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ABSTRACT

1. INTRODUCTION

The pig industry in Colombia has grown 30% in
the last decade achieving high levels of technology and efficiency; in spite of that, respiratory diseases remain a constraint. Since 1970,
serological evidence and histological findings
suggested the role of swine influenza virus (SIV)
as part of the porcine respiratory disease complex; nevertheless, elusive and molecular typing
isolates are missing. This study was aimed at
isolating SIV from intensive pig farms and to
achieve molecular characterization to determine
strains circulating in the field. In order to accomplish this goal, 242 samples were taken from
nasal swabs, 25 from bronchial washes and 8
from lung tissue. Samples were collected during
a period of three years, between 2008 and 2010
and were originated from 78 farms of the three
main pig production regions of the country. The
samples were transported in BHI broth with 2%
antibiotic and antimycotic solution and stored at
–70˚C until processed. The swabs were inoculated in 9 - 11 days old embryo chicken eggs and
in MDCK (Madin Darby Canine Kidney) cell cultures with the addition of trypsin. The isolates
were identified by the HA (hemoagglutination)
test and by RT-PCR targeting the HA (hemagglutinin), NA (Neuraminidase) and M (Matrix) genes. Full length sequence of the HA and NA glycoproteins from four selected virus isolates was
®
conducted (Macrogen , USA). As a result, fifteen
SIV isolates from nine farms distributed in the
three regions were obtained. Twelve of the isolates are related to the swine origin H1N1 virus
that caused the 2009 influenza pandemic. The
remaining three viruses were related to classical
swine influenza viruses.

The Porcine Respiratory Disease Complex (PRDC), a
multifactorial condition is a major treat to the pig Industry worldwide [1]. The PRDC is a mixed infection etiologically related to viral and bacterial infections. Most
commonly, viral infections such as the porcine reproductive and respiratory syndrome (PRRS), porcine circovirus-2 (PCV-2), Aujesky’s disease virus and the swine influenza virus (SIV) play a major role in this condition.
Bacterial infections including Mycoplasma hyopneumoniae, Actinobacillus pleuropneumoniae, Haemophillus spp,
Streptococcus suis and Pasteurella multocida may also
be involved [1-3].
Several studies have shown the importance of swine
influenza virus infection associated with the porcine respiratory disease complex [4,5]. SIV infection causes
coughing, sneezing, nasal discharge, fever, lethargy and
difficulty breathing. Although mortality is low and recovery could occur within 7 - 10 days post-infection, morbidity can reach up to 100% of the animals [6]. Swine
influenza is caused by Influenza A virus, a member of the
Orthomyxoviridae family. Influenza A viruses have been
isolated from different species including, humans, pigs,
horses, dogs, sea mammals and birds [7,8] between others.
The virus has a single-stranded RNA segmented genome.
Based on antigenic differences in the surface glycoproteins, hemagglutinin (HA) and neuralminidase (NA), influenza A viruses are further classified into 16 HA and 9
NA subtypes [8,9]. Although other subtypes have been
identified, the influenza A virus sub-types H1N1, H1N2
and H3N2 are the most prevalent in pig populations
worldwide [7,10]
The pig industry in Colombia has grown about 30%
during the last decade. With a swine population close to
four million heads, located in four geographical regions
it is one of the major contributors to the GDP of the
country (ICA, 2012). In spite of achieving high levels of
technology and efficiency, respiratory diseases remain a
major constraint. In this sense the PRC is a major cause
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of economic loss in the pig industry of Colombia affecting mainly growing and finishing pigs. Considering SIV
as one of the pathogens involved in this complex and
having serologic evidence suggesting influenza virus activity since 1971 in pigs from Colombia, establishing a
14% reactivity against the H3N2 SIV subtype in Antioquia [11]. Studies conducted in samples collected between 1991-1994, demonstrated 6.5% reactivity to the
H1N1 SIV [12]. Later on in samples from 1997-1999, a
reactivity of 41.3% to H3N2 virus and 0.8% to H1N1
virus (Antioquia) was determined [13]. Additional studies reported reactivity of 19.85% in sows (multiparous)
and 3.13% in replacement animals [14]. Another study
conducted in 2003 reported prevalence of 10% for H3N2
and only a 0.4% for H1N1 for the three major producing
regions of Colombia [15]. In spite of this, the role of the
SIV in the respiratory disease complex has not been established in Colombia and there are no SIV strains isolated from the field until now.
Based on the fact that SIV has been circulating in Colombian pigs for more than thirty years and that the only
information available during this time is related to serological activity against the virus, it is evident that there is
a need to study and determine the type of influenza virus
causing the infection in the field in addition to establishing the population serological status. Therefore, it is required to isolate these viruses in order to characterize
them trying to understand swine influenza virus infection
under Colombian conditions. This knowledge will provide clues to propose and develop systematic control
programs according to local conditions.
The importance of knowing the characteristics of the
swine influenza viruses acting upon the field in Colombia goes beyond animal health and the negative economic impact to the swine industry. The consequences of
SIV infection have an impact at the local and at the international level due to the implications of influenza virus infections as a public health treat.
The main goal of this research was to conduct a systematic study on swine influenza virus infection, in the
major pig producing areas of the country over a period of
three years. The focus of the study was to know the dynamic of this viral infection and to establish characteristics of the strains circulating in the field in Colombia.

