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Abstract: Canine infectious respiratory disease complex (CIRDC) is caused by different viruses and
bacteria. Viruses associated with CIRDC include canine adenovirus-2 (CAV-2), canine distemper
virus (CDV), canine influenza virus (CIV), canine herpesvirus (CHV), canine coronavirus (CCoV)
and canine parainfluenza virus (CPIV). Bacteria associated with CIRDC include Bordetella
bronchiseptica, Streptococcus equi subspecies zooepidemicus, and Mycoplasma spp. The present study
examined the prevalence of pathogens associated with CIRDC in specimens received by a
Veterinary Diagnostic Laboratory in Georgia from 2018 to 2022. Out of 459 cases, viral agents were
detected in 34% cases and bacterial agents were detected in 58% cases. A single pathogen was
detected in 31% cases, while two or more pathogens were identified in 24% cases. The percentages
of viral agents identified were CAV-2 (4%), CDV (3%), CPIV (16%), CCoV (7%), and CIV (2%). The
percentages of bacterial agents were Bordetella bronchiseptica (10%), Mycoplasma canis (24%),
Mycoplasma cynos (21%), and S treptococcus zooepidemicus (2%). Positive viral cases ranged from 2-4%
for CAV-2, 1-7% for CDV, 1-4% for CHV, 9-22% for CPIV, 4-13% for CCoV, and 1-4% for CIV.
Overall, the study showed that the most prevalent pathogens associated with CIRDC during the
study period were CPIV, M. canis, and M. cynos.
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1. Introduction

Considered among the most common respiratory conditions in veterinary practice worldwide,
canine infectious respiratory disease complex (CIRDC) is a multifactorial syndrome characterized by
an acute onset of respiratory symptoms, including nasal, and ocular discharge, coughing, sneezing,
and fever (Buonavoglia and Martella 2007). These clinical signs are mostly self-limiting and affected
dogs may recover within days or weeks. However, there is a possibility that some cases may evolve
into a severe form of disease with pulmonary tissue involvement such as pneumonia but rarely result
in death (Buonavoglia and Martella 2007; Kawakami et al. 2010). Several viral and bacterial agents
are involved in causing CIRDC in the respiratory tract and these pathogens can sequentially or
synergistically act to result in a particular clinical picture. Pet or shelter dogs of all ages could be
infected by these respiratory pathogens, but puppies have been previously shown to be the most
affected (Radhakrishnan et al. 2007; Maboni et al. 2019). Coinfection is frequent and previous studies
have shown that it may result in a complicated form of the disease including pneumonia (Maboni et
al. 2019; Decaro et al. 2016).

The principal CIRDC causative organisms are Bordetella bronchiseptica (Bemis, Greisen, and
Appel 1977), canine adenovirus type 2 (CAV-2) (Ditchfield, Macpherson, and Zbitnew 1962), canine
parainfluenza virus (CPIV) (Appel and Percy 1970), canine herpes virus (CHV) (Karpas et al. 1968)
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and canine distemper virus (CDV) (Erles et al. 2004). Over time, additional agents has been found to
be implicated in the disease complex, which includes relatively novel pathogens such as canine
influenza virus (CIV) (Crawford et al. 2005), Mycoplasma sp.(Chalker et al. 2004), Streptococcus equi
subsp. zooepidemicus (Chalker, Brooks, and Brownlie 2003), canine coronavirus (CCoV) (Erles and
Brownlie 2008) and canine pneumovirus (CPnV) (Mitchell et al. 2013). Canine reovirus (Binn et al.
1977), canine bocavirus (Kapoor et al. 2012) and canine hepacivirus (El-Attar et al. 2015) have been
recently identified in CIRDC, not as big players as some of the other agents, but their causal role and
contribution to the complex have yet been elucidated.

