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Introduction 

Swine influenza virus (SIV) is one of the most common 
causes of respiratory disease in swine. Several subtypes 
within type A influenza virus have been reported based 
on differences in hemagglutinin (H) and neuramidase (N). 
To date, 15 different H subtypes and 9 N subtypes have 
been identified in mammals and birds. I Although various 
subtypes of influenza virus have been reported from swine 
populations, HINl, HIN2, and H3N2 have been com
monly identified throughout the world. In North America, 
only one subtype of H 1 N 1 was known in clinically af
fected pigs. Infection with H3N2 subtype in swine has 
been diagnosed in different countries.2.3 During 1998, 
some of the swine farms in Minnesota and Iowa experi
enced severe respiratory and/or reproductive diseases. 
These clinical signs were found to be associated with SIV 
H3N2 infection. Subsequently, isolation of H3N2 from 
clinically affected pigs has been reported in many differ
ent states including North Carolina, Texas, Illinois, Colo
rado, Nebraska, Oklahoma, and Wisconsin.4

.5 Very re
cently, there was an isolation of SIV HI N2 from a pig in 
Indiana. 6 

Several diagnostic tests have been used for the detection 
of SIV infection in pigs. A commercial ELISA kit 
(Directigen,(r) Becton-Dickinson, Spark, MD), designed 
for the detection of type A influenza virus infection in 
humans, has also been used in veterinary laboratories for 
the detection of SlY. Single reverse transcription-poly
merase chain reaction (RT-PCR) assay has also been used 
for detection of SIV,1 but information on the use of multi
plex RT-PCR in clinical swine specimens is not avail
able. The purpose of this study was to develop and evalu
ate a multiplex RT-PCR assay that can identify SIV H I or 
H3 directly from clinical samples. 

Materials and methods 

Swine influenza reference viruses used were HINI (A/ 
swine/New Jersey/lI/76) and H3N2 (A/SwineiMinnesotai 
9088-2/98). A total of73 SIV positive samples along with 
20 negative clinical samples (10 nasal swabs and 10 lung 
homogenates) were initially used to evaluate multiplex 
PCR. Ten isolates of HI N I cultivated in embryonated 
chicken eggs in 1996 were also used. Twenty SIV iso-
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lates, 43 SIV positive and 20 negative clinical specimens 
were obtained from Minnesota Veterinary Diagnostic 
Laboratory (MVDL). These 63 SIV positive samples were 
subtyped by HI in MVLD. Subsequently, 235 randomly 
selected samples, either nasal swabs or lung tissues from 
pigs with respiratory diseases, were obtained from field 
samples submitted to MVDL, and these were tested by 
the multiplex RT-PCR. 

Two oligonucleotide primer sets suitable for multiplex 
RT-PCR were prepared on the basis of published H I (H 1 F, 
H 1 R) (GenBank accession no. K00992) and H3 sequences 
(H3F, H3R) (GenBank accession no. AF153234). These 
primer pairs were designed to amplify hemagglutinin (HA) 
gene. One set of primers (HIF 5'- GGG ACA TGTTAC 
CCAGGAGAT- 3'; HIR 5'- CTG CTTGAC CTCTCA 
CIT TGG- 3') was designed to amplify 411 bp of HI, 
and the other set (H3F 5' - TAT GCC TGG TTTTCG CTC 
AA- 3'; H3R 5'-ITC GGG ATT ACA GTT TAT TG-3') 
was designed to amplify 635 bp of H3. 

Viral RNAs were extracted using a commercial kit 
(QIAamp viral RNA mini kit, Qiagen Inc. Valencia, CA) 
from the culture isolates and supernatants of nasal swabs 
or lung homogenates from pigs of clinical cases. A one
step RT-PCR was performed using a commercial RT-PCR 
enzyme mix (One step RT-PCR enzyme mix, Qiagen Inc. 
Valencia, CA). Amplification of DNA was achieved at 
95DC for 15 min for reverse transcription followed by 30 
cycles of denaturation at 95°C for I min, annealing at 
61 DC for 30 sec and extension at 72°C for I min. The 
PCR was ended with a final extension step at 72°C for 10 
min. The PCR products were analyzed by 0.7% agarose 
gel electrophoresis. Size-specific PCR products (411 bp 
and 635 bp) were cloned into a commercial vector 
(pGEM(rl-T Easy Vector system I, Promega Corp. Madi
son, WI) and sequenced in both directions using a stan
dard dye terminator cycle sequencing method and a 
sequencer. 

