hours, and then
stored at -70°C until assayed for FHV-1 by quantitative PCR assay. Clinical findings
were scored as for Group 3 cats and the person determining the score was blinded as to
the treatment groups. Complete blood counts and serum biochemical profiles values
were also determined on blood samples collected on days 0 and 28. Percentage of the
total lymphocyte population that was CD4+ and CD8+ was determined by flow
cytometry on samples collected on days 0, 1, 7, and 28. Antibodies to KLH were
determined on serum collected on days 0 and 28. Cytokine profiles were determined on

samples collected prior to treatment as well as 8 hours after the first treatment and on day
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28. Samples for concanavalin A stimulated whole blood proliferation were collected on
days 0, 14, and 28.

Quantitation of FHV-1 copy number by quantitative PCR. Quantitation of FHV-1
copy number in nasal swabs taken weekly from Group 4 cats was performed by
quantitative PCR, using a previously published assay (Vogtlin et a/ 2002) adapted for
nasal swabs. DNA was extracted from samples using a commercially available kit®
according to manufacturer’s protocols with 50 ug salmon sperm DNA' added per mL of
manufacturer’s lysis buffer. The 25 ulL PCR reaction contained 12.5 ulL TagMan
Mastermix,? 0.5 uL (400 nM) of each primer, 0.2 uL (80 nM) of probe (FAM/TAMRA),
1.3 uL of sterile water, and 10 uL of extracted template DNA. All reactions were carried
out on an ABI 7000® using the following conditions: two minutes at 50°C, 10 minutes at
95°C, and then 40 cycles consisting of a 15 second 95°C denaturation step followed by a
one minute 60°C annealing step. Parallel reactions for feline GAPDH using a previously
published protocol (Leutenegger et al 1999) were performed on the same plate to account
for variations in DNA quantity in each sample secondary to different yields of cells
during swab sampling. GAPDH reaction conditions were the same as for FHV-1 with the
exception that only 5 uL of template DNA was added with a corresponding increase in
the volume of sterile water (6.3 uL). Data was analyzed with the instrument software."
Signals were considered positive if the fluorescence intensity exceeded ten times the
standard deviation of the baseline fluorescence (threshold cycle [Ct]). All reactions were
run in duplicate. A control sample consisting of DNA pooled from swabs from 10
normal cats spiked with plasmid derived FHV-1 DNA was run on each plate to ensure

repeatable thermocycler conditions.
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A standard curve for GAPDH-cell equivalent was generated using DNA isolated
from a feline lung epithelial cell line (Dow unpublished data) that was digested in the
same manner as the test samples. The standard curve for FHV-1 was generated using a
10-fold dilution series using plasmid generated DNA. The FHV-1 pDNA was produced
using a commercially available vector' after purification® of product obtained from a
conventional PCR reaction using the primers used in the real time assay. Viral load was
then defined as the calculated FHV copy number divided by the calculated GAPDH-cell
equivalent copy number of each sample.

KLH antibody ELISA. Sera for use in this assay was stored at -70°C until assayed. An
indirect ELISA was developed to measure antibodies to KLH. Sera collected from 11
cats prior to inoculation and on day 28 (after receiving two inoculations of KLH) were
used for ELISA titrations. Multiple antigen concentrations, microELISA plates, buffers,
blocks, and secondary antibody concentrations were assessed while optimizing the
ELISAs. In the optimized ELISA, 100 pl of a 1:1600 dilution of 1 mg/mL KLH solution
in 0.01M phosphate buffered saline solution (PBSS; pH 7.2) was added to a microELISA
plate’ and incubated at 4°C for a minimum of 16 hours. Plates were washed three times
with 200 ul PBS solution containing 0.05% Tween 20° (PBS-TW solution). The sera
from the study cats were serially diluted 1:50 to 1:51200 in PBS-TW solution in a final
volume per well of 100 pl. The plate was then incubated at 37°C for 30 minutes. Plates
were then washed 3 times with 200 ul of PBS-TW solution. Horseradish peroxidase
conjugated goat anti-cat IgG (heavy chain specific)* was diluted 1:2000 in PBS-TW
solution and 100 pl was pipetted into the appropriate wells. After a 30 minute incubation

at 37°C, the plates were washed three times (as before) and 100 pl of substrate' was
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added to all wells. The enzyme reaction was stopped after an incubation period of ten
minutes at room temperature (approximately 20°C) by pipetting 100 ul of 0.18M H,SO4
into each well. The optical density of each well (compared to a substrate control blank
row) was read at 450 nm with an automated microELISA reader.” Mean values for this
calculation were used in statistical comparisons. Positive (sera from previously
inoculated cats) and negative (sera from naive cats) controls were included on each plate.
Flow cytometric evaluation of peripheral blood mononuclear cells. All samples for
PBMC collection were frozen and stored in liquid nitrogen until analysis. The PBMC
were separated from heparinized whole blood by density gradient centrifugation using
lymphocyte separation medium." Prior to immunostaining and flow cytometric analysis,
PBMC samples were rapidly thawed and washed in complete medium. Cells were placed
in round-bottom 96 well plates for immunostaining and non-specific binding was first
blocked by addition of 10% normal cat serum. Immunostaining was done at 4°C in
FACS buffer containing PBS, 0.1% sodium azide and 2% fetal bovine serum. Cat
lymphocytes were immunostained with FITC-conjugated antibodies to feline CD4° and
phycoerythrin-conjugated antibodies to feline CD8? and with a cross-reactive PE/cy5
labeled antibody to CD44.% For analysis of monocytes, PBMC were immunostained with
a cross-reactive antibody to CD11b" and a cross-reactive antibody to MHC class II.°
Analysis gates were set on the live lymphocyte population based on forward and side-
scatter characteristics. Data were collected using either a FACSCalibur cytometer' or a
Cyan MLE cytometer," and data were analyzed using either CellQuest' or Summit

software."
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Real-time PCR analysis for cytokines. The level of mRNA transcript expression for
the cytokines IL-4, IL-6, [L-10 and IL-12 and IFN-yand IFN-a and tumor necrosis factor
(TNF)-o. was assessed with quantitative real-time PCR using previously published assays
(Kipar et al 2001, Leutenegger et al 1999). Samples of PBMC were resuspended in
complete tissue culture medium (CTM: modified Eagle's medium supplemented with
essential and non-essential amino acids + 10% FBS) at 37°C for ten minutes immediately
after a rapid thaw and then washed two times with PBS. Total RNA was extracted using
a commercially available kit® according to manufacturer’s directions. Residual genomic
DNA was removed using an on-column DNase 1 treatment. The final product was
eluted into 30 ulL of DEPC treated water. The cDNA was synthesized the same day using
10 uL of the above RNA product, random primers,f dANTP mix (2.5 mM each dNTP),f
MMLYV reverse transcriptase,” and an RNase inhibitor.” Final product was brought up to
volume (60 uL) in DEPC treated water.

