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Abstract

A novel PRRSYV strain was isolated in China that was genetically similar to the NADC30 strain which is reported to have
spread throughout China. The objective of the present study was to evaluate the cross-protective efficacy of the live vaccine
TIM-F92 in young pigs against challenge with a NADC30-like strain, HN201605. Twenty-five PRRSV- and antibody-free
pigs were randomly divided into the following five groups: Vac/ChA, Unvac/ChA, Vac/ChB, Unvac/ChB and the mock.
The pigs in groups Vac/ChA and Vac/ChB were inoculated intramuscularly with 1 mL TIM-F92 (10°° TCIDsy/mL). At
28 days post vaccination (0 days post challenge), groups Vac/ChA and Unvac/ChA were inoculated intranasally with 10*3
TCIDso/mL PRRSV strain TJ F3 (2 mL/pig), while groups Vac/ChB and Unvac/ChB were inoculated, using the same
route, with the same dose of the NADC30-like strain HN201605 F3. Protective effects of the PRRSV strain were observed
in all pigs in the Vac/ChA and Vac/ChB groups. Neither high fever nor signs of clinical disease were observed through the
experiment in these groups, whereas pigs in Unvac/ChA group exhibited serious clinical symptoms, pathological lesions,
and weight loss. In Unvac/ChB group, pigs developed milder clinical symptoms, which demonstrated that the NADC30-
like strain HN201605 had moderate pathogenicity. The results suggest that the MLV vaccine strain TIM-F92 is an effective
and safe vaccine candidate for use in China.
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Introduction and respiratory dyspnea in piglets. This virus is responsible

for tremendous financial losses worldwide (Liu et al.

Porcine reproductive and respiratory syndrome virus
(PRRSV) is a member of the family Arreriviridae, order
Nidovirales, and causes both reproductive failure in sows
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2016). The viral genome consists of at least 10 open
reading frames (ORFs), with a length of 14.9-15.5 kb
(Huang et al. 2015). The virus is classified into two major
genotypes, genotype 1 (European) and genotype 2 (North
American), based on genetic and antigenic analyses. There
is a 36.6% nucleotide sequence difference between the
prototypes and considerable genetic variation in each
genotype (up to 30% for Type 1 and 21% for Type 2
PRRSV) (Allende et al. 1999). In 2006, a new lineage of
genotype 2 PRRSV was reported, which is described as
being a highly pathogenic PRRS (HP-PRRS) and has a
unique 30-amino-acid deletion in its nsp2 coding region.
This strain has spread to most provinces of China and
neighboring countries (Tian er al. 2007). Clinical symp-
toms include high-grade fever, anorexia, and listlessness,
which contribute to the development of high morbidity and
mortality in the HP-PRRSV-infected pigs. HP-PRRS has
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caused significant financial losses to the swine industry in
Asia.

Vaccination is a fundamental and important strategy to
control and prevent PRRS. A modified live PRRSV vac-
cine has been confirmed to be an efficient measure against
PRRS in nursery and finishing pigs (Allende et al. 1999).
The commercial modified live PRRSV vaccine (strain
TIM-F92, LAN Er Dai", PRRS MLV, Sinovet Co., Ltd,
China) has a spontaneous deletion of 120 amino acids (360
nucleotides) within the nsp2 gene (Leng et al. 2012a).
Studies have indicated that the vaccine can provide pro-
tection against homologous challenge with their respective
wild-type isolates. The reduction of clinical signs such as
lung lesions, morbidity, viremia, and weight loss,
improvement in overall health and production under field
conditions have also been reported with the use of vaccines
from North America and local virus derived MLV vaccines
(Tian et al. 2009; Wei et al. 2013; Renukaradhya et al.
2015). As all PRRSV-MLYV vaccine strains replicate in the
host, every vaccine strain has the potential for reversion to
virulence. The standard for evaluating the safety profile of
PRRSV-MLV vaccines has been challenged by some
vaccine regulation agencies, and includes increased back-
passage studies and high-dose safety testing in the most
susceptible populations (young pigs and pregnant sows at
90 days gestation). However, inoculation of PRRSV anti-
gen—antibody free pigs intramuscularly with TJM-F92
(10>° TCIDsy/mL) and challenged at 28, 60, 120, and
180 days post immunization elicited a high rate of pro-
tection, and the absence of fever and clinical disease was
also noted (Leng et al. 2012a). Although the PRRSV-MLV
vaccine can induce a protective immune response, further
studies are required to identify whether this vaccine pro-
vides broad cross-protection against all isolates.

