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SUMMARY
MAPPING THE FMD HOMELANDS: An exploratory look at global ruminant production systems associated animal movements, and FMD risk
The quality and reliability of quantitative Foot and Mouth Disease related statistics are patchy and unpredictable, even at the country level. As called for by the 35th Session of the EU Commission on FMD, work is required to improve risk assessment efforts. The primary medium term imperative must be to improve disease reporting and surveillance so that decision makers can assess risks effectively and plan response strategies in case of outbreaks. In the short term, however it would be desirable to develop risk assessment techniques that make the best use of what data are currently available.  An FAO initiative has therefore provided resources for an exploratory study with the following objectives.
Main Objectives

To provide global maps of FMD distribution in bovines, small ruminants and pigs, using:

Indicators of animal movement to as a surrogate for risk of disease spread 



Quantitative indices of incidence and prevalence based on expert opinion
Main Conclusions

Trade and husbandry related indices of livestock movement can be produced 


A number of different incidence indices can be produced using expert rankings of 

Degree of FMD presence

A combination of a range of additional ranked disease parameters

The incidence indices can be effectively combined with livestock species density distributions to provide credible prevalence indices

Calculated prevalence is highest in China (pigs), India (cattle), the Near East (small ruminants) and the Sahel (small ruminants and cattle)

Results suggest that methods can be used to provide some useful information at national and sub-national resolution, even for countries for which quantitative FMD data is currently unavailable.

Work is required to refine and improve the data and the techniques, which will require input from and collaboration between a number of agencies and institutions

Main Recommendations


The techniques assessed can be significantly improved by:
Making the rankings used more robust by introducing additional parameters and evaluating alternative weighting regimes

Using more sophisticated spatial analysis tools such as watershed analysis, classification and segmentation and iterative spread modelling to identify ‘self contained’ disease systems and define limits to likely spread

The data and expert opinion underlying the analyses must also be validated and if possible extended specifically by:

Ground truthing assigned incidence levels in critical countries, particularly those with high disease burdens that share borders or trade livestock with currently FMD free nations

Evaluating key indicators such as sero-conversion rates in selected age groups
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1. INTRODUCTION AND BACKGROUND
Planning effective strategies to combat disease and contain outbreaks is only possible if there are reliable risk assessments available, which in turn can only be based on accurate information about disease occurrence. In recognition of the patchy and often unreliable state of quantitative information in Foot and Mouth Disease, at both country and sub-national level, the 35th General Session of the EU Commission on Foot and Mouth Disease called for improved risk assessment methodologies. A series of Tasks has been identified that should be addressed in order to contribute to a primary objective of preparing an FMD Risk Assessment for Europe, namely: 
Task 1. Devise a set of criteria to define epidemiological regions throughout the world, with respect to FMD status; 

Task 2. Devise a set of descriptors by category for those defined epidemiological regions. These should be designed as proxy prevalence indicators. For example high, medium, low or endemic, sporadic, free or other system the group think is appropriate;

Task 3. Assign the world into regions by FMD status, using those criteria and descriptors;

Task 4. Summarise with tables and illustrate with maps; 

To this end, the FAO commissioned a study to work towards a logical basis for identifying FMD epidemiological zones using a Geographic Information System (GIS) based approach, , with the particular aim of providing relevant information for those areas or countries where FMD information – most particularly the OIE disease data – were least reliable. Of special interest is identifying key data required to provide indications of global FMD incidence.
An overview of the main challenges associated with producing large scale (global) FMD rsik maps is provided in the extract from discussion papers provided in the Appendix. The main assumptions used here have been that the risk of FMD in these regions relates primarily to the density of animals (bovines, small ruminants and pigs) supported in an area, and the amount they move from one place to another. The higher the density, and the more frequent the movements, then the higher the likely risk of FMD or its spread.

Knowing the risk of FMD as a whole does not, however, equate to being able to assess epidemiological zones or the distributions of particular disease categories (serotypes). This would require some initial knowledge of the serotype distributions, combined with either some assessment of ‘disease systems’ or perhaps delineation of boundaries and barriers (perhaps akin to topographically determined hydrological watersheds) which might contain specific serotypes. It has been an integral part of this study that any approaches adopted or identified would, in the future be compatible with such medium term objectives. 
2. RATIONALE
This exploratory study is intended to be more of a scoping study than an attempt to fully develop completely new techniques. It aims, therefore, to adapt and update outputs from previous and ongoing work, especially those originating from within the FAO Animal Health Division, with a view to investigating the validity and usefulness of the assumptions used and approaches developed, and to assess the potential for further development. 