TaqMan primer probe pairs were prepared based on previously published
sequences (Leutenegger et al 1999, Kipar ef al 2001). The probes were labeled at the 5’
and 3’ends with a reporter fluorescent dye, FAM, and a quencher, TAMRA, respectively.
Amplifications were carried out in duplicate in 25 ul reaction mixtures containing (final
concentration) 12.5 uL Mastermix,” 0.5 uLL (400 nM) of each primer, 0.2 uL (80 nM) of
probe, 6.3 ul. PCR grade water, and 5 uL template cDNA. Thermocycler conditions and
background were set using the same parameters as for FHV-1. Relative quantification
was carried out using the comparative Cr method (Applied Biosystems 2001) with feline
GAPDH as the endogenous reference gene and each cat’s pre-treatment PBMC sample as

the control sample for across time comparisons. Analysis was done using either
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unstimulated PBMC (Controls) or following stimulation for six hours with phorbol
myristate acetate” (PMA: 10 ng/mL) plus ionomycin® (500 ng/mL) (week 0 samples
only). Samples from Group 3 and Group 4 cats obtained at times zero, eight hours, two
weeks, and four weeks were analyzed for cytokine mRNA expression.

Whole blood proliferation assays. Assays were performed in 96-well plates using 10
ul whole heparinized blood diluted in 100 uL. complete tumor media (modified Eagle's
medium supplemented with essential and non-essential amino acids + 10% FBS) per
well. Cells were incubated with media only (control) or 10 ug/mL concanavalin A and
media (ConA). After 96 hours of incubation at 37°C with 5% CO,, wells were pulsed
with 1 uCi tritiated thymidine for 24 hours before being harvested onto filter mats” and
counted.” All samples were run in triplicate and stimulation indexes (SI) were calculated
by dividing the average of the stimulated cell count by the control count for each cat and
time point.

Statistical analysis. Statistical differences in clinical scores were assessed using the sign
rank test. KLH antibody titers were log transformed in order to normalize data and then
compared using a paired t-test. One way ANOV A with Tukey’s multiple comparison test
was used to identify significant changes between more than two groups of variables. The
level of significance was set at p < 0.05 for all comparisons.

Results

CLDC treatment effects on innate and adaptive immune responses in healthy cats.
Intraperitoneal administration of CLDC rapidly induced a febrile response in Group 1
cats that was significantly different than Group 1 cats inoculated with saline. Fever was

detectable by 6 hours post-injection, peaked by 10 hours, and declined thereafter (Figure
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1). Fever was detected in some CLDC-inoculated, Group 2 cats (3 episodes) and some
liposome-inoculated Group 2 cats (2 episodes) but statistically significant differences
between the groups were not noted.

CLDC-inoculated, Group 1 cats had a significant increase in neutrophil numbers
within 24 hours of injection of CLDC when compared to saline-inoculated Group 1 cats
(Figure 2A). The neutrophil numbers continued to increase until day 7 and plateaued by
day 21. CLDC-inoculated, Group 1 cats also had a significant increase in monocyte
numbers when compared to saline-inoculated Group 1 cats, but differences were not
noted until day 7 (Figure 2B). Compared to baseline values, a significant increase in
neutrophil counts was detected in healthy adult Group 2 cats administered CLDC and
Group 2 cats administered liposomes alone by day 14 (data not shown). However,
differences between CLDC-inoculated and liposome-inoculated Group 2 cats were not
detected. Changes in monocyte counts were not detected in Group 2 cats regardless of
treatment assignment.

Group 1 cats administered CLDC weekly had a significantly higher percentage of
CD4+ lymphocytes (Figure 3A) and significantly a higher percentage of CD8+
lymphocytes (Figure 3B) than Group 1 cats administered saline by 6 weeks of treatment.
KLH antibody responses were similar in Group 2 cats regardless of treatment.

Clinical effects of CLDC administration to cats with rhinitis. In Group 3 cats, fever
was detected in 4 of 7 cats (57%) administered CLDC and 2 of 5 cats (40%) administered
liposomes. Vomiting was detected in O of 7 Group 3 cats administered CLDC and 1 of 5
cats (20%) administered liposomes. In Group 4 cats, fever was detected in 1 of 13 cats

(8%) administered CLDC and 1 of 15 cats (7%) administered liposomes. Vomiting was
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detected in 3 of 13 (23%) Group 4 cats administered CLDC and 2 of 15 cats (13%)
administered liposomes. None of these differences were statistically significant.
Differences between complete blood cell counts, serum biochemical panel, or urinalysis
between the baseline and day 28 samples or between treatment groups at any time points
in Group 3 and Group 4 cats were not detected regardless if CLDC or liposomes were
administered.

