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Abstract Influenza A viruses cause respiratory disease in
piglets, and maternal immunity plays an important role in
protecting against Influenza virus infection. Nevertheless,
in the presence of high levels of maternal antibodies
against influenza, an adequate immune response is not
developed. In this study, the effect of maternal antibodies
against the swine influenza A/swine/New Jersey/11/1976/
HINT virus (swHIN1) on clinical presentation, serologi-
cal response, and lesions produced in colostrated and non-
colostrated pigs was evaluated in pigs infected with the
human influenza A/Mexico/La Gloria-3/2009/ HINI1
(pHIN1) and swHIN1 viruses. Our results indicated that
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between 2 and 4 days post-challenge, sneezing and mild
nasal discharge were observed in all pigs. Body temper-
ature in pigs from all treatment groups ranged between
39.2 and 39.3 °C. Pigs inoculated with the pHINI virus
(421 g) exhibited a significantly lower daily weight gain
than those inoculated with the swHINI1 virus (524 g). HI
antibody titers against the pHINT1 virus were significantly
different between colostrated (1.62) and non-colostrated
(0.43) pigs. Significant differences in antibody titers were
detected between pigs inoculated with the pHIN1 (1.28)
or the swHINI1 virus (0.77) (P < 0.05). The highest
percentage of pulmonary lesions was observed in non-
colostrated/pHIN1 pigs (11.88%) at 6 days post-chal-
lenge. Cross reactivity was observed between the pHINI
and swHINI viruses, as the maternal antibodies against
the swHINI virus successfully neutralized the pHINI
virus infection.

Keywords Influenza virus - Pandemic virus - Swine virus -
HIN1

Introduction

Influenza A viruses infect a wide variety of animal species,
including pigs. The influenza subtypes that have been
established in swine populations correspond to HINI,
HIN2, and H3N2. Virulent HINI subtypes of swine
influenza generally cause a respiratory episode of acute
course. During these infections, sneezing, coughing, dys-
pnea, nasal and ocular discharge, fever, and prostration are
generally observed, followed by rapid recovery [1]. The
HIN2 and H3N2 subtypes, in addition to causing respira-
tory problems, have been associated with abortions [2, 3].
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One of the prevention strategies used against Influenza
virus is the vaccination of breeders, not only to protect the
breeding herd, but also to provide passive or maternal
immunity to the progeny through colostrum. Maternal
immunity plays an important role in protecting against
influenza virus infection in young pigs; however, antibody
titers in newborn piglets are dependent on the antibody
levels of the sow. Circulating levels of maternal antibodies
in piglets may be detected between 4 and 14 weeks of age.
Kitikoon et al. [4], observed that in the presence of high
levels of maternal antibodies against influenza, an adequate
immune response is not necessarily developed; therefore,
young pigs may be highly susceptible to reinfection. On the
other hand, when maternal antibody levels are low,
immune response to the infective virus is weak or delayed.
Currently, there are sufficient means to determine the
genetic characteristics of viruses that circulate in pig
populations; however, commercial vaccines usually only
contain between one and three different isolates. Further-
more, these vaccines are not updated as in the case of
vaccines intended for human use. Therefore, the level of
cross-protection between genetically heterologous isolates
of the same subtype is unpredictable [5].

In Kyriakis et al. [6] pandemic HIN1 human influenza
A virus isolates were obtained from pigs in different
countries, such as: Canada, Argentina, Australia, Singa-
pore, Ireland, the United States, Japan, and Iceland. The
clinical presentation, lesions, and intensity varied even
within the same farm; this variation was attributed to age,
handling, and interaction with other infectious agents
[7-9]. Kyriakis et al. [6] observed a serological cross-re-
action between the pandemic influenza HIN1 A virus and
the European swine influenza virus; however, these authors
considered that, although this cross-reactivity could confer
a certain degree of protection, a test performed under
controlled conditions would be necessary to confirm this
hypothesis.

