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samples). For both the Salmonella Velox method and the reference method, the following 
numbers of replicates were analysed for each matrix type: 5 negative level replicates, 20 low 
level replicates, 5 high level replicates (= 30 replicates). For swabs and ready-to-eat and 
ready-to-reheat similar samples were analysed except for 10 high level replicates (= 35 
replicates). The LOD and RLOD for each matrix and the LOD respectively the RLOD 
combined for all matrixes are given in Table 4. 
 
 
Table 4. The LOD of the Salmonella Velox method and the RLOD of Salmonella Velox / 
Reference Method  
 

 Pork 
Cutlet  
(125 g) 

Chicken 
breast 
(25 g)  

Salmon 
fillet  
(25 g) 

Swabs  
(1 swab) 

R-t-E/R-t-
R 
(25 g) 

Combined  

Matrix Level 
 
(CFU/ 
sample) 

L50%      L1  L50%     L1    L50% L1 L50% L1 L50% L1 L50% L1 

0.50 6.8 0.83 3.7 0.67 6.6 0.50 3.1 0.25 5.1   

Number of 
samples 20 12 20 10 20 10 20 10 20 10 100 52 

Number of  
positives with 
ISO 6579 

9 12 13 10 13 10 6 8 7 10 48 50 

Number of  
positives with 
Salmonella 
Velox 

9 12 14 10 11 10 9 10 8 10 51 52 

LOD50%* 
Salmonella 
Velox 
(CFU/g) 

0.005 
 

0.019 
 

0.023 
 

0.021 
 

0.014 
 

0.016 
 

Alternative / 
Reference 
(RLOD) 

1.00 0.87 1.32 0.47 0.84 0.82 

 
The Acceptability Limit (AL) for the RLOD for unpaired study data is 2.5, i.e. the LOD for the 
alternative method may not be higher than 2.5 times the LOD of the reference method. Table 
3 shows that all the RLODs are below 2.5, i.e. the LOD for Salmonella Velox is satisfactory. 
* LOD50% calculations according to Wilrich & Wilrich, Journal of AOAC International 92(6), 
1763-1772 (2009) 
 
In the extension study, a Ct comparison study was carried out between Salmonella Velox 
spp qPCR and Salmonella Velox SE+ST qPCR. The level tested was at LOD50.   
Concentrations of DNA copy number at the detection limit showed a minimum of difference 
for Salmonella Velox SE+ST qPCR compared against Salmonella Velox spp. qPCR. 
 

INTERLABORATORY STUDY FROM 2016 
The interlaboratory study was organised by AnalyTech Miljølaboratorium A/S in April/May 
2016 according to the NordVal Protocol of 2009. Eight laboratories participated, using three 
different qPCR (Real time) instruments. 
 
The interlaboratory study was carried out on enriched samples instead of food samples. The 
selected matrix was raw unprocessed pork samples; 125 g for the Salmonella Velox and 25 
g for the reference method. The pork samples were inoculated with cold stressed 



  
  
   
 

NordVal International                                  post@nmkl.org      page 9(13)  
 

 

Salmonella Typhimurium by the expert laboratory, before being enriched for 4 h 30 min in 
Salmonella Velox broth.  
 
Three different levels of contamination were used:  
L0: Negative control, no Salmonella  
L1: Low level, 8.0 cfu 
L2: High level, 80 cfu  
 
The expert laboratory analysed the samples with both the Salmonella Velox method and the 
reference method. The participating laboratories analysed the pre-enriched samples (10-15 
deep-well plates or 2 mL tubes containing the pelleted samples). Two blind replicates of each 
contamination level were tested by each collaborator using the Salmonella Velox method.  
The results are given in Table 5. 
 
Table 5. Results obtained at the expert laboratory using both methods 

 Contamination level 

By the expert laboratory L0 L1 L2 
No. of positives Salmonella Velox 0/2 2/2 2/2 

No. of positives ISO 6579 0/2 2/2 2/2 

8 Collaborators analysing 2 replicates using Salmonella Velox 0/16 16/16 16/16 
 
All the samples expected to be positive are positive, and the samples expected to be 
negative are negative with the Salmonella Velox method.  
Sensitivity of the alternative method: SEalt = 100% 
Sensitivity of the reference method: SEref =100% 
Relative trueness: RT = 100% 
 
 
INTERLABORATORY STUDY FROM 2023 
 
The interlaboratory study was organised by Adria in May/June 2023 according to the NordVal 
Protocol 1 of 2022 and the EN ISO 16140-2:2016. Eight laboratories participated, involving 
15 collaborators, and 12 sets of data were generated. The study was an unpaired study as 
the reference method and alternative method use different enrichment step. 
 
