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Introduction
The Porcine Epidemic Diarrhea Virus (PEDV) is a 

member of the family Coronaviridae, genus Alphacoronavirus, 
subgenus Pedacovirus. It consists of enveloped viruses with a 
28 kb single-stranded positive-sense RNA genome [1,2]. PEDV 
causes severe enteritis, characterized primarily by diarrhea, 
often accompanied by vomiting, anorexia, dehydration, and 

Summary 

Porcine Epidemic Diarrhea Virus (PEDV) can infect pigs of any age, but the disease severity varies 
signiϐicantly, particularly affecting neonatal piglets due to their immature immune system. Various 
vaccination strategies have been questioned for their efϐicacy, especially since outbreaks have occurred 
even on vaccinated farms. Recent suggestions indicate that exposure to the virus may enhance the 
effectiveness of inactivated vaccines, highlighting the potential beneϐits of using attenuated viruses to 
generate immunity in sows without prior exposure. This study aimed to evaluate the humoral and cytokine 
responses in pregnant sows and their piglets after inoculation of affected piglet intestinal contents and a 
virus isolated. We measured immune parameters such as IL-12, IL-22, IgG, and IgA, as well as neutralizing 
antibodies in serum, colostrum, and milk. Notably, higher titers of neutralizing antibodies were found in 
sows immunized with the viral inoculum, while IL-12 and IL-22 levels showed no signiϐicant differences. 
Additionally, we assessed productive parameters like total piglets born, weaning mortality, average birth 
weight, and stillborn rates. The results indicated that sows treated with affected piglet intestinal contents 
had higher mortality (48.31%) and stillborn rates (20.96%) compared to those receiving the isolated virus 
(30.02% and 10.44%, respectively). These ϐindings suggest that using an isolated virus can offer a safe, 
long-lasting, and speciϐic immune response, underscoring the importance of thorough analysis of both 
systemic and mucosal immune responses against PEDV.

weight loss [3]. The PEDV was ϐirst reported in 1971 and 
isolated during an outbreak in Belgium in 1976 [4]. In 2013 a 
Porcine Epidemic Diarrhea (PED) outbreak occurred in Iowa, 
United States of America, followed by outbreaks in Mexico and 
Canada [3,5].

In Asia, PEDV infections result in signiϐicant economic 
losses, and vaccination using attenuated or inactivated 
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vaccines produced from reference strains has been used 
for several years [6].  �In America, a variety of vaccination 
strategies, including inactivated, attenuated, and truncated 
spike genes, have been used. However, their efϐicacy has 
been questioned due to the need for prior exposure and the 
occurrence of repeated outbreaks on vaccinated farms [7]. 
Lee, et al. in 2018 suggested that exposure to the virus is 
necessary to enhance the effectiveness of inactivated virus 
vaccines, proposing the usefulness of a controlled dose of 
attenuated virus to generate immunity in sows without prior 
exposure [8]. During PEDV outbreaks in underdeveloped 
regions, it has been common to immunize animals using the 
intestines of infected piglets, a practice known as ‘feedback’ 
[6]. However, this method carries the risk of iatrogenic 
infections that can adversely affect productive parameters, as 
well as the potential for failure due to uncontrolled viral titers 
in the samples [9].

Signiϐicant research has focused on improving PEDV 
prevention and treatment; Geiger & Connor (2013) identiϐied 
feedback as the preferred treatment for breeding sows as a 
practical approach to stimulate the immune system in females, 
thereby facilitating passive immunity transfer to piglets via 
colostrum. However, when using this practice, the quantity 
of infectious virus inoculated into sows is unknown, and the 
immune response generated has not been monitored, nor 
have other potential pathogens been evaluated in the samples 
used [10].

Like other coronaviruses, various PEDV variants exhibit 
different degrees of virulence. S-INDEL strains are associated 
with less severe infections, characterized by a longer 
incubation period, shorter diarrhea duration, localized 
intestinal damage, and lower mortality (18% compared to 
55% for NO-INDEL strains) [11]. While S-INDEL strains have 
been proposed as possible immunogenic candidates, cross-
protection between these strains is only partial and often 
strain-speciϐic. The degree of protection depends on the 
genetic similarity between strains and the immune response 
generated by the initial infection or vaccination, making an 
understanding of cross-protection essential for effective 
vaccine development [12-14].

