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CLINICAL RELEVANCE
Canine influenza virus (CIV) subtype H3N8 has emerged as a new pathogen
with sustained transmission in the dog population in the United States. In this
study, we report the experimental induction of respiratory disease in dogs using
three CIV field isolates. Young (14 to 15 weeks of age) CIV-seronegative pups
were challenged with one of three CIV isolates and monitored for clinical signs of
respiratory disease, nasal virus shedding, seroconversion, lung lesions, and virus
isolation from the lower respiratory tract. The challenged pups developed clinical
signs and lung lesions typical of influenza virus infection, shed virus in their nasal
secretions for 7 to 8 days after challenge, and exhibited serum antibodies at 7
and 14 days after challenge. Lung tissues and tracheal swabs collected at 3 and
6 days after challenge exhibited active virus replication. These results demon-
strate that CIV causes respiratory disease in dogs.

� INTRODUCTION
Influenza viruses cause acute, highly con-

tagious respiratory infections in various verte-
brate species, including humans, birds, pigs, and
horses.1 The canine influenza virus (CIV) subtype
H3N8 was initially isolated from racing grey-
hounds from Florida racetracks.2 The affected
dogs exhibited two forms of clinical disease: a
milder disease characterized by initial fever fol-
lowed by coughing for 10 to 14 days and subse-
quent recovery, and a peracute disease character-

ized by hemorrhages in the respiratory tract and
death. The virus is believed to have crossed the
species barrier from horses to dogs and has estab-
lished itself with sustained dog-to-dog transmis-
sion.2,3 Since it was first isolated, CIV subtype
H3N8 has been isolated from dog populations
in at least nine states in the United States4; as of
October 2008, at least 26 states and the District
of Columbia have reported seropositive dogs.5

As a follow-up to Crawford et al’s report,2

Daly and associates6 retrospectively demon-
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laboratory in transport medium. The samples
were inoculated onto Madin–Darby canine
kidney (MDCK) cell cultures and subjected to
two or three passages. The isolates were con-
firmed as subtype H3N8 by serotyping and
polymerase chain reaction analysis. The isolates
were shown to be free of bacteria (including
Mycoplasma) and extraneous canine viruses.

Animals
CIV-seronegative beagle pups (14 to 15

weeks of age) of mixed sex were enrolled in this
study. Pups were blocked by litter and ran-
domly assigned to one of the three treatment
groups using computer-generated random
numbers (Microsoft Excel). All pups were

healthy, seronegative for CIV, and negative for
the presence of CIV in nasal swabs collected at
the time of challenge inoculation. Eight pups
were challenged with each virus isolate and
gang-housed in a biosafety level 2 isolation fa-
cility. Each pup was administered approxi-
mately 108.3 TCID50 [50% tissue culture infec-
tive dose]/4 ml of virus via the intranasal route.
The pups challenged with each virus isolate
were housed separately from the pups chal-
lenged with the other isolates. All pups were
subjected to standard husbandry practices.

Samples
Blood samples were collected before chal-

lenge administration (day 0) and 7 and 14
days after challenge. Nasal swabs were collect-
ed in Dulbecco’s modified eagle’s medium
supplemented with gentamicin and ampho-
tericin B daily from day 0 (before challenge)

strated that a September 2002 outbreak of res-
piratory disease in English foxhounds in the
United Kingdom was caused by equine in-
fluenza virus subtype H3N8. Recently, avian
influenza virus subtype H3N2 has been isolat-
ed from and has established itself in the canine
population in Korea, with sustained dog-to-
dog transmission.7,8 These recent findings re-
fute the hitherto believed notion that dogs are
resistant to infection with influenza viruses.

Although a few recently published re-
ports2,9–11 have established the role of influenza
virus subtype H3N8 in canine respiratory dis-
ease, reports of induction of canine influenza
disease in susceptible dogs under laboratory or
experimental conditions are limited. There-

fore, the objective of this study was to demon-
strate the reproduction of canine influenza dis-
ease in dogs following experimental challenge.

� MATERIALS AND METHODS
All animal experiments were performed with

the approval of the Schering-Plough Animal
Health Institutional Animal Care and Use
Committee. Personnel performing clinical as-
sessments, laboratory tests (serology, virus iso-
lation from nasal swabs and lungs), and lung
lesion scoring were blinded to treatment group
assignment.

