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We have recently analysed a series of cattle to cattle foot-and-mouth disease virus (FMDV) 

transmission studies. A key observation was the lack of correlation between detection of 

virus in various body components, for example blood, nasal secretions and oesophageal 

scrapings, and the detection of clinical signs and transmission1. The puzzle is why clinical 

signs and transmission do not occur despite the presence of virus. One explanation may be 

that clinical signs and transmission occurs only when the viral titres exceed a threshold 

quantity. However, the real answer may be more complicated.  Early observations summa-

rised by McCullough and colleagues2 suggest the presence of anti-viral antibodies may be 

influencing early pathogenesis. Indeed members of the same group went on to show the 

formation of immune complexes between virus and antibody are required to induce inter-

feron α from porcine professional interferon producing cells (plasmacytoid dendritic cells)3. 

   

It has been known for many years that antibody is rapidly induced after FMDV infection or 

vaccination4.  It has also recently been shown that this early antibody is induced in the ab-

sence of a CD4+ T cell response5. Furthermore, interferon α is also produced by cattle plas-

macytoid dendritic cells in response to virus antibody immune complexes6. Intriguingly the 

onset of clinical signs correlates with the detection of interferon in the serum1.  We specu-

late that the detection of interferon in serum is an indication that immune complexes have 

formed and are starting to drive virus into different cell types from those initially infected.  

Encouragingly, Stenfeldt and colleagues showed a similar pattern of interferon production 

in the serum of infected cattle7. They, like us, were unable to detect antibody in the serum at 

these very early time points8. However, determining the absence of detectable antibody may 

not be possible using conventional techniques because of the presence of excess antigen. A 

challenge for the future is to develop methods to detect small quantities of immune com-

plexes in biological fluids.  

 

The notion of a shift in cell tropism by the formation of immune complexes is supported by 

additional studies of myeloid dendritic cells and macrophages.  Both these cell types re-

quired immune complexes to be formed before virus entry occurred9,10. Furthermore, Arzt 

and colleagues11 performed a detailed pathogenesis study using in vivo derived samples 

from cattle challenged by aerosol exposure to FMDV. In these studies FMDV was first 

detected in presumptive (morphologically and phenotypically) dendritic cells at 24 hours 

post-infection. This may, in part, represent a shift in the tropism of the virus relative to ear-

lier timepoints at which FMDV could only be found in epithelial cells. 

 

This body of work has important implications for the development of control measures for 

FMDV.  Dendritic cells are the only cells in the body capable of initiating an immune re-

sponse to an agent the body hasn't seen before and targeting portions of infectious agents to 

dendritic cells has been shown to stimulate a strong immune response.  Therefore, under-

standing in detail the interaction between FMDV and dendritic cells and other cells targeted 

by immune complexes will provide valuable insights into disease pathogenesis and mecha-

nisms of transmission.  Additionally, targeting inactivated FMDV antigens to dendritic cells 

has the potential to drive T-cell dependent immune responses with the likelihood of increas-

ing the duration of immunity. 

Recent advances in our understanding of 
FMDV pathogenesis in cattle 
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FMDV immune complexes (green) can infect cells 

(blue nuclei) expressing antibody receptors 
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Two FMD research initiatives have recently 

been initiated in East Africa. These are both 

financially supported by the Combating In-

fectious Diseases of Livestock for Interna-

tional Development (CIDLID) initiative 

jointly funded by the UK’s Biotechnology 

and Biological Sciences Research Council 

(BBSRC) and Department for International 

Development (DfID) and the Scottish Gov-

ernment, both focussing on control of FMD – 

one specifically in Tanzania, and one more 

generally in East Africa. These projects also 

complement other new initiatives in the re-

gion, including the Wellcome Trust-funded 

Southern Africa Centre for Infectious Dis-

eases Surveillance (SACIDS) project and the 

Southern Africa Development Community-

Transboundary Animal Diseases (SADC-

TADs) programme, and provide an opportu-

nity for collaborative efforts that will make 

real progress towards FMD control in Africa. 

 

Although FMD is well recognised as a disease of global signifi-

cance, research into the impact and epidemiology of endemic FMD 

in Africa has attracted relatively little scientific attention. In many 

parts of Africa, livestock form an integral component to sustain the 

livelihoods of vulnerable groups such as women and children, and, 

where FMD is endemic, the disease has major potential conse-

quences for household economies and food security, although these 

impacts have not been fully quantified. These include a substantial 

loss in milk production, which can be critical for food security as 

well as for calf survival, loss of condition with subsequent reduc-

tion in meat production, and high death rate amongst young ani-

mals. Crop farmers that rely on working cattle for ploughing may 

also be affected due to loss of working power. 