Two classes of information are therefore required – animal distributions and animal movements. As far livestock distributions are required, FAO has, over the past seven years, devoted considerable resources to developing techniques to map livestock distributions at sub-national resolution
 culminating in a two year programme to produce global distribution maps
 for the major livestock species (cattle, buffalo, sheep, goats, pigs and chickens). 
Static distributions, however, reveal little about movement, and very little relevant data are available in any quantitative sense at a global scale. It is therefore necessary to try to assess levels of movement by indirect means or by using indicators as surrogates, and it has therefore been assumed that movement is encouraged either as a result of specific management practices such as pastoral nomadism or seasonal transhumance, or through trade. 
Two categories of information have been used to shed light on this topic. The first derives from FAO funded studies to produce maps of cropping levels
 and land unsuitable for livestock
. As a result, standardised information is available not only for animal distributions, but also for the agricultural context in which they exist, from which some inferences can be made about management practices, and their likely links to livestock movements. 

A second series of studies has looked at other indicators of movement related to the seasonality of available grazing, and the likely trade resulting from the geographical balance between animal production and the consumption of animal products
,
. These were restricted to an investigation of the situation in the Middle East, but have been extended, to some degree, by attempts to collate and map global scale information relating to epidemiological instability
, – specifically animal production parameters and disease distributions from a wide range of sources, most particularly FAO’s recent assessment of agricultural production trends to 2015/2030
.
As a result, global scale information relating to indicators of livestock movements are now available, one derived from quantitative delineations of management practices, the other from implied movement of surplus production to regions of high demand for animal products.  These are presented in succeeding sections.
3. INDICATORS OF LIVESTOCK MOVEDMENT
3.1. Livestock movements related to animal management practices

Livestock management practices can be inferred by the relative levels of livestock, cropping and people – areas, for example, with high densities of people are likely to support landless or primarily monogastric production; whilst those with significant cropping as well as livestock numbers (e.g. India) are most likely to be mixed farming areas, with comparatively intensive production, and little stock movement. In contrast, areas with little cultivation but significant livestock populations (such as Ethiopia) may be characterised by seasonal transhumance, and those with some animals and rather sparse cultivation are likely to sustain somewhat longer distance transhumance or even nomadism. In other words, a predominance of livestock, as opposed to cropping, suggests increasing animal movement.
Figure 1 shows the distribution of ‘farming systems’ as defined by the relative levels of people crops and cattle. A number of categories are identified, ranging from ‘urban or peri-urban’ (mostly people, little crops or cattle) at one extreme to ‘minimal’ (few crops or cattle) at the other. The arguments set out above suggest that the systems with the most animal movement re likely to be those at the top of the legend, wherein crops are comparatively rare.  These systems are isolated and presented in Figure 2.
`
Figure 1: Categorised Farming Systems
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Figure 2: Farming Systems most likely to support significant cattle movements


[image: image3]
3.2. Livestock movements related to trade
Information concerning the levels of trade in livestock products at the global scale is sparse, most especially that which provides consistent and complete global coverage. FAO has produced some estimates the levels of imports and exports of livestock products at the country level, and in some cases has also provided the countries to which a specific nation has exported livestock products, and from which it has imported them. This list is not, however, exhaustive, and focuses more on products rather than live animals. Further it is not immediately evident how such information might be linked to animal distributions to infer movement patterns. 
An alternative strategy attempted here (and illustrated in Figure 3 below) is based on the assumption that country level animal production levels (expressed as kg product/animal, as calculated from figures supplied by FAO
) can be applied to sub-national resolution animal distributions to provide a first approximation of the distribution of animal production per species. An index of the demand for livestock products can, in similar vein, be produced by multiplying the calculated country level demand per person (calculated from the same FAO sources) by the subnational resolution human population map
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Figure 3: Components of trade related movement assessment

