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Abstract

Passive immunity is critical for protection of neonatal piglets against porcine epidemic diarrhea virus (PEDV). Here, we
investigated the immunogenicity of an orf virus (ORFV) vector expressing the full-length spike (S) protein of PEDV (ORFV-
PEDV-S) in pregnant gilts and its ability to confer passive immunity and protection in piglets. Three doses of ORFV-PEDV-S
were given to two groups of PEDV-negative pregnant gilts, with the last dose being administered two weeks prior to farrow-
ing. One of the two groups immunized with the ORFV-PEDV-S recombinant virus was also exposed to live PEDV orally
on day 31 post-immunization (pi). Antibody responses were assessed in serum, colostrum and milk of immunized gilts, and
passive transfer of antibodies was evaluated in piglet sera. The protective efficacy of ORFV-PEDV-S was evaluated after
challenge of the piglets with PEDV. PEDV-specific IgG, IgA and neutralizing antibody (NA) responses were detected in
ORFV-PEDV-S-immunized and ORFV-PEDV-S-immunized/PEDV-exposed gilts. PEDV NA, IgG and IgA were detected in
the serum of piglets born to immunized gilts, demonstrating the transfer of antibodies through colostrum and milk. Piglets
born to immunized gilts showed reduced morbidity and a marked reduction in mortality after PEDV challenge in comparison
to control piglets. Piglets born to gilts that received ORFV-PEDV-S and were exposed to live PEDV showed stronger NA
responses and lower clinical scores when compared to piglets born to gilts immunized with ORFV-PEDV-S alone. These
results demonstrate the potential of ORFV as a vaccine delivery platform capable of eliciting passive immunity against PEDV.

Introduction

Porcine epidemic diarrhea virus (PEDV), an alphacoro-
navirus in the family Coronaviridae, is a single-stranded,
positive-sense RNA virus that causes porcine epidemic
diarrhea (PED) in pigs [1]. PEDV infects pigs of all age
groups resulting in an enteric disease with high morbidity.
High mortality rates (50%-100%) are observed in neonatal
piglets; however, mortality is usually low in older animals
[2]. PED is characterized by vomiting, watery diarrhea and
dehydration, which are usually followed by death in suck-
ling piglets [3]. After its introduction in the USA in 2013,
PEDV caused the deaths of over 7 million piglets, resulting
in significant economic losses to the US swine industry [4].
Since then, significant investments and efforts to develop
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PEDV vaccines have been made, with a few vaccines receiv-
ing a conditional license from the USDA. The efficacy of
these vaccines in protecting newborn piglets, however, is
still unknown.

@ Springer


http://orcid.org/0000-0003-3237-8940
http://crossmark.crossref.org/dialog/?doi=10.1007/s00705-018-3855-1&domain=pdf

2328

L.R. Joshi et al.

Piglets are born agammaglobulinemic due to the imper-
meable nature of the epitheliocorial swine placenta, and their
immune system is immature, which makes them highly sus-
ceptible to PEDV in the first weeks (1-3) of life. Therefore,
passive transfer of antibodies through colostrum and milk
is critical for protection of neonatal piglets against PEDV
[5, 6]. Previous studies with transmissible gastroenteritits
virus (TGEV), a coronavirus that is closely related to PEDV,
have shown a high correlation between milk antibody levels
and protection in piglets [7, 8]. Hence, a requirement for an
effective PEDV vaccine is the ability to induce high levels
of antibodies in colostrum and milk with their subsequent
transfer to piglets born to immunized sows. Although sev-
eral attenuated, killed, or subunit PEDV vaccines have been
developed, most of them fail to induce sufficient levels of
lactogenic immunity and protection in newborn piglets [9,
10]. Thus, it is critical to develop improved alternatives to
currently available PEDV vaccines.