 

The role of potential wildlife reservoirs in livestock FMD out-

breaks also still remains to be determined, and this is of particular 

importance to livestock-keeping communities living in the prox-

imity of wildlife-protected areas. The management and control of 

FMD at the livestock-wildlife interface is becoming increasingly 

complex with recognition of the high biodiversity value and eco-

nomic importance of wildlife-protected areas in many parts of east-

ern and southern Africa and the ongoing creation of transfrontier 

conservation areas. As a consequence, more flexible ways of man-

aging FMD are required that allow for integrated wildlife and live-

stock production systems. 

 

While livestock vaccination offers potential solutions for managing 

endemic FMD, one of the shortcomings of vaccines in Africa is the 

many unknown antigenic variants within a serotype that exist in 

different geographic regions. This has serious implications for the 

control of the disease by vaccination since it may render available 

vaccines inadequate. Additionally, the lack of concerted FMD 

control programmes in Africa has provided little incentive for vac-

cine producers to select vaccines that are tailored to circulating 

regional isolates creating further negative 

feedback to deter the introduction of vaccine-

based control schemes. Therefore, one of the 

joint objectives of the two initiatives is to un-

derstand the antigenic relationships between 

circulating strains; this will allow us to im-

prove our understanding of the antigenic diver-

sity in the different regions and hence to select 

vaccine strains appropriate for Tanzania and 

other regions in East Africa. 

 

The first research project, led by Sarah Cleave-

land from Glasgow University, focuses spe-

cifically on determining the role of livestock 

and wildlife in the maintenance of FMD in 

Tanzania, the temporal and spatial patterns of 

infection, risk factors for outbreaks in live-

stock and the spatial distribution of antigenic 

and genetic variation, and socio-economic 

implications of FMD at the household level. 

The second research project, led by Satya 

Parida from the Institute for Animal Health, 

focuses in turn on the improvement of the quality of FMD vaccines 

in East Africa more generally by defining viral determinants of 

antigenicity and thereby helping the selection of vaccine strains, by 

evaluating novel adjuvants to enhance the durability and potency of 

vaccine-induced immunity, and by increasing our understanding of 

the relationship between vaccine induced protection and humoral 

and cellular immune responses to allow laboratories in developing 

countries to assure vaccine strain potency. 

 

These key issues need to be addressed for effective control of FMD 

in Africa, and these two initiatives (together with SACIDS and 

SADC-TADs) provide a valuable opportunity for generating an 

improved understanding of the epidemiology and control of the 

disease in Africa. 

Towards the strategic control of endemic foot-and-mouth 
disease in Africa 
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Researchers from the United States Department of Agriculture 

(USDA), Agricultural Research Council (ARC) of South Africa, 

Makarere University and UVRI in Uganda, Ben 

Gurion University in Israel and the Uganda Ministry 

of Agriculture are initiating a new research project in 

designing novel countermeasures for the progressive 

control of FMD in Uganda. In one of the goals of the 

project investigators from the Makarere University 

and UVRI, working in close coordination with the 

Uganda Ministry of Agriculture, will focus on the 

necessary disease surveillance for the development of 

novel improved vaccines that properly match FMDV 

strains circulating in Uganda. It is envisaged that the 

epidemiological knowledge and the associated novel 

vaccines will enable the progressive control and in-

crease the opportunities of eventual eradication of 

FMD in Uganda. Surveillance is the first necessary 

component of a vaccine research program leading to 

an effective control strategy. The information derived 

from the surveillance and vaccine matching studies 

will provide detailed understanding of the FMDV 

strains circulating in Uganda for which little informa-

tion is available today. Scientist at UVRI, Ben Gurion 

University and the USDA, ARS will join efforts to 

develop strain specific more affordable diagnostic 

kits, for locally circulating FMDV strains.  

 

Livestock is an important element for the livelihoods of millions of 

Ugandans and considerable efforts at economic development by the 

government of Uganda have focused on the livestock sector. Live-

stock, being one of the main users of natural resources, are an 

important economic resource for some 80% of Ugandans, pro-

viding power for cultivation, nutrients for farmland, investment 

opportunities and animal protein. The livestock sub-sector con-

tributes 7.5% of GDP and 17% of agricultural GDP. It is an 

integral part of the agricultural system of many parts of the 

country. Mixed farming small holders and pastoralists own over 

90% of the cattle herd and 100% of the small ruminants and 

non-ruminant stock. Cattle are the most important of all the 

livestock. Livestock production has continued to grow, at a rate 

of over 4% per annum, in response to increasing demand for 

milk and meat in the local market. 