Virus
The three influenza virus isolates used in this

study—CIV14-06A, CIV26-06C, and CIV25-
06B—were isolated from dogs exhibiting respi-
ratory disease in Florida. Nasal swabs were col-
lected from sick dogs and transported to the

The objective of this study was to demonstrate
the reproduction of canine influenza disease in

dogs following experimental challenge.
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through day 10 and again on day 14. Virus
titration was performed on the MDCK cell
line. Lung and tracheal (lower part of trachea)
samples were collected as described in the sec-
tion on necropsy.

Clinical Observation
Pups were observed daily for clinical signs of

respiratory disease, including ocular or nasal
discharge, sneezing, coughing, dyspnea, de-
pression, and increased body temperature.
Each clinical sign was assigned a score based on
severity as described in the box at right. The
data were tabulated, and the average daily score
was calculated.

Necropsy
Two pups from each group were euthanized

on days 3, 6, and 14 after challenge. The tra-
chea and the lungs were observed for gross
pathologic changes. Fresh lung tissues and tra-
cheal swabs were collected at the time of
necropsy for virus isolation.

Hemagglutination Inhibition Assay
Heat-inactivated, kaolin-treated serum sam-

ples were evaluated for antibody titers by
hemagglutination inhibition (HI) assays as fol-
lows. A serial two-fold dilution of test serum
was performed in phosphate-buffered saline in
V-bottomed, 96-well microtiter plates. An
equal volume (50 µl) of virus suspension
(H3N8) containing 4 to 8 hemagglutination
units of CIV was added to each well containing
test serum, and the plates were incubated at
room temperature for 30 minutes for anti-
gen–antibody reaction to occur. Then, an equal
volume (50 µl) of 0.5% turkey red blood cell
suspension in phosphate-buffered saline was
added. The plates were incubated at room tem-
perature for an additional 30 to 60 minutes,
and HI results were read visually. The recipro-
cal of the highest dilution of the serum showing

HI was considered as the HI titer of the test
sample. All assays were performed in duplicate,
and the end point HI titer was determined.

Virus Titration
To confirm virus shedding in challenged

dogs, the virus titers in nasal swabs and lung
tissues were determined by titration on
MDCK cells. Briefly, MDCK cells were seeded
in 96-well tissue culture plates and inoculated
with 10-fold serially diluted samples prepared
from lung tissues and nasal swabs. The plates

Assignment of Clinical Scores

Ocular Discharge
0 = None
0.5 = Serous
1.0 = Mild mucopurulent
2.0 = Severe mucopurulent

Nasal Discharge
0 = None
0.5 = Serous
1.0 = Mild mucopurulent
2.0 = Severe mucopurulent

Sneezing
0 = Absent
2 = Present

Cough
0 = Absent
0.5 = Mild
1.0 = Moderate, persistent
2.0 = Severe cough accompanied by choking

or retching sounds

Dyspnea
0 = Absent
2 = Present

Depression
0 = Absent
2 = Present
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were incubated at 37˚C with 5% carbon diox-
ide in a humidified incubator. Seven days after
infection, the plates were observed for cyto-
pathic effect, and the 50% end point for infec-
tivity was calculated using the Spearman–
Karber method. The virus titers were expressed
as log10 TCID50/ml.

� RESULTS
Seroconversion

All pups were seronegative for CIV (HI titer
<10) at the time of challenge (Table 1). Seven
days after challenge, pups developed HI anti-
body titers against CIV. The geometric mean
titers (GMTs) were similar in pups from all
three challenge groups (GMTs, 67, 44, and 63
for Groups 1, 2, and 3, respectively), indicat-
ing CIV infection and induction of the im-

mune response against CIV in pups (Table 1).
As expected, the pups in all three groups ex-
hibited higher antibody titers 14 days after
challenge compared with 7 days after chal-
lenge. Of the three isolates, CIV25-06B
(Group 3) appeared to induce substantially
higher titers (GMT, 501) compared with the
other two isolates (GMTs, 226 for Group 1
and 269 for Group 2).

