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Report of a Single Laboratory Validation Study: Platform Extension of the Simplex 
Real‐time PCR Method for Detection of Prohibited Materials in Animal Feed 
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1Applied Technology Center and 2Filth Laboratory Group of Pacific Northwest Laboratory, 

Office of Regulatory Science, Office of Regulatory Affairs, the U. S. Food and Drug 

Administration (FDA), 22201 23rd Drive SE, Bothell, WA 98021 

*contact email: kun.liu@fda.hhs.gov; phone: 1‐425‐487‐5388 

Abstract 
A SmartCycler based real‐time Polymerase Chain Reaction (rt‐PCR) method is currently being utilized in 
the FDA Bovine Spongiform Encephalopathy (BSE) program to identify prohibited materials in animal 
feed. Here, we compared method performance on both the SmartCycler and the Applied Biosystems 
7500 Fast (AB7500F) platforms. The purpose was to extend the instrument platform to the AB7500F so 
that FDA laboratories can continue to identify prohibited materials in animal feed using rt‐PCR after the 
SmartCycler was discontinued. A total of 321 templates from three target species were tested. The 
false positive and false negative rates were slightly better using the rt‐PCR on the AB7500F platform 
than the SmartCycler platform. For bovine, caprine, and ovine identification, the false positive rates 
were 2.9%, 0%, and 3.6% on the AB7500F with the number of DNA templates tested in this study, 
respectively; and 6.5%, 0.8%, and 8.0% on the SmartCycler, respectively. The false negative rates for 
the identification of all the target species were 0% on the AB7500F with the number of DNA templates 
tested in this study; and 1.7%, 1.3%, and 0% on the SmartCycler, respectively. The simplex rt‐PCR 
method on both platforms was able to detect DNA of prohibited materials at the fractional levels for all 
the target species. Results of the McNemar’s test showed that there was no significant difference in rt‐
PCR performance on the two platforms with 95% confidence level. In addition, AB7500F software 
versions v1.4 and v2.3 were compared using 141 of the 321 templates, and no significant difference 
was found between the two versions with 95% confidence level. Overall, this study supports the 
platform extension of the BSE simplex rt‐PCR method from the SmartCycler to the AB7500F system. 
The Single Laboratory Validation (SLV) study has been reviewed and approved by the FDA Food and 
Veterinary Medicine (FVM) Chemistry Research Coordination Group (CRCG) and the FDA Molecular 
Identification Technical Advisory Group (MITAG). 

Key words: platform extension, Bovine Spongiform Encephalopathy (BSE), simplex real‐time PCR (rt‐
PCR), Applied Biosystems 7500 Fast (AB7500F), SmartCycler, Single Laboratory Validation (SLV) 

Administration Note: The Laboratory Information Bulletin is a tool for the rapid dissemination of 
laboratory methods (or information) which appear to work. It may not report completed scientific 
work. The user must assure him/herself by appropriate validation procedures that LIB methods and 
techniques are reliable and accurate for his/her intended use. Reference to any commercial material, 
equipment, or process does not in any way constitute approval, endorsement, or recommendation by 
the FDA. 
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Introduction 
Transmissible Spongiform Encephalopathies (TSE) are a group of fatal neurological diseases 
characterized by tiny holes in the brain that give the brain a "spongy" appearance under a microscope. 
Bovine Spongiform Encephalopathy (BSE) is the bovine form of TSE, and scrapie is the form transmitted 
by goats and sheep (1). The causative agents are currently believed to be misfolded proteins called 
prions. Human and animals can be infected by BSE and certain other forms of TSE via consumption of 
prion contaminated meat and bone meals (MBM) (2). The first confirmed BSE case in cattle occurred in 
the United Kingdom in 1986, and BSE spread worldwide later. To date, over 184,500 BSE cases have 
been reported, resulting in devastating economic loss and posing a serious threat to public health (2). 
To prevent the transmission of TSE in our food supply, it is critical that the presence of ruminant‐
derived proteins be prohibited in animal feed. FDA introduced 21 CFR 589.2000 in 1997 and 21 CFR 
589.2001 in 2008, which ban ruminant MBM in animal feed and feed ingredients used for food‐
producing animals in interstate commerce within the United States. In October 2003, the FDA 
compliance program #7371.009 on BSE/Ruminant Feed Ban Inspections was put into effect to assess 
the compliance of animal feed and animal feed producers with the two regulations (3). 

Currently, there are three validated analytical methods that are being used in the BSE compliance 
program: a simplex rt‐PCR method published in the Laboratory Information Bulletin (LIB) 4486 (4, 5), a 
multiplex rt‐PCR method published in LIB 4544A (6), and an Animal Feed Microscopy (AFM) method 
published in AOAC’s Official Methods of Analysis (7). The rt‐PCR methods detect the presence of DNA 
from prohibited materials (bovine, caprine and ovine species), whereas the AFM method utilizes 
microscopy and certain chemical tests to visually and chemically ascertain whether feed contains 
suspect animal tissues like bone, muscle and hair. In most FDA laboratories, a combination of the 
simplex rt‐PCR and the AFM methods are often used for screening and confirmation (8‐10). 

Both the simplex and multiplex rt‐PCR methods utilize Invitrogen’s Chargeswitch gDNA Rendered Meat 
Purification kit to extract DNA from feed and feed ingredients. Unlike the multiplex rt‐PCR method 
which amplifies a homologous region of the ruminant genomes, the simplex rt‐PCR method targets 
different genes in the bovine, caprine or ovine genome in separate reactions. Unfortunately, Cepheid 
Inc. discontinued the SmartCycler in December 2018 and will no longer service the existing instruments 
(11), which left FDA laboratories without a platform for running the simplex rt‐PCR method published 
in LIB 4486. 

To address this issue, a research project was recently accomplished to extend the instrument platform 
to the Applied Biosystems 7500 Fast (AB7500F) system (12). As the purpose was to extend the rt‐PCR 
platform, no changes were made to the DNA extraction section of LIB 4486. Any changes to the rt‐PCR 
cycling conditions and master mix recipes for method optimization were kept to a minimum on the 
AB7500F platform. In addition, a set of published internal amplification control (IAC) (13) was 
incorporated into the AB7500F based simplex rt‐PCR assay. This IAC targets the green fluorescence 
protein (GFP) gene, which was first discovered in the jellyfish Aequorea Victoria and has been widely 
used as a PCR IAC to detect microbial pathogens (13, 14). Due to its unique sequence and function, GFP 
also serves as a transgenic marker in plants (15) and vertebrates (16). 

To evaluate the AB7500F platform, a Single Laboratory Validation (SLV) study was designed following 
the FDA Guidelines for the Validation of Analytical Methods for Nucleic Acid Sequence‐Based Analysis of 
Food, Feed, Cosmetics and Veterinary Products (17). The design was approved by the FDA CRCG and the 
FDA MITAG. This SLV was performed and completed at ORA/ORS/Pacific Northwest Laboratory. 
Following the completion, the results were reviewed by CRCG and MITAG, and the platform extension 
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study was deemed successful. In this LIB, the approved SLV study is summarized and the results are 
reported. 

Experimental 

DNA extraction and SmartCycler‐based rt‐PCR were performed following the procedures in LIB 4486 
(4). 

Equipment, supplies and reagents for the rt‐PCR on the AB7500F platform 
Please refer to the details in a separate LIB on the rt‐PCR protocol (18). 