The present study was conducted over a period of
three years from 2008-2010. During this time a total of
275 samples were collected from animals showing clinical respiratory signs of cough, fever and depression.
From the 275 samples collected, 242 corresponded to nasal swabs, 25 to lung tissue and the remaining 8 samples were from bronchial aspirates. Samples were collected in BHI media (BD®) supplemented with 2% antibiotic and antimycoticsolution (Sigma®), filtered through
0.22 μm filter (MILLEX® GV) and stored at –70˚C until
processing.

2. MATERIALS AND METHODS

2.3. Virus Isolation

2.1. Samples
A statistically representative number of 78 herds were
selected from farms located in three of the major swine
rearing areas in Colombia: Antioquia (North West region), Valle del Cauca (West region) and Cundinamarca
(Central region) Figure 1. A total of 43 animals per farm
were used to approach serological status against SIV. The
range of age covered animals from nursing, growing to
Copyright © 2012 SciRes.

Figure 1. Farms geographical location where H1N1 SIV was
isolated in Colombia.

finishing period. It is important to mention that SIV vaccination program had never taken place at the farms in
Colombia. In order to attempt virus isolation, samples
were collected from animals showing respiratory signs
compatible with swine influenza infection.

2.2. Clinical Samples

The 275 filtered samples were inoculated into MadinDarby Canine Kidney (MDCK) cells and on 9 to 11 dayold SPF chicken embryo eggs (CEE) (Charles Rivers®,
USA). Briefly, confluent monolayer of MDBK cells prepared in six well plates were washed twice with PBS and
infected with 200 µl of the original sample. Cells were
grown in Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco®) supplemented with 5% FCS (Gibco®), 1% antiOPEN ACCESS
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biotic- and antimycotic solution (Sigma®), 1% L-glutamine (Sigma®), 1% HEPES buffer (Sigma®) and 2 µg/µl
TPCK trypsin (Sigma®). The plates were incubated at
37˚C for an hour to allow virus adsorption, followed by
an addition of fresh medium and an incubation period at
37˚C for 72 hours. Cells were observed daily to establish
cytophatic effect (CPE) characteristic of influenza virus.
On the other hand, samples were also inoculated through
the allantoic cavity into 9 to 11 days old SPF chicken
embryo eggs (CEE) (Charles River®, USA) and incubated at 37˚C for 72 hours.
Following the incubation period, the cell culture supernatant (CS) and the allantoic fluid (AF) were collected
and tested by hemagglutination assay (HA) using chicken eritrocytes following standard procedures according
to the OIE protocol (Swine influenza, 2008) [16].

2.4. Viral RNA Extraction and RT-PCR
All HA positive samples resulting from cell culture or
egg inoculation were tested to determine the subtype of
virus isolates. Viral RNA was extracted using the commercial RNeasy® Mini kit (Qiagen®, CA, USA), following the manufacturer’s recommendations. Subtyping
of the virus was done by amplification of the HA and NA
segments by a duplex RT-PCR assay targeting the HA
and NA genes of H3N2 and H1N1 swine influenza viruses [17]. An initial reverse transcription was performed
with M-MVL reverse transcriptase (Invitrogen®) using 5
µl of extracted viral RNA as template and the uni12
primer (5’-AGCAAAAGCAGG-3’) [18]. PCR amplification conditions were as recommended by Choi, Y., Goyal,
S., Kang, S., Farnham, M., Joo, H., 2002 [17]. Additional
RT-PCR targeting the M gene of the influenza A virus
was conducted, using primers Mf: 5’ACG GAT GGG
AGT GCA GAT AC 3’ and Mr: 5’ GAA GGC CCT CTT
TTC AAA CC 3’. The expected size of the amplicon was
153 bp. Amplified products were then separated onto
agarose gel and purified using the Qiaquick® gel extraction kit (Qiagen®, CA, USA).

