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Contingency planning allows veterinary authorities to prepare a rapid response in the event of a disease outbreak. A recently published foot-and-mouth disease (FMD) simulation study indicated concerns whether capacity was sufficient to control a potential FMD epidemic in Austria. The objectives of the study presented here were to estimate the human resources required to implement FMD control measures and to identify areas of the operational activities that could potentially delay successful control of the disease. The stochastic spatial simulation model EuFMDiS (The European Foot-and-Mouth Disease Spread Model) was used to simulate a potential FMD outbreak and its economic impact, including different control scenarios based on variations of culling, vaccination, and pre-emptive depopulation. In this context, the utilization of human resources was assessed based on the associated EuFMDiS output regarding the performance of operational activities. The assessments show that the number of personnel needed in an outbreak with a stamping-out policy would reach the peak at the end of the second week of control with a median of 540 (257–926) individuals, out of which 31% would be veterinarians. Approximately 58% of these human resources would be attributable to surveillance, followed by staff for cleaning and disinfection activities. Our analysis demonstrates that, of the operational activities, surveillance personnel were the largest factor influencing the magnitude of the outbreak. The aim of the assessment presented here is to assist veterinary authorities in the contingency planning of required human resources to respond effectively to an outbreak of animal diseases such as FMD.
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INTRODUCTION

Foot-and-mouth disease (FMD) is a highly contagious transboundary viral disease, which, under certain conditions, may have a large economic and social impact on the livestock industry and the economy as a whole (1–6). Potential consequences of an FMD epidemic include the loss of international market access, disruption of the domestic market for livestock animals and related animal products, serious production and income losses for livestock owners, and considerable costs of eradicating animal disease (7).

Disease spread simulation models provide valuable insights into the dynamics and course of the epidemic, especially in countries that have not recently experienced an FMD outbreak (1–4, 8) such as Austria. In the previous study by Marschik et al. (1), the European Simulation Disease Spread Model (EuFMDiS) (9) was used to evaluate the epidemiological and economic impact of a potential FMD outbreak in Austria. According to these estimates, the costs and losses of an FMD outbreak in Austria would range from € 269 million to € 581 million, depending on the region affected and the control measures implemented. The results indicated, that limited availability of human resources is a serious constraint to the rapid and effective implementation of control measures and may have a negative impact on the magnitude of the outbreak. Marschik et al. (1) assumed that increasing the availability of human resources may limit the size of the epidemic and reduce the economic losses to a degree comparable to the effect of additional control measures such as vaccination or pre-emptive culling compared with the stamping-out policy.

Only a limited number of FMD simulation models incorporate the human resources component in order to allocate resources for control of an outbreak. Such models, including EuFMDiS, are capable of evaluating whether human resources for operational activities such as surveillance, culling, disposal, and/or vaccination are sufficient to eradicate the epidemic without delay and/or whether additional resources are required (1, 6, 9). The FMD outbreaks in the United Kingdom (UK) (10), the Netherlands (11), and Japan (12) have identified several critical bottlenecks in resource adequacy [e.g., in number of required staff to perform the operational activities (13)], which were major obstacles in the disease control efforts. Whether sufficient resources are available in case of an animal disease outbreak is essential for the contingency planning of veterinary public authorities.

The aims of this study presented here were (i) to identify areas of operational activities where the currently available human resources in Austria may be insufficient, (ii) to estimate the overall human resources needed to respond time-efficiently to an FMD outbreak, and (iii) to assess how the availability of resources impact the overall losses in case of an FMD outbreak in Austria.



MATERIALS AND METHODS

In contrast to the study published by Marschik et al. (1) which simulated the FMD outbreak in Austria with limited human resources to perform the operational activities, the study presented here used an approach with unlimited human resources. Resource utilization reports from both the limited and unlimited human resource approaches were analyzed to estimate the resources required to effectively control FMD. In this context, the areas of operational activities which constrained the effectiveness of control measures were identified. Further, the information regarding daily, and total numbers of premises undergoing each operational activity were converted in daily staff requirements.