The interlaboratory study was carried out on 25 g of cooked ham. The pork samples were 
inoculated with Salmonella Enteritidis 2532 isolated from meat. For alternative method the 
sample was put into Velox bag and enriched for 5 hours in Salmonella Velox broth. 
For reference method (ISO 6579-1(2017/A1(2020)) the sample was put into stomacher bag 
and enriched for 18 +/- 2 hours. 
 
Three different levels of contamination were used:  
L0: Negative control, no Salmonella  
L1: Low level, 1 cfu 
L2: High level, 8 cfu  
 
The expert laboratory analysed the samples with both the Salmonella Velox method and the 
reference method. The results are given in Table 6, Table 7, and Table 8.  

mailto:post@nmkl.org


  
  
   
 

NordVal International                                  post@nmkl.org      page 10(13)  
 

 

Table 6. Results obtained at the expert laboratory using both methods. 

Level Reference method Alternative method 
L0 0/8 0/8 

L1 5/8 4/8 

L2 8/8 8/8 
 
Table 7. Positive results by the reference method Salmonella spp. and Salmonella 
SEST 

 
Table 8. Positive results (before and after confirmation) by the alternative method  
Salmonella spp. and Salmonella SEST 

Collabo- 
rators 

Contamination level 
L0 L1 L2 

PCR 
results 

Confirm-
ation 

results 

Final 
results 

PCR  
results 

Confirm-
ation 

results 

Final 
results 

PCR 
results 

Confirm-
ation 

results 

Final 
results 

A1 0 0 0 4 5 4 8 8 8 

A2 0 0 0 5 5 5 8 8 8 
A3 0 0 0 7 7 7 8 8 8 

B 0 0 0 4 4 4 8 8 8 

C2 0 0 0 4 4 4 8 8 8 
C3 0 0 0 3 3 3 8 8 8 

E1 0 0 0 5 5 5 8 8 8 

E2 0 0 0 6 6 6 8 8 8 
G 0 0 0 8 8 8 8 8 8 

H 0 0 0 4 4 4 8 8 8 

TOTAL P0 = 0 C0 = 0 CP0 = 
0 P1 = 50 C1 = 51 CP1= 

50 P2 = 80 C2 = 80 CP2 = 
80 

Collaborators 
Contamination level 

L0 L1 L2 
A1 0 6 8 

A2 0 6 8 

A3 0 5 8 
B 0 6 8 

C2 0 5 8 

C3 0 3 8 
E1 0 6 8 

E2 0 7 8 

G 0 7 8 
H 0 7 8 

TOTAL P0 = 0 P1 = 58 P2 = 80 

mailto:post@nmkl.org
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The Specificity percentage (SP) of the reference method and of the alternative method, using 
the data after confirmation, based on the results of level L0 are presented in Table 9. 

 
Table 9. Specificity percentage Salmonella spp. and Salmonella SEST 

Specificity for the 

 reference method 
𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 =  �1 −  �

𝑃𝑃0
𝑁𝑁−
��𝑥𝑥 100 % = 100 % 

Specificity for the  

alternative method 
𝑆𝑆𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎 =  �1 −  �

𝐶𝐶𝑃𝑃0
𝑁𝑁−

�� 𝑥𝑥 100 % = 
100 % 

 
Calculation of the sensitivity of the alternative method (SEalt), the sensitivity for the reference 
method (SEref), the relative trueness (RT) and the false positive ratio for the alternative 
method (FPR). Fractional positive results were obtained for the low inoculation level (L1). 
This inoculation level was thus retained for calculation.  
 
A summary of the results of the collaborators retained for interpretation, obtained with the 
reference and the alternative methods for Level 1 is provided in Table 10.  

