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Our animal health responsibilities:  

- Assure pig health and welfare.  

- Help farmers keep farms profitable.

- Help produce safe, wholesome food.

We are responsible for animal health

• How well are we doing?

• Complicating factors ...

• Massive transport of pigs, by-products, feedstuffs, etc. 

• Fewer herds / Bigger herds

• Impact on disease ecology/disease control?
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• Classical swine fever virus 

identified in 1903.  

• CSFV eradication pays off -

1:13 cost:benefit ratio (USDA, 

1981). 

• 2017 - 32 of 181 (17.7%) 

OIE-member countries free 

of CSFV.  

How well are we doing?

• FMDV identified in 1897.  

• Annual losses $6.5 to $21 

billion dollars annually  
(Knight-Jones, Rushton, 2013; 

Longjam et al, 2011; OIE, 2017a). 

• 2013, 66 of 181 (36.5%) OIE 

countries "FMD free where 

vaccination is not practiced".

How well are we doing?
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• PRRSV identified in 1991.  

• U.S. producers' losses $664 

million annually (Holtkamp et 

al., 2013). 

• European producers' losses 

€126.79/sow/year and €3.77 

per pig marketed in herds 

with "slight" PRRS (Nathues et 

al., 2017).
https://www.prrscontrol.com/portal/prrscontrol/prrs-

knowledge/porcine-reproductive-and-respiratory-syndrome

How well are we doing?

African swine fever virus …

Dixon et al., 2019.  Antiviral Research 165:34-41.
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We are responsible for animal health

• How well are we doing?

• Complicating factors ...

• Massive transport of pigs, by-products, feedstuffs, etc. 

• Fewer herds / Bigger herds

• Impact on disease ecology/disease control?

Transportation

• In the UK, construction of 

railways in the 1800's            

→ rinderpest outbreaks.

Response:  

1. Movement restrictions 

2. Formation of the British 

State Veterinary Service 

(1865)
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Pig Transport

• Modern business model

• Moving pigs to feed is 

more efficient than 

moving feed to pigs.

1915 - North America - transit ≥ 20 days.

http://hiddencityphila.org/wp-content/uploads/ 2013/09/1-

www.restore-a-classic.com_.jpg

Pig transport ... connects distant farms



7

Continent-wide 
connections between 

"metapopulations"

Net exchange of 
weaned pigs (left)

Number of sows by
region (below)

TONS
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We are responsible for animal health

• How well are we doing?

• Complicating factors ...

• Massive transport of pigs, by-products, feedstuffs, etc. 

• Fewer herds / Bigger herds

• Impact on disease ecology/disease control?

FAO.  March 2018.  Animal Health Risk 

Analysis.  Assessment No. 05. 

Fewer herds / bigger herds

ChinaCanada
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U.S. average pigs per farm
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Fewer herds / bigger herds

We are responsible for animal health

• How well are we doing?

• Complicating factors ...

• Massive transport of pigs, by-products, feedstuffs, etc. 

• Fewer herds / Bigger herds

• Impact on disease ecology/disease control?
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Impact on disease 
and disease control?

Increasing herd size ...

• Increased probability of becoming infected

• Decreased ability to achieve herd immunity

• Increased frequency and magnitude of disease outbreaks

xxxxxxxxxxx

Average Farm 
Inventory



11

Increasing herd size ...

• Increased probability of becoming infected

• Decreased ability to achieve herd immunity

• Increased frequency and magnitude of disease outbreaks

xxxxxxxxxxx

Average Farm 
Inventory

“Critical community size” = the population required to 
maintain an infection. CCS for measles = 250,000 - 500,000
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Pitzer et al., 2016.  High turnover drives prolonged persistence of influenza in 

managed pig herds.  J R Soc Interface 13(119), 20160138.

• 250% annual turnover in growing pig populations

• 40-50% annual turnover in breeding herds

Pitzer et al. (2016) predicts IAV 

persistence in populations ≥ 3000 

Increasing herd size ...

• Increased probability of becoming infected

• Decreased ability to achieve herd immunity

• Increased frequency and magnitude of disease outbreaks

xxxxxxxxxxx

Average Farm 
Inventory
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Larger populations have:

1. Continuous viral circulation 

2. More frequent outbreaks

3. Bigger outbreaks

The virus is the same …

Haggett.  2000.  The Geographical Structure 

of Epidemics. 

Measles cycles and population size. 

Cases of measles per month for four countries by 

descending order of population size. 

• Calvin Schwabe – (Prev Vet Med 1982 1:5-15)

• In the 1970's - "production diseases".

• New patterns of disease.

• How can we do better?  Schwabe’s idea ...

• Use continuous on-farm surveillance to 

establish levels/patterns of disease.

• Measure impact of intervention by comparing 

baselines.

Dr. Calvin Schwabe

(1926 – 2006)
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Part 1. We are responsible for 
animal health

Part 2. Practical surveillance

• Two distinct objectives need to be met:

• Regional/country level = detection/elimination

• Herd level = improved productivity through 

disease control

• Which surveillance approach?