EuFMDiS Application in Austria

In a previously published study by Marschik et al. the EuFMDiS Model (version 1.6.) was used to simulate a hypothetical outbreak of FMD in Austria (1). In brief, EuFMDiS considers spread of disease within and between herds. The latter includes five different pathways: (i) direct contact, (ii) indirect contact, (iii) local spread, (iv) airborne transmission, and (v) assembly centers. The model is configured to support the control measures established in the European FMD legislation (14), i.e., (i) detection of first infected farm, (ii) movement restrictions, (iii) reporting of suspected farms, (iv) surveillance visits, (v) tracing, (vi) operational activities in infected farms (i.e., culling, pre-emptive culling, disposal, cleaning, and disinfection), and (vii) vaccination [suppressive ring vaccination (i.e., “vaccination to kill,” carried out within the infected areas in order to reduce virus shedding; it is assumed that infection is present, and when time and resources permit, these animals will be slaughtered) or protective ring vaccination (i.e., “vaccination to live,” carried out outside known infected areas in order to protect susceptible animals from infection)] (15).

The susceptible Austrian livestock population [i.e., 5.32 million susceptible animals (51,014 cattle herds, 19,184 swine herds, 17,279 sheep and goat herds, and 19,190 backyard herds)] was categorized into nine farm types and eight herd types in the simulation model, based on the type of species, herd size, and production system [see detailed description in the study by Marschik et al. (1)].

The hypothetical outbreak of FMD was initiated in a livestock-dense region (96 livestock animals/km2) in Austria. This region, which is characterized by an intensive livestock production (i.e., 58% of FMD-susceptible Austrian livestock population) and a number of large cattle and swine herds [i.e., median (25th and 75th percentiles) of cattle herd size: 34 (20–58) and swine herd size: 15 (2–299)] as well as a high rate of animal movements.

In line with the previous study by Marschik et al. (1), the outbreak was initiated in a randomly chosen dairy cattle herd. In each iteration (1,000 per simulation) a different dairy herd was randomly selected in order to consider the variation of herd size and movement patterns in the chosen region. The same 1,000 seed herds were used in all implemented control strategies to ensure comparability of the effect of individual control measures. It was assumed that the outbreak was not detected for 21 days (referred to as silent phase). The implementation of control measures started after the silent phase (referred to as control phase). Each simulation was run until the disease was eradicated or up to 365 days if the outbreak was not controlled.

In this study, five different control scenarios were compared: (i) reference scenario (SO) (i.e., stamping out of all infected herds), (ii) pre-emptive depopulation of dangerous contact herds (SODC) (i.e., reference scenario and stamping out of dangerous contact herds based on tracing movements of livestock and its products), (iii) pre-emptive depopulation of susceptible herds (SORC1) (i.e., reference scenario and stamping out of all susceptible herds within a 1 km radius around infected herds), (iv) suppressive vaccination (SOSV1) (i.e., stamping out of infected herds plus suppressive ring vaccination within 1 km radius of infected herds), and (v) protective vaccination (SOPV1) (i.e., stamping out of infected herds plus protective ring vaccination within 1 km radius of infected herds). The epidemiological and economic magnitudes of the outbreaks were compared between all simulated scenarios, and the optimal control strategy was considered to be the one with the lowest total cost. The epidemiological indicators compared included the number of infected farms, the number of depopulated farms and animals, and the epidemic control duration. Wilcoxon rank sum test was used to test the statistical differences between the scenarios with limited and unlimited resources.



