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Key pathogens related to pigs and pork

● Salmonella spp. (non-typhoidal)

● Yersinia enterocolitica

● Meticillin-resistant Staphylococcus aureus (MRSA)

● Toxoplasma gondii

● Trichinella spp.

● Taenia solium

● Hepatitis- E virus

● Very different with respect to reservoirs, transmission routes!!

● Very different with respect to health outcomes in humans!!

● How to assess the public health burden in a transparent way?
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Estimating the burden of zoonotic diseases

● Epidemiology

– Incidence of primary disease

– Sequelae

– Mortality

● Valuation: Disability Adjusted Life Years

– Disability weights

– Duration / life tables

– Discounting / age weighting

● Attribution

Public health burden of exposure to microbes and parasites 

originating from pigs | 22 June 2011

4

Studies on the burden of foodborne pathogens (1) 
● The Netherlands: priority setting of 

foodborne pathogens

● WHO: Foodborne Disease Burden 
Epidemiology Reference Group 
(FERG)

– To provide epidemiological 
estimates on the global burden of 
all relevant foodborne diseases 
(according to age, sex and WHO 
regions)

– To assist WHO to strengthen the 
capacity of countries to conduct 
burden of foodborne diseases 
and policy context studies

– To assist WHO in bridging the 
gap between collection of 
scientific evidence and food 
safety policy making
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Studies on the burden of foodborne pathogens (2)
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Estimating the burden of zoonotic diseases

● Epidemiology

– Incidence of primary disease

– Sequelae

– Mortality

– Sequelae

– Mortality

● Valuation: Disability Adjusted Life Years

– Disability weights

– Duration / life tables

– Discounting / age weighting

● Attribution
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Primary disease outcomes
● Salmonella spp., Yersinia enterocolitica

– Gastroenteritis

● MRSA

– Colonisation – soft tissue infections

● Toxoplasma gondii

– Congenital toxoplasmosis: classical triad (hydrocephalus, 
intracranial calcifications, chorioretinitis)

– Acquired toxoplasmosis: chorioretinitis

● Trichinella spp.

– Trichinellosis

● Taenia solium

– Neurocysticercosis - epilepsy

● Hepatitis- E virus

– Acute hepatitis
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Assessing incidence of pathogen-specific illness

● Cohort studies

– Syndromic surveillance in the general population– etiological 

studies – attributable fractions

– Direct etiological studies in risk groups

● Disease notification or laboratory surveillance

– Underreporting and underascertainment - pyramid reconstruction

● Etiological studies may include (geno)typing to distinguish subtypes 

with different ecology
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Population cohort studies for acute gastroenteritis

● Sensor/Nivel (NL, 1996-1999)

● Incidence rate of acute GE in the Netherlands in 1999 was

290 cases per 1,000 person years

● 1.2% of cases attributable to Salmonella spp. and 1.6 % to 

Campylobacter spp.

● GP consultations amount to 13 per 1,000 pyr

● 4.3% of cases attributable to Salmonella spp. and 6.8 % to 

Campylobacter spp.

● Decreasing trend in laboratory-confirmed human salmonellosis

(-45% in 2009), virtually no trend in Campylobacter (+13% in 

2009)

4.8 million cases of GE per year in the Netherlands, of these

33,000 salmonellosis and 88,000 campylobacteriosis

220,000 GP consultations for GE, of these

4,900 salmonellosis and 20,000 campylobacteriosis

HavelaarHavelaar et al., in preparationet al., in preparation
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Pyramid reconstruction for salmonellosis

● Swedish travellers as sentinels

● Average risk:

8.4 per 100,000 journeys

● Varies between 0.1 (Finland)

to 94 (Bulgaria)

● Relative risk anchored to the 

Netherlands to estimate incidence of 

campylobacteriosis in all EU MS

● Total incidence:

6.2 million cases per year

(1 per 50 inhabitants)

● Underreporting factor at EU level:

51 (0.4 to 1,800)

HavelaarHavelaar et al., in preparationet al., in preparation
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MRSA is associated with contact with live pigs
● Specific subtypes (CC398)

● High frequency of carriage among 

farmers (pigs, veal calves, poultry), 

veterinarians, abbatoir workers

● Strong reduction in periods of no 

animal contact

● Transient carriage after short-term 

exposure

● Does not spread readily among 

humans

● No colonisation in meat handlers

● No risk for consumers who handle 

contaminated meat

● Increased costs for search and 

destroy policy in hospitals

Ferber, Science 2010;329:1010Ferber, Science 2010;329:1010--1111
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Incidence of congenital toxoplasmosis, NL

