DOI:10.1111/irv.12162
www.influenzajournal.com

Original Article

Evidence of transmission and risk factors for influenza A
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Background The possible transmission of influenza A virus
between dogs and humans is important, as in Mexico City there
are approximately 1-2 million dogs. We present the first

evidence of influenza A virus infection in household dogs in
Mexico.

Objectives The objective of this study was to identify the presence
of antibodies against influenza A virus in dogs and their owners, as
well as the presence of RNA of influenza A virus in nasal exudates of
dogs and, thereby, assess the possible transmission of the virus
between humans and dogs.

Methods Serum samples from household dogs and their owners
were analyzed to detect the presence of antibodies against three
subtypes of human influenza virus (HIN1pdm09, HINI, and
H3N2), as well as subtype H3N8 of equine influenza. We analyzed
dog nasal exudates to detect influenza viral RNA. The relationship
between the seropositivity of dogs and various factors (age, sex,

constantly at home, and seropositivity of owners) was statistically
analyzed.

Results Seroprevalence for human influenza in dogs was 0-9% (1
of 113), and it was 4% (5 of 113) for equine influenza. In humans,
seroprevalence was 22% for subtype HIN1pdm09, 20% for subtype
HINI, and 11% for subtype H3N2. No significant association

(P > 0-05) was found between seropositivity and any of the assessed
factors. Furthermore, no viral RNA was detected in the nasal
exudate samples.

Conclusions Results revealed seroprevalence of the influenza virus
in household dogs in Mexico City. It can be assumed that dogs are
currently becoming infected with different subtypes of influenza
viruses.
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Introduction

The constant evolution of the influenza virus favors genetic
variability and transmission to other species. Interspecies
transmission of influenza viruses is a difficult process because
there are barriers that hinder infection; however, diverse
factors such as population growth and consumption habits
have reduced these barriers by increasing contact among
species.' Antigenic drift and antigenic shift generate struc-
tural changes in the virus and allow evolution and variabil-
ity,> thereby encouraging infection and adaptation in
different animal species.” The clinical disease associated with
the influenza virus in dogs has only been recently observed.
In 2004, an equine-origin subtype H3N8 influenza A virus
was isolated from dogs with respiratory disease,* and, in
2008, an avian-origin subtype (H3N2) was also isolated.”
Subsequently, the circulation of these subtypes has been
documented in the canine population in diverse countries.®””

and risk factors for influenza A virus in household dogs and their owners.

The influenza virus in these animals can lead to health
problems related to respiratory syndromes and complica-
tions due to bacteria, and although horizontal transmission
among dogs has been demonstrated, the rate of infection
does not appear to be altered by age, breed, or sex.'®'" In
their respiratory tract, dogs possess specific receptors for
infection with human and avian influenza viruses,? thereby
suggesting that dogs could play an important role in
interspecies transmission of different subtypes of influenza
A virus. Although no transmission of the virus from dogs to
humans has been reported, dogs could represent a new
bridging species for the infection."

There is serological evidence of the presence of subtypes
HIN1 and H3N2 of human influenza virus in dogs; a virus
similar to subtype HIN1pdm09 of humans has also been
isolated from dogs."*'> In 2012, a new subtype H3N1 was
identified as a result of reassortment in the canine genes of
human HIN1pdm09 and canine H3N2 influenza viruses.'®

[ 1202

© 2013 John Wiley & Sons Ltd



The possible transmission of influenza A virus between dogs
and humans is important, as in Mexico City there are
approximately 1-2 million dogs, of which 1 million live in
close contact with humans and other animals.'” The
objective of this study was to identify the presence of
antibodies against influenza A virus in dogs and their owners,
as well as the presence of RNA of influenza A virus in nasal
exudates of dogs and, thereby, assess the possible transmis-
sion of the virus between humans and dogs.

Material and methods

Study population

The experimental protocol and sampling methods were
approved by the Committee of Science and Bioethics in
Research of the Instituto Nacional de Enfermedades Respi-
ratorias (INER B35-12). We utilized a prospective conve-
nience sampling method. The study was limited to dog
owners and none had horses. Between July and November
2012, 113 blood samples were collected from household dogs
in Mexico City, as well as a blood sample from each owner.
We used the Cannon and Roe'® formula to calculate the
sample size and taking as reference the seroprevalence
reported in previous studies for canine influenza in other
countries'®"” and human influenza virus in dogs."” Age,
breed, and sex of the dog were not considered as exclusion or
inclusion criteria. Seventeen nasal exudate samples were also
collected from dogs with suggestive signs of respiratory
disease. A sterile cotton swab was used to collect the sample
from each animal, and the swabs were immediately placed in
1 ml of transport medium at 4°C after sampling.