 

However, among the major constraints to livestock productivity 

in Uganda are: i) inadequate water sources; ii) diseases; iii) 

inadequate feed; and iv) poor market for livestock products. 

FMD is perhaps the most important disease and the main trade 

barrier affecting the marketing of livestock products.  At least 

five of the seven serotypes, i.e. A, O, SAT1, 

SAT2 and SAT3 are known to occur in 

Uganda, causing disease in wildlife and do-

mestic animals. FMD is highly contagious 

and the high morbidity caused by the disease 

has serious impact on growth and production 

and the resulting disruption of trade and 

decrease in market value of livestock prod-

ucts. Most importantly there is a need to 

improve surveillance, detection of FMD, to 

characterize viral strains and perform effec-

tive vaccine matching in order to select the 

appropriate vaccines. 

 

This project, under the umbrella of the 

GFRA, established research collaboration 

between USDA, UVRI, Makarere Univer-

sity, Ben Gurion University and the ARC to 

develop the necessary tools and monitoring 

systems in support of surveillance and the 

progressive control of FMD in Uganda. At 

the end of the project it is expected to gain a 

better understanding of the FMDV serotypes 

and subtypes circulating in Uganda, to de-

velop locally affordable diagnostic tools and as well as provid-

ing relevant training and educational workshops. 

Novel Countermeasures to Support the Surveillance and 
Control of FMDV in Uganda 

“Surveillance is the first 

necessary component of a 

vaccine research program 

leading to an effective 

control strategy.”  

clared FMD free without vaccination by the OIE in 1990) and 

the last FMD outbreak occurred in Philippines in the year 2005 

that has since also been declared FMD free without the use of 

vaccines.  While the island part of Malaysia is free from FMD, 

the peninsular region suffers occasional outbreaks.  In addition, 

FMD epidemics regularly occur in mainland China, Hong Kong 

(China) and Taiwan while in 2010, Japan faced its worst epi-

demic since the 2001 PanAsia outbreaks.  The viruses circulat-

ing in these regions have close epidemiological links and are 

Nagendrakumar Singanallur and Wilna Vosloo 

 

Australian animal Health Laboratory, 5 Portarlington Road, Geelong, 

3220, Australia 

 

Foot and mouth disease (FMD) is endemic to most countries in South 

East Asia (SEA) with serotypes O, A and Asia 1 occurring in coun-

tries such as Cambodia, Laos, Malaysia, Myanmar, Thailand and Viet-

nam.  Indonesia has been free from FMD since 1989 (officially de-

Foot-and-mouth disease in south East Asia: A short summary 
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global threat. The technical support and training of human 
resources provided by the OIE-reference labs (SENASA, 
Argentina and PANAFTOSA in Brazil) which was evidenced 
during the recent outbreaks in Ecuador and Paraguay are 
some examples. Nevertheless, a debate still ongoing entails 
the vaccination strategies to be applied in the case of out-
breaks. One of them supports the reinforcement of vaccina-
tion programs using classical regional strains accompanied 
by epidemiological follow up to detect virus circulation. In 
this strategy, vaccine matching between field and vaccine 
strains is established by complement fixation and virus 
neutralization assays. This has been the approach typically 

applied by PANAFTOSA and the outcome of 
these interventions consistently recom-
mended not updating current vaccine strains. 
A different strategy has been followed in Ar-
gentina. In vitro and in vivo matching assays 
using isolates from the 2000-2001 outbreaks 
(Vaccine 22:4149-62, 2004) resulted in the 
inclusion of a fourth strain (A/Arg 2001) in 
the official formulation. Moreover, the same 
authors performed a series of in vitro and in 
vivo matching experiments with different 
field isolates from the 2009/2010 outbreaks 
in Ecuador (Vaccine, 29:8230-40, 2011) 
showing poor matching with the O1 Campos 
vaccine strain. On the contrary, in vitro as-
says performed by PANAFTOSA with these 
same isolates indicated that they exhibited 
an acceptable antigenic relationship to the 
vaccine strain. Recent outbreaks in Paraguay 
offered an opposite example. Despite the 
significant genome sequence difference 
(~17%) between the serotype field isolates 
and the O1 Campos vaccine strain, in vivo 
and in vitro vaccine matching assays per-
formed by SENASA indicated that commer-
cial tetravalent vaccines were able to protect 

single vaccinated and revaccinated cattle from the field iso-
late. Altogether, this only reflects the complexity of the 
problem and reinforce the need to find harmonized proto-
cols of action in the occurrence of FMD outbreaks. 