The simplex rt‐PCR on the AB7500F platform 
As this is a simplex rt‐PCR method, each set of master mix (bovine, caprine, ovine and IAC) was 
prepared separately. Briefly, the final concentration was 400 nM for all primers. The volume of each rt‐
PCR reaction was 25 µl, and 2 µl PCR template or control was used in a reaction (Table 1). The rt‐PCR 
cycling conditions on the AB7500F platform are shown in Table 2. The acceptable melting temperature 
(Tm) ranges of target species are listed in Table 3. For detailed instruction of master mix preparation, 
template addition and setup on the AB7500F instrument, please refer to a separate LIB published by 
our group (18). 

Table 1. The rt‐PCR reactions on the AB7500F platform. NA = not applicable. 

rt‐PCR components 
Stock 

concentration 
Final 

concentration 
Volume (µl) 

iQ SYBR® Green SuperMix with ROX 2 × 1 × 12.5 
Primer set for each species (forward and reverse) 5 µM 400 nM 2.0 

Template or PCR controls NA NA 2.0 
Molecular biology grade water (MGW) NA NA 8.5 

Total volume NA NA 25.0 
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Table 2. The rt‐PCR cycling conditions on the AB7500F platform. 

Stage Repetitions Temperature Time (min:sec) 
Ramp 
Rate 

1 1 94.0 °C 2:00 Auto 

2 50 
94.0 °C 0:10 Auto 
58.9 °C 0:15 Auto 
72.0 °C 0:40 Auto 

3 (the default 
dissociation program) 

1 

95.0 °C 0:15 Auto 
60.0 °C 1:00 Auto 
95.0 °C 0:15 Auto 
60.0 °C 0:15 Auto 

Mode: 7500 Fast 
Data Collection: Stage 2 Step 3 (72.0°C 40sec) 

Table 3. The acceptable Tm ranges of the simplex rt‐PCR on the AB7500F platform. 
Target Acceptable Tm range (°C) 

Bovine 81.8‐83.3 

Caprine 82.6‐84.5 

Ovine 78.5‐80.3 

GFP (IAC) 86.4‐88.5 

The templates tested in the SLV study 
The reference materials used in this study included a bovine meat and bone meal (BMBM), a caprine 
meat meal (CMM), an ovine meat and bone meal (OMBM), and caprine gDNA. The BMBM, CMM, and 
OMBM were provided by Dr. Michael Myers from the FDA’s Center for Veterinary Medicine (CVM). The 
caprine gDNA was purchased from Zyagen (San Diego, CA). DNA was extracted from the BMBM, CMM, 
and OMBM using the extraction method in LIB 4486, then diluted with MGW to three levels designated 
“high” (1.0% for all three species), “intermediate” (0.1% for all three species) and “fractional” (0.0001% 
for BMBM and OMBM, and 0.01% for CMM) to run the approved experiments. Thirty replicates of DNA 
at each level were tested on both platforms. Ten of the thirty replicates at each level were also tested 
to compare the AB software versions v1.4 and v2.3 (Table 4). 

Table 4. DNA extracted from the BMBM, CMM and OMBM reference materials. 

Reference material 
(species) 

Levels 
Replicates for platform 

comparison 
Replicates for AB software 

comparison 

High (1.0%) 30 10 

BMBM (bovine) Intermediate (0.1%) 30 10 

Fractional (0.0001%) 30 10 

High (1.0%) 30 10 

CMM (caprine) Intermediate (0.1%) 30 10 

Fractional (0.01%) 30 10 

High (1.0%) 30 10 

OMBM (ovine) Intermediate (0.1%) 30 10 

Fractional (0.0001%) 30 10 
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As the CMM reference was not available at the beginning of the study, initially three different feed 
matrices were spiked with reference caprine gDNA at three levels per the approved study design. After 
spiking, DNA was extracted from each matrix and tested with rt‐PCR (Table 5). 

Table 5. Caprine gDNA spiked feed matrices. 

Matrix # Matrix texture 

Spike levels 
(quantity of the reference 
caprine gDNA per 0.25 g 

matrix) 

Replicates for platform 
comparison 

Replicates for AB 
software comparison 

808 Very fine, almost 
homogenous 

Matrix control (0 µg) 3 3 
High (0.1 µg) 3 3 

Intermediate (0.01 µg) 3 3 

Fractional (0.001 µg) 8 8 

824 Fine, relatively 
homogenous 

Matrix control (0 µg) 3 3 
High (1.0 µg) 3 3 

Intermediate (0.25 µg) 3 3 

Fractional (0.05 µg) 8 8 

2565 
Coarse, 

heterogeneous 

Matrix control (0 µg) 3 3 
High (0.1 µg) 3 3 

Intermediate (0.01 µg) 3 3 

Fractional (0.0001 µg) 8 8 

Statistical evaluation 
Median, mean, and standard deviation values were calculated using Microsoft Excel 2010. The false 
positive and false negative rates were calculated following the FDA Guidelines for the Validation of 
Analytical Methods for Nucleic Acid Sequence‐Based Analysis of Food, Feed, Cosmetics and Veterinary 
Products (17). The correct ID rates at the fractional levels were calculated with the true positive 
numbers divided by the total numbers at the respective levels. The McNemar's test (19) was used to 
determine if there was a significant difference between the results from the reference platform 
(SmartCycler) and the new platform (AB7500F). It was also applied to compare the two AB software 
versions. 

Results and discussion 
During the method development stage, rt‐PCR efficiencies were determined to be similar between the 
two platforms with the number of reference gDNA templates tested in the study: 93.2%, 100.3%, and 
94.9% on the AB7500F platform for bovine, caprine, and ovine identification, respectively; and 93.8%, 
102.4%, and 93.4% on the SmartCycler platform, respectively. The linear coefficient (R2) values of the 
standard curves were all greater than 0.99 on both platforms with the gDNA templates spanning from 
2.0 to 2.0×104 pg per reaction. 

In the SLV study, a total of 321 DNA templates were tested for platform comparison, including 90 using 
the BMBM, 90 using the CMM, 90 using the OMBM and 51 using the caprine gDNA spiked feed 
matrices. In addition, 141 of these templates were tested to compare the AB7500F software versions 
v1.4 and v2.3 (Tables 4 and 5). Results of all SLV rt‐PCR experiments are attached in Supplementary 
Information 1. 
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As summarized in Table 6, with the number of DNA templates tested in the SLV, rt‐PCR false positive 
rates were slightly reduced on the new platform (2.9%, 0%, and 3.6% on the AB7500F with software 
v1.4 versus 6.5%, 0.8%, and 8.0% on the SmartCycler for bovine, caprine, and ovine identification, 
respectively). The false negative rates for bovine and caprine identification were also decreased on the 
new platform (0% for all targets on the AB7500F versus 1.7%, 1.3%, and 0% on the SmartCycler for 
bovine, caprine, and ovine identification, respectively). At the fractional levels, the simplex rt‐PCR 
method was able to identify target DNA on both platforms (Table 6). 

The performance of the two AB7500F software versions, v1.4 and v2.3, were also compared using 141 
of the 321 templates. As shown in Table 6 (the last two columns on the right), the false positive rates 
for bovine, caprine, and ovine identification were 3.4%, 0%, and 0% with AB7500F software v1.4, 
respectively; and 3.4%, 0%, and 6.9% with software v2.3, respectively. With the number of DNA 
templates tested in this study, there were no false negative results for any of the target species using 
either software version. At the fractional levels, the target DNA was correctly identified using both 
AB7500F software versions (Table 6). 

Table 6. The false positive and false negative rates using templates at the high and intermediate 
levels, and the correct ID rates using templates at the fractional levels. 

