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Industry Summary:  
Historically in the United States, RVA infections were considered the more prevalent. However, 
recent studies indicate RVA and RVC infections are more common in piglets <21 days of age. 
Some RVA and most, if not all, RVC strains are extremely difficult to adapt to cell culture, and 
serological assays are unavailable to measurement of the immune response and antibody 
levels in response to natural planned exposure (NPE) protocols. The VP7 (G genotypes) is the 
most immunogenic, highly glycosylated, independently elicit neutralizing antibodies, and 
induce protective immunity. Multiple different genotypes/serotypes exist, and the neutralizing 
antibodies are serotype specific and provide minimal or no protection against viral infections 
from different serotype.  In serum and colostrum, the primary antibody is IgG, which is 
transferred from the serum to colostrum during gestation and absorbed into the piglet’s serum 
upon ingestion of colostrum. The primary antibody in the intestine is IgA, which is transferred 
to piglets during ingestion of milk and protects against enteric infections. The consistent 
intake of IgA via milk protects the piglets from viral infection. The overall project’s objective 
was to evaluate the effect of different protocols of feedback (natural planned exposure) to 
rotavirus A and C on gilt immunity and passive immunity in their piglets from a study that 
occurred with a swine producer over the summer. Specific objectives were: 1. Develop an 
ELISA tests to measure neutralization of G specific surface glycoprotein against rotavirus A 
and C in sera, milk, and colostrum from rotavirus A and C-infected gilts, 2. Investigate the 
neutralizing Ab response to rotavirus A and C in gilts after feedback and passive immunity in 
their piglets. Currently, commercial ELISA for swine rotavirus A, B, and C are lacking. Without 
these RV ELISAs, the effectiveness of feedback (natural planned exposure) cannot be 
measured. 
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To understand the correlation between RVA and RVC NPE and G specific protection in piglets, 
70 bred gilts were randomly divided into 3 treatment groups and a control group. Based on 
farrowing dates, 12 gilts per treatment remained enrolled in the study through lactation.  NPE 
was administered according to different protocols for each treatment group. NPE material 
containing RVA (G5 and G4 genotypes) and RVC (G6 genotype) was mixed with a feed-water 
slurry and administered orally according to different protocols for each treatment group. 
Treatment group 1 was given NPE at five, four, and three weeks prefarrow (wpf); treatment 
group 2 at five and three wpf; and treatment group 3 at week five prefarrow only. The control 
group was not given NPE. Fecal samples were collected at 5 wpf and biweekly until 2 wpf, after 
which weekly sampling occurred until weaning. Serum samples were collected from the gilts at 
5 and 3 wpf and at 0 and 3 post farrowing. Colostrum was collected at birth and milk was 
collected 1-3 weeks post farrowing. At farrowing, five piglets per gilt were enrolled, and serum 
were collected four times from birth to weaning (Table 1).  
To achieve project objectives, VP7 sequences of G5 RVA and G6 RVC (sequenced from the 
feedback material) were cloned into pcDNA3.1(+) mammalian expression vector with a CD5 
secretory signal for efficient secretion into the culture media. An 8-his tag and streptavidin tag 
was added at N and C terminals respectively for tracking protein expression and affinity 
purification of recombinant proteins. Expi293 cell suspension cultures were transfected with 
pcDNA3.1+ constructs expressing the rotavirus antigens (G5 RVA and G6 RVC). Anti-his 
cobalt resin (TALON, Takara Bio) was used for purification of the the recombinant antigens 
from culture media under native conditions. Purified proteins were validated and confirmed for 
purity using SDS-PAGE and immunoblotting using anti-his monolonal antibodies. Two 
indirect ELISAs were developed to detect rotavirus A or C VP7-specific IgG and IgA antibodies 
in clinical samples. Checkerboard titration revealed optimum coating concentration of G5 VP7 
and G6 VP7 to be 100ng and 50ng, respectively. Other parameters such as serum dilutions, 
secondary antibody concentration, incubation temperature and time combinations were 
successfully standardized. Newly developed ELISAs were able to detect specific antibodies in 
the serum samples at different dilutions.  
Piglets born to gilts receiving 3 doses of NPE resulted in highest serum RVA IgG titers at birth 
until weaning, which indicates that 3 doses of NPE provide better protection against RVA 
infection in piglets. For RVC, three doses of NPE resulted in highest RVC IgG and IgA titers in 
sow colostrum and milk. Most importantly, piglet serum RVC IgG levels were significantly low 
compared to serum RVA IgG titers at birth, which possibly explains the high prevalence of 
RVC in neonatal piglets. In particular, all three treatment groups showed low RVC titers 
compared to RVA titers. This project describes the antibody levels in sows and their piglets 
after receiving natural planned exposure. Clear differences were observed in antibody levels 
among study groups against rotavirus A. However, rotavirus C antibody levels were not 
significantly different among different treatment groups. In particular, piglet serum RVC IgG 
and IgA levels were not very different among different treatment groups, which could be due to 
the high RVC ct values (29.33 - 32.55) of the original NPE material administered to the gilts. In 
comparison, RVA ct values (2.46 - 24.43) of the NPE materials were significantly less. 
However, results of this project expand our understating of the NPE protocols used in swine 
farms and will assist producers to make better decision in terms of timing and dose of the 
NPE. Moreover, the highly efficient protein expression platform used in the project can be used 
to expressed G glycoprotein of other important swine RVA and RVC genotypes. Finally, this 
project has resulted in the development of immunoassays, which swine industry can use to 
assess immune response to rotavirus A and C in swine. 
 
