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Industry Summary: The risk of feed serving as a vehicle for pathogen introduction into swine farms 
and production systems became evident after the porcine epidemic diarrhea virus (PEDV) outbreak 
in the US in 2013. Recent studies in feed biosecurity have shown that the protective environment 
provided by different feed matrices promotes the survival of viral pathogens of swine for prolonged 
periods of time, thus potentially providing an opportunity for transmission, should contaminated 
feed be introduced into the farm. Most importantly, follow up studies have shown that consumption 
of contaminated feed leads to successful infection of pigs by porcine epidemic diarrhea virus 
(PEDV), African swine fever virus (ASFV), Senecavirus A (SVA) and foot and mouth disease virus 
(FMDV). The potential risk of pathogen transmission through feed could be reduced through testing 
of feed ingredients and feed prior to their introduction into farms. For this to be successfully 
implemented, sampling procedures and validated nucleic acid extraction procedures and diagnostic 
tests are required. In the present study, we evaluated the performance and validated the use of a 
commercially available nucleic extraction kit (MagMax Core) for pathogen nucleic extraction from 
feed and feed ingredients. To determine the efficiency of the nucleic acid extraction method selected 
we tested each feed ingredient for an RNA (SVA) and a DNA (ASFV) virus using commercially 
available and validated PCR assays. Overall, our results demonstrate that the MagMax core kit 
efficiently extracts pathogen nucleic acid from diverse feed ingredients, resulting in good 
performance of validated diagnostic assays for SVA and ASFV. To complete the assessment of the 
protocols and procedures established in this study, we conducted a follow up project (Funded by 
SHIC, https://www.swinehealth.org/wp-content/uploads/2021/10/10-21-Diel-feed-PCR-
extraction-final-report.pdf) in which we compared the extraction procedures developed, optimized 
and validated here with the extraction efficacy of two other commercial nucleic acid extraction kits. 
Together these studies showed that extraction of pathogen nucleic acid from feed ingredients using 
the core procedure presents a higher sensitivity and diagnostic performance, thus representing a 
good alternative for pathogen detection in feed. Additional challenges that still need to be addressed 
for full implementation of routine feed testing include representative sampling of feed for testing and 
validation of additional PCR assays for other swine pathogens in nucleic acid extracted from feed 
ingredients.   
 
 
 
 

 

https://www.swinehealth.org/wp-content/uploads/2021/10/10-21-Diel-feed-PCR-extraction-final-report.pdf
https://www.swinehealth.org/wp-content/uploads/2021/10/10-21-Diel-feed-PCR-extraction-final-report.pdf
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Key Findings:  
• An efficient nucleic acid extraction method was validated for use in animal feed ingredients. 
• The method validated allows detection of pathogens in feed with sensitivity compared to 

detection in control samples.  
• The limit of detection, dynamic range and overall performance of the PCR assays used 

downstream of the extraction protocol were not adversely affected by the feed matrices, indicating 
effective RNA and DNA purification.  
 
Keywords:  Feed biosecurity, nucleic acid extraction, RNA, DNA, SVA, ASFV.   
 
Abstract:  The goal of the present study was to optimize and validate procedures for effective 
nucleic acid extraction from animal feed ingredients. We have standardized an extraction procedure 
using 5 g samples of feed ingredients and a commercial nucleic acid extraction kit which will allow 
broader use and automation of the procedure in veterinary diagnostic laboratories. The performance 
of the extraction procedure established here, were evaluated by testing the purified nucleic acid 
from spiked feed ingredients for SVA and ASFV. As evidenced by comparable limit of detection 
(LOD), range, reproducibility and repeatability of the SVA and ASFV assays used in our study, the 
method established here presents a good performance in the feed matrices evaluated. Overall, our 
results demonstrate that the MagMax core kit efficiently extracts pathogen nucleic acid from diverse 
feed ingredients, resulting in good performance of validated diagnostic assays for SVA and ASFV. To 
complete the assessment of the protocols and procedures established in this study, we conducted a 
follow up project in which we compared the extraction procedures developed, optimized and 
validated here with the extraction efficacy of two other commercial nucleic acid extraction kits. 
Together these studies showed that extraction of pathogen nucleic acid from feed ingredients using 
the core procedure presents a higher sensitivity and diagnostic performance, thus representing a 
good alternative for pathogen detection in feed. 
 