Viral subtypes

Three human influenza strains were used: A/Mexico/LaGloria-
3/2009 (HIN1)pdm09 (GenBank accession no. CY077595), A/
Mexico/INER1/2000 (HIN1) (GenBank accession no.
JN086908), and A/Hong Kong/8/68 (H3N2) (ATCC VR1679
strain) as well as two equine influenza strains: A/equine/2/
Miami/63 (H3N8) (ATCC VR317 strain) and A/equine/
Kentucky/97 (H3N8) (GenBank accession no. AF197249).

Antibody detection

The hemagglutination inhibition (HI) test was used to detect
antibodies against equine influenza in dog sera as described
by Anderson et al*® with the following modifications: sera
were heat-inactivated at 56°C and adsorbed with kaolin and
5% chicken erythrocytes. Double serial dilutions were made
from 1:10 to 1:1240; the titer of the antibodies inhibiting
hemagglutination was expressed as the maximal dilution at
which the serum inhibited the hemagglutination activity of
the virus. Sera were considered positive starting at the 1:40
dilution. To detect antibodies against human influenza virus
in the sera of dogs and owners, the HI test was used
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according to the WHO manual,®® with the following

modifications: the antigen was adjusted to eight hemagglu-
tinating units (HAU). Sera were heat-inactivated at 56°C and
adsorbed on kaolin and 5% chicken erythrocytes. Double
serial dilutions were made from 1:10 to 1:1240, and titers of
sera were considered positive at >40. The tests with the
HIN1pdm09 influenza virus were performed in a level 2
biosafety laboratory of the INER.

Detection of viral RNA

Nasal exudate samples from dogs with probable respiratory
infections were analyzed to identify viral RNA of human and
canine influenza. RNA extraction was achieved using the
TRIzol (Invitrogen, Carlsbad, CA, USA) technique according
to the manufacturer’s instructions. To construct the com-
plementary DNA, the reverse-transcriptase SuperScriptll
(Invitrogen) enzyme was used. Real-time RT-PCR was used
with primers addressed to a fragment of the gene NP,
according to Lu et al.** To identify the viral RNA of human
influenza A, the primers and probe were identical to those
used for the real-time RT-PCR previously described for gene
M of most influenza A subtypes.”> Primers used in this
research were designed to align most type A influenza viruses
originating from multiple species. To confirm the amplifi-
cation of a type A influenza virus different from the human
subtype pdm09, the products were subjected to agarose gel
electrophoresis.

Data collection and statistical analysis

A questionnaire was completed by dog owners who had
voluntarily agreed to donate their pet’s blood. The question-
naire included information regarding the dog’s age, breed, and
sex, their vaccination status, habits of the pet: whether it
cohabits with other dogs in the same home and whether it
remains at home all the time or is taken out (to parks or street
walking). In addition, we gathered information specific to the
owners that included age, gender, and vaccination status in the
last 6 months against human influenza virus. The collected
information was analyzed using contingency tables. An
independent test was performed to determine the association
between seropositivity to the equine subtypes in dogs and
predisposing factors, such as age (>2 years, <2 years), sex
(male, female), and whether the dog constantly remains in the
home (yes, no). We also evaluated the seropositivity against
human subtypes in the dogs (positive, negative) and com-
pared this to the seropositivity of their respective owners
(positive, negative), to analyze the role of cohabitation of dogs
and humans as a possible factor for infection.

To assess whether seropositivity in humans against the
influenza virus was due to recent vaccination or to natural
infection, we analyzed the association of the presence of
antibodies (positive, negative) with the vaccination status
(vaccinated, not vaccinated).
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Table 1. Frequency of the antibody titers in dogs against the
different subtypes of influenza A virus

Table 2. Association between seropositivity in dogs against equine
influenza subtype A/equine/Kentucky/97 H3N8 and various factors

HAU 25 pl
Viral subtype <20 20 40 80 160
H3N8_63 13 0 0 0 0
H3N8_97 106 2 3 0 2
H1N1pdm09 112 0 1 0 0
H1N1 108 4 0 0 1
H3N2 110 2 0 0 1

Values are expressed as hemagglutination units (HAU) at 25 pl.
Sera were considered positive when titers >40 were obtained.

For both cases, a chi-square test (with continuity correc-
tion for frequencies <5) was used. Statistical significance was
determined as P < 0-05. For all analyses, the statistical spss
16.0 software was used (SPSS for Windows, Version 16.0.;
SPSS Inc., Chicago, IL, USA).