Recently, we demonstrated that a recombinant orf virus
(ORFV) expressing the full-length spike (S) protein of
PEDV (ORFV-PEDV-S) is capable of eliciting protective
immune responses in immunized pigs [11]. Three-week-old
piglets immunized intramuscularly (IM) with the ORFV-
PEDV-S recombinant virus were protected from clinical
signs of PED after oral challenge with PEDV and showed
reduced virus shedding in feces [11]. In the present study, we
investigated the immunogenicity of ORFV-PEDV-S recom-
binant virus in pregnant gilts and its ability to induce pas-
sive immunity and protection in piglets born to immunized
animals.

Materials and methods
Viruses and cells

The recombinant ORFV-PEDV-S was previously gener-
ated and characterized in our laboratory [11], propagated
and titrated in primary ovine fetal turbinate cells (OFTu,
provided by D.L. Rock, University of Illinois) [11]. PEDV
strain USA/CO/2013 (CO13) was obtained from the National
Veterinary Services Laboratory (NVSL) and propagated in
Vero-76 cells (ATCC® CRL-1587™) in the presence of

1.5 pg of TPCK-treated trypsin per mL (Sigma Aldrich, St.
Louis, MO).

Immunization of pregnant gilts and challenge
studies

Six primiparous gilts were randomly assigned to three
experimental groups as follows: group 1 (G1), control
(MEM; n=2); group 2 (G2), ORFV-PEDV-S-immunized
(n=2); group 3 (G3), ORFV-PEDV-S-immunized/live
PEDV-exposed (n=2) (Table 1). Animals from G2 and
G3 were immunized intramuscularly (IM) with 2 ml of the
recombinant ORFV-PEDV-S containing 107 tissue cul-
ture infectious dose 50 (TCIDsy)/mL in MEM. All animals
received the first immunization on day 0 and two booster
immunizations on days 21 and 42 post-immunization (pi).
The second booster was administered two weeks prior to the
anticipated parturition date. In addition to the immuniza-
tion regimen with ORFV-PEDV-S described above, gilts in
G3 were exposed to live PEDV orally (1 x 103 TCIDs in 1
ml) on day 31 pi. Animals from G1 were sham-immunized
with 2 ml MEM as described above. Animals were housed
in BSL-2 animal rooms, and two weeks prior to farrowing,
each gilt was transferred to individual farrowing crates (two
crates per room).

All gilts received prostaglandin-F, (10 mg) on day 52 pi
by IM injection to induce parturition. Animals from G1 and
G3 farrowed on day 53 pi, while animals from G2 farrowed
on day 56 pi. Twelve piglets from each sow were randomly
selected, kept with their mothers (n=24 per group) for
17 days and allowed to suckle colostrum and milk ad libi-
tum. Excess piglets were euthanized to keep all sows with
an equal number of piglets (n=12). All piglets (G1, G2 and
G3) were challenged orally on day 7 post-birth with a virus
suspension containing 2.5 x 10> TCIDs,, of PEDV strain
CO13 (1 ml/piglet). Animals were monitored daily for clini-
cal signs and mortality, and the experiment was terminated
on day 74 pi or day 11 post-challenge (pc). Clinical scores
were evaluated based in four criteria, which were modified
from a scoring method described by Lohse and collabo-
rators [12] as follows: a) well-being: normal =0, slightly
depressed = 1, depressed and lethargic =2; b) defecation:
normal feces =0, semi-solid and pasty = 1, watery feces =2;
¢) vomiting: no=0, yes=1; d) body condition: normal =0,

Table 1 Experimental design

Group (n) Treatment Day of immuniza-  Dose TCIDs No of piglets
tion (route)
Group 1 (GI) (n=2) Control (MEM) 0,21, 42 (IM) 2x107% 24
Group 2 (G2) (n=2) ORFV-PEDV-$ 0,21, 42 (IM) 2x107% 24
Group 3 (G3) (n=2) ORFV-PEDV-$ 0,21, 42 (IM) 2x107% 24
Live PEDV 31 (oral) 1%10°
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thin=1, emaciated=2. Mean daily group scores and mor-
tality rates were calculated and compared between different
groups. Piglets showing severe dehydration and emaciation
were euthanized based on the independent evaluation of
SDSU’s veterinarian.

