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In order to describe the isolation rates of potential pathogens and to compare
anatomic sampling site suitability, nasal and pharyngeal swabs were taken from
cats with acute clinical upper respiratory disease in a humane society. DNA of
feline herpesvirus-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 culture and PCR, and Bordetella bronchiseptica was isolated from three 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.
Date accepted: 1 April 2008 � 2008 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
U
pper respiratory tract disease (URTD)
continues to be a major problem in shel-
ters 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 respira-
tory tract disease (URTD) including feline her-
pesvirus-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 sec-
ondary to other primary diseases. Although his-
torically implicated in feline lower respiratory
tract disease (Padrid et al 1991, Foster et al
1998, 2004), Mycoplasma species have recently
been proposed to be associated with chronic
(Johnson et al 2005) and acute (Bannasch and Fo-
ley 2005) feline URTD.
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Microbial detection techniques utilized in
URTD prevalence studies include aerobic cul-
ture, anaerobic culture, virus isolation, polymer-
ase chain reaction (PCR) assay for microbial
DNA, and reverse transcriptase PCR (RT-PCR)
assay for RNA viruses like FCV. However, com-
parison of results amongst previous prevalence
studies cannot be made because of lack of stan-
dardization 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 ill
cats residing in a humane society by use of stan-
dardized methods of microbial isolation applied
to samples collected from two separate but com-
monly referenced sampling sites (nasal and
oropharyngeal).
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Materials and methods

Experimental design

Samples were collected from cats residing in
a combined rural and urban humane society shel-
ter in north central Colorado between January
and December 2003. Sixty-one cats with clinical
signs of URTD (oculonasal discharge, sneezing,
and stertorous breathing) with a qualifying clini-
cal score were entered concurrently into the study
described here as well as an antibiotic therapy
comparison study (Ruch-Gallie et al in press).
While vaccination records are not available, the
policy of this humane society is to administer
a modified live feline viral rhinotracheitis-calici-
panleukopenia (FVRCP) vaccine on admission
and so it is possible some cats had been recently
vaccinated. Within 24 h 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 (Ca alginate swabs,
Ultrafine Al, Fischer Scientific) in the anterior as-
pect of the right nares after removing any excess
mucus. Oropharyngeal swabs were obtained us-
ing a sterile cotton tipped applicator gently ro-
tated in the oropharynx of each cat. One swab
from each sampling site was placed into a com-
mercial transport medium (BBL CultureSwab
Plus Amies Medium with Charcoal, Becton, Dick-
inson and Company; Sparks, MD) and submitted
for culture of Mycoplasma species and aerobic bac-
teria within 4 h. A second swab was placed in viral
transport medium (viral transport media: modi-
fied Eagle’s medium (MEM) with 1% HEPES
(N-(2-hydroxyethyl)-piperazine-N0-2-ethanesulfonic
acid), 4% bovine growth serum, 0.0025% ampho-
tericin Bþ antibiotics) and submitted for virus
isolation within 4 h. The final swab was placed
in 1 ml sterile phosphate buffered saline solution
(PBS), allowed to equilibrate for 2e3 h at room
temperature according to the DNA extraction kit
(Qiagen, Valencia, CA) manufacturer’s instruc-
tions and then stored at �70�C until assayed for
the presence of FHV-1 DNA, Chlamydophila felis
DNA, Mycoplasma species DNA, and FCV RNA.

Aerobic bacteria and Mycoplasma
species culture

Discharge collected on one oropharyngeal and na-
sal swab from each cat was inoculated on to 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% CO2 for 24 h. One
hundred microliters of the resulting liquid culture
was again inoculated on to Friis broth agar plates.
All plates were incubated at 37�C with room air
(blood agar, MacConkey), 5% CO2 (Friis broth)
or 10% CO2 (Columbia) for 72 h immediately after
inoculation. Aerobic bacteria were characterized
using standard biochemical methods. Mycoplasma
species cultures were considered positive if colo-
nies had a microscopic ‘fried egg’ appearance on
selective agar (Friis broth).

Virus isolation

After low speed centrifugation at 4�C, sample su-
pernatant (w1 ml) was filtered using a sterile
0.45 mm filter and inoculated in triplicate on to
a monolayer of Crandall Rees feline kidney
(CRFK) cells. After an adsorption period of
1e2 h at 37�C in 5% CO2, the sample was decanted
and cells were incubated with 1 ml of MEM with
3% fetal bovine serum (FBS) in the same environ-
ment for a maximum of 7 days. Cells were checked
daily for evidence of cytopathic effect after com-
parison to a control well of na€ıve CRFK cells. Sam-
ples that did not show evidence of cytopathic
effect after 7 days were passaged a second time
as previously described before being declared
negative. For positive samples, the virus causing
cytopathic effects was assumed to be either FHV-
1 or FCV based on the results of the FHV-1 PCR as-
say 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 (Sykes et al
1997, Baird et al 1999, Burgesser et al 1999) after
extraction of DNA from one-half the volume of
the sample using a commercially available kit
(DNeasy kit, Qiagen, Valencia, CA) according
to manufacturer’s protocols. RNA was extracted
from the remainder of the sample using a com-
mercially available kit (RNeasy kit, Qiagen, Va-
lencia, CA) 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). Controls for nucleic acid ampli-
fication techniques included extraction of an
equivalent volume of PCR grade water during
nucleic acid extraction and a negative control
consisting of PCR grade water in place of tem-
plate and a positive control consisting of nucleic
acid extracted from positive viral cultures during
amplification.
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Statistical analyses