PEDV can infect swine of all ages, but the severity of the 
disease is largely dependent on the animal’s age, with neonates 
being especially susceptible and facing high mortality [15]. The 
transfer of passive immunity from sows to piglets is essential 
for reducing mortality due to the high virulence of PEDV 
and the immature immune systems of young pigs. Studies of 
Transmissible Gastroenteritis Virus (TGEV), have shown litter 
protection, associated with high levels of antibodies in the 
sow’s milk, independent of maternal serum antibodies [16]. 
Lactogenic immunity is vital for defending neonates against 
enteric pathogens, and maternal immunization offers beneϐits 
for both the mother and her piglets. An enhanced maternal 
immune response during gestation and lactation leads to 

increased IgA levels in milk improving piglet protection until 
about 13 days of age [17]. Additionally, the method of vaccine 
administration plays a signiϐicant role, with oral vaccines 
producing the highest levels of IgG/A in the milk [18,19].

Inϐlammation mediated by the innate immune system is an 
important indicator of host disease resistance. Cytokines are 
the key modulators for various homeostatic and inϐlammatory 
processes. The interleukin-12 (IL-12) family plays important 
regulatory roles in immune response against infectious and 
autoimmune diseases, as well as cancer [20-22]. IL-12 is 
particularly relevant in viral infections, promoting cellular 
immunity by inducing the differentiation of naïve T cells into 
Th1 cells and B cells [20]. IL-12 also facilitates the development 
of secretory IgA (S-IgA) at mucosal surfaces and mediates 
inϐlammatory reactions by inducing antiviral cytokines such 
as IL-18, which recruits innate immune cells to infection sites 
[23].

IL-22 also plays a crucial role in controlling infections 
and maintaining mucosal integrity [24]; It promotes the 
expression of mucin genes, increases goblet cells, and 
enhances mucus production. IL-22 has protective functions 
in the intestine, reducing pathogen adherence and inϐluencing 
the physiopathology of diarrhea by upregulating the claudin-2 
protein, which regulates epithelial junctions. Its stimulation 
can lead to water loss and subsequent diarrhea [25,26]. 
Recent studies have shown that recombinant IL-22 broadly 
inhibits the replication of enteric coronaviruses (PEDV and 
TGEV) and porcine rotavirus in vitro [27,28]. While the precise 
mechanism of IL-22 antiviral activity is not fully understood, 
it has been shown to induce the expression of antimicrobial 
peptides and, in synergy with IFNƛ contributes to reducing the 
viral infection in intestinal cells [24].

In this study, we evaluated the humoral and cytokine 
responses in pregnant sows and their piglets after inoculation 
with affected piglet intestinal contents and an isolated virus. 
We measured immune parameters such as IL-12, IL-22, 
IgG, and IgA, as well as neutralizing antibodies in serum, 
colostrum, and milk. Notably, higher titers of neutralizing 
antibodies were found in sows immunized with the viral 
inoculum, while IL-12 and IL-22 levels showed no signiϐicant 
differences. Additionally, we assessed productive parameters 
like total piglets born, weaning mortality, average birth 
weight, and stillbirth rates. Our results indicated that sows 
treated with affected piglet intestinal contents had higher 
mortality (48.31%) and stillbirth rates (20.96%) compared 
to those receiving the isolated virus (30.02% and 10.44%, 
respectively).

Materials and methods
Ethical statement

The project was carried out in the Porcine Production 
Teaching, Research, and Extension Center of the Faculty 
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from piglets that had been slaughtered and showed diarrhea 
in the last four hours were used. The proportion used was 
one litter per half a liter of evaporated milk, with a liquid and 
not pasty consistency, the presence of the virus in intestinal 
homogenate was conϐirmed by RT-qPCR on a QuantStudioTM 
5 System (cat. Number: A34322, Applied Biosystems™, USA) 
using the VetMAXTM PEDV/TGEV/SDCoV Kit RT-qPCR assay 
(cat. number: A33402, Applied Biosystems™). The CT value of 
the chosen homogenate was 15.9 (2.8x106 copies), samples 
were liquiϐied, and �2 m l were administered orally per sow.

Samples

Sows: �Blo od samples were obtained from gestating 
sows from the jugular vein before and after treatment (T1: 
2 days before inoculation, T2: 13 days post-inoculation, T3: 
54 days post-inoculation and T4: 97 days post-inoculation). 
The serum obtained was stored in sterile 1.5 mL tubes at 
-20 °C until use. Colostrum and milk samples from lactating 
sows were collected every 7 days from birth until weaning 
(colostrum = day 0, milk = day 7, 14, and 21) as illustrated in 
Figure 1. Prior to collection, the mammary gland was cleaned 
with paper towels and benzalkonium chloride. The samples 
were collected into sterile 15 mL centrifuge tubes (FalconTM) 
and stored at -20 °C. Prior to use, the samples were thawed 
and centrifuged at 13,000 g for 15 minutes at 4 °C to remove 
fat and organic material. 