The CIRDC pathogens are often highly infectious and transmitted mostly by aerosol route,
particularly when many dogs are housed in high-density environments such as boarding kennels,
rehoming centers, and shelters (Pesavento and Murphy 2014; Erles et al. 2004). Dog parks, daycare
facilities, and even veterinary clinics may present the same opportunities for crowded spaces due to
the large number of dogs and can also potentially facilitate CIRDC transmission. Precedent reports
have described an outbreak associated with canine parainfluenza virus and canine herpes virus
among dogs in a veterinary hospitals (Weese and Stull 2013; Kawakami et al. 2010). Because clinical
signs are not sufficient to distinguish amongst the various causes of CIRDC, laboratory diagnostic
tests (ELISA, Bacterial culture, virus isolation, RT-PCR) are crucial and are routinely performed for
determining the etiologic agent. There is no specific treatment for the syndrome. However, it is
recommended that antibiotics should be administered for primary and secondary bacterial infections.
Several monovalent and multivalent vaccines generally formulated for intranasal administration are
available for some pathogens but not for all, which may explain the occasional lack of protection.
Another possible cause of that lack of protection could be justified by the presence of antigenic
variants. Despite the availability of vaccines and antibiotic regimens adopted, outbreaks are still
reported worldwide, and there is very little information on the prevalence of CIRDC in the

United States. The purpose of this study was to retrospectively conduct a data analysis to
determine the prevalence of CIRDC pathogens over 5 years and provide new insights into the
epidemiology of its etiologic agents.

2. Materials and Methods

A total of 459 respiratory specimens (nasal, oropharyngeal, nasopharyngeal swabs,
bronchoalveolar lavage fluid. etc.) were obtained from veterinary practices across the southeastern
United States that were submitted by veterinarians to the Athens Veterinary Diagnostic Laboratory
(AVDL, University of Georgia, Athens, GA, USA) for CIRDC testing, using a real-time RT-PCR for a
time period from 2018 to 2023. The signalments accession number, received date, specimen types,
age, and sex were recorded from the sample submission forms.

Nucleic acids from the respiratory specimens were extracted by either IndiSpin Pathogen Kit
(Cat# SP54106, Indical Bioscience, Orlando, FL) or IndiMag Pathogen Kit-formerly MagAttract 96
cador Pathogen Kit (Indical BioSciences Cat# SP947257) according to manufacturer’s instruction
using with Qiacube automated nucleic acid extraction system (Qiagen, Redwood City, CA) or
KingFisher Flex/Apex purification system (Thermo Fisher).

All polymerase chain reaction (PCR) assays were performed with an exogenous internal control
which both ensures the quality of the extraction process and detects the presence of naturally
occurring inhibitory compounds in the submitted specimens. The internal control is added into each
sample during the extraction procedure to monitor the quality of both purification and amplification.
The primers and probes used in the PCR assays are provided in table 1. All PCR assays were
performed and analyzed using standard procedures (please see references listed in table 1) and
following guidelines as per the Minimums Information for publication of Quantitative real-time PCR
Experiments (MIQE) (Bustin et al. 2010; Bustin et al. 2009).

We performed a retrospective analysis (2018-2022) by querying the database using the
Laboratory Information Management System called VetView (Athens, GA) to retrieve all submitted
cases that requested a CIRDC PCR panel over the 5 years (2018-2022). During that period, the test
panel targeted ten CIRDC pathogens and we analyzed the variables such as age, sex, and seasonality
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according to the pathogen detection rate. Information about previous exposure, vaccination status,
and treatment regimens was not assessed. We split the seasonality into the cold (October 15t to April
15t) and warm seasons (April 16t to October 14th) to analyze the impact of seasons on the prevalence
of CIRDC pathogens. To determine the rate of pathogen detection by age, we also divided the dog
population into four categories: puppies (< 1 year old), adolescents (1-4 years old) adults (4-10 years
old), and seniors (> 10 years old) dogs.

Data in this study were recorded in Excel spreadsheets and imported into JMP software for
statistical analysis. Associations between pathogen occurrence, sex, and seasonality variables were
examined using Chi-square and Fisher’s test. Multivariable logistic regression was used to examine
pathogen occurrence depending on the age variable. A p-value of < 0.05 was considered significant.

No animal experiments were conducted as part of this study. Specimens collected and submitted
by veterinarians from their canine patients were used for laboratory diagnostic testing and reporting
of results back to the submitting veterinarian. All confidential animal and owner identification
information were removed before compiling the data.

