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RVFV Drosten mix 2 TexasRed (Drosten et al., 2002, J Clin Microbiol 40[7]:2323-30)

40 µl RVS-F (100 pmol/µl) 5’-AAA GGA ACA ATG GAC TCT GGT CA-3’

40 µl RVAs-R (100 pmol/µl) 5’-CAC TTC TTA CTA CCA TGT CCT CCA AT-3’

8 µl RVP-TEX (100 pmol/µl) 5’-TexasRed-AAA GCT TTG ATA TCT CTC AGT GCC CCA A-BHQ2-3’

112 µl 0.1X TE (pH 8.0)

200 µl

β-actin mix 2 (Toussaint et al., 2007, J Virol Methods 140[1-2]:115-23)

5 µl ACT-1005-F (100 pmol/µl) 5’-CAG CAC AAT GAA GAT CAA GAT CAT C-3’

5 µl ACT-1135-R (100 pmol/µl) 5’-CGG ACT CAT CGT ACT CCT GCT T-3’

2.5 µl ACT-1081-HEX (100 pmol/µl) 5’-HEX-TCG CTG TCC ACC TTC CAG CAG ATG T-BHQ1-3’

187.5 µl 0.1X TE (pH 8.0)

200 µl

BVDV PP-1.1 mix 2 Cy5 (Hoffmann et al., 2006, J Virol Methods 136[1-2]:200-9)

80 µl BVD190-F (100 pmol/µl) 5’-GRA GTC GTC ART GGT TCG AC-3’

80 µl V326 (100 pmol/µl) 5’-TCA ACT CCA TGT GCC ATG TAC-3’

12 µl TQ-Pesti-Cy5 (100 pmol/µl) 5’-Cy5-TGC YAY GTG GAC GAG GGC ATG C-BHQ3-3’

28 µl 0.1X TE (pH 8.0)

200 µl

FMDV IRES 4G mix 3 FAM (Wernike et al., 2013, J Clin Microbiol 51[3]:938-44)

60 µl FMD-IRES-4.1F (100 pmol/µl) 5’-TAA CAW GGA CCC RCS GGG CC-3’

60 µl FMD-IRES-4R (100 pmol/µl) 5’-TGA AGG GCA TCC TTA GCC TG-3’

12 µl FMD-IRES-4.1TEX (100 pmol/µl) 5’-FAM-CAT GTG TGC AAY CCC AGC ACR G-BHQ1-3’

68 µl 0.1X TE (pH 8.0)  

200 µl











O1 Manisa 3D-1 IRES4G A22 Iraq 3D-1 IRES4G Asia1 Shamir 3D-1 IRES4G C1 Noville 3D-1 IRES4G