Key Findings:  

• Three doses of NPE resulted in highest serum rotavirus A IgG titers in gilts at farrowing 
• Piglets born to gilts receiving 3 doses of NPE resulted in highest serum rotavirus A IgG 

titers at birth and until weaning 
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• Three doses of NPE resulted in highest RVC IgG and IgA titers in sow colostrum and 
milk 

• Piglet serum RVC IgG levels significantly low compared to serum RVA IgG titers at birth 
 
Keywords:  Swine, Rotavirus A, Rotavirus C, natural planned exposure, antibody response 
 
Scientific Abstract:   
Rotaviruses (RVs) cause severe diarrhea in young animals including pigs and humans. Swine 
RV infections cause severe economic losses for producers because infections can be 
symptomatic or asymptomatic in pigs, and estimating the true economic loss due to RV 
infection is difficult to measure. RVA strains have been considered the most pathogenic and 
epidemiologically diverse of all RV groups infecting all animals including swine. RVC is difficult 
to propagate in cell culture, lacks a proper serological typing test, and no commercial RVC 
vaccine is available. Recently, multiple studies have identified RVA and RVC infections as 
important causes of diarrhea in swine. Historically in the United States, RVA infections were 
considered the more prevalent. However, recent studies indicate RVA and RVC infections are 
more common in piglets <21 days of age. Some RVA and most, if not all, RVC strains are 
extremely difficult to adapt to cell culture, and serological assays are unavailable to 
measurement of the immune response and antibody levels in response to natural planned 
exposure (NPE) protocols. The VP7 (G genotypes) is the most immunogenic, highly 
glycosylated, independently elicit neutralizing antibodies, and induce protective immunity. 
Multiple different genotypes/serotypes exist, and the neutralizing antibodies are serotype 
specific and provide minimal or no protection against viral infections from different serotype.  
In serum and colostrum, the primary antibody is IgG, which is transferred from the serum to 
colostrum during gestation and absorbed into the piglet’s serum upon ingestion of colostrum. 
The primary antibody in the intestine is IgA, which is transferred to piglets during ingestion of 
milk and protects against enteric infections. The consistent intake of IgA via milk protects the 
piglets from viral infection.  Project objectives  1) Develop an ELISA tests to measure 
neutralization of G specific surface glycoprotein against rotavirus A and C in sera, milk, and 
colostrum from rotavirus A and C-infected gilts 
2) Investigate the neutralizing Ab response to rotavirus A and C in gilts after feedback and 
passive immunity in their piglets Expi293 mammalian expression system was used 
successfully to express rotavirus A G5 and rotavirus C G6 VP7 proteins. Two ELISAs were 
standardized for rotavirus A G5 and rotavirus C G6. Results suggest that three doses of NPE 
resulted in highest serum IgG titers in gilts at farrowing. Piglets born to gilts receiving 3 doses 
of NPE resulted in highest serum rotavirus A IgG titers at birth until weaning, which clearly 
indicates that 3 doses of NPE provide better protection against RVA infection in piglets. For 
RVC, three doses of NPE resulted in highest RVC IgG and IgA titers in sow colostrum and 
milk. Most importantly, Interestingly, piglet serum RVC IgG levels were significantly low 
compared to serum RVA IgG titers at birth, which possibly explains the high prevalence of 
RVC in neonatal piglets. In particular, all three treatment groups showed low RVC titers 
compared to RVA titers. This project describes the antibody levels in sows and their piglets 
after receiving natural planned exposure. Clear differences were observed in antibody levels 
among study groups against rotavirus A. However, rotavirus C antibody levels were not 
significantly different among different treatment groups. In particular, piglet serum RVC IgG 
and IgA levels were not very different among different treatment groups, which could be due to 
the high RVC ct values of the original NPE material administered to the gilts. In comparison, 