• Risk-based surveillance

• Syndromic surveillance

• "Schwabe model" (continuous herd surveillance)
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Syndromic surveillance?

Smallpox (1900)
Rudolf Virchow

"Father of Pathology" 
1821 - 1902

"When CSFV entered 

… it took between 

one week and 2 

months before the 

owner suspected the 

disease."

Morilla and Rosales, 2002.  

Trends in Emerging Viral 

Infections of Swine

• Ultimately - regardless of the surveillance 

approach - we rely on sampling and testing.

1.  Which specimen to collect for testing?

2.  Which target?  Nucleic acid vs antibody …

3.  How to sample?  Statistical validity ...
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1.  Which specimen?  

2.  Which target?  Nucleic acid vs antibody.

3.  How to sample in the field?  Statistical validity.

Which specimen?
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Individual animal samples … good for diagnostics …

… but not practical for surveillance.
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• Surveillance samples must be ...

• Easy to collect by one person

• Inexpensive to collect

• Sensitive, efficient detection

• Trend to "aggregate" samples

• Environmental samples

• “Processing fluid”

• Oral fluid samples Good for surveillance.

Which specimen?

Aggregate samples ≠ pooled samples

• Aggregate sample 

• ≥ 2 animals contribute to the sample.

• Has defined source, location, time

• Testing produces statistically valid data

• “Pooled sample” 

• ≥ 2 individual specimens combined into 

one for testing (Dorfman, 1943).

• Depending on pooling strategy, statistical 

analysis may be problematic.

Environmental studies
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Source:  Bjustrom-Kraft et al.  2018.  J Swine Health Prod 26:262-269.  

Oral fluid testing in 3 US vet diagnostic labs

2010 - 2016 = ~1,500,000

Courtesy of Dr. Marcelo Almeida
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Can aggregate samples provide 
sensitive, specific detection?

Pen level comparison of serum vs oral fluid samples ...
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Olsen et al.  2013.  Probability of detecting PRRSV infection using 
pen-based swine oral fluid specimens as a function of within-pen 
prevalence.  J Vet Diagn Invest 25:328-335

Pens held 25 pigs each.  Positives = MLV vaccinated exactly 14 days earlier.

Within-pen 

prevalence

One oral fluid sample
(rate of detection)

PCR | ELISA

No. serum samples to equal
the oral fluid detection rate

PCR | ELISA

5% 31%     17% 8 5

10% 79%     59% 11 7

15% 94%     85% 12 9

20% 98%     94%     13 10

25% 99%     97% 13 11

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxImpact of timing on the results?Olsen et al.  2013. J Vet Diagn Invest 25:328-335.  
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Within-pen 

prevalence

One oral fluid sample
(rate of detection)

PCR | ELISA

No. serum samples to equal
the oral fluid detection rate

PCR | ELISA

5% 31%     17% 8 5

10% 79%     59% 11 7

15% 94%     85% 12 9

20% 98%     94%     13 10

25% 99%     97% 13 11

Within-pen 

prevalence

One oral fluid sample
(rate of detection)

PCR | ELISA

No. serum samples to equal
the oral fluid detection rate

PCR | ELISA

5% 31%     17% 8 5

10% 79%     59% 11 7

15% 94%     85% 12 9

20% 98%     94%     13 10

25% 99%     97% 13 11
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Within-pen 

prevalence

One oral fluid sample
(rate of detection)

PCR | ELISA

No. serum samples for 95% 
probability of detection for

designated prevalence*

5% 31%     17% 24

10% 79%     59% 16

15% 94%     85% 13

20% 98%     94%     11

25% 99%     97% 9

*assumes 100% dx se & sp

1.  Which specimen?  Aggregate samples.

2.  Which target?  Nucleic acid vs antibody.

3.  How to sample in the field?  Statistical validity.
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Detection of nucleic acids in oral fluid specimens

• African swine fever virus

• Classical swine fever virus

• Foot-and-mouth disease virus

• Influenza viruses

• PCV2, PCV3

• Aujeszky’s disease virus

• PEDV

• PRRSV

• Erysipelothrix spp. 

• M. hyorhinis

• M. hyosynoviae

• M. hyopneumoniae

Detection of nucleic acids in oral fluid specimens

• Majority of work in PRRSV

• Detection of ASFV, CSFV, FMDV in oral fluids (Grau et al. 2015)

• Grau's comments: 

• Oral fluid sampling was uniformly successful.

• Sampling infected pigs was successful

• before the onset of disease

• as long as they could move after onset of fever

• after recovery from illness.
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Response to FMDV 

strain O UKG 2001 in 4 

contact-exposed pigs
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Cautions on PCRs ...

• PCRs must be optimized for 

aggregate matrices, e.g., oral 

fluids.

• Not all PCRs are created equal -

evaluate and compare.