Concordance of assay and sampling site results
for FHV-1, FCV, C felis, B bronchiseptica, and My-
coplasma species were evaluated using the kappa
statistic with indices of specific agreement (ppos

and pneg) (Feinstein 2002). Definitions of quanti-
tative significance for kappa were as defined by
Landis and Koch (1977). Any analysis that re-
quired larger than a 2� 2 agreement matrix (ie,
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 eval-
uated using a simple proportion of agreement
(Feinstein 2002).
Results
Overall, 65 cats were enrolled in the study. Due
to assay technical difficulties, some assays had
to be repeated on a subset of samples. Therefore,
due to sample volume limitations, not all assays
Table 1. Aerobic organisms isolated from nasal
or pharyngeal swabs of cats with URTD

Aerobic culture
(n¼ 59)

N (% positive)

Nasal Pharyngeal

Bordetella bronchiseptica 3 (5.1) 0 (0)
Mycoplasma species 28 (47.5) 31 (52.5)
Pasteurella species 19 (32.2) 43 (72.9)
Moraxella species 4 (6.8) 21 (35.6)
Coagulase (�)
Staphylococcus species

4 (6.8) 6 (10.2)

Non-hemolytic
Streptococcus species

4 (6.8) 7 (11.9)

Flavobacterium 0 (0) 10 (17.0)
Staphylococcus aureus 0 (0) 2 (3.4)
Staphylococcus intermedius 3 (5.1) 0 (0)
Enterobacter species 0 (0) 1 (1.7)
Escherichia coli 0 (0) 1 (1.7)
Streptococcus b-hemolytic 7 (11.9) 6 (10.2)
Cornebacterium species 1 (1.7) 1 (1.7)
Haemophilus species 0 (0) 1 (1.7)
Actinomyces species 2 (3.4) 1 (1.7)
Micrococcus species 1 (1.7) 0 (0)

Within 24 h of admission, samples were collected
from admissions to a combined rural and urban hu-
mane society shelter with clinical signs of URTD. Rou-
tine aerobic culture was performed on samples within
4 h of collection.
were run on all samples. The number of cats
tested is 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 site (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 bronchi-
septica, Mycoplasma species, FCV, and FHV-1)
were cultured or amplified from a variable num-
ber 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 used, prompting the evaluation
of the samples in a second assay (Radford et al
1997). In the second RT-PCR 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 bron-
chiseptica (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 (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 Myco-
plasma 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 (k¼ 0.67,
ppos¼ 0.85, pneg¼ 0.81). Of the 42 pharyngeal
samples, 29 (69.0%) were positive by PCR assay
and 23 (54.8%) were positive on bacteriologic
culture (k¼ 0.41, ppos¼ 0.77, pneg¼ 0.63). When



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

Microbiologic culture (n Positive/n
total assayed, %)

PCR assay (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
FHV-1 37/54, 68.5 27/54, 50.0 0.63 49/60, 81.7 44/60, 73.3 0.57
Mycoplasma species 28/59, 47.5 31/59, 52.5 0.62 27/50, 54 33/51, 64.7 0.53

Total* 39/51, 76.5 39/51, 76.5 32/51, 62.7 41/45, 91.1 42/45, 93.3 29/45, 64.4

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

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
Table 3. Organisms isolated from nine cats with clin
were detected

Case Mycoplasma species

PCR assay Culture

Nasal Pharyngeal Nasal Pharyngeal

1 (þ) (þ) (þ) (þ)

2 n/a n/a (�) (�)
3 n/a n/a (þ) (þ)
4 n/a n/a (�) (þ)

5 (�) (þ) (�) (�)

6 n/a n/a (�) (�)
7 (þ) (�) (�) (�)

8 n/a n/a (�) (þ)

9 (�) (�) (�) (þ)

Samples were collected as in Table 1. Primary pathogens
felis, FCV, FHV-1.
one primary pathogen was cultured or ampli-
fied 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 [n¼ 5], P dogmatis [n¼ 3]) and
four were co-infected with Moraxella species.