Results

Seroprevalence

Of the 113 dogs, 48 (42-5%) were males and 65 (57-5%) were
females, and the average age was 5-3 years (range 3 months
to 13 years). The seroprevalence was 4% (5 of 113) for
subtype H3N8 A/equine/Kentucky/97 and 0% for subtype
H3N8 A/equine/2/Miami/63. We detected one dog positive
to subtype HIN1pdm09 (0-9%) and one positive (0-9%) to
the two seasonal subtypes H3N2 and HINI. The frequency
of the antibody titers in the dogs against the different
subtypes is shown in Table 1.

Of the dog owners included in the study, 45-7% (21) were
men and 54-3% (25) were women, with an average age of
36-5 and 38-6 years, respectively. The detected seropreva-
lence in the sera of the dog owners was 22% for subtype
HIN1pdm09, 20% for subtype HINI, and 11% for subtype
H3N2.

Detection of viral RNA
The real-time RT-PCR results revealed that no samples were
positive for canine influenza or influenza A.

Risk factor analysis

We found no evidence associating seropositivity in dogs with
any of the assessed factors, including age (P = 0-868), sex
(P = 0-564), and whether they leave the home (P = 0-063;
Table 2). In addition, no statistically significant association
existed between seropositivity against any subtype of human
influenza in dogs and the seropositivity against human
influenza in their owners (P = 0-373; Table 3).

No. of No. of
seropositive  seronegative
Variable = Category dogs dogs P value
Age <2 years 0 14 0-868
>2 years 5 94
Sex Male 1 47 0-564
Female 4 61
Constantly  Yes 2 7 0-063
home No 3 101

Statistically significant P < 0-05.

Table 3. Association between seropositivity in dogs against any
subtype of human influenza and seropositivity of their owners

No. of No. of
seropositive  seronegative
Variable Category dogs dogs P value
Owner Yes 1 94 0-373
positive  No 0 18

Statistically significant P < 0-05.

Table 4. Assessment of vaccination status and seropositivity against
influenza in dog owners

No. of No. of
seropositive seronegative
Variable Category owners owners P value
Vaccinated Yes 2 8 0-969
against HINT  No 7 29
Vaccinated Yes 5 3 0-002*
against No 5 33
H1N1pdmO09

*Statistically significant P < 0-05.

Assessment of the vaccination status and seropositivity in
dog owners revealed that the only statistically significant
factor (P = 0-002) associated with the presence of antibodies
was vaccination in the last 6 months against subtype
HINIpdmO09 (Table 4).

Discussion

Seroprevalence in dogs against subtype H3N8 A/equine/2/
Miami/63 was nil. In Mexico, the presence of antibodies in
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horses against different isolates of the subtype H3N8 equine
influenza virus has been reported**; comparatively, variation
in the hemagglutinin gene of this virus has been reported in
isolations performed before 1992.° It can be assumed that, in
Mexico, something similar occurred in the equine influenza
virus and, therefore, dog sera do not present antibodies
against old isolates of this subtype due to antigenic drift.
Seropositivity in dogs against subtype H3N8 A/equine/
Kentucky/97 was 4%. Anderson et al?® discussed that
contemporary subtypes of equine and canine influenza
viruses are phylogenetically close and therefore can be used
as diagnostic antigens. The positive results in dogs suggest
that interspecies transmission of the equine influenza virus
has occurred. Seroprevalence of the equine influenza virus
was low, but similar to that in studies with pet dogs from
other countries'®**?® where canine and equine influenza
subtypes were used. The low seropositivity could be explained
by the fact that we analyzed pet dogs, because prevalence of
canine influenza in dogs held in canine control shelters has
been reported to be up to 42%, and the only associated factor
was the number of permanent days in the shelter.”” Seropre-
valence in these dogs against the three subtypes of human
influenza (HIN1pdm09, HIN1, and H3N2) was 0-9%. This is
similar to that reported by Dundon et al,"”” who found a
0-7% seroprevalence in dog sera that were collected during
the circulation time of the HIN1pdm09 human influenza
virus. Damiani et al.*® also found a 0-13% seroprevalence
against the HIN1pdm09 human influenza virus. Our results
differ from prevalence data found in Brazil,” which was
15-27%, but this study was against an isolate of an old human
influenza virus, and not the 2009 variant, which could explain
the difference in the proportion of positive results.

The percentage of seropositivity against the HIN1pdm09
human influenza virus detected in the owners is similar to
other reports (39% and 33%) from previous studies
performed in Mexico.””*® Circulation of subtype HINI
among dog owners was not associated with their vaccination
status, thereby suggesting that dogs were in contact with the
human influenza virus and that there is interspecies
transmission.