Clinical Disease
All the pups were healthy and displayed no

clinical signs at the time of challenge. After
challenge, all pups exhibited a range of clinical
signs including ocular discharge, nasal dis-
charge, sneezing, coughing, dyspnea, and de-
pression. Clinical signs started appearing as
early as 1 day after challenge (Figure 1). On
day 2, 33% (8 of 24) of the pups exhibited oc-

ular discharge and coughing. By day 4, 96%
(23 of 24, including the pups euthanized on
day 3) of the pups had exhibited varying de-
grees of coughing, sneezing, and ocular or
nasal discharge. Coughing was the predomi-
nant clinical sign observed following challenge.
All pups (except those euthanized on day 3) in
Groups 1 and 3 and 67% of the pups (4 of 6)
in Group 2 displayed coughing at some point
after day 4. The clinical signs peaked between
10 and 11 days after challenge (Figure 1) and
started diminishing on day 12. Isolate CIV14-
06A induced the highest clinical scores (aver-
age score of 5.3 on day 10), and isolate CIV26-
06C induced the lowest clinical scores (average
score of 3.0 on day 10). The clinical signs in-
duced by isolate CIV25-06B were of interme-
diate degree (average score of 3.8 on day 11).

Isolate CIV14-06A caused severe respiratory
distress with tachypnea in one pup, which was
euthanized on day 10 to alleviate further suf-
fering. One pup each in Groups 1 and 3 devel-
oped a transient clinical fever (≥39.5˚C) on
day 1 that lasted for only 1 day. The rest of the
pups did not exhibit elevation in body temper-
ature throughout the observation period (data
not shown).

Virus Shedding
Nasal virus shedding was monitored in the

pups daily from day 0 (before challenge)
through day 10 and on day 14. The virus titer
for each group, expressed as log10 TCID50/ml,
was plotted against time (Figure 2). All pups
were negative for virus shedding at the time of
challenge. Virus shedding started as early as
day 1 after challenge. There appeared to be two

Seven days after challenge, pups developed
HI antibody titers against CIV.
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peaks of virus shedding, the first on day 1 and
the second on day 4. The first peak could have
been caused by the presence of viable residual
challenge virus in the nostril 24 hours after

challenge. All pups (100%) shed virus at some
point during the 10-day period, suggesting
that all pups were infected. The virus shedding
reached its peak on day 4 and dropped precip-

TABLE 1. Seroconversion (Hemagglutination Inhibition Antibody Titers) in
Dogs Challenged with Canine Influenza Virus

Isolate (Treatment Group) Dog ID

Postchallenge Day

0 7 14

CIV14-06A (Group 1) IJ <10 NS NS
GZ <10 NS NS
HC <10 NS NS
HG <10 NS NS
IF <10 80 320

HU <10 40 320
ID <10 80 320
GT <10 80 80
GMT <10 67 226

CIV26-06C (Group 2) HF <10 NS NS
HA <10 NS NS
IP <10 NS NS
IC <10 NS NS
IH <10 80 160
JF <10 40 160
IL <10 60 640
JG <10 20 320
GMT <10 44 269

CIV25-06B (Group 3) JR <10 NS NS
II <10 NS NS
IU <10 NS NS

HD <10 NS NS
HS <10 60 640
HE <10 80 960
GU <10 80 320
GW <10 40 320
GMT <10 63 501

GMT = geometric mean titer; NS = no sample (blood samples were not collected from pups euthanized on day 3 and
day 6 after challenge because it was too early to expect any serologic response).



itously on days 5 and 6 (Figure 2).
Although virus shedding stopped
in almost all pups by 7 or 8 days
after challenge, a few pups shed
virus at low levels on days 9 and
10. No virus was detected on day
14 (data not shown). Two CIV
isolates, CIV14-06A and CIV25-
06B, induced substantially higher
virus shedding compared with the
CIV26-06C isolate.

