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ABSTRACT

Infectious canine tracheobronchitis (ICT) or canine infectious respiratory disease, commonly known
as kennel cough, is an acute, highly contagious respiratory disease that affects the larynx, trachea,
bronchi, and occasionally the parenchyma of the lower respiratory tract. Several pathogens have
been implicated in ICT including viruses, bacteria and mycoplamsa. Little is known about the
prevalence of canine respiratory pathogens in New Zealand. Hence, the aim of this study was to
identify potential respiratory pathogens from dogs that are affected by ICT in New Zealand,
and compare agents found in diseased dogs to those found in healthy dogs. In house (IH)
gPCR assays were developed for the detection of canine adenovirus type 2 (CAdV-2), canine

herpesvirus (CHV) and canine parainfluenza (CPIV).

A total of 96 dogs were sampled, including 47 healthy and 49 diseased dogs, which
comprised three different groups of dogs: greyhounds, pet dogs, and working farm dogs. A
guestionnaire was included for each dog sampled. The samples collected were then
subjected to the following tests: virus isolation, haemagglutination assay for CPIV, IH gPCR
for CAdV-2 and CHV, as well as IDEXX RealPCR respiratory disease panel, and bovine

respiratory coronavirus ELISA to detect antibody to canine respiratory coronavirus (CRCoV).

Based on IDEXX gPCR, CPIV (7.3%), Bordetella bronchiseptica (7.3%) and Mycoplasma cynos
(17.0%) were the most common agents detected in samples from diseased dogs, whereas
CAdV-2 (10.6%) was the most common pathogen amongst healthy dogs. Based on IH gPCR,
CAdV-2 infection was very common among all dogs sampled, with 34/47 (72%) positive

diseased dogs and 37/47 (78.6%) positive healthy dogs.

A total of 47/92 (51%) of dogs were positive for CRCoV antibodies, including 32/46 (69.6%)
of diseased dogs and 14/46 (30.4%) of healthy dogs. In addition, acute serum samples from
diseased dogs were significantly more likely to be positive for CRCoV antibodies compared

to sera from healthy dogs (RR 5.22, CI 1.972, 14.115, p=0.0003).

The results of this study suggest that CRCoV, M.cynos and potentially CPIV may have a role
in ICT in New Zealand, however further investigation is required to support these findings. In
addition, if one excluded dogs positive for CAdV-2 (as there was no difference in levels of
detection of this virus between healthy and diseased dogs), then only 13/47 (27.6%) of

diseased dogs were positive for at least one agent via IDEXX and IH gPCR. This suggests that
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other aetiological agents, not examined in this study, may have contributed to respiratory
disease in sampled dogs. Techniques such as next generation sequencing may help to

identify these pathogens.



Page |iv

ACKNOWLEGMENTS

Firstly, I would like to thank the Centre for Service and Working Dog Health and Research,
Massey University, and the Greyhound Racing Association for providing the funding for this
research project. Also thank you to IVABS at Massey University for providing the facilities

tocarry out my research.

A huge thank you to my supervisors Magdalena Dunowska and Nick Cave for all the help,
support and guidance they have kindly given me throughout my years of study on this
project. In addition, | would like to thank all the dog owners for their time and cooperation
in collecting samples for this study, as well as the various vets around the country who
kindly provided us with samples. A big thank you to Kruno Bojanic and Sara Azarpeykan who
assisted me with the sampling of working farm dogs for this study. Also thank you to Gaya

Gopakumar for all of your technical assistance during my study.

Thank you to all the staff and students at Massey University who assisted me in my study
and thank you to all my friends who have supported me along the way. A special thanks to
Fiona Given for her unwavering support and encouragement right to the very end, and to

Gareth Weeds for his wise words and encouragement.

Finally, | would like to thank my family, in particular my Mum, for all their love and support
throughout my study, and for never losing hope that | would, one day, complete my

Master’s thesis.