Blood samples from piglets were obtained from the 
anterior vena cava on days 7 and 21 of age. The serum was 
stored in sterile 1.5 mL tubes at -20 °C until use.

Enzyme-linked immunosorbent assay (ELISA) for 
detection of IgG

PEDV-speciϐic IgG was detected in the serum, colostrum, 
and milk samples from sows and serum samples from piglets 
using the ELISA technique with the ID Screen® PEDV (Indirect 
kit ID Screen®) commercial kit, following the manufacturer’s 
instructions. The colostrum and milk samples were centrifuged 
for 15 minutes at 1000 x g at 2-8 °C, the aqueous fraction 
was collected and repeated twice. The relative amounts of 
antibodies in samples can then be calculated by reference 
to the positive control. This relationship is expressed as S/P 
ratio (Sample to Positive Ratio). An S/P% ratio ≥60% was 
considered antibody positive and <60% was considered 
negative as recommended by the manufacturer. SP value was 
calculated using the following formula:

 

  

% 100.sample negative control

positive control negative control

OD ODS
P OD OD


 



ELISA for the detection of IgA

To detect PEDV-speciϐic IgA in the colostrum and milk of 
lactating sows, an ELISA test was carried out according to 
the report by Bjustrom, et al. 2018. The ELISA plate (Costar™ 
EIA/RIA, 96 wells) �was se nsitized with the puriϐied virus by 

of Veterinary Medicine and Zootechnics of the National 
Autonomous University of Mexico (Centro de Enseñanza, 
Investigación y Extensión en Producción Porcina, Facultad 
de Medicina Veterinaria y Zootecnia, Universidad Nacional 
Autónoma de México), located at Km 2 of the Jilotepec-
Corrales highway in Jilotepec, Estado de México. This is a 150-
sow farrow-to-ϐinish farm with self-replacement practices. 
The farm averages 8 births per week. Piglets are weaned at 21 
days, moved to growth pens for ϐive weeks, and then fattened 
until the end of the production cycle. During the study, the 
farm exhibited clinical signs suggestive of PED. Conϐirmatory 
tests were done by immunochromatography (anigen Rapid 
PED TEST KIT/RG14-01, Bionote) and a commercial RT-PCR 
(VetMAX™ PEDV/TGEV/SDCoV Kit, Applied Biosystems™ 
by Thermo Fisher Scientiϐic). The study was evaluated and 
approved by the FMVZ-UNAM ethics committee (SICUAE. MC-
2020/4-4). The animals were monitored daily to ensure their 
welfare and humane endpoints were determined prior to the 
start of the experiment to prevent unnecessary animal pain; 
euthanasia methods were considered according to AVMA 
Guidelines for the euthanasia of animals and NOM-033-SAG/
ZOO-2014.

Viral stock

PEDV was propagated as described by Trujillo, et al. 2016 
[5]. Brieϐly, Vero cells were inoculated with PEDV, �str ain 
MX.EdoMexC2A1S_2014, No-Indel strain GII (GenBank 
KM044335.1) [29] in D-MEM supplemented with 10 μg/ml 
of Trypsin (Gibco ™ Trypsin Thermo Fisher 250 Cat. 215240, 
Lot. 4181462, USA). At 48 h post-infection, the cells were 
resuspended, collected, and sonicated for 5 min at 37 °C 
(Bransonic Soniϐier, 5510 Ultrasonic cleaner, Thermo Fisher, 
USA), and centrifuged at 5000 rpm for 10 min. Supernatant 
titrations were performed with TCID50/mL, using the Reed 
& Münch method. The inoculum used for the treatment 
contained 1X108 TCID50/mL.

Study groups

Pregnant sows (Sus scrofa domesticus) were divided into 
three treatment groups: a sentinel group (S), feedback (F), 
and isolated and titered virus (IV).

To evaluate the natural exposure to PEDV, 6 sows were 
introduced as the sentinel group (S). These animals received 
no PEDV prophylaxis but could have been exposed to the 
virus naturally at the facility by the inoculated sows. In the 
Feedback group (F), 14 sows were treated orally with the 
intestinal contents of piglets infected with PEDV. The isolated 
virus (IV) group was composed of 12 sows treated orally 
with the isolated virus with a titer of 1X108 TCID50/mL (2ml). 
Serum samples were taken from the sentinel, feedback, and 
isolated virus groups.