In the present study, we evaluated the effect of maternal
antibodies against the swine influenza A/swine/New Jer-
sey/11/1976/HIN1 virus on clinical presentation and
serological response in colostrated and non-colostrated
pigs, after infection with the human influenza A/Mexico/La
Gloria-3/2009/ HIN1 (referred hereinafter as pHIN1) and
swine influenza A/swine/New Jersey/11/1976/HIN1 (re-
ferred hereinafter as swHINT1) viruses.

Materials and methods
Animal care

Animal care, handling, and sampling protocols complied
with the procedures approved by the Institutional
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Committee for Care and Use of Experimental Animals
(SICUAE) of the Graduate Degree Program in Production
Sciences and Animal Health number DC-2010/2-3, UNAM.

A total of 36 crossbred pigs were used, of which 18 were
colostrated [C] and 18 were non-colostrated [NC].

All colostrated pigs came from sows vaccinated with
strain A/swine/New Jersey/11/1976/HIN1. The average
weight of these animals was 8.13 £ 0.39 kg. All animals
were housed in isolation units and kept at an environmental
temperature ranging between 28 and 30 °C throughout the
experiment. C pigs had an adaptation period of 2 weeks,
during which they received food and water ad libitum. On
the other hand, NC pigs were separated from the sow at the
time of birth; they were dried off, and their umbilical cords
were ligated, cut, and disinfected. Subsequently, they were
fed with a milk substitute (Bayovac Lactomilk®, Bayer
Animal Health Laboratories), which was provided until
21 days of age. From the 7th day of age and until the end of
the experiment, these pigs received commercial pelleted
feed (NUPIG UNO Evolution®, Nutec Group) and water
ad libitum. To reduce the risk of bacterial infections, from
1 to 7 days of age, the experimental pigs received enro-
floxacin (5% injectable Baytril®, Bayer Animal Health
Laboratories) at a dosage of 2.5 mg/kg via intramuscular
injection. Additionally, 5 days before virus inoculation,
pigs were treated with intramuscular tylosin (Macrotyl®,
MAVER Laboratories) at a dosage of 20 mg/kg.

Experiment design

Experimental pigs were allotted to a completely random-
ized 2 x 2 factorial design; where the first factor was
colostrum (C and NC) and the second factor was virus type
(pHIN1 and swHINT1). Half of the pigs (18) were intra-
nasally inoculated with the influenza A/Mexico/La Gloria-
3/2009/HIN1 (GenBank: CY077595) virus, and the other
half (18) with the influenza A/swine/New Jersey/11/1976/
HINT (Gen-Bank: K00992) virus, using 5 mL of a solution
containing a viral titer of 1:64 hemagglutinating units
(UHA) as measured by hemagglutination (HA); 10%° RNA
copies/uL by real-time RT-PCR for the two viruses, with
1x10* DICCsq, for the pHINT virus, and 1x10" DICCse,
for the swHINI virus. Treatments were as described in
Table 1.

Table 1 Experiment design

Group Colostrum Challenge Age (days) N
CpHINI129 Yes pHINI 29 9
NCpHIN129 No pHINI1 29 9
CswHIN136 Yes swHIN1 36 9
NCswHIN136 No swHIN1 36 9
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Blood Samples and Assays

Blood samples were collected via jugular venipuncture
from all pigs prior to the start of the study, as well as from
directly infected pigs on days 1, 3, 6, 9, 12, and 14 post-
inoculation. Pigs were screened serologically for several
common respiratory disease agents prior to the beginning
of the study. Antibody titers to porcine Circovirus type 2
(INGEZIM CIRCO IgG® Immunology and Applied
Genetics SA), Porcine Reproductive and Respiratory Syn-
drome (HerdChek * PRRS 2XR®, IDEXX Laboratories,
Inc.), and Mpycoplasma hyopneumoniae (HerdChek*M
hy0®, IDEXX Laboratories, Inc.) were measured using
commercial ELISA kits based on the manufacturer’s
specifications. Hemagglutination inhibition assay (HI)
against blue eye Paramyxovirus was performed according
to the method described by Ramirez et al. [10]. The
influenza HI test was performed according to the procedure
described by the World Organization for Animal Health
(OIE) for influenza A viruses pHIN1, swHIN1, and H3N2.