Page |v

Table of Contents
Pathogens associated with acute infectious canine tracheobronchitis in New Zealand......................... i
ABSTRACT ...ttt ettt ettt sttt et e bt e s bt e s he e s ae e e at e et e e bt e b et sh et e a b e et e e b e e eh e e eaeeeate e bt e bt e b e e eneeeneeenreen i
ACKNOWLEGIMENTS ...ttt sttt sttt et ettt sa e et e bt esbeesbe e sae e saeeeabeeabeesbeesmeesanesmbeeabeenneennees iv
TADIE Of CONTENTS ...eiiitie ettt et e et e e sttt e sab e e s bt e sbeeesabeeesabeesabeesseeesareesnnes v
List Of fiIgUIrEs @and Lables: .. .uuiiiiiiieie et e e st e e s st e e s s bte e e s sbeaeesereeeesaanee X
ADDIEVIATIONS ...ttt et et e b e she e st sare e bt e b nee 14
Chapter 1: Pathogens associated with the kennel cough syndrome..........cccoeccieeiiciiie e, 1
300 R (01 4 o Yo [0 o1 o o TSROSO PP PP 1
1.2: Canine Parainflu@nza (CPIV)......uue ettt ettt e te e st etae e st e e ba e e s ateesaeeesnaeeensaeesnseean 2
1.2.1: GENEIAl FEATUIES ..cneieieiie ettt sttt st s e st e e sabe e sbeeesabeesabeeesareens 2
A (=T o] [ ot 4T o PPN 2
1.2.3: Pathogenesis and CliNICAl SINS.......ccicciiiiieiiiie e rtae e e e erae e e e eaeeeens 3
B 14 0] o YU TN =T T o ] <N 4
R T B T V- Lo 1] 3N 4
iR SR L Tolol 1o - | 1 o] T PP PPN 5
A A =X o T =1 4 51T Fo Y=Y SRR 5
1.2.8: CPIV N NEW ZEAIANT .....ueiiiiieiiiieiee ettt ettt ettt e st e st e st e e sate e sneeesaree s 6
1.3: Canine AdenoVirus tYPE 2 (CAV=2)....cuu et ettt ercitee e e e tee e e s etee e s e be e e e e sate e e s enbaeeeenreeesennrenas 7
1.3.0: GENEIAl FEATUIES. .. .ottt ettt sttt et e e s b e sbeesae e st e eabeebeennes 7
S T 2 U=T o) [ Tor- Y 4 [ o NS 7
T T o1 g T =T Ty SRR 8
T @ 11 T Tor= 1 I = o TSP 8
S R T 10 0] 0 0T =R =T oo o K <R 9
S BT I T T T ] 3N 9
1.3.7: VaCCINATION. ..ttt a e e s ra e e 9
R Tl =1 o T [=T 4 o110 Fo T =Y 2SRRI 10
1.4: Canine Herpesvirus (CHV) .o..uui ittt ettt et e e tae st e e s ba e e s abeestae e aaeeenbaeesnnes 11
1.4.0: GENEIAl FEATUIES....eieeieeieeeteete ettt sttt s e e re e r e e sneesane e 11
1.4.2: Pathogenesis, clinical signs, and immunopathology ......cccccceecciiiiiiie e, 11
1.4.3: Diagnosis, Treatment and Vaccination ...t 12
O ey YT 1=Y o YT Lo -V 2R 13
1.5: Canine Respiratory Coronavirus (CRCOV) ......cceiccuieeiieeiiieeitieecree e esreeesteeesveesreeessaeesveeennas 13