Subtracting the demand from the production layer gives an indication of ‘production demand discrepancy’ or ‘production and demand surplus’, illustrated for bovines, small ruminants and pigs in relation to meat in Figure 4, Figure 5, and Figure 6 respectively. The blue areas are those with surplus production, the red with a demand surplus. As might be expected, the blue areas are the most extensive, and mostly occupy rural areas, the red ones, are most focussed and are likely to be urban or periurban. It should be stressed that this approach does not work for some situations – for example bovine meat in India – where beef is not consumed, and is only likely to be appropriate for meat (rather than milk or egg) production, as a demand for meat is often satisfied by moving live animals as well as meat, thereby increasing the risk of disease transmission. 
Figure 4: Bovine Production Surplus
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Figure 5: Small Ruminant Production Surplus
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Figure 6: Porcine Production Surplus
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These trade indicators are most likely to be associated with animal movement where there are substantial areas of demand and production surplus adjacent to each other (e.g. bovines in Pakistan, Afghansistan, Iran and Turkey, and much of the Americas; small ruminants in east China, Pakistan, and Turkey) or where production surplus is very high (e.g. pigs in east China and the Rwanda/Burundi/southern Uganda region, and the USA). Figure 7 shows the areas where the production surplus in relatively high for any or all of the livestock species, which again draw attention to China, some of the Middle Eastern countries, the USA, Brazil, Argentina and Uruguay.
Figure 7: Multi-species Production Surplus
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The two movement indicators – trade and husbandry related- can readily be combined into a single display, to give an indication of areas where the movement levels of live animals or animal products might be expected to be comparatively high. Figure 8 shows and example of such an output for bovines, and suggests that much of trade related movement is likely to be comparatively rare in, for example, SubSaharan Africa and parts of east Asia, but rather more predominant in the Americas, Pakistan and urban China. 
Figure 8: Husbandry and trade related Bovine Movement Indicators
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4. Measures of FMD Occurrence, Incidence and Prevalence.
The problem of under reporting of FMD is well recognised. Reliable surveillance data for FMD on which to make prevalence estimates is only available for a small fraction of countries, and therefore new approaches are required to estimate the potential disease burden in countries with large animal populations that conceivably hold a very significant part of the global FMDV pool. 

In an attempt to overcome the lack of quantitative information, surveillance data for FMD information for “representative country or husbandry systems” has been used to provide annualised incidence values which may then be applied to countries with the same or similar conjectured FMD status. 

Two measures of FMD incidence have therefore been assessed in this way. The first assumes a constant incidence for all countries within the same conjectured FMD status as set out in the Appendix and illustrated in Figure 9, with assigned category incidence per 1000 cases per year shown in the table below 
. 
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Figure 9: Conjectured Country FMD Status
Table 1: Assigned FMD Incidence

	Conjectured FMD Status*
	Cattle
	Pigs
	SR

	0
	0
	0
	0

	1
	0
	0
	0

	2
	0.047
	0.002
	0.037

	3
	0.047
	0.002
	0.037

	4
	0.884
	0.044
	0.445

	5
	3.388
	0.168
	1.720

	41
	0.884
	6.408
	0.445

	42
	0.884
	0.044
	0.090

	51
	3.388
	24.560
	1.720

	52
	3.388
	0.168
	0.344

	*See Appendix Table 2
	
	
	


This assigned incidence index has then been combined with the distributions of each species (expressed as densities) to provide an indication of a prevalence index within countries. The results presented for Bovines, Pigs and Small Ruminants in Figure 10, Figure 12, and Figure 11 respectively. In such an approach, the main variable driving the number of cases is the population at risk, and thus the importance of countries will depend on their relative populations. Although this may under-estimate particular high or low risk husbandry situations, it avoids the under-representation of some endemic countries with large livestock populations. It is accepted that focusing on the application of annualised incidence rates may mask particular risks from antigenic divergence –the risk of “exotic FMD types” but  more systematic study may reveal patterns of emergence that would enable refinement of the risk assessment. Further data analysis may also support or refine the rates estimated in this preliminary study.
[image: image19.emf]times                     animal density times                     animal density

(meat) Production per animal (meat) Production per animal

MINUS

Demand per person

MINUS

Demand per person

times                   human density times                   human density

Figure 10: FMD Assigned Prevalence Index - Cattle
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Figure 11: FMD Assigned Prevalence Index - Small Ruminants
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Figure 12: FMD Assigned Prevalence Index - Pigs

A second analysis has been tested based on a normalised Total FMD Country Score for FMD shown in Figure 13 incorporating a series of ranked indicators and assumed incidences
. This score has been applied to the animal distribution in a number of ways, the first of which is a simple multiplication of total animal density (cattle, sheep and small ruminant) by the score value, as shown in Figure 14.
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Figure 13: Proportion of Maximum Total FMD Country Score
Figure 14: Multispecies Density Weighted FMD Distribution
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The resulting density weighted FMD distribution implies potential multispecies disease burden to be greatest in China (pigs), India (cattle), the Near East (small ruminants) and the Sahel (small ruminants and cattle). This is not dissimilar to the patterns suggested by the assigned incidence analysis presented above, which suggests that both approaches have some merit. 