Introduction 
 
The potential role of contaminated feed as a vehicle for pathogen transmission to pigs has been 
recently demonstrated for porcine epidemic diarrhea virus (PEDV) (1, 2), African swine fever virus 
(ASFV) (3), Senecavirus A (SVA) (4) and foot and mouth disease virus (FMDV) (5). Additional studies by 
our group have also shown that several important swine pathogens (e.g. SVA, ASFV, PEDV, porcine 
reproductive and respiratory syndrome virus [PRRSV], and others) survive for extended periods of time 
in a variety of feed ingredients under transboundary shipping models simulating transportation of 
these ingredients from Asia and/or Europe into the United States (US) (6). These results provide first 
hand evidence suggesting that contaminated feed ingredients may pose a risk for transboundary 
movement of swine pathogens and may likely play a role in pathogen transmission at a global and/or 
national level.  
 
The US imports millions of pounds of feed ingredients, feed and food products directed to animal feed 
manufacturing and consumption from different countries around the world. Importantly, countries 
like China where significant animal pathogens, including ASFV, are endemic and are among the major 
sources of these ingredients. Table 1 presents a list of feed ingredients and the respective quantities 
imported into the US from China between 2012 and 2016. This information was obtained at the 
International Trade Commission Harmonized Tariff Schedule website (www.hs.usitc.gov), which 
provides a transaction of specific trade commodities between the US and its international trading 
partners. These data and the results demonstrating survival and transmission of viral pathogens 
through feed (4–7) underscore the relevance of implementing increased feed biosecurity procedures in 
the US.  
 
 
 

http://www.hs.usitc.gov/


Table 1: Quantities (kg) of animal feed ingredients imported from China into the port of San Francisco, 
US between 2012 and 2016.     
Ingredient     2012     2013     2014     2015     2016 
Soy oil cake 15,126,647 7,977,560 13,545,880 24,201,390 36,962,316 
DDGSa 4,008,000 2,640,000 2,808,000 2,416,363 1,738,182 
Pet food 4,075,353 3,068,722 623,734 51,587 1,412,165 
Soybean meal 1,832, 561 1,816,100 1,340,270 979,627 185,400 
Pork sausage casings 129,365 216,845 457,427 420,005 582,093 
Lysine 33,000 95,000 19,764 2,325,236 2,393,915 
Choline 19,000 400 0 0 0 
Vitamin D 26,000 21,000 14,000 0 0 
TOTAL (KG) 25,249,926 7,198,012 18,809,075 30,394,208 43,274,071 
aDDGS, distillers dried grains with solubles. 
 
Rapid and early detection of viral pathogens remains one of the first steps for establishing effective 
disease prevention and control strategies. Accurate pathogen detection requires high quality nucleic 
acid samples. Our group has successfully extracted nucleic acid from multiple feed ingredients (4, 6) 
and results from these studies indicate that it is possible to obtain nucleic acid from these feed 
matrices that is compatible with downstream diagnostic applications such as real-time PCR. Before 
these methods and feed matrices can be routinely used for screening and pathogen detection in feed, 
however, it is important that methods for nucleic acid extraction are validated for different feed 
matrices. The current project was conducted to optimize and validate nucleic acid extraction 
procedures for pathogen detection in different feed matrices. The overall goal of the study was to 
optimize protocols that can be used by diagnostic laboratories throughout the US to assess the 
presence of pathogens in feed and feed ingredients. We have used SVA and ASFV as model pathogens 
for optimization of RNA and DNA extraction protocols, respectively.  
 
 
Objectives 
 
The objectives of the proposed study are: 
 
Objective 1: To optimize and validate nucleic acid extraction protocols for RNA viruses using 
Senecavirus A (SVA) 
 
Objective 2: To optimize and validate nucleic acid extraction protocols for DNA viruses using African 
Swine Fever virus (ASFV) 
 
Materials & Methods 
 
Feed matrix selection. In our previous study we have shown that several viral pathogens survive in 
different feed ingredients for extended periods of time (4, 6). Additionally, pathogen specific nucleic 
acid (RNA or DNA) remained stable in those ingredients for at least 30-37 days (6) or up to 91 days in 
the case of SVA (4). We used six feed ingredients, including soybean meal (SBM), DDGS, choline, Vit 
D, whole corn and complete swine feed to optimize nucleic acid extraction procedures for feed testing. 
It is important to note that all six ingredients selected retained viable SVA and/or ASFV, thus 
representing ingredients that provide ideal conditions for pathogen survival that could lead to 
transmission. Additionally, a high volume of these ingredients are imported into the US from countries 
where several important swine pathogens including FADs are endemic.  
 