Clinical measurements and macroscopic lesions

The pigs were monitored daily for signs of illness, such as:
sneezing, coughing, dyspnea, nasal discharge, and ocular
discharge. Rectal temperature and average daily gain
(ADG) were measured.

Euthanasia and necropsy were performed in three pigs
per treatment group on days 2, 6, and 14 post-inoculation.
The decision to euthanize on these specific days was made
considering the following factors: viral incubation period
(2 days), persistence of the virus in the respiratory tract
(2 weeks), and time needed to generate an immune
response (7-10 days). Additionally, these days aligned with
previous published works which utilized similar ranges.
Euthanasia was achieved by inducing pigs to a deep
anesthetic plane, with subsequent exsanguination. The pigs
received a dose of 2.2 mg/kg of xylazine (PROCIN® PiSA
Agropecuaria) and 4.4 mg/kg of Tiletamine-Zolacepam
(Zoletil® 50 Virbac Animal Health) intramuscularly. This
mixture of tranquilizers and anesthetics facilitated sedation
and immobilization prior to exsanguination [11]. Each pig
was then submitted to necropsy with special emphasis on
the respiratory tract, where the percentage of pulmonary
lesions was determined according to the methodology
described by Sorensen et al. [12].

Statistical analyses
While results for clinical signs were presented as propor-

tions, body temperature and percent of pulmonary lesions
were transformed wusing the Box-Cox technique:

-0.2
= Antibody titers were

1= (Percent of pulmonary lesions+1)
v —0.072

transformed to Logl0. Transformed data and daily weight
gain were analyzed as a completely randomized design
with a multivariate factorial arrangement 2x2x14 [13];
where the first factor was colostrum (C and NC), the sec-
ond factor was virus type (pHIN1 and swHINI), and the
third factor was the number of days post-inoculation. For
data analysis, the JMP® 8 statistical package was used.

Results & Discussion
Clinical measurements

Upon clinical evaluation prior to inoculation (Table 2), no
sneezing, coughing, dyspnea, nasal discharge, or ocular
discharge were detected in any of the pigs. Between days 2
and 4 post-inoculation, sneezing and mild nasal discharge
were detected in all treatment groups. Body temperature in
the four treatment groups ranged from 39.2 to 39.3 °C
(Table 3). No significant statistical evidence was found that
colostrum, virus strain, or their interactions had any effect
on body temperature in any of the treatment groups
(P > 0.05). Of note, a typical clinical presentation caused
by Influenzavirus, as described by Brookes et al. [14] and
Lange et al. [15], in non-colostrated pigs inoculated with
Influenzavirus A HINI1 strains A/ California/ 07/2009
(HIN1) and A/Regensburg/D6/ 2009 (HIN1), respectively,
included ocular and nasal discharge, coughing, salivation,
increase in respiratory rate, lethargy, inappetence, diarrhea,
palpebral edema, and fever. In our study, only sporadic
sneezing and mild nasal discharge were observed, which
were detected for a period of 3 - 8 days, depending on the
virus with which the pigs were inoculated, as well as the
presence or absence of colostrum. Additionally, there was
not enough evidence to state that inoculation with influenza
viruses pHIN1 and swHIN1 had any effect on body tem-
perature, as all results obtained were within the normal
range (39.3°C a 39.6°C) for weaned pigs between 9 and
18 kg (supplementary Fig. a).