For Group 3, 5 of 7 (71%) of owners of cats administered CLDC reported at least
a 25% improvement in the rate of sneezing, whereas none of the 5 cats administered
liposomes alone were reported by the owners to have improved (Figure 4); this difference
was significantly different (p < 0.05). However, there were no differences between
CLDC-inoculated or liposome-inoculated Group 3 cats in regards to nasal discharge
(Figure 4) or weekly clinical score (data not shown). There were also no differences in
nasal discharge (Figure 5A), sneezing, (Figure 5B) or weekly clinical score (data not
shown) between CLDC-inoculated or liposome-inoculated Group 4 cats. Differences in
FHV-1 viral load (data not shown) between CLDC-inoculated or liposome-inoculated
Group 4 cats were not detected. Similar numbers of Group 4 cats were positive for FHV-
I DNA at the beginning of the study (CLDC cats = 2 of 13; liposome cats = 1 of 15) and
the end of the study (CLDC cats = 0 of 13; liposome cats = 0 of 15), regardless of
whether the cats were administered CLDC or liposomes.
Th1 and Th2 cytokine profiles in cats with and without rhinitis. Results for IL4, IL6,
[1.10, IL12, IFNy, and TNFa cytokine expression from PMBC samples from cats in
Groups 2-4 collected prior to treatment were compared before and after activation with

PMA plus ionomycin at time zero. Results from unstimulated PBMC did not vary
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between the 3 groups of cats for any of the 6 cytokines evaluated (Figure 6A). However,
after stimulation, both Group 3 and Group 4 cats had significantly higher levels of
mRNA transcript expression of TNF-o than Group 2 cats (Figure 6B).
Effect of repeated CLDC administration on cytokine mRNA expression in cats with
and without rhinitis. Results for IL4, IL6, IL10, IL12, IFNy, and TNFa cytokine
expression from unstimulated PMBC samples from cats in Groups 2-4 collected prior to
treatment were compared to those in samples collected 8 hours after the first treatment
and on day 28 of the treatment period. Significant differences in the expression of IL-4,
IL-6, IL-10, IL-12, or [FN-y transcripts were not noted in CLDC-treated cats compared to
liposome-only treated cats in either Group 3 or Group 4, when compared to pre-treatment
levels (data not shown). Expression of TNF-ao mRNA decreased between week zero and
week four in CLDC-inoculated Group 3 cats (p = 0.025) but not in CLDC-inoculated
Group 4 cats (p = 0.42). In cats treated with liposomes only, there were no significant
differences in TNF-oo mRNA levels in either Group 3 (p = 0.39) or Group 4 cats (p =
0.38) when compared to pre-treatment levels.
Effects of CLDC treatment on adaptive immune responses in cats with chronic
rhinitis. Whole blood proliferative responses to concanavalin A were significantly
increased (p = 0.05) from baseline in CLDC-inoculated Group 4 cats but not liposome-
inoculated Group 4 cats or CLDC-inoculated or liposome-inoculated Group 3 cats (data
not shown).

KLH antibody levels from day 28 were significantly greater than day 0 in Group 4
cats inoculated with liposomes only (p=0.0004) or CLDC (p<0.0001). In addition, there

were no detectable differences between treatment groups within Group 2 or 3.
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Discussion

There are several significant findings from the experiments performed on the
healthy cats in Group 1 and Group 2. Detection of fever, increased neutrophil count,
monocytosis, increased percentage of CD4+ lymphocytes, and increased percentage of
CD8+ lymphocytes in Group 1 healthy cats after the administration of CLDC documents
that CLDC are activators of innate immunity in cats, similar to what was previously
shown in mice (Dow ef al 1999a). These effects may vary by the age of the cat as
evidenced by detection of persistent monocytosis in the CLDC-inoculated young Group 1
cats but not the CLDC-inoculated older Group 2 cats. Previous studies in mice had
shown that injections of cationic liposomes alone were inert in vivo (Dow et al 1999a).
Data from this study suggests the liposome component of CLDC is not inert when
administered to cats. For example, both liposome-inoculated and CLDC-inoculated
Group 2 cats developed fever and increase in neutrophil count, as did CLDC-inoculated
Group 1 cats. However, cats in the Group 1 placebo group received saline in contrast to
liposomes and did not develop fever or change in neutrophil count. Though the CLDC
used in these studies encoded the feline IL-2 gene, the immune stimulatory effects
observed were most likely the result of the CLDC themselves, rather than due to DNA
specifically coding for IL-2. In support of this, we have previously observed equivalent
degrees of immune activation in mice administered IL-2 encoding CLDC or CLDC
prepared with non-coding DNA (data not shown) by IP injection.

In general, the IP inoculations were well tolerated by the cats. Fever, lethargy,
and vomiting following administration of liposomes or CLDC to cats were generally

transient and mild; we attributed the findings to the rapid induction of innate immunity.
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Serum biochemical profiles remained normal over time and so there appeared to be no
adverse effects on liver or kidney function. The results should be viewed cautiously as
the duration of this study was relatively short; it is possible that longer treatment might
have elicited changes. However, we have treated several cats repeatedly with CLDC
over a 2-4 year period without induction of notable side effects (unpublished data).

The biggest limitations to the experiments performed in the Group 3 and 4 cats
with rhinitis are sample size and inability to perform a complete diagnostic workup in all
cats which did not allow us to further stratify the cases by cause (i.e. bacterial vs. viral).
However, based on the entry criteria utilized, we believe the majority of otherwise
treatable diseases such as nasopharyngeal polyp, dental disease, neoplasia, and fungal
disease were unlikely. Because all cats had previously been treated with antibiotics
considered appropriate for bacterial rhinitis, we believe that chronic viral disease or
another undetermined cause of chronic inflammatory disease was the cause of illness in
these cats. In future prospective studies of this type, it would be optimal to apply a
standardized workup and pre-study therapeutic trials to all cats.

Administration of CLDC but not liposomes to Group 3 cats with chronic rhinitis
resulted in decreased sneezing which suggests that the CLDC protocol used here may be
a useful adjunctive therapy for these patients. As virological data was not available for
this group of cats, it cannot be determined whether induction of anti-viral activity could
have accounted for the lessening of sneezing. Based on results of the experiments in
healthy Group 1 and Group 2 cats, we believe activation of innate immunity is most
likely responsible for the clinical improvement observed, though the exact mechanism of

this effect could not be ascertained in this group of study animals. However, CLDC
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administration may also improve T cell-mediated immunity as evidenced by increased
percentages of CD4+ and CD8+ lymphocytes in healthy Group 1 kittens and by increased
concanavalin A stimulated whole blood proliferative responses in CLDC treated Group 4
cats.

