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Abstract Recently, the Chinese highly pathogenic porcine re-
productive and respiratory syndrome virus (PRRSV) (HP-
PRRSV) belonging to lineage 8 causes severe symptom with
high morbidity and high mortality rates to the Asian pig indus-
try. A recent study showed that pigs immunized with Fostera®
PRRS modified live virus (MLV) of lineage 8 could provide a
degree of protection against a Vietnamese HP-PRRSV infec-
tion. It should be noted that PRRSV commonly found after
weaning causes porcine respiratory disease complex (PRDC).
Vaccination strategy should be evaluated in each farm scenario.
Eighty-one PRRSV-free piglets obtained from a PRRS-free
herd were divided into two experiments with the major differ-
ence of infection timing after vaccination, 42 days in experi-
ment 1 (n = 42) and 28 days in experiment 2 (n = 39). Each
experiment had similar protocol containing three groups in-
cluding a negative control, unvaccinated challenged, and vac-
cinated challenged groups. Pigs in vaccination groups were
immunized with Fostera® PRRS MLV vaccine at 3 weeks of
age. Then, unvaccinated challenged and vaccinated challenged

groups were intranasally inoculated with a Thai HP-PRRSV
(10PL01). Vaccinated challenged pigs showed significantly
lower levels of mean rectal temperatures, clinical severity, lung
lesion scores, and viral titers in serum and lung tissue compared
to the unvaccinated challenged pigs (p < 0.05). Vaccinated
challenged pigs had higher survival rate than those of unvacci-
nated challenged pigs in both experiments. It should be noted
that pigs challenged 42 days after vaccination showed a better
performance than pigs challenged 28 days after vaccination. In
conclusion, Fostera® PRRSMLV vaccine was able to improve
the survival rate against the Thai HP-PRRSV infection in both
42- and 28-day vaccination-to-infection protocols.

Keywords Efficacy . HP-PRRSV . Lineage 8 .MLV .

Vaccine

Introduction

Porcine reproductive and respiratory syndrome virus (PRRSV)
is an enveloped, single-stranded, positive-sense RNA virus
belonging to family Arteriviridae. PRRSV genome contains
eight open reading frames (ORFs); namely 1a, 1b, and 2–7
(Conzelmann et al. 1993; Meulenberg et al. 1993; Wu et al.
2001). PRRSV is divided broadly into two genotypes:
European (EU or genotype 1) strain and North American
(NA or genotype 2) strain. However, genetic variation within
both groups is high. Based on phylogenetic analysis, the NA
strain contains nine lineages (with sub-lineages) (Shi et al.
2010). In growing pigs, PRRSV infection generally causes
mainly respiratory problems which are usually not fatal (unless
complicated with secondary infection). In 2006, an outbreak of
highly virulent form of PRRSV infection with high morbidity
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and high mortality rate was observed in China. The virus was
later isolated, named highly pathogenic porcine reproductive
and respiratory syndrome virus (HP-PRRSV), and clustered
into the sub-lineage 8.7 (Shi et al. 2010). The typical clinical
signs of HP-PRRSV included high fever (40–42 °C), severe
respiratory distress, shivering, and erythematous rash (Tian
et al. 2007). Since the outbreak in China, HP-PRRSV has
spread into many regions, especially in Southeast Asian coun-
tries including Thailand, Vietnam, and Cambodia (Jantafong
et al. 2015).