Feed inoculation and processing. Five grams of each feed ingredient (in 50 mL mini conical tubes) 
were spiked with 100 µL of MEM (minimum essential media, Gibco, ThermoFisher Scientific, Waltham, 
MA, US) containing each of the target viruses (SVA or ASFV or ASFV p72 expressing plasmid). The use 
of the 5 g sample size will allow for easy processing of the feed samples. During the pathogen survival 
and stability studies conducted by our group (4, 8) we have optimized the volume of PBS and 
centrifugation steps required to successfully recover the target viral pathogens from the feed matrices 
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selected for the present study. This protocol allowed for efficient pathogen recovery from feed and 
successful detection of a broad set of pathogens by RT-qPCR and/or virus isolation (6). 
 
For SVA, each feed ingredient was spiked with a virus stock containing the SVA SD15-26 strain (9)  
(107.5 TCID50/ml). To determine the approximate limit of detection of the nucleic extraction protocol, 5 
g of each feed ingredient were spiked with 100 µL of ten-fold serial dilutions of the SVA virus stock (10-

1 to 10-7 which is equivalent to dilutions containing 106.5 to 100.5 TCID50/ml of the virus suspension). 
Each dilution was inoculated in triplicate samples of each feed ingredient. Positive and negative 
controls included 5 ml RPMI media (ThermoFisher, Waltham, MA) and 5 grams of complete feed 
inoculated with 100µL of sterile phosphate buffered saline (PBS). After inoculation, tubes were 
vortexed for 10 seconds prior to adding 15 mL of sterile PBS with antibiotics/antimycotics. Tubes were 
again vortexed for 10 seconds followed by centrifugation at 10,000 x g for 5 min at 4°C. After 
centrifugation, supernatant was collected and stored at -80°C until nucleic extraction. A total of 140 
inoculated samples (6 matrices x 7 dilutions x 3 replicates) were included in the LOD determination.  
 
The reproducibility of extraction was assessed by using six 5 g-replicates of each feed ingredient. Each 
replicate was spiked with 100 µL of an SVA suspension containing 102.5 TCID50/ml (~316 
TCID50/ml). After inoculation, tubes were vortexed for 10 seconds prior to adding 15 mL of sterile PBS 
with antibiotics/antimycotics. Tubes were vortexed for 10 seconds followed by centrifugation at 10,000 
x g for 5 min at 4°C. After centrifugation, supernatant was collected and stored at -80°C until nucleic 
extraction. A total of 140 inoculated samples (6 matrices x 7 dilutions x 3 replicates) were included in 
the LOD determination.    
 
For ASFV, a pUC57 plasmid containing the ASFV p72 gene (69.4 ng/µL) from the ASFV Armenia/07 
strain (genotype II) was used to determine the limit of PCR detection in the six feeds ingredients. 
Positive and negative controls included 5 ml RPMI media (ThermoFisher, Waltham, MA) and 5 grams 
of complete feed inoculated with 100µL of sterile phosphate buffered saline (PBS). Serial ten-fold 
dilutions of the p72 plasmid were performed with sterile PBS to create the seven dilutions tested by 
extraction and PCR, from 1:10,000 (Dilution #1) to 1:10 billion (Dilution #7). Feed ingredients and 
media were inoculated with 100µL of each plasmid dilution in triplicate. After inoculation, tubes were 
vortexed for 10 seconds prior to adding 15 mL of sterile PBS with antibiotics/antimycotics. Tubes were 
again vortexed for 10 seconds followed by centrifugation at 10,000 x g for 5 min at 4°C. After 
centrifugation, supernatant was collected and stored at -80°C until DNA extraction. A total of 140 
inoculated samples (6 matrices x 7 dilutions x 3 replicates) were included in the LOD determination  
 
Sample processing. All feed samples were processed in 15 ml sterile PBS as previously described by 
our group (6). In summary, 15 ml of sterile PBS were added to each conical tube containing 5 g of each 
feed ingredient. Each tube was then vortexed for 10-15 s to resuspend the feed in PBS and then the 
samples were centrifuges at 10,000 rpm for 10 min. The cleared supernatant was transferred to new 
tubes and stored at -80oC for further processing or used directly for nucleic acid extraction.  
 
Pathogen nucleic acid extraction. Nucleic acid extractions were performed with the MagMax Core 
extraction kit. Samples for RNA (SVA) and DNA (ASFV) assessments were processed independently at 
Cornell University or at KSU, respectively.  
 