Species 
identification 

Result summary 
rt‐PCR instrument platforms AB software versions 

SmartCycler AB7500F v1.4 AB7500F v1.4 AB7500F v2.3 

Bovine 

false positive rate 
6.5% (9 out of 
138 replicates) 

2.9% (4 out of 
138 replicates) 

3.4% (2 out of 
58 replicates) 

3.4% (2 out of 58 
replicates) 

false negative rate 
1.7% (1 out of 60 

replicates) 
0% (0 out of 60 
replicates) 

0% (0 out of 20 
replicates) 

0% (0 out of 20 
replicates) 

correct ID rate at 
the fractional level 

6.7% (2 out of 30 
replicates) 

16.7% (5 out of 
30 replicates) 

10.0% (1 out of 
10 replicates) 

30.0% (3 out of 
10 replicates)$ 

Caprine 

false positive rate 
0.8% (1 out of 
120 replicates) 

0% (0 out of 120 
replicates) 

0% (0 out of 40 
replicates) 

0% (0 out of 40 
replicates) 

false negative rate 
1.3% (1 out of 78 

replicates) 
0% (0 out of 78 
replicates) 

0% (0 out of 38 
replicates) 

0% (0 out of 38 
replicates) 

correct ID rate at 
the fractional level 

42.6% (23 out of 
54 replicates) 

61.1% (33 out of 
54 replicates) 

73.5% (25 out of 
34 replicates) 

64.7% (22 out of 
34 replicates) 

Ovine 

false positive rate 
8.0% (11 out of 
138 replicates) 

3.6% (5 out of 
138 replicates) 

0% (0 out of 58 
replicates) 

6.9% (4 out of 58 
replicates) 

false negative rate 
0% (0 out of 60 
replicates) 

0% (0 out of 60 
replicates) 

0% (0 out of 20 
replicates) 

0% (0 out of 20 
replicates) 

correct ID rate at 
the fractional level 

80.0% (24 out of 
30 replicates) 

76.7% (23 out 
of 30 replicates) 

50.0% (5 out of 
10 replicates) 

70.0% (7 out of 
10 replicates) 

$ One of the positive results was reported as “positive but under the limit of detection (LOD)” per LIB 4486 (4). 

As in Table 7, the results of the McNemar’s test showed that there was no significant difference 
between rt‐PCR results obtained from the SmartCycler platform and the AB7500F platform (with 
software v1.4) using the cutoff values of 0.05 and 3.84 for the p and chi‐square, respectively, with 95% 
confidence level. Calculated the same way, there was either no significant difference between results 
obtained with the two AB7500F software versions. 
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Table 7. Summary of the McNemar’s test on rt‐PCR results obtained between the two platforms and 
two AB software versions. P = two‐tailed p‐values. Chi2 = chi‐square values with 1 degree of freedom. 
NA = not applicable. For p ≥ 0.05, chi2 ≤ 3.84 with 95% confidence level. 

Summary of the 
McNemar's test 

Platform comparison 
SmartCycler vs. AB7500F v1.4 

AB software comparison 
AB7500F software v1.4 vs. v2.3 

Bovine Caprine Ovine Bovine Caprine Ovine 

Sample size (n) 291 267 291 131 107 131 

P 0.08 0.48 0.18 0.48 
NA, identical rt‐
PCR results 

0.13 

Chi2 3.12 0.50 1.79 0.50 
NA, identical rt‐
PCR results 

2.25 

In SYBR Green based rt‐PCR assays, the melting temperature (Tm) is a critical parameter for reporting 
results. Statistical analyses of the true positive Tm values in the SLV are summarized in Table 8. The 
standard deviations (SD) of Tm values obtained on the AB7500F platform were  ≤ 0.3 °C for all target 
species, indicating that the Tm results were consistent across three different template concentrations 
in this study. 

Table 8. Statistical analyses of the Tm values. Tm unit = °C. NA = not applicable. 
Target species Tm statistics SmartCycler (°C) AB7500F v1.4 (°C) AB7500F v2.3 (°C) 

Bovine 

Number of true positives (n) 61 65 23 

Minimum Tm 83.2 82.0 82.0 

Maximum Tm 83.6 83.1 82.7 

Median of Tm 83.4 82.7 82.3 

Mean of Tm 83.4 82.7 82.3 

Standard deviation of Tm 0.1 0.2 0.2 

Caprine 

Number of true positives (n) 100 111 60 

Minimum Tm 83.3 82.8 82.7 

Maximum Tm 84.6 84.2 83.6 

Median of Tm 84.3 83.6 83.3 

Mean of Tm 84.3 83.6 83.3 

Standard deviation of Tm 0.1 0.3 0.2 

Ovine 

Number of true positives (n) 84 83 27 

Minimum Tm 79.7 78.7 78.6 

Maximum Tm 80.6 80.1 79.3 

Median of Tm 80.0 79.3 79.1 

Mean of Tm 80.0 79.4 79.0 

Standard deviation of Tm 0.2 0.3 0.2 

GFP IAC 

Number of templates (n) NA 321 141 

Minimum Tm NA 87.0 86.9 

Maximum Tm NA 88.2 87.6 

Median of Tm NA 87.6 87.4 

Mean of Tm NA 87.6 87.3 

Standard deviation of Tm NA 0.3 0.1 



   
                                                                                                                                                                                     

 

                             
                             

                           
                                     

                           
                                   

                                   
                                   

                               
                                   

                                 
                               

                         
 
                                     

                                 
                               
                                   

     
 

                                      
         

                         

   
 

 
       

 
       

 
 

 

   

               

 

   

 

 

 

     

 

   

 

 

 

   

                 

   

                 

   

                 

           

 

 
     

 

   

 

 
     

 

                 

               

               

             

 

 
     

 

     

 

 
     

 

                   

                   

                   

LIB #4656 
FDA/ORA/ORS Page 8 of 17 

The Tm ranges of target species were initially determined based on experimental true positive values 
during the method development. The initial ranges were approved in the SLV study design. Following 
the completion of this SLV, acceptable Tm ranges were re‐calculated by combining the experimental 
values and the [mean ± 3SD] of Tm values in the SLV (Table 8). For example, during the method 
development, the minimum and maximum experimental bovine Tm values were 81.8 and 83.1 °C, 
respectively. After the SLV study, the mean and SD of bovine Tm on the AB7500F with software v1.4 
were 82.7 and 0.2 °C, respectively (Table 8), resulting in a [mean ± 3SD] range of 82.1‐83.3 °C. 
Combining the experimental range (81.8 – 83.1 °C) and the [mean ± 3SD] range (82.1‐83.3 °C), the final 
bovine Tm range was recalculated to be 81.8‐83.3 °C. Similarly, the caprine Tm range was recalculated 
to be 82.6 ‐ 84.5 °C (82.8‐84.4 °C previously); the ovine Tm range was recalculated to be 78.5‐80.3 °C 
(78.5‐80.1 °C previously); and the GFP Tm range was recalculated to be 86.4  ‐ 88.5 °C (86.4‐88.4 °C 
previously). The updated Tm ranges are summarized in Table 3. These adjustments did not affect the 
study results or the conclusions made regarding platform extension and software version comparison. 

In this study, PCR inhibition was detected in 1 out of 54 DNA extractions. The DNA was extracted from 
matrix 824 spiked with 0.05 µg caprine gDNA (Table 9A). The matrix spiking, DNA extraction, and rt‐PCR 
were repeated to obtain valid results with acceptable IAC (Table 9B). The difference in rt‐PCR results 
may be due to variation in the feed ingredients, or spike of that particular feed matrix, and/or variation 
in DNA extraction. 

Table 9A. PCR inhibition indicated by the IAC in 1 out of 54 DNA extractions tested in the study. 
Spp.=species. Ctl=PCR control. Neg=negative. Pos=positive. 

Experiment AB7500F with software v1.4, operator 2 AB7500F with software v2.3, operator 1 

Template ID 
Primer 
spp. 

