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Topics of Discussion讨论主题

• Filtering pig farms-brief history/timeline
• 过滤养猪场-简史/时间线

• MSHMP database: outbreak incidence since 2009
• MSHMP数据库：2009年以来的疫情发生率

• Data: 数据：

– Pre/post filtration outbreak frequency 
– 过滤前/过滤后暴发频率

– Risk factors 危险因素

• Understanding filter rating 了解过滤器等级

– MERV 
– Log reduction 对数减少

• Filtration cost/benefit analysis: examples and models 
• 过滤成本/效益分析：实例与模型



US filtration history and timeline
美国过滤历史和时间线

• 2002-  HEPA filtration of a US boar stud
• 2002年-美国种猪场HEPA过滤

• 2004- boar studs- MERV16 
• 2004年-种公猪-MERV16

• 2009- commercial sow farm filtration 
• 2009年- 商品母猪场过滤

• 2011-2015- rapid, widespread adoption of filtration of sow farms
• 2011-2015年-母猪养殖场快速、广泛采用过滤技术

• 2025- estimated 15-20% of US commercial sow farms under filtration
• 2025年，预计美国15-20%的商业母猪农场将采用过滤技术



Morrison Swine Health Monitoring Project
莫里森猪健康监测项目
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• Regional pig density 区域生猪密度

– Number of pig sites 养猪场数量

– Number of pigs per site 每个场地的猪数量

– Health status of neighboring pig populations 邻近猪群的健康状况

• Animal and semen movement 动物和精液运动

• Transport and traffic patterns 交通和运输模式

• Personnel and fomites 人员和污染物

• Insects 昆虫

• Wildlife 野生动物

• Aerosol transmission 气溶胶传播

Risk factors for PRRSV introductions into pig populations
PRRSV引入猪群的风险因素



*Dee S, Cano JP, Spronk G, Reicks D, Ruen P, Pitkin A, Polson D. Evaluation of the long-term effect of air 
filtration on the occurrence of new PRRSV infections in large breeding herds in swine-dense regions. Viruses. 
2012 May;4(5):654-62.

Detection of new PRRSV infections in breeding 
herds:pre and post filtration 

在育种猪群中检测新的PRRSV感染：预过滤和后过滤

Odds for a new PRRSV 
infection before air filtration 
7.97 times higher than the 
odds after air filtration was 
initiated (CI: 3.77–16.85). *
在空气过滤之前，新PRRSV感染
的几率比空气过滤开始后的几
率高7.97倍（CI：3.77-
16.85）。 *



*Dee S, Cano JP, Spronk G, Reicks D, Ruen P, Pitkin A, Polson D. Evaluation of the long-term effect of air 
filtration on the occurrence of new PRRSV infections in large breeding herds in swine-dense regions. 
Viruses. 2012 May;4(5):654-62.

Evaluation of the long-term effect of air filtration on the occurrence of new PRRSV 
infections in large breeding herds in swine-dense regions*

空气过滤对养猪密集地区大型养殖群中新PRRSV感染发生的长期影响的评估*

Kaplan-Meier curve: estimated 
survival functions, filtered and 
unfiltered farms.
Kaplan-Meier曲线：估计的生存函数，
过滤和未过滤的农场。



Sanhueza JM, Stevenson MA, Vilalta C, Kikuti M, Corzo CA. Spatial relative risk and factors 
associated with porcine reproductive and respiratory syndrome outbreaks in United States 
breeding herds. Prev Vet Med. 2020 Oct;183:105128.

Risk factors for PRRSV outbreaks in US breeding herds
美国种猪群中PRRSV暴发的风险因素
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Considerations in filtration system design and operation
过滤系统设计和操作中的注意事项

• Full filtration 全过滤

– Year-around                 全年无休

• Partial filtration 部分过滤

– Seasonal-unfiltered air in late spring-early autumn 
– 晚春至早秋季节性未过滤空气

• Negative pressure 负压

• Positive pressure 正压

• Filter rating 过滤率

– MERV 
• Increased pressure drop and ventilation design and operation
• 压降增大以及通风设计与操作



Factors affecting the feasibility of air filtration
影响空气过滤可行性的因素

• Production model (multi-site  vs single-site) 
• 生产模式（多地点 vs 单地点）

– Breed to wean 从繁殖到断奶

• New construction vs retrofit/remodel 新建与翻新/改造

• Ventilation system(s) 通风系统

• Historical outbreak rate 历史暴发率

• Regional pig density 区域生猪密度

• Filtration cost per sow 每头母猪的过滤成本

• Burden of disease 疾病负担

– PRRSV outbreak cost per pig 
– 每头猪的PRRSV暴发成本



Credit: Air Quality Engineering, Inc.