All RNA (SVA) extraction and PCR testing was performed at the Cornell Animal Health Diagnostic 
Center (AHDC). RNA was extracted from the feed supernatant samples using the MagMAXTM CORE 
Nucleic Acid Purification Kit (ThermoFisher, Waltham, MA) using an automated KingFisher Flex 
nucleic acid extractor. Negative (sterile PBS) and positive (105 TCID50/mL SVA SD15-26 virus stock) 
controls were extracted and included on each plate. Briefly, 200 μL of the sample 
homogenate/supernatant (in PBS, as described in sample processing above) was mixed with 10 μL 
of a Proteinase K solution provided by the kit. After adding 720 μL of a Lysis/Binding Mix (including 
Lysis Solution, Binding Solution and Magnetic Bead Solution; per manufacturer’s instructions), in a 
96-deep well plate the samples were placed in the KingFisher Flex and the CORE scripts (provided 



by the manufacturer) were used for automated nucleic acid extraction. Each sample’s nucleic acid 
was eluted in 50 μL of Elution Buffer. 
 
All DNA (ASFV) extraction and PCR testing was performed at the Biosecurity Research Institute 
under Biosafety Level 3 (BSL-3) containment conditions to be consistent with protocols for work 
with ASFV. DNA was extracted from the feed supernatant samples using the MagMAXTM CORE 
Nucleic Acid Purification Kit (ThermoFisher, Waltham, MA). Negative (sterile PBS) and positive 
(1:10,000 dilution of 106 TCID50/mL ASFV Georgia 2007 splenic homogenate) controls were 
extracted and included on each plate. Briefly, 200 μL of the sample homogenate/supernatant (in 
PBS, as described in sample processing above) was mixed with 10 μL of a Proteinase K solution 
provided by the kit. After adding 720 μL of a Lysis/Binding Mix (including Lysis Solution, Binding 
Solution and Magnetic Bead Solution), each sample was vortexed for 3 min prior to placing on a 
magnetic stand to capture the beads. Beads were washed once with 500 μL of Wash Solution 1 and 
washed again with 500 μL of Wash Solution 2. After air-drying, DNA was eluted from the beads with 
50 μL of Elution Buffer. 
 
Sample testing. All extractions will be tested by using validated real-time PCR assays specific for each 
target pathogen (EZ-SVA, with ROX and African Swine Fever virus PCR; Tetracore Inc). 
 
The SVA RNA was detected using the EZ-SVA RT-PCR (Tetracore, Rockville, MD) according to the 
manufacturer’s instructions.  Briefly, 7 μL of extracted sample was added to 18 μL of master mix 
(containing 17.25 μL ASF Mastermix and 0.75 μL Enzyme Solution) in each well of a PCR plate. The 
plate was sealed, centrifuged briefly, and placed in an ABI 7500 Real-Time detection System (Bio-Rad, 
Hercules, CA). The PCR run consisted of an initial incubation of 48°C for 15 min, then 95°C 
incubation for 2 min, followed by 45 cycles of 95°C incubation for 10 sec, and 60°C for 40 sec. Data 
was analyzed using 7500 SDS software version v1.5.1 3.1 (ThermoFisher, CA). Results are reported as 
cycle threshold (Ct). The LOD for each matrix was determined as the highest dilution where all 3 
sample replicates tested positive for the SVA RNA. 
 
The quantity of ASFV p72 was determined using the VetAlertTM African Swine Fever Virus DNA Test Kit 
(Tetracore, Rockville, MD) according to the manufacturer’s instructions.  Briefly, 5μL of extracted 
sample was added to 20μL of master mix (containing 19.25 μL ASF Mastermix and 0.75 μL Enzyme 
Solution) in each well of a Hard-Shell PCR plate (Bio-Rad, Hercules, CA). The plate was sealed, 
centrifuged briefly to remove air bubbles, and placed in a CFX96 Real-Time System (Bio-Rad, 
Hercules, CA). The PCR run consisted of an initial incubation of 48°C for 15 min, then 95°C 
incubation for 2 min, followed by 45 cycles of 95°C incubation for 10 sec, and 60°C for 40 sec. Data 
was analyzed using CFX Manager software version 3.1 (Bio-Rad, Hercules, CA). ASFV Quantification 
Standards provided by Tetracore were included on each PCR plate to create a standard curve. Results 
are reported as cycle threshold (Ct) and copies/µL. The LOD for each matrix was determined as the 
highest dilution where all 3 replicates tested positive for the ASFV p72 gene. 
 