Ct (cycles) Tm (°C) 
rt‐PCR 
result 

Ctl correct? 
Y/N Ct (cycles) Tm (°C) 

rt‐PCR 
result 

Ctl correct? 
Y/N 

824 0.05µg 
Caprine gDNA 1# 

Bovine Undetermined 65.4 neg 

N 
(IAC neg 
indicating 

PCR 
inhibition) 

Undetermined 61.4 neg 

N 
(IAC neg 
indicating 

PCR 
inhibition) 

824 0.05µg 
Caprine gDNA 1# 

Caprine Undetermined 65.4 neg Undetermined 62.1 neg 

824 0.05µg 
Caprine gDNA 1# 

Ovine Undetermined 83.9 neg Undetermined 62.8 neg 

824 0.05µg 
Caprine gDNA 1# 

IAC Undetermined 67.4 neg Undetermined 63.8 neg 

Neg ctl Bovine 36.2 74.5 neg 

Y 
(neg ctls were 

correct) 

Undetermined 63.0 neg 

Y 
(neg ctls were 

correct) 

Neg ctl Caprine 32.8 79.8 neg 36.4 78.9 neg 

Neg ctl Ovine Undetermined 76.2 neg Undetermined 60.9 neg 

Neg ctl IAC 47.6 77.2 neg Undetermined 62.7 neg 

B pos ctl Bovine 23.7 82.3 pos 

Y 
(pos ctls were 

correct) 

25.8 82.3 pos 

Y 
(pos ctls were 

correct) 

C pos ctl Caprine 23.7 83.9 pos 26.4 83.6 pos 

O pos ctl Ovine 24.9 79.1 pos 26.9 78.9 pos 

IAC pos ctl IAC 25.7 87.2 pos 24.4 87.2 pos 
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Table 9B. Acceptable results of the repeated experiment. Spp.=species. Ctl=PCR control. 
Neg=negative. Pos=positive. 

Experiment AB7500F with v1.4 software, operator 1 AB7500F with v2.3 software, operator 1 

Template ID 
Primer 
spp. 

Ct (cycles) Tm (°C) 
rt‐PCR 
Result 

Ctl correct? 
Y/N Ct (cycles) Tm (°C) 

rt‐PCR 
Result 

Ctl correct? 
Y/N 

824 0.05µg Caprine 
gDNA repeat Bovine Undetermined 65.3 neg 

Y 
(IAC correct, 
caprine pos) 

Undetermined 63.0 neg 

Y 
(IAC correct, 
caprine pos) 

824 0.05µg Caprine 
gDNA repeat Caprine 32.3 83.7 pos 34.5 83.1 pos 

824 0.05µg Caprine 
gDNA repeat Ovine Undetermined 89.3 neg Undetermined 63.2 neg 

824 0.05µg Caprine 
gDNA repeat IAC 21.9 87.8 pos 23.3 87.4 pos 

Neg ctl Bovine Undetermined 66.0 neg 

Y 
(neg ctls 

were correct) 

Undetermined 62.9 neg 

Y 
(neg ctls 

were correct) 

Neg ctl Caprine 33.7 79.5 neg 35.3 78.5 neg 

Neg ctl Ovine Undetermined 88.4 neg Undetermined 64.4 neg 

Neg ctl IAC 42.5 75.3 neg Undetermined 67.7 neg 

B pos ctl Bovine 22.1 82.4 pos 

Y 
(pos ctls 

were correct) 

24.9 82.1 pos 

Y 
(pos ctls were 

correct) 

C pos ctl Caprine 23.9 84.0 pos 25.8 83.5 pos 

O pos ctl Ovine 25.1 79.2 pos 26.9 78.9 pos 

IAC pos ctl IAC 21.3 87.1 pos 23.9 87.1 pos 

Per the approved study design, each sample melt curve was visually inspected when the sample Tm fell 
within the acceptable range for the respective species. If the melt curve was not acceptable, e.g., 
exhibiting a shoulder or multiple peaks at similar height, the rt‐PCR was repeated using 2 µl of the 
same template to obtain additional data to draw a conclusion. Please see a separate LIB on the 
AB7500F rt‐PCR protocol by our group (18) for detailed instructions. This procedure reduced the false 
positive rates from 6.5% to 2.9% for bovine identification, and from 5.1% to 3.6% for ovine 
identification using the AB7500F rt‐PCR with software v1.4 in this study. Using the AB7500F rt‐PCR with 
software v2.3, the false positive rates were also slightly reduced from 5.2% to 3.4% for bovine 
identification, and from 8.6% to 6.9% for ovine identification. The reduced false positive rates are 
summarized in Table 6. On the other hand, this procedure slightly decreased the correct identification 
rates of caprine templates at the fractional levels, from 63.0% to 61.1% on the AB7500F with software 
v1.4 (34 versus 33 true positives out of 54 templates tested), and from 67.6% to 64.7% on the AB7500F 
with software v2.3 (23 versus 22 true positives out of 34 templates tested). Melt curve inspection was 
not performed to the positive results obtained on the SmartCycler platform, as it was not in LIB 4486. 
The false positive rates on the SmartCycler platform would likely be reduced if the same procedure had 
been done. 
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Conclusions 
This LIB summarizes results of a SLV study completed at Pacific Northwest Laboratory on the platform 
extension of the simplex rt‐PCR method in LIB 4486 to detect prohibited materials in animal feed. The 
results include the false positive and false negative rates using templates at the high and intermediate 
levels, as well as the correct identification rates using templates at the fractional levels for each target 
species. The acceptable Tm ranges of all target species were determined for the rt‐PCR method on the 
AB7500F platform. Comparison was performed between the reference platform (SmartCycler) versus 
the new platform (AB7500F), and also between the two AB7500F software versions (v1.4 and v2.3). 
The simplex rt‐PCR method performed on the AB7500F platform was able to identify target DNA from 
bovine, caprine, and ovine species at three different levels. The rt‐PCR performance on the AB7500F 
platform was at least equal to that on the SmartCycler platform, with some of the false positive and 
false negative rates slightly reduced on the AB7500F with the number of DNA templates tested here. 
Both the AB7500F software v1.4 and v2.3 worked for the simplex rt‐PCR method in the SLV study. 

After technical review, this study has been deemed successful by the FDA CRCG and MITAG. The 
platform of the simplex rt‐PCR method in LIB 4486 has been approved to be extended to the AB7500F 
system. 

Acknowledgments 
This study is supported by two FDA Component Automated Research Tracking System (CARTS) projects 
that have been successfully completed on time, IR01527 (the method development) and IR01657 (the 
SLV study). All authors are FDA full‐time employees. We thank Dr. Michael Myers from FDA/CVM for 
providing reference materials and scientific discussions. We are grateful to Haile F. Yancy, Jewell D. 
Washington, Lauren Callahan, Jacqueline A. Mason, Christine M. Deaver, Dorothy E. Farrell, Tai Ha, Eric 
Sespico, Daniel Falmlen, Heidi Swain, and Michael J. Myers for developing the original rt‐PCR method 
published in the LIB 4486. We thank the FDA CRCG and MITAG for guidance and review of the SLV 
study, thank Dr. Srinivasulu Chigurupati from FDA/ORA/ORS and the Pacific Northwest Laboratory 
management team for the support throughout the study, and thank Ms. Shelagh Schopen for 
coordination and taking experimental photos. We are also grateful to FDA/ORA/ORS/Office of Research 
Coordination, Evaluation and Training (ORCET) for coordination, support and review. 

References 
1. (As of 4/10/2019) https://www.fda.gov/animalveterinary/resourcesforyou/animalhealthliteracy/ucm136222.htm. 