Serum was collected from sows on days 0, 21, 28, 35,
42,49, 54, 60, 63, 67, 70 and 74 pi. Additionally, colostrum
and milk were collected from sows on days 1 (day of farrow-
ing) 3,7, 10, 14, 17 post-farrowing. Serum and rectal swabs
were collected from piglets on days 1 (pre-colostrum), 7
(pre-challenge), 10, 14, and 17 post-birth. All animal stud-
ies were conducted at the SDSU Animal Resource Wing
(ARW), following the guidelines and protocols approved by
the SDSU Institutional Animal Care and Use Committee
(IACUC approval no. 16-003A).

Antibody isotype ELISA

Indirect ELISAs using a truncated S protein (aa 630-800)
were used to assess IgG and IgA antibody responses in ani-
mals immunized with the recombinant ORFV-PEDV-S virus
as described previously [11].

Fluorescent focus neutralization assay

Neutralizing antibody responses elicited by immunization
with the recombinant ORFV-PEDV-S were assessed by
fluorescent focus neutralization assay (FFN) as described
previously [13].

Fluorescent microsphere immunoassay (FMIA)

PEDV S-specific IgG and IgA antibody responses were
assessed in colostrum and milk by FMIA. Optimal assay
conditions (amount of antigen, colostrum/milk and second-
ary antibody dilutions) were determined by a checkerboard
titration [13].

Real-time reverse transcription PCR (RT-qPCR)

Virus shedding was assessed in rectal swabs by RT-qPCR.
Viral RNA was extracted from rectal swabs using a Zymo
Viral RNA Extraction Kit (Zymo Research, CA, USA)
according to the manufacturer’s instructions. Primers and
a probe targeting the PEDV nucleocapsid protein were
designed using PrimerQuest Tool (Integrated DNA Tech-
nologies Inc., USA). RT-qPCR was performed using a Sen-
siFast™ Probe Lo-ROX One-Step Kit (Bioline, MA, USA)
following the manufacturer’s instructions. Genome copy
numbers per ml were determined using a relative standard
curve method. The amount of viral RNA detected in feces
was expressed as log,, genome copies/ml.

Results
Systemic antibody responses in gilts

Gilts from both immunized groups (G2 and G3) devel-
oped PEDV S-specific IgG and IgA responses (Fig. 1A
and B). IgG and IgA antibodies were first detected on day
21 pi in animals in G2, and the highest level of antibod-
ies was detected on day 35 pi. Similarly, in G3, IgG and
IgA antibodies were first detected on day 21 pi, and their
levels increased after the booster immunization on day
21. An anamnestic antibody response was observed in G3
gilts after they were exposed to live PEDV on day 31 pi
(Fig. 1A and B). No spike-specific IgG or IgA antibodies
were detected in the serum of control sows (G1).

The ability of ORFV-PEDV-S to induce neutralizing
antibody (NA) responses against PEDV was assessed
using a FFN assay. NA were first detected in serum a week
after the first booster immunization (day 28 pi; Fig. 1C).
An increase in NA levels was observed in both immu-
nized groups (G2 and G3) after day 28 pi (Fig. 1C). Gilts
in G2, which were immunized only with ORFV-PEDV-S,
had the highest neutralizing antibody titers on day 49 pi,
a week after the second booster immunization (day 42 pi;
Fig. 1C), whereas gilts in G3, which were immunized with
ORFV-PEDV-S and exposed to live PEDV (day 31 pi),
had the highest antibody titers on day 35 pi, with titers
remaining constant thereafter until the end of the experi-
ment (Fig. 1C). Similar to the IgG and IgA responses,
higher neutralizing antibody responses were observed in
gilts in G3 when compared to G2 animals. No neutralizing
antibodies against PEDV were detected in control gilts
(G1) in serum samples collected pre-farrowing/pre-chal-
lenge. Animals in G1 seroconverted to PEDV, presenting
detectable levels of IgG, IgA and NA a week after chal-
lenge of the piglets (day 7 post-birth; Fig. 1). Notably, a
strong correlation between NA and IgG and IgA levels was
observed in sow serum (NA vs. IgG: r=0.876, P <0.0001;
NA vs. IgA: r=0.822, P <0.0001; Fig. 1D and E). These
results confirmed our previous findings demonstrating the
immunogenicity of ORFV-PEDV-S in pigs [11].