For the ASFV intra-assay reproducibility assessment ASFV strain Georgia 2007 splenic homogenate 
(7.4 log10 50% tissue culture infectious dose/ml, TCID50/ml) was obtained from an experimentally 
infected pig. Splenic homogenate was diluted 1:5 with RPMI media (ThermoFisher, Waltham, MA) to 
inoculate each feed sample with 100 µL ASFV (5.7 log10 TCID50 total dose/tube). Results are reported 
as cycle threshold (Ct). 
 
 
An internal positive control (IPC) sequence was used to determine the presence of PCR inhibitors in 
the feed matrices. For this, the IPC provided with the SVA and ASFV assays was be spiked in the lysis 
buffer during the nucleic acid extraction procedure and simultaneous amplification and detection of 
the IPC within the pathogen specific PCR amplification reactions will be performed.  
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Results and Discussion  
 
Determining the limit of detection (LOD) of commercial SVA RT-PCR and ASFV PCR kits in feed 
ingredients following nucleic acid extraction 
  
 The sensitivity of detection of RT-PCR is an important parameter to validate nucleic acid 
extraction protocols from feed matrices. This is especially critical in view of the small sample size that 
we will be able to test in relation to the overall volume of a given feed ingredient that is used to 
formulate animal rations and also for the detection of pathogens which may be present at low 
concentrations in feed. The sensitivity of both SVA of the EZ-SVA (Tetracore, MD) was evaluated using 
10-fold serial dilutions of SVA SD15-26 stocks spiked in the different feed matrices. The limit of 
detection (LOD) of the assay/extraction protocol was determined as the lowest concentration of virus 
in which three replicates were detected and the standard deviation of the Ct value in the three 
replicates was ≥1. Table 1 bellow provides a summary of the results obtained in six feed ingredients 
indicated and the positive SVA virus stock control.   
 
 
Table 1. Sensitivity/Limit of detection evaluation of EZ-SVA RT-PCR assay following nucleic acid extraction from feed 
ingredients using the MagMax Core kit.  

 
aIngredients tested included whole corn, complete gestation feed, lysine, Vit D, DDGS, and SBM. A stock virus of SVA diluted 
in PBS was used as control.  
bEach 10-fold dilution (10^-1 to 10^-7) of the virus were inoculated into 5 g of feed and processed in 15 ml of PBS. 200 µl of 
the cleared supernatant were used for nucleic acid extraction using the MagMax Core extraction kit.  
cNumbers in the tables represent Ct values. SD: standard deviation. 
dThe LOD in each feed ingredient is shaded in gray.  
 
 The LOD3 of the SVA was determined in each feed ingredient tested. As shown in Table 1, the 
LOD for whole corn, complete feed, lysine, Vit D, DDGS, and SBM varied between 3.16 and 316.2 
TCID50 per 5g of feed (amount of virus spiked into 5 g and reconstituted in 15 mL PBS for nucleic acid 
extraction). The ingredient with the highest LOD was DDGS (316.2/5g), while all other ingredients 
presented an LOD equal or lower than the positive SVA stock control (31.6/5g).  



 
The sensitivity and LOD3 of the MagMax Core extraction kit was also evaluated for ASFV, a large DNA 
virus. A pUC57 plasmid containing the ASFV p72 gene (69.4 ng/µL, equivalent to 1.38E+10 copies per 
µl) was used to determine the LOD3 in six feeds or ingredients, including complete feed (CF), soybean 
meal (SBM), whole corn, distillers dried grains with solubles (DDGS), lysine, and vitamin D. Five grams 
of each ingredient were added into 50-ml conical tubes. Serial 10-fold dilutions of the p72 plasmid 
were performed with sterile PBS and each aliquot of the target feed igredients were spiked with 
dilutions 10^-4 to 10^-10 containing an estimated of 1.38E+08 to 1.38E+02 copies of the p72 plasmid 
DNA. 
 
 As shown in Table 2 bellow, four feed ingredients (Complete feed, DDGS, Lysine and Vit D) 
presented the lowest LOD3 (1.38E+07 copies per 5 g of feed or an equivalent to 922 copies/µl), while 
whole corn and RPMI control presented an LOD of 1.38E+06/5 g of feed (equivalent to 92 copies/µl) 
and SBM presented an LOD of 1.38E+06/5 g of feed (equivalent to 9.22 copies/µl). It is important to 
note that the RPMI media served as an extraction control in which the p72 DNA was spiked in in the 
absence of a feed matrix. Taken together these results indicate efficient SVA and ASFV nucleic acid 
extraction from the different feed matrices.    
 
