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ABSTRACT

The pig industry in Colombia has grown 30% in
the last decade achieving high levels of tech-
nology and efficiency; in spite of that, respira-
tory 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 com-
plex; 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 accom-
plish 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 inocu-
lated in 9 - 11 days old embryo chicken eggs and
in MDCK (Madin Darby Canine Kidney) cell cul-
tures with the addition of trypsin. The isolates
were identified by the HA (hemoagglutination)
test and by RT-PCR targeting the HA (hemag-
glutinin), NA (Neuraminidase) and M (Matrix) ge-
nes. Full length sequence of the HA and NA gly-
coproteins 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 iso-
lates are related to the swine origin HIN1 virus
that caused the 2009 influenza pandemic. The
remaining three viruses were related to classical
swine influenza viruses.
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Isolation; Classical; Pandemic
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1. INTRODUCTION

The Porcine Respiratory Disease Complex (PRDC), a
multifactorial condition is a major treat to the pig Indus-
try worldwide [1]. The PRDC is a mixed infection etio-
logically related to viral and bacterial infections. Most
commonly, viral infections such as the porcine reproduc-
tive and respiratory syndrome (PRRS), porcine circovi-
rus-2 (PCV-2), Aujesky’s disease virus and the swine in-
fluenza virus (SIV) play a major role in this condition.
Bacterial infections including Mycoplasma hyopneumo-
niae, 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 res-
piratory disease complex [4,5]. SIV infection causes
coughing, sneezing, nasal discharge, fever, lethargy and
difficulty breathing. Although mortality is low and reco-
very could occur within 7 - 10 days post-infection, mor-
bidity 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 glycopro-
teins, hemagglutinin (HA) and neuralminidase (NA), in-
fluenza 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 HIN1, HIN2
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 affect-
ing mainly growing and finishing pigs. Considering SIV
as one of the pathogens involved in this complex and
having serologic evidence suggesting influenza virus ac-
tivity since 1971 in pigs from Colombia, establishing a
14% reactivity against the H3N2 SIV subtype in Antio-
quia [11]. Studies conducted in samples collected be-
tween 1991-1994, demonstrated 6.5% reactivity to the
HIN1 SIV [12]. Later on in samples from 1997-1999, a
reactivity of 41.3% to H3N2 virus and 0.8% to HIN1
virus (Antioquia) was determined [13]. Additional stud-
ies 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 HIN1 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 es-
tablished in Colombia and there are no SIV strains iso-
lated from the field until now.

Based on the fact that SIV has been circulating in Co-
lombian pigs for more than thirty years and that the only
information available during this time is related to sero-
logical 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 establish-
ing the population serological status. Therefore, it is re-
quired to isolate these viruses in order to characterize
them trying to understand swine influenza virus infection
under Colombian conditions. This knowledge will pro-
vide 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 Colom-
bia goes beyond animal health and the negative econo-
mic impact to the swine industry. The consequences of
SIV infection have an impact at the local and at the in-
ternational level due to the implications of influenza vi-
rus infections as a public health treat.

The main goal of this research was to conduct a sys-
tematic 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 dy-
namic of this viral infection and to establish characteris-
tics of the strains circulating in the field in Colombia.

2. MATERIALS AND METHODS
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 re-
gion), 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
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Figure 1. Farms geographical location where HIN1 SIV was
isolated in Colombia.

finishing period. It is important to mention that SIV vac-
cination 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 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 clini-
cal respiratory signs of cough, fever and depression.
From the 275 samples collected, 242 corresponded to na-
sal swabs, 25 to lung tissue and the remaining 8 sam-
ples were from bronchial aspirates. Samples were col-
lected in BHI media (BD") supplemented with 2% anti-
biotic and antimycoticsolution (Sigma®™), filtered through
0.22 pm filter (MILLEX® GV) and stored at —70°C until
processing.

2.3. Virus Isolation

The 275 filtered samples were inoculated into Madin-
Darby Canine Kidney (MDCK) cells and on 9 to 11 day-
old SPF chicken embryo eggs (CEE) (Charles Rivers®,
USA). Briefly, confluent monolayer of MDBK cells pre-
pared in six well plates were washed twice with PBS and
infected with 200 pl of the original sample. Cells were
grown in Dulbecco’s Modified Eagle Medium (DMEM)
(Gibco®™) supplemented with 5% FCS (Gibco™), 1% anti-
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biotic- and antimycotic solution (Sigma®), 1% L-gluta-
mine (Sigma®), 1% HEPES buffer (Sigma®) and 2 pg/ul
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 incuba-
ted at 37°C for 72 hours.

