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Summary
A total of 3651 blood samples collected 
from nonvaccinated pigs in 45 Romanian 
herds and tested by enzyme-linked immun-
osorbent assay against H1N1 and H3N2 
subtypes revealed an H1N1 subtype sero-
prevalence of 44.4%. Prevalence differed by 
parity (P < .01), with the highest prevalence 
at parity 5-6.
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Swine influenza, a respiratory disease 
that affects pigs of all ages, is caused 
by type A influenza virus.1 Morbidity 

rates can reach 100%, while mortality rates 
are generally low. Subtypes of swine influenza 
virus (SIV) most frequently identified in pigs 
include classical and avian H1N1, reassortant 

(r) H3N2, and rH1N2. In Europe, three 
main influenza A subtypes (H1N1, H1N2, 
H3N2) circulate in swine populations.2 
The H1N1 and H3N2 subtypes have been 
enzootic in several swine-producing countries 
in Europe for more than 20 years.3-5 Surveil-
lance and serological monitoring of influenza 
in swine populations is essential for adequate 
control and diagnosis of infection.4 Swine 
influenza viruses are infectious to people as 
zoonotic agents. Zoonotic infections have 
been documented in the United States, 
Europe, New Zealand, and Hong Kong, in 
some cases resulting in the death of the people 
infected.6

The dramatic decrease in pig numbers in 
Romania during 1990-2002 is related to 

changes in the ownership of farms after 
the December 1989 revolution. Presently, 
approximately 5,793,000 domestic pigs were 
produced in 275 commercial farms, compa-
rable to production in industrialized farming 
systems in other European Union member 
countries, with the highest number of pigs in 
west and northwest Romania.7,8

There have been few studies in Romania 
regarding SIV infection in swine herds. The 
aim of the present study was to assess the 
seroprevalence of swine influenza subtypes 
among domestic pigs of different ages raised 
in large farms located in densely swine-
populated areas in western Romania.

Materials and methods
All samples were collected under a local 
surveillance program managed by veterinary 
authorities (Sanitary Veterinary and Food 
Safety Authority Timis County) and the 
Faculty of Veterinary Medicine (Timisoara, 
Romania). Sampled animals were treated 
according to the established standards for 

the humane care and use of animals speci-
fied in national legislation regarding animal 
welfare.9

In a cross-sectional study from January to 
December 2009, a total of 3651 blood sam-
ples were collected by jugular vein puncture 
of randomly selected animals from different 
groups: 1830 samples from sows and gilts 
from breeding farms, 226 samples from neo-
nates, 179 samples from weaned pigs, and 
1416 samples from grower-finisher pigs in 
45 farms under the same ownership located 
in western Romania. In some cases clinical 
respiratory disease was observed. None of 
the animals were vaccinated against swine 
influenza. Tests conducted in this study rep-
resent a contractual obligation between our 
faculty and the owner of these farms. Within 
the herds, animals were individually identi-
fied and randomly selected for participation 
in the study. The number of samples was 
designed to guarantee a 95% probability of 
detecting at least one positive animal assum-
ing a within-herd seroprevalence of 50%.

Samples were processed as they were sub-
mitted to the laboratory and tested using 
commercial enzyme-linked immunosorbent 
assays (ELISAs). For detection of antibod-
ies against H1N1 and H3N2 subtypes, the 
Idexx SIV H1N1 Ab and Idexx SIV H3N2 
Ab tests (Idexx Laboratories Inc, Westbrook, 
Maine), respectively, were used according 

Resumen - Detección de anticuerpos 
contra el virus de influenza en el oeste de 
Rumania mediante el ensayo inmunoenz-
imático ligado a enzimas 

Un total de 3651 muestras de sangre 
recolectadas de cerdos no vacunados en 45 
piaras Rumanas y probadas con el ensayo 
inmunoenzimático ligado a enzimas contra 
los subtipos H1N1 y H3N2 revelaron 
una seroprevalencia del 44.4% del subtipo 
H1N1. La prevalencia difirió por paridad 
(P < .01), con la mayor prevalencia en la 
paridad 5-6.