 
 
 

Assessing the range and linearity of SVA RT-PCR in nucleic acid samples extracted from feed 
matrices 
 The range and linearity of the commercial SVA RT-PCR were tested over the range of 100.5 to 
106.5 (or 3.16 to 3,162,278) TCID50/ml. No inhibition was observed in most feed matrices (whole corn, 
complete gestation feed, lysine, Vit D, and SBM) when compared to the range in stock SVA control 
(Table 1). Only DDGS seem to have an inhibitory effect, which ended up increasing the LOD and 
decreasing the range of RT-PCR amplification (Table 1, Figure 1). At the highest virus concentration, 

Table 2. Limit of detection for African swine fever virus (ASFV) p72 plasmid by DNA extraction and quantitative PCR in supernatant from 
inoculated feed and ingredients* 

Ingredient Replicate 

Dilution 7 
1:10 billion 
1.38E+02 
Copies/µl 

Dilution 6 
1:1 billion 
1.38E+03 
copies/µl 

Dilution 5 
1:100 million 

1.38E+04 
copies/µl 

Dilution 4 
1:10 million 
1.38E+05 
copies/µl 

Dilution 3 
1:1 million 
1.38E+06 
copies/µl 

Dilution 2 
1:100,000 
1.38E+07 
copies/µl 

Dilution 1 
1:10,000 
1.38E+08 
copies/µl 

CF 
Negative  

1 42.26 (-) N/A (-) N/A (-) N/A (-) N/A (-) N/A (-) N/A (-) 
2 N/A (-) N/A (-) N/A (-) N/A (-) N/A (-) N/A (-) N/A (-) 
3 N/A (-) N/A (-) N/A (-) 41.15 (-) N/A (-) N/A (-) N/A (-) 

CF 
1 38.31 (-) N/A (-) N/A (-) N/A (-) 38.13 (-) 35.32 (+) 31.12 (+) 
2 N/A (-) N/A (-) N/A (-) N/A (-) 37.35 (+) 35.33 (+) 32.00 (+) 
3 N/A (-) N/A (-) N/A (-) N/A (-) 36.81 (+) 36.52 (+) 32.10 (+) 

RPMI 
media 

1 38.92 (-) N/A (-) N/A (-) 37.94 (+) 36.20 (+) 32.63 (+) 29.01 (+) 
2 N/A (-) N/A (-) N/A (-) 38.17 (-) 35.21 (+) 32.61 (+) 29.05 (+) 
3 N/A (-) N/A (-) 38.60 (-) 37.58 (+) 34.56 (+) 32.63 (+) 29.12 (+) 

SBM 
1 39.05 (-) N/A (-) 37.16 (+) 35.63 (+) 34.47 (+) 31.10 (+) 27.21 (+) 
2 39.84 (-) 38.34 (-) N/A (-) 37.92 (+) 33.47 (+) 31.09 (+) 27.76 (+) 
3 N/A (-) N/A (-) 39.33 (-) 36.60 (+) 33.17 (+) 31.28 (+) 27.41 (+) 

Whole 
Corn 

1 41.89 (-) 37.43 (+) 38.14 (-) 37.08 (+) 35.32 (+) 31.86 (+) 28.23 (+) 
2 N/A (-) N/A (-) 38.26 (-) 36.17 (+) 34.40 (+) 32.38 (+) 28.59 (+) 
3 40.33 (-) N/A (-) 42.09 (-) 39.93 (-) 33.59 (+) 32.41 (+) 28.86 (+) 

DDGS 
1 N/A (-) N/A (-) N/A (-) N/A (-) 38.64 (-) 34.96 (+) 31.22 (+) 
2 N/A (-) N/A (-) N/A (-) 39.12 (-) 37.65 (+) 34.54 (+) 31.35 (+) 
3 N/A (-) N/A (-) N/A (-) 40.00 (-) 37.41 (+) 35.13 (+) 31.05 (+) 

Lysine 
1 N/A (-) N/A (-) 41.06 (-) N/A (-) 37.12 (+) 34.06 (+) 31.13 (+) 
2 N/A (-) N/A (-) N/A (-) N/A (-) 36.23 (+) 34.80 (+) 31.16 (+) 
3 N/A (-) N/A (-) N/A (-) N/A (-) 38.43 (-) 34.45 (+) 30.95 (+) 