RVA ct values of the NPE materials were significantly less. However, results if this project 
expands our understating of the NPE protocols used in swine farms and will assist producers 
to make better decision in terms of timing and dose of the NPE. 
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Introduction 
Rotaviruses (RVs) cause severe diarrhea in young animals including pigs and humans. Swine RV 
infections cause severe economic losses for producers because infections can be symptomatic or 
asymptomatic in pigs, and estimating the true economic loss due to RV infection is difficult to 
measure. Five RV groups have been identified in swine, rotavirus A, B, C, E, and H (RVA, RVB, 
RVC, RVE, and RVH, respectively)(Matthijnssens et al., 2012).  RV strains from different groups 
share several similar features, such a distinct morphologic appearance (wheel-like) by negative-
stain electron microscopy, biochemical properties, and a genome consisting of 11 segments of 
double-stranded (ds)RNA, each coding a distinct viral structural protein (VP) or non-structural 
protein (NS)(Estes and Greenberg, 2013). Even though, the RV groups share many 
characteristics, they are immunologically different, and antibodies protective towards one group 
will not neutralize RV infections from another group (Estes and Greenberg, 2013). 
RVA strains have been considered the most pathogenic and epidemiologically diverse of all RV 
groups infecting all animals and were first identified in pigs in 1975. Unlike the discovery of RVA, 
RVC (Cowden strain) was first identified in a piglet with diarrhea(Saif et al., 1980). RVC was 
identified in 1980, but limited research continued throughout the subsequent years (Saif et al., 
1980). RVC is difficult to propagate in cell culture, lacks a proper serological typing test, and no 
commercial RVC vaccine is available (Fujii et al., 2000; Saif et al., 1988; Tsunemitsu et al., 
1991).  Recently, multiple studies have identified RVA and RVC infections as important causes of 
diarrhea in swine (Amimo et al., 2013; Marthaler et al., 2013; Moutelikova et al., 2013). 
Historically in the United States, RVA infections were considered the more prevalent. However, 
recent studies indicate RVA and RVC infections are more common in piglets <21 days of age 
(Marthaler et al., 2012).  
Some RVA and most, if not all, RVC strains are extremely difficult to adapt to cell culture, and 
serological assays are unavailable to measurement of the immune response and antibody levels 
in response to natural planned exposure (NPE) protocols. The VP7 (G genotypes) is the most 
immunogenic, highly glycosylated, independently elicit neutralizing antibodies, and induce 
protective immunity (Estes and Greenberg, 2013). Multiple different genotypes/serotypes exists, 
and the neutralizing antibodies are serotype specific and provide minimal or no protection 
against viral infections from different serotypes (Marthaler et al., 2013).  In serum and colostrum, 
the primary antibody is IgG, which is transferred from the serum to colostrum during gestation 
and absorbed into the piglet’s serum upon ingestion of colostrum (Kuklin et al., 2001). The 
primary antibody in the intestine is IgA, which is transferred to piglets during ingestion of milk 
and protects against enteric infections (Heaton et al., 2005). The consistent intake of IgA via milk 
protects the piglets from viral infection.   
To investigate the necessary antibody levels to protect against a RVA and RVC infection, G 
proteins must be generated in a eukaryotic production system to achieve proper protein folding 
for the preservation of the B cell epitopes. Protein produced in a bacterial system may not be 
properly glycosylate the G proteins, leading to a severely reduced the efficiency of the ELISA.  
Thus, in this grant, RVA and RVC G proteins in a Baculovirus Expression Vector System will be 
created to achieve proper protein folding in the development a RVA and RVC G genotype specific 
ELISAs to evaluate the effect of NPE on gilt immunity and passive immunity in their piglets from 
previously collected samples from a longitudinal study investigating different NPE protocols on 
RV shedding in gilts and their piglets. 
  