Results 

Multiplex RT-PCR assay using the two primer sets was 
carried out with both subtypes of SIV and with five bac
teria and seven viruses commonly infecting swine. None 
of the DNA or RNA template from the swine pathogens 
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Figure 1: Detection and identification of subtype for a panel of reference swine influenza virus by single or 
multiplex RT-PCR method. Lane M - Hi-Lo size marker; Lanes 1 and 2 - H1 N1; Lanes 3 and 4 - H3N2; 
Lane 5 - both H1 N1 and H3N2; Lane 6 - cell culture fluid of uninfected canine kidney (MOCK) ce ll line. 
H1 primer was used for lanes 1 and 4, H3 primer for lanes 2 and 3, and both H1 and H3 primers were 

used for lanes 5 and 6. 
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Table 1: Subtyping by hemagglutination inhibition test / multiplex RT-PCR assay using swine influenza 
virus culture isolates or positive swine field samples. 

No. Subtyped by HI/multiplex RT-PCR Samples 

tested samples H1 N1 H3N2 Both subtypes 

Cell culture isolates of 

1996 

1999/2000 

Clinical specimens 

10 

30 

10/10 010 010 

10/9 10/10 011 

Nasal swabs 23 13/11 9/9 1/3 

____ ~~!!_g __ ~~!!l.2!~~ __________ ~Q __________________ ~i~ ________________ l..91~ ___________ Ji~ ________________________ ______ _ 
Total 73 42/38 29/28 2/7 

was positive except for HINI and H3N2. Single or mul
tiplex RT-PCR was performed to detect reference HINI 
or H3N2 strains of SlY, and the results are shown in Fig
ure 1. The two primer sets permitted amplification offrag
ments of expected sizes-411 bp for HI and 635 bp for 
H3. The specificity of each RT-PCR product was con
firmed by sequencing (data not shown). When the two 
primer sets were tested with serial 10-fold dilutions of 
each reference virus (104 TCIDs/O.lml) , positive ampli
fication reaction was visualized up to 10-4 dilution . 

Results of subtyping 73 SIV isolates or positive swine 
samples by HI test and multiplex RT-PCR are shown in 
Table 1. Of 30 SIV isolates and 43 positive samples, 38 
and 28 samples were subtyped by multiplex RT-PCR as 
HI and H3 , respectively. The remaining seven samples 
showed to contain both HI and H3 subtypes positive re
sults, and these RT-PCR fragments were confirmed by 
sequencing. The sequence results showed that HI and H3 
fragments in the seven samples had homologies between 
96-97% and 95-98%, respectively, to those reported in 
GenBank data. All 20 negative clinical samples (ten na-
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sal swabs and ten lung homogenates) showed no reaction 
by the multiplex PR-PCR. In subsequent tests using 235 
random field samples, 26 and 13 samples were positive 
for HI and H3, respectively. These multiplex RT-PCR 
results were generally in agreement with those of HI test. 

Discussion 

In order to detect and identify SUbtype SIV, virus isola
tion and HI tests are common ly used in veterinary diag
nostic laboratories. A commercial ELISA kit can conve
niently be used to detect SIV antigen in throat or nasal 
swabs. However, SIV type-specific antisera for HI and 
H3 are required to identify the subtype of the isolates. 
Virus isolation wi ll take at least several days, and the iso
lates should have a minimum of ten hemagglutination 
(HA) units to perform HI tes t for subtyping. A problem 
may exist if samples contain both HINI and H3N2, and 
if one virus grows faster than another. Then , only one 
dominant SUbtype can be identifi ed in the HA and subse-
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quent HI test. In such cases, it is possible to have a false 
negative result. 

In the present study, multiplex RT-PCR could detect SlY 
from a sample containing both HI and H3 viruses. Inter
estingly, 7 of the 63 samples collected in 1999 and 2000 
showed both HI and H3 positive results by multiplex RT
PCR, while only two samples were positive for both types 
by HI. Obviously, the multiplex RT-PCR has an advan
tage for rapid results for detection and identification of 
the subtype. However, a differentiation between HINI 
and HI N2 is not possible, since the primer sets are de
signed for H genes. 

A sensitivity of the multiplex RT-PCR using samples from 
experimentally infected pigs with SlY was not determined 
in this study, but the results of multiplex RT-PCR were at 
least comparable to those of HI test. However, it is im
portant to note that the conventional HI test could fail to 
identify both subtypes and lead to a misdiagnosis for SlY 
infection from swine samples. In conclusion, multiplex 
RT-PCR is a useful method for the diagnosis of SlY and 
can be performed routinely with samples from swine 
farms. 
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