Table 1. Primers and/or probes used in the polymerase chain reaction assays for the detection of
canine infectious respiratory disease pathogens in respiratory specimens in dogs.

Pathogen Primers/Probes Reference

Canine adenovirus (CAV- CAV-F CGC GCT GAA CATTAC TAC CTT GTC (Chaturvedi et
2) CAV-R CCT AGA GCA CTT CGT GTC CGCTT al. 2008)
Canine Distemper virus CDV-F ACT ATT GAG AGA CCT CCA GCTGAA A (Saito et al.
(CDV) CDV-R TGC GGT ATC CTT CGG TTT GT 2006)

CDV-P CCG ATT GCC GAG CTA GAC TCT TTG TCA/56-

FAM/3BHQ-1
Influenza A virus IAV) M+25 Foward AGA TGA GTC TTC TAA CCG AGG TCG (Spackman et

M-124-2002 Reverse TGC AAA AAC ATC TTC AAG TCT CTG al. 2003)
M-124-2009 Reverse TGC AAA GAC ACT TTC CAG TCT CTG
M+ 64 Probe TCA GGC CCC CTC AAA GCC

GA/56FAM/ZEN/3IABKFQ

Primary PCR
Canine Parainfluenza PNP1- AGT TTG GGC AAT TTT TCG TCC (Erles et al.
virus (CPIV) PNP2- TGC AGG AGA TAT CTC GGG TTG 2004)

DNA standard Secondary PCR
PNP3- CGT GGA GAG ATC AAT GCC TAT GC
PNP4- GCA GTC ATG CACTTG CAAGTCACT A

Canine Respiratory CRCoV-F ACG TGG TGT TCC TGT TGT TAT AGG (Spiss et al.

Coronavirus (CCoV) CRCoV-R AAC ATCTTT AAT AAG GCG ACG TAA CAT 2012)
CRCoV-P CCA CTA AAT TTT ATG GCG GCT GGG ATG/56-
FAM/ZEN/3IABKFQ

Canine herpes Virus-1 CHV-F ACA GAGTTG ATT GAT AGA AGA GGT ATG (Decaro et al.

(CHV-1) CHV-R CTG GTG TAT TAA ACT TTG AAG GCT TTA 2010)

CHV-P TCT CTG GGG TCT TCA TCC TTA TCA AAT GCG/56-
FAM/ /3BHQ-1

Bordetella bronchiseptica  bfr-Qf CGGAGTGAGATCGTGCATCA (Hozbor,
bfr-Qr CCACCAAACGCAATGACCTG Fouque, and
bfr-P TCGGGAAGGTGCAGCATGTCCTGGAAATA Guiso 1999)
5'6FAM/Zen/3’ ABKFQ

Streptococcus zooepidemicus SodA-F AGA GCA ATT CAC AGC AGC A (Baverud,
SodA-R ACC AGC CTT ATT CAC AACCA SodA-Bd-R ACC Johansson, and
GGCTTG GTT AACCACTA Aspan 2007)

SodA-P CAG GCC CAA CCT GAG CCA AA
/56-FAM/36-TAMSp
Mycoplasma canis FCACCGCCCGTCA CACCA (Chalker et al.
R CTGTCGGGGTTATCTCGAC 2004)
P TTATCAATTATTATTTTAAATGTCA
5/56FAM/3MGBEc
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4
Mycoplasma cynos FCACCGCCCGTCA CACCA (Chalker et al.
R GATACATAAACACAACATTATAATATTG 2004)
P CGGAGTACAAGTTACAATTCATTTTAG
5/JOE/3 NHS/ZEN/3'IBEQ

3. Results

The data were first summarized based on the results of bacterial and viral infections. Viral
pathogens were detected in 34% (n=158 out of 459 tested) of cases while bacterial infections were
detected in 58% (n=265) of the cases. As illustrated in Figure 1, M. canis (24%,110/459), M. cynos
(21%,98/459), and CPIV (16%,74/459) were the most common detected pathogens, followed by B.
bronchiseptica (10%,47/459), CCOV (7%,33/459), CAV-2 (4%,18/459), CDV (3%,12/459), CHV
(3%,14/459), CIV (2%,7/459) and S. zooepidemicus (2%,10/459).