Objectives: 
 Develop an ELISA tests to measure neutralization of G specific surface glycoprotein 
against rotavirus A and C in sera, milk, and colostrum from rotavirus A and C-infected gilts 

1) Develop an ELISA tests to measure neutralization of G specific surface glycoprotein 
against rotavirus A and C in sera, milk, and colostrum from rotavirus A and C-infected 
gilts 

2) Investigate the neutralizing Ab response to rotavirus A and C in gilts after feedback and 
passive immunity in their piglets 
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Materials & Methods:   
 
Sample details 
To understand the correlation between RVA and RVC NPE and G specific protection in piglets, 70 
bred gilts were randomly divided into 3 treatment groups and a control group. Based on 
farrowing dates, 12 gilts per treatment remained enrolled in the study through lactation.  NPE 
was administered according to different protocols for each treatment group. NPE material 
containing RVA (G5 and G4 genotypes) and RVC (G6 genotype) was mixed with a feed-water 
slurry and administered orally according to different protocols for each treatment group. 
Treatment group 1 was given NPE at five, four, and three weeks prefarrow (wpf); treatment group 
2 at five and three wpf; and treatment group 3 at week five prefarrow only. The control group was 
not given NPE. Fecal samples were collected at 5 wpf and biweekly until 2 wpf, after which 
weekly sampling occurred until weaning. Serum samples were collected from the gilts at 5 and 3 
wpf and at 0 and 3 post farrowing. Colostrum was collected at birth and milk was collected 1-3 
weeks post farrowing. At farrowing, five piglets per gilt were enrolled, and serum were collected 
four times from birth to weaning (Table 1).  
 
Table 1: Details of serum and colostrum/milk samples collected 
 

 
 

Serum = gilt serum  
* = feedback 
X = Piglet serum collection 

 
 
Baculovirus expression of rotavirus antigens 
We first attempted to express rotavirus genes using baculovirus/insect cell expression system. 
Full length VP7 gene sequence of G5 Rotavirus A and G6 Rotavirus C were custom synthesized 
and a 6-His tag was added to the C-terminal. Codon optimized VP7 sequence was inserted into 
pBacPAK8 donor plasmid. flashBAC Ultra, a Baculovirus based expression system was used for 
the production of recombinant proteins in SF9 cells. SF9 cells were transfected and a P0 
recombinant Baculovirus stock (2ml) harboring Rotavirus VP7 was produced. Baculovirus 
expression system resulted in very low yields of both G5 and G6 VP7 proteins. Since, a decent 
amount of proteins would be required to run all ELISAs, Expi293 mammalian expression system 
was used to express rotavirus proteins. 
 
Generation of rotavirus antigen expression constructs for mammalian expression 
The G5 rotavirus A and G6 rotavirus C amino acid sequences were modified to add in-frame 8-
his tag and streptavidin tag were added at N and C terminals respectively for tracking protein 
expression and affinity purification of recombinant proteins (Figure 1). The resultant amino acid 
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sequences of the rotavirus antigens were used to design synthetic genes codon optimized for 
protein expression in the mammalian system. Kozak sequence was also added at N terminal to 
facilitate enhanced protein expression. Linker sequences were added just preceding each affinity 
tag for ease in protein purification. CD5 secretory signal was fused at N-terminal for efficient 
secretion of the recombinant protein inti the culture media (Figure 1).  
 
 

 
 
Figure 1: Schematic diagram of codon-optimized synthetic gene encoding rotavirus antigens. 
Same strategy was used to synthesize both G5 and G6 rotavirus constructs 
 