2.5. Sequencing and Phylogenetic Analysis
Both strands of the amplicons were sequenced with
the same forward and reverse primers used for the amplification. Full-length HA and NA amplicons were also sequenced using internal primers [18]. Gel purified products were sequenced by Macrogen®, USA, using BigDye® Terminator Cycle Sequencing. DNA sequences
were combined and edited using the Lasergene sequencing analysis software package (DNASTAR®, Madison,
Wisconsin). Multiple sequence alignments were made
using Clustal W to identify related reference influenza
genes. Phylogenetic analysis of full-length nucleotide
sequence of the HA gene, was achieved from four seCopyright © 2012 SciRes.
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lected viruses representing isolates from 2008, 2009 and
2010. Three were H1N1 pandemic (pH1N1) influenza viruses and one was H1N1 classical (cH1N1) SIV. Sequence comparisons and phylogenetic relationships through
a bootstrap trial of 1000 were determined with the Mega
5.1 program using the Clustal W alignment algorithm
and the evolutionary history was inferred using the Neighbor-Joining method [19] for tree construction. Gene
sequences of the Colombian strains were compared with
swine, avian and human influenza viruses which sequences were retrieved from the NCBI Influenza Virus
Resource.

3. RESULTS
A systematic virological surveillance of influenza viruses in pigs from Colombia has led to the isolation of 15
field isolates of swine influenza virus, originated from
nine farms located in the three geographical regions analyzed. Virus isolation was demonstrated on MDCK cell
culture supernatant and on allantoic fluid through hemoagglutination activity performed using the HA assay.
Viruses were grown initially in MDCK cells with TPCK.
From the 15 isolates, initially 11 grew well in cell culture,
two grew better in 9 to 11 days old chicken-embryo eggs,
and the remaining two grew well in both substrates. After
two to three passages in tissue culture the samples were
inoculated in CEE, resulting in good performance for all
of them. All the isolates were from nasal swabs and belonged to the H1N1 subtype. Twelve out of fifteen were
pH1N1 viruses and the remaining three were cH1N1
SIVs. The 15 strains isolated in the time period between
2008-2010 belonged to 9 herds distributed in the three
different geographical regions evaluated. The first three
SIVs isolates were from 2008 and belonged to farms
located in Antioquia; four out of eight isolates from 2009,
were from Antioquia and the other 4 were from the western region. The last 4 isolates were from 2010 and belonged to farms located in the central region of the country. Information of the strains isolated in this study such
as geographical origin, year of isolation and type of virus
are reported in Table 1. All the isolates were obtained
from nasal swabs and corresponded mainly to growing
animals. All the isolated strains were sub-typed by a specific duplex RT-PCR, for HA and NA. Sequence analysis
of the HA and NA genes showed that 12 out of 15 isolates corresponded to pH1N1 swine origin influenza virus, and 3 viruses corresponded to cH1N1 swine influenza virus. Interestingly, the three viruses isolated in
2008, corresponded to the cH1N1 swine influenza virus,
while the remaining twelve viruses isolated during 20092010, were identified as H1N1 pandemic-like.
The phylogenetic tree in Figure 2 shows clearly that
SIVs isolated in Colombia are distributed into two
groups: the pandemic and the classic H1N1 viruses. I
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Table 1. Geographical origin and type of swine influenza viruses isolated in colombia during 2008-2010.
Swine Influenza Field Virus Isolates

SIV
Isolate

Identification

Geographical
Origin

Type

0102
0201
0301
0401
0502
0602
0701
0801
0901
1002
1101
1203
1303
1403
1503

A/swine/Colombia/0102/2009
A/swine/Colombia/0201/2009
A/swine/Colombia/0301/2009
A/swine/Colombia/0401/2008
A/swine/Colombia/0502/2009
A/swine/Colombia/0602/2009
A/swine/Colombia/0701/2009
A/swine/Colombia/0801/2008
A/swine/Colombia/0901/2008
A/swine/Colombia/1002/2009
A/swine/Colombia/1101/2009
A/swine/Colombia/1203/2010
A/swine/Colombia/1303/2010
A/swine/Colombia/1403/2010
A/swine/Colombia/1503/2010