Virus Isolation from Tissues
To evaluate the CIV multiplica-

tion in the lung and/or trachea,
fresh lung tissue and tracheal swabs
were collected during necropsy at
3, 6, and 14 days after challenge.
Virus isolation was performed on
MDCK cells. All pups tested on
day 3 exhibited high virus load in
their lungs and trachea (Table 2),
demonstrating that CIV multiplies
in the lower respiratory tract. The
virus load was substantially higher
in the lungs of pups challenged
with CIV14-06A and CIV25-06B
isolates when compared with pups
challenged with CIV26-06C. At 6
days after challenge, no live virus
could be isolated from lung tissues
but could be isolated from tracheal
swabs (Table 2). By day 14, no
CIV was isolated from either lung
or trachea tissue samples.

Lung Lesions
Lung consolidation and/or

pneumonia is the major patholog-
ic lesion in influenza infections.
To assess lung lesions at various
times, two pups from each group
were euthanized on days 3, 6, and

Veterinary Therapeutics • Vol. 10, No. 1–2, Spring–Summer 2009

34

Clinical Signs Appeared as Early as 1 Day after Challenge
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Figure 1. Canine influenza virus (CIV)–induced clinical disease in ex-
perimentally infected dogs characterized predominantly by coughing
and sneezing. Dogs were monitored daily for clinical signs (e.g., ocular
and nasal discharge, sneezing, coughing, dyspnea, and depression) from
3 days before challenge through 14 days after challenge. The scores for
each day were summed and an average daily score was calculated. The
scores were plotted against time.
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Figure 2. Virus shedding in pups challenged with canine influenza
virus. All dogs were monitored for nasal virus shedding daily for 10 days
after challenge. The geometric mean virus titers were calculated (ex-
pressed as log10 TCID50 [50% tissue culture infective dose]/ml) and plot-
ted against time.
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14 after challenge. A lung lesion scoring sys-
tem, analogous to the swine influenza virus
lung lesion scoring system,12 was used to quan-
tify gross lung lesions and consolidation in
pups. The weighted lung scores for each dog
are tabulated in Table 3. All pups (two/group)
evaluated on day 3 exhibited congestion and
petechial hemorrhages in all lung lobes as the
predominant lesions (Figure 3A). Only one of
the two pups in Group 3 showed a mild lung
consolidation 3 days after challenge (Table 3).
On day 6, all pups in Groups 1 and 3 exhibit-
ed consolidation versus only one of two pups
in Group 2. Consolidation was characterized
by a liver-like appearance (hepatization) of the
lung tissue (Figure 3B). On day 10, one pup

from Group 1 was euthanized because of severe
respiratory distress, and necropsy results re-
vealed that 63% of the lung tissue was severely
consolidated. One pup from Group 1 and two
pups each from Groups 2 and 3 were evaluat-
ed for lung lesions on day 14. All pups exhib-
ited varying degrees of lung lesions. The lung
lesions in Group 1 (CIV14-06A) and Group 3
(CIV25-06B) appeared to be more severe than
those in Group 2 (CIV26-06C). In general,
the lung lesions appeared to be more severe in
the right cranial, right middle, right accessory,
and left cranial lobes compared with the right
and left caudal lobes (Table 3).

� DISCUSSION
CIV is an emerging infectious disease of dogs

and, since its first description in 2004, the dis-
ease has spread rapidly across the United States.
Although canine influenza disease was initially
reported in greyhounds, subsequent reports in-

dicate that all breeds of dogs are susceptible to
CIV infection.10 In this study, we report the
successful induction of clinical disease and le-
sions characteristic of CIV infection in dogs
following experimental challenge. The dogs
were challenged with three virulent field iso-
lates of CIV subtype H3N8 and were moni-
tored for such parameters as clinical signs, virus
shedding, virus isolation from lung tissues and
trachea, seroconversion, and lung lesions.

Two forms of clinical disease have been previ-
ously reported in dogs infected with CIV2: a
milder form exhibiting an initial fever followed
by cough persisting for 10 to 14 days, and a per-
acute form characterized by hemorrhagic pneu-
monia and death. At 4 days after challenge in our

study, all pups developed respiratory signs such as
sneezing, coughing, and ocular and nasal dis-
charge. Coughing was the predominant sign dis-
played by the majority of the pups, and clinical
signs peaked between 10 and 11 days after chal-
lenge. This is contrary to a previous report in
which peak clinical signs were observed at 4 to 5
days after challenge.11 In our study, only two pups
developed a transient clinical fever (≥39.5˚C; data
not shown), suggesting that fever may not be the
predominant sign in CIV infection. Seroconver-
sion after challenge is an indication of infection
by the pathogen. In our study, all pups developed
detectable HI antibody titers to H3N8 by 7 days
after challenge, confirming the exposure of ani-
mals to the virus. The antibody titers were much
higher at 14 days, suggesting that an ideal time
for sample collection for serology is around 7 to
14 days after challenge.