The introduction of HP-PRRSV in the Thai swine herds
was documented since 2008. However, major outbreaks
were observed and the virus was firstly detected in
August, 2010 (Na Ayudhya et al. 2012; Nilubol et al.
2012; Jantafong et al. 2015). Because of the highly patho-
genic characteristic of HP-PRRSV, vaccination was sug-
gested to reduce the disease severity and viral transmission
with limited efficacy. Recently, it has been demonstrated
that Fostera® PRRS modified live virus (MLV) vaccine
(Zoetis, Florham, NJ, USA) could provide a degree of pro-
tection against the Vietnamese HP-PRRSV infection (Do
et al. 2015). Since all Chinese HP-PRRSV strains are clus-
tered together within the sub-lineage 8.7 and genetic simi-
larities among them are quite high (Shi et al. 2010;
Jantafong et al. 2015), it could be speculated that Fostera®
PRRS MLV vaccine might also be an effective vaccine of
choices inducing protection against the Thai HP-PRRSV
infection. Moreover, it has been shown that pigs immunized
with Fostera® PRRS MLV vaccine were partially protected
from the Vietnamese HP-PRRSV infection (Do et al. 2015).
In that study, pigs were immunized at 21 days of age and
then inoculated intranasally with 3 × 105.5 TCID50 of the
Vietnamese HP-PRRSV isolate at 35 days later (or 56 days
of age). Comparing with unvaccinated/challenge pigs, im-
munized pigs showed reduction of rectal temperature, clin-
ical signs, lung lesion, and viral titer in serum. At the end of
the study (14 days post challenge), 3 of 14 pigs in the
unvaccinated/challenge group died, while no mortality
was observed in the immunized group. It is interesting
whether the mortality rate would be higher or less when
using a Thai HP-PRRSV model, especially when virus in-
oculation was done in shorter (28 days) or longer (42 days)
vaccination-to-infection period.

Vaccine evaluation will be meaningful only when the eval-
uation condition reflects the actual situation in the field.
Therefore, it is worthwhile to reveal the efficacy of a candidate
vaccine against a Thai HP-PRRSV infection. Not only it is
very important to elucidate the efficacy in early or late infec-
tion manner, but also it would mimic the situations happening
in the farms. This study first examined the efficacy of
Fostera® PRRS MLV vaccine against the Thai HP-PRRSV
infection using shorter (28 days post vaccination (DPV)) and
longer (42 DPV) vaccination-to-infection period.

Materials and methods

Pigs and housing

Eighty-one 3-week-old piglets (castrated male, commercial
breed) originated from a PRRSV-negative commercial farm
were used in this study. PRRSV-negative status was
reconfirmed by PRRSV-specific RT-PCR and commercially
available PRRSV ELISA at the Chulalongkorn University-
Veterinary Diagnostic Laboratory (CU-VDL) prior to transfer
to the research facility. All pigs were kept in the experimental
facilities at the Faculty of Veterinary Medicine, Kasetsart
University, Kumpangsan Campus, Nakorn Pathom Province,
Thailand, until terminated. The experimental facilities are con-
sidered as biosafety level 2.

Vaccine and porcine reproductive and respiratory
syndrome virus inoculums

Fostera® PRRS MLV vaccine (Zoetis, Inc., NJ, USA) was
used in the piglet immunization. Vaccination procedure was
done according to the manufacturer’s protocol using intramus-
cular injection. Thai HP-PRRSV (10PL01) strain (provided
by the CU-VDL) was used as a challenge virus to evaluate
the efficacy of Fostera® PRRS MLV vaccine. The stock virus
was titrated using MARC145 cell line. Viral inoculums were
prepared at the titer of 104 TCID50 in 5 ml of MEM medium.
Viral inoculation was performed via an intranasal route (104

TCID50/5 ml/pig).

Experimental design

To elucidate the protection induced by Fostera® PRRS MLV
vaccine, two experiments (experiments 1 and 2) were conduct-
ed. In experiment 1, pigs were immunized at 3 weeks of age
and challenged with the Thai HP-PRRSV at 42 days post
vaccination (DPV). In experiment 2, a shorter vaccination-
to-challenge period was applied. Pigs were immunized at
3 weeks of age and challenged at 28 DPV. Parameters were
collected and analyzed in the same manner for both experi-
ments with minor differences. Clinical signs, antibody re-
sponse, PRRSV titers, and pathological data were recorded.
All animal protocols were approved by the Chulalongkorn
University Animal Care and Use Committee, Chulalongkorn
University (IACUC number 13310019, 1431086).