FDA website "All about BSE" 
2. (As of 4/2/2019) http://www.oie.int/animal‐health‐in‐the‐world/official‐disease‐status/bse/list‐of‐bse‐risk‐status/. 

World Organization for Animal Health BSE webpage. 
3. (Effective since October, 2003) 

https://www.fda.gov/downloads/AnimalVeterinary/ComplianceEnforcement/UCM113437.pdf. FDA compliance 
program #7371.009 on BSE/Ruminant Feed Ban Inspections. 

4. Yancy, H. F. Washington, J. D., Callahan L., Mason J. A., Deaver C. M., Farrell, D. E., Ha T., Sespico, E., Falmlen, D., 
Swain H., and Myers, M. J. (June 2011) A Rapid Real‐Time PCR Method for the Detection of Prohibited Animal 
Material in Feed Samples. Laboratory Information Bulletin No. 4486. 
http://inside.fda.gov:9003/downloads/PolicyProcedures/Laboratories/LaboratoryInformationBulletins/UCM259761 
.pdf. 

5. Yancy, H. F. Washington, J. D., Callahan L., Mason J.A., Farrell, D. E., Ha T., Sespico, E., Falmlen, D., and Myers, M. J. 
(November 2009) Development, evaluation, and peer verification of a rapid real‐time PCR method for the 
detection of animal material. J Food Prot. 72(11):2368‐2374. 

6. Yancy, H. F. Ekins, J., Peters, S. M., Jones, Y. L., Swaim, H. F., Ha, T., and Myers, M. J. (July 2014) A Rapid Multiplex 
Real‐Time PCR Assay for the Detection of Ruminant DNA. Laboratory Information Bulletin No 4544A. 
http://inside.fda.gov:9003/downloads/PolicyProcedures/Laboratories/LaboratoryInformationBulletins/UCM405072 
.pdf. 

7. (2005) Modified Official Method: Microscopy of Animal Feeds. AOAC:20th ed.:964.07/970.09 

https://ed.:964.07/970.09
http://inside.fda.gov:9003/downloads/PolicyProcedures/Laboratories/LaboratoryInformationBulletins/UCM405072
http://inside.fda.gov:9003/downloads/PolicyProcedures/Laboratories/LaboratoryInformationBulletins/UCM259761
https://www.fda.gov/downloads/AnimalVeterinary/ComplianceEnforcement/UCM113437.pdf
http://www.oie.int/animal-health-in-the-world/official-disease-status/bse/list-of-bse-risk-status
https://www.fda.gov/animalveterinary/resourcesforyou/animalhealthliteracy/ucm136222.htm


   
                                                                                                                                                                                     

 

                                 
                             

                               
                             

                 
                               

             
 

               
   

                                     
                               
         

                                     
                     

             
                                     

                           
           

                                       
                             

                                         
                           
   

                                 
                 

                                             
                              

                 
 
 
  

LIB #4656 
FDA/ORA/ORS Page 11 of 17 

8. (July, 2010) Sample collection and analyses of Imported Animal Feed, Feed Ingredients, and Other Animal Products 
for Presence of Prohibited Animal Tissue. ORA Concurrence # 2010062801, CVM Assignment Reference # 10‐03. 

9. (November, 2006) Sample collection and analyses of Domestic Animal Feed, Feed Ingredients, and Other Animal 
Products for Presence of Animal Tissue and Ruminant Mitochondrial DNA. ORA Concurrence # 2007102701, CVM 
Assignment Reference # VA07‐04, FACTS Assignment Number # 784143. 

10. (2/4/2014) Testing of Prohibited Materials in Animal Feeds. Memorandum from Deputy Office Director, Food and 
Feed, to ORA Laboratory Managers and Supervisors. 
http://inside.fda.gov:9003/downloads/ora/offices/oors/ucm384585.pdf. 

11. (As of December 2018.) http://www.cepheid.com/us/cepheid‐solutions/systems/smartcycler. Cepheid SmartCycler 
web page. 

12. Liu K. C., Pires, G. S., Furseth, H. A., and Jinneman, K. C. (4/1/2017  ‐ 06/30/2018) CARTS IR01527: Platform 
extension of LIB 4486 simplex qPCR detection of prohibited animal material in feed samples. FDA Component 
Automated Research Tracking System (CARTS). 

13. Liu K. C., Jinneman, K. C., Neal‐McKinney, J., Wu, W. H., Rice, D. H. (2017) Simultaneous Identification of 
Campylobacter jejuni, Campylobacter coli, and Campylobacter lari with SmartCycler‐Based Multiplex Quantitative 
Polymerase Chain Reaction. Foodborne Pathog Dis 14(7):371‐378. 

14. Murphy N. M., McLauchlin, J., Ohai, C., Grant, K. A. (2007) Construction and evaluation of a microbiological positive 
process internal control for PCR‐based examination of food samples for Listeria monocytogenes and Salmonella 
enterica. Int J Food Microbiol 120(1‐2):110‐119. 

15. Lu, Y., Chen, X., Wu, Y., Wang, Y., He, Y., Wu, Y. (2013) Directly transforming PCR‐amplified DNA fragments into 
plant cells is a versatile system that facilitates the transient expression assay. PLoS One 8(2):e57171. 

16. Green C. B., Zhao X., & Hoyer L. L. (2005) Use of green fluorescent protein and reverse transcription‐PCR to monitor 
Candida albicans agglutinin‐like sequence gene expression in a murine model of disseminated candidiasis. Infect 
Immun 73(3):1852‐1855. 

17. (As of 5/16/2019) The FDA Guidelines for the Validation of Analytical Methods for Nucleic Acid Sequence‐Based 
Analysis of Food, Feed, Cosmetics and Veterinary Products. https://www.fda.gov/media/121751/download 

18. Liu, K. C., Pires, G. S., Furseth, H. A., and Jinneman, K. C. (2019) A Simplex Real‐time PCR Method for Detection of 
Prohibited Materials in Animal Feed on the Extended Applied Biosystems 7500 Fast System. LIB 4657. 

19. (As of 4/2/2019) https://www.graphpad.com/quickcalcs/McNemar1.cfm. An online McNemar calculator. 

https://www.graphpad.com/quickcalcs/McNemar1.cfm
https://www.fda.gov/media/121751/download
http://www.cepheid.com/us/cepheid-solutions/systems/smartcycler
http://inside.fda.gov:9003/downloads/ora/offices/oors/ucm384585.pdf


   
                                                                                                                                                                                     

 

                     
                               

 

        
 

    

          

 

  

 

 

 

 

 

 

 

  
 

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 

  

  

 

 

  

 

  

 

 

 

 

 

 

  

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

LIB #4656 
FDA/ORA/ORS Page 12 of 17 

Supplementary Information 1. All rt‐PCR results obtained in the SLV study. 
BMBM, bovine meat and bone meal. CMM, caprine meat meal. OMBM, ovine meat and bone meal. 

Pos, positive rt-PCR result. Neg, negative rt-PCR result. Fal pos, false positive. Fal neg, false negative. NA, not available. 