Regarding age susceptibility to infections, some of the CIRDC pathogens were not detected in
all age categories, namely B. bronchiseptica was absent in adult dogs, CAV and CIV were not detected
in senior dogs. We also noticed the absence of CDV and CIV in adolescent dogs. Still, puppies were
significantly more affected than other age groups with B. bronchiseptica, M. canis and M. cynos.
(p<0.0001, P<0.04 and p<0.0001 respectively). Adolescents were the second most affected age group
and with the same pathogens as in puppies (Figure 2).

There was no significant relation between the pathogen occurrence and the sex except for CDV
which was detected more often in males than in females (P<0.0475) and CIV was detected more
frequently in females than in males (P<0.0054). As depicted in Figure 3A, regarding the seasonality
of infections, more samples were received during the warm weather (n=238) than the cold season
(n=221), but these case submissions fluctuated year by year as shown in figure 3A. Subsequently, the
prevalence of positives cases also differed from year to year and did not show any particular trend
(Figure 3 B).
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Figure 1. Overall prevalence of CIRDC pathogens.
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Figure 2. Age-wise distribution of CIRDC pathogens (2018-2022).
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Figure 3B. Prevalence of positives cases during cold and warm seasons.
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4. Discussion

The study aimed to determine the prevalence of etiologic agents associated with CIRDC by
doing a retrospective analysis of the cases submitted to the Athens Veterinary Diagnostic Laboratory,
University of Georgia, Athens, GA. We explored many aspects of the CIRDC in the present study
including the prevalence of pathogens by age, sex, and seasonality. Our findings showed that
puppies are the most affected by the CIRDC and that pathogens such as CPIV, M. cynos, and M. canis
and B. bronchiseptica are predominantly associated with the disease condition. A previous study
found that younger dogs were also commonly infected but with CCOV instead, and they tend to
develop more severe clinical signs (Mitchell et al. 2017).

Kennel cough has always been seen as a regular common respiratory disease with truly little
clinical significance that could be prevented through vaccination. In the past few years, the
resurgence or emergence of new pathogens has progressively boosted the interest in this condition
and is mostly seen as a complex now caused by multiple pathogens (Priestnall et al. 2014). Some of
those emerging pathogens such as S. zooepidemicus, a commensal organism in horses, are often
associated with opportunistic infections. S. zooepidemicus has been recently described as being
involved in fatal hemorrhagic pneumonia in dogs (Byun et al. 2009; Chalker, Brooks, and Brownlie
2003) and M. cynos, was also isolated from several cases of lethal bronchopneumonia in puppies
(Zeugswetter et al. 2007). Additionally, CCOV was shown to be prevalent and related to CIRDC
complications in a European study (Mitchell et al. 2017). Given these points, we could infer there
might be a possibility that emerging pathogens are associated with the increasing severity of disease
which highlights the urge to implement good management and control measures. While S.
zooepidemicus was not detected in another study (Maboni et al. 2019), we identified some positive
cases of S. zooepidemicus in the present study.

The present study also demonstrated an exceptionally low occurrence of traditional CIRDC
pathogens such as CDV, CAV-2 and B. bronchiseptica while surprisingly noticing other pathogens
such as M. canis, M. cynos being commonly identified. These results might be suggesting that the
widespread use of vaccines in the United States is successful. Paradoxically, this could convey the
need to implement new vaccine regimens that include emerging pathogens. The kennel cough
multivalent vaccines have been developed conferring protection against CDV, CAV type 1 and 2 and
CPIV, also available in combination with B. bronchiseptica but not with emerging pathogens such as
M. cynos.and M. canis Vaccination plays a significant role in CIRDC management by reducing the
spread of pathogens and limiting the risk of developing a severe form of disease. Therefore, having
more inclusive vaccines could be crucial to prevent the pathology.

It is noteworthy that CIRDC is a constantly evolving syndrome with pathogens continuing to
emerge, and new agents are being identified at an increasingly rapid rate especially with the advance
in sophisticated diagnostic techniques. Continued monitoring of CIRDC pathogens through rapid
and accurate diagnostic testing and finetuning of vaccine strategies are critical in the prevention and
control of CIRDC in dogs.
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