Detection of S-specific IgG and IgA antibodies
in colostrum and milk

High levels of S-specific IgG antibodies were detected
on days 1 and 3 post-farrowing, decreasing thereafter in
animals from G2 and G3 (Fig. 2A). Colostrum collected
from sows in G3, exposed to live PEDV, had higher levels
of IgG when compared to G2 on day 1 post-farrowing
(Fig. 2A). High levels of S-specific IgA antibodies were

@ Springer



2330 L.R. Joshi et al.
A S-specific IgG - sow serum B S-specific IgA - sow serum
2.0+ . ! . 4
m Group 1 Pre-farrowing s Post-farrowing 2.0 Pre-farrowing : Post-farrowing
B Group 2 : B Group 1 E
I Group 3 ! E
1.5- ' 1.5 I Group 2 :
: | =@ Group3 :
2 : o E
© ' - H
@ 1.0 5 © '
2 N = :
: 7] H
0.5 ;
0.0- ’ :
0 21 28 35 42 49 54 60 63 67 70 74 0 21 28 35 42 49 54 60 63 67 70 74
Days post-immunization Days post-immunization
c Neutralizing antibodies - sow serum D
= 107 Pre-farrowing ' Post-farrowing
> :
S B Group 1 '
= 8 m Group 2 : 2.0
- H ) =
et M Group 3 ; r=0.8762
- ! p<0.0001 ° [
o 67 ! £
g = !
IS : 2
2 5 o
n 27 : n
> H 1
= ' o
s : Ky
0- 1
0 21 28 35 42 49 54 60 63 67 70 74 10
Days post-immunization -0.5 - Sow VN (Log,)
E 15
r=0.8221
p<0.0001 °

-
o
L

IgA- sow serum
o o
=) 3}

L

2 4 6 8 10
Sow VN (Logs,)

-0.5 -

Fig. 1 Spike (S)-specific antibody responses in sows. (A) Isotype
ELISA demonstrating serum IgG antibody responses specific for the
PEDV S protein. (B) Isotype ELISA demonstrating serum IgA anti-
body responses specific for the PEDV S protein. (C) Virus neutral-
izing antibody (NA) responses in sows. S/P, sample-to-positive ratio.
Group 2 and group 3 gilts were immunized on days 0, 21 and 42 with
ORFV-PEDV-S. Oral exposure to live PEDV in group 3 gilts was

also detected in colostrum of animals from G2 and G3
on day 1 post-farrowing (Fig. 2B). Notably, the levels of
S-specific IgA antibodies remained elevated in milk up
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performed on day 31 pi. Group 1 control gilts were sham-immunized
with minimal essential medium (MEM) on the same days. (D) Cor-
relation of sow serum IgG levels with sow mean NA levels. (E) Cor-
relation of sow serum IgA levels with piglet serum NA levels. Cor-
relations were calculated using the Spearman method with a 95%
confidence interval using GraphPad Prism 7

to day 17 post-farrowing (Fig. 2B). IgA antibody levels
were higher in milk from animals in G3 when compared
to animals in G2 after day 7 post-farrowing (Fig. 2B).
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Fig.2 Detection of PEDV S-specific antibodies in colostrum/milk.
(A) Isotype fluorescent microsphere immunoassay (FMIA) demon-
strating S-specific IgG antibodies in colostrum/milk of immunized

No spike-specific IgG or IgA antibodies were detected in
colostrum/milk collected from control sows (G1) (Fig. 2A
and B). These results demonstrate the ability of ORFV-
PEDV-S to induce S-specific IgG and IgA antibodies in
colostrum and milk.