T R G o L=l L R =T 0 [ =TT 13



Page |vi

1.5.2: Pathogenesis, Clinical signs and Immunopathology ........cccccceveiiiiiei e, 13
1.5.3: Diagnosis, Treatment, and VacCination ..........cooeciieiieiiiee ettt 14
R T =T o a1 o] o -1V 2R 15
1.6: CaniNe INFIUENZA (CIV) ceneriieiie ettt et e et e e s te e et e e sat e e ste e e snteesateeesnseeenseeennnes 16
1.6.1: GENEIAl FEATUIES. .. ettt ettt ettt sttt s et e sab e st e s bt e e sabee s bt e e sabeesabeeesaneens 16
1.6.2: Pathogenesis, Clinical signs, and Immunopathology ........ccccceeeieiiiiicciiee e, 16
1.6.3: Diagnosis, treatment and VacCination .........c..eeeiiiieiiiiiiee e 17
ST Rl Y o T 1= 4 110 Uo Y=Y S PSP 18
1.7: Mammalian REOVIIUS (IMRV) ...c.uuiiiiiieciie ettt te et e s ee st e st e e sate e staeenaeesnreeennns 20
1.7.0: GENEIAl FEATUIES. .. eei ettt ettt ettt s e e sab e s bt e s bt e e sbeesneeesnseesabeeesaneens 20
1.7.2: Pathogenesis, Clinical signs and Immunopathology .......ccccecveeiiiiiiiriiciee e, 20
1.7.3: Diagnosis, treatment, and VacCination ........c..eeeecieieeiiiee e 21
O A S Y o T 1= 4 o110 Fo =Y PSP 21
1.8: Bordetella bronCRiSEPLICA: ..........ccueiiieciiiiieciee et eetee et e e ree e e e ee e e e sbee e s e sbee e s e ssbaeeeeeareeas 21
1.8.1: GENEIAl FEATUIES.c.uetiiiiii ettt ettt ettt ettt e st e st e st e sbe e e sabeesabeeenbeesabeeeneas 21
1.8.2: Pathogenesis, clinical signs, and immunopathology ........ccccceeeeviiieiiniiiee e, 22
1.8.3: Diagnosis, treatment, and VacCination ........c..ceeeciieieeciiee et 22
R T S oY o T [=T 41T Fo =Y RSP SP 23
1.9: Streptococcus equi SUDSP. ZOOCPIACIMICUS ...........c.ueeeeecueeeeeiieeeeeciee e eeieee e eette e e e erae e e e eraee e e eareeas 24
1.9.1: GENEral FEATUIES ..cueeeeeie ettt ettt e sbe e e sab e e sabe e s sbbeesabeeenes 24
1.9.2: Pathogenesis, clinical signs and immunopathology .......ccccccveeeiviiiei i, 25
1.9.3: Diagnosis, treatment and vacCination .........c.c.eeevciiiiiiiieic i 25
S I S Y o T 1= 4 o1To] Fo Y=Y RSP SP 26
1.200: MYCOPIASINIA CYNOS......oveeeeetieeeecieee e eeteee e e ectte e e eetae e e e e baee e e stee e e e ebteeeseabaeeeessbaeaeesbeeeeennraeaeennrenas 27
1.10.1: GENEIAl FEATUIES ...ttt b e bt sae e st e et e be e sbeesaeesaneeas 27
1.10.2: Pathogenesis, clinical signs and immunopathology .......cccccueeeeeiiieiiiciiee e, 27
1.10.3: Diagnosis, treatment and vacCination ..........cooiiiiiiiiiieeeciees et 27

B KO I Yo T [T 0 a1 To] o -V AP SP 28
110 CONCIUSION ettt ettt e b e s bt e s at e st e st e b e e bt e s bt e s bt e sabeeabeenbeesbeesaeenas 29
1.22: AIMS OF the STUAY .eeeeeiiieee e e e et e e e e te e e e e abae e e eeabeee e e ntaeaeenrenas 29
Chapter 2: Optimization and development of in-house real-time PCR assays.......cccccceecueeeeeeveeecennen. 31
2.0 INETOAUCHION ...ttt ettt bt b e st e e s b e et e st e sbe et e s beebeebesbeenee 31
2.2 CAAV-2 ettt ettt et b e b e e s ae e et e b e e re e beesheenane e 33