Feedback preparation

For the preparation of the feedback, intestinal scrapings 
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of 0.1 to each of the wells with serum. Mock-infected cells were 
used as control. In parallel, wells were infected with PEDV at 
an infection multiplicity of 0.1 as an infection control, and 
wells with an infection medium were used as a cell control. 
All the conditions were performed in duplicate. The plate 
was incubated at 37 °C for 1 h. After that time, the contents 
were transferred from the dilution plate to the plate with cells 
and incubated at 37 °C in a CO2 atmosphere until cytopathic 
effects (CPE) were observed. Once CPE was observed, the 
plate was ϐixed for 24 h in 1% Formaldehyde in PBS and we 
added crystal violet in formaldehyde (37%) and incubated at 
1 h at room temperature. Finally, the plate was washed under 
running water and the neutralizing titer was determined by 
TCID50/ml, as the reciprocal of the highest dilution of serum 
that showed neutralizing activity.

ELISA for IL-12 and IL-22

IL-12 an d IL-22 were determined in the serum of gestating 
sows using the commercial kits Porcine IL-12 (cat. number: 
ESIL12A, Thermoϐisher®) and Porcine IL-22(IL22A) (cat. 
number: ES13RB, Invitrogen®), respectively, according to 
the manufacturer’s instructions. For quantiϐication of IL-12 
and IL-22 concentrations, a standard curve was done, and 
all background absorbance was subtracted from all data 
points, including standards, samples, and controls. Sample 
concentrations and controls were determined from the 
standard curve and value was calculated by the appropriate 
factor to correct for each sample dilution. 

Statistical analysis

To assess the effect of treatments on the immune 
response in sows, measured by IgG concentration, as well as 
neutralization results, a Mann-Whitney U test was used [31].

polyethylene glycol (PEG) precipitation and sucrose gradient 
in carbonate buffer (3.03 μg/mL protein per well) [30], and 
incubated for 16 h at 4 °C, then washed three times, with 
wash solution (Phosphate Buffer Solution; PBS; with Tween 
20 at 0.2%). 200 μL of blocking buffer was added (PBS at 2% 
with skimmed milk (Nestlé) and 0.02% Triton X-100) and 
incubated for 1 hour at 37 °C. At the end of the incubation, the 
plate was washed three times with a wash solution. 100 μL of 
the dilutions of colostrum or milk whey were used, at a 1:10 
dilution using skimmed milk (Nestlé) as the negative control. 
It was incubated for 1 h at 37 °C and washed three times as 
described above. Goat Anti-pig IgA HRP Conjugated Antibody 
(Bethyl laboratories) diluted at 1:500 and 100 μL of Novex® 
HRP Chromogenic Substrate TMB (InvitrogenTM) were used. 
Optical density (OD) readings were taken after 15, 30, and 45 
min with a 405 nm ϐilter in a Multiskan Ex spectrophotometer 
(Thermo Fisher Scientiϐic). Values above two standard 
deviations of the OD of the negative control were considered 
positive [17].

Neutralization of viral infectivity

A total of 30,000 Vero cells were seeded per well in a ϐlat-
bottom 96 wells cell culture plate in Dulbecco′s Modiϐied 
Eagle′s Medium-high glucose, supplemented with fetal bovine 
serum (FBS) 8% and glutamine 10 mM (propagation medium) 
and incubated at 37 °C in a CO2 atmosphere for 24 h.

Serum samples were treated for complement inactivation 
at 56 °C for 30 min then stored at -20 °C. In a 96-well plate 
with no cells, we placed 90 μL of D-MEM high glucose medium, 
supplemented with 15 μg trypsin and glutamine at 10 mM 
(infection medium). Double serial dilutions of samples were 
carried out for serum, colostrum, and milk in the infection 
medium. We added 100 μL of PEDV at an infection multiplicity 

Figure 1: Schematic representation of inoculation procedure and sampling. Days post-inoculation (DPI).
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To determine treatment effects on piglet, colostrum, and 
milk IgG, as well as IL12 and IL22 levels over time, a repeated 
measures model was used [32]. Differences in concentrations 
over time were analyzed, and the best covariance structure 
was determined. An adjusted Tukey’s test was applied for 
post-hoc comparisons [33].

Spearman’s correlation tests were performed to assess 
the strength of the binomial relationship: a) sow-piglets; 
b) mother-colostrum; and c) colostrum-pig. The unit of 
measurement was the concentration of IgG and these 
correlations were done with the direct inoculum, as the 
immune response is presumed to be speciϐic to PEDV.