West
NorthWest
Antioquia
NorthWest
West
West
NorthWest
NorthWest
NorthWest
West
NorthWest
Central
Central
Central
Central

pH1N1
pH1N1
pH1N1
cH1N1
pH1N1
pH1N1
pH1N1
cH1N1
cH1N1
pH1N1
pH1N1
pH1N1
pH1N1
pH1N1
pH1N1

the upper part of the tree are pandemic viruses isolated
during 2009 and 2010, including the California 04, 2009,
originallyisolated from humans and considered the origin
of the last influenza pandemic. These viruses show a
98.53% identity with the A/swine/Colombia/0102/2009
(pH1N1), A/swine/Colombia/1101/2009 (pH1N1) and
the A/swine/Colombia/1403/2010 (pH1N1) isolated from
pigs in Colombia during 2009 and 2010. The identity
into these tree pH1N1 Colombian viruses is close to 99%.
From Figure 2 is also evident that pH1N1 viruses isolated from Colombia are in the same group or cluster
with viruses isolated from the United States, China, Italy,
Argentina and Chile, as can be observed in Figure 2(a).
In relation to cH1N1 SIV, tree groups or clusters are
shown in Figure 2. The first cluster includes only H1
swineisolates, in the secondcluster are H1 avianvirusesand in the third cluster are avian-like swine H1 viruses.
The cH1N1 SIV isolated in Colombia A/swine/Colombia
/0401/2008 belongs to the first cluster (Figure 2). This
cluster is divided into four subgroupsone includes viruses
isolated from the USA between 2008 and 2012. The second subgroupincludes mainly Asian isolates dated from
1957 to 1979 and are related to one from California,
1991. In the third subgroup the majority of the isolates
are from the USA over a time frame period between
1957 - 1981. These viruses are related also to a Hong
Kong, 1977. Finally, in the fourth of these subgroups, is
the Colombian isolate: A/swine/Colombia/0401/2008 H1N1,
along with the ancient H1N1 USA virus from 1931 and
more recent isolates from Changhua, 2000 and Guandong (China) 2009 (Figure 2(b)); viruses in this subgroup share a 99.47% nucleotide sequence identity between them. Interestingly, the closest homology of the
Colombian A/swine/Colombia/0401/2008 H1N1 SIV is
with the Changhua (Taiwan) isolate, with only three nucleotides difference.
Copyright © 2012 SciRes.

4. DISCUSION
It is well known that porcine respiratory diseases are
one of the major problems to the swine industry, the presence of viral agents such as the PRRS and PCV-2 viruses in Colombia and, the evidence of bacterial infections in swine highlight the importance of a continuous
study of the agents involved in this complex with a particular emphasis on influenza virus infection.
Although previous studies had shown serologic reactivity to swine influenza virus in Colombian pigs for
more than thirty years, this paper reports the first isolation of several H1N1 SIV strains in commercial Colombian pig farms. There are probably several reasons that
could explain this situation. One could be that swine influenza has been under diagnosed due to the similarity of
clinical signs whit other pathogens causing respiratory
disease in pigs. Another reason might be that some years
ago there was limited laboratory facilities or lack of appropriate methods to isolate influenza virus from pigs in
the country.
The year 2009 is remarkable in terms of swine influenza virus around the world, not only because of the
pandemic it caused but due to the appearance of a novel
influenza virus resulting from an unexpected reassortment originated from three different influenza virusesorigin [20]. According to the information previously
available, serotypes H1N1 and H3N2 were circulating
before 2009 in Colombia, as a result it is not surprising
that the isolates from 2008 were of the cH1N1 SIV subtype. But what is important to point out is the evident
predominance of pH1N1 swine influenza viruses isolated
after that year, between 2009 and 2010. This might suggest that a novel virus with genetic characteristics that
are different from the cH1N1 that was circulating previously in the herds, was able to enter the pig population
and infect a number of susceptible animals. It seems that
the pH1N1 influenza virus was able to surpass and replace the cH1N1 influenza virus that was circulating
previously in the herds until 2009. Even though infection
with different subtypes of influenza virus results in partial cross protection, the immune response in the animal
facing heterologous viruses is subject to immune pressure and as a consequence immune selection [21]. Therefore, we could expect a large number of susceptible animals that were challenged by a new H1N1 influenza virus acting during the influenza pandemic in 2009. Additionally, it is necessary to emphasize that the pig population had never been vaccinated in Colombia, then it
could be suggested that probably before this event there
was an equilibrium between antibody response and virus
challenge on the field, reducing immune pressure and
maintaining the virus stable. After the entrance of a novel
virus such as the pH1N1 influenza virus into the population is necessary to improve biosecurity measures to
OPEN ACCESS
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Figure 2. Phylogenetic relations of H1N1 SIVs isolated in Colombia. The evolutionary history was inferred using the
Neighbor-Joining method [19]. The optimal tree with the sum of branch length = 1.62215850 is shown. The percentage of
replica trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the
branches [22]. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances
used to infer the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter method [23]
and are in the units of the number of base substitutions per site. All positions containing gaps and missing data were eliminated. There were a total of 1675 positions in the final dataset. Evolutionary analyses were conducted in MEGA 5 [3].
Copyright © 2012 SciRes.
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(a)