Résumé - Détection d’anticorps contre le 
virus de l’influenza porcin en Roumanie 
occidentale à l’aide d’une épreuve immuno-
enzymatique 

Les tests effectués sur un total de 3651 
échantillons sanguins prélevés de porcs 
non-vaccinés dans 45 troupeaux roumains à 
l’aide d’une épreuve immuno-enzymatique 
détectant les sous-types H1N1 et H3N2 
ont révélé une séro-prévalence du sous-type 
H1N1 de 44.4%. La prévalence différait en 
fonction de la parité (P < .01), la prévalence 
la plus élevée était observée à la parité 5-6.
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to the manufacturer’s instructions.10 Com-
mercial ELISA kits are not available for the 
H1N2 subtype. For the H1N1 subtype, 
sample-to-positive (S:P) ratios < 0.40 are 
considered negative, and S:P ratios ≥ 0.40 
are considered positive.10 For the H3N2 
subtype, S:P ratios < 0.30 are considered 
negative, S:P ratios ≥ 0.30 and < 0.40 are 
classified as suspect, and S:P ratios ≥ 0.40 are 
considered positive. A chi-square test was 
performed to observe a possible association 
between sow parity and seroprevalence rate.

In these tested herds, other respiratory 
pathogens contributed to respiratory disease. 
Most commonly, Mycoplasma hyopneumoniae, 
porcine reproductive and respiratory syn-
drome virus (PRRS), Streptococcus suis, and 
Haemophilus parasuis were detected. Samples 
for bacteriological culture (lung swabs) were 
collected from dead pigs. Organisms were 
identified at the Diagnostic Laboratory of the 
Faculty of Veterinary Medicine (Timisoara, 
Romania) and Pasteur Institute Department 
of Epidemiology and Diagnosis (Bucharest, 
Romania) using standard methodology.11 
Because of their fastidious nature, myco-
plasmas were cultivated on special nutrient 
media supplemented with porcine serum 
(pleuropneumonia-like organism agar; Oxoid, 
Cambridge, United Kingdom). Indirect 
methods of detection were primarily used, ie, 
serological (Idexx M. hyo. Ab ELISA; Idexx 
Laboratories Inc) and molecular biology 
techniques (polymerase chain reaction; PCR). 
Streptococcus and Haemophilus species were 
cultivated on Columbia blood agar (Oxoid) 
with growth factor for Haemophilus (XV fac-
tor disks; Difco, Detroit, Michigan). PRRS 
was diagnosed by ELISA (HerdChek PRRS 
X3 Ab Test; Idexx Laboratories Inc) and detec-
tion of PRRS virus in tissues by PCR.

Results
Antibodies against H1N1 were identified 
among breeder and grower and finisher pigs, 
while antibodies against the H3N2 subtype 
were not identified in any tested samples 
(Table 1). Twenty of the 45 tested herds 
were seropositive. The highest proportion of 
serologically positive animals was recorded in 
sows (Table 1). Seroprevalence was highest in 
finisher pigs, followed by neonatal pigs, gilts, 
sows, grower pigs, and weaned pigs (Table 1). 
Seroprevalence was lowest in first and second 
parity sows (Table 2). There was a significant 
association between seroprevalence and par-
ity, with greater seroprevalence in parities 5 
and 6 than in parities 1 and 2 (P < .01).

In the cold season (November through 
April), 220 of the 2065 samples tested 
(9.4%) were serologically positive for H1N1. 
In the warm season (May through October), 
172 of the 1586 samples tested (9.2%) 
were positive for H1N1. Most serologically 
positive animals were identified in May and 
October (Figure 1).

Discussion
The standard method for detecting SIV anti-
bodies is the hemagglutination inhibition 
(HI) test.12 Recently, sensitive and specific 
SIV ELISA kits have been developed.10,13,14 
The ELISA method was chosen in this 
study because it is fast and less expensive to 
perform than the HI test, and we were inter-
ested in periodically monitoring the health 
status of swine herds.

The ELISA is considered the most sensitive 
serological assay for SIV, and ELISAs for differ-
entiating antibodies to H1 and H3 have been 
developed.15 At present, indirect ELISAs using 
H1N1 and H3N2 antigens are commercially 
available for serodiagnosis of SIV infection 
(Idexx Laboratories Inc).15-17 Barbe et al,13 
in a study comparing the SIV ELISA and 
HI tests, determined that the ELISA had 
a specificity of 97% to 99% and a positive 
predictive value of 92% to 99%. Both tests 
are used in veterinary diagnostic laboratories 
and for seroprevalence studies worldwide.13

The SIV ELISA (especially the H3N2 
ELISA), after further improvement, might 
be a valuable tool in detecting antibodies 
against influenza A viruses in general. Most 
other ELISAs are capable of detecting 
overlapping antigens (ie, antigenic overlap 
between vaccine and challenge strains), thus 
being powerful screening methods.18

Because of some weaknesses of the SIV 
H1N1 ELISA, researchers may prefer to 
use the hemagglutination inhibition test. 
The H1N1 ELISA uses an antigen prepared 
from classical H1N1 SIV, and therefore the 
range of swine H1 subtypes detected is lim-
ited.14 In addition, the H1N1 test may miss 
recently infected animals, detecting only 
chronic infection.14,15