Vitamin D 
1 N/A (-) N/A (-) N/A (-) 39.00 (-) 41.47 (-) 34.86 (+) 31.00 (+) 
2 N/A (-) N/A (-) 38.64 (-) 39.30 (-) 36.90 (+) 35.25 (+) 31.16 (+) 
3 N/A (-) N/A (-) N/A (-) N/A (-) 35.95 (+) 34.27 (+) 31.17 (+) 

*Data is shown as the cycle threshold (Ct) for detection of ASFV DNA after inoculation of feed with a pUC57 plasmid containing the ASFV 
p72 gene (original concentration: 69.4 ng/µL). The estimated number of copies per µl of PBS after reconstitution of the feed ingredient is 
shown. In parentheses is shown if the Ct value was considered positive (+) or negative (-). A Ct >38 was considered negative. The limit of 
detection is highlighted in grey for each ingredient and was determined as the highest dilution where all 3 replicates were considered positive. 
Key: CF, complete feed; RPMI, Roswell Park Memorial Institute media; SBM, soybean meal; DDGS, distillers dried grains with solubles. 
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we consistently obtained Ct values between 18 and 19.5 in whole corn, complete gestation feed, lysine, 
Vit D, and SBM, which are within the range detected in SVA stock control in the absence of feed 
matrix.  

 
The linearity was determined over a range of viral concentrations at least 5 data points 

usually representing 100.5 to 106.5 (or 3.16 to 3,162,278) TCID50/ml. The R2 values obtained in 
nucleic acid samples extracted from each of the 6 ingredients in Figure 1. In every case the R2 
value was greater than 0.9888, the minimum standard for validation as defined by the. 

 
Figure 1. Range and linearity of SVA detection in nucleic acid samples extracted from six feed ingredients. Linear regression 
analysis was performed and is shown for each ingredient. The linearity R2 and slopes (- values in the regression equation) 
are shown.  
 
Amplification efficiency 
 To evaluate the efficiency of amplification of the SVA RT-PCR assays on the nucleic acid 
extracted from each feed matrix tested in our study, we plotted the RT-PCR Ct values against the log10 
amount of the viruses in each dilution and performed a linear regression analysis (Figure 1). This 
resulted in the regression equation of the type y = ax + b in which “y” is the plotted Ct value, “a” is the 



slope of the regression line, “x” is the log10 amount of virus and “b” is the intercept of the regression 
line. The slope of the regression line was used to calculate the RT-PCR efficiency using the following 
formula: ε = 10(-1/slope)-1. The PCR reaction efficiency calculation is generally considered ideal when in 
the range of 90–110%. The amplification efficiency of the EZ-SVA RT-PCR was determined based on 
the calculated slope of the standard curve and it is presented in Table 3 below. Only, two ingredients 
SBM and lysine presented efficiencies slightly above the ideal range (113.93 and 113.70, respectively. 
All other ingredients resulted in amplification efficiencies within the 90-110% acceptable range.  
         Table 3. RT-PCR amplification efficiency from feed ingredients 

 
 
 We have also evaluated the presence of inhibitors in each of the feed ingredients through the 
use of a spiked internal control (IC) provided with the EZ-SVA RT-PCR kit. This IC was spiked in the 
lysis buffer prior to nucleic acid extraction. For each ingredient, we collected and analyzed IC Ct value 
data from a total of 21 replicates. No inhibition was observed in most ingredients, with the exception of 
DDGS, in which a significant inhibition was observed as noted by the late Ct values on the IC RT-PCR 
when compared to the SVA stock control. Interestingly, IC Ct values in SBM were statistically lower 
than in SVA control (Figure 2).  
 

 
Figure 2. Assessing inhibition in RT-PCR by feed ingredients using spiked internal control. Ct values on 14-21 replicates of 
each feed ingredient or control were plotted. Statistical comparisons between Ct values in feed ingredients and SVA control 
stock were made using T test. ***, p<0.001. 
 