In 2008, the NADC30 strain was first isolated in the
United States and was determined to be more virulent than
other isolates (MN184, SDSU73, and NADC31), leading to
the development of viremia, dyspnea, mild lethargy, and
moderate proliferative interstitial pneumonia in infected
pigs (Brockmeier et al. 2012). Since 2013, a novel PRRSV
strain has been reported with three discontinuous deletions
(a total of 131 amino acids) in the nsp2 gene that has been
shown to be genetically similar to the NADC30 strain but
which underwent genetic exchange with the classic HP-
PRRSV strains in China. A widespread outbreak of this
strain with a high morbidity rate of 100% and a mortality
rate of 76.6% (230/300) was reported in Jilin province,
China (Zhao et al. 2015). This highlights the problem of
whether the commercial HP-PRRSV live vaccine can
provide cross-protection against the NADC30-like strains.
The purpose of this study was to evaluate the efficacy of
the TIM-F92 vaccine against the NADC30-like strain and
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also to analyze the pathogenicity of the HP-PRRSV and
NADC30-like strains.

Materials and Methods
Cells and Viral Strains

MARC-145 cells were maintained in modified Eagle’s
medium (MEM) supplemented with 10% fetal bovine
serum (FBS), and viral infection and titration were per-
formed in MEM supplemented with 2% FBS as described
previously (Li et al. 2013). The HP-PRRSV strain TJ was
isolated from the serum of an infected pig in Tianjin pro-
vince and sequenced in 2012 (GenBank accession no.
EU860248) (Leng et al. 2012b). Strain HN201605 was
isolated and identified from a field case of PRRSV in the
Henan province of China in 2016 and harvested after
passage three (F3) from MARC-145 cells. This strain was
used as the challenge virus in this study. A HP-PRRSV
MLV vaccine TIM-F92 (Lan Er Dai) was manufactured by
Sinovet (Beijing) Biotechnology Co. Ltd.

Experimental Animals

A total of 25 pigs, 4 weeks of age, were purchased from a
pig farm. All animals were confirmed to be free of PRRSV,
porcine circovirus type 2 (PCV2), classical swine fever
virus, porcine parvovirus, pseudorabies virus, swine influ-
enza virus, and Mycoplasma hyopneumoniae infections.
All animals were housed in separate units in a biosafety
level 2 (BSL2) facility, and prior to challenge, all animals
were transferred to isolation units at the Sinovet (Jiangsu)
Biotechnology Co. Ltd.

Vaccination and Challenge

Twenty-five PRRSV antigen—antibody free pigs were ran-
domly divided into the following five groups (n =5 per
group): Vac/ChA, Vaccinated + Challenged TJ strain;
Unvac/ChA, Challenged TJ strain; Vac/ChB, Vacci-
nated + Challenged HN 201605 strain; Unvac/ChB,
Challenged HN 201605 strain; and the Mock. The pigs in
Vac/ChA and Vac/ChB group were inoculated intramus-
cularly with 1 mL TIM (10°° TCIDsy/mL) according to
the manufacturer’s recommendations. Twenty-eight days
post vaccination (dpv), groups Vac/ChA and Unvac/ChA
were inoculated intranasally with 10*° TCIDso/mL PRRSV
strain TJ F3 (2 mL/pig), while groups Vac/ChB and
Unvac/ChB were inoculated with the same route and dose
of the NADC30-like strain HN201605 F3. Finally, the
Mock group was challenged with the same dose of PBS. At
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21 days post challenge (dpc), all surviving pigs were
humanely euthanized.

Clinical Assessment

Pigs were observed every day for clinical signs including
depression, cough, excessive lacrimation, and rectal tem-
perature, and they were scored daily for clinical respiratory
disease severity using scores ranging from O (normal) to 6
(severe dyspnea and abdominal breathing) (Halbur et al.
1995a). Rectal temperatures were recorded daily at the
same time by the same personnel, and the clinical threshold
for fever associated with HP-PRRSV and NADC30-like
strains were set at 41 and 40 °C, respectively, as previously
described (Li et al. 20164, b). Pigs were weighed on 0, 7,
14, and 21 dpv and 0, 7, 14, and 21 dpc.