Experiment 1 Forty-two 3-week-old piglets were randomly
allocated into three groups, including negative control (NEG)
group (n = 10), unvaccinated/challenged (UNV/CHA) group
(n = 16), and vaccinated/challenged (VAC/CHA) group
(n = 16). Each group was housed in a separate pen. At 3 weeks
of age, pigs in VAC/CHA group were immunized with
Fostera® PRRS MLV vaccine. At 42 DPV, pigs in UNV/
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CHA and VAC/CHA groups were commingled and challenged
with the Thai HP-PRRSV (10PL01). NEG groupwas not either
vaccinated or challenged. Half of the pigs in each group were
randomly selected unless moribund and necropsied at 10 and
17 days post challenge (DPC) (Fig. 1).

Experiment 2 The protocol was similar to experiment 1 with a
major difference in the vaccination-to-challenge period.
Similarly, 39 pigs were randomly allocated to three groups:
NEG group (n= 9), UNV/CHA group (n= 15), and VAC/CHA
group (n = 15). At 3 weeks of age, pigs in VAC/CHA group
were immunized. At 28 DPV, UNV/CHA and VAC/CHA
groups were challenged similar to experiment 1. All pigs were
euthanized and necropsied at 14 DPC (Fig. 1).

Sample collection

In both experiments, blood samples were collected weekly with
some minor differences. In experiment 1, blood samples were
collected at (−3), 3, 7, 14, 21, 28, 35, and 42 DPVand 4, 7, 14,
and 17 DPC. In experiment 2, the collection was done at (−4),
3, 7, 14, 21, and 28 DPV and 3, 7, and 14 DPC. Upon being
necropsied, lung tissue samples were collected and stored as
both fresh frozen tissues (at −80 °C) and formalin-fixed tissues.

Clinical evaluation

Clinical signs and rectal temperature (°C) were monitored
daily during post vaccination and post challenge periods.
The monitoring was done at 0–7 DPV for both experiments.
After challenge, clinical signs and rectal temperature were
monitored at 0–10 DPC. Clinical sign evaluation included
evidence of depression, respiratory distress, coughing, and
sneezing. Depression and respiratory distress were scored ac-
cording to the degree of severity: 0 = absence, 1 = mild,
2 =moderate, and 3 = severe. The number of survival pigs in
each group was recorded daily after the challenge.

Gross and histopathological examinations

All pigs were euthanized using an intravenous injection of
pentobarbital sodium (Nembutal®, CEVA Santé Animale,
France) and necropsied at the end of the experiment or when
moribund. Lung lesion severity was examined and expressed
as percentage of lung consolidation on each lobe (left cranial,
left middle, left caudal, right cranial, right middle, right cau-
dal, and accessory) as previously described (Halbur et al.
1995).Microscopic examination was used to confirm the pres-
ence of interstitial pneumonia. Severity of interstitial pneumo-
nia was scored as previously described (Halbur et al. 1995):
0 = normal, 1 =mild interstitial pneumonia, 2 =moderate mul-
tifocal interstitial pneumonia, 3 =moderate diffuse interstitial
pneumonia, and 4 = severe diffuse interstitial pneumonia.

Serology

Serum was used to detect anti-PRRSVantibody using IDEXX
PRRS X3 ELISA test kit (IDEXX laboratories, Inc.,
Westbrook, ME, USA). ELISAwas done as the manufacturer’s
instructions. S/P ratio value equal to or greater than 0.4 was
considered as positive.

Quantification of porcine reproductive and respiratory
syndrome virus RNA

PRRSV RNAwas extracted from both serum and fresh frozen
lung tissues for quantitative detection of the viral genomic
cDNA copy numbers. Viral RNA extraction was done using
NucleoSpin® RNA Virus kit (MACHEREY-NAGEL GmbH
& Co. KG, Germany). Copy number of viral RNA was then
quantified using previously published TaqMan® probe-based
real-time RT-PCR (Egli et al. 2001) with minor modification.
Primers and probe were as follows: reverse primer USalign
EU-R, 5′ AAATGIGGCTTCTCIGGITTTT 3′; forward
primer USalignEU-F 5′ TCAICTGTGCCAGITGCTGG 3′;
US-PRRSV-specific probe FAM_US_rev (5 ′ FAM-
TCCCGGTCCCTTGCCTCTGGA-TAMRA 3′). RT-PCR mix-
ture (25 μl) was based on SuperScript™ III One-Step RT-PCR
kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA), 1×
Reaction Mix, 0.4 mM of each primer and probe, 0.5 μl of
SuperScript® III RT/Platinum® Taq Mix, and 0.5 μl of viral
RNA. RT-PCR was carried out in MyGo Pro real-time PCR
machine (IT-IS International, Ltd, UK).

