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Background: Canine adenovirus 2, parainfluenza, and Bordetella bronchiseptica cause respiratory disease in dogs, and each

has a modified live intranasal vaccine available. Molecular diagnostic assays to amplify specific nucleic acids are available for

each of these agents. If positive molecular diagnostic assay results are common after vaccination, the positive predictive value

of the diagnostic assays for disease would be decreased.

Objective: To determine the impact of administration of commercially available modified live topical adenovirus 2,

B. bronchiseptica, and parainfluenza vaccine has on the results of a commercially available PCR panel.

Animals: Eight puppies from a research breeding facility negative for these pathogens.

Methods: Blinded prospective pilot study. Puppies were vaccinated with a single dose of modified live topical adenovirus

2, B. bronchiseptica, and parainfluenza and parenteral dose of adenovirus 2, canine distemper virus, and parvovirus. Nasal

and pharyngeal swabs were collected on multiple days and submitted for PCR assay.

Results: Nucleic acids of all 3 organisms contained in the topical vaccine were detected from both samples multiple times

through 28 days after vaccination with higher numbers of positive samples detected between days 3 and 10 after vaccination.

Conclusions and Clinical Importance: Vaccine status should be considered when interpreting respiratory agent PCR results

if modified live vaccines have been used. Development of quantitative PCR and wild-type sequencing are necessary to

improve positive predictive value of these assays by distinguishing vaccinate from natural infection.
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Infectious causes of respiratory disease are common in
dogs; canine distemper virus, adenovirus 2, parain-

fluenza, influenza, herpesvirus, pneumovirus, respiratory
coronavirus, Bordetella bronchiseptica, various Myco-
plasma spp., and Streptococcus equi var. zooepidemicus
are documented causes.1 Molecular diagnostic assays to
detect viral and bacterial pathogens are available for
these agents. In the United States, modified live vacci-
nes (MLVx) for intranasal (IN) administration are cur-
rently available for adenovirus 2, B. bronchiseptica, and
parainfluenza. These vaccines do not induce sterilizing
immunity, and vaccinated dogs can still develop clinical
signs of disease if exposed to virulent strains of the
organisms.2 It is currently unknown if IN administra-
tion of MLVx against these agents results in positive
molecular diagnostic assay results in dogs without pre-
vious vaccination. If transient positive molecular diag-
nostic assay results are common after vaccination, the

positive predictive value of the diagnostic assays to pre-
dict disease caused by these agents in dogs would be
decreased.

The purpose of this study was to determine the
impact of administration of a single IN dose of a com-
mercially available MLVx adenovirus 2, B. bronchisep-
tica, and parainfluenza containing vaccine,a included as
part of a facility standard initial vaccination series with
a parenteral administration of MLVx containing aden-
ovirus 2, canine distemper virus, and parvovirus, on the
results of a commercially available polymerase chain
reaction (PCR) panel that amplifies the RNA or DNA
of the agents.b

The study was completed with Institutional Animal
Care and Use approval. Beagle puppies housed at a
commercial breeding facility were used.c The puppies
were housed in a closed facility without contact with
other dogs and staff members followed facility barrier
precautions over the course of the study. A sterile cot-
ton swab was gently rubbed at the entrance to the
external nares, and a second swab gently rubbed against
the mucosa of the oropharynx in nonsedated puppies.
The swabs were stored separately at 4°C in sterile plas-
tic tubes and stored until shipped by overnight express
on cold packs for performance of the molecular
assays.b
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Abbreviations:

DNA deoxyribonucleic acid

IN intranasal

MLVx modified live vaccine

MLV modified live virus

PCR polymerase chain reaction

RNA ribonucleic acid

SQ subcutaneous
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A total of 12 puppies were screened twice as
described, 1 week apart, and all were negative for
nucleic acids of the target organisms. Eight puppies
were randomly selected for the study and housed in a
separate room at the breeding facility for the duration
of the study. The puppies were approximately 9 weeks
of age when samples were collected on Day 0 before the
SQ administration of a MLVx containing adenovirus 2,
canine distemper virus, and parvovirusd and the IN
administration of a MLVxa containing adenovirus 2,
B. bronchiseptica, and parainfluenza following manufac-
turer’s instructions (approximately ½ mL per nares).
Nasal and pharyngeal swabs were then collected on
days 1, 2, 3, 4, 5, 6, 7, 10, 14, 17, 21, 24, and 28 for
molecular analysis.b