Mariano Pérez-Filgueira 
 

FMDV Immunology Group, Instituto Virología-CICVyA 
INTA, N. Repetto y De Los Reseros S/N, Hurlingham (1686)-
Buenos Aires-Argentina. 
 
Currently, South America exhibits the whole range of FMD 
sanitary status. In many cases, a single country holds more 
than one disease status since different types of livestock opera-
tions and epidemiological scenarios can be found along their 
territories. The region, however, has experienced a clear im-
provement in the occurrence of field outbreaks due to exten-
sive vaccination programs performed during the 
last twenty years. Nowadays, cattle population 
is estimated in 325 millions of animals and 
around 500 million doses of inactivated vac-
cines are applied yearly. A number of regional 
and international programs are currently in 
place, some examples are the Hemispheric 
Foot-And-Mouth Disease Eradication Plan 
(PHEFA) started in 2005; the Progressive Con-
trol Program lead by FAO within countries of 
the Andean region since 2010 and Program of 
Action of FMD-free Mercosur (PAMA) which 
complements national programs of the member 
countries. In general terms, the disease inci-
dence is higher in the Northern region of the 
subcontinent where FMD is still endemic, while 
large disease-free zones can be found in South-
ern territories. Countries where livestock in-
dustry is economically relevant has usually held 
sustainable public funding for supporting basic 
and applied research, vaccine campaigns and 
epidemiological surveillance.  This has often 
been associated with an important commit-
ment from the private sector (farmers and vac-
cine manufacturers). This situation is not ob-
served, however, in less developed countries or 
economies where livestock production does not have an im-
portant economic role. This gap between countries is being 
shortened through an increasing number of cooperation initia-
tives which are also in line with the notion of the FMD as a 

separate lineages to those that are in circulation in other countries of 

Asia, especially the Middle East and South Asia. 

 

The FMD viruses of SEA are classified under Pool 1 where the circu-

lating serotype O viruses belong to the Mya-98, PanAsia and PanAsia-

2 topotypes while the pig adapted O Cathay topotype is prevalent in 

Taiwan and sporadically occurs in parts of Cambodia and Vietnam.  

Type A viruses belong to the Asian A topotype under a new lineage 

SEA-97 which has its origin from Malaysia and Thailand.  It is of 

great concern that serotype A viruses related to the Indian subconti-

nent were reported in 2011 in Myanmar that could potentially spread 

to the rest of SEA and impact on vaccine efficacy.  The Asia 1 viruses 

that occur in the region are mostly related to the strain that appeared in 

China, Mongolia and other Central Asian countries in 2005.  Sporadic 

outbreaks of Asia 1 belonging to the above mentioned lineage were 

reported from countries like Vietnam and Myanmar in 2006; however 

most outbreaks are caused by O and A serotypes.   

The OIE SEA FMD Campaign (SEACFMD) has designed a 

roadmap to control and eradicate the disease from SEA by 

2020.  This initiative received impetus when China joined the 

group in 2010 indicating a true regional approach to disease 

control.  The roadmap aims to consolidate the national control 

and eradication programs, further harmonize legislation for 

FMD control in member countries, improve laboratory, epide-

miology and public awareness networks and work more closely 

with ASEAN program management and support.  The OIE Re-

gional Coordination Unit in Bangkok has been supported by the 

regional national governments and through major funding from 

AusAID, with additional support from the OIE, FAO, France, 

New Zealand and Switzerland.   

 

FMD situation in South America 

“The implementation of 

extensive control programs 

using an effective vaccine 

has resulted in a 

substantial reduction of the 

frequency of FMD 

outbreaks in South America 

over the last 20 years.” 
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The Global Foot-and-Mouth Disease Research Alliance 

(GFRA): 

A worldwide association of animal health research organiza-

tions to assist the global control and eventual eradication of 

foot-and-mouth disease 

Global Foot-and-Mouth Disease Research 

Alliance (GRFA) 

29/10/12 

Open Session of the Eufmd 

Spain 

29-31 October 2012 

 

1/11/12 

Ref. Lab. Meeting 

Spain 

1-2 November 2012 

13/02/12 

Scientific Developments and Technical Chal-

lenges in the Progressive Control of Foot-and-

Mouth Disease (FMD) in South Asia 

New Delhi, India 

13-15 February 2011 

 

17/04/12 

Surveillance, Epidemiology, Vaccination and 

Control of Foot-and-Mouth Disease 

Hazyview, South Africa  

17-19 April 2012 

 

27/06/12 

FAO/OIE Global Conference on Foot and 

Mouth Disease Control 

Bangkok, Thailand  

27-29 June 2012 
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