We did not find sufficient statistical evidence to associate
the seropositivity against the equine influenza virus in dogs
with age, sex, or constant presence inside the home; this is
similar to a previous study in which the only factor
associated with seropositivity for canine influenza was their
lodging in veterinary facilities in the previous 6 months.'’
We did not find a statistical association between seroposi-
tivity against the human influenza virus in the dogs and their
owners. Therefore, we can assume that the observed
seropositivity in dog owners does not pose a risk for
seropositivity against human influenza in their dogs. How-
ever, subtypes HIN1pdm09 and HIN1 of human influenza
are infecting dogs and their owners. There may be factors

Influenza A virus in pet dogs and their owners

directly associated with the infection, but these have not yet
been studied. We did not find any nasal exudates positive to
RNA of human influenza A virus. In previous studies™®'®>!
performed in other countries, isolates were obtained from
samples of dogs with severe respiratory clinical signs. The
disease is probably not frequently presented by dogs in
Mexico or the number of dogs that are infected is low,
and consequently, the number of dogs that develop the
disease is also low. We will continue to search for a strain in
Mexico City that can be analyzed and compared with other
isolates.

These are the first results from household dogs in Mexico.
However, it is necessary to continue to study influenza virus
circulation in dogs from different places. The seropositivity
results revealed that the influenza virus is currently infecting
household dogs in Mexico City. We have no information
regarding when this virus was first present in dogs, but it can
be assumed that dogs are currently in contact and becoming
infected with different subtypes of human and equine
influenza viruses. We do not presently have an isolate of
canine influenza in Mexico City that could generate more
information related to the circulation among the canine
population, but we will continue to study the implications to
animal and human health.

Conflict of interests

Authors declare no conflict of interests.

Acknowledgements

We thank the owners who voluntarily agreed to blood
sampling of their pets. This study was partially funded by the
following projects: CONACYT SSA-2009-C02-126709 and
PAPIIT IN224611. L.A. Ramirez-Martinez is a recipient of
the Consejo Nacional de Ciencia y Tecnologia (ID 423802).

References

1 Kuiken T, Holmes EC, McCauley J, Rimmelzwaan GF, Williams CS,
Grenfell BT. Host species barriers to influenza virus infections. Science
2006; 312:394-397.

2 Webby R, Hoffmann E, Webster R. Molecular constraints to
interspecies transmission of viral pathogens. Nat Med 2004; 10:
S77-S81.

3 Webster RG, Bean WIJ, Gorman OT, Chambers TM, Kawaoka Y.
Evolution and ecology of influenza A viruses. Microbiol Rev 1992;
56:152-179.

4 Crawford PC, Dubovi EJ, Castleman WL et al. Transmission of equine
influenza virus to dogs. Science 2005; 310:482-485.

5 Song D, Kang B, Lee C et al. Transmission of avian influenza virus
(H3N2) to dogs. Emerg Infect Dis 2008; 14:741-746.

6 Payungporn S, Crawford PC, Kouo TS et al. Influenza A virus (H3N8)
in dogs with respiratory disease, Florida. Emerg Infect Dis 2008;
14:902-908.

© 2013 John Wiley & Sons Ltd

1295 |



[ Ramirez-Martinez et al.

7

8

10

1

12

13

14

15

16

17

18

19

20

Yoon KJ, Cooper VL, Schwartz KJ et al. Influenza virus infection in
racing greyhounds. Emerg Infect Dis 2005; 11:1974-1976.

Crispe E, Finlaison DS, Hurt AC, Kirkland PD. Infection of dogs with
equine influenza virus: evidence for transmission from horses during
the Australian outbreak. Aust Vet J 2011; 89(Suppl 1):27-28.
Mancini DA, Mendonca RM, Pereira AS et al. Influenza viruses in
adult dogs raised in rural and urban areas in the state of Sao Paulo,
Brazil. Rev Inst Med Trop Sao Paulo 2012; 54:311-314.

Barrell EA, Pecoraro HL, Torres-Henderson C, Morley PS, Lunn KF,
Landolt GA. Seroprevalence and risk factors for canine H3N8
influenza virus exposure in household dogs in Colorado. J Vet Intern
Med 2010; 24:1524-1527.

Jirjis FF, Deshpande MS, Tubbs AL, Jayappa H, Lakshmanan N,
Wasmoen TL. Transmission of canine influenza virus (H3N8) among
susceptible dogs. Vet Microbiol 2010; 144:303-309.