Immunohistochemistry

Immunohistochemistry (IHC) was used to detect the presence
of PRRSVantigen in lung and tracheobronchial lymph node.
IHC technique was performed as previously described
(Laohasittikul et al. 2004). SDOW17 monoclonal antibody
(Rural Technologies, Inc., Brookings, SD, USA) specific for
PRRSV nucleocapsid was used as a primary antibody.

Data analysis

Comparison of each parameter was done between VAC/CHA
and UNV/CHA groups of each experiment. Survival rate at
the end of both studies was compared. Continuous variables
(rectal temperature, virus titer in serum and lung tissue, and
lung lesion score) were analyzed by the independent t test.
Some continuous variables were analyzed by Fisher’s exact
test as frequencies of positive animals (e.g., viral titer in se-
rum: frequency of PRRSV-positive animals). Ordinal scale
variables (clinical score and microscopic lesion score) were
calculated as (1) frequency of positive animals and (2) cumu-
lative proportion within the positive animals (e.g., frequency
of mild-degree depressed animal) and analyzed by Fisher’s
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exact test. Average value and frequency value were reported
as Bmean (SD)^ and Bpercentage (number of positive animals/
total number of animals),^ unless otherwise stated. Statistical
significance was set at p < 0.05.

Result

Fostera® porcine reproductive and respiratory syndrome
modified live virus vaccine can improve survival rate
in the Thai highly pathogenic porcine reproductive
and respiratory syndrome virus-infected pigs

In experiment 1, all pigs (16/16) in VAC/CHA group survived
until the end of the experiment comparing with 87.5% (14/16)
of UNV/CHA group (Fig. 2). However, they were not signif-
icantly different. In experiment 2, VAC/CHA group showed
significantly higher survival rate than UNV/CHA group at
80 % (12/15) and 20 % (3/15), respectively.

Fostera® porcine reproductive and respiratory syndrome
modified live virus vaccine can reduce the clinical signs
from the Thai highly pathogenic porcine reproductive
and respiratory syndrome virus infection

Experiment 1 VAC/CHA pigs showed lower levels of rectal
temperature, depression, and respiratory distress than those of
the UNV/CHA pigs. Rectal temperature of the VAC/CHA
pigs was significantly lower than the UNV/CHA pigs at
1 DPC and during 7–10 DPC (Fig. 3a). At 10 DPC, mean
rectal temperatures of the VAC/CHA group [39.3 ± 0.51 °C]
and NEG group [39.3 ± 0.12 °C] were not significantly differ-
ent. The frequency of pigs showing signs of depression in the
VAC/CHA group was significantly lower than that in the
UNV/CHA group at 4 and 6–10 DPC (Fig. 4a). Cumulative
frequency of moderate and severe forms of depression in mor-
ibund pigs was observed in the UNV/CHA group during 5–
9 DPC [peaked at 7 DPC: 25 % (4/16)]. However, pigs in the

VAC/CHA group showed only mild form of depression but
not significantly different. For respiratory distress, pigs in the
VAC/CHA group showed significantly lower frequency at 1,
2, and 10 DPC (Fig. 5a). During 4–9 DPC, cumulative fre-
quency of moderate and severe degree of respiratory distress
in UNV/CHA group was significantly higher than that of
VAC/CHA group. Clinical signs were not observed in the
NEG group throughout the experiment.

Experiment 2 Pigs in the VAC/CHA groups showed less se-
verity of depression, while rectal temperature and respiratory
distress were not different from pigs in the UNV/CHA group.
After HP-PRRSV inoculation, both UNV/CHA and VAC/CHA
groups had increased rectal temperature (Fig. 3b). Frequencies
of pigs with signs of depression in the VAC/CHA and UNV/
CHA groups were not significantly different during 0–7 DPC
(Fig. 4b). Cumulative frequency of moderate and severe degree
of depression in moribund pigs in the VAC/CHA groups was
significantly lower at 4 and 7 DPC. Respiratory distress was
rarely observed during 0–7 DPC in both groups (Fig. 5b).
Both frequency of respiratory-distressed pigs and frequency of
moderate or severe degree of the respiratory distress in the VAC/
CHA groups were increased during 8–9 DPC. Clinical signs
were not observed in the NEG group throughout the experiment.