In Group 4 cats, improvement in clinical parameters was noted over time
regardless of administration of CLDC or liposomes alone. It is possible that the clinical
abnormalities were naturally resolving as these were young cats with a relatively short
duration of clinical illness compared to Group 3 cats. However, since we showed
evidence of enhanced innate immunity in healthy Group 2 cats after administration of
liposomes alone, the liposomes may have had a treatment effect in Group 4 cats. Group 4
cats developed detectable KLLH antibody responses regardless of treatment with CLDC or
liposomes whereas KLH antibody responses were not detected in Group 2 or 3 cats. The
failure of healthy Group 2 cats to develop detectable KLH responses suggests that CLDC
or liposome associated immune stimulation alone was not potent enough to enhance
responses to this non-adjuvanted antigen in normal cats. The detection of KLH
antibodies in Group 4 cats with rhinitis, regardless of treatment with CLDC or liposomes
suggests the cats had non-specific immune enhancement induced by their disease process.
The failure to detect the same KLH responses in Group 3 cats with chronic rhinitis may
relate to their age and immune function. Alternately, because Group 3 cats had very
chronic illnesses, any non-specific immune enhancement associated with acute rhinitis
may have waned.

Because complete virological assessments were not performed, we cannot make

definitive statements about the role viruses played in the disease process. In Group 4
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cats, FHV-1 DNA was detected in some cats but because healthy cats can also be
positive, this finding does not prove disease causation. Similar viral loads and percentage
positive results were detected before and after CLDC or liposome administration to
Group 4 cats, suggesting that these protocols did not influence the infection rate or
shedding rates of FHV-1. The FHV-1 infection rate of our Group 4 cats with persistent
disease was much lower than a group of cats with acute, treatment responsive disease (52
of 61 cats) evaluated at the same shelter during the same time period (Veir et al 2004).
This finding may indicate that FHV-1 was not associated with the syndrome in our
population of shelter cats with resistant disease or that the superficial swabs lead to
falsely negative results. However, it is also possible that FHV-1 had caused the initial
insult but was not necessary for the persistence of clinical signs or that FHV-1 copy
numbers within the sensitivity limits of the PCR assay used are only present during acute
disease. We believe the latter hypothesis is most likely because similar methods were
used in our study of cats with acute, treatment responsive disease.

Cytokine profiles showed no bias towards a Th2 type response in cats with
chronic rhinitis in this study. Since the completion of this study, this has been supported
by other publications in which a bias towards a Th1l type response was demonstrated in
nasal biopsies from cats with chronic rhinitis (Johnson et al 2005a). The decrease in
TNF-ao mRNA expression over time in older Group 3 cats with chronic rhinitis following
CLDC treatment may actually be a beneficial effect, as excessive concentrations of TNF-
o can lead to chronic weight loss and other signs associated with chronic rhinitis.
Overproduction of TNF-a can also lead to an inappropriate inflammatory response to

pathogens, which could be a contributing factor to disease in cats with chronic rhinitis.
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The failure to observe changes in cytokine mRNA expression by PBMC in response to
treatment with CLDC may be attributable to the effects of sample collection timing as
activation of innate immunity by CLDC in mice is typically transient (Dow et al 1999a).
In addition, CLDC are more likely to traffic to lymph nodes than to the bloodstream
following IP injection (Zaks et al, 2006), so that assessment of PBMC for cytokine
changes may fail to sample the relevant cell populations.

In summary, we have shown that relatively low doses of CLDC, which are a
potent activator of innate immunity, are capable of eliciting activation of both innate and
adaptive immune responses in cats. Adult, client-owned cats with chronic rhinitis of
greater than one year appear to be more likely to experience clinical benefit from
treatment with CLDC compared to younger shelter cats. However, ages in the humane
society group were estimated and so this age comparison must be interpreted cautiously.
The potency of CLDC and their favorable safety profile in both healthy and sick cats
suggest that further evaluation as an immunotherapeutic in chronic infectious or

