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• Van Bekkum et al., 1959
• Recovery of infectious FMDV in OPF (saliva) up to 8 months after 

recovery from clinical FMD
• Similar subclinical persistence found in vaccinated cattle
• Reports that FMDV carriers do not transmit infection further

• Sutmoller and Gaggero, 1965
• Standardization of probang sampling technique

• Although, similar approach as used by van Bekkum

• Burrows 1966
• Isolation of infectious FMDV from nasopharyngeal tissues of 

persistently infected cattle

• Sutmoller et al 1968
• Definition of carriers at 28dpi

• Stenfeldt et al 2016
• Definition of the transitional phase and early determination of 

divergence

The FMDV Carrier State; landmark papers



Anatomic localization of persistent FMDV: Nasopharynx 
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Can carrier cattle  transmit FMD?

Do carriers matter?



Transmission from FMDV carriers; experimental studies

Meta-analysis of transmission from 
persistently infected cattle and 
buffalo
β= 0.0256 infections per carrier per 

month

Tenzin et al., 2008
Parthiban-Parida’15 (recent addition)

SM’76



Carrier transmission trial under natural conditions in Vietnam

No transmission 

Force of infection = 0.0 /month



Challenging the conventional wisdom of 
“dead-end carriers”.



? Infection        FMD?

Simulated 
Natural 
Exposure



7 Confirmed Carriers
FMDV A24

(30 dpi)



7 Confirmed Carriers
FMDV A24

Intra-oropharyngeal 
inoculation (IOP)

OPF

Nasopharyngeal Tissue

VI-Neg

VI-neg

VI-neg

5 x101 TCID50

102TCID50

45g, VI+, No titer



Experimental Outcomes

 No infection

No Infection


OPF





Infection dynamics, “Recipients”



VP1-GH loop Consensus (7 cattle)
CPN10 (calf 10, dpi 6) (post carrier)  
N  G  T  S  K  Y  A  V  G  G  S  G  R  R  G  D  T  G   

 

CPN72 (calf 12, dpi 5) 
N  G  M  S  K  Y  A  V  G  G  S  G  R  R  G  D  M  G   

 

CPN73 (calf 13, dpi 4) 
N  G  T  S  K  Y  A  V  G  G  S  G  R  R  G  D  T  G   

  

CPN74 (calf 14, dpi 5) 
N  G  M  S  K  Y  A  V  G  G  S  G  R  R  G  D  M  G   

 

CPN75 (calf 15, dpi 7) 
N  G  M  S  K  Y  A  V  G  G  S  G  R  R  G  D  M  G   

 

CPN76 (calf 16, dpi 6) 
N  G  M  S  K  Y  A  V  G  G  S  G  R  R  G  D  M  G   

 

CPN77 (calf 17, dpi 6) 
N  G  M  S  K  Y  A  V  G  G  S  G  R  R  G  D  M  G   
 

 



Experimental Conclusions 

• OPF (Probang) from carrier cattle WAS infectious to naïve cattle

• OPF (Probang) from carrier cattle WAS NOT infectious to naïve 
pigs

• Nasopharyngeal tissue from carrier cattle WAS NOT infectious 
to naïve pigs by ingestion



Can carrier cattle  transmit FMD?

Do carriers matter?

Endemic setting: Unlikely, but…..
0.0256 x (__Million Carriers) = __Transmission events

250 million cases/year (KS)
Non-zero risk
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Neoteric subclinical infection 
(Vaccination)
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Neoteric subclinical infection 
(Indigenous breeds)

N+P
Image: N. Lyons



Overarching Conclusions 

• Progressive path to global FMD eradication should 
include active surveillance for subclinical infection 
• Neoteric subclinical

• Persistent subclinical

• Current vaccines do not prevent primary/persistent 
infection 

• Continue laboratory-based research to develop 
products to prevent persistent and primary 
infection to strive towards global eradication of 
FMD
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Thank You!