Discussion
A primary goal of this study was to determine
whether nasal or pharyngeal samples were
ical signs of URTD in which no primary pathogens

Aerobic culture

Nasal Pharyngeal

Pasteurella
multocida

Pasteurella multocida,
Non-hemolytic Streptococcus,
Flavobacterium, Haemophilus

(�) Pasteurella dogmatis
(�) (�)
(�) Pasteurella multocida,

Moraxella, Simonsiella
(�) Pasteurella multocida,

Flavobacterium
(�) Moraxella, Simonsiella, Bacillus
Non-hemolytic
Streptococcus

Pasteurella multocida,
Moraxella,
Pasteurella dogmatis

(�) Pasteurella multocida, Moraxella,
Pasteurella dogmatis

(�) Moraxella, Pasteurella dogmatis

were defined as: Bordetella bronchiseptica, Chlamydophila
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optimal for detection of the primary pathogens
associated with URTD in shelter cats; detection
rates of pathogenic organisms obtained by pha-
ryngeal and nasal swabs were similar between
sites for all traditionally defined primary patho-
gens. With the exception of Bordetella bronchisep-
tica, 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), substan-
tial (FHV-1 virus isolation, Mycoplasma species
culture, FCV), or perfect (C felis). In such a poorly
distributed population (FCV, C felis, B bronchisep-
tica), 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 im-
provement in yield. Therefore, unless there is
a high index of suspicion of FHV-1 and virus iso-
lation 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. It must be noted that swabs of different
types were used for sampling from the two ana-
tomic sites and that inhibition of both nucleic
acid amplification and microbiologic culture
has been reported depending on swab type.
However, as results are similar between the
two anatomic sites, it is doubtful that results
would have differed. Additionally, given the
small size of the nares of a cat, we feel that the
urethral culture swab is ideally suited to sam-
pling at that site.

As FHV-1, FCV, and Mycoplasma species
require specialized sample handling to maximize
yield and require minimal transport time before
recovery rates fall, nucleic acid amplification as-
says are being used more frequently. In a previ-
ous study, Mycoplasma species 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 previously reported (Johnson et
al 2004). While PCR assays present several dis-
tinct advantages over culture (decreased need
for special transport, time for storage, rapid re-
sults), the assays detect only the presence of mi-
crobial nucleic acid, not viable organisms.
However, it is unlikely that DNA of dead organ-
isms 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 infec-
tions were FHV-1 positive. FHV-1 can be a pri-
mary pathogen and can also damage epithelial
tissues allowing for secondary bacterial infec-
tion. In addition, currently available assays can-
not discriminate between FHV-1 modified live
vaccine strains and virulent strains (Maggs
and Clarke 2005). Thus, detection of FHV-1 by
culture or PCR assay does not prove illness as-
sociated 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 re-
sults of both sites were combined. Because
FHV-1 culture and conventional PCR assays
are expensive and positive results do not corre-
late to illness, routine use of these assays in in-
dividual shelter cats with URTD appears to
have little clinical benefit. Results of quantita-
tive PCR assays that document the FHV-1 viral
load in a sample may prove to have a better
positive predictive value (Veir et al 2003), but
further studies are needed.

The prevalence of FCV in this study popula-
tion was lower than in previous studies. Even
in normal cats, the rate of detection of FCV
in the oropharynx via RT-PCR or virus isola-
tion has been reported to be as high as 22%
(Binns et al 2000) as the virus can be shed con-
tinuously despite lack of clinical signs. It is
possible to have false-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 FCV was
not a common cause of disease in this popula-
tion of cats. As for FHV-1, positive FCV culture
or RT-PCR assay results do not correlate to
FCV-associated disease and the assays are rela-
tively expensive. Based on these facts, routine
use of FCV culture or RT-PCR assay in individ-
ual 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
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variety of organisms (Bannasch and Foley 2005,
Johnson et al 2005). Thus, detection of different
aerobic bacteria from the nasal cavity and phar-
ynx of the cats described here was not unex-
pected. Results of this study are similar to
others and suggest that aerobic culture of nasal
discharge or the pharynx of cats with URTD is
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 antibi-
otic susceptibility testing of aerobic bacterial
isolates from cats with URTD, more than 80%
of the aerobic bacterial isolates from both the up-
per and lower airway cultures were susceptible
to amoxycillineclavulanic acid, cephalosporins,
chloramphenicol, enrofloxacin, and tetracyclines
(Stein and Lappin 2001).

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 demon-
stration of Koch’s postulates. While these have
been fulfilled for FHV-1, FCV, B bronchiseptica,
and C felis, other proposed primary pathogens
(Mycoplasma 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 re-
maining two cats, Pasteurella and Moraxella spe-
cies were the only organisms associated with
URTD detected (Table 3). Pasteurella multocida
has been suggested to be associated with chronic
nasal disease in cats by one author (Johnson et al
2005) and is associated with atrophic rhinitis in
swine (Eamens et al 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 anatomic abnormality) may have
caused the clinical signs in these nine cats. For
example, some authors have suggested that
anaerobic bacteria may be associated with dis-
ease 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, Pasteurella 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.

We failed to detect C felis in any sample. Chla-
mydophila felis is most often associated with con-
junctivitis and ocular signs in cats (Bannasch and
Foley 2005) and while this was not an exclusion-
ary 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.

The data reported in this study suggest that
either the nasopharynx or rostral nasal cavity
are suitable sampling sites for cats with URTD
in the shelter situation if the causative agent of
any current outbreaks is not known. Addition-
ally, we demonstrated that nucleic acid amplifi-
cation techniques are at least equivalent in
detection of primary pathogens when compared
to microbiologic culture and can be used if it is
more convenient and economical. The presence
of mycoplasmal species in seven cats with no
evidence of primary pathogens suggests these
organisms may play a significant causative role
in URTD in the shelter setting.
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