inflammatory diseases of cats is warranted.
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Figure 1. Effects of injection of IL-2 CLDC on body temperature in healthy cats.
Six healthy, 6-8-month old purpose-bred cats were randomized to two treatment groups
of 3 cats each (Group 1). One subgroup of 3 cats was injected intraperitoneally once
weekly with liposome-DNA complexes (CLDC) containing 150 ug plasmid DNA
encoding the feline IL-2 cDNA (IL-2 CLDC group). A second subgroup of 3 cats was
injected intraperitoneally with saline only (Control). Body temperature was assessed
prior to treatment and at 2-4 hour intervals after injection for a 24-hour period. The mean
body temperature (= SD) for each group was plotted. Body temperature increased
significantly (p< 0.05) in the IL-2 CLDC group beginning 6 hours after injection and
remained significantly elevated for a 24-hour period.
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Figure 2. Effects of IL-2 CLDC treatment on neutrophil and monocyte counts. Six
healthy, 6-8-month old purpose-bred cats were randomized to two treatment groups of 3
cats each (Group 1). One subgroup of 3 cats was injected intraperitoneally once weekly
with 150 ug IL-2 CLDC (IL-2 CLDC). A second subgroup of 3 cats was injected
intraperitoneally with saline only (Control). Neutrophil (reference range 2-12.0 x 10°/uL)
and monocyte (reference range 0.0 -0.8 x 10°/uL) counts were determined for each group
of animals and the mean (= SD) was plotted. (A) Neutrophil (“PMN”) counts were
significantly increased (p < 0.05) in cats treated with IL-2 CLDC, beginning within 24
hours of the first injection. (B) Monocyte (“‘Monos”) counts were significantly increased
(p < 0.05) by the first week after treatment.
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Figure 3. Effects of IL-2 CLDC treatment on CD4+ and CD8+ lymphocytes in cats.
Six healthy, 6-8-month old purpose-bred cats were randomized to two treatment groups
of 3 cats each (Group 1). One subgroup of 3 cats was injected intraperitoneally once
weekly with 150 ug IL-2 CLDC (IL-2 CLDC). A second subgroup of 3 cats was injected
intraperitoneally with saline only (Control). Peripheral blood mononuclear cells were
collected prior to treatment and again at 3 weeks and 6 weeks of treatment. (A) The
percentage of CD4+ lymphocytes in each cat was assessed by flow cytometry, as
described in Methods, and the mean (+ SD) percentage of CD4+ lymphocytes for each
group was plotted. (B) The mean (+ SD) percentage of CD8+ Lymphocytes was
determined and plotted as for CD4+ lymphocytes. * denotes values that are significantly
(p < 0.05) different between control and IL-2 CLDC treated cats.
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Figure 4. Effect of IL-2 CLDC treatment on clinical signs in adult client-owned cats
with chronic rhinitis. Client-owned adult cats (Group 3) were randomized to 4 weeks of
treatment with intraperitoneal injection once weekly with 150 ug IL-2 CLDC (Treatment,
n=5), or were randomized to treatment with liposomes only (Placebo, n=7). The mean (+
SD) of the owners’ evaluations of changes in clinical scores at each week, compared to
baseline values, were tabulated and plotted. Compared to pre-treatment signs, cats
randomized to the IL-2 CLDC treatment group had a significant improvement in sneezing
(p = 0.016) but not in the frequency of nasal discharge (p = 0.063).
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Figure 5. Effect of IL-2 CLDC treatment on clinical scores in Shelter-owned cats
with chronic rhinitis. Shelter cats were randomized to 4 weeks of treatment with
intraperitoneal injection once weekly with 150 ug I[L-2 CLDC or with liposomes only, as
described in Methods (Group 4). The clinical scores were assessed by assistants blinded
to the treatment groups. The mean (+ SD) scores for nasal discharge (A) and sneezing
(B) were plotted. Differences in placebo (n=13) and treatment (n=15) groups were not
statistically different at any time point (p>0.05).
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Figure 6. Cytokine mRNA expression in PBMC from normal cats and cats with
rhinitis. PBMC were isolated by density centrifugation from blood of Group 2 cats
(Control n = 8), Group 3 cats (Client n =9), and Group 4 cats (Shelter n = 28), prior to
treatment based on sample availability. Total RNA was isolated from cells immediately
after isolation (A) or following stimulation for six hours with phorbol myristate acetate
(PMA: 10 ng/mL) plus ionomycin (500 ng/mL) (B) and cytokine mRNA expression was
quantitated as described in Methods. Mean cytokine expression levels (+ SD) were
expressed relative to a sample of pooled cDNA and plotted. * denotes values that are
statistically different (p < 0.05) from the Control group.
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Introduction

Mycoplasmas are the smallest self replicating bacteria known to man (Dussurget
and Roulland-Dussoix 1994). These bacteria are common cell culture contaminants;
some Mycoplasma species have the potential to induce clinical disease in humans and
animals (Stakenborg et al 2005). While pathogenic Mycoplasma species causing anemia
(Tasker er al 2003, Willi et al 2005) and arthritis (Bonilla ef al 1997, Ernst and Goggin
1999, Moise et al 1983) are well documented, the role of Mycoplasma species in
respiratory disease in cats is unknown. Mycoplasma species have been isolated from the
respiratory tracts of both healthy and clinically ill cats (Bannasch and Foley 2005,
Chandler and Lappin 2002, Crisp et al 1987, Foster et al 1998, Foster et al 2004, Johnson
et al 2005, Padrid et al 1991, Randolph et a/ 1993, Tan et a/ 1977, Tan and Miles 1974).
Respiratory disease has been experimentally induced by inoculation with a Mycoplasma
species in at least one SPF kitten (Tan 1974). However, the numbers of organism in the
inoculum seemed to be greater than what would be encountered naturally and the kitten
was most likely immunosuppressed secondary to its age at inoculation and sampling via
cardiac puncture. Due to the difficulty in speciating mycoplasmas, veterinary studies
typically identify them only to the genus level. However, in those studies that do identify
the species of mycoplasmas involved, Mycoplasma felis is frequently encountered.

Historically, detection of mycoplasmas has been achieved through microbiologic
culture. However, Mycoplasma species are difficult to culture in vitro. Evenifa
diagnostic laboratory equipped to culture the organism is available to the general
practitioner, the need for specialized transport media, the poor survival of the organisms

during transport, and the slow growth of the organisms make diagnosis of Mycoplasma
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species infection cumbersome at best. The development of assays based on detection of
the DNA of Mycoplasma species has eased specialized sample submission requirements
and decreased delays in treatment because the results can be returned in much shorter
time than for culture. Recently, a conventional endpoint PCR assay for the detection of
M. felis has been developed for use in veterinary medicine (Chalker ef al 2004).

Because Mycoplasma species can be detected in normal animals as well as those
with clinical illness, culture results and conventional PCR assay results that are reported
only as positive have minimal positive predictive value. In an attempt to differentiate
normal commensal levels of bacteria from pathologic levels, previous authors have
defined “cutoff values” of bacterial counts from quantitative culture of airway samples
obtained from dogs (Peeters er al/ 2000). Using this same theory, the quantitative results
from a rapid, reproducible, real time PCR (rtPCR) based assay for M. felis might
differentiate a clinically i1l cat from a carrier. Therefore, the purpose of this study was to
develop a g-rtPCR based assay for the detection of M. felis in respiratory samples
collected from cats. If successful, the assay could be used in future studies to determine
if there is level of M. felis DNA that correlates to the presence of illness and could also be
used to monitor response to administration of drugs with an anti-Mycoplasma spectrum.
Materials and Methods
Bacterial Strain Sources and Detection

