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m Multi-state outbreaks of salmonellosis associated
with the consumption of raw tomatoes and other
produce have increased in recent years

— Estimated number of human illnesses: 3,000-80,000

— 2008: Salmonella Saintpaul outbreak alone caused ~1,500
human ilinesses

Background

m There is a critical public health need to:

— Understand how and where tomatoes are contaminated in
the farm-to-fork continuum

— Develop and implement innovative, cost-effective solutions
that can prevent/reduce contamination events and
minimize the burden of disease



GAPs: A Possible Solution?

1998 CESAN Guide To Minimize 2004: CFSAN and North American

Microbial Food Safety Hazards For Tomato Trade Work Group action

plan to prevent bacterial

Fresh Fruits And Vegetables PIEA
J contamination of fresh produce

Good Agricultural Practices (GAPs)

m GAPs assessment survey was developed by CFSAN and
administered at tomato farms in 2007, but no
environmental samples were analyzed simultaneously

— Does the implementation of GAPs prevent or reduce
bacterial contamination on tomato farms?

— Are GAPs cost-effective to growers?
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Purpose:

— To conduct a 2-year on-farm study on Mid-
Atlantic tomato farms

Goals:

— To understand the impacts of GAPs
Implementation on levels of on-farm bacterial
contamination

— To determine costs to tomato growers of
Implementing GAPs and to evaluate whether
costs present a barrier to implementation
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Specific Aims:
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1. To modify the CFSAN GAPs assessment survey to include
guestions about the costs of GAPs implementation, and to
administer the new survey at tomato farms in the Mid-
Atlantic region

2. To determine the prevalence of Sa/monella and
Enterococcus spp. in environmental samples collected from
the same tomato farms

3. To evaluate associations between specific GAPS, the costs
of the GAPs, and the prevalence of Salmonella and
Enterococcus spp. in environmental samples
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Overall Approach:

9
Tomato Farms

Winter Sampling

Trip
(Completed)

—>Collect and Analyze
Environmental Samples

—>Administer GAPs Survey

- Statistical and economic
analysis

Spring Sampling
Trip Trip
(Completed) (Completed)

ollect and Analyze
Environmental Samples

—->Collect and Analyze
Environmental Samples

->Administer GAPs Survey —>Administer GAPs Survey

- Statistical and economic - Statistical and economic
analysis analysis

Feedback to
growers

Summer Sampling

Fall Sampling
Trip
(Completed)

—Collect and Analyze
Environmental Samples

—>Administer GAPs Survey

->Statistical and economic
analysis

Feedback to
growers



Sampling Trips




Collection of GAPs/Cost Data

m “Tomato Farm Sampling
Questionnaire”: s nea, TN TGRS R T Sy 0
— General farm information
— Meteorological conditions
— Tomato field characteristics
— Water sources
— Worker hygiene
— GAPs implementation
— GAPs costs

m  Administered during each
sampling trip et ettt e B
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Environmental Sample Analysis
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Enrichment in Lactose broth a
Hajna T, or Enterococcose

Standard 0
followed