Serological Testing and Assessment of the Virus
Neutralizing Titer

Blood samples were collected on 0, 7, 14, 21, and 28 dpv
and 2, 4, 6, 8, 10, 12, 14, 16, 18, and 21 dpc. Serum
samples were isolated from clotted blood and preserved at
— 80 °C. Serum samples were tested for PRRSV antibody
using the Herdcheck Porcine Reproductive and Respiratory
Syndrome X3 Antibody Test (IDEXX Laboratories,
Westbrook, ME). The samples were considered positive for
PRRSV antibody if the sample-to-positive (S/P) ratio was
equal to or greater than 0.4. Virus neutralizing titer in the
serum was determined by a virus serum neutralizing test.
Serum samples were heat-inactivated at 56 °C for 30 min
and serially diluted with equal volumes of the PRRSV
strains: HN201605 and TJ, respectively. After incubation,
the mixtures were transferred to Marc-145 monolayers in
96-well plates and incubated for an additional 72 h at
37 °C in an incubator containing 5% CO,. Cells were
examined for cytopathic effects (CPE) with end-point titers
as described previously (Calzada-Nova et al. 2012; Galli-
her-Beckley et al. 2015).

Viremia Detection by RT-PCR

Blood samples were collected at 0, 2, 4, 6, 8, 10, 12, 14, 16,
18, and 21 dpc. Blood samples were analyzed by PCR
using primers for the nsp2 gene (forward primer 5'-CA
CCCTTCCYGAAAGAGTRA-3'; reverse primer 5'-CC
TCATATTCMGTCTTGAGGA H-3', designed according
to PRRSV NADC30, GenBank No: JN654459, and TJ
strain, GenBank No: EU860248. A 1425-bp target gene can
be amplified from the HP-PRSSV strain compared with the
length of 1122-bp from the NADC30-like strain. Total viral
RNA was extracted from 300 pL samples with TRIzol
(Invitrogen, USA). PCR was performed in a 50-puL volume

containing 25 pL 2 x Reaction Mix (Invitrogen, USA), 6
pL Template RNA, 1 pL 10 pmol/L of each primer, 2 pL.
SuperScript® II/Platinum® Tag Mix, and 15 pL auto-
claved distilled water. Thermal-cycling conditions were
55 °C for 30 min, 94 °C for 2 min; followed by 40 cycles
of 94 °C for 15 s, 55 °C for 30 s, 68 °C for 90 s; and a
final extension step at 68 °C for 5 min. PCR products were
visualized on a 1.2% agarose gel (Zhou et al. 2017).

Macroscopic and Microscopic Analysis

The lungs and lymph nodes were resected from all the pigs.
Samples were fixed in 10% buffered formalin and were
macroscopically evaluated as previously described (Halbur
et al. 1995b). The selected samples were processed for
hematoxylin and eosin (H&E) staining as per the previ-
ously described protocol (Halbur et al. 1996). Pathological
lesions were assessed by the veterinary college of Inner
Mongolia Agricultural University. The mouse monoclonal
antibody specific PRRSV nucleocapsid (N) protein was
used as detecting antibody and immunohistochemistry
staining (IHC) was performed according to the published
protocol (Zhang et al. 2015). The results were assessed by
the China Institute of Veterinary Drug Control.

Statistical Analysis

All data were presented as mean = SEM. The difference
between the Vac/Ch and Unvac/Ch groups were analyzed
by the 7 test by using GraphPad Prism software (version
6.01, SanDiego, CA). Differences were considered statis-
tically significant when P < 0.05.