Mycoplasma species isolated from four cats enrolled in a separate study (Veir et
al 2004) were used for PCR amplification and sequencing. Briefly, oropharyngeal swabs
from cats showing clinical signs of upper respiratory disease were inoculated on to Friis

broth agar plates, then placed in 2 mL of Friis broth and incubated at 37°C with 5% CO,
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for 24 hours. The resulting culture was again inoculated onto Friis broth agar plates. All
plates were incubated at 37°C with 5% CO, for 72 hours immediately after inoculation.
Mycoplasma cultures were considered positive if colonies had a microscopic “fried egg”
appearance on selective agar (Friis broth). All microbiologically positive Mycoplasma
species isolates were confirmed by a previously published endpoint PCR (Baird et a/
1999). Mycoplasma isolates from cats negative by nucleic acid detection methods and
virus isolation for FHV-1 and feline calicivirus were selected for use in this study in
order to increase the likelihood of detection of pathogenic strains. As a positive control,
M. felis strain 23391 was obtained from the American Type Culture Collection (ATCC).?
Amplification of Isolate DNA and Sequencing

DNA from 200 uL of each bacterial culture and the ATCC strain was extracted
according to the manufacturer’s suggested protocol using a commercially available kit.”
16s rDNA was amplified from all isolates using a previously published nested PCR
protocol (Baird et al 1999). Amplification products were visualized with ethidium
bromide staining and ultraviolet illumination. Bands were excised from the agarose gel
and purified using a commercially available kit.® Sequencing was performed using a
commercial genetic sequencing service* using an ABI3100 Genetic AnalyzerI and the
ABI V3.1 Big Dye ready reaction kit." Results for all samples were compared to
available 16s rDNA sequences® using the BLAST algorithm and all samples used in this
study had >95% sequence homology with M. felis.
Design and Selection of Primer Pairs

A consensus sequence of the four 16s rDNA PCR amplification products was

generated using Clustal W' and default parameters.® Primer pairs were designed using
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commercially available software” with the following limits: primer T, 58-60°C, primer
GC content 30-80%, primer length 9-40 base pairs, amplicon size 50-150 base pairs, and
no GC clamp. Secondary structure was evaluated using the mFold program.i Four
primer pairs were selected and tested at varying concentrations (Table 1) using DNA
extracted from the ATCC strain and SYBR® Green' as the detection chemistry. The 25
uL reaction contained the following: 12.5 pL SYBR® Green master mix,* 5 uL template
DNA, and a primer/water mix. Primer volumes and concentrations were varied
according to a trial primer matrix (Table 1) and water was added to bring total volume of
the mixture added to the reaction to 7.5 pL. All reactions were carried out on an ABI
7000 or Bio-Rad iCycler using the following conditions: 2 minutes at 50°C, 10 minutes
at 95°C, and then 40 cycles consisting of a 15 second 95°C denaturation step followed by
a one minute 60°C annealing step. Amplification was followed by a melt curve
consisting of 80 cycles with a hold time of 10 seconds and a step of 0.5°C. As no pair
gave acceptable results, a second analysis of the consensus sequence using the same
primer design software was performed after changing the GC clamp setting to 1. In order
to determine the linear range of the reaction, a log dilution series of the ATCC isolate
was performed (1 x 10° to 1 x 107 dilutions) and regression analysis was performed on
the resulting standard curve using the instrument software. Intra- and interassay
variability were determined by running five replicates of the entire dilution series in a
single run and the same dilution series in duplicate for three consecutive days,
respectively. Finally, DNA isolated from the four field isolates were subjected to the g-
rtPCR assay on a single plate along with appropriate positive (ATCC M. felis strain

23391) and negative (no template control) samples in duplicate. In order to determine
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spectficity for M. felis compared to other Mycoplasma species, previously extracted DNA
from M. gateae, M. californicum and M. bovis was applied in duplicate to the assay. All
products that were defined as positive (mean fluorescence ten times the standard
deviation of background) were separated via agarose gel electrophoresis and purified,
sequenced, and compared to published sequences as above.
Results
Assay Characteristics

Characteristics of the primer pair selected and resulting amplicon are shown in
Table 2. The amplified fragment contains 108 base pairs. Moderate secondary structure
was detected with the mFold software program; however, no other suitable pairs within
the consensus sequence existed given the constraints of the primer design. Initial
concentration of the type strain stock was 16.56 pg/mL resulting in a dilution series
ranging from 8.28 x 107 to 8.28 x 10" pg DNA applied to the reaction. The lowest
reliable level of detection was 8.28 x 10' pg DNA/reaction and the assay was linear over
a range of four dilutions with an r* value of 0.968 and reaction efficiency of 87.2%
(Figure 1). Intraassay variability was within acceptable limits; maximal coefficient of
variation of Ct for any single dilution over 5 replicates was 8.0% (Figure 1). The
maximal coefficient of variation of mean calculated starting quantity for any single
dilution over 3 days was 7.3% (Figure 2) and correlation coefficient (r*) ranged from
0.9581 to0 0.9995. The melting curve showed that the 7m values for the type strain
ranged between 81.0 and 83.5°C. Agarose gel electrophoresis demonstrated a single

product between 105 and 110 bp correlating with the predicted size of 108 bp. Sequence
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analysis of the product showed >99% homology with the previously demonstrated type
strain sequence.

Sensitivity and Specificity of the Assay using Field Isolates and other Mycoplasma
species.

The assay was able to demonstrate M. felis DNA in all four field 1solates. Initial
starting concentrations were not able to be determined spectrophotometrically as they
were out of the working range of the instrument. Calculated starting quantity ranged
from 22 to 38 pg DNA applied to the reaction. Melting curves showed a single peak in
each of the four field isolates with a range of Tm values between 78.5°C and 83.0°C. No
reaction containing water as template (no template control) was positive based on
maximal fluorescence or demonstrated a peak on melt curve analysis. Additionally, all
three non-M. felis species were negative in all reactions applied. Sequencing of the
products from the four field isolates showed >93% homology with the type strain.
Discussion

The SYBR® Green based assay demonstrated a linear range of four log dilutions
and good sensitivity. Melt curve analysis demonstrated that a single product was
responsible for fluorescence in the assay and that the assay is reproducible. Correlation
of detection rates between a previously published endpoint PCR (Baird et a/ 1999) and
culture methods in field isolates demonstrates that this assay is useful in field applications
as well. Finally, the assay can accurately differentiate between M. felis and the selected
strains tested in this study. The variability in 7m values is not a concern based on the
data from this study, as no products were formed that were not consistent with M. felis.