The Country Score based estimates do not, by definition, provide estimates for each livestock species. Accordingly a third approach has been attempted which calculates a weighted incidence index for each species for each country
 which, using the information for Africa and Asia only, has then been applied to the animal densities. The resulting weighted prevalence indices are shown in Figure 15, Figure 16 and Figure 17, each with a map the weighted incidence index inset (please note the different legend scales for these figures).
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Figure 15: Weighted FMD Incidence and Prevalence Indices - Cattle
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Figure 16: Weighted FMD Incidence and Prevalence Indices - Small Ruminants
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Figure 17: Weighted FMD Incidence and Prevalence Indices - Pigs
The pattern in both sets of prevalence indices is quite similar – indicating that the variability of Total FMD Score within each conjectured FMD category is comparatively slight, and therefore the two sets of measures are quite closely consistent. In both series the ‘hotspots’ for Bovines are India, Pakistan, parts of East Africa, and some rather limited patches in China. For small ruminants, these same areas, with the notable exception of China and southeast Asia, have the highest indices, though the index values are much lower than they are for bovines. It is notable that the continuity of prevalence index values across the Middle East from India westwards is somewhat more consistent for sheep and goats than it is for bovines. Finally for pigs, southern and southeast Asia, together with west Africa support the higher prevalence indices. 

5. Conclusions and Discussion
A series of potential indicators of FMD presence have been produced in this exploratory study which attempt to shed light on the disease situation in countries where the direct measurement of incidence or prevalence is weak or non-existent. The first are a series of movement indicators based on husbandry practice and production surplus. Other surrogates for movement have yet to be considered, for example the environmental or climatic factors such as seasonal availability of grazing, and nor have the production surplus outputs been interpreted in terms of known or conjectured FMD incidence. These maps thus provide an indication of the areas from which there is a risk of the disease spreading once established, and in the absence of any preventative measures. 
A number of additional factors may also need to be considered when interpreting these movement indicators. The proportion of movements from areas of surplus production which are of animal products rather than the live animals themselves may well influence the potential risk of the disease spreading from one area to another. It is likely that the movement of products (especially meat) predominates where husbandry practices are comparatively intensive, whilst the transport of live animals is more frequent where management is more traditional, or in areas where feed-lotting and pre-slaughter fattening are common. In addition, movements may well be restricted within certain bounds or to particular corridors or trade routes. 

The maps do not provide specific predictions of the likely direction of spread. Such analyses are possible, and GIS utilities are available to apply them
. Substantial additional preparatory analyses would be required to implement such analyses, - specifically some index of disease establishment probability in new areas would need to be calculated, and surfaces would have to be produced that quantified the possible rates of potential spread.

The two sets of incidence and prevalence indices produced have been largely based on expert opinion. These have produced patterns which broadly agree with current assumptions of FMD distributions, but have yet to incorporate a range of factors which may well affect the presence and severity FMD. These include the levels of preventative measures available as discussed above; the likely effectiveness of disease mitigation strategies; or the relative virulence of different serotypes in different animal species, to name but a few of the specifically epidemiological possibilities. 
There are also several country level datasets which focus on ranking the more socio-economic indicators, such as GDP, rule of law, effectiveness of government and the like, which may well be useful surrogates for the likely effectiveness of outbreak mitigation options such as movement controls, disease containment and disease elimination activities. These could readily be incorporated into the types of weighted incidence ranks evaluated in this work. 
The ranking procedures themselves need to be made more robust, not only by cross checking the actual ranked values and evaluating the relationships between the different input variables, but also by further refining the categories and associated assigned incidence values. It should be possible to replace a number of the assigned values by actual ones, at least for those countries where reporting is thought to be complete and consistent. 

A second alternative would be to revise the treatment of the rank values – perhaps by using thresholds to convert each component variable to a binary (0,1) value and then adding and normalising these measures. This process has been used successfully to produce natural resource based indices of vulnerability of human populations to food insecurity
, but requires clear justifications of the threshold values used to distinguish the binary values.
Though the movement related and incidence index analyses, at first sight, produce comparable results, it may well prove useful to compare the two sets results more closely. It may be most instructive to look at areas where these two approaches produce contrasting patterns – e.g. India, where movement indicators do not highlight the sub-continent, whilst the prevalence indices do. Indeed, such contrast suggests a need to combine the two sets of measures to get a more comprehensive output. It may be possible to add movement to Total Country FMD Score – perhaps in relation to the summed production surplus at a country level.