MERV (Minimum Expected Reporting Value)and log reduction 
MERV（最小预期报告值）以及日志减少

MERV14 E1 (0.30-1.0 µm)  fractional efficiency – 75%
MERV14 E1（0.30-1.0微米）分级效率 - 75%
Penetration: 1 – fractional efficiency
穿透力：1 - 分数效率

0.25
Log reduction = -log(0.25) = log(4)
对数减少量 = -log(0.25) = log(4)

0.60 log reduction 0.60对数减少
MERV16 E1 (0.30-1.0 µm) fractional efficiency – 95%
MERV16 E1（0.30-1.0微米）分级效率 - 95%
Penetration: 1 – fractional efficiency
穿透力：1 - 分数效率

0.05
Log reduction = -log(.05) = log(20)
对数减少量 = -log(0.05) = log(20)

1.30 log reduction 1.30对数减少
Fractional efficiency: 1 – 10^-LR 
分数效率：1 - 10^-LR

1 – 10^-3 = 0.999 
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• Historical outbreak rate 历史暴发率

– New introductions or re-break of resident variants? 
– 新引入或重新暴发的常存变种？

• Post-filtration outbreak rate estimate
• 过滤后暴发率估计

• Burden of disease 疾病负担

– Cost per pig of each PRRSV outbreak 
– 每次PRRSV暴发每头猪的成本

• Air filtration is more feasible with:               空气过滤更可行的是：

– Increased outbreak cost per pig            每头猪的暴发成本增加

– History of frequent PRRSV outbreaks 频繁暴发PRRSV的历史

– Cost of filtration is lower 过滤成本较低

Model assumptions in developing a cost/benefit analysis
进行成本/效益分析时的模型假设



Model assumptions in developing a cost/benefit analysis
成本/效益分析中的模型假设

• Hypothetical example of filtered vs unfiltered outbreak rate and costs 
• 过滤与未过滤暴发率和成本的假设示例

• A negative NPV: net cost/pig is reduced with filtration 
• 负净现值：通过过滤，每头猪的净成本得以降低

• Net present value (NPV) 净现值（NPV）

– Cost of filtration 过滤成本

– Cost of outbreaks 疫情暴发的代价

– 5% discount rate used for NPV calculations 
– 净现值计算中使用的5%的折现率



PRRSV cost/weaned pig

Assumptions:Unfiltered outbreak rate: every 24 months
假设：未过滤暴发率：每24个月

Filtered outbreak rate: every 60 months
过滤暴发率：每60个月 

Net present value of filtration implementation, 
operation and replacement, 15 year time period
15年期间过滤实施、运行和更换的净现值Filtration 

cost/sow
过滤成本
/母猪



PRRSV cost/weaned pig

Assumptions:Unfiltered outbreak rate: every18 months 
假设：未过滤的暴发率：每18个月

Filtered outbreak rate: at 72 months
过滤暴发率：72个月

Net present value of filtration implementation, 
operation and replacement, 15 year time period
15年期间过滤实施、运行和更换的净现值

Filtration cost/sow
过滤成本/母猪



Ventilation design and management considerations
通风设计和管理考虑因素

Increased pressure drop with filtration
过滤时压降增加

Bioenvironmental and Structural Systems Laboratory生物环境与结构系统实验室
University of Illinois, Department of Agricultural and Biological Engineering伊利诺伊大学农业与生物工程系



Key points and summary关键点与总结

• Data indicates that air filtration reduces the frequency of PRRSV outbreaks
• 数据表明，空气过滤可降低 PRRSV 爆发的频率

– Pre/post filtration dataset 预/后过滤数据集

– Incidence rate ratio of filtered vs. unfiltered sow farms 
– 过滤母猪场与未过滤母猪场的发病率比

• Mechanical filters reduce the quantity of particles 
• 机械过滤器减少颗粒数量

– Does not eliminate virus-laden particles 无法消除携带病毒的颗粒

– Larger particles are captured at a higher rate than smaller particles 
– 较大颗粒的捕获率高于较小颗粒

– MERV rating: MERV等级：

• Air flow vs particle capture tradeoff 气流与颗粒捕获的权衡



Key points and summary关键点与总结
• The feasibility of air filtration is a function of: 空气过滤的可行性取决于以下因素：

– The historical outbreak rate of a sow farm 母猪场的历史暴发率

– The ability to control non-aerosol modes of entry 控制非气溶胶进入方式的能力

– The cost of filtration 过滤的成本

– The burden of disease (cost per outbreak) 疾病负担（每次暴发的成本）

• Filtered sow farms operate in pig-dense regions
• 过滤母猪场在养猪密集地区运营

– (There is little/no advantage to filter sow farms in low-dense regions) 
– （在低密度地区，对母猪场进行过滤几乎没有/没有优势）

• Filtering sow farms in low-dense regions will increase the cost of production  
• 在低密度地区筛选母猪场会增加生产成本

• Filtration is one component of the biosecurity program 
• 过滤是生物安全计划的一个组成部分

– All components of biosecurity must be sound 
– 生物安全的所有组成部分都必须健全



Thank you！
非常感谢！