However, limited numbers of negative controls were applied and further studies should
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include additional Mycoplasma species previously isolated from the airways of cats
(Ureaplasmas, Mycoplasma laidlawii, M. arginii).

This study used DNA obtained from pharyngeal swabs because of availability.
However, quantitation is impossible because sample collection cannot be standardized
between cats. For this assay to be more clinically useful than conventional PCR assays, a
method for standardizing between samples must be employed. With most quantitative
PCR assays developed to date, normalization between samples is achieved by comparing
the specific gene of interest with a second, so called housekeeping gene. However,
SYBR® Green technology does not allow multiplex assays. If the assay described in this
chapter is used in future studies, a second reaction targeting a housekeeping gene will be
applied to all samples. However, this will double costs and decreases throughput
capabilities. Ideally, fluorescence resonance energy transfer systems would be applied to
allow multiplexing, thereby allowing rapid and more economical normalization and those
experiments will be performed in future experiments. Additionally, further application of
this assay to a more easily standardized sample such as bronchoalveolar lavage may aid
in delineating the role of M. felis in lower respiratory disease in cats. Although this assay
demonstrated the presence of M. felis in ill cats, sample size precluded the stratification
of 1ll vs. healthy cats in an attempt to define a cutoff value for pathogenic organismal

load which 1s planned in future studies.

ENDNOTES

® American Type Culture Collection, Manassas, VA

® DNA Minikit, Qiagen, Incorporated, Valencia, CA

¢ QiaQuick PCR Purification Kit, Qiagen, Incorporated, Valencia, CA

4 Macromolecular Resources, Fort Collins, CO

® NCBI: National Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi
" European Bioinformatics Institute: http://www.ebi.ac.uk/clustalw/index html#

¢ DNA Gap Open Penalty = 15.0

DNA Gap Extension Penalty = 6.66
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DNA Matrix = Identity

DNA ENDGAP = -1

DNA GAPDIST =4

f‘ Primer Express, version 1.0, Applied Biosystems, Foster City, CA

' mFold DNA program: http://www.bioinfo.rpi.edu/applications/mfold/old/dna/
I Bio-Rad, INC, Hercules, CA

iQ SYBR® Green Supermix, Bio-Rad, Hercules, CA

: Applied Biosystems, Foster City, CA
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Final Primer Volume Final Primer Volume Final Primer Volume Final Primer Volume
Concentration in Concentration in Concentration in Concentration in
Reaction Reaction Reaction Reaction
F(50nM) 1.25 uL F(50nM) 1.25uL F(50nM) 1.25 ul. F(50nM) 1.25 ul
R(50nM) 1.25 ul R(100nM) 0.50 uL R(300nM) 1.50 ul R(600nM) 3.00uL
F(100nM) 0.50 uL F(100nM) 0.50 ulL F(100nM) 0.50 uL F(100nM) 0.50uL
R(50nM) 1.25 ul R(100nM) 0.50 uL R(300nM) 1.50 uL R(600nM) 3.00 uL
F(300nM) 1.50 ulL F(300nM) 1.50 uL F(300nM) 1.50 ulL F(300nM) 1.50 uL
R(50nM) 1.25 ulL R(100nM) 0.50 uL R(300nM) 1.50 uL R(600nM) 3.00ul
F(600nM) 3.00 uL F(600nM) 3.00 uL F(600nM) 3.00uL F(600nM) 3.00 uL
R(50nM) 1.25ul R(100nM) 0.50 uL R(300nM) 1.50 ul R(600nM) 3.00 ulL

Table 1. Matrix of primer concentrations used to develop quantitative real time PCR for
Mpycoplasma felis 16s rDNA A matrix of primer concentrations were evaluated for use in a real time

quantitative SYBR® Green based PCR assay for Mycoplasma felis. Primers and amplicon length are listed
in Table 2. Reactions were evaluated for presence of primer-dimers, a single, uniform melt curve peak, and
finally, lowest C, value. All 50 nM of final concentration primers use 1 tM of primer stock, remaining
concentrations use 5 pM stock. Total volume of primer/water mixture added to reaction was 7.5 pL. PCR
grade water was added to bring the mixture to final volume. F=concentration of forward primer,
R=concentration of reverse primer. Highlighted combination was chosen as the final selection. Adapted
from Nolan, T (2004).

Start Position Length Tm Sequence
Forward 8 22 59 | GGAGCTGGTAATACCCGAAGTC
Reverse 115 21 59 | CCCACGTTCTCGTAGGGATAC
Amplicon 108 82

Table 2. Primer pair and amplicon used in quantitative real time PCR for Mycoplasma felis 16s
rDNA Using a consensus sequence derived from four field isolates, primers were designed using Primer
Express software' to detect 16s tDNA of Mycoplasma felis using SYBR® Green* as the detection
chemistry. Criteria for selection were as in Table 1.Parameters used in the software and thermocycler
protocol is listed in the text.