● 10,008 dried blood spot (DBS) cards from children born in 2006

● Toxoplasma-specific IgM antibodies (screening and confirmation)

● True prevalence (corrected for sensitivity and specificity) of CT:

2 per 1,000 live-born children

● 194,000 live births in the Netherlands:

388 children (95% CI = 213-543) born with CT

KortbeekKortbeek et al., et al., Mem Inst Oswaldo Cruz. 2009;104:370Mem Inst Oswaldo Cruz. 2009;104:370--33
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Trichinella spp.
● 1,073 reported cases in the EU in 

2009

● 90% of reported cases from 

Romania and Bulgaria

● Associated with outbreaks and 

family clusters

● Traditional foods and habits

EFSA Journal 2011;9(3):2090EFSA Journal 2011;9(3):2090
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Systematic review on global neurocysticercosis

● Only studies using neuroimaging

included

● Wide variation in the prevalence of 

NCC globally

– 9% in Mexico, no symptoms

– Hospitalisation 0.3-1.5 per 

100,000 pyr in USA

● 30% of patients with epilepsy have 

NCC (Latin America, Sub-Saharan 

Africa, South-East Asia)

NdimubanziNdimubanzi et al., et al., PLoSPLoS NeglNegl Trop Trop DisDis 4(11): e8704(11): e870
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U.S.A.

2.1%

Alaska

1.1%

Japan

3%

Australia

0.4%

New Zealand

1.1%

France

0.9%

Spain

2.2%

U.K.

1%

Germany

2.1%

The Netherlands

1.1%

Belgium

1.5%

Italy

2.6%

Austria

2.3%

Russia

1.2%

Ukraine

0.5%

Brazil

4.9%

Mexico

7.6%

China 20.2%

Taiwan 10.7%

India

4.0%

Hong Kong

16.1%

Chile 7.4%

Tadjikistan

8.5% Kirghiztan 4.6%

Turkey 

5.9%

Thailand

2.8-7%

Malaysia

2% urban

44-50% rural

Genotype 1

The Netherlands 2%

Incidence 50 cases per year

Increasingly diagnosed

Genotype 3
Genotype 4

Genotype 2

Worm et al., 2002

Human Hepatitis E
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Estimating the burden of zoonotic diseases

● Epidemiology

– Incidence of primary disease

– Sequelae

– Mortality

– Sequelae

– Mortality

● Valuation: Disability Adjusted Life Years

– Disability weights

– Duration / life tables

– Discounting / age weighting

● Attribution
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Outcome tree for Salmonella spp.

8% of all cases of bacterial GE 

will develop IBS within 3-6 

months following GE.

In the Netherlands, 

Campylobacter and Salmonella 

contribute 10% of all new 

cases of IBS

HaagsmaHaagsma et al., et al., EpidemiolEpidemiol InfInf 2010;138:16502010;138:1650--5656
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Estimating the burden of zoonotic diseases

● Epidemiology

– Incidence of primary disease

– Sequelae

– Mortality

● Valuation: Disability Adjusted Life Years

– Disability weights

– Duration / life tables

– Discounting / age weighting

● Attribution
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Mortality of key pathogens related to pork
● Data from different sources

– Outbreaks

– Registry based studies

– Other cohorts

– Surveillance

Cases Fatalities CFR 1 in: Cases Fatalities CFR 1 in:
Salmonella  spp. 33000 40 825 1027561 378 2718
Yersinia enterocolitica ND ND ND 97656 29 3367
Hepatitis E virus 53 1 53 ND ND ND
Toxoplasma gondii 797 13 61 86686 327 265
Trichinella  spp. ND ND ND 156 0 NA

The Netherlands USA
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● 5 billion episodes per year, of 
which 3.2 billion in SEARO

● Average incidence rate 0.5/yr, 
similar for all regions except EMRO 
(0.9/yr)

● 1.2 million deaths per year in 
SEARO and AFRO

● Approx. 6% of all deaths in these 
regions

● Estimate for SEARO 6-fold higher 
than previously published

● Compare with 1.1 million deaths in 
children < 5 years in these two 
regions (approx. 15% of all deaths)

Fischer Walker CL, Black RE. Fischer Walker CL, Black RE. EpidemiolEpidemiol InfInf 2010;138:12152010;138:1215--12261226

Diarrhea morbidity and mortality
in children ≥ 5 years and adults
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Etiology of diarrhea in in children ≥ 5 years and adults
● V. cholerae (O1 and O139) and 