Expression and purification of recombinant rotavirus antigens 
The dual tagged synthetic rotavirus VP7 genes were subcloned into pcDNA3.1+ mammalian 
expression vector (InvitrogenTM). Codon optimization, gene synthesis, cloning into pcDNA3.1 (+) 
and gene sequence valodation was outsourced to Genscript. Plasmid construct received from 
genscript was expanded and a pilot expression was performed in 293A cells to select best 
expressor clone. Positive clones for each construct were identified by PCR screening and used for 
recombinant protein expression in the mammalian Expi293TM Expression System (Gibco) as per 
manufacturer’s protocol. Briefly, Expi293 cell suspension cultures were transfected with 
pcDNA3.1+ constructs expressing the rotavirus antigens (G5 RVA and G6 RVC). To check the 
efficiency of protein expression 200-300µl transfected Expi293 cells were plated in a 12 well plate 
and incubated at 37C for 2-3h. Cells were fixed using chilled methanol and  probed with anti-his 
monoclonal antibody and incubated at room temperature for 1h. Plate was washed and 100µl of 
AP conjugated anti-mouse antibody was added and incubated at room temperature for 1h. Plate 
was washed and the Fast-Red substrate was added to each well and allowed to incubate at room 
temperature. Color development was observed under the microscope. To know the localization of 
the protein, culture media (100µl) and a small cell pellet were collected for both G5 RVA and G6 
RVC VP7 proteins. An Elisa was performed on culture media and cell lysate to determine the 
location of the recombinant protein. 
 
Purification of recombinant rotavirus antigens 
Anti-his cobalt resin (TALON, Takara Bio) was used for purification of the the recombinant 
antigens from culture media under native conditions. Purified proteins were validated and 
confirmed for purity using SDS-PAGE and immunoblotting using anti-his monolonal antibodies. 
Proteins were quantified suing BCA assay and stored in minus 80 0C until further use. 
 
Development of genotype-specific rotavirus VP7 indirect ELISAs to quantitate rotavirus 
antibodies 
An indirect ELISA format using the recombinant rotavirus VP7 as a diagnostic antigen to detect 
rotavirus VP7-specific IgG and IgA antibodies in sera and colostrum/milk from gilts and piglets 
was used. A checkerboard titration method was used to optimize coating antigen and secondary 
antibody concentration. Briefly, recombinant G5 RVA VP7 (100ng) or G6 RVC VP7 (50ng) diluted 
in ELISA carbonate buffer (0.05 M carbonate–bicarbonate, pH 9.6) were added to immunoassay 
plates (2HB plates, Life Technologies) and incubated overnight at 4°C. Next day, plates were 
washed 4 times using 1X PBST containing 0.05% Tween-20. An automatic plate washer was 
used for all washing steps. Plates were then blocked using 5% non-fat dry milk (NFDM) 
containing 0.05% Tween-20 at room temperature for 1h and subsequently washed 4 times. 
Serum samples were diluted in 5% NFDM (1:200, 1:400, 1:800, 1:1600, 1:3200, 1:6400, 1:12800 
and 1:25600) and added (100 µL) to the wells of washed immunoassay plates. The plates were 
incubated at 37 °C for 1 h and washed 4 times using wash buffer. Anti-swine IgG (1:10,000 in 
5% NFDM, 100 µL) or anti-swine IgA (1:3,000 in 5% NFDM, 100µl) conjugated to horseradish 
peroxidase (Abcam) was added to each well and incubated at 37 °C for 1 h. Plates were again 
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washed 4 times with wash buffer and 100µl of ABTS substrate was added to each well. Plates 
were covered and incubated at room temperature for 20 minutes. The reaction was stopped with 
1X ABTS peroxidase stop solution (100µl). The plates were read using an ELISA microplate 
reader (Epoch) at 410 nm. The ELISA Ab titer was expressed as the reciprocal of the highest 
dilution that had a corrected A410 value (sample absorbance in the RVA or RVC positive control 
serum samples wells minus sample absorbance in RVA or RVC negative serum) greater than the 
cut-of mean corrected A410 value of negative controls plus 3 standard deviations.  
 
Processing of colostrum/milk samples and screening of serum and colostrum/milk samples for 
RVA and RVC IgG/IgA antibodies  
Recombinant G5 RVA VP7 (100ng) or G6 RVC VP7 (50ng) diluted in ELISA carbonate buffer were 
used to coat ELISA plates. For IgG detection, serum and milk/colostrum samples were diluted in 
5% NFDM (1:200, 1:400, 1:800, 1:1600, 1:3200, 1:6400, 1:12800 and 1:25600). However, a 
slightly lower dilution range was used for IgA detection (1:50, 1:100, 1:200, 1:400, 1:800, 1:1600, 
1:3200 and 1:6400). Rest of the protocol was similar to the ELISA protocol as described in the 
above section. Colostrum and milk samples were centrifuged at 5000g overnight at 6 0C to 
separate fat, debris and whey. Clear fluid was carefully collected and stored in minus 80 0C until 
further use. 
 