Sneezing or coughing which have been associated
with IN MLVx administration was not noted over the
course of the study. Adverse effects associated with the
collection of the nasal and oropharyngeal swabs were
not noted. At the time the study was performed, the
PCR panel utilized also included primers for canine dis-
temper virus RNA; and none of the samples collected
over the course of the study were positive. In contrast,
nucleic acids of adenovirus 2, B. bronchiseptica, and
parainfluenza were amplified from both sampling sites,
from all 8 puppies, on multiple days after vaccine
administration (Table 1). Because adenovirus 2 was
administered in both vaccine types, source of that virus
cannot be determined. Increasing numbers of positive
samples after vaccination suggest local replication of
the vaccinal strains. Decreasing numbers of positive
samples over time suggest immune responses inhibiting
organism replication. However, quantitative PCR assays
normalized to total DNA/RNA on the swab would be
needed to confirm or deny these hypotheses. The PCR
laboratory adheres to standard operating procedures
including use of positive and negative controls thus
erroneous results are unlikely.

Agents considered most common for kennel cough
syndrome include canine distemper virus, adenovirus 2,
parainfluenza, and B. bronchiseptica. However, emerg-

ing pathogens include influenza, herpesvirus, respiratory
coronavirus, pantropic coronavirus, pneumovirus, and
others.1 All of these agents, as well as S. equi var.
zooepidemicus and Mycoplasma spp., have been identi-
fied as causes of canine infectious respiratory disease.
Determination of the agent is important for targeting
treatment, particularly for dogs who fail to respond to
standard treatment recommendations.2 In animal shelter
environments, agent identification is critical for out-
break control and individual case management.3

Bacterial and viral shedding postvaccine administra-
tion complicates diagnostic testing and treatment. This
is especially problematic in shelter environments as dogs
are routinely vaccinated on intake. Viral shedding after
vaccination has been detected in cats,4 people,5 cattle,6

pigs,7 and dogs.8 A vaccine strain of B. bronchiseptica
was detected via nasal culture up to 4 weeks after IN
vaccination of 2–week-old puppies.9

Commercially available respiratory PCR panels are a
relatively cost and time effective diagnostic method for
identifying multiple respiratory pathogens. However,
amplification of nucleic acids may inherently lead to
inaccurate clinical diagnosis because small amounts can
be amplified from some animals even though the agent
may not be present in sufficient quantity to cause dis-
ease. In this study, nucleic acids of all 3 organisms con-
tained in the IN vaccine were amplified from both sites
on multiple days via PCR, although no clinical signs of
respiratory disease were observed. Thus, interpretation
of PCR panel results for diagnoses should include con-
sideration of recent vaccination status and clinical signs
of disease. Use of quantitative PCR and wild-type
sequence differences may be able to differentiate
between vaccine and pathogenic agent shedding and
may be used diagnostically in the future.

Real-time reverse transcriptase PCR has been used to
amplify canine distemper virus RNA in blood, urine,
and conjunctival swabs after administration of SQ
MLVx.10 In this study, the PCR panel did not amplify
distemper virus RNA from nasal or pharyngeal swabs.
Further studies are needed to determine whether the

Table 1. Distribution of positive results for nucleic acids of adenovirus 2, B. bronchiseptica, and parainfluenza over
time in 8 Beagle puppies.

Day

Bordetella bronchiseptica Parainfluenza Canine Adenovirus-2

Nasal Pharyngeal Nasal Pharyngeal Nasal Pharyngeal

0 0 0 0 0 0 0

1 8 6 5 1 0 0

2 8 6 8 8 6 5

3 8 6 8 8 6 8

4 8 7 8 8 8 7

5 8 7 8 5 8 8

6 8 8 8 8 8 8

7 8 4 8 7 8 8

10 7 4 8 8 8 8

14 0 2 1 1 0 8

17 1 1 0 0 1 5

21 1 0 0 0 1 4

24 1 0 0 0 0 0

28 1 1 0 0 0 0
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negative result is because this strain of vaccine virus
does not reach the nasal or pharyngeal tissues or was
present at levels below the detectable limit of the assay
used.

Footnotes

a Nobivac� Intra-Trac�3 (Intranasal B. bronchiseptica, adenovirus

2, and parainfluenza), Merck Animal Health, Whitehouse

Station, NJ
b FastPanelTM PCR Canine Respiratory Disease Profile, Antech

Diagnostics, Lake Success, NY
c Ridglan Farms, Ridgeland, WI
d Continuum DAP, Merck Animal Health
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