Results
Clinical Assessment of Pigs Post Challenge

Pigs in groups Vac/ChA, Vac/ChB, and Mock were clini-
cally normal from the beginning of the study (0 dpv) to the
end of challenge (21 dpc); this included the respiratory
scores and rectal temperatures. However, the pigs from the
unvaccinated groups, Unvac/ChA and Unvac/ChB, showed
clear clinical symptoms. In the TJ strain challenge group,
the vaccinated pigs in group Vac/ChA remained normal
throughout the study, as evaluated by the clinical symptom
scores (Fig. 1) and rectal temperatures (Fig. 2). However,
in group Unvac/ChA (unvaccinated pigs), all pigs devel-
oped typical clinical signs of HP-PRRSV, such as severe
depression and anorexia, lameness and shivering, dyspnea,
skin cyanosis, and death (Li ez al. 2016b). All pigs in group
Unvac/ChA displayed persistently high fever (> 41 °C) for
6 days from 6 dpc. The mean rectal temperature and
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Fig. 1 Clinical scores in vaccinated or unvaccinated pigs. Pigs were
observed every day for clinical signs including depression, cough,
excessive lacrimation, and rectal temperature, and they were scored
daily for clinical respiratory disease severity using scores ranging
from 0O (normal) to 6 (severe dyspnea and abdominal breathing). Vac/
ChA: Vaccinated + Challenged TJ strain; Unvac/ChA: Challenged
TJ strain; Vac/ChB: Vaccinated 4+ Challenged HN 201605 strain;
Unvac/ChB: Challenged HN 201605 strain; Mock: challenged with
the same dose of PBS.
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Fig. 2 Daily monitoring of rectal temperature of all the pigs post
challenge. The clinical threshold for “fever” in the NADC30-like
strain and HP-PRRSV strain was set at 40 and 41 °C, respectively.
Vac/ChA: Vaccinated + Challenged TJ strain; Unvac/ChA: Chal-
lenged TJ strain; Vac/ChB: Vaccinated + Challenged HN 201605
strain; Unvac/ChB: Challenged HN 201605 strain; Mock: challenged
with the same dose of PBS.

clinical score were significantly higher in group 2 than in
group Vac/ChA (P < 0.05). At 15, 18, and 19 dpc, three of
five unvaccinated pigs that had been challenged in group
Unvac/ChA died of acute respiratory disease (mortality
rate of 60%) (Fig. 3). Unlike in pigs in the Unvac/ChB
group, no clinical symptoms were observed in group Vac/
ChB. In group Unvac/ChB, four of five infected pigs pre-
sented with persistent high temperature (> 40 °C) begin-
ning 3 dpc that lasted for 7 days. However, one pig
experienced persistent high fever (> 40 °C) between 11
and 15 dpc, and then died 18 dpc. Clinical differences
between groups Vac/ChB and Unvac/ChB were reflected in
the rectal temperatures and clinical scores (Lager et al.
2014).

There was no noticeable difference in clinical symp-
toms between Vac/ChA and Vac/ChB animals. In
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Fig. 3 The survival rate for each challenged group. At 15, 18, and 19
dpc, three of the five unvaccinated pigs in group Unvac/ChA that had
been challenged died of acute respiratory disease (mortality rate of
60%) and one pig died at 18 dpc in group Unvac/ChB. Vac/ChA:
Vaccinated 4+ Challenged TJ strain; Unvac/ChA: Challenged TJ
strain; Vac/ChB: Vaccinated 4+ Challenged HN 201605 strain;
Unvac/ChB: Challenged HN 201605 strain; Mock: challenged with
the same dose of PBS.

contrast, clear differences in clinical symptoms were
observed between the Unvac/ChA and Unvac/ChB ani-
mals. The pigs in the Unvac/ChB group presented with
mild clinical symptoms as evidenced by the mean rectal
temperature, clinical score, and mortality rate. The
results were consistent with those of a previous study
(Sun et al. 2016). The pigs in the Mock group main-
tained normal temperatures without respiratory symptoms
throughout the experiment. No bacterial pathogens were
isolated at necropsy.

Antibody Responses in Pigs

All pigs in all five groups were seronegative for PRRSV-
specific antibody at 0 dpv. Pigs in the Vac/ChA and Vac/
ChB groups developed antibodies that were detected using
ELISA from 14 dpv onwards; in the Unvac/ChA and
Unvac/ChB groups, these were detected from 6 dpc
onwards (Fig. 4) The S/P ratio reached the highest level at
6 dpc, following which it gradually decreased in the vac-
cinated groups from the highest level at 10 dpc in the
Unvac/ChA group and 14 dpc in the Unvac/ChB group. No
anti-PRRSV antibodies were detected in mock group
throughout the experiment. The results of virus neutral-
ization assays showed that NAs were not detected in any
groups from O to 21 dpc (data not shown).