Lack of a clinical disease pattern typical of influenza is
not unprecedented. Busquets et al. [16], inoculated non-
colostrated pigs with swine influenza A virus HIN1 strain
A/swine/Spain/53207/2004/HIN1, as well as with influ-
enza A virus HINI1 strain A/Catalonia /63/2009 / HINI1,
without observing any relevant respiratory or systemic
signs. Futhermore, body temperature throughout the eval-
uation remained below 40°C. Vincent et al. [17], evaluated
7 swine influenza virus subtype HINI1 isolates obtained in
the United States and observed that clinical signs such as
cough and anorexia were almost imperceptible, and that
body temperature was >40°C in only 2 of the 7 isolations.

@ Springer



436 M. Juarez-Ramirez et al.

Table 2 Results of the clinical evaluation performed on colostrated and non-colostrated pigs inoculated with influenza A viruses pHINI1 and
swHIN1

DPI Colostrated Non colostrated
pHIN1(C29) swHINI1(C36) pHINI1(N29) swHINI1(N36)
Sneezing Nasal discharge Sneezing Nasal discharge Sneezing Nasal discharge Sneezing Nasal discharge
0 0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
0/9 0/9 0/9 0/9 0/9 0/9 0/9 0/9
2% 0/9 0/9 0/9 0/9 0/9 0/9 2/9 2/9
3 3/6 3/6 0/6 0/6 0/6 0/6 2/6 2/6
3/6 3/6 1/6 1/6 6/6 6/6 2/6 2/6
5 3/6 3/6 1/6 1/6 6/6 6/6 0/6 0/6
6* 3/6 3/6 1/6 1/6 6/6 6/6 0/6 0/6
1/3 1/3 1/3 1/3 3/3 3/3 0/3 0/3
2/3 2/3 0/3 0/3 2/3 2/3 0/3 0/3
2/3 2/3 0/3 0/3 1/3 1/3 0/3 0/3
10 1/3 1/3 0/3 0/3 0/3 0/3 0/3 0/3
11 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
12 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
13 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3
14%* 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3

DPI days post-infection, pHINI human influenza virus A/México/La Gloria-3/2009/HIN1, swHINI swine influenza virus A/swine/New Jersey/
11/1976/HIN1

*Euthanasia and necropsy were performed in three pigs per treatment group on days 2, 6, and 14 post-inoculation

Table 3 Body temperature,
average daily gain (ADG), and
pulmonary lesions in colostrated

Body temperature (°C)  Daily weight gain (g)  Pulmonary lesions (%)

: Colostrum
and non- colostrated pigs a a b
inoculated with influenza A Yes 39.3 478 0.86 (1.14)
viruses pHINI and swHIN1 No 39.2° 468" 6.05 (2.74)*
SEM 0.02 18 0.23
Virus
pHIN1 39.2% 421° 6.47 (3.23)*
swHIN1 39.3% 524 0.44 (0.66)°
SEM 0.02 18 0.23
Probability
Colostrum NS NS *
Virus NS * *
DPI NS NS *
Colostrum X virus NS * *
Colostrum X DPI NS NS NS
Virus X DPI NS NS *
Colostrum X virus X DPI NS NS NS

Values in parentheses are transformed by the Box-Cox technique
Different superscripts (a, b) indicate significant difference(P < 0.05)
SEM standard error of the mean, NS not significant

*P < 0.05
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These variations in the presentation and intensity of clinical
signs caused by the influenza virus under experimental
conditions depend on a variety of factors, such as: route of
inoculation, infecting dose, type of strain, age of pigs at the
time of inoculation, and pigs’ immunological status. It is
well-known that intratracheal inoculation with high doses
of virus >10"°DIEPs(, easily produces typical clinical
signs and lesions of influenza, and that less invasive
methods such as intranasal inoculation tend to cause only
mild infections, such as the one observed in the present
study, or completely subclinical infections, as observed by
Busquets et al., [16]; these types of mild infections may be
seen frequently in the field, and often go unnoticed.