Resource Approach in EuFMDiS

EuFMDiS models disease control as a resource-intensive process and a shortage in available personnel can hamper the simulated outbreak response (9). The resource capacity is defined in the EuFMDiS configuration data and is organized into pools of teams for five operational key activities: surveillance, culling, disposal, cleaning and disinfection, and vaccination. The teams are deployed during the control phase of the outbreak in accordance with the magnitude of the outbreak and the control measures chosen. The number of teams can be adjusted in the model to match the available personnel required to perform each operational activity. The number of available teams is assumed to increase over the control period, i.e., initially, the available team pool is small and increases linearly to a predefined maximum size. When an operational activity is scheduled and a resource is available, it is taken from the corresponding pool. However, if the resource capacity is insufficient at a point in time, the activity is queued until resources become available. This can result in prolonged control duration and/or larger outbreaks. Resources are returned to the pools once the activity is complete. The model also provides the option of not limiting the pools, i.e., teams are always immediately available upon request (9).

The surveillance component of EuFMDiS carries out visits to all herds in protection zones and to contact, suspect, and trace herds in surveillance and free zones (9). Surveillance visits are prioritized according to the risk of infection, which depends on the herd classification (e.g., suspect, trace, or contact herd) and the control zones (e.g., protection, surveillance, and free zone). EuFMDiS maintains resource-constrained prioritized queues of holdings awaiting a surveillance visit. If multiple herds have the same priority, then arbitration is based on how long a herd has been waiting for a visit. The visit duration (based on herd type), visit frequency (based on priority), and overall surveillance period are configurable in the model. Further information on how surveillance is modeled in EuFMDiS can be obtained from Bradhurst et al. (9). EuFMDiS provides information regarding resource utilization in terms of daily and total numbers of premises undergoing various operational activities, including backlogs during the control phase of the outbreak. These reports are available for surveillance, culling, disposal, and vaccination. Resource indicators, such as the number of conducted surveillance visits and the number of overall operational activities were compared between the conducted scenarios.

To identify the areas of FMD operational activities where currently available human resources in Austria may be insufficient, analyses of daily resource utilization reports from the simulations in the study by Marschik et al. (1) were conducted. Furthermore, the same simulations were performed with unlimited resources. The latter approach provides information on an optimal epidemiological situation and thus influences the economic results. The daily and total numbers of premises undergoing each operational activity were converted into staff requirements, where two types of parameters were taken into account: (i) time required for a herd to undergo each operational activity based on herd type and (ii) size of team required for each operational activity. The time requirements for the operational activities and the composition of the required team were estimated by experts from the Austrian Federal Ministry of Social Affairs, Health, Care and Consumer Protection, the Austrian Agency for Health and Food Safety, and the University of Veterinary Medicine Vienna (Supplementary Table 1) based on the knowledge and experience from other animal diseases and are in line with the scientific literature (6, 7, 16). During an outbreak, additional personnel is required for management, administration, logistics, tracing, training, communication with media, etc., in a national disease coordination center and local disease crisis centers. The activities associated with cleaning and disinfection of detected herds are the responsibility of veterinary authorities with the support of the Austrian Armed Forces. In the study presented here, all required human resources in an FMD outbreak were distinguished between veterinarians and “others.” “Others” are defined as staff which support veterinarians during the operational visits and/or are responsible for administrative and logistical tasks in the coordination centers (Supplementary Table 1).

To assess how the availability of resources impacts the overall economic losses of an FMD outbreak in Austria, an assessment of the associated costs and losses were performed. These include direct costs and indirect costs. The methodology of the cost assessment was described in the previous study by Marschik et al. (1). In brief, direct losses cover costs of control activities (including compensation payments) and were calculated by the EuFMDiS model (Supplementary Table 2). Indirect costs were estimated by our own economic approach and included the following costs: export losses (i.e., losses due to export bans on livestock animal and livestock products), production losses in zones (i.e., production losses for the farmers resulting from business interruption due to movement restrictions within protection and surveillance zones) and production losses in culled herds (i.e., losses resulting from the temporary vacancy of stables for owners, whose herds were culled) (Supplementary Table 3).