All challenged pups shed live virus in a pattern
typical of influenza shedding. The virus was de-

M. S. Deshpande, O. Abdelmagid, A. Tubbs, H. Jayappa, and T. Wasmoen

Our results suggest that virus shedding by infected dogs
peaks well before the development of severe clinical disease.



lenge followed by decreased titers at 6 days. The
virus was not detectable in the lower respiratory
tract at 14 days after infection, which suggests
that the virus was cleared from the lungs. These
findings agree with data published by Lawrence et
al.13 In a mouse model of experimental influenza
virus infection, Lawrence et al13 observed a peak
virus replication in lung tissue within 24 hours af-
ter challenge that lasted up to 5 to 7 days, with
complete absence of replication by day 9. The
virus shedding data and the detection of live virus
in the lower respiratory tract are consistent with
the “hit-and-run” strategy adapted by influenza
viruses to escape the immune system.
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tectable in nasal secretions as early as 1 day after
challenge. Peak virus shedding was observed at 4
days after exposure, followed by a precipitous
drop by day 5 and complete cessation by 7 to 8
days. Our shedding data agree with that reported
by Rosas and associates.11 Our results suggest that
virus shedding by infected dogs peaks well before
the development of severe clinical disease (10 to
12 days after exposure). In addition to virus shed-
ding, we also attempted to isolate live virus from
trachea and lung tissues at various postchallenge
times. The virus actively multiplied in the lower
respiratory tract early during infection as evi-
denced by high live virus titers at 3 days after chal-

TABLE 2. Canine Influenza Virus Isolation from the Lower Respiratory
Tract of Experimentally Infected Dogs

Isolate (Treatment Group) Dog ID

Virus Titer (log10 TCID50/ml)

DPCTrachea Lung

CIV14-06A (Group 1) IJ 1.25 >6.50
3

GZ 4.25 >6.50
HC 0 0

6
HG 0.75 0
ID 0 2.50 10*
IF 0 0 14

CIV26-06C (Group 2) HF 3.25 4.25
3

HA 0 4.50
IP 0.75 0

6
IC 4.50 0
IH 0 0

14
IL 0 0

CIV25-06B (Group 3) JR >5.50 >6.50
3

II 2.00 >6.50
IU 0 0

6
HD 1.25 0
HS 0 0

14
GU 0 0

*Pup euthanized on day 10 because of severe respiratory distress.
DPC = days postchallenge; TCID50 = 50% tissue culture infective dose.
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These findings are significant for two rea-
sons. First, the type of sample to be collected
for laboratory diagnosis depends on the stage of
the disease. If serum samples are collected early

during infection, it may be too early to see an-
tibody titers. Similarly, if nasal swabs, tracheal
swabs, and/or lung tissue samples are collected
for virus isolation when dogs are displaying se-
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Isolate
(Treatment
Group)

Dog
ID

Weighted Scores

Total
Score DPC

Right
Cranial

Right
Middle

Right
Caudal

Right
Accessory

Left
Cranial

Left
Caudal

CIV14-06A
(Group 1)

IJ 0 0 0 0 0 0 0
3

GZ 0 0 0 0 0 0 0
Average 0

HC 0.15 3.00 0.25 0.90 6.04 0 10.34
6

HG 13.68 0 0 0 0 0 13.68
Average 12.01

IF 9.12 7.00 1.24 7.20 13.59 1.30 39.45 14
ID 2.28 10.00 0.99 9.00 15.10 25.90 63.27 10*

CIV26-06C
(Group 2)

HF 0 0 0 0 0 0 0
3

HA 0 0 0 0 0 0 0
Average 0

IP 7.60 8.00 0 2.70 2.27 0.26 20.82
6

IC 0 0 0 0 0 0 0
Average 10.41

IH 0 0.10 0 0 0 0 0.10
14

IL 10.64 7.00 0 0 15.10 0.52 33.26
Average 16.68

CIV25-06B
(Group 3)