False positive and false negative results are highlighted in blue and purple, respectively. Positive results at the fractional levels are highlighted in yellow boxes. 
Results obtained with dilutions of DNA extracted from BMBM, CMM, and OMBM 

Platforms SmartCycler AB7500F v1.4 AB7500F v2.3 

Templates ID B primers C primers O primers B primers C primers O primers B primers C primers O primers 

BMBM 1% 1 pos neg neg pos neg neg pos neg neg 

BMBM 1% 2 pos neg neg pos neg neg pos neg pos (fal pos)* 

BMBM 1% 3 pos neg neg pos neg neg pos neg neg 

BMBM 1% 4 pos neg neg pos neg neg pos neg neg 

BMBM 1% 5 pos neg neg pos neg neg pos neg neg 

BMBM 1% 6 pos neg neg pos neg neg pos neg neg 

BMBM 1% 7 pos neg neg pos neg neg pos neg neg 

BMBM 1% 8 pos neg neg pos neg neg pos neg neg 

BMBM 1% 9 pos neg neg pos neg neg pos neg neg 

BMBM 1% 10 pos neg pos (fal pos)* pos neg neg **** pos neg neg 

BMBM 1% 11 pos neg neg pos neg neg NA NA NA 

BMBM 1% 12 pos neg neg pos neg neg NA NA NA 

BMBM 1% 13 pos neg pos (fal pos)* pos neg neg NA NA NA 

BMBM 1% 14 pos neg neg pos neg neg *** NA NA NA 

BMBM 1% 15 pos neg neg pos neg neg NA NA NA 

BMBM 1% 16 pos neg neg pos neg neg NA NA NA 

BMBM 1% 17 pos neg neg pos neg neg NA NA NA 

BMBM 1% 18 pos neg neg pos neg neg NA NA NA 

BMBM 1% 19 pos neg neg pos neg neg NA NA NA 

BMBM 1% 20 pos pos (fal pos)** neg pos neg neg NA NA NA 

BMBM 1% 21 pos neg neg pos neg neg NA NA NA 

BMBM 1% 22 pos neg neg pos neg neg NA NA NA 

BMBM 1% 23 pos neg neg pos neg neg NA NA NA 

BMBM 1% 24 pos neg neg pos neg neg NA NA NA 

BMBM 1% 25 pos neg neg pos neg neg NA NA NA 

BMBM 1% 26 pos neg neg pos neg pos (fal pos)* NA NA NA 

BMBM 1% 27 pos neg neg &pos neg neg NA NA NA 

BMBM 1% 28 pos neg neg pos neg neg NA NA NA 

BMBM 1% 29 pos neg neg pos neg neg NA NA NA 

BMBM 1% 30 pos neg neg pos neg pos (fal pos)* NA NA NA 

BMBM 0.1% 1 pos neg neg pos neg neg pos neg neg 

BMBM 0.1% 2 pos neg pos (fal pos)* pos neg neg pos neg neg 

BMBM 0.1% 3 pos neg neg pos neg neg pos neg neg 

BMBM 0.1% 4 pos neg neg pos neg neg pos neg neg 

BMBM 0.1% 5 pos neg neg pos neg neg pos neg neg 

BMBM 0.1% 6 pos neg neg pos neg neg pos neg neg 

BMBM 0.1% 7 pos neg neg pos neg neg pos neg neg 

BMBM 0.1% 8 pos neg neg pos neg neg pos neg neg 

BMBM 0.1% 9 pos neg pos (fal pos)* pos neg neg pos neg neg 

BMBM 0.1% 10 pos neg neg pos neg neg **** pos neg neg 

BMBM 0.1% 11 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 12 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 13 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 14 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 15 pos neg pos (fal pos)* pos neg neg NA NA NA 

BMBM 0.1% 16 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 17 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 18 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 19 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 20 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 21 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 22 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 23 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 24 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 25 pos neg neg pos neg neg NA NA NA 

BMBM 0.1% 26 pos neg neg pos neg neg **** NA NA NA 

BMBM 0.1% 27 pos neg neg pos neg neg *** NA NA NA 

BMBM 0.1% 28 pos neg neg pos neg neg NA NA NA 
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Platforms SmartCycler AB7500F v1.4 AB7500F v2.3 

Templates ID B primers C primers O primers B primers C primers O primers B primers C primers O primers 

BMBM 0.1% 29 neg (fal neg) neg neg pos neg neg NA NA NA 

BMBM 0.1% 30 pos neg neg pos neg neg NA NA NA 

BMBM 0.0001% 1 neg neg neg neg neg neg pos (under LOD)$ neg neg 

BMBM 0.0001% 2 neg neg neg pos neg neg neg neg neg 

BMBM 0.0001% 3 neg neg neg neg neg neg neg neg neg 

BMBM 0.0001% 4 neg neg neg neg neg neg pos neg neg 

BMBM 0.0001% 5 neg neg neg neg neg neg neg neg neg 

BMBM 0.0001% 6 neg neg neg neg neg neg pos neg neg 

BMBM 0.0001% 7 neg neg neg neg neg neg neg neg neg 

BMBM 0.0001% 8 neg neg neg neg **** neg neg neg neg neg 

BMBM 0.0001% 9 neg neg neg neg neg neg **** neg neg neg 

BMBM 0.0001% 10 neg neg neg neg neg neg neg neg neg 

BMBM 0.0001% 11 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 12 neg neg neg neg neg neg **** NA NA NA 

BMBM 0.0001% 13 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 14 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 15 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 16 neg neg neg neg **** neg neg **** NA NA NA 

BMBM 0.0001% 17 pos neg neg pos neg neg NA NA NA 

BMBM 0.0001% 18 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 19 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 20 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 21 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 22 pos neg neg neg neg neg NA NA NA 

BMBM 0.0001% 23 neg neg neg pos neg neg NA NA NA 

BMBM 0.0001% 24 neg neg neg neg neg neg **** NA NA NA 

BMBM 0.0001% 25 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 26 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 27 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 28 neg neg neg pos neg neg NA NA NA 

BMBM 0.0001% 29 neg neg neg neg neg neg NA NA NA 

BMBM 0.0001% 30 neg neg neg pos neg neg NA NA NA 

CMM 1% 1 neg pos neg neg pos neg neg pos neg 

CMM 1% 2 neg pos neg neg pos neg neg pos neg 

CMM 1% 3 neg pos neg pos (fal pos)* pos neg neg pos neg 

CMM 1% 4 pos (fal pos)* pos pos (fal pos)** neg pos neg neg pos neg 

CMM 1% 5 neg pos neg neg pos neg neg pos neg 

CMM 1% 6 neg pos pos (fal pos)* neg pos neg neg pos neg 

CMM 1% 7 neg pos neg neg pos neg pos (fal pos)* pos pos (fal pos)** 

CMM 1% 8 neg pos pos (fal pos)** neg pos neg neg pos pos (fal pos)* 

CMM 1% 9 neg pos neg neg pos neg neg pos neg *** 

CMM 1% 10 neg pos neg neg **** pos neg neg pos neg 

CMM 1% 11 neg pos neg neg pos neg NA NA NA 

CMM 1% 12 neg pos neg neg pos neg NA NA NA 

CMM 1% 13 neg pos neg neg pos neg NA NA NA 

CMM 1% 14 neg pos neg neg pos neg NA NA NA 

CMM 1% 15 neg pos pos (fal pos)** neg pos neg NA NA NA 

CMM 1% 16 neg pos pos (fal pos)** neg pos neg NA NA NA 

CMM 1% 17 neg pos neg neg pos neg NA NA NA 

CMM 1% 18 neg pos neg neg pos neg NA NA NA 

CMM 1% 19 neg pos neg neg pos neg NA NA NA 

CMM 1% 20 neg pos neg neg pos neg NA NA NA 

CMM 1% 21 neg pos neg neg pos neg NA NA NA 

CMM 1% 22 neg pos neg neg pos neg NA NA NA 

CMM 1% 23 neg pos neg neg pos pos (fal pos)* NA NA NA 

CMM 1% 24 neg pos neg neg pos neg NA NA NA 

CMM 1% 25 neg pos neg neg pos neg NA NA NA 

CMM 1% 26 neg pos neg neg pos neg NA NA NA 

CMM 1% 27 neg pos pos (fal pos)* neg pos neg NA NA NA 

CMM 1% 28 neg pos neg neg pos pos (fal pos)** NA NA NA 

CMM 1% 29 neg pos neg neg pos neg NA NA NA 

CMM 1% 30 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 1 neg pos neg neg pos neg neg pos neg 
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Platforms SmartCycler AB7500F v1.4 AB7500F v2.3 