10^-1 20,2 21,1 10^-1 18,6 19,5 10^-1 20,1 18,9 10^-1 18,5 18,7

10^-2 24,0 24,3 10^-2 22,1 23,1 10^-2 23,4 22,2 10^-2 22,1 22,3

10^-3 27,0 27,7 10^-3 25,5 26,3 10^-3 26,3 25,3 10^-3 25,5 25,7

10^-4 31,4 32,8 10^-4 28,8 30,3 10^-4 30,1 29,2 10^-4 28,7 29,7

10^-5 33,1 41,0 10^-5 31,9 35,5 10^-5 34,1 34,8 10^-5 32,1 34,9

10^-6 NoCq NoCq 10^-6 34,3 NoCq 10^-6 38,1 NoCq 10^-6 37,5 NoCq

SAT1 3D-1 IRES4G SAT2 3D-1 IRES4G SAT3 3D-1 IRES4G

10^-1 19,2 19,3 10^-1 20,0 19,1 10^-1 18,8 18,7

10^-2 23,0 22,8 10^-2 23,5 22,4 10^-2 22,5 22,2

10^-3 26,2 26,1 10^-3 26,6 25,6 10^-3 25,4 25,4

10^-4 29,7 30,4 10^-4 31,3 30,7 10^-4 29,0 29,3

10^-5 32,1 35,2 10^-5 32,6 34,4 10^-5 32,2 33,4

10^-6 35,1 NoCq 10^-6 38,1 NoCq 10^-6 36,5 NoCq



species strain subtype Cq value

BVDV-1 NADL 1a 27.3

BVDV-1 Paplitz 1b 27.6

BVDV-1 NCP-2508-FCS 1c 29.2

BVDV-1 PI809 1d 28.0

BVDV-1 NC3807-1251/1 1e 28.2

BVDV-1 Egbert 1f 29.1

BVDV-1 BO806-17 1g 28.4

BVDV-1 BO807-3 1h 28.5

BVDV-1 Böhni 1k 30.0

BVDV-1 NC3807-8757 1x 28.1

BVDV-2 8644 2a 28.6

BVDV-2 Bure 2a 28.3

BVDV-2 Walter 2b 28.4

BVDV-2 PO1600 2c 28.0



3 dairy cows, 

2½, 2½ and 9 years

late lactation

infection by 

intranasopharyngeal

application of FMDV 

A/IRN/22/2015 in 

deep sedation



small portable milking 

machine, thoroughly cleaned 

and disinfected between 

animals

1 daily milking in the morning

collection of 

milk, blood, 

saliva and nasal 

fluid for 12 days



cow 530, 3 dpi, mouth



cow 542, 3 dpi, interdigital space



cow 542, 3 dpi, interdigital space



cow 790, 3 dpi, tongue



cow 530, 4 dpi



cow 530, 6 dpi, teat



Rind

temperature spike 

on days 3, 4 and 5 

after infection

Body temperature

dpi

cow

secondary infections 

(feet, mastitis)
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Rind

caused by high dose of 

xylazine for sedation 

for INP inoculation?

drop in milk yield 

between days 3 and 5

Milk yield
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FMDV PCR from whole milk

dpi



FMDV PCR from whole milk



Days after infection

serum

saliva

nasal fluid

whole milk
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roughly equal 

distribution of FMDV 

genome across all milk 

fractions
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Days after infection

whole milk

cream

whey

sediment

virus detectable in milk 

until the end of the 

experiment (12 dpi)

first detection of FMDV 

genome in milk on day 3 or 4 

after infection, coinciding with 

first clinical signs





FLI ID TPI ID FMDV Cq BVDV Cq RVFV Cq β-actin Cq FMDV Cq β-actin Cq FLI ID TPI ID FMDV Cq BVDV Cq RVFV Cq β-actin Cq FMDV Cq β-actin Cq