Passive transfer of PEDV-specific antibodies
to piglets

Passive transfer of antibodies from immunized sows to
their offspring was assessed by ELISA and FFN assays per-
formed on serum samples collected from piglets pre- and
post-ingestion of colostrum/milk. No S-specific antibod-
ies were detected in serum samples collected on day one
prior to ingestion of colostrum (Fig. 3). Notably, high levels
of S-specific IgG and IgA antibodies were detected in the
serum of piglets from G2 and G3 on day 3 post-birth. Piglets
born to immunized sows had IgG and IgA antibodies in their
serum until the end of the experiment on day 17 post-birth
(Fig. 3), with higher levels of IgG antibodies being detected
until the end of the experiment. Both IgG and IgA levels
were higher in piglets born to sows in G3 when compared
to piglets born to sows in G2. No spike-specific IgG or IgA
was detected in serum of piglets born to control sows (G1;
Fig. 3).

In addition to IgG and IgA, NAs were detected in pig-
let serum on day 3 post-birth. High levels of NA were
detected in piglets born to ORFV-PEDV-S-immunized sows
until the end of the experiment on day 17 pi (Fig. 3C). No
neutralizing antibodies were detected in the piglets born
to control sows (G1, Fig. 3C). Notably, a significant cor-
relation between NA titers in sow serum and piglet serum
was observed (r=0.5157, P=0.0285). Additionally, a
strong correlation between NA and IgG and IgA antibody
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or control gilts. (B) Isotype FMIA demonstrating S-specific IgA anti-
bodies in colostrum/milk of immunized or control gilts. S/P, sample-
to-positive ratio

levels was observed in piglet serum (NA vs. IgG: r=0.866,
P <0.0001; r=0.641; Fig. 3E and F). Together, these results
demonstrate passive transfer of PEDV-specific IgG, IgA and
NAs from immunized sows to piglets through ingestion of
colostrum and/or milk.

Protection of piglets against PEDV challenge

All piglets born to immunized or control gilts were chal-
lenged orally with virulent PEDV strain CO13 on day 7
post-birth. Piglets were monitored daily for characteristic
clinical signs of PED and mortality. Daily average clinical
scores were calculated for each group, and the mean daily
scores are presented in Fig. 4A. All piglets born to sows in
G1 and G2 showed clinical signs of PED starting on day 1
pc which lasted until day 9-10 pc. The highest clinical scores
were observed in G1 piglets between days 2 and 5 pc. Pig-
lets in G3 started showing clinical signs on day 3 pc, when
moderate diarrhea was observed and continued until day 11
pc. As shown in Fig. 4A, more-severe clinical signs were
observed in piglets from G1 (average daily scores ranging
from 4 to 7), followed by G2 (average daily scores ranging
from 4 to 6) and then G3 (average daily scores ranging from
2 to 3.5). It is important to note that, while piglets in G1 and
G2 experienced vomiting and diarrhea, none of the piglets
in Group 3 experienced vomiting during experiment.

Virus shedding in feces was assessed by RT-qPCR using
rectal swabs. Piglets in G3 had a significantly lower level
of viral RNA in their feces (P <0.0001) in comparison to
piglets in G1 and G2 on day 3 pc (Fig. 4B). However, no sig-
nificant differences in virus shedding in feces were observed
between the three groups thereafter.