Fig. 2 Survival rate of pigs in experiment 1 (a) and experiment 2 (b)

Fig. 1 Experimental design in
experiment 1 (a) and experiment 2
(b)
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Antibody response after vaccination and Thai highly
pathogenic porcine reproductive and respiratory
syndrome virus inoculation

In both experiments, anti-PRRSVantibody was detected in all
pigs of the VAC/CHA group after vaccination as early as
14 DPV and in all pigs of the UNV/CHA group after HP-
PRRSV inoculation (Fig. 6) as early as 7 DPC. Anti-PRRSV
antibody was detected in 100 % of pigs in the VAC/CHA
group at 35 DPV in experiment 1 and 14 DPV in experiment
2. After virus inoculation, anti-PRRSVantibody was detected
in 100 % of pigs in the UNV/CHA group at 14 DPC in ex-
periment 1 and 7 DPC in experiment 2. Pigs in the NEG
groups remained negative throughout the experiments.

Fostera® porcine reproductive and respiratory syndrome
modified live virus vaccination could reduce viremia
after the Thai highly pathogenic porcine reproductive
and respiratory syndrome virus infection

In experiment 1, pigs in the VAC/CHA group showed signifi-
cantly lower frequency of PRRSV-positive pigs than those in
the UNV/CHA group at 10 and 14 DPC (Fig. 7a). Pigs in the
VAC/CHA group showed significantly lower titer of PRRSV

RNA, comparing with pigs in the UNV/CHA group, at 2, 4, 7,
10, and 14 DPC (Fig. 7c). No PRRSV genomic RNA was
detected in pigs in the NEG group. In experiment 2, the fre-
quency of viremic pigs in both groups was not significantly
different (Fig. 7b). However, pigs in the VAC/CHA group
showed significantly lower level of PRRSV genomic RNA
than pigs in the UNV/CHA group at 7 DPC (Fig. 7d). No
PRRSV genomic RNAwas detected in pigs in the NEG group.

Fostera® porcine reproductive and respiratory syndrome
modified live virus vaccine could reduce lung lesions
in the Thai highly pathogenic porcine reproductive
and respiratory syndrome virus-infected pigs

Experiment 1 Gross examination demonstrated that pigs in
the VAC/CHA group showed significantly lower lung lesion
scores than those of pigs in the UNV/CHA group at both 10
and 17 DPC (Fig. 8a). Prior to the first necropsy examination
date (at 10 DPC), one pig from the UNV/CHA group died at
7 DPC with 47 % lung lesion score. At 10 DPC, mean lung
score of the VAC/CHA group (9.13 ± 12.72 %, n = 8) was
significantly lower than that of the UNV/CHA group (44.43
± 20.30 %, n = 7). Prior to the second necropsy examination
date (at 17 DPC), one pig from the UNV/CHA group died at

Fig. 3 Mean rectal temperature
of pigs in experiment 1 (a) and
experiment 2 (b)

Fig. 4 Frequency of pigs
showing signs of depression in
experiment 1 (a) and experiment 2
(b)
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11 DPC with 55 % lung lesion score. At 17 DPC, mean lung
score of pigs in the UNV/CHA group was 29.43 ± 16.40 %
(n = 8), which was significantly higher than that of pigs in the
VAC/CHA group (6.00 ± 6.39 %, n = 7).

Experiment 2 During 7–11 DPC, prior to the necropsy exam-
ination date (at 14 DPC), 12 of 15 pigs from the UNV/CHA
group and 3 of 15 pigs from the VAC/CHA group died. At this
period, themean lung scores of pigs in the UNV/CHA andVAC/
CHA groups were not significantly different (Fig. 8b). At
14 DPC, the mean lung scores of the VAC/CHA group (40.73
± 18.18 %, n = 12) was significantly lower than those of the
UNV/CHA group (64.58 ± 3.76 %, n = 3).