JR 0 5.00 1.24 0 3.02 0 9.26
3

II 0 0 0 0 0 0 0
Average 4.63

IU 2.28 10.00 7.44 4.50 9.06 0.52 33.80
6

HD 1.52 0.20 0 0 9.06 0 10.78
Average 22.29

HS 0.15 0.10 0 0 1.51 0.26 2.02
14

GU 0.76 10.00 0 7.20 15.10 7.77 40.83
Average 21.43

*Pup euthanized on day 10 because of severe respiratory distress.
DPC = days postchallenge.

TABLE 3. Canine Influenza Virus–Induced Lung Scores at Various Postchallenge Days



vere clinical signs, it may be too late to detect
live virus. Therefore, collecting serum samples
and samples for virus isolation at more than
one time would be ideal. Second, the data from
this study suggest that infected dogs shed virus
before the onset of severe clinical disease. This
pattern of influenza virus shedding may con-
tribute to the spread of infection from infected
animals to healthy ones.

We examined lung lesions at various times
and developed a system to quantify lung con-
solidation. At 3 days after challenge, the lesions
were characterized by congestion and petechial
hemorrhages combined with high virus load,
suggesting active virus replication and early in-
flammation. At this stage of disease, virus shed-
ding was nearing its peak and the clinical signs
were just beginning to appear. At 6 days, the
lung lesions were characterized by consolida-
tion with relatively less virus burden and severe
clinical disease compared with day 3. Lesions
were more severe on day 14, and no live virus
was present in the lungs. The right and left cra-
nial lobes were the more severely affected com-
pared with the caudal lobes, probably because
of their relative anatomic locations. The gross
lung consolidation was confirmed microscopi-

cally by a board-certified pathologist. The
histopathologic lesions were consistent with vi-
ral pneumonia and characterized by varying
degrees of microscopic lesions, including mul-
tifocally extensive to diffuse accumulation of
neutrophils and macrophages within alveoli
and bronchioles, peribronchiolar and perivas-
cular infiltration of lymphocytes and plasma
cells, and interstitial infiltration of leukocytes
within alveolar septae.

Other pathogens such as canine parainfluen-
za (CPI), Mycoplasma, Bordetella bronchisepti-
ca, and Streptococcus equi subsp zooepidemicus
could also induce such respiratory disease as
kennel cough and/or pneumonic lesions. We
did not evaluate the presence of other respira-
tory pathogens in lung lesions in this study.
However, during a subsequent study, the dogs
that developed lung lesions after being chal-
lenged with one of the CIV isolates were nega-
tive for other pathogens, including CPI, My-
coplasma, B. bronchiseptica and S. equi at all the
times tested (manuscript in preparation).
These results confirm that the lung lesions ob-
served in this study were primarily caused by
CIV infection. This was further confirmed by
immunohistochemistry of formalin-fixed lung
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Figure 3. Canine influenza virus–induced lung lesions in dogs. (A) Lesions at 3 days after challenge were charac-
terized predominantly by congestion and petechial hemorrhages (arrow). (B) Lesions at 14 days after challenge were
characterized by consolidation (arrows).

A B
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tissue. The immunohistochemistry results
from the subsequent study demonstrated the
presence of CIV antigen in the alveolar and
peribronchiolar macrophages and bronchiolar
epithelial cells (manuscript in preparation).

In the wake of cross-species transmission of
influenza viruses, particularly human infections
with avian flu, the control of canine influenza
infections in dogs is critical because of their
close association with humans. Vaccination of
pet animals is one of the effective ways to con-
trol the disease and potential transmission to
people. Establishment of a challenge model for
CIV is a critical step for an effective vaccine de-
velopment program, and the results presented
here are significant in this direction.

� CONCLUSION
The results of this study show that CIV sub-

type H3N8 causes respiratory disease in dogs.
The virus actively replicates in the respiratory
system, leading to the development of clinical
disease, virus shedding, and pneumonia. De-
velopment of an efficacious vaccine should aid
in the prevention of respiratory disease and the
spread of infection to other animals.
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