1 AA 001 NoCq NoCq NoCq 27.5 NoCq 30.9 68 BB 017 NoCq NoCq NoCq 26.5 NoCq 30.7

2 BB 001 NoCq NoCq NoCq 27.3 NoCq 30.3 69 CC 017 NoCq NoCq NoCq 25.4 NoCq 29.8

3 CC 001 NoCq NoCq NoCq 27.0 NoCq 30.3 70 DD 017 NoCq NoCq NoCq 25.7 NoCq 29.9

4 DD 001 NoCq NoCq NoCq 26.9 NoCq 30.2 71 EE 017 NoCq NoCq NoCq 25.3 NoCq 29.1

5 EE 001 NoCq NoCq NoCq 26.3 NoCq 29.6 72 FF 017 NoCq NoCq NoCq 25.3 NoCq 29.7

6 AA 002 NoCq NoCq NoCq 27.7 NoCq 31.1 74 BB 018 NoCq NoCq NoCq 25.0 NoCq 29.6

7 BB 002 NoCq NoCq NoCq 27.2 NoCq 30.9 75 CC 018 NoCq NoCq NoCq 26.1 NoCq 30.1

8 CC 002 NoCq NoCq NoCq 27.1 NoCq 30.2 76 DD 018 NoCq NoCq NoCq 25.2 NoCq 29.9

9 DD 002 NoCq NoCq NoCq 26.7 NoCq 30.3 77 EE 018 NoCq NoCq NoCq 24.5 NoCq 29.0

10 EE 002 NoCq NoCq NoCq 25.8 NoCq 29.3 78 FF 018 NoCq NoCq NoCq 25.0 NoCq 29.2

11 FF 002 NoCq NoCq NoCq 27.1 NoCq 30.4 79 AA 019 NoCq NoCq NoCq 25.6 NoCq 30.1

13 BB 003 NoCq NoCq NoCq 26.7 NoCq 30.1 80 BB 019 NoCq NoCq NoCq 25.6 NoCq 29.7

15 DD 003 NoCq NoCq NoCq 26.4 NoCq 30.0 81 CC 019 NoCq NoCq NoCq 24.8 NoCq 29.0

16 EE 003 NoCq NoCq NoCq 27.2 NoCq 30.7 82 DD 019 NoCq NoCq NoCq 25.3 NoCq 29.4

17 FF 003 NoCq NoCq NoCq 27.4 NoCq 30.4 83 EE 019 NoCq NoCq NoCq 25.4 NoCq 29.3

19 BB 004 NoCq NoCq NoCq 26.8 NoCq 29.9 84 FF 019 NoCq NoCq NoCq 26.3 NoCq 30.2

20 CC 004 NoCq NoCq NoCq 27.0 NoCq 29.8 85 AA 020 NoCq NoCq NoCq 28.3 NoCq 32.6

21 DD 004 NoCq NoCq NoCq 27.3 NoCq 30.7 86 BB 020 NoCq NoCq NoCq 28.2 NoCq 32.2

22 EE 004 NoCq NoCq NoCq 26.8 NoCq 30.2 87 CC 020 NoCq NoCq NoCq 26.2 NoCq 30.6

23 FF 004 NoCq NoCq NoCq 27.6 NoCq 31.0 88 DD 020 NoCq NoCq NoCq 27.4 NoCq 32.0

25 BB 005 NoCq NoCq NoCq 27.4 NoCq 30.6 89 EE 020 NoCq NoCq NoCq 28.2 NoCq 33.0

26 CC 005 NoCq NoCq NoCq 27.1 NoCq 30.0 90 FF 020 NoCq NoCq NoCq 29.5 NoCq 34.0

27 DD 005 NoCq NoCq NoCq 27.3 NoCq 30.5 91 AA 021 NoCq NoCq NoCq 27.1 NoCq 32.0

28 EE 005 NoCq NoCq NoCq 27.4 NoCq 30.9 92 BB 021 NoCq NoCq NoCq 26.6 n.d. n.d.

29 FF 005 NoCq NoCq NoCq 27.0 NoCq 30.3 93 CC 021 NoCq NoCq NoCq 27.2 n.d. n.d.

31 AA 006 NoCq NoCq NoCq 26.7 NoCq 30.6 94 DD 021 NoCq NoCq NoCq 26.6 n.d. n.d.

32 BB 011 NoCq NoCq NoCq 25.6 NoCq 30.1 95 EE 021 NoCq NoCq NoCq 25.6 n.d. n.d.

33 CC 011 NoCq NoCq NoCq 26.2 NoCq 30.8 96 FF 021 NoCq NoCq NoCq 27.0 n.d. n.d.

34 DD 011 NoCq NoCq NoCq 26.2 NoCq 29.9 98 BB 022 NoCq NoCq NoCq 26.4 n.d. n.d.

35 EE 011 NoCq NoCq NoCq 25.6 NoCq 29.9 99 CC 022 NoCq NoCq NoCq 27.2 n.d. n.d.

36 FF 011 NoCq NoCq NoCq 25.8 NoCq 29.6 100 DD 022 NoCq NoCq NoCq 25.8 n.d. n.d.

38 BB 012 NoCq NoCq NoCq 25.1 NoCq 29.5 101 EE 022 NoCq NoCq NoCq 27.5 n.d. n.d.

39 CC 012 NoCq NoCq NoCq 25.6 NoCq 29.9 102 FF 022 NoCq NoCq NoCq 25.4 n.d. n.d.

40 DD 012 NoCq NoCq NoCq 25.1 NoCq 29.4 103 AA 023 NoCq NoCq NoCq 24.9 n.d. n.d.

41 EE 012 NoCq NoCq NoCq 25.8 NoCq 30.3 104 BB 023 NoCq NoCq NoCq 25.5 n.d. n.d.

42 FF 012 NoCq NoCq NoCq 26.9 NoCq 31.0 105 CC 023 NoCq NoCq NoCq 25.4 n.d. n.d.

44 BB 013 NoCq NoCq NoCq 25.1 NoCq 29.6 106 DD 023 NoCq NoCq NoCq 25.6 n.d. n.d.

45 CC 013 NoCq NoCq NoCq 26.1 NoCq 30.0 107 EE 023 NoCq NoCq NoCq 25.7 n.d. n.d.

46 DD 013 NoCq NoCq NoCq 26.0 NoCq 30.3 108 FF 023 NoCq NoCq NoCq 25.4 n.d. n.d.

47 EE 013 NoCq NoCq NoCq 25.3 NoCq 29.2 109 AA 024 NoCq NoCq NoCq 26.2 n.d. n.d.