Daly JM, Blunden AS, Macrae S et al. Transmission of equine
influenza virus to English foxhounds. Emerg Infect Dis 2008;
14:461-464.

Reperant LA, Kuiken T, Osterhaus AD. Adaptive pathways of zoonotic
influenza viruses: from exposure to establishment in humans. Vaccine
2012; 30:4419-4434.

Lin D, Sun S, Du L et al. Natural and experimental infection of dogs
with pandemic H1N1/2009 influenza virus. J Gen Virol 2012; 93:119—
123.

Dundon WG, De Benedictis P, Viale E, Capua I. Serologic evidence of
pandemic (H1N1) 2009 infection in dogs, Italy. Emerg Infect Dis 2010;
16:2019-2021.

Song D, Moon HJ, An DJ et al. A novel reassortant canine H3N1
influenza virus between pandemic HIN1 and canine H3N2 influenza
viruses in Korea. J Gen Virol 2012; 93:551-554.

Secretaria de Salud. Sé un Dueno Responsable. 2013. Available at
http://www.salud.df.gob.mx/ssdf/index.php?option=com_content&
task=view&id=5457 (Accessed March 2013).

Cannon RM, Roe RT; Industry ABoAHDoP. Livestock Disease Surveys:
A Field Manual for Veterinarians. Canberra: Australian Government
Pub. Service, 1982.

Serra VF, Stanzani G, Smith G, Otto CM. Point seroprevalence of
canine influenza virus H3N8 in dogs participating in a flyball
tournament in Pennsylvania. J Am Vet Med Assoc 2011; 238:726—
730.

Anderson TC, Crawford PC, Katz JM, Dubovi EJ, Landolt G, Gibbs EP.
Diagnostic performance of the canine Influenza A Virus subtype

21

22

23

24

25

26

27

28

29

30

31

H3N8 hemagglutination inhibition assay. J Vet Diagn Invest 2012;
24:499-508.

World Health Organization. Serological diagnosis of influenza by
haemagglutination inhibition testing; in: WHO Global Influenza
Surveillance Network, (eds): Manual for the Laboratory Diagnosis
and Virological Surveillance of Influenza. Geneva, Switzerland: WHO
Press, 2011; 59-62.

Lu Z, Dubovi EJ, Zylich NC et al. Diagnostic application of H3N8-
specific equine influenza real-time reverse transcription polymerase
chain reaction assays for the detection of Canine influenza virus in
clinical specimens. J Vet Diagn Invest 2010; 22:942-945.

Lorusso A, Faaberg KS, Killian ML, Koster L, Vincent AL. One-step
real-time RT-PCR for pandemic influenza A virus (H1N1) 2009
matrix gene detection in swine samples. J Virol Methods 2010;
164:83-87.

Lorono-Pino MA, Farfan-Ale JA, Garcia-Rejon JE et al. Antibodies to
influenza and West Nile viruses in horses in Mexico. Vet Rec 2010;
166:22-23.

Said AW, Usui T, Shinya K et al. A sero-survey of subtype H3 influenza
A virus infection in dogs and cats in Japan. J Vet Med Sci 2011,
73:541-544.

An DJ, Jeoung HY, Jeong W et al. A serological survey of canine
respiratory coronavirus and canine influenza virus in Korean dogs.
J Vet Med Sci 2010; 72:1217-1219.

Holt DE, Mover MR, Brown DC. Serologic prevalence of antibodies
against canine influenza virus (H3N8) in dogs in a metropolitan animal
shelter. J Am Vet Med Assoc 2010; 237:71-73.

Damiani AM, Kalthoff D, Beer M, Muller E, Osterrieder N. Serological
survey in dogs and cats for influenza A(H1N1)pdm09 in Germany.
Zoonoses Public Health 2012; 59:549-552.

Elizondo-Montemayor L, Alvarez MM, Hernandez-Torre M et al.
Seroprevalence of antibodies to influenza A/H1N1/2009 among
transmission risk groups after the second wave in Mexico, by a
virus-free ELISA method. Int J Infect Dis 2011; 15:e781-e786.
Elizondo-Montemayor L, Hernandez-Torre M, Ugalde-Casas PA et al.
Clinical and epidemiological features of 2009 pandemic H1N1
influenza differ slightly according to seroprevalence status during
the second wave in the general population in Mexico. Respir Care
2012; 57:1586-1593.

Teng Q, Zhang X, Xu D et al. Characterization of an H3N2 canine
influenza virus isolated from Tibetan mastiffs in China. Vet Microbiol
2012; 162:345-352.

[ 1206

© 2013 John Wiley & Sons Ltd