Correlation Coefficient: 0,968 Slope: -2.673 Inkercept: 18,390 ¥ =-3.673 % + 18,320
PCR Efficiency: 87.2 %

DY
A
Threshiold Cycle

Figure 1. Dilution series for quantitative real time PCR for Mycoplasma felis 16s rDNA Genomic
DNA was isolated from Mycoplasma felis strain 23391 and was serially diluted 10 fold. Stock solution
(dilution log 10°) concentration was determined by spectrophotometry. Five replicates of each point of the
dilution series were run on a single assay. Starting quantity was calculated using the best fit line derived by
the instrument software.’ Individual points represent the mean of each run.
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Figure 2. Dilution series for quantitative real time PCR for Mycoplasma felis 16s rDNA Genomic
DNA was isolated from Mycoplasma felis strain 23391 and was serially diluted 10 fold. Stock solution
(dilution log 10°) concentration was determined by spectrophotometry. Dilution series were run in
duplicate on three consecutive days. Starting quantity was calculated using the best fit line derived by the
instrument software’ on each day. Individual points represent the mean of each run.
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CONCLUSION

Completion of the work described in this dissertation answers some questions
generated by previous studies of URTD in cats. However, there are still many
unanswered questions for future study.
Chapter 1

One of our first goals was to evaluate the organisms associated with URTD in
cats, comparing several methods of detection and sampling sites. The results of this
study differed somewhat from previously published studies in that Chlamydophila felis
was not detected in any samples and FCV was present in only a single sample. However,
as our study focused on nasal discharge as a key criterion for entry this may have
discriminated against cats infected with these organisms as ocular and oral signs are the
disease syndromes most commonly caused by these organisms. We confirmed the
presence of other organisms previously implicated as primary pathogens including FHV-
1, Bordetella bronchiseptica, and Mycoplasma species. The study demonstrated that
sampling from either the nasal or pharyngeal cavity by swab technique is equivalent at
detection of most organisms traditionally associated with URTD. The exception to this
may be Bordetella bronchiseptica, which was detected only in nasal swabs. Finally, the
data generated from this study suggested that molecular biology based techniques for
detection of both FHV-1 and Mycoplasma species are an acceptable alternative to
microbiologic culture techniques. Comparison of detection methods for other organisms,
such as FCV, Bordetella bronchiseptica, and Chlamydophila species, would need to be
carried out in a population that was first surveyed and determined to have an established

prevalence of these organisms, perhaps in a retrospective manner using stored nucleic
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acid from samples previously cultured for the organisms. Additionally, this study
identified several cases in which traditionally defined primary pathogens were not
identified, but in which Mycoplasma, Pasteurella, and Moraxella species were detected.
Studies investigating the pathogenicity of theses strains should be conducted.
Chapter 2

In continuing to evaluate optimal sampling protocols in URTD, Chapter 2
describes the evaluation of the use of a previously developed g-rt-PCR assay for FHV-1
and demonstrated that the assay could discriminate between healthy cats and cats with
significant upper respiratory disease by quantitating the amount of viral DNA present in
nasal swabs. However, the assay failed to discriminate between a group of cats that had
recently shown clinical signs of URTD but had recovered and either healthy cats or those
currently clinical signs. Therefore, results must be correlated with clinical history in
order to be useful in the clinical setting. Further studies using larger sample populations
as well as the addition of two more disease groups consisting of animals affected with
concurrent immunosuppressive systemic disease (i.e. neoplasia, diabetes mellitus) and a
group of recently vaccinated cats would better evaluate the clinical utility of this assay.
Chapter 3

Evaluation of an antigen specific proliferative response using a small volume of
blood due to the age of the animals was necessary in order to assess the cell-mediated
immune response to FHV-1 vaccination for the study conducted in Chapter 4. And so
Chapter 3 describes the evaluation of an assay to fulfill this need using easily acquired
reagents. The use of tritium-labeled thymidine does restrict the use of this assay to

specialized laboratories. Conversion of this assay from a radioactive isotope based assay
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to one based on the Alamar Blue™ technology would allow further utility of this assay.
Along with previous developed ELISAs for FHV-1 antibodies, the completion of Chapter
3 gave an assay that allows in vitro investigation of both arms of the immune system.
Chapter 4

Concurrent oral administration of a proprietary probiotic and administration of a
multivalent URTD vaccine demonstrated that moderately term administration does not
adversely affect the developmental parameters of kittens. Unfortunately, only
numerically greater means were detected in many of the measures of humoral and cell-
mediated immune responses. This may be secondary to insufficient sampling and
treatment time and the lack of viral challenge in order to evaluate clinical signs, the most
significant outcome. Assessing the effect of supplementation during or after challenge
with FHV-1 on clinical signs may be a more valuable test of efficacy. Additionally,
because of probiotics’ effect on local gut health, this supplement may be more useful to
ameliorate the clinical signs of gastrointestinal infections in contrast to the application to
a respiratory disease.
Chapter 5

In an attempt to improve therapeutic options for URTD, the use of a novel
immunotherapy for use in cats in which upper respiratory signs were more prolonged is
described in Chapter 5. In the course of this study, we identified a surprisingly low
detection rate of FHV-1 as compared to animals with presumptive acute disease from the
same shelter. This pathogen has traditionally been associated with this syndrome, but
based on our data, either the organism is an instigating factor but then plays no further

role, is below the level of detection of our assay, or does not factor in the syndrome at all.
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Additionally, we discovered that liposomes used as the placebo treatment in our study
may have immunostimulatory properties independent of incorporation of additional
substances as there was evidence of innate immune stimulation in even our placebo group
animals. Our study produced data that suggests that, contrary to our initial hypothesis,
there is no systemic bias toward the Th2 type cytokines in cats with this syndrome. This
supports previously published findings that there is no local predilection for Thl in the
nasal cavity of cats with chronic rhinitis. The use of the liposome preparation to
stimulate innate immunity may be more useful in primary viral infections in contrast to
the more chronic process which was examined in Chapter 5. Additionally, if there truly
is a local Th1 type bias iﬁ chronic rhinitis, daily local administration of an
antiinflammatory Th2 type cytokine such as IL-10 in a vehicle that would allow
expression until the next dose may improve the clinical signs.
Chapter 6

Finally, the development of a gq-rtPCR for Mycoplasma felis will allow a more
detailed evaluation of the role of this organism in URTD. The assay describe in this
chapter is sensitive and as tested so far, specific. However, further samples should be
evaluated, including Ureaplasmas and samples collected from the lower respiratory tracts
of cats as well as the equine species, as this organism has been implicated in disease in
that species as well. Development of an assay based on a fluorescent probe as opposed to
detection of double stranded DNA will increase specificity and allow for the possibility
of multiplex assays, perhaps in conjunction with other respiratory pathogens such as
FHV-1 and FCV and housekeeping genes for normalization. However, the increased cost

of this technology should be weighed against the possible benefits.
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