Viremia in Challenged Pigs

No virus was detected in the Vac/ChA and Vac/ChB
groups (Table 1). However, the groups that were
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Fig. 4 Commercial ELISA kits were used to test the PRRSV-specific
antibodies. S/P value = sample ODgs, divided by negative control
ODgsp. S/P > 0.4, positive; S/P < 0.4, negative. Vac/ChA; Vacci-
nated +Challenged TJ strain; Unvac/ChA: Challenged TJ strain; Vac/
ChB: Vaccinated +Challenged HN 201605 strain; Unvac/ChB:
Challenged HN 201605 strain; Mock: challenged with the same dose
of PBS.

challenged (but received no vaccine) did shed virus. Three
pigs in the Unvac/ChA groups shed virus for 12, 14, and
16 days, respectively from 2 dpc onwards, as against the
other two pigs, which that stopped shedding virus after 10
dpc. In the Unvac/ChB group, four pigs shed virus for
4-6 days, and one pig shed virus from 8 to 16 dpc, at which
point it died. Furthermore, the virus shedding rate per day
in the Unvac/ChA group was higher than that in the Unvac/
ChB group.

Body Weight Gain in Pigs

After all four groups were challenged with the PRRSV,
pigs in the vaccinated groups continued to gain body
weight until euthanized. There was no significant dif-
ference in body weight between the vaccinated-chal-
lenged groups and the mock group. However, all the pigs
in the unvaccinated-challenged groups experienced
weight loss to a greater extent than did pigs in the
vaccinated and mock groups. The pigs in group Unvac/
ChA lost significantly more body weight than those in
group Unvac/ChB (Fig. 5).

Table 1 Viremia from post-challenge pigs.

-o- Vac/ChA
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Fig. 5 Body weight gain of pigs in all the groups. All the pigs in the
unvaccinated-challenged groups experienced weight loss compared
with those in the vaccinated and mock groups. Vac/ChA: Vacci-
nated + Challenged TJ strain; Unvac/ChA: Challenged TJ strain;
Vac/ChB: Vaccinated + Challenged HN 201605 strain; Unvac/ChB:
Challenged HN 201605 strain; Mock: challenged with the same dose
of PBS.

Pathological Examination

All surviving pigs were euthanized at 21 dpc and sub-
jected to necropsy. In the unvaccinated-challenged group,
Unvac/ChA pigs exhibited severe gross lesions with
consolidation, hemorrhage, firmer and heavier par-
enchyma in the lung tissues with hemorrhage, and
swelling of the lymph nodes. This differed from obser-
vations of lighter parenchyma of the lung and fewer
pathological changes in the Unvac/ChB pigs (Fig. 6).
However, there were no visible gross pathological
changes in the vaccinated-challenged groups, nor were
there any lesions in the tissues of the mock group.
Microscopic pulmonary lesions were typical of those
associated with PRRSV infection. Therefore, pathological
evaluation that includes detection of the PRRSV antigen
within these lesions is also critical for determining the
efficacy of PRRSV vaccines (Opriessnig et al. 2007).
Consistent with the macroscopic findings, the histological
examination results also revealed that the Unvac/ChB pigs
exhibited mild interstitial pneumonia with symptoms of
epithelial proliferation and fewer fibroblasts. Furthermore,

Days post challenge (Number of viremia/Animals with detected)

6 8 10 12 14 16 18 21

Groups

0 2 4
Vaccinated + Challenged TJ strain 0/5 0/5 0/5
Challenged TJ strain 0/5 4/5 5/5
Vaccinated + Challenged HN201605 strain 0/5 0/5 0/5
Challenged HN201605 strain 0/5 3/5 4/5
Mock group 0/5 0/5 0/5

0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
5/5 5/5 5/5 3/5 2/4 1/3 02 0/2
0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
4/5 3/5 2/5 1/5 1/5 1/5 0/4 0/4
0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
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Unvac/ChA

Vac/ChA

Vac/ChB

Unvac/ChB Mock

Fig. 6 Macroscopic examination of the lungs (A1-El) and lymph
nodes (A2-E2). Al and A2 (Vac/ChA group), C1 and C2 (Vac/ChB
group), and E1 and E2 (mock group) indicate the normal lungs and
lymph nodes. B1 indicates extensive pneumorrhagia and lung
consolidation. B2: Extensive hemorrhage in the lymph nodes. D1

Vac/ChA

Lung

Lymph nodes

IHC (Lung)