Results:   
 
Objective 1: Develop an ELISA tests to measure neutralization of G specific surface glycoprotein 
against rotavirus A and C in sera, milk, and colostrum from rotavirus A and C-infected gilts 
 
Expression of G5 Rotavirus A and G6 Rotavirus C 
The G5 rotavirus A and G6 rotavirus C proteins were successfully expressed using Expi293 
expression system (Figure 2). An ELISA revealed that both G5 and G6 proteins were secreted into 
the culture media. Affinity chromatography with cobalt resin was used to successfully purfying 
both the proteins. Purified proteins were validated and confirmed for purity using SDS-PAGE and 
immunoblotting using anti-his monolonal antibodies (Figure 2). A total concentration of 7mg and 
3mg were recovered for G5 RVA and G6 RVC, respectively. Proteins were stored in minus 80 0C 
until further use. 
                                                  

              
A                           B 
Figure 2: Protein expression by rotavirus A and C constructs. Protein expression by the 
constructs encoding ASFV antigens was evaluated by immunocytometric analysis of HEK 
293A cells. (A). Cells transfected with pcDNA3 constructs encoding G5 VP7 protein of 
rotavirus A. (B). Cells transfected with pcDNA3 constructs encoding G6 VP7 protein of 
rotavirus C.  Transfected cells were probed with anti-his mnoclonal antibody. 
 
 
 
 
 
 
 
                                     M E1  E2 E3  E4           M.   S   P  FT W  E1 E2 E3 E4 
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A                           B 
Figure 3: SDS-PAGE confirmation of affinity purified G5 RVA and G6 RVC proteins (37kd)  
A. Purified G5 RVA VP7 (37kd), B. Purified G6 RVC VP7 (37kd), M – Protein marker, S – 
culture supernatant, P – cell pellet, FT – flow through, E1 – E4 – protein elutes 
 
Development of rotavirus VP7-specific indirect ELISAs to quantitate rotavirus antibodies 
 
Two indirect ELISAs were developed to detect rotavirus A or C VP7-specific IgG and IgA 
antibodies in clinical samples. Checkerboard titration revealed optimum coating concentration of 
G5 VP7 and G6 VP7 to be 100ng and 50ng, respectively. Other parameters such as serum 
dilutions, secondary antibody concentration, incubation temperature and time combinations 
were successfully standardized. Newly developed ELISAs were able to detect specific antibodies in 
the serum samples at different dilutions. A positive and negative control was always added to 
each plate to control plate to plate variation. Any plate digressing from the set quality control 
ODs were repeated. 
 
Objective 2: Investigate the neutralizing Ab response to rotavirus A and C in gilts after feedback 
and passive immunity in their piglets 
 
Rotavirus A G5 specific antibody response in sows 
 
Sow serum IgG response to G5 Rotavirus A 
All four groups of gilts/sows had different baseline serum IgG levels at 5wpf against G5 RVA 
(Figure 4). At 3wpf, highest geometric mean group IgG titers (GMT) were observed in group 3 
(1NPE) and 2 (2NPE). Group 3 showed more than double increase in the serum IgG titers at 3wpf 
compared to 5wpf. Surprisingly, group 1 which had received two doses of NPE (at 5wpf and 4wpf) 
before 3wpf sampling showed slightly lower antibody titers compared to group 2 and 3. However, 
at farrowing, group 1 and 2 showed highest serum IgG titers compared to group 3 and control 
group. Decrease in antibody titers at farrowing is due to the trafficking of antibodies to mammary 
glands. Sampling at 3 weeks post-farrowing revealed increased antibody titers for all four groups 
including control, which might be due to the renewed exposure of gilts/sows to the rotavirus in 
the farm (Figure 4, 5 and 6).  
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Figure 4: Sow serum IgG response to G5 rotavirus A NPE treatment at different time-points 
 
 

 
 
Figure 5: Timeline of sow serum IgG response to G5 rotavirus A NPE treatment at different time-
points 
 

 
Figure 6: Distribution of individual gilt/sow serum RVC IgG titers across all study groups. (A). 
Group 1 received 3 doses of NPE, (B).  Group 2 received 2 doses of NPE, (C).  Group 3 received 1 
dose of NPE, (D). Control group (No NPE) 
Serum IgG response to G5 Rotavirus A in piglets 
At birth, highest serum IgG titers were observed in piglets born to treatment group 1 sows (GMT 
1515.34) followed by group 2 and 3 (Table 2, Figure 6). Lowest serum IgG titers were observed in 
the piglets of control group sows. Serum IgG titers of group 1 piglets were consistently higher at 
all sampling points compared to other groups. At day 7 of age, piglet serum IgG titers dropped 
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sharply followed by a slight increase in titers at 14 days of age. At weaning, group still had higher 
IgG titers compared to other groups (Figure 7 and 8).  
 