In terms of field infections with pandemic influenza A
HINI virus, descriptive case reports in swine in Canada
(Alberta and Manitoba) and Argentina (Buenos Aires),
highlighted ocular and nasal discharge, sneezing, coughing,
abdominal breathing, depression, decreased feed intake,
fever, dehydration, and mortality reaching 1 to 2% in some
areas, despite previous vaccination with Maxivac®HIN1
(Schering-Plough Animal Health, Kirkland, Quebec). This
severe presentation was attributed to the interaction of In-
Sfluenzavirus with Porcine Reproductive and Respiratory
Syndrome, porcine Circovirus type 2, Mycoplasma hyop-
neumoniae, and Actinobacillus pleuropneumoniae, which
were present in some areas of the affected farms [7-9].

No significant differences were detected in ADG
between C pigs and NC pigs; however, pigs inoculated
with the pHIN1 virus had a significantly lower ADG than
those inoculated with the swHIN1 virus. When evaluating
the interaction between colostrum and virus, the
CpHIN129 treatment showed a significantly lower ADG
than the CswHIN136 group (Table 3). Infection with both
viral strains was seen to affect ADG; however, ADG was
significantly affected by the pHI1NT1 virus infection even in
the presence of maternal antibodies. Weight loss is a well-
described effect in influenza infections with different
strains and in different animal models, and has been
associated with the production of IL1, IL6, TNF-a, and
acute phase proteins (C-reactive protein and haptoglobin)
[14, 18].

Antibody titers

Serum samples from the four treatment groups before
inoculation showed negative antibody titers to Blue Eye
Paramyxovirus (36/36;< 1:16) and Influenza subtype
H3N2 (36/36;< 1:80) as measured by HI, as well as to
Mycoplasma hyopneumoniae (36/36; S/P ratio < 0.30),
porcine Circovirus type 2 (36/36; OD < 0.40), and Porcine
Reproductive and Respiratory Syndrome (36/36;S/P ratio
< 0.40), as measured by ELISA. In the case of HI for the
pHINI1 and swHINT viruses, all non-colostrated pigs were

negative, while in the colostrated pigs, 15/18 sera were
positive for the pHIN1 virus, and 18/18 sera were positive
for the swHIN1 virus (supplementary Tables a, b).

HI titers against the pHINI1 virus were significantly
different between the colostrated and non-colostrated pigs.
Furthermore, a significant difference was detected between
HI titers of pigs inoculated with the pHINT1 virus and those
inoculated with the swHINI1 virus (Table 4). Antibody
titers of the NCpH1N1 pigs (0.86) were significantly higher
than titers in the NCswHINI pigs (0.00) (P < 0.05). A
significant difference was detected between antibody titers
of the non-colostrated and colostrated pigs from days 0 to 9
post-inoculation, as no antibodies were detected from days
0 to 6 post-inoculation in non-colostrated pigs, whereas
antibody titers were higher than 1.5 in colostrated pigs
during the same timeframe. At day 9 post-inoculation,
antibody titers in NC pigs (0.85) were lower than in C pigs
(1.48) (P < 0.05). At days 12 and 14 post-inoculation,
antibody titers were not significantly different in NC and C
pigs. Both viral strains had a similar effect on antibody
titers from days O to 6 post-infection; however, from days 9
to 14 post-infection, antibody titers of pigs inoculated with
the pHINI1 virus increased, whereas titers remained low in
pigs inoculated with the swHINT1 virus.