Fig. 7 Histopathological examination of the lungs (Al1-El) and
lymph nodes (A2-E2) and IHC examination of the lungs (A3-E3).
Al-A3, C1-C3, and E1-E3 indicate the normal lungs and lymph
nodes. B1 indicates serious bronchopneumonia. B2 indicates serious
hemorrhage in the lymph nodes and lymphopenia. Positive staining
was detected in B3. D1 indicates milder interstitial pneumonia and
lymphoreticulosis, D2 indicates slight lymphoproliferation and milder

the lymph nodes of these pigs exhibited less proliferation
of cortical lymphocytes. However, severe interstitial
pneumonia and acute hemorrhage were observed in the
Unvac/ChA pigs (Fig. 7). IHC staining results revealed
different intensities of positive staining in the lung tissues
of the Unvac/ChA and Unvac/ChB pigs. However, no
positive staining was detected in the mock group (Fig. 7).

@ Springer

indicates mild lung consolidation. D2 indicates slight hemorrhage in
the lymph nodes. Vac/ChA: Vaccinated + Challenged TJ strain;
Unvac/ChA: Challenged TJ strain; Vac/ChB: Vaccinated + Chal-
lenged HN 201605 strain; Unvac/ChB: Challenged HN 201605 strain;
Mock: challenged with the same dose of PBS.

Vac/ChB

2Tl 7

subcortical hyperplasia. Positive staining was detected in D3. No
positive staining was detected in E3. Vac/ChA: Vaccinated 4 Chal-
lenged TJ strain; Unvac/ChA: Challenged TJ strain; Vac/ChB:
Vaccinated 4+ Challenged HN 201605 strain; Unvac/ChB: Chal-
lenged HN 201605 strain; Mock: challenged with the same dose of
PBS.

Discussion

An outbreak of the highly pathogenic PRRSV caused sig-
nificant economic losses in China in 2006 (Zhao et al.
2015). This virus causes severe morbidity and mortality in
pigs of all ages. Several field isolates of PRRSV have been
identified with different genetic backgrounds and
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exhibiting 131 discontinuous amino acid deletions in the
genome. Clinical symptoms associated with low mortality
are consistent with infection with a NADC30 strain that
was isolated in the United States in 2008 (Brockmeier et al.
2012; Zhou et al. 2015). Therefore, these new PRRSV
isolates were termed as NADC30-like PRRSV in China.

A comparison of the deduced amino acids of the nsp2
proteins of NADC30-like isolates with the classical
PRRSV strain (VR2332, CH-la) showed amino acid
deletions at positions 322432 (111 aa), 481 (1 aa), and
504-522 (19 aa) in the nsp2 of HN201605, HENAN-
XINX, and HNjz15, respectively (Supplementary Fig-
ure S1). An amino acid homology analysis indicated that
the HN201605 isolate shared 83.2%-92.4%, 76.4%—
77.1%, and 76.3%—77% (data not shown) homology to
NADC30-like, HP-PRRSV, and classical PRRSV isolates,
respectively. As reported previously, NADC30-like strains
showed moderate pathogenicity in experimental studies,
and its different isolates shared more than 80% homology
for the nsp2 gene (Li et al. 2016a). In order to evaluate
whether the commercial vaccines in the market could
provide protection against the NADC30-like PRRSV
infection, an attenuated Chinese highly pathogenic PRRSV
vaccine strain TJIM-F92 made in China was used. The
deletion of 120 amino acids from positions 628 to 747 in
the nsp2 region was specific to the TIM-F92 strain com-
pared with other commercial strains (Leng et al. 2012a).
The nsp2 is the most variable gene in the PRRSV genome
and can endure a number of mutations, insertions, and
deletions. Faaberg found that pigs that received the
recombinant virus with rA727-813 nsp2 deletion mutants
showed significant reduction in lymph node enlargement
(Faaberg et al. 2010). A recombinant virus with 131 aa
(628-759) deletions of the nsp2 gene was found to be less
virulent in pigs (Kim et al. 2009). These results show that
disruption of amino acids in the nsp2 domain had a lethal
effect on viral replication.