B Y/ 11 o To Yo [o] [ -V SRR 33



Page |vii

202,25 RESUIES ..ttt ettt sttt ettt e b e bt b e e b b e beesneesaee et s 37
2.3: Caning HErpesVIrUS (CHV) .ottt sttt ettt e s tte e e e tae e e s e ate e e e e bte e e s eabeeeesenntaeeesnnes 40
B T8 R 1Y/ = g Ve Yo o] [ 4V PRSP 40
2,32 RESUIES ettt ettt ettt ettt e sttt e sab e e st e e bt e e st e e e bt e e st e e s be e e s be e e bt e e enteesbeeesareenane 42
2.4: Canine ParainflueNnza (CPIV).......ue ittt rte et e e ste e st e et e e s te e e neeesntaessaeesnneeanns 44
0 Y/ 11 d o Vo Yo [o] Lo Y-V A PSSP 44
28,25 RESUIES ..ttt ettt b e sttt e b e e bt e e bt e s a e st et e bt e b e beesneeeaeeenre s 47
2.5: DISCUSSION 1eiiiiiiiiiiiiiiii ittt e e s et e e s eba s e e s sba e e e s sra e e e s sraeeessanes 48
2.5.1: CAAV-2 gPCR TH @SSAY ..uuvveiiiiiieeeiiiiieeeiiteeessteee s ssieeesssbeeeesssbeeesssnseeesssnseeessnnsensssnnsenessnnsens 48
2.5.2: CHV TH @S85aY - i s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeesaaasasaaaannenns 49
2.5.3: CPIV QPCR TH @SSaY . cieeiieieeeeiieeeeeeeeeeeeeeeeeeee e e s e e e e e e e e e e e s e e e e e e e e e e e e e e e s eeeeesasasnsanns 50
2.6 CONCIUSTON ...ttt ettt e b e b e s ae e s ae e st e e bt et e e bt e sbeesmeesaeeeabeenbeenbeesbeesaeenas 51
Chapter 3: Virological survey of viruses associated with infectious canine tracheobronchitis............ 52
3L INEFOTUCTION ettt ettt s bt e st e st e s bt e e st e e s bbeesabeesabeeesabeesabeesnaeesabeeanne 52
3.2: Materials and MEthOds. ... ..ooiiii ittt sb e ssaee e sbe e 53
32,0 ANMAIS. ettt et ettt e s bt e st e s b e e s bt e e s be e e shbeesabeesbaeesabeenate 53
I Y- 1041 o111 V-SSR 55
3.2.3: Processing Of SAMPIES ......oiiiiiiiie ettt et e e rtee e e e eree e e e et e e e e e bae e e enbaeeeennreeas 56
3.2.4: VIPUS ISOIRTION ittt ettt st ettt be e s s eane s 56
3.2.5: Haemagglutination assay (HA) fOr CPIV.......cocuii ittt ettt et e e aae e s 57
3.2.6: REAIIME () PCR oottt ettt ettt ettt s e e e tae e s te e e st e e satae e baeesabaeessaeesasasssaeesaseeanes 59
3.2.7: Enzyme linked immunosorbent assay (ELISA) for canine respiratory coronavirus antibody
...................................................................................................................................................... 61
3.2.8: StatiStiCal @NAIYSES .uveiiiieiee et e e et e e e e ba e e e e bae e e eenreeas 62
3.3 RESUIES .ttt e e e et et b e s bt r e b r e sree et enre s 62
3.3.1: Data distribULION ..c..eeeieeeeec e e e 62
3.3.2: Detection OFf [IVE VIUS ......ooiiiiiiiiiieiiet ettt sttt 66
3.3.3: IDEXX gPCR canine respiratory disease panel ........ccceccveeiiciieececiiee e 66
I T R [ B o To T U Ty I o | 2 1 PRSP 70
3.3.5: Comparison of IDEXX qPCR and inhouse gPCR results .........ccccceecieeeeciiieeeeeciee e 79
3.3.7: Coronavirus ELISA FESUIES......ccuiiiiiieetieteeeest ettt 80
K D T o1 11T o TP 89
3.4.1: Absence of live VIruS iN SAMPIES ......ooieiiiii ettt e e et e e e 90

3.4.2: Canine adenovirus infections are common among New Zealand dogs..........cccccccvveeenneen. 91