Table 2: Piglet serum IgG titers across different treatment groups at different sampling points 
 

Treatment Day 0 Day 7 Day 14 Day 21 
Group 1 (3NPE) 1515.34 598.74 856.25 554.27 
Group 2 (2NPE) 1264.07 416.99 668.07 275.11 
Group 3 (1NPE) 975.21 517.45 571.31 334.70 
Control 763.07 556.84 583.79 237.84 

 

 
 
Figure 7: Timeline of piglet serum RVA IgG titers at diffenet sampling points  
 

 
 
Figure 8: Distribution of piglet serum RVA IgG titers according to treatment group at different 
sampling points. all study groups. (A). Group 1 (B).  Group 2 (C).  Group 3 (D). Control group 
 
 
Rotavirus C G6 specific antibody response in sows 
 
Sow serum IgG response to G6 Rotavirus C 
All four groups of gilts/sows had more varied baseline serum IgG levels at 5wpf against G6 RVC 
compared to G5 RVA (Table 3, Figure 9). Control group had a 2nd highest group IgG titer at 5wpf 
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after group 2. At 3wpf, highest geometric mean group IgG titers were observed in group 2, which 
showed highest increase in IgG titers compared to 5wpf across all groups. Group 2 IgG titers 
were also consistently higher at 3wpf, at farrowing at 5 weeks post farrowing. Similar to RVA 
serum IgG titers, sow’s serum RVC IgG titers were also elevated at 3 weeks post-farrowing, which 
might be due to the renewed exposure of gilts/sows to the rotavirus in the farm (Table 3, Figure 9 
and 10).  
 
 
Table 3: Sow serum geometric mean IgG titers (GMT) across study groups at different sampling 
points 
 
 

Treatment 5Pre Farrow 3Pre Farrow Farrow 3Post Farrow 
Group 1 (3NPE) 847.57 951.370 672.72 599.32 
Group 2 (2NPE) 1695.14 2850.88 847.57 1425.44 
Group 3 (1NPE) 662.20 1096.28 291.90 705.27 
Control 1324.41 1704.07 375.57 1324.41 

 
 

     
 
Figure 9: Timeline of sow serum IgG response to G6 rotavirus C NPE treatment at different time-
points 
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Figure 10: Distribution of individual gilt/sow serum RVC IgG titers across all study groups. (A). 
Group 1 (B).  Group 2 (C).  Group 3 (D). Control group 
 
Sow colostrum/milk IgG and IgA levels against G6 rotavirus C 
Overall, colostrum samples at farrowing (Day 0) had highest levels of IgG and IgA titers across all 
study groups (Figure 11 and 12). Group 1 showed highest colostrum IgG and IgA levels followed 
by group 2 at day 0. Control group had slightly higher colostrum IgG and IgA levels compared to 
group 3 at day 0. IgG levels rapidly dropped to the baseline at day 7 and remained so at day 14 
across all groups (Figure 11). However, IgA levels were higher compared IgG levels at day 7 and 
14, which is due to the predominance of IgA in milk.  
 

           
 
Figure 11: Sow milk/colostrum IgG response to G6 rotavirus C at different time-points 
 
 

               
 
Figure 12: Sow milk/colostrum IgA response to G6 rotavirus C at different time-points 
 
Serum IgG and IgA levels against G6 rotavirus C in piglets 
 
At birth (day 0), all four groups had similar serum IgG titers. Group 1 and 2 showed decreased 
IgG titers at day 7 of age, which continued to drop until weaning. Interestingly, serum IgG titers 
increased for group 3 and control group at day 7 which sharply dropped at day 14 (Figure 13 and 
14).   
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Figure 13: Piglet serum IgG  levels to G6 rotavirus C at different sampling-points 
 