• Improvement is a continual 

process.
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Comparison of influenza A virus RT-PCRs
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Evaluate and compare ...
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Which parameters can you calculate?

• Diagnostic sensitivity = _____

• Diagnostic specificity = _____

• Predictive value (+) = _____

• Predictive value (-) = _____

• Accuracy = _____

FM
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N
A

Develop test performance estimates in the context of the disease process
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Detection of antibody in oral fluid specimens

• African swine fever virus

• Aujeszky's disease virus

• Classical swine fever virus

• FMD virus (DIVA)

• Influenza viruses

• PCV2

• PEDV

• PRRSV

• Actinobacillus
pleuropneumoniae

• Erysipelothrix spp.

• Salmonella spp.  

• Lawsonia intracellularis

Any pathogen for which we can 

develop a good serum ELISA

ASFV p30 ELISA antibody  
Giménez-Lirola et al., 2014

CSFV E2 and Erns antibody
Panyasing et al., 2018

ASFV isolate NHV
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Does antibody detection have a 
role in a "molecular world"?  

Lopez and Osorio.  2004.  Vet Immunol Immunopathol 102:155-163

Does antibody detection have a role in a molecular world?
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Henao-Diaz (2019):  meta-analysis fitted with a 

logistic regression based on data (n = 3766) from 19 

refereed publications (1995-2018). 

• Viremia (RT-PCR-positive serum samples)

• Carrier animals (bioassay positive)

• Antibody positive (ELISA)

VIREMIA TISSUE ANTIBODY
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VIREMIA TISSUE ANTIBODY

What does this mean 

diagnostically?
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What does this mean 

diagnostically?

Wills et al., 2003.  Duration of infection and proportion of pigs 

persistently infected with PRRSV.  J Clin Microbiol 41:58-62

ASSAY DPI 28 DPI 56 DPI 84

SERUM
Virus isolation 2/28 (7%) 0/28 0/28

RT-PCR 7/28 (25%) 1/28 (4%) 0/28

TONSIL
Virus isolation 9/28 (32%) 4/28 (14%) 0/28

RT-PCR 27/28 (96%) 21/28 (75%) 20/28 (71%)

VIREMIA TISSUE ANTIBODY
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VIREMIA TISSUE ANTIBODY

VIREMIA TISSUE ANTIBODY
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Q: Which target?

A: We need both nucleic acid and antibody 

detection for surveillance

1.  Which specimen?  Aggregate samples.

2.  Which target?  Both nucleic acid & antibody.

3.  How to sample in the field? Statistical validity.
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First question is always “how many samples”?  

Sample size - PRV eradication

RM Cannon, RT Roe.  1982

< 100 pigs - test 25 

100-200 - test 27 

201-999 - test 28 

≥ 1,000 - test 29 



36

Sample size - PRV eradication

< 100 pigs - test 25 

100-200 - test 27 

201-999 - test 28 

≥ 1,000 - test 29 

1.  Where do these 

numbers come from? 

2. Can we use these 

tables for oral fluids?

Assumptions of binomal sampling?

Sample size numbers come from the 
binomial distribution formula



37

Assumptions of 
binomial distribution?

1. Finite population.

2.  Binary outcome (pos/neg).

3.  Subjects are independent.

4.  Population is homogeneous.

1.  Finite population.

2.  Binary outcome (pos/neg).

3.  Subjects are independent.

4.  Population is homogenous.

Assumptions of 
binomial distribution?
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PRRSV oral fluid 

testing - field study. 

Rotolo et al. 2017. Vet 

Microbiol 209:20-29

1.  Finite population?

2.  Binary outcome (pos/neg)?

3.  Subjects are independent?

4.  Population is homogenous?
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Spatial                                            No spatial
autocorrelation autocorrelation

xxxxxxx

Spatial autocorrelation

• 1st Law of Geography (Tobler) "everything is related to 

everything else, but near things are more related than distant 

things.“
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This does not apply to this.

Statistical analysis:  fixed spatial sampling was
EQUAL OR BETTER than random sampling.  Why?R
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“Spatial sampling is better (than random sampling) when

there is autocorrelation"  Wang et al.  2012.  Spatial Statistics 2:1-14.

1. Decide how many samples 

you can collect routinely.

2. Sample the same pens every

time.

3. Routine sampling - even with 

a few samples - is better than 

more samples collected 

infrequently. 

Sample the same pens every time at a fixed interval

10 sites x 6 pens in each barn x sampling each
2 weeks for 18 weeks.  
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ELISA S/P values

RT-PCR positives (P)

The results are logical and easy to understand because they

reflect the pigs' response to infection over time

Results (averages)

ELISA S/P values

RT-PCR positives (P)
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Conclusions

• Surveillance will play an 

increasingly important role in 

pig health.

• More efficient approaches are 

needed ... and are coming!

• Much accomplished/much 

remains to be done.

BIOSECURITY

HERD IMMUNITY

SURVEILLANCE
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Thank you.

jjzimm@iastate.edu