Templates ID B primers C primers O primers B primers C primers O primers B primers C primers O primers 

CMM 0.1% 2 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 3 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 4 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 5 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 6 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 7 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 8 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 9 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 10 neg pos neg neg pos neg neg pos neg 

CMM 0.1% 11 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 12 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 13 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 14 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 15 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 16 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 17 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 18 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 19 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 20 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 21 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 22 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 23 neg neg (fal neg) neg neg pos neg NA NA NA 

CMM 0.1% 24 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 25 neg pos neg neg pos pos (fal pos)** NA NA NA 

CMM 0.1% 26 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 27 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 28 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 29 neg pos neg neg pos neg NA NA NA 

CMM 0.1% 30 neg pos neg neg pos neg NA NA NA 

CMM 0.01% 1 neg neg neg neg neg neg neg pos neg 

CMM 0.01% 2 neg neg neg neg neg neg neg neg neg 

CMM 0.01% 3 neg neg neg neg neg neg neg pos neg 

CMM 0.01% 4 neg neg neg neg pos neg neg neg neg 

CMM 0.01% 5 neg pos neg neg neg neg neg neg neg 

CMM 0.01% 6 neg neg neg neg pos neg neg neg neg 

CMM 0.01% 7 neg pos neg neg pos neg neg pos neg 

CMM 0.01% 8 neg pos neg neg pos neg neg pos neg 

CMM 0.01% 9 neg neg neg neg neg neg neg neg neg 

CMM 0.01% 10 neg neg neg neg pos neg neg neg neg 

CMM 0.01% 11 neg neg neg neg neg neg NA NA NA 

CMM 0.01% 12 neg neg neg neg neg neg NA NA NA 

CMM 0.01% 13 neg neg neg neg neg neg NA NA NA 

CMM 0.01% 14 neg neg neg neg neg neg NA NA NA 

CMM 0.01% 15 neg neg neg neg pos neg NA NA NA 

CMM 0.01% 16 neg neg neg neg pos neg NA NA NA 

CMM 0.01% 17 neg neg neg neg neg*** neg NA NA NA 

CMM 0.01% 18 neg neg neg neg pos neg NA NA NA 

CMM 0.01% 19 neg neg neg neg neg neg NA NA NA 

CMM 0.01% 20 neg neg neg neg neg neg NA NA NA 

CMM 0.01% 21 neg neg neg neg pos neg NA NA NA 

CMM 0.01% 22 neg pos neg neg neg neg NA NA NA 

CMM 0.01% 23 neg pos neg neg neg neg NA NA NA 

CMM 0.01% 24 neg neg neg neg neg neg NA NA NA 

CMM 0.01% 25 neg neg neg neg pos neg NA NA NA 

CMM 0.01% 26 neg neg neg neg pos neg NA NA NA 

CMM 0.01% 27 neg neg neg neg pos neg NA NA NA 

CMM 0.01% 28 neg neg neg neg neg neg NA NA NA 

CMM 0.01% 29 neg neg neg neg pos neg NA NA NA 

CMM 0.01% 30 neg neg neg neg neg neg NA NA NA 

OMBM 1% 1 neg neg pos neg neg pos neg neg pos 

OMBM 1% 2 pos (fal pos)* neg pos neg neg pos neg neg pos 

OMBM 1% 3 neg neg pos neg neg pos neg neg pos 

OMBM 1% 4 neg neg pos neg neg pos neg neg pos 
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Platforms SmartCycler AB7500F v1.4 AB7500F v2.3 

Templates ID B primers C primers O primers B primers C primers O primers B primers C primers O primers 

OMBM 1% 5 neg neg pos neg *** neg pos neg *** neg pos 

OMBM 1% 6 neg neg pos neg neg pos neg neg pos 

OMBM 1% 7 neg neg pos neg *** neg pos neg neg pos 

OMBM 1% 8 neg neg pos neg neg pos neg neg pos 

OMBM 1% 9 neg neg pos neg neg pos neg neg pos 

OMBM 1% 10 neg neg pos neg neg pos neg neg pos 

OMBM 1% 11 neg neg pos neg neg pos NA NA NA 

OMBM 1% 12 neg neg pos neg neg pos NA NA NA 

OMBM 1% 13 neg neg pos neg neg pos NA NA NA 

OMBM 1% 14 neg neg pos neg neg pos NA NA NA 

OMBM 1% 15 neg neg pos neg neg pos NA NA NA 

OMBM 1% 16 neg neg pos neg neg pos NA NA NA 

OMBM 1% 17 pos (fal pos)* neg pos neg neg pos NA NA NA 

OMBM 1% 18 pos (fal pos)* neg pos neg neg pos NA NA NA 

OMBM 1% 19 pos (fal pos)* neg pos neg neg pos NA NA NA 

OMBM 1% 20 neg neg pos neg neg pos NA NA NA 

OMBM 1% 21 neg neg pos neg neg pos NA NA NA 

OMBM 1% 22 neg neg pos neg neg pos NA NA NA 

OMBM 1% 23 neg neg pos neg neg pos NA NA NA 

OMBM 1% 24 neg neg pos neg neg pos NA NA NA 

OMBM 1% 25 neg neg pos neg neg pos NA NA NA 

OMBM 1% 26 neg neg pos neg neg pos NA NA NA 

OMBM 1% 27 neg neg pos neg *** neg pos NA NA NA 

OMBM 1% 28 neg neg pos neg neg pos NA NA NA 

OMBM 1% 29 neg neg pos neg neg pos NA NA NA 

OMBM 1% 30 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 1 neg neg pos neg neg pos neg neg pos 

OMBM 0.1% 2 neg neg pos neg neg pos neg neg pos 

OMBM 0.1% 3 neg neg pos neg neg pos neg neg pos 

OMBM 0.1% 4 neg neg pos neg neg pos neg neg pos 

OMBM 0.1% 5 neg neg pos pos (fal pos)* neg pos neg neg pos 

OMBM 0.1% 6 neg neg pos neg neg pos neg neg pos 

OMBM 0.1% 7 neg neg pos neg neg pos neg neg pos 

OMBM 0.1% 8 pos (fal pos)* neg pos neg neg pos neg neg pos 

OMBM 0.1% 9 neg neg pos neg neg pos neg neg pos 

OMBM 0.1% 10 neg neg pos neg neg pos neg neg pos 

OMBM 0.1% 11 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 12 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 13 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 14 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 15 neg neg pos pos (fal pos)* neg pos NA NA NA 

OMBM 0.1% 16 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 17 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 18 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 19 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 20 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 21 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 22 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 23 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 24 pos (fal pos)* neg pos neg neg pos NA NA NA 

OMBM 0.1% 25 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 26 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 27 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 28 neg neg pos pos (fal pos)* neg pos NA NA NA 

OMBM 0.1% 29 neg neg pos neg neg pos NA NA NA 

OMBM 0.1% 30 neg neg pos neg *** neg pos NA NA NA 

OMBM 0.0001% 1 neg neg pos neg neg neg neg neg pos 

OMBM 0.0001% 2 neg neg pos neg neg neg neg neg neg 

OMBM 0.0001% 3 neg neg pos neg neg neg neg neg pos 

OMBM 0.0001% 4 neg neg pos neg neg neg neg neg neg 

OMBM 0.0001% 5 neg neg neg neg neg pos neg neg pos 

OMBM 0.0001% 6 neg neg neg neg neg pos neg neg neg 

OMBM 0.0001% 7 neg neg pos neg neg pos neg neg pos 
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Platforms SmartCycler AB7500F v1.4 AB7500F v2.3 