Other studies using ELISA tests have been 
conducted to determine seroprevalence 
of SIV subtypes. In the United States, 
researchers found an H1N1 subtype sero-
prevalence of 27.7%.3 In Spain and Korea, 
seroprevalences were 30.6% and 39.12%, 
respectively.19,20 In a study in pig farms in 
southern Romania between 2006 and 2009, 

blood samples collected from pigs aged 14 
to 22 weeks were tested by ELISA (Idexx 
Laboratories Inc).21 Results showed that 
49% of animals were serologically positive 
for the H1N1 subtype and 67% for the 
H3N2 subtype.21

Swine influenza virus H1N1 is widespread 
in farms in western Romania. The small 
number of sera tested for H3N2 does not 
allow us to formulate a conclusion regard-
ing the prevalence of this subtype. Further 
studies are needed, as it appears there are 
differences among Romanian swine herds. 
The differences between our results and 
those of Baraitareanu et al21are due to the 
different location of farms (southeast and 
west Romania). Our results for the H3N2 
subtype were similar to those obtained in 
other countries, eg, the seroprevalence rate 
detected by ELISA for H3N2 was 0% in 
Poland and 0.1% in the Czech Republic,2 
and similar results were obtained in Lithu-
ania.18 On the other hand, in a 2001 study 
performed by ELISA in Bulgaria in grower 
and finisher pigs, no antibodies against 
H1N1 were detected, but seroprevalence of 
H3N2 was 96.7%.22

Some researchers22,23 contend that there is a 
correlation between SIV antibody titer and 
season, but our study could not confirm this 
correlation. It has been reported that the 
highest incidence of SIV infections occurs 
during the winter months, between October 
and February.24 Our results showed that 
most serologically positive animals were 
identified in May and October.

Implications
•    Serological surveillance for SIV 

subtypes in pigs in western Romania 
is essential because this area has a large 
population of pigs, with the risk of new 
highly pathogenic subtypes.

•   Cross-sectional studies are beneficial in 
supporting diagnostic findings in large 
commercial swine herds.
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*    Sera tested by enzyme-linked immunosorbent assay (Idexx SIV H1N1 Ab Test; Idexx 
Laboratories Inc, Westbrook, Maine). Samples with sample-to-positive ratio ≥ 0.40 
considered positive.

†    Seroprevalence was higher in parities 5-6 than in parities 1-2 (P < .01; chi-square).

Table 1: Presence of antibodies against swine influenza virus subtypes H1N1 and H3N2 in different age groups in 45 herds in  
western Romania*

*    Sera tested by enzyme-linked immunosorbent assay (Idexx SIV H1N1 Ab Test and Idexx SIV H3N2 Ab Test; Idexx Laboratories Inc, West-
brook, Maine). Samples with sample-to-positive ratio ≥ 0.40 considered positive. A herd was classified as seropositive if at least one animal 
was seropositive.

†    Pigs were weaned at 21 days of age and moved out of the nursery when they were 8 weeks old.
NT = not tested; NA = not applicable.

Group Age (weeks) No. of sera

H1N1 H3N2
No. of  

positive herds 
(%)

No. of  
positive sera 

(%) 

No. of  
positive herds 

(%)

No. of  
positive sera 

(%)
Neonatal 0-3 226 8 (17.7) 17 (7.5) NT NT
Nursery† 3-8 179 5 (11.1) 1 (0.6) 0 (0.0) 0 (0.0)
Grower 8-16 983 5 (11.1) 71 (7.2) NT NT
Finisher 17-26 433 10 (22.2) 18 (4.2) 0 (0.0) 0 (0.0)
Gilts 26-48 682 6 (13.3) 31 (4.6) NT NT
Sows > 48 1148 5 (11.1) 254 (22.1) 0 (0.0) 0 (0.0)
Totals 3651 20 (44.4) 392 (10.8) NA NA

Parity No of tested sera No. of positive  
sera (%)†

1-2 383 61 (16.0)
3-4 390 90 (23.1)
5-6 375 103 (27.5)

Table 2: Seroprevalence of antibodies* against H1N1 swine influenza virus 
detected in samples from sows of different parities in 45 western Romania herds

Figure 1: Seroprevalence of swine influenza subtype H1N1 antibodies by season. 
Blood samples were collected from pigs of different age groups, from neonatal 
piglets to sows, in 45 farms in western Romania. A total of 3651 samples were 
tested by enzyme-linked immunosorbent assay (Idexx SIV H1N1 Ab Test; Idexx 
Laboratories, Westbrook, Maine).
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