Results
IgG in female and piglet serum

Our results showed that both the Feedback (F) and Isolated 
Virus (IV) groups seroconverted. In the F group, 66.7% of sows 
were seropositive, while the IV group had 76% of females 
with higher SP values, although there were no statistically 
signiϐicant differences between the two groups. 

In piglets, the isolated virus group did not show a signiϐicant 
reduction in IgG levels from day 7 to day 21. In contrast, the 
feedback group exhibited a signiϐicant decrease in mean SP 
values by day 21 (p < 0.05), as shown in Figure 2 and Table 1. 

Comparison of IgG and IgA levels in colostrum and 
milk by treatments

The SP values of total IgG in colostrum and milk showed 
no signiϐicant differences between feedback and isolated 
virus groups, nor did the analysis by day of lactation reveal 
any signiϐicant variations (Figure 3). The colostrum and milk 
presented a signiϐicant decrease in IgG levels over the days 
(p < 0.05) for all treatments.

The OD values of total IgA in colostrum and milk did not 
show signiϐicant differences between feedback and isolated 
virus. However, as shown in Figure 4, both groups exhibited 
higher OD values on the day of birth (day 0 post-birth), which 
decreased on subsequent days at different rates depending 
on the treatment (Figure 4). Only the feedback group showed 
a signiϐicant reduction between days 7 and 21 (p < 0.05 and 
0.043, respectively). 

Detection of antibodies by viral neutralization

The results of the neutralizing titers by groups showed 
that in the sentinel group (Figure 5), 50% of the individuals 

Table 1: Standard Median SP values for total IgG in piglets at 7 and 21 days of age.
Treatment group Piglet Age

7 days 21 days
Isolated Virus 38.25 ± 6.21 29.37 ± 6.21

Feedback 46.01 ± 8.46* 31.91 ± 8.46*

Sentinel 36.50 ± 13.89* 7.99 ± 13.89*

* Statistically signiϐicant difference (p < 0.05).

Figure 2: Piglet serum IgG anti-PEDV antibodies. ELISA ID Screen® PEDV (Indirect kit 
ID Screen®) was done. Piglet serum SP values of IgG by days of age.

Figure 3: Colostrum and milk IgG anti-PEDV antibodies responses. ELISA ID Screen® 
PEDV (Indirect kit ID Screen®). SP values of IgG in colostrum and milk, feedback, and 
isolated and titered virus and sentinel group treatment of IgG in colostrum and milk 
by day of lactation (colostrum = day 0, milk = days 7, 14, and 21).

Figure 4: Colostrum and milk IgA PEDV antibodies responses. Optical density (OD) 
values of IgA in colostrum and milk, feedback, and isolated and titered virus treatment, 
by day of lactation (colostrum = day 0, milk = days 7, 14, and 21).

Figure 5: Porcine epidemic diarrhea virus antibody responses in sera of sows based 
on neutralization of viral infectivity in cell culture. Sentinel, Feedback, and Isolated 
and titered virus.
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had neutralizing titers of 2 x 103, while the other 50% had 
lower titers (1 x 102- 2 x 102). In the feedback group, 50% of 
the individuals had neutralizing titers of 2 x 103 and the rest 
had titers of 2 x 102, except for one individual who presented a 
value of 2 x 104. In the isolated virus group, 66% of individuals 
presented titers of 2 x 103; the lowest titer value was 1 x 103, 
and some individuals in this group had much higher titers, as 
shown in Figure 5. However, when comparing neutralization 
values, a signiϐicant difference was observed in the isolated 
virus group (p < 0.05) compared to the feedback and sentinel 
groups.

IL-12 and IL-22

Porcine IL-22 ELISA Kit was used to evaluate IL-22 and IL-
12 responses in sow serum for the feedback and isolated and 
titered virus treatment groups. No signiϐicant differences were 
detected in the levels of IL-12 or IL-22 between the different 
study groups; however, IL-12 levels exhibited an earlier onset 
and longer duration in the feedback group, where high levels 
were still detected on day 97, while the titered virus group no 
longer had detectable levels (Figure 6).

The duration of the IL-22 response was not signiϐicantly 
different between treatments and was present in both groups 
until 97 DPI (Figure 7).

Productive parameters

In this study, we measured the total number of born piglets 
per litter, stillborn piglets per litter, mummiϐied piglets, litter 
weight at birth, weaned piglet yield, number of dead piglets 
during lactation, and weight per litter at weaning, there were 
no signiϐicant statistical differences (p > 0.05) between the 
study groups. Additionally, no signiϐicant differences were 
observed in female weaning performance, fertility at calving, 
or the number of days to return to estrus post-weaning.