RESULTS

In the simulations with limited resources (Supplementary Figure 1), insufficient availability of surveillance personnel was found to limit the effectiveness of control measures in all scenarios. In the reference scenario (SO), the epidemic had a median size (25th-75th percentiles) of 81 (27–183) infected herds and an epidemic control duration of 76 (46–128) days (Table 1). The number of farms that were subject to surveillance exceeded surveillance capacity immediately after detection (day 23) and this bottleneck lasted for 41 (21–74) days. In the median, there were 411 (138–1,067) pending surveillance visits per day during the control phase. Personnel for cleaning and disinfection was insufficient only in the scenario where pre-emptive depopulation was applied (SORC1). In this scenario, 284 (126–587) herds were depopulated and thus subject to cleaning and disinfection, which lead to prolonged period between the last day of culling, namely 57 (45–74) and the last day of control, namely 171 (93–326). The limited resources for culling, disposal, and vaccination (Supplementary Table 1) were sufficient in all considered scenarios and did not constrain the effectiveness of the respective implemented measure during the epidemic control phase.


Table 1. Comparison of epidemiological and economic results of simulations with limited and unlimited human resources.
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Comparison of the results of simulations with limited and unlimited resources showed the negative impact of constrained availability of resources on the epidemic magnitude and the overall costs (Table 1). Assuming no upper limit on resource capacity, the number of infected farms in the reference scenario would decrease by 25% and the total cost by 19%. In the pre-emptive depopulation control strategy, unlimited resources offered no benefits in terms of outbreak size but decreased the overall cost by 8%. Except for this strategy, all control strategies with unlimited resources were significantly different on the 0.05 level compared to the scenarios with limited resources in terms of infected farms, epidemic control duration, and total cost. Among all control strategies with unlimited response capacity, implementation of the depopulation of dangerous contact herds (SODC) generated the lowest total cost of € 419 (242–550) million, while the protective vaccination control strategy (SOPV1) resulted in the highest median total cost of € 581 (350–819) million.

Simulations of the reference scenario with unlimited resources resulted in an outbreak size of 61 (27–102) infected herds and 3,837 (1,323–6,400) surveillance visits conducted during the control phase (Figure 1). The highest personnel requirements for surveillance were reached around day 14 with a median of 311 (125–511) staff. Resources for cleaning and disinfection also peaked around this time with a need for 210 (150–382) personnel. Thus, the highest total number of human resources required (for all operational activities) for the optimal response under the reference scenario resulted at the end of the second week with a median of 540 (257–926) personnel, out of which 31% are veterinarians (Figure 2). Additionally, 100 staff (administrative personnel and veterinarians) would be required in the national crisis center and 20 staff in each local coordination center during the control phase of the epidemic. The most effective strategy based on the lowest total costs is the dangerous contact herd depopulation strategy (SODC). In detail, implementation of this control strategy resulted in an outbreak size of 54 (23–97) infected herds, with 3,397 (1,474–6,731) conducted surveillance visits in affected zones. This requires a number of human resources which would peak at the end of the second control week with a median of 300 (117–506). Overall, 470 (210–744) personnel would be needed around this time (14th day), excluding the additional staff in national and local centers.


[image: Figure 1]
FIGURE 1. Number of conducted surveillance visits and number of new detected infected herds (2nd axis) in the daily course of the control phase under reference control strategy of an FMD outbreak in Austria.
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FIGURE 2. The number of human resources, stratified by veterinarians and total personnel which are required to perform the operational activities in the reference scenario (SO) during the control phase of an FMD epidemic in Austria. N.B. Staffs employed in national and local coordination centers are not included.


The pre-emptive depopulation scenario under unlimited resources approach (SORC1) shows increased demand on staff for disposal and cleaning and disinfection with a peak on day 7 (disposal) and 14 (cleaning and disinfection) of the control phase, i.e., a median of 71 (39–111) and 540 (330–1,395) personnel are needed, respectively. Both vaccination control strategies (SOSV1 and SOPV1) require additional staff for the performance of vaccination. In detail, the vaccination strategy would start at the beginning of the second week of the control phase with an immediate peak of required human resources. In total 139 (55–247) and 134 (56–244) herds will be vaccinated and on average, 14 (7-24) and 14 (7-25) staff would be necessary on each day during the first week of vaccination (i.e., second week of control) of the SOSV1 and SOPV1.