The geographic analyses performed have do date been limited to relatively simple data compilation and processing – essentially spreadsheet manipulations of defined factors. Little has been attempted in the way of extrapolation or interpolation to provide more readily interpretable outputs. Some limited smoothing can be performed to produce the 3D surfaces presented in Figure 18, Figure 19 and Figure 20 below. 
Figure 18: Smoothed Surface Assigned FMD Prevalence Index - Cattle
[image: image10.emf]


Figure 19: Smoothed Surface Assigned FMD Prevalence Index – Small Ruminants
[image: image11.emf]


Figure 20: Smoothed Surface Assigned FMD Prevalence Index - Pigs
[image: image12.emf]


In addition, the production surplus maps can be overlaid onto these 3D surfaces to produce outputs that show assigned prevalence index as the height, and the production surplus as the colour (increasing from blue-red-yellow-green). Thus, in these maps, areas that are ‘peaks’, and green are areas which have significant risk of FMD as well as relatively high probability of movement related spread. The are shown in Figures 21, 22 and 23, below.
Figure 21: Assigned FMD Prevalence Index with Production Surplus drape- Cattle
[image: image13.emf]


Figure 22: Assigned FMD Prevalence Index with Production Surplus drape – Small Ruminants
[image: image14.emf]


Figure 23: Assigned FMD Prevalence Index with Production Surplus drape – Pigs

[image: image15.emf]


 Significantly more sophisticated types of spatial analyses are potentially available. Both prevalence and production surplus could be considered to be topographic surfaces relating to disease risk. As mentioned above, of considerable interest from the epidemiological perspective is whether these ‘surfaces’ can be divided into discrete regions between which the transfer of the virus is much reduced or impossible. This perspective is reminiscent of the watershed concept, which requires surfaces as have been generated, but also the definition of cost or friction surface parameters which quantify the rate and direction of spread, as well as the identifications of barriers to movement. Such analyses are very sensitive to rescaling and the size of the watersheds to be produced, both of which would require substantial empirical and iterative preparatory processing to define. As the techniques are also very processor intensive, the preparation would be a fairly lengthy process. 
A second alternative that might be used to delineate spatially discrete ‘disease systems’ might be to use the classification and segmentation routines developed to identify stands of trees in managed forests. These are well developed, but as they are also remarkably expensive, their use would only be feasible in the context of a long term, well resourced work programme.
The preceding discussion has focussed on improving the methods used to interpret currently available information. It must, of course, be stressed that whilst the use of indices and assumed rankings are a useful first step in assessing disease risk, they can only be stretched to a certain degree. However sophisticated the techniques used to extract the maximum information, there comes a point beyond which it becomes essential to replace, or at least verify, conjecture and expert opinion with field based evidence. A first step would be to ground truth the reported incidence level in countries of critical importance. This would be particularly important to evaluate in areas which generate substantial international trade with, or cross border movement of live animals into FMD free nations, and which, if also suffering high FMD prevalence, would be prime candidates for intervention to prevent outbreaks in the disease free countries. It would also be highly desirable to move beyond the country level incidence figures, towards sub-national resolution data, at least for the larger countries, and for those which are known to be zoned in relation to FMD, such as Argentina or Botswana.
If more reliable incidence rates were to be acquired, then it may well also be necessary to incorporate the fact that in certain circumstances FMD is more common in certain age groups of animals (e.g. calves in OIE category 5 countries). Furthermore, including the consequences and implications of the distributions and characteristics of the various serotypes on incidence, spread and disease impact would be a major step forward. Here, at least for high burden countries, it may also be useful to think in terms of using ground truthing exercises to measure key indicators such as seroconversion rates in 6-12 month old calves - rather than attempting to track and quantify outbreaks. It must, however be remembered that the production of global maps requires a global set of data values, so that some measures of incidence would be required in addition to sero-conversion rates. 
Finally, these results have demonstrated the potential for the methods illustrated to compensate to some degree for the widespread lack of quantitative data on FMD by using surrogates and indices rather than reported incidence. A number of recommendations have been set out which aim to take the process forward in the medium term to make the quantitative aspects more robust, and to provide the information needed by epidemiological and veterinary planners and decision makers in order to properly assess disease risks and thus design appropriate and quantitatively justified strategies of preparedness and surveillance. The recommendations are, however, likely to require significant resources to be provided, which argues for a collaborative effort between a number of Agencies and Institutions.
6. APPENDICES
6.1. FMD Risk; Overveiw of approaches to assessing FMD distribution and prevalence

Extracted from discussion paper by K. Sumption, 
The information provided and views are those of the author and should not be construed as those of the EUFMD Commission or FAO. The information is provided for discussion purposes,  to be circulated only within the EFSA panel discussions, and does not attempt to be a systematic review of the literature. 