Discussion
The appearance of PEDV in the Americas beginning 

in 2013 had a signiϐicant impact on porcine health due to 
the lack of vaccines and speciϐic treatments. The control 
measures proposed were based on little-evaluated techniques 
and continue to be used today because of their low cost. In 
Mexico, PEDV vaccines have been used for control since 
2018; however, the efϐicacy of existing vaccines often fails 
in endemic settings and naïve herds. One reason for this 
variability in vaccine efϐicacy under ϐield conditions may 
be that parenteral inactivated vaccines induce weaker 
and less persistent lactogenic immunity compared to the 
oral administration of live virus vaccines, as described by 
Opriessnig, et al. 2017 [34]. Additionally, the use of attenuated 
vaccines or feedback treatment could increase the genetic 
interactions of viruses; these interactions can occur both with 
vaccines made from attenuated viruses and with feedback 
treatment. For this reason, constant monitoring of circulating 
viral strains on farms is crucial, and good farm management 
practices, including vaccination and herd monitoring, are 
essential to control the spread of PEDV and manage the 
impact of recombinant strains. Since suckling neonates are 
the population most susceptible to PEDV infection, maternal 
vaccination is an integral strategy for passive lactogenic 
protection to prevent and eradicate PED outbreaks, whether 
epidemic or endemic.

Because of the impermeable placenta, piglets are born 
with no gamma globulins and are highly susceptible to many 
infectious agents. As a result, protection from infections 
is based exclusively on colostrum and milk antibodies. 
Identifying the factors that inϐluence lactogenic immunity and 
the intestinal-mammary-secretory axis could lead to better 
control strategies for PEDV and other enteric pathogens and 
improve swine health and industry productivity. The principles 
of passive immunity for TGEV, rotavirus, and PEDV are largely 
the same. In each case, passive immunity is provided through 
colostrum, where antibodies (especially IgA) offer protection 
against enteric infections, but the effectiveness can depend 
on factors like the sow´s immune status and the speciϐic 
characteristics of the virus in questions, vaccination of sows 
can improve the level of protection passed on to piglets.

Feedback treatment has been used to control enteric 
viruses; however, it presents potential risks due to uncontrolled 

Figure 6: ELISA of IL-12 in sow serum for feedback and isolated virus treatment 
groups. ELISA Porcine IL-12 kit (IL12A) (Thermoϐisher®). 2 days before inoculation 
(DBI), 13 days post-inoculation (DPI), 54 DPI and 97 DPI.

Figure 7: ELISA of IL-22 responses in sow serum for feedback and isolated virus 
treatment groups. ELISA Porcine IL-22 kit (IL22A) (Thermoϐisher®). 2 days before 
inoculation (DBI), 13 days post-inoculation (DPI), 54 DPI and 97 DPI.
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ϐluctuations in viral load administration. Since the treatment 
is not consistently uniform, it could result in reinfection of pigs 
with varying viral doses, affecting the severity of the disease 
and the accuracy of disease modeling. This variability can cause 
unpredictable disease progression and complicate efforts to 
control the spread of the virus within a farm. Inconsistent 
treatment protocols can lead to unpredictable results, making 
it difϐicult to determine the success of the approach in different 
settings, especially when the methodology is not standardized. 
Moreover, enteric viruses such as PEDV, TGEV, rotavirus, and 
others often weaken the immune system of pigs, leaving them 
more susceptible to secondary bacterial infections. Feedback 
treatment may not account for the presence of other pathogens 
in the environment, leading to a higher risk of complications 
or co-infections, increased mortality rates, and reduced 
effectiveness. The feedback treatment also raises biosecurity 
concerns, as there is a high risk of contaminating equipment, 
workers, and facilities. Poor biosecurity practices during the 
feedback process can facilitate the spread of the virus to other 
farms or pig populations, complicating eradication efforts and 
increasing the overall cost of managing the outbreak. 

The current study, which compares the effects of inoculation 
using feedback versus isolated and titered PEDV, found no 
difference in anti-PEDV IgG levels in sows or piglets between 
both treatments. This is consistent with ϐindings by Wang, et 
al. 2019 in mice and of Krishna, et al. 2020 in swine, where 
the immunized groups did not present signiϐicant differences 
in the ϐirst days after treatment [35,36]. Even when analyzing 
IgG in piglets, separately by sex (females and castrated 
males), there was still no statistically signiϐicant difference 
among groups, and there were signiϐicant differences in IgG 
as a function of piglet age, independent of treatment (7 and 21 
days). These results could be due to the limited absorption of 
IgG antibodies over the days [37]. Other authors have reported 
similar results to our study, showing concordance in antibody 
levels in serum and mammary secretions of sows and in piglet 
serum [38].