Comparison of the relative effectiveness of different control strategies in terms of the number of overall operational visits shows, that the pre-emptive depopulation strategy (SORC1) would require the fewest operational visits overall: 3,030 (1,340–5,632), a 33% reduction compared to the reference scenario (Figure 3). However, this efficacy comes at the cost of having to depopulate more herds than all other control strategies, four times as many as in the reference scenario.


[image: Figure 3]
FIGURE 3. Comparison of overall operational visits to farms split by the type of key operational activities within various control strategies (median values). The considered control strategies are: SO, stamping out of all infected herds (reference scenario); SODC, pre-emptive depopulation of dangerous contact herds; SORC1, pre-emptive depopulation of all susceptible herds within 1 km radius around infected herds; SOSV1, suppressive vaccination of all susceptible herds with 1 km radius around infected herds; SOPV1, protective vaccination of all susceptible herds with 1 km radius around infected herd.


When simulating with a sufficient amount of resources, the dangerous contact herd depopulation strategy (SODC) proved to be the most optimal control strategy in terms of incurred costs (Table 1). It requires 470 (210–744) personnel on its peak day (14th day), while the highest weekly average of resources needed is reached in the 3rd control week, with 291 (114–518) personnel per day.



DISCUSSION

The epidemiological and economic analyses in the present study have demonstrated the importance of targeted planning of human resources for a potential FMD outbreak in Austria. To evaluate the personnel requirements in the event of an FMD outbreak, the most livestock-dense region in Austria was chosen as the model region. Epidemics that originate in areas of high livestock density tend to result in larger outbreaks. Previous simulation studies have shown that the median size for outbreaks that begin on dairy farms in this region corresponds to the 65th percentile of the outbreak size for outbreaks that originate on a randomly selected dairy farm. The results of our simulations have shown that sufficient capacity of personnel employed in control measures and operational activities can reduce the total cost of the outbreak by up to 22% and shorten the duration of an outbreak by up to 72%. Even though modeling with unlimited resources reflects an optimistic scenario which does not necessarily correspond to reality, it serves as an orientation in striving to achieve the optimal epidemiological output, lowest possible total cost, and to maximize the effectiveness of the control measures chosen.

The results of our simulations have shown that an outbreak under the reference scenario with unlimited resources would lead to 61 infected herds in the median. If sufficient resources are available, all other scenarios lead to significantly fewer infected farms. Interestingly, in the pre-emptive depopulation control strategy (SORC1), an increase in human resources does not have any impact on the number of infected herds, but it influences the control duration and thus the costs of the outbreak. Among the analyzed scenarios with unlimited resources, the dangerous contact depopulation control strategy (SODC) leads to the lowest total costs and would be the most preferable control strategy. When simulating with constrained resources, as used previously (1), the depopulation control strategy (SORC1) achieved the lowest total costs, but at the expense of thousands of culled animals. Our results have shown that the highest personnel requirements for operational activities would arise at the end of the second control week. This is caused by the fact that at this point, many protection and surveillance zones have to be sampled, but at the same time, a high number of infected herds undergo the disinfection process. These two activities are labor-intensive and, at the time of the peak in the reference scenario, they make up 95% of the total resource requirements. In contrast, Boklund et al. (6) reported in a similar FMD study that the personnel requirements for control of an outbreak in Denmark peaked on the first few days of control. These results differ from our findings presented here also if we take into account that the outbreak simulated in Denmark was of a much smaller dimension (in median 22 infected herds). Our results are in line with the results of Garner (16), who assumed, that the highest number of operational visits such as surveillance, will be necessary in the second control week.