 
Figure 14: Distribution of piglet serum RVC IgG titers according to treatment group at different 
sampling points. all study groups. (A). Group 1 (B).  Group 2 (C).  Group 3 (D). Control group 
 
 
At birth (day 0), piglets in all four groups had higher serum IgA titers. IgA levels dropped sharply 
at day 7 and 14 weeks of age and reached the baseline at weaning. There was no significant 
different in levels of serum IgA titers among three treatment groups at birth (day 0) (Figure 15 
and 16).  
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Figure 15: Piglet serum IgA levels to G6 rotavirus C at different sampling-points 
 
 

 
 
Figure 16: Distribution of piglet serum RVA IgG titers according to treatment group at different 
sampling points. all study groups. (A). Group 1 (B).  Group 2 (C).  Group 3 (D). Control group 
 
Interestingly, piglet serum RVC IgG levels were significantly low compared to serum RVA IgG 
titers at birth (Table 4), which possibly explains the high prevalence of RVC in neonatal piglets. 
In particular, all three treatment groups showed low RVC titers compared to RVA titers. 
 
Table 4: Comparison of piglet serum IgG levels to RVA and RVC at birth 
 

Treatment Piglet serum IgG levels to RVA 
and RVC at birth 
RVA IgG RVC IgG 

Group 1 (3NPE) 1515.34 646.35 
Group 2 (2NPE) 1264.07 679.61 
Group 3 (1NPE) 975.21 642.73 
Control 763.07 552.77 

 
Discussion:   
Rotaviruses (RVs) cause severe diarrhea in young animals including pigs and humans. Swine RV 
infections cause severe economic losses for producers because infections can be symptomatic or 
asymptomatic in pigs, and estimating the true economic loss due to RV infection is difficult to 
measure. RVA strains have been considered the most pathogenic and epidemiologically diverse of 
all RV groups infecting all animals including swine. RVC is difficult to propagate in cell culture, 
lacks a proper serological typing test, and no commercial RVC vaccine is available. Recently, 
multiple studies have identified RVA and RVC infections as important causes of diarrhea in 
swine. Historically in the United States, RVA infections were considered the more prevalent. 
However, recent studies indicate RVA and RVC infections are more common in piglets <21 days 
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of age. Some RVA and most, if not all, RVC strains are extremely difficult to adapt to cell culture, 
and serological assays are unavailable to measurement of the immune response and antibody 
levels in response to natural planned exposure (NPE) protocols. The VP7 (G genotypes) is the 
most immunogenic, highly glycosylated, independently elicit neutralizing antibodies, and induce 
protective immunity. Multiple different genotypes/serotypes exist, and the neutralizing 
antibodies are serotype specific and provide minimal or no protection against viral infections 
from different serotype.   
In serum and colostrum, the primary antibody is IgG, which is transferred from the serum to 
colostrum during gestation and absorbed into the piglet’s serum upon ingestion of colostrum. 
The primary antibody in the intestine is IgA, which is transferred to piglets during ingestion of 
milk and protects against enteric infections. The consistent intake of IgA via milk protects the 
piglets from viral infection. Results suggest that three doses of NPE resulted in highest serum IgG 
titers in gilts at farrowing. Piglets born to gilts receiving 3 doses of NPE resulted in highest serum 
rotavirus A IgG titers at birth until weaning, which clearly indicates that 3 doses of NPE provide 
better protection against RVA infection in piglets. For RVC, three doses of NPE resulted in 
highest RVC IgG and IgA titers in sow colostrum and milk. Most importantly, Interestingly, piglet 
serum RVC IgG levels were significantly low compared to serum RVA IgG titers at birth, which 
possibly explains the high prevalence of RVC in neonatal piglets. In particular, all three 
treatment groups showed low RVC titers compared to RVA titers. This project describes the 
antibody levels in sows and their piglets after receiving natural planned exposure. Clear 
differences were observed in antibody levels among study groups against rotavirus A. However, 
rotavirus C antibody levels were not significantly different among different treatment groups. In 
particular, piglet serum RVC IgG and IgA levels were not very different among different treatment 
groups, which could be due to the high RVC ct values of the original NPE material administered 
to the gilts. In comparison, RVA ct values of the NPE materials were significantly less. However, 
results of this project expand our understating of the NPE protocols used in swine farms and will 
assist producers to make better decision in terms of timing and dose of the NPE. 
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