6.1.1. Introduction; the problem:

· Quantitative assessment  of relative risk between regions, countries, animal species and products requires comparative data

· Under-reporting of FMD outbreaks to authorities within countries, and in timeliness or content from national authorities to OIE.

· Least information from endemic countries with some of the largest animal populations; China, Sudan, Somalia, 

· The endemicity problem; where high prevalence exists, FMD is a familiar disease and not reported to official veterinarians 

· Biased data; incidence in other species may be under-reported because of importance of FMD in cattle and reliance on passive reporting of disease 

FMD experts recognise severe gaps in FMD information;  but paradoxically expert opinion  appears to be biased by published information and appears not to be subjected to the principles of association with known risk factors for contagious animal diseases (animal population size, density, contact rates, etc)
 

Examples

· China has been considered the source of virus infection for several countries in the region, but official data of FMD incidence in China is not available ;  given that the country has 48% of the world pig population, and almost 90% of the pig population in FMD endemic countries, the scale of the potential reservoir must be seriously considered

· Sudan, where the scale of the livestock population, together with the lack of evidence that the health status is as good as claimed by official reports (FMD was not reported between 1990 and 2003, at variance with unofficial reports received), gives cause for concern.

· Countries with significant cattle populations in pastoralist systems in the sahelian zone, and in East Africa (Somali ecosystem), where surveillance by Government services is weak or practically non-existent 

6.1.2. Possible solutions

· 1. Derive prevalence data for each species and possibly husbandry system, from official data by factoring in multipliers etc, relating to risk. Major problems to do this: need some case studies which allow the factors to be calculated; accuracy will be in severe doubt unless robust correlations between factors and prevalence are first demonstrated for a range of significant countries. And how do we deal with countries which report only the presence but not the number of outbreaks?

· 2. Ignore the official data and work from the principle that FMD will be present wherever the animal population is kept in such a way that FMD will continue to circulate (persistence), unless there is official control program or OIE status that demonstrates FMD absence. The putative FMD distribution maps of the FAO WRL, Pirbright, are based on this principle. Presence/absence is relatively easy to postulate,  based on historical data. But how do we deal with different levels (temporal, spatial, farming systems) of prevalence in areas that are postulated to maintain a persistently infected animal population? And how do we deal with  subpopulations which may have different levels of risk (e.g. higher expected prevalence of virus in meat)?

6.1.3. Worked Examples  - and problems

1. If we assume that risk of infection per head (incidence) is equal irrespective of species, location or husbandry in areas which are endemic for FMD, then the relative distribution of host species between countries can be taken to indicate the contribution of each country to the global virus pool. On this basis, less than 10 countries predominate in livestock populations, and on the basis of the above argument, may be most significant in terms of the world pool of infection. (Figures 1-3).

2. If we are interested in prevalence/incidence rates of infection then we can postulate that the data from surveillance for infection in countries with well organised surveillance systems may give a closer estimate of the true incidence of infection. For example, taking recent official data (last 5 years where available) for FMD cases, and the principle species reported in the outbreaks, the incidence rates/1000 head population can be calculated. In the example, although there is a 70 fold difference between the case incidence in cattle /hd/yr in Senegal and in Iran, three of the five examples fall within a  3 fold range. Of these examples, the surveillance system in Iran is best known to the author and may be postulated as an applicable pro tem as an incidence rate for cattle, sheep and goats in FMD endemic countries in the middle-east, and may be applicable to ruminant populations in much of sub-saharan Africa also, until adequate  data is available from these areas. For pigs, given the global pre-eminence of the pig population of China. the average 5 yrs incidence rate for Hong Kong, may be postulated as applicable figure for pig populations, at least in east Asia. 

Table 2: Annual incidence of FMD per 1000 head in 6 endemically affected countries (source: OIE data for 1999-2003, FAOStat livestock populations).