Upon lung microscopic examination, no statistical significance
of the lung lesion scores was found between the VAC/CHA and
UNV/CHA groups of both experiments. Mild to moderate de-
gree of lymphohistiocytic interstitial pneumonia (characterized
by thickening of alveolar walls by the infiltration of the lympho-
cytes and histiocytes) and mild peribronchiolar lymphoid hyper-
plasia (characterized by accumulation of the lymphoid cells
around bronchiole) were observed. PRRSVantigen was detected
in both lung and lymph nodes of both groups. PRRSV antigen
was detected in pulmonary alveolar macrophages and follicular
macrophages in the lymph node.

Fostera® porcine reproductive and respiratory syndrome
modified live virus vaccine could reduce viral titer
in the lung of the Thai highly pathogenic porcine
reproductive and respiratory syndrome virus-infected
pigs

In experiment 1, the quantity of PRRSV RNA in lung homoge-
nate of pigs in the VAC/CHA group was lower than that of pigs
in the UNV/CHA group at both 10 and 17 DPC (Fig. 9a). In
experiment 2, at 14 DPC, no PRRSV RNAwas detected in all
pigs of the VAC/CHA group (12/12), while 66.67 % (2/3) were
detected in the remaining pigs of the UNV/CHA group (Fig. 9b).

Discussion

Currently, HP-PRRSV is widespread and becoming a dominant
strain in the Thai swine population (Jantafong et al. 2015).
Evaluation of the efficacy and implementation of commercially
available vaccines against HP-PRRSV infection is of impor-
tance. A previous study showed that Fostera® PRRSMLV vac-
cine could provide varied degrees of protection against the
VietnameseHP-PRRSVinfection (Do et al. 2015). In the present
study, efficacy of Fostera® PRRSMLV vaccine against the Thai
HP-PRRSVinfection was examined in 3-week-old piglets using

Fig. 5 Frequency of pigs
showing signs of respiratory
distress in experiment 1 (a) and
experiment 2 (b)

Fig. 6 Percentage of positive
pigs for anti-PRRSV ELISA
antibody in experiment 1 (a) and
experiment 2 (b)
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two experiment protocols: a long (42 days) vaccination-to-
infection period (experiment 1) and a short vaccination-to-
infection period (28 days) (experiment 2) in order to deal with
the different PRRSV-infected farm scenarios. The results
showed that Fostera® PRRS MLV vaccine in both experiments
could reduce the disease severity of Thai HP-PRRSV infection
similar to the previous study when challenged at 35 DPV (Do
et al. 2015). Interestingly, the longer vaccination-to-infection
period (42 DPV) study showed less severity of the disease out-
comes in infected pigs coincided with lower virus titers in both
serum and lung. HP-PRRSV infection showed greater severity

in the short vaccination-to-infection period (28 DPV) study par-
ticularly in the unvaccinated piglets. This could be partly due to
the higher sensitivity to HP-PRRSV infection of younger pigs,
as reported previously for typical PRRSVinfection (Klinge et al.
2009), or the vaccine-induced immunity was not yet sufficient
when challenged. Moreover, the difference between young and
old pigs in viremic levels and virus excretionmight be due to the
combination between an altered macrophage response and dif-
ference in cell subsets present in lymphoid organs and lungs
(Van der Linden et al. 2003). Higher sensitivity to the HP-
PRRSV infection of younger pigs has been documented

Fig. 7 Frequency of PRRSV-
positive animals and mean values
of the PRRSV genomic copy
number from serum in experiment
1 (a, c) and in experiment 2 (b, d)

Fig. 8 Mean lung lesion scores in
experiment 1 (a) and experiment 2
(b)
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(Klinge et al. 2009), and younger pigs were demonstrated hav-
ing higher levels of viremia due to the susceptibility of the mac-
rophages (Thanawongnuwech et al. 1998). In addition, the cel-
lular condition in the lymphoid organs such as Tcell distribution
(presence of CD4+CD8+ in lungs and tonsil of old pigs) did
affect the outcome of PRRSV infection (Zuckermann and
Husmann 1996). It should be noted that the studied pigs were
inoculated at 9 and 7 weeks of age, respectively, depending on
each experimental protocol. The PRRS MLV vaccine used in
this study could improve the survival rate and clinical signs in
the Thai HP-PRRSV-infected pigs (Johnson et al. 2004).