A significant difference was observed in antibody titers
to the swHINT virus in NC and C pigs. Antibody titers of

Table 4 Antibody titers expressed in LoglO obtained by the
hemagglutination inhibition test in colostrated and non- colostrated
pigs inoculated with influenza A viruses pHIN1 and swHINI

Hemagglutination inhibition

pHINI1 swHIN1

Colostrum

Yes 1.62* 2.13%

No 0.43° 1.98"

SEM 0.04 0.03
Virus

pHINI 1.28° 2.13°

swHIN1 0.77° 1.99°

SEM 0.04 0.03
Probability

Colostrum * *

Virus * *

DPI NS NS

Colostrum X virus * NS

Colostrum X DPI * *

Virus X DPI *NS NS
Colostrum X virus X DPI NS

Different superscripts (a, b) indicate significant differences(P < 0.05)
SEM standard error of the mean, NS not significant
*P < 0.05
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pigs inoculated with the pHIN1 virus and those inoculated
with the swHINI1 virus were significantly different. No
significant relationship between colostrum and the type of
virus was found on antibody titers (Table 4). Titers in non-
colostrated pigs (1.82 and 1.90) were significantly lower
than those from colostrated pigs (2.20 and 2.15) (P < 0.05)
at days 0 and 1 post-inoculation. From day 3 to 14 post-
inoculation, antibody titers in NC and C pigs were not
different. No significant interaction between virus type and
post-inoculation days was found (P > 0.05). Significant
differences were detected in antibody titers associated with
the type of strain used in the HI test and the virus strain
used for the challenge, as well as due to the absence or
presence of maternal antibodies. When the swHINI1 virus
was used as an antigen in the HI test, antibody titers were
higher than those observed when the pHINI virus was
used. These discrepancies between the reactivity of one
virus versus another have already been documented, as has
their impact on diagnostic protocols [19, 20].

Upon evaluation of antibody titers, it was clear that pigs
infected with the pHINI virus developed higher antibody
titers regardless of the antigen used in the HI test. This was
associated with the degree of immune stimulation, proba-
bly due to a higher capacity for virus replication and vir-
ulence of the pHINI virus. These observations were
confirmed when a higher percentage of pulmonary lesions
was recorded. Regarding the role of antibodies, in the case
of non-colostrated/pHIN1 pigs, antibodies were detected in
the serum against the pHIN1 virus from day 9 post-inoc-
ulation, which aligns with that reported by Brookes et al.
[14], Lange et al. [15], and Busquets et al. [16], in which
antibodies were detected after day 7 post-inoculation. A
cross-serological reaction was observed in colostrated pigs,
which was later substantiated by the lower degree of pul-
monary lesions in animals in these treatment groups.

Fig. 1 Macroscopic lesions observed in lungs of colostrated and non-
colostrated pigs inoculated with pHIN1 and swHI1NI1 viruses at day 6
post-inoculation. In lungs identified as (a) NCpHINI129,
b CpHINI129, and ¢ CswHIN136, small to moderate, red, irregular
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Serological cross-reactions between strains of the HINI1
subtype in pigs have indeed been previously described
[20]. Kyriakis et al. [6], observed a cross-serological
reaction between the pandemic influenza A HINI virus
and the swine influenza virus in experimentally inoculated,
vaccinated, and hyperimmunized pigs with classic Ameri-
can and European strains of swine influenza virus subtypes
HINI1 and HIN2. Perera et al. [21] described cross-reac-
tivity to the main swine subtype H1 viruses in humans with
antibodies to the pandemic influenza A HIN1 virus.

Macroscopic lesions

During necropsy, the only organ in which evident macro-
scopic lesions were observed was the lung, which is con-
sistent with previous reports (Vincent et al. [17], Brookes
et al. [14], Lange et al. [15], and Busquets et al. [16]).
Affected pulmonary tissue was red in color, firm in texture,
and clearly delimited by normal pulmonary tissue. The
affected areas were predominantly the cranial and middle
lobes (Fig. 1). In some cases, atelectasis and emphysema
were observed in the caudal lobes. The percentage of
pulmonary lesions seen was between 0.5% and 29%; this
percentage (Table 3) was higher in non-colostrated pigs
compared to colostrated pigs. On the other hand, pigs
inoculated with the pHINI virus had a higher percentage
of lesions than those inoculated with the swHIN1 virus.
The percentage of pulmonary lesions between colostrated/
pHIN1 [1.05% (1.40)] and colostrated/swHIN1 [0.66%
(0.88)] pigs was not significantly different (P > 0.05);
however, the percentage of pulmonary lesions in non-
colostrated/pHIN1 pigs [11.88% (5.05)] was significantly
higher than in non-colostrated/swHINI1 pigs [0.22%
(0.44)] (P < 0.05). Pigs inoculated with the pHIN1 virus
had a higher percentage of lesions at day 6 post-inoculation