The daily mortality recorded for piglets in the three
groups is presented in Fig. 4C. Notably, twelve out of 24
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Fig.3 Passive transfer of antibody to piglets. (A) Isotype ELISA
demonstrating S-specific IgG antibody levels in piglet serum. (B)
Isotype ELISA demonstrating S-specific IgA antibody levels in piglet
serum. (C) Virus neutralizing antibody (NA) levels in piglet serum.
Results are presented as group mean S/P ratios or NA titers. The error
bars represent +/- standard error of mean (SEM). Statistical signifi-
cance was determined using two-way ANOVA, and multiple compar-
isons were ran using Tukey’s test. a, b, and c represent statistical sig-
nificance for G1 vs. G2, G1 vs. G3, and G2 vs. G3, respectively. The
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significance level is <0.01. S/P, sample-to-positive ratio; the arrow-
head represents the day of challenge with PEDV. (D) Correlation of
piglet serum NA levels with sow mean NA levels. (E) Correlation
of group mean IgG antibodies in piglet serum with piglet serum NA
levels. (F) Correlation of group mean IgA antibodies in piglet serum
with piglet serum NA levels. Correlations were calculated using the
Spearman method with a 95% confidence interval using GraphPad
Prism 7
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Fig.4 Clinical presentation, virus shedding, and piglet survival. (A)
Daily average group clinical scores recorded after challenge infection
with PEDV strain CO13. (B) Virus shedding as determined by PEDV
RT-gPCR in piglet feces expressed as log,, genome copy number
per milliliter. Data are presented as group means. Error bars repre-
sent +/- SEM. Statistical significance was determined using two-way
ANOVA, and multiple comparisons were ran using Tukey’s test. a, b,
and c represent statistical significance for G1 vs. G2, G1 vs. G3, and
G2 vs. G3, respectively. The significance level is <0.01. (C) Survival
curve demonstrating piglet mortality. The survival curve was gener-
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ated using the Kaplan-Meier method. Statistical comparison between
groups was performed using the log-rank test in GraphPad Prism 7.
The P-value was adjusted using the Bonferroni method. (D) Correla-
tion of piglet mortality with piglet group mean NA levels. Correlation
of piglet mortality with group mean IgA antibodies in sow colostrum/
milk. (F) Correlation of piglet mortality with group mean IgG anti-
bodies in sow colostrum/milk. Correlations were calculated using
the Spearman method with 95% confidence interval using GraphPad
Prism 7
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(12/24; 50%) piglets in control G1 died by day 7 pc, while
only one piglet (1/24; 5%) in G2 died on day 5 pc, and none
of the piglets (0/24; 0%) in G3 died after the PEDV chal-
lenge. Interestingly, when the correlation between antibody
levels in piglets and sows was compared to survival rates in
piglets, moderate to strong correlations between NA lev-
els in piglet serum (r=0.4819, P =0.04288) and IgA and
IgG antibody levels in the sow colostrum/milk (r=0.8759,
P <0.0001; r=0.6706, P=0.002322, respectively) were
observed (Fig. 4D, E and F). Together, these results demon-
strate decreased morbidity and mortality in piglets born to
immunized gilts and a strong correlation between survival
and antibody levels in colostrum and milk.

Discussion

In the present study, we assessed the ability of ORFV-PEDV-
S to induce passive immunity against PEDV following
immunization of pregnant gilts. One of the goals of the study
was to assess whether immunization with ORFV-PEDV-S
alone would be sufficient or if live exposure to PEDV would
be required for protection of piglets born to immunized gilts.
This underlies our experimental design, in which pregnant
gilts were either immunized with ORFV-PEDV-S (G2)
or with ORFV-PEDV-S followed by oral exposure to live
PEDV (G3). Similar to our findings in 3-week-old weaned
pigs [11], IM immunization of gilts with ORFV-PEDV-S
elicited PEDV-specific IgG, IgA and NAs. As expected, the
booster provided by live PEDV exposure in gilts from G3
led to higher antibody responses in serum, colostrum and
milk of these animals. Notably, passive transfer of antibod-
ies from gilts to piglets was observed in both G2 and G3, as
PEDV-specific IgG, IgA and NAs were detected in serum
of piglets born to immunized gilts following ingestion of
colostrum and milk. NA antibodies detected in piglet serum
showed a strong correlation with IgG and IgA levels (Fig. 3E
and F). Although the antibody responses elicited by immuni-
zation with ORFV-PEDV-S alone were lower in comparison
with those induced by immunization with ORFV-PEDV-S
followed by live PEDV exposure, the levels of antibodies
induced by IM immunization with ORFV-PEDV-S were
sufficient to reduce neonatal mortality after oral challenge
with PEDV.