Assessing variation and reproducibility of RNA/DNA extraction method and PCR amplification 
for SVA and ASFV 
 
 The reproducibility and inter extraction variability of the extraction protocol with the MagMax 
Core extraction kit was evaluated in all six ingredients. Six samples/replicates from each ingredient 
were be spiked with a constant amount of each virus (SVA [10^-5 or 316.22 TCID50; or ASFV, 1-2 logs 
above the assay detection limit) and nucleic acid extracted using the MagMax Core kit. Negative 
control samples will be included for all ingredients tested. Extractions were repeated in three different 
days and RT-PCR (SVA) or PCR (ASFV) tests were performed. The Ct values obtained on Runs 1, 2 and 
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3, were used to calculate the standard deviation and per cent coefficient of variation of Ct value on 
each feed ingredient (Table 4 and 5). Six replicates of each ingredient were subjected to this testing. 
Overall very good reproducibility, as evidenced by SD Ct values <1 and low CV%, were observed in all 
feed ingredients for both SVA and ASFV viruses (Table 4 and 5) 
  
Table 4. Intra-extraction variability and reproducibility of RNA extraction from feed ingredients using SVA 

 
*These studies were performed at Cornell AHDC. Cell culture grown stock of SVA strain SD15-26 was 
used.  
 



Table 5. Intra-extraction variability and reproducibility of DNA extraction from feed ingredients using ASFV. 

 
*These studies were performed in BSL-3 conditions at KSU. Spleen homogenates of a pig infected with 
ASFV GA 2007 was used.  
 
Further evaluation of the nucleic acid extraction procedure established in the present study. To 
complete the evaluation of the nucleic acid extraction procedure established in the present project we 
obtained additional funding from the Swine Health Information Center (SHIC project #21-065) and 
assessed the performance of the Core extraction method with two additional commercially available 
extraction kits (IndiMag and MVPII). The diagnostic performance of the assay was also evaluated 
against additional viruses including SVA, PRRSV and PEDV. In this follow up study, we showed that 
the 5g sample size coupled with the core extraction procedure in the automated Kingfisher Flex 
nucleic acid extractor outperform the other two extraction methods evaluated. Overall, we observed 
lower Ct values and superior diagnostic performance (sensitivity) in samples extracted with the Core 
kit, when compared to the other two methods. A full view of these results can be found at: 
https://www.swinehealth.org/wp-content/uploads/2021/10/10-21-Diel-feed-PCR-extraction-final-
report.pdf. 

https://www.swinehealth.org/wp-content/uploads/2021/10/10-21-Diel-feed-PCR-extraction-final-report.pdf
https://www.swinehealth.org/wp-content/uploads/2021/10/10-21-Diel-feed-PCR-extraction-final-report.pdf
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Conclusions: 
 
In the present project we have evaluated and validated a nucleic acid extraction method using the 
MagMax Core Kit and an automated magnetic nucleic acid extractor for RNA and DNA extraction for 
pathogen detection in feed and feed ingredients. The protocol focused on small sample sizes (5g) which 
were initially processed in 1:3 (w/v) ratio of PBS to completely reconstitute the viral pathogens from 
the feed ingredient prior to nucleic acid extraction.  
The protocols evaluated here for RNA and DNA viruses presented good and desirable properties for 
nucleic acid extraction procedure, including low LOD, good amplification efficiency and good linearity 
and reproducibility. One of the key aspects of nucleic acid extraction procedures is to remove PCR 
inhibitory solutions from the specimens. This was successfully obtained as evidenced by LOD3 
calculations and excellent linearity of the standard curves performed with the assay.  
 
The follow up study that we conducted and that was funded by SHIC (Project # 21-065), in which we 
compared the MagMax Core kit used in the present study with two other commercially available kits 
(IndiMag and MVP II). Notably, the MagMax Core kit presented better performance in extracting viral 
nucleic acid from feed when compared to the other two kits. Together these two studies demonstrate 
the efficiency of automated nucleic acid extraction for pathogen detection in feed. While additional 
validation studies will be required for other pathogens and PCR assays not evaluated in our studies, 
the results here provide an initial framework that may allow testing and pathogen detection in feed. It 
is important to note that extraction and sampling from large sample sized remains a challenge. One of 
the key issues for large volume feed testing, remains adequate sampling from large containers or totes 
that are used for transportation of feed ingredients.  
 
Presentations and publications: 

1. 2022 AASV. Diel DG. Pathogen testing in feed: lessons learned and challenges. February 2022. 
 

2. Gerdes, R., Fernandes, MHV., Nierderwerder, M., Diel D.G. Optimization of nucleic acid 
extraction from feed for pathogen detection. Manuscript in preparation. To be submitted to 
Transboundary and emerging diseases.  
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