	Case incidence per 1000 hd /yr

(average for 5 yrs)
	Pigs
	Cattle
	Sheep/goats

	Hong Kong
	24.56
	
	

	India
	
	0.29
	

	Iran
	
	3.39
	1.72

	Burkina
	
	1.56
	

	Uganda
	
	1.40
	

	Senegal
	 
	0.05
	 


If the incidence rates for pigs are assumed to be those observed in Hong Kong, and for cattle and small ruminants those observed in Iran, then on a global basis,  approximately 17 million FMD cases would be expected per year in the countries where effective control programmes are not known to be present (classified as status 2 (Table 2)), and of these about 12 million would be expected in China. Clearly the extrapolations may be flawed, leading to on over-emphasis on one country or region. However  in a past 5 year period there was only at most a 3 fold difference in incidence in Hong Kong, and there is little evidence that production systems and bio-security, or vaccination regimes are very different between Hong Kong SAR and the rest of mainland China.

If the above figures (as an average or range of estimates) are accepted, then these could be further used to estimate the incidence,  and compare the estimated contributions of countries at regional , continental and global level. The paucity of the data on which these estimates are made must be recognised in any such analysis. 

3. Problem; epidemiological features may lead to an erroneous estimate of entry of infection into livestock products

a. transmission in the market chain may increase incidence of infection at slaughter.

Transmission of FMD between pigs held in lairages in Hong Kong is a well recognised problem, with the result that vaccination is used to try to control this problem. The speed of transmission is so fast, and incubation periods so short,  that we can expect pig meat from such abattoirs to carry significant virus, since the normal inactivation post mortem through acidification does not occur with any certainty, especially when compounded with stress or illness. “Lairage FMD” ma be a significant part of FMD epidemiology in similar pig production systems of Asia - it is not clear what effect national farm level prevalence have to the prevalence of infection in  lairages, but the subpopulation of pigs held in lairages may have disproportionate  levels of viraemic animals . The possibility exists that this “amplification” through mixing and holding of pigs at lairages, together with lack of inactivation in the meat, may contribute significant to the world wide pool of virus in pig meat products. This would be in line with the observations of jumps in FMD type O between countries in the late 1990s, including entry into Europe in 2001. Since PRC do not report FMD figures, we have little idea on the probable prevalence in pigs in east Asia. Extrapolation from the data from Hong Kong would enable an estimate to be made. 

6.1.4. Refinement - and other approaches

The approach of applying “representative incidence levels” may be refined, validated or taken further by other approaches

1. Deriving prevalence data from official data by use of compensation factors. This approach was taken by the team of Wooldridge et al at the VLA, for risk assessment of entry of FMD by illegally imported  animal products. The estimated virus loads in meat products from endemically affected countries were calculated. The effort taken to achieve these figures may represent the best estimates that exist; the range of incidence may be compared to the previous approach. 

2. Refine the annualised prevalence data with risk factors based on features of FMD epidemiology which are generally accepted;

· FMD virus infects a range of domestic and wild hosts, 

· Pigs are more resistant to aerosol infection, and more likely to be infected by ingestion of virus

· Animals with vesicular lesions shed extra-ordinary high levels of virus (compared to aerosol levels)

· Increasing animal density increases speed of transmission (short incubation period), but will susceptible swill be rapidly depleted and lead to termination of transmission unless contact rate enables entry to a new susceptible population  

· Animal mixing points can be such points of contact; livestock markets, lairages, 

· Cattle and sheep, but not pigs, are very sensitive to virus by the aerosol route, but on a per animal basis, only pigs produce large enough aerosolisation of virus  for significant spread (over hundreds of metres to kilometres) 

· FMD virus types do not exhibit strict host range, but do not appear to easily colonise areas outside of their traditional geographical distribution, which suggest subtle differences in transmissibility 

· Infectious period is generally very short –days, followed by significant duration of immunity to the infecting type; the presence of infection is usually as waves 

· In endemic areas (primary) , conditions favouring transmission often result in co-circulation of multiple virus types and subtypes and longer lives species (cattle) may experience several rounds of infection. 

· In areas with conditions less favourable for persistent circulation of virus, the form of occurrence may be as severe epidemics (secondary endemic areas) . The frequency and extent of these will depend on factors such as rate of live animal entry from endemic zones.

· FMD control policies have had most conspicuous success in reducing the disease prevalence in secondary endemic areas; 

· European countries, prior to 1960s, could be considered to have primary and secondary endemic areas. The area was probably a primary endemic for type O and probably, C. For type A, the infection occurred as waves, and therefore Europe may have been part of a larger primary area, or considered a secondary endemic area. 