areas of consolidation are observed, delimited by normal lung tissue
in the cranial and middle lobes. d NCswHIN136 does not exhibit
evident macroscopic changes
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[12.1% (4.64)] than at day 2 [3.5% (2.57)] and day 14
[3.83% (2.48)] post-inoculation (P < 0.05). The percent-
age of pulmonary lesions in pigs inoculated with the
swHINT1 virus was not significantly different throughout
the post-inoculation period (P > 0.05). There was no sig-
nificant interaction between the effect of colostrum and
days post-inoculation (P > 0.05). The highest percentage
of pulmonary lesions was observed in non-colostrated/
pHINTI pigs at day 6 post-inoculation, which may be due to
both a lack of immunity against the pHINT1 virus and its
high infective capacity.

The virulence of the pHIN1 virus has been previously
established in different animal models and has been shown
to be superior to that of porcine or seasonal human strains
[14—16, 22-24]. This characteristic was also corroborated
in our research, as pigs inoculated with the swHIN1 virus
had a lower percentage of pulmonary lesions than those
inoculated with the pHIN1 virus. Discrepancies in the
incidence of lesions between swine influenza virus strains
of the same subtype have been reported elsewhere. In a
study conducted by Vincent et al. [17], seven isolates of
swine influenza virus subtype HIN1 were evaluated in
colostrum-deprived pigs from the United States. In that
study, the percentage of pulmonary lesions ranged between
8 and 30%. Therefore, disparities in the infective capacity
of the virus and its pathogenicity amongst isolates may be
associated with the ability of each strain to inhibit or
activate the host defense mechanisms.

Variations in the number of affected animals and the
duration of clinical signs suggest that, under the conditions
of the present study, the clinical behavior of the pHINI1
virus differs from that of the swHIN1 virus. Inoculation
with pHINI1 and swHINT1 viruses had no effect on body
temperature, which remained in the normal range for
weaned pigs between 9 and 18 kg (39.3-39.6 °C). How-
ever, infection with the pHINI virus had a negative
effected on weight gain, as pigs inoculated with this virus
(421 g), had a lower daily weight gain than those pigs
inoculated with swHIN1 (542 g). Additionally, inoculation
with pHIN1 resulted in a greater incidence of macroscopic
pulmonary lesions in non-colostrated pigs.

In terms of antibody production, discrepancies were also
noted. Antibody titers obtained via hemagglutination
inhibition were higher in pigs inoculated with pHIN1 than
in pigs inoculated with swHIN1. Furthermore, a serologi-
cal cross-reaction between the pHIN1 and swHINT viruses
was observed in the HI assay. Maternal antibodies to por-
cine influenza subtype HIN1 successfully neutralized both
pHIN1 and swHINI, which was later confirmed by a
lower incidence of pulmonary lesions in colostrated pigs.

On the other hand, the presence of colostral antibodies
undoubtedly plays an important role in the prevention of
early exposure to Influenzavirus and these is fundamental

in the development of adequate vaccination protocols,
which can help avoid subclinical or minor infections that
may go unnoticed, favoring the adaptation of new emerg-
ing Influenzavirus strains. Therefore, updating laboratory
strains used in diagnosis and in vaccine elaboration is
crucial to instituting satisfactory prevention and control
programs for this disease.
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