Page | viii

3.4.3 Canine herpesvirus circulates among New Zealand dogs but is unlikely to be important for

G N 93
3.4.4 Canine parainfluenza virus circulates among New Zealand dogs, and may contribute to
[ IO TP P PRSP PPRUPPTRPRRPPO 94
3.4.5: CRCoV infection is common among New Zealand dogs and has likely contributed to ICT
observed in the sampled POPUIGLION. ...c..eii i e 95
3.4.6: The role of other PathOZENS. ...cii i 99
Chapter 4: General Discussion and Concluding remarks ........cceeeveeieeiiiiiiee e 101
YT o1<T o Vo 1ol YRR 103
AppPendix 1: QUESTIONNAINES.....c.uvieeiciiiee et ee et e et e e ertre e e e rae e e e esataeeeesstaeeeeassaeeesassaeeesassaneesnnsseeenns 103
1.1: Questionnaire for dogs with suspected acute tracheobronchitis ...........cccccovveiiiiieeiicieennns 103
1.2: Racing greyhound qUESHIONNAINE .....cccccuiieiiciieie ettt et e e e e e s sree e e e s rreeeeeanes 105
1.3: Pet dOg QUESTIONNGITE .. .uiiiiiiiiie ittt e e et e e e s bee e e e sbteeessbeeeeessntaeaesnnes 106
1.4: Working farm dog qUESTIONNAITE......ccccuiiii i ccteee ettt e e e et e e e e sare e e e ebaeeeeebaeeeeennes 108
Appendix 2: Database for healthy and diseased dOgS.........ceeevciiiiieiiiiie e 109
2.1: Diseased dogs: Signalment and medical history........ccocuviiieciie e 109
2.2: Healthy dogs: Signalment and medical history.......ccccvvciiiieciie e 110
2.3: Diseased dogs: clinical Signs repOrted ........cocciviiiiciieiiiiiie et e e saaee e 112
Appendix 3: Real time qPCR3.1 IH gPCR optimisation .......cccccccieiiiiiiie i i 113
3.1.1: CAdV-2 annealing temperature optimisation..........ccceccveeeieciiieccciiee e 113
3.1.2: CHV annealing temperature optimisation .........ccccuirieeciiei it e 115
3.1.3: CPIV annealing temperature optimiSation ...........ccceeeeciieeeeciieee e e e vre e 117
3.2:IN-hoUSE GPCR FESUIES ..eeieiiiieectee ettt e e e e e e bee e e st a e e e e abeeeeeareeas 118
32,1 CAAV-2: e et st b et b e e r e e re e reesree e 118
3.2, 21 CHV e ettt sttt b e e s aae et e e re e reesrne e 123
3.3: IDEXX @Nd [H QPCR rESUILS ..eeieeiiiiieeciiie e ettt estte e e ettt e e e tte e e et e e e e e arae e e ennbaeeeentaeeeennsenas 128
G N I B 1 1YY 1Y =Y o Lo =L PSRRI 128
I T 0 1= o Ve [o Y=L PSPPSRt 129
Appendix 4: CRCOV ELISA FESUILS ..ccccuviiieicciiieecciieeeecttee ettt e et e et e e e st e e ssaaae e e ssataeessentaaeesansaeeens 131
4.1: Calculation of the percentage of inhibitioN .........cccoooiiii i, 131
4.2: Interpretation Of FESUILS ......eii i e e e 131
4.3: CRCoV serology results: diseased dOZS......cuueiiiiiiiiiiiiieiiiccciiiiee e e e e ececrrree e e e e esevnrre e e e e e e e e snenees 131
4.4: CRCoV serology results: healthy dogs. ... 132
4.5: Reagents and DUFFErs USEA .......cueeiiiiiii e e e 134

B.5.0: PBS: o s 134



Page |ix

4.5.2: Electrophoresis Gl (2% TAE): ... .o eecieee e ectee e esttee e estr e e e e str e e e esata e e e enasaeeesnnsaeeaens 134
4.5.3: Electropheresis Gel (2% TBE) ......ccoiciiieieiiiiececieee ettt e et e e era e e esaaae e e eeaaeeeeas 134
4.5.4: Tris/Borate/EDTA buffer (TBE BUffer) X5 (1L) ..cvecvveriieeieeieeieesieesiee e ereeteesreesteesaeesaneens 134
4.5.5: Cell culture maintenance Media .......ccoceeeiiieriieeeriee et 134

] (=] =] Tol= I KL TR 135