Our results showed that both the feedback and isolated 
virus groups seroconverted. However, there was a difference 
related to treatment type, with the isolated virus group 
showing higher values than the feedback group. Speciϐically, 
66.7% of sows in the feedback group were seropositive, 
while 76% of females in the isolated virus group had higher 
SP values, indicating a greater presence of antibodies. Since 
lactogenic immunity protects suckling piglets from PEDV 
infection, the induction of immune responses in females may 
be an effective means of protection, this protection is related 
to the inoculation dose and is enhanced with increasing 
concentrations. Therefore, studies with varying virus 
concentrations are necessary to better understand the role 
of inoculum concentration. Our results are consistent with 
the report by Bertasio 2016, et al. which found an average 
seroconversion rate of 61.6% following an evaluation of 

farrow-to-ϐinish farms in Italy; that study also highlighted the 
importance of maintaining seropositive sows as a strategy to 
prevent severe cases of PED in neonates [39].

The levels of IgA and IgG in colostrum and milk showed 
a signiϐicant 32% association between IgA levels and days 
of lactation. In contrast, there was no association between 
the number of births and IgA levels, and the results were 
similar for IgG levels. There were no signiϐicant statistical 
differences (p > 0.05) between the study groups in terms of 
total number of piglets born per litter, stillborn piglets per 
litter, mummiϐied piglets, litter weight at birth, weaned piglet 
yield, piglets dying during lactation, and weight per litter at 
weaning. Furthermore, no statistically signiϐicant differences 
were found in female weaning performance, fertility at calving, 
or days to return to estrus post-weaning. These ϐindings are 
consistent with the studies by Furutani, et al. 2017, 2018, 
and 2019. This suggests that the recovery of pork production 
parameters depends on multiple factors, including the scale of 
production at the time of evaluation [40-43].

Although no signiϐicant differences related to treatment 
were found, difϐiculties in controlling the viral load (infectious 
virus), particularly in the early stages, have the potential to 
exacerbate the damage caused by PEDs. Therefore, the use 
of isolated viruses prevents the spread of other diseases 
and allows for better control of the infectious virus in the 
inoculum. Additionally, early detection may help mitigate the 
damage caused by outbreaks.

The levels of IgG and IgA immunoglobulins in mammary 
secretions did not differ among the treatment groups. However, 
a signiϐicant drop (p < 0.05) in IgG levels was observed in all 
treatments. Differences in IgG and IgA immunoglobulins in 
mammary secretions were only detected when using the 
direct inoculum on the day of birth.

Under normal conditions, the antibody composition 
in mammary secretions varies throughout the course of 
lactation. During the colostrum phase, which occurs shortly 
after birth, there is a higher concentration of IgG. The 
concentration of immunoglobulins begins to decrease 6 hours 
postpartum, with a reduction of 30% to 45% by 12 hours 
[37,44]. This decrease continues over the next 24 to 48 hours, 
during which colostrum transitions into milk, in which IgA is 
found in higher proportions. In our present study, there were 
signiϐicant differences in immunoglobulin levels on different 
sampling days, with day 0 showing the highest levels and a 
gradual decrease over the course of the days.

�These res ults coincide with those of the studies by 
Carney-Hinkle, et al. 2013, Srijangwad, et al. 2017, Joshi, et al. 
2018 and Jung, et al. 2020, where the highest immunoglobulin 
contents occurred during the ϐirst days of lactation [14,45-
47]. The results from the group of sows inoculated during 
the last third of gestation showed that on day 0, the levels 
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of immunoglobulins were higher than on days 15 and 22, 
regardless of treatment. This contrasts with the report 
by Langel, et al. 2019 [48], where immunoglobulin levels 
decreased from day 0 to days 3–5, then increased from days 
8–14 and 15–22 in sows inoculated during the ϐirst and 
second thirds of gestation, respectively. However, it must be 
considered that all sows were from the ϐirst parity. Further 
studies must be conducted to analyze different parity numbers, 
types of inoculums, and frequencies of treatment [45-47-,49].