Following the incubation period, the cell culture super-
natant (CS) and the allantoic fluid (AF) were collected
and tested by hemagglutination assay (HA) using chi-
cken 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 com-
mercial RNeasy” Mini kit (Qiagen®, CA, USA), fol-
lowing 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 HINI swine influenza vi-
ruses [17]. An initial reverse transcription was performed
with M-MVL reverse transcriptase (Invitrogen®) using 5
pl of extracted viral RNA as template and the unil2
primer (5’-AGCAAAAGCAGG-3’) [18]. PCR amplifica-
tion 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 extrac-
tion 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 ampli-
fication. Full-length HA and NA amplicons were also se-
quenced using internal primers [18]. Gel purified pro-
ducts were sequenced by Macrogen®, USA, using Big-
Dye® Terminator Cycle Sequencing. DNA sequences
were combined and edited using the Lasergene sequen-
cing 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 se-
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lected viruses representing isolates from 2008, 2009 and
2010. Three were HIN1 pandemic (pHIN1) influenza vi-
ruses and one was HINI classical (cHIN1) SIV. Sequ-
ence 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 Nei-
ghbor-Joining method [19] for tree construction. Gene
sequences of the Colombian strains were compared with
swine, avian and human influenza viruses which se-
quences were retrieved from the NCBI Influenza Virus
Resource.

3. RESULTS

A systematic virological surveillance of influenza vi-
ruses 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 ana-
lyzed. Virus isolation was demonstrated on MDCK cell
culture supernatant and on allantoic fluid through hemo-
agglutination 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 be-
longed to the HIN1 subtype. Twelve out of fifteen were
pHINI1 viruses and the remaining three were cHINI
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 west-
ern region. The last 4 isolates were from 2010 and be-
longed to farms located in the central region of the coun-
try. 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 spe-
cific duplex RT-PCR, for HA and NA. Sequence analysis
of the HA and NA genes showed that 12 out of 15 iso-
lates corresponded to pHIN1 swine origin influenza vi-
rus, and 3 viruses corresponded to cHINI swine influ-
enza virus. Interestingly, the three viruses isolated in
2008, corresponded to the cHIN1 swine influenza virus,
while the remaining twelve viruses isolated during 2009-
2010, were identified as HIN1 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 HIN1 viruses. |
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Table 1. Geographical origin and type of swine influenza vir-
uses isolated in colombia during 2008-2010.

Swine Influenza Field Virus Isolates

SIV
Isolate Identification Geog:?gpil:llcal Type
0102 A/swine/Colombia/0102/2009 West pHINI1
0201 A/swine/Colombia/0201/2009  NorthWest pHINI1
0301 A/swine/Colombia/0301/2009  Antioquia pHINI1
0401 A/swine/Colombia/0401/2008  NorthWest cHIN1
0502  A/swine/Colombia/0502/2009 West pHINI1
0602  A/swine/Colombia/0602/2009 West pHINI1
0701 A/swine/Colombia/0701/2009  NorthWest pHINI1
0801 A/swine/Colombia/0801/2008 NorthWest cHIN1
0901 A/swine/Colombia/0901/2008  NorthWest cHIN1
1002 A/swine/Colombia/1002/2009 West pHINI1
1101 A/swine/Colombia/1101/2009  NorthWest pHINI
1203 A/swine/Colombia/1203/2010 Central pHIN1
1303 A/swine/Colombia/1303/2010 Central pHINI1
1403 A/swine/Colombia/1403/2010 Central pHINI
1503  A/swine/Colombia/1503/2010 Central pHIN1