It was not surprising to find out that the success of outbreak control is mainly determined by the capacity of personnel available for surveillance. In our simulated reference scenario, 3,837 (1,323–6,400) surveillance visits were carried out, more than 70% of them in the first 21 days of the control phase. In this context, the question arises as to whether Austria has enough staff to carry out these activities. According to the current report by the Austrian Animal Health Service (17), 771 veterinarians in Austria who offer medical care to livestock farms, have contracts with this organization and would most likely be involved in the performance of operational activities. However, the overall number of farm veterinarians in Austria is, of course, much higher. Approximately 45% of these veterinarians are settled in our model region. This additional capacity would cover even worse-case scenario requirements for surveillance, as there is only necessity for one veterinarian in one surveillance team. However, this assumption does not consider the effect of personnel quarantining which would be necessary between farm visits during the outbreak. We estimated the human resources required on a daily basis and assumed that the same staff would not be deployed throughout the entire control phase. Another critical point identified here is the disposal of the carcasses, as was the case during the UK outbreak in 2001 (10). In Austria, there are two rendering plants that are equipped for disposal in the case of FMD. In standard operation, they process 87,000 tons (t) per year. In the event of an epidemic, the weekly capacity can be increased by a further 3,500 t. This would be sufficient even for the worst-case outbreaks under the reference scenario but might lead to bottlenecks under the pre-emptive depopulation control strategy (SORC1). The last critical point is the cleaning and disinfection of the infected farms where backlogs could arise, especially in scenarios with pre-emptive depopulation. This process is not only staff-intensive (31 staff per team), but also very time-consuming, as the disinfectants have a long exposure time. However, since the teams can be deployed elsewhere during this exposure time and certain preliminary work can also be handed over to farmers, we assume that the actual time spent by the teams on the farm will be shorter. For modeling purposes, we assumed an average value of 1.5 days/operation. According to information from the Austrian armed forces, which support veterinary authorities in the disinfection activities, there are currently enough resources to perform cleaning and disinfection of affected herds during a moderate FMD outbreak in Austria.

For the efficient handling of operational activities, not only the requirements regarding the number of staff but also regarding training and effectiveness of work performance, are of high importance. The necessary duration of each operational activity used in our calculation depends on the type and size of the herd (Supplementary Table 1) and is based on the information from the scientific literature and expert opinions. It is difficult to take into account the differences in the level of education and training of staff in the presented estimates. However, it is very important to provide regular training of veterinarians in relation to outbreaks of animal diseases.

The results estimated in this study are not intended to represent definitive figures on human resource requirements in the event of an FMD outbreak in Austria. Rather, the findings are an assessment of the trend dynamics in staffing requirements needed to respond efficiently to an unexpected outbreak. The past epidemics of FMD in FMD-free countries showed the importance of targeted preparation for such crises (10–13). EuFMDiS is a simulation tool that enables such preparation under realistic conditions. It is one of the few models worldwide that includes economic components and an assessment of resource planning in addition to epidemiological data. This model has been continuously expanded to include new European member countries and features and to cover further animal diseases (e.g., classical swine fever). It is of utmost importance that more participating countries carry out assessments as presented here in order to support the readiness of European countries in the event of cross-border outbreaks. Such estimates also provide useful insights for controlling outbreaks of other unexpected highly contagious animal diseases. Veterinary authorities in Austria should consider the outcome of this study in their contingency planning for FMD. The investments in human resources and their education need to be supported in order to limit the overall negative impact of a potential FMD outbreak in Austria to the best extent possible.
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All conducted outbreak scenarios were initiated in the same index herds (1,000 herdis per simulation) and the mode! resuits are presented as median (25th and 75th percenties).

“The different control measures are: SO, stamping out of all infected herds (reference scenario); SODC, pre-emptive depopulation of dangerous contact herds; SORCT, pre-emptive
depopulation of all susceptible herds within 1-km radius around infected herds; SOSV1, suppressive vaccination of all susceptible herds with 1-km radius aroundinfected herds; SOPV1,
protective vaccination of all susceptible herds with 1-km radlus around infected herds.
Epidemic control duration is calculated from the detection of the first infected herd (day 21) to the day of lifting of the last restricted zone (i.e., last day of control).
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