The presence of antibodies in colostrum and milk does 
not necessarily indicate that they can neutralize the virus and 
protect the piglet. There was no difference in the concentration 
of IgG related to treatment type in the serum of the mothers. 
However, when comparing neutralization values, a signiϐicant 
increase was observed when an isolated virus was used 
(p < 0.05) compared to feedback. Due to the high virulence of 
PEDV and the immature and naïve immune system of neonatal 
suckling piglets, passive lactogenic immunity to PEDV 
induced during gestation is critical for piglet protection. Piglet 
survival positively correlated with PEDV IgA and neutralizing 
antibodies in milk and PEDV IgA and IgG antibodies in piglet 
serum. A treatment that produces neutralizing antibodies will 
provide the protection necessary for piglet survival in the 
face of any challenge. On the other hand, when immunized 
with pathogenic strains of PEDV, there was an increase in 
neutralizing antibodies [36,38,50]. This suggests that the 
differences observed may be determined by the inoculum, as 
was observed in our study.

Finally, we analyzed the concentrations of IL-12 and IL-
22 in response to the different treatments. One cytokine is 
involved in maintaining mucosal integrity (IL-12), while the 
other inhibits PEDV in vitro (IL-22). IL-12 was more activated 
in response to feedback, but we also observed an IL-12 
response to the isolated titered virus, suggesting that this 
cytokine may help maintain intestinal integrity in infected 
animals. This result can be explained by the composition of 
the feedback treatment, as it contains not only PEDV, but also 
other viruses, bacteria, and parasites present on the farm. 
It has been reported that recombinant IL-22 inhibits the 
replication of PEDV in vitro [28,51] and it also inhibits TGEV 
and porcine rotavirus. The mechanism of antiviral action of 
IL-22 is still unknown. It is critical to continue studying the 
immune response to better understand the pathogenesis of 
PEDV infection.

Given the signiϐicant economic losses caused by PEDV 
and the difϐiculty in obtaining effective vaccines in some 
regions, an efϐicient alternative control method is becoming 
increasingly important. We compared the efϐicacy of two types 
of immunogenic material in terms of IgG, IgA, neutralizing 
antibodies, and two cytokines in our study. More research is 
needed to determine the mechanism and role of IL-12 in swine 
intestinal barrier protection, as well as its relevance in PEDV 
infections. Simultaneously, we demonstrated that the viral 

inoculum could elicit a lactogenic immune response with both 
IgA and IgG while preventing the spread of other pathogens. 
Our ϐindings are in concordance with reports by Choe, et al. 
2020, who propose the use of an orally administered vaccine 
to induce protective lactogenic immunity [52].

In this study, the productive parameters analyzed included 
the total number of piglets born, mortality at weaning, 
average birth weight, and the number of stillborn piglets. 
Mortality at weaning and the number of stillborn piglets 
were higher in animals treated with Feedback (48.31% and 
20.96%, respectively) compared to those that received the 
isolated virus (30.02% and 10.44%, respectively). Therefore, 
the isolated virus treatment could offer a more secure, long-
lasting, and speciϐic immune response.

Maternal antibodies provide the necessary lactogenic 
immunity required for neonatal piglet immune defense until 
endogenous antibodies can be produced in sufϐicient amounts. 
However, various factors can inϐluence the quantity and quality 
of secreted antibodies, such as the stage of gestation, sow age 
(parity), hormones, body condition, and the timing and route 
of inoculation. Given the low efϐiciency of currently available 
vaccines, the use of a viral inoculum that is isolated and titrated 
can provide long-lasting, speciϐic, and neutralizing antibodies. 
This approach also offers a safe method of protection for the 
piglets, as it prevents the spread of other diseases and helps 
reduce both productive and economic losses. Evaluating 
long-term immunity after treatments such as feedback, 
isolated virus inoculation, or even vaccines is crucial for 
maintaining immunity in breeding herds. A study focused on 
the persistence of immune responses (e.g., serum antibodies 
and mucosal immunity) over extended periods would help 
clarify the protective effects of these treatments. The cost-
effectiveness of the approach would depend on the size of 
the facility. Future studies could explore how factors such as 
biosecurity measures, environmental control, and nutritional 
strategies inϐluence the effectiveness of PEDV treatments, 
which could be essential for optimizing vaccination programs 
and ensuring the best possible outcomes in the ϐield.

Conclusion
Maternal antibodies provide the necessary lactogenic 

immunity needed for neonatal piglet immune defense 
until endogenous antibodies can be produced in sufϐicient 
amounts, however, various factors can inϐluence the quantity 
and quality of secreted antibodies such as gestation stage, 
sow age (parity), hormones, body condition, time and route 
of inoculation. Given the low efϐiciency of currently available 
vaccines, the use of a viral inoculum that is isolated and 
titrated can provide long-lasting, speciϐic, and neutralizing 
antibodies. This approach is also a safe method of protection 
for the piglets, as it prevents the spread of other diseases and 
helps reduce productive and economic losses.
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