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
(pHIN1), A/swine/Colombia/1101/2009 (pHIN1) and
the A/swine/Colombia/1403/2010 (pHINT1) isolated from
pigs in Colombia during 2009 and 2010. The identity
into these tree pHIN1 Colombian viruses is close to 99%.
From Figure 2 is also evident that pHIN1 viruses iso-
lated 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 cHIN1 SIV, tree groups or clusters are
shown in Figure 2. The first cluster includes only H1
swineisolates, in the secondcluster are H1 avianviruse-
sand in the third cluster are avian-like swine H1 viruses.
The cHINT1 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 se-
cond 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 HINT,
along with the ancient HIN1 USA virus from 1931 and
more recent isolates from Changhua, 2000 and Guan-
dong (China) 2009 (Figure 2(b)); viruses in this sub-
group share a 99.47% nucleotide sequence identity be-
tween them. Interestingly, the closest homology of the
Colombian A/swine/Colombia/0401/2008 HIN1 SIV is
with the Changhua (Taiwan) isolate, with only three nu-
cleotides 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 pre-
sence of viral agents such as the PRRS and PCV-2 vi-
ruses in Colombia and, the evidence of bacterial infec-
tions in swine highlight the importance of a continuous
study of the agents involved in this complex with a par-
ticular emphasis on influenza virus infection.

Although previous studies had shown serologic reac-
tivity to swine influenza virus in Colombian pigs for
more than thirty years, this paper reports the first isola-
tion of several HIN1 SIV strains in commercial Colom-
bian pig farms. There are probably several reasons that
could explain this situation. One could be that swine in-
fluenza 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 ap-
propriate methods to isolate influenza virus from pigs in
the country.

The year 2009 is remarkable in terms of swine influ-
enza 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 reassort-
ment originated from three different influenza viruse-
sorigin [20]. According to the information previously
available, serotypes HIN1 and H3N2 were circulating
before 2009 in Colombia, as a result it is not surprising
that the isolates from 2008 were of the cHINI1 SIV sub-
type. But what is important to point out is the evident
predominance of pHINI swine influenza viruses isolated
after that year, between 2009 and 2010. This might sug-
gest that a novel virus with genetic characteristics that
are different from the cHINI that was circulating previ-
ously in the herds, was able to enter the pig population
and infect a number of susceptible animals. It seems that
the pHIN1 influenza virus was able to surpass and re-
place the cHINI1 influenza virus that was circulating
previously in the herds until 2009. Even though infection
with different subtypes of influenza virus results in par-
tial cross protection, the immune response in the animal
facing heterologous viruses is subject to immune pres-
sure and as a consequence immune selection [21]. There-
fore, we could expect a large number of susceptible ani-
mals that were challenged by a new HIN1 influenza vi-
rus acting during the influenza pandemic in 2009. Addi-
tionally, it is necessary to emphasize that the pig popula-
tion 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 pHIN1 influenza virus into the popula-
tion is necessary to improve biosecurity measures to
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Figure 2. Phylogenetic relations of HIN1 SIVs isolated in Colombia.
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 eli-
minated. There were a total of 1675 positions in the final dataset. Evolutionary analyses were conducted in MEGA 5 [3].
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prevent further exposure to the virus.

Isolation of the HIN1 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 anti-
genic determinant of influenza viruses, showed that the
pHINI viruses isolated in Colombian pigs are phyloge-
netically related with human viruses from USA, Argen-
tina, Chile, Pert, and with swine viruses originated
mainly from USA and Asia. It is well known that in Co-
lombia 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 pHINI viruses isolated in 2009 compared to
those isolated in 2010, it suggests that the virus is chan-
ging rapidly. In addition, considering that H3N2, and
HIN1 pandemic viruses are circulating in the swine po-
pulation in Colombia and that there is evidence of new
viruses such as the HIN2 that emerged in Italy [24] as a
result from reassortment between the H3N2 and the
pHINTI influenza virus it is imperative to continue study-
ing swine influenza virus infection in Colombia.

On the other hand, the cHIN1 swine influenza virus
isolated from Colombian pigs showed homology with
virus from United States, Asia and Europe. Surprisingly,
closest homology is with the cHIN1 SIV from Changhua,
Taiwan, followed by the North American origin HINI
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 pHINI influenza virus, the cHINI
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
cHINI 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. Ex-
amples 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 influ-
enza viruses that are circulating around the world. In
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spite of having a natural immune response as a result of
previous exposure, because of the absence of a vaccina-
tion program, it might not be enough to face future chal-
lenges. 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 stra-
tegies 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, par-
ticularly 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 vi-
ruses. In summary, due to the strategic geographical po-
sition of this country in South America, it acquires im-
portance 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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