· There appear to be no areas of the world with significant cattle, sheep, buffalo or pig populations that are naturally free of FMD infection; freedom requires active and continuous effort

If the last point is accepted, we can attempt,  on the basis of livestock distributions to:

· chart the global distribution 

· FMD free with or without vaccination,

·  and non free 

· in non-free areas, differentiate the probable prevalence of infected animals 

· based on pre-defined/agreed risk factors

· postulate the areas with higher prevalence/circulation (primary)  and lower prevalence (secondary) endemic areas (for one or more types of FMDV)

· estimate the distribution of the total global FMDV pool, 

· and the contribution of each country (or region, or species or husbandry type) to the total (global) FMDV pool 

A rationale basis for future control could then follow from such a model which would assist identification of critical control points to reduce incidence and risk. 

6.2. Criteria used in FMD Country Profiles

Table 3sets out the ranks and definitions used to calculate weighted Incidence and Prevalence Indices were defined and assigned by Keith Sumption and Mark Rweyemamu. They were discussed at several EFSA Working Group meetings. In particular, the Conjectured FMD status were agreed at an EFSA panel meeting in Institute of Animal Health at Pirbright on 14/3/05.
Table 3: FMD Country Profile ranks

	Column or Rank Definition
	Rank/Column Name

	Official FMD Status (OIE)
	oiestat

	Country information not given by OIE
	-1

	Country free without vaccination
	1

	Country free WITH vaccination
	2

	Country contains zone free without vaccination
	3

	Country contains zone free with vaccination
	4

	OIE Unrecognised FMD status
	5

	Epidemiological Characteristics
	epitype

	Note of presence of FMD viruses whose may lead to higher or lower incidences in particular domestic species
	

	Conjectured FMD incidence
	conjfmd

	Country information not available/entered
	-1

	Whole country free
	1

	Low sporadic incidence with effective reporting: i.e. 1 episode in 5 years
	2

	Apparently low sporadic incidence with ineffective reporting: i.e. 1 episode in 5 years
	3

	Disease expected every year  (seasonal and/or restricted)
	4

	High incidence with outbreaks throughout the year 
	5

	Disease expected every year  (seasonal and/or restricted), involving in pigs the cathay topotype of type O (pig adapted type)
	41

	Disease expected every year  (seasonal and/or restricted), involving only SAT virus types 
	42

	High incidence with outbreaks throughout the year, involving in pigs the cathay topotype of type O (pig adapted type) 
	51

	High incidence with outbreaks throughout the year, involving only SAT virus types
	52

	Notes
	Notes

	This column contains the “Footnotes” for countries whose status was discussed on a case-by –case basis by the panel and where a table footnote was considered necessary to provide additional information on the selection of a particular level. 

	Presumed number of sero-types (10-year aggregate)
	

	None or eliminated from livestock 
	1

	One to seven sero-types
	2 - 8

	Wildlife species (Africa only)
	

	None or Confined to designated and segregated areas; no infected carrier species
	1

	Free-roaming but no infected carrier species
	2

	Confined to designated and segregated areas but include potentially infected carrier species 
	3

	Free-roaming including potential carriers; occasional contact with grazing livestock
	4

	Free-roaming  including potentially carrier animals; no restriction on contact with livestock
	5

	Reporting (to OIE?) efficiency
	

	Likely most outbreaks detected and reported
	1

	Moderate under-reporting; reliance on passive reporting
	3

	Likely to be severe under-reporting of disease/infection in significant livestock population at risk
	5

	Border control
	

	Effective land border security
	1

	Default
	3

	No effective border security
	5

	Conjectured Export/cross-border movement
	

	Export/movement limited to neighbour
	1

	Export/movement beyond neighbour  (limited)
	2

	Export/movement beyond neighbour  (extensive)
	3

	Export to West Asia and/or North Africa (WANA)
	4

	Export to Europe
	5
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� Conjectured FMD incidence index has been prepared by M. Rweyemamu and K.Sumption in collaboration with the European Food Safety Authority. Further details are given in the Appendix


� Total Country Score accumulates ranked scores for each of OIE Official FMD Status, Conjectured FMD Status, Conjectured FMD incidence, Wildlife species (Africa only), Presumed number of sero-types (10-yr aggregate), Quality of reporting to OIE, Effectiveness of border control, degree of export/cross-border movement. These ranks were compiled by M. Rweyemamu and K. Sumption. The total country score has been normalised to produce proportion of the maximum possible score. Further details are given in Appendix 2.
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