48 FF 013 NoCq NoCq NoCq 25.5 NoCq 29.7 110 BB 024 NoCq NoCq NoCq 26.7 n.d. n.d.

50 BB 014 NoCq NoCq NoCq 25.1 NoCq 29.8 111 CC 024 NoCq NoCq NoCq 26.3 n.d. n.d.

51 CC 014 NoCq NoCq NoCq 25.7 NoCq 30.2 112 DD 024 NoCq NoCq NoCq 25.3 n.d. n.d.

52 DD 014 NoCq NoCq NoCq 25.6 NoCq 30.0 113 EE 024 NoCq NoCq NoCq 25.3 n.d. n.d.

53 EE 014 NoCq NoCq NoCq 26.2 NoCq 30.4 114 FF 024 NoCq NoCq NoCq 25.3 n.d. n.d.

54 FF 014 NoCq NoCq NoCq 25.5 NoCq 30.1 115 AA 025 NoCq NoCq NoCq 25.9 n.d. n.d.

56 BB 015 NoCq NoCq NoCq 25.7 NoCq 29.7 116 BB 025 NoCq NoCq NoCq 24.9 n.d. n.d.

57 CC 015 NoCq NoCq NoCq 26.0 NoCq 29.8 117 CC 025 NoCq NoCq NoCq 25.3 n.d. n.d.

58 DD 015 NoCq NoCq NoCq 26.1 NoCq 30.1 118 DD 025 NoCq NoCq NoCq 24.6 n.d. n.d.

59 EE 015 NoCq NoCq NoCq 24.9 NoCq 29.7 119 EE 025 NoCq NoCq NoCq 25.1 n.d. n.d.

60 FF 015 NoCq NoCq NoCq 25.7 NoCq 30.3 120 FF 025 NoCq NoCq NoCq 25.5 n.d. n.d.

62 BB 016 NoCq NoCq NoCq 25.8 NoCq 30.3 121 AA 026 NoCq NoCq NoCq 24.8 n.d. n.d.

63 CC 016 NoCq NoCq NoCq 25.7 NoCq 30.2 122 BB 026 NoCq NoCq NoCq 25.7 n.d. n.d.

65 EE 016 NoCq NoCq NoCq 25.9 NoCq 30.5 123 CC 026 NoCq NoCq NoCq 25.7 n.d. n.d.

66 FF 016 NoCq NoCq NoCq 25.6 NoCq 30.1 124 DD 026 NoCq NoCq NoCq 26.1 n.d. n.d.

3D-OIEmultiplex RT-qPCR 3D-OIE multiplex RT-qPCR

235 milk samples from Kenya…



cow 530 cow 542 cow 790

neat 27.2 26.2 21.8

10-1 30.3 30.1 27.7

10-2 NoCq NoCq 29.3

10-3 NoCq NoCq NoCq

10-4 NoCq NoCq NoCq

10-5
NoCq NoCq NoCq

“bulk milk testing”



 FMDV RNA is easily detectable in milk

 Detection in milk outlasts detection in serum and 

other secretions

 Pre-treatment of milk (phase separation) is not 

necessary

 Sensitivity of the multiplex assay currently is not 

sufficient for early outbreak detection by bulk 

milk testing

 The multiplex assay requires further validation for 

BVDV and RVFV with ex vivo samples

Conclusions I



530, 5 dpi

A/IRN/22/2015

506, 1 dpi

O/FRA/1/2001



FMDV O FMDV A

days at room temperature

0 7 14 21 0 7 14



sample primer BLAST top hit

Inf 1-18 epithelium 1 day RT-A FMD-3161-F Foot-and-mouth disease virus - type A isolate SAU/1/2015

Inf 1-18 epithelium 1 day RT-B FMD-3161-F Foot-and-mouth disease virus - type A isolate SAU/1/2015

Inf 1-18 epithelium 19 days RT-A FMD-3161-F Foot-and-mouth disease virus - type A isolate SAU/1/2015

Inf 1-18 epithelium 19 days RT-B FMD-3161-F Foot-and-mouth disease virus - type A isolate SAU/1/2015

Inf 3-18 epithelium 1 day RT-A FMD-3161-F Foot-and-mouth disease virus - type O isolate O/UKG

Inf 3-18 epithelium 1 day RT-B FMD-3161-F Foot-and-mouth disease virus - type O isolate O/UKG

Inf 3-18 epithelium 23 days RT-A FMD-3161-F Foot-and-mouth disease virus - type O isolate O/UKG

Inf 3-18 epithelium 23 days RT-B FMD-3161-F Foot-and-mouth disease virus - type O isolate O/UKG

fresh old fresh old

A O



 FMDV RNA is easily detectable in vesicular 

epithelium that has been stored at room 

temperature without buffer for several weeks

 viral RNA integrity is sufficient for VP1 sequencing 

and transfection

→ If you’re dealing with a real case, sample 

quality is secondary!

Conclusions II



Thank you for your 

attention!

Questions?
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