(b)

Figure 2. (a) Phylogenetic relation of pH1N1 SIVs isolated in Colombia; (b)
Phylogenetic relation of cH1N1 SIV isolated in Colombia.
Copyright © 2012 SciRes.
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prevent further exposure to the virus.
Isolation of the H1N1 swine origin influenza virus for
the first time in the field has remarkable impact. Analysis
of full length sequence of the HA gene, the major antigenic determinant of influenza viruses, showed that the
pH1N1 viruses isolated in Colombian pigs are phylogenetically related with human viruses from USA, Argentina, Chile, Perú, and with swine viruses originated
mainly from USA and Asia. It is well known that in Colombia most of the commercial exchange in terms of live
animals and semen is with USA, then it is not surprising
to find this close relationship between the SIV isolates.
This could also be suggested as the origin of influenza
virus entrance to the country several years ago. However,
the lack of information regarding the origin of breeding
animals in the herds limits our capacity to follow back
the origin of the viruses acting on the field.
It is worth noticing that although the difference in the
HA sequence is slight, sharing a 99% homology between
the HA of pH1N1 viruses isolated in 2009 compared to
those isolated in 2010, it suggests that the virus is changing rapidly. In addition, considering that H3N2, and
H1N1 pandemic viruses are circulating in the swine population in Colombia and that there is evidence of new
viruses such as the H1N2 that emerged in Italy [24] as a
result from reassortment between the H3N2 and the
pH1N1 influenza virus it is imperative to continue studying swine influenza virus infection in Colombia.
On the other hand, the cH1N1 swine influenza virus
isolated from Colombian pigs showed homology with
virus from United States, Asia and Europe. Surprisingly,
closest homology is with the cH1N1 SIV from Changhua,
Taiwan, followed by the North American origin H1N1
viruses. In this case it is difficult to explain the relation to
the virus from Taiwan and more research is needed in
this topic.
In contrast to the pH1N1 influenza virus, the cH1N1
virus shows a higher genetic variability geographically
and temporarily which is not surprising considering the
time frame period of nearly 80 years since the first
cH1N1 swine influenza virus was reported in 1931.
These changes could be explained from the nature of
influenza A virus replication itself and the evolution of
influenza viruses over time. This shows an adaptation
process making this a successful virus capable of survive
and persist forever independent of time and space. Examples of the success of this process for the virus are the
appearance of the double and triple reassortant SIVs in
the 80s and 90s [25,26], the survival of influenza viruses
in front of a permanent immunologic pressure in the
population, and an increasing range of susceptible host,
among others.
In conclusion, it is evident that swine population in
Colombia is susceptible to the infection with new influenza viruses that are circulating around the world. In
Copyright © 2012 SciRes.
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spite of having a natural immune response as a result of
previous exposure, because of the absence of a vaccination program, it might not be enough to face future challenges. There is a need to establish a permanent system
to monitor influenza virus infection in swine populations
in order to know the molecular characteristics of the
strains circulating in the field, this will help design strategies to control the disease at a national level. It is also
necessary to determine the outcome of influenza virus
infections under tropical conditions as well as particular
aspects related to the epidemiology of influenza virus in
general. Not to mention the importance of the potential
range of susceptible hosts available in Colombia, particularly in relation to the large number of avian species
that exist in this country and which could play a role in
the dissemination of new viruses to different countries. It
is essential to understand host-pathogen interactions that
have an impact on biological properties of influenza viruses. In summary, due to the strategic geographical position of this country in South America, it acquires importance to know what is happening in the evolution of
swine influenza viruses beyond the genetic diversity of
the virus not only in swine population but also in avian
and human beings in order to prevent new pandemics
and/or epidemics of this disease.
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