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Advantages of VHH based ELISAs for 146S 
quantification

 Low limit of detection (~5 ng/ml)
 Higher throughput

● 300 unknowns per day
 146S specific VHHs are serotype and often strain specific:

● Measurement in multivalent vaccines
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M3 binds 12S and M170 binds 146S
M3 ELISA
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DAS ELISAs for 12S / 146S quantification

PO Streptavidin-peroxidase

M3

Biotinylated M3
12S antigen

PO Streptavidin-peroxidase

M170

Biotinylated M170
146S antigen



146S stability in oil-emulsion vaccine

9

146S dissociation due to presence of oil

O1 Manisa

0%
20%
40%
60%
80%

100%
0 20 40 60 80 10
0

12
0

14
0

16
0

18
0

20
0

22
0

24
0

26
0

days at 4 oC

14
6S

 (%
)

Without adjuvant

First emulsion

Vaccine (DOE)

Harmsen et al. 2015, Vaccine 33, 2477-2484



FMDV stability +/- thiomersal at 4°C

O1 Manisa
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Isolation of novel 146S specific VHHs 
against SAT2 and Asia 1 strains

Immunize llamas with SAT2 146S and Asia 1 Shamir 146S

Phage display selection on 146S
counterselection with 12S

Yeast production of VHHs

M332F
Asia 1 Shamir

M377F
SAT2

Harmsen et al. 2017, Front Immunol. 8, 960

146S specific VHHs



146S specific VHHs are serotype specific
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Isolation of novel 146S specific VHHs 
against serotype A
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Among 24 novel VHHs 12 are 146S specific
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Binding in ELISA to SDG fractionated FMDV
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Binding in ELISA to SDG fractionated FMDV
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Competition ELISA shows two sites
% inhibition of binding of biotinylated VHH

M
3F

M
66

3F

M
68

0F

M
66

5F

M
68

4F

M
67

5F

M
22

0F

M
64

3F

M
65

2F

M
65

9F

M
70

2F

M
69

1F

M
70

3F

M
66

9F

M
67

6F

M
67

7F

M
67

8F

M
66

1F

M
65

1F

M
8F

M
68

6F

M
68

8F

M
67

9F

M3F 94 14 74 -13 19 1 6 4 3 0 6 -2 19 -13 -4 0 -8 13 4 4 -2 1 -7

M663F 102 90 100 4 36 10 13 -4 0 -10 4 7 30 -5 -2 0 0 8 6 4 5 8 -6

M680F 99 66 96 17 4 17 2 1 8 9 23 -7 6 -6 -1 4 0 -6 -5 1 -13 -6 -10

M665F 110 104 104 98 88 49 13 -26 20 6 -38 1 21 18 41 29 42 -53 -7 -40 22 23 18

M684F 101 99 101 64 86 73 23 -3 -3 -3 -14 -13 -12 -1 17 7 11 25 24 13 12 14 21

M675F 8 1 10 5 6 86 1 8 8 -3 6 4 13 -3 -3 9 0 25 2 -3 5 -1 9

M220F -26 -29 -12 -6 17 27 93 -3 -26 -7 -33 -31 -8 5 2 3 4 18 -3 -22 10 10 4

M643F 7 2 1 8 2 9 6 87 85 24 36 42 42 23 18 34 30 6 32 0 10 12 14

M652F 4 -3 1 0 0 8 -3 72 95 44 58 62 57 52 29 58 46 18 12 24 6 3 8

M659F 3 7 -11 14 -1 -2 8 98 100 94 100 101 100 99 82 100 97 60 59 64 24 33 15

M702F 0 1 -1 -1 2 -1 -3 86 98 74 95 98 96 90 60 95 76 18 49 67 7 11 3

M691F -4 -5 11 -2 -1 10 -1 42 79 25 63 98 96 82 31 48 21 87 14 -5 3 12 9

M703F 11 16 13 4 9 13 17 80 96 70 93 101 100 98 68 97 86 98 17 49 25 30 12

M669F -5 -1 -15 2 4 -7 -8 56 84 44 72 100 99 95 50 96 84 92 -1 12 13 15 4

M676F 9 15 -19 7 9 -21 14 95 98 94 97 100 99 100 97 100 92 100 21 81 49 60 30

M677F -6 -1 -3 9 3 2 1 84 98 74 90 99 100 98 80 99 89 97 5 14 15 30 3

M678F -8 -4 -6 8 6 1 -7 80 96 67 93 101 100 100 37 101 93 94 17 9 14 19 -1

M661F 4 4 -2 6 2 7 3 2 5 5 6 10 16 8 8 14 -5 94 8 -2 0 -1 5

M651F 10 2 -8 2 -4 6 3 36 30 13 44 3 -8 0 -8 4 18 93 76 51 6 2 1

M8F 5 -3 8 -9 11 2 3 5 -7 5 4 0 3 -9 4 -9 4 4 4 94 5 4 29

M686F 5 1 -11 16 10 16 -8 28 22 26 22 7 12 21 21 41 23 50 22 90 94 93 98

M688F 13 8 -9 13 2 5 0 26 22 18 24 12 12 21 18 40 26 45 29 88 89 91 95

M679F 9 -1 -6 13 3 1 1 4 6 7 9 7 -4 5 7 8 6 10 4 69 41 45 87

M3F
M663F
M680F
M665F
M684F
M675F
M220F
M643F
M652F
M659F
M702F
M691F
M703F
M669F
M676F
M677F
M678F
M661F
M651F
M8F
M686F
M688F
M679F

M
3F

M
66

3F

M
68

0F

M
66

5F

M
68

4F

M
67

5F

M
22

0F

M
64

3F

M
65

2F

M
65

9F

M
70

2F

M
69

1F

M
70

3F

M
66

9F

M
67

6F

M
67

7F

M
67

8F

M
66

1F

M
65

1F

M
8F

M
68

6F

M
68

8F

M
67

9F

Site 1

Site 2

% inhibition of binding of biotinylated VHH



Conclusions novel 146S specific VHHs

 146S specific VHHs with broader strain recognition do 
exist

● Some 146S specific VHHs even bind 2 serotypes
 146S specificity varies between

● FMDV strains
● VHHs from same CDR3 group

 Antigenicity of 75S and 146S differs
 Two 146S specific antigenic sites exist
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Overview of 146S specific VHHs
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146S FMDV
VHH Specificity Strains
M170F High O1/Manisa/TUR/69, O1/BFS/67
M210F High O1/Manisa/TUR/69, O1/BFS/67 
M332F High Asia 1/Sha/ISR/89
M658F High Asia 1/Sha/ISR/89
M377F High SAT2 SAU/2/00
M378F High SAT2 SAU/2/00
M379F High SAT2 SAU/2/00
M652F Low 9 out of 13 serotype A strains and C1 Detmold
M659F High 7 out of 13 serotype A strains
M691F High 13 out of 13 serotype A strains



Thank you for your attention!
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