Antibodies present in sow colostrum and milk are
derived either from serum or produced locally in the
mammary tissue [14], and transfer of pathogen-specific
antibodies from the sow to the piglet via colostrum and
milk is critical for protection against the pathogens dur-
ing the neonatal phase of the piglet’s life. In this context,
IgA plays a key role in protection against enteric patho-
gens such as PEDV, mainly because it is stable to pro-
teolytic degradation in the intestine. By remaining in the
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gut lumen, pathogen-specific IgA can effectively inhibit/
decrease virus infection/replication in the gut epithelium
[8, 15—17]. The results of this study show that increasing
levels of IgA in milk of immunized animals paralleled
lower disease morbidity and mortality in piglets born
to immunized gilts after challenge with PEDV. While
severe PED and high mortality (50%) were observed in
piglets born to control gilts in G1 (no antibody responses
detected), piglets born to gilts in G2 and G3 (high levels
of IgA in G2 and even higher in G3) showed less-severe
clinical signs and reduced mortality rates (5 and 0%,
respectively). These results suggest that PEDV-specific
IgA detected in piglets in G2 and G3 may have contributed
to reducing disease severity and mortality in piglets. The
possibility that other antibody isotypes or T cell-mediated
immunity may have played a role in protection, however,
cannot be formally excluded.

One of the most important observations of our study was
the reduced mortality in piglets from G2 (5% versus 50%
in the control group, G1), which were born to gilts immu-
nized IM with ORFV-PEDV-S. Notably, the lower piglet
mortality in this group paralleled S-specific IgG, IgA and
NA responses detected in the gilts and passively transferred
to piglets. Together, these observations show that parenteral
immunization with ORFV-PEDV-S is sufficient to induce
protective levels of passive immunity against PEDV. These
results corroborate the findings of previous studies in which
PEDV specific-antibodies have been detected in serum and
colostrum/milk and passively transferred to piglets after
parenteral immunization with live, inactivated and/or sub-
unit vaccine candidates [18]. Although the mechanism(s)
underlying this phenomenon remain unknown, it is possi-
ble that systemic antibodies could be transferred from the
sow’s serum to colostrum and milk and then to the piglets.
Alternatively, the immunomodulatory properties of the
ORFYV vector used here could potentially lead to migration
of antibody-secreting plasma cells to the mammary gland,
resulting in local antibody production. Future studies assess-
ing local immune cells in the mammary gland and antibody
isotypes in the intestinal lumen of piglets born to immunized
sows will be critical for dissecting the precise mechanism(s)
underlying the protective immune responses elicited by IM
immunization with ORFV-PEDV-S observed here.

In summary, this study demonstrates the ability of ORFV-
PEDV-S to confer passive immunity against PEDV follow-
ing immunization of pregnant gilts. Similar to our previous
findings in 3-week-old weaned pigs [11], IM immunization
of gilts with ORFV-PEDV-S elicited PEDV-specific 1gG,
IgA and NAs responses. Additionally, passive transfer of
antibodies from gilts to piglets was observed, as PEDV-spe-
cific IgG, IgA and NAs were detected in serum of piglets
born to immunized gilts following ingestion of colostrum
and milk.
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