Templates ID B primers C primers O primers B primers C primers O primers B primers C primers O primers 

   
                                                                                                                                                                                     

 
 

    

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

    

          

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

OMBM 0.0001% 8 neg neg pos neg neg neg neg neg pos 

OMBM 0.0001% 9 neg neg pos neg neg pos neg neg pos 

OMBM 0.0001% 10 neg neg neg neg neg pos neg neg pos 

OMBM 0.0001% 11 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 12 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 13 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 14 neg neg pos neg neg neg NA NA NA 

OMBM 0.0001% 15 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 16 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 17 neg neg neg neg neg pos NA NA NA 

OMBM 0.0001% 18 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 19 neg neg neg neg neg pos NA NA NA 

OMBM 0.0001% 20 neg neg pos neg neg neg NA NA NA 

OMBM 0.0001% 21 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 22 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 23 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 24 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 25 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 26 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 27 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 28 neg neg neg neg neg pos NA NA NA 

OMBM 0.0001% 29 neg neg pos neg neg pos NA NA NA 

OMBM 0.0001% 30 neg neg pos neg neg pos NA NA NA 

Results obtained with caprine gDNA spiked feed matrices (FACTS No. partially masked) 

Platforms SmartCycler AB7500F v1.4 AB7500F v2.3 

Templates ID B primers C primers O primers B primers C primers O primers B primers C primers O primers 

808 non-spike 1 neg neg neg neg neg neg neg neg neg 

808 non-spike 2 neg neg neg neg neg neg neg neg neg 

808 non-spike 3 neg neg neg neg neg neg neg neg neg 

808 0.1µg 1 neg pos neg neg pos neg neg pos neg 

808 0.1µg 2 pos (fal pos)* pos neg neg pos neg pos (fal pos)* pos neg 

808 0.1µg 3 neg pos neg neg pos neg neg pos neg 

808 0.01µg 1 neg pos neg neg pos neg neg pos neg 

808 0.01µg 2 neg pos neg neg pos neg neg pos neg 

808 0.01µg 3 neg pos neg neg pos neg neg pos neg 

808 0.001µg 1 neg neg neg neg pos neg neg pos neg 

808 0.001µg 2 neg neg neg neg pos neg neg pos neg 

808 0.001µg 3 neg pos neg neg neg neg neg pos neg 

808 0.001µg 4 neg neg neg neg pos neg neg pos neg 

808 0.001µg 5 neg pos neg neg pos neg neg pos neg 

808 0.001µg 6 neg neg neg neg pos neg neg neg neg 

808 0.001µg 7 neg pos neg neg neg neg neg neg neg 

808 0.001µg 8 neg pos neg neg pos neg neg pos neg 

824 non-spike 1 neg neg neg neg neg neg neg neg neg 

824 non-spike 2 neg neg neg neg neg neg neg neg neg 

824 non-spike 3 neg neg neg neg neg neg neg neg neg 

824 1.0µg 1 neg pos neg neg pos neg neg pos neg 

824 1.0µg 2 neg pos neg neg pos neg neg pos neg 

824 1.0µg 3 neg pos neg neg pos neg neg pos pos (fal pos)* 

824 0.25µg 1 neg pos neg neg pos neg neg pos neg 

824 0.25µg 2 neg pos neg neg pos neg neg pos neg 

824 0.25µg 3 neg pos neg neg pos neg neg pos neg 

824 0.05µg 1# neg pos neg neg pos neg neg pos neg 

824 0.05µg 2 neg neg neg neg pos neg neg pos neg 

824 0.05µg 3 neg pos neg neg pos neg **** neg pos neg 

824 0.05µg 4 neg pos neg neg pos neg neg pos neg 

824 0.05µg 5 neg pos neg neg pos neg neg pos neg 

824 0.05µg 6 neg pos neg neg pos neg neg pos neg 

824 0.05µg 7 neg pos neg neg pos neg neg pos neg 

824 0.05µg 8 neg pos neg neg pos neg neg pos neg 

2565 non-spike 1 neg neg neg neg neg neg neg neg neg 
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Platforms SmartCycler AB7500F v1.4 AB7500F v2.3 

Templates ID B primers C primers O primers B primers C primers O primers B primers C primers O primers 

2565 non-spike 2 neg 

2565 non-spike 3 neg 

2565 0.1µg 1 neg 

2565 0.1µg 2 pos (fal pos)* 

2565 0.1µg 3 neg 

2565 0.01µg 1 neg 

2565 0.01µg 2 neg 

2565 0.01µg 3 neg 

2565 0.0001µg 1 neg 

2565 0.0001µg 2 neg 

2565 0.0001µg 3 neg 

2565 0.0001µg 4 neg 

2565 0.0001µg 5 neg 

2565 0.0001µg 6 neg 

2565 0.0001µg 7 neg 

2565 0.0001µg 8 neg 

neg 

neg 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

neg 

pos 

pos 

neg neg 

neg neg 

neg neg 

neg neg 

neg neg 

neg neg 

neg neg 

neg neg 

neg*** neg 

neg neg 

neg neg 

neg neg 

neg neg 

neg neg 

neg neg 

neg neg 

neg 

neg 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

pos 

neg 

pos 

neg 

neg neg neg neg 

neg neg neg neg 

neg neg pos neg 

neg neg pos neg 

neg neg pos neg 

neg neg pos neg 

neg neg pos neg 

neg neg pos neg 

neg neg pos neg 

neg neg neg neg 

neg neg neg neg 

neg*** neg neg neg 

neg neg pos neg 

neg neg pos neg 

neg neg neg neg 

neg neg pos neg 

* A false positive result with the mis‐priming Ct≥10 cycles later than that of the true positive Ct. The melt curve was acceptable. 

** A false positive result with the mis‐priming Ct approximately 5 cycles later than that of the true positive Ct. The melt curve was acceptable. 

*** The rt‐PCR was repeated with 2 µl template, because although initially Ct>0 with an acceptable Tm, the melt curve was unacceptable, e.g., with a shoulder or 
multiple peaks. Because the repeated Tm fell outside of the acceptable Tm range, the result was determined negative regardless of the Ct and melt curve. The melt 
curve inspection and repeat procedure has been approved in the study design. 

**** The rt‐PCR was repeated with 4 µl template, because when 2 µl template was initially tested, the Tm was acceptable but Ct=0. The template was doubled in the 
repeated run. As the repeated Tm was unacceptable, the result was determined negative regardless of the Ct. This procedure is established in LIB 4486. 

& The rt‐PCR was repeated with 2 µl 1% BMBM DNA, as the Tm was just 0.1 °C outside the initial range but the amplification was strong (Ct=27.1) with an acceptable 
melt curve. The repeated result was positive because the Tm was acceptable, Ct>0 and the melt curve was acceptable. 

$ Result of a BMBM template at the fractional level was positive but under the Limit of Detection (LOD), according to the established procedure in LIB 4486. The initial 
Tm was acceptable but Ct=0. After 4 µl template was repeated, the result was positive because Ct>0, Tm fell in the acceptable range, and the melt curve was 
acceptable. 

# For one template from 824 spiked with 0.05 µg caprine gDNA, the presence of PCR inhibition was indicated by the GFP IAC because GFP Ct=0. There was no target 
amplification as all Ct=0. Spiking, DNA extraction, and rt‐PCR were repeated. Valid results with correct IAC were obtained from the repeated experiment. 