ETEC most frequently isolated in 

hospitalized patients

● Salmonella spp., Shigella spp. and 

E. histolytica most frequently 

isolated in outpatients

● Isolation frequencies lower in 

studies that looked for 5 or more 

pathogens

● Data very limited, prospective 

cohort studies needed

FischerFischer--Walker et al. Walker et al. PloSPloS NeglNegl Trop Trop DisDis 2010;4(8):e7682010;4(8):e768
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Estimating the burden of zoonotic diseases

● Epidemiology

– Incidence of primary disease

– Sequelae

– Mortality

● Valuation: Disability Adjusted Life Years

– Disability weights

– Duration / life tables

– Discounting / age weighting

● Attribution
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A typology of Summary Measures
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Disability Adjusted Life Years 

YLL Years of life lost 
due to mortality

YLD Equivalent years of 
healthy life lost due to
disability

DALY = YLL + YLD

Gap compared to ideal 
healthy life expectancy

Time as the common 
metric for mortality and 

imperfect health 
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DALY  =  YLL  +  YLD

Interpretation of DALYs

High number of deaths

Young adult deaths
(age weighting!)

High life expectancy
standard assumed

High incidence

Sequela +++

High disability 
weight

Long duration of
disease/sequelae
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Estimating the burden of zoonotic diseases

● Epidemiology

– Incidence of primary disease

– Sequelae

– Mortality

● Valuation: Disability Adjusted Life Years

– Disability weights

– Duration / life tables

– Discounting / age weighting

● Attribution
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Source Attribution

●Determine for each hazard (or specific groups of 
hazards) the proportion of the disease burden that is 
attributable to food and other pathways

●Identify – and if possible quantify - the responsible 
reservoirs and/or food commodities leading to illness

Food Specific food 
sources
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Approaches to source attribution

● Microbiological approaches

– Microbial subtyping

– Comparative risk assessment

● Epidemiological approaches

– Sporadic infections (incident or prevalent)

– Outbreaks

● Field studies

– Intervention studies

– Natural experiments

● Expert elicitation

– Unstructured, qualitative

– Structured, quantitative

PiresPires et al., et al., FoodbFoodb Path Path DisDis 2009;6:4172009;6:417--2424
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Attribution of salmonellosis to pork in the EU

● EFSA BIOHAZ Panel

“a cautious assessment would be that around 10-20% of human 

infections in EU may be attributable to pigs and pork. However, 

this “guesstimate” is believed to vary considerably between MSs

depending on, for instance, Salmonella prevalence in pigs and 

pork, consumption patterns and preferences, pig production 

systems and the relative importance of other sources, such as 

eggs and chicken”

Data for more detailed source attribution were not available at that

time

An updated attribution, based on recent data, will be published in 

July 2011

EFSA Journal 2010; 8(4):1547EFSA Journal 2010; 8(4):1547
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Attribution of salmonellosis by subtyping, NL
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Transmission routes for hazards potentially 
transmitted through food

Reservoir

Exposure

HavelaarHavelaar et al., et al., FoodbFoodb Path Path DisDis 2008;5:6492008;5:649--659659
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Source attribution of toxoplasmosis

● Risk factor studies of incident cases (Cook et al., BMJ 2000;321:142-147)

– 30-60% of cases in EU is related to consumption of meat

– Meat types differ between countries, pork not significantly 

associated

– Large proportion (14-49%) of cases unexplained

● Comparative risk assessment (M. Opsteegh 2011; PhD thesis Utrecht University)

– Prevalence and concentration of T. gondii in different sources

– Preparation and consumption, dose-response relation

– Beef 68% of meat-borne infections, pork and sheep 11 and 14%

– Overestimation of incidence of infections

● Expert elicitation (Havelaar et al., Foodb Path Dis 20085:649-656)

– NL: 56% of infections by food, of these 50% pork, 23% beef&lamb

– USA: 41% of all infections pork, 23% beef, 20% game
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Ranking the risks in the USA

BatzBatz et al., 2011et al., 2011
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Conclusions

● Estimating the public health burden of pathogens related to pork

and pigs is complex and demands high quality data

● Advances are being made to estimate the true incidence of diseases

that may also be transmitted by pork and pigs

● Attribution of multifactorial diseases to foods and specific

commodities is a major source of uncertainty

● Approaches exist to integrate diverse information in summary

measures of population health, allowing meaningful comparisons

● Pork and pigs continue to contribute to the burden of food-related

disease
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Contribute by supporting WHO FERG