In experiment 2, high mortality rate found in the UNV/CHA
group was possibly due to the susceptibility to PRRSV infec-
tion in younger pigs (Van der Linden et al. 2003), demonstrated
by having higher viremic levels (Johnson et al. 2004). Antibody
response of pigs in the VAC/CHA group in experiment 2
reached 100 % detection earlier possibly due to differences in
experimental setting or the faster responses found in susceptible
young pigs (Mengeling et al. 2003). Normally, PRRSV-specific
antibodies are detected around 2 weeks and peaked around
4 weeks after vaccination. It should be noted that antibodies
tested by a commercial ELISA could not reflect the protective
responses. PRRSV-specific virus-neutralizing antibodies ap-
peared around 4 weeks after vaccination (Darwich et al.
2010) and associated with PRRSV vaccination-induced protec-
tion against homologous and heterologous challenge (Li et al.
2014). Unfortunately, PRRSV-specific virus-neutralizing anti-
bodies were not evaluated in this study.

Leukopenia commonly occurs at l–3 days after the onset of
fever and persists for 4–10 days (Rossow et al. 1994; Lohse et al.
2004). Transient leukopenia in peripheral blood and lung lesions
are resolved by 8–10 DPI (Nielsen and Bøtner 1997) and by
21DPC (Han et al. 2013), respectively. In this study, only pigs in
the UNV/CHA group of both experiments had leukopenia as
well as higher lung lesion score. Fostera® PRRS MLV vaccine
could be used against the severity of leukopenia and gross lung
lesions induced by HP-PRRSV. The mechanisms of the partial
protection including reducing severity of clinical signs and viral
load in blood and lung tissues might be due to the induction of

IFN-γ-SCs (Do et al. 2015). PRRSV-specific IFN-γ-SCs play a
critical role in viral clearance (Meier et al. 2003; Park et al.
2014). Unfortunately, IL-10 and other cytokine profiles were
not evaluated in this study. However, based on our pilot data
in experiment 1, the percentage of CD3+IL10+ population was
firstly detected in pigs from the vaccinated groups at 42 DPV.
Nonetheless, this population was detected in lower levels when
compared to pigs in the unvaccinated groups after 7 DPC. The
percentage of CD3+IFN-γ+ population was detected at higher
levels since 7 DPV and gradually decreased until 42 DPV. In
contrast, this populationwas gradually increased and reached the
highest levels at 7 DPV (data not shown).

The studied results also provided sufficient information on
the timing of Fostera® PRRS MLV vaccination against the
Thai HP-PRRSV infection. Previously, it was demonstrated
that pigs vaccinated with Fostera® PRRS MLV vaccine
showed high level of IL-10 until 5 weeks post vaccination
(Park et al. 2014). Interestingly, when challenged with HP-
PRRSVas early as 4 weeks after vaccination, the vaccine could
still provide satisfied protection against the infection. In addi-
tion, the parental strain of Fostera® PRRS MLV is in the line-
age 8, which genetically classified into the same lineage as the
Chinese HP-PRRSV (Shi et al. 2010), and the studied vaccine
could provide higher levels of cross protection against the Thai
HP-PRRSV (sub-lineage 8.7) as described previously (Do et al.
2015). More studies should be done if other currently available
vaccines are effective enough when used against genetic het-
erogeneity of PRRSV field isolates (Meng 2000).

Conclusion

Fostera® PRRS MLV vaccine is able to provide protection
against the Thai HP-PRRSV infection in both long and short
vaccination-to-infection protocols. However, the better efficacy
was depending on the longer challenge timing after vaccination.
Vaccinated pigs showed significantly lower rectal temperatures,
lower severity of clinical signs, lower lung lesion scores, and
lower viral titers (in both serum and lung).

Fig. 9 Mean values of PRRSV
genomic copy number from lung
homogenate in experiment1 (a)
and experiment 2 (b)
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