 
Table 10. Summary of the obtained results with the reference method and the 
alternative method for Level 1 Salmonella spp. and Salmonella SEST 

 
 
Based on the data summarized in Table 10, the calculated values of the sensitivity of the 
alternative and reference methods, as well as the relative trueness and false positive ratio for 
the alternative method (taking account the confirmations) are presented in Table 11. 

Level Response 
Reference method 
positive (R+) 

Reference method 
negative (R-) 

1 

Alternative method 
positive (A+) 

Positive agreement (A+/R+) 
PA = 38 

Positive deviation (R-/A+) 
PD = 12 

Alternative method 
negative (A-) 

Negative deviation (A-/R+) 
ND = 20 (PPND= 0) 

Negative agreement (A-/R-) 
NA = 10 (PPNA= 0) 

mailto:post@nmkl.org


  
  
   
 

NordVal International                                  post@nmkl.org      page 12(13)  
 

 

Table 11. Sensitivity, relative trueness and false positive ratio percentages  

Salmonella spp. and Salmonella SEST 

  Level 1 Level 2 

Sensitivity for the alternative 
method 

SEalt = (𝑃𝑃𝑃𝑃+𝑃𝑃𝑃𝑃)
(𝑃𝑃𝑃𝑃+𝑃𝑃𝑃𝑃+𝑁𝑁𝑁𝑁)

 𝑥𝑥 100% = 71,4 % 100% 

Sensitivity for the reference 
method 

SEref =  (𝑃𝑃𝑃𝑃+𝑁𝑁𝑁𝑁)
(𝑃𝑃𝑃𝑃+𝑃𝑃𝑃𝑃+𝑁𝑁𝑁𝑁)

 𝑥𝑥 100% = 82,9 % 100% 

Relative trueness  RT = (𝑃𝑃𝑃𝑃+𝑁𝑁𝑁𝑁)
𝑁𝑁

 𝑥𝑥 100% = 60,0 % 100% 

False positive ratio for the 
alternative method 

FPR = 𝐹𝐹𝐹𝐹
𝑁𝑁𝑁𝑁

 𝑥𝑥 100% = 0 % 0% 

 
For an unpaired study design, the difference between (ND – PD) is calculated for the level(s) 
where fractional recovery is obtained (so L1 and possibly L2). The observed value found for 
(ND – PD) shall not be higher than the Acceptability Limit, AL. The AL is defined as [(ND – 
PD)max] and calculated per level where fractional recovery is obtained as described below 
using the following three parameters: 

( )ref
x

x

Pp
N

+ =
 

where 
Px = number of samples with a positive result obtained with the reference method at level x 
(L1 or L2) for all the collaborators 
Nx = number of samples tested at level x (L1 or L2) with the reference method by all the 
collaborators 

( )alt
x

x

CPp
N

+ =
 

where 
CPx = number of samples with a confirmed positive result obtained with the alternative 
method at level x (L1 or L2) for all the collaborators. 
Nx = number of samples tested at level x (L1 or L2) with the alternative method by all the 
collaborators. 
 

( ) ( ) ( ) ( ) ( )( )( )max ref alt ref altND-PD 3 2xN p p p p= × + + + − + × +
 

where 
Nx = number of samples tested for level x (L1 or L2) with the reference method by all the 
collaborators. 

 
The AL is not met when the observed value (L1 or L2) is higher than the AL. Thus, 
investigations were made in order to provide an explanation of the observed results. In this 
study, fractional recovery was observed at Level 1. No fractional recovery was observed in 
Level 2. The calculations are the following, according to the EN ISO 16140-2:2016 (Table 
12). 

mailto:post@nmkl.org


  
  
   
 

NordVal International                                  post@nmkl.org      page 13(13)  
 

 

 
Table 12. Calculations Salmonella spp. and Salmonella SEST 
 

 
 
 
The ISO 16140-2 (2016) requirements are fulfilled as (ND - PD) meet the AL (ND-PD ≤ AL).  
 
 
CONCLUSION 
The results from the comparison study and both interlaboratory studies show that the 
alternative method performs equivalent to, or better, than the reference method for the 
matrices tested. 

 Level 1 
NX 80 
(p+)ref 0,73 

(p+)alt 0,61 
AL = (ND - PD) max 10,39 
ND - PD  8 
Conclusion ND – PD ≤ AL 