In this study, the pigs in the Unvac/ChA group exhibited
severe clinical symptoms including persistently high fever
(> 41 °C), cyanopathy of the ears, red coloration of the
body, conjunctivitis, dyspnea, and severe diffuse pul-
monary lesions that were consolidated, consistent with
those reported in a previous study (Zhou et al. 2008). Three
pigs died at 15, 17, and 18 dpc, respectively. The pigs in
the Unvac/ChB group developed fever (body tempera-
ture > 40 °C) at 3 dpc, which lasted for 7 days. Cough,
anorexia, shivering, and respiratory distress were observed
before the pigs recovered to normal conditions. The pigs in
the Vac/ChA, Vac/ChB, and mock groups showed normal
conditions throughout the study. These clinical and
pathological results revealed that compared to the TJ strain
(HP-PRRSV strain), the NADC30-like HN201605 strain
had less pathogenicity. Pigs immunized with the TIM-F92

vaccine were effectively protected against the challenge of
HP-PRRSV and NADC30-like strains. The antibody
response detected by ELISA showed that the S/P ratio was
above 0.4 in the vaccinated groups from 14 dpv to 21 dpc.
However, although all vaccinated—challenged pigs were
protected, not all the neutralizing antibodies have yet been
detected. This may be because PRRSV viremia often
resolved before neutralizing antibodies were detected in
both infected and vaccinated pigs (Nelson et al. 1994;
Mengeling et al. 2003; Mateu and Diaz 2008). This finding
is identical to the result of a study that showed that neu-
tralizing antibodies were detected only at 91 dpv but still
protected against PRRSV challenge (Park et al. 2014).

As a direct and objective indicator, gain in body weight
is considered to be the most important parameter of vaccine
efficacy, and vaccination was effective in reducing finan-
cial losses due to the PRRSV infection (Mengeling et al.
2003). In this study, all the vaccinated—challenged pigs
were at least 5 kg heavier than the pigs of the challenged-
only groups. The body weight of pigs in the Unvac/ChA
group clearly decreased after challenge. Compared with the
vaccinated group, pigs of the Unvac/ChB lost more weight
and grew more slowly. No viral shedding was detected in
the vaccinated groups compared with a long period of viral
shedding in the unvaccinated groups. These results suggest
that TJM-F92 vaccine can protect against PRRSV
infection.

Galliher-Beckley found that the pigs immunized with
modified HP-PRRS live vaccine were protected from
challenge with the North American PRRSV NADC strain
(Galliher-Beckley et al. 2015). Nearly 97% of lesions were
reduced in the pigs vaccinated with Ingelvac PRRSV
(VR2332) after challenge with the NADCS, NADCY, or
NVSL strains compared with the challenge control, (Roof
et al. 2003). Furthermore, gross lung pathology reduced.
Experiments in piglets showed that the commercial
PRRSV modified live vaccines TIM-F92 and R98 provided
partly protective efficacy against FJ1402 challenge (Zhang
et al. 2016). The different protection rates of TIM-F92
might be due to the different challenge strains, but further
studies are necessary to confirm this. Some studies have
shown that the current vaccine provided limited protection
against NADC30-like infection (Bai et al. 2016). The
failure of vaccination could be due to co-infection with
other swine viruses or improper immunization schedules.

In the United States, the total losses in the swine
industry approached $664 million annually due to PRRSV
infection (Holtkamp er al. 2013). An effective PRRSV
vaccine has been estimated to increase the market weight
of pigs by 1.26 kg/pig (increasing the revenue by $3.25/
pig) and decrease mortality by 17% (a saving of $45/pig).
Thus, the economic benefit with introduction of the new
modified live PRRSV vaccine is considered to be $48.25/

@ Springer



160

Virologica Sinica

pig (Park et al. 2014). The TIM-F92 strain has a unique,
continuous 360 nucleotide (120 aa) deletion in the nsp2 gene
and provides protection against PRRSV infection (Leng
et al. 2012b). This could be used as a safe and effective
PRRSYV candidate vaccine, which protects pigs against the
NADC30-like strain. However, we should not solely rely on
the PRRSV vaccine. Modified HP-PRRSV live vaccine is
not recommended for use in PRRSV-free hog farms.

This study showed that compared to the HP-PRRSV
strain, the NADC30-like strain HN201605 had lower
pathogenicity. We also demonstrated that the MLV vaccine
strain TJIM-F92 provided cross protection against PRRSV
NADC30-like strain HN201605 infection, suggesting that
it is an effective and safe vaccine candidate in China. In
order to better evaluate this vaccine, further studies are
needed to test its efficiency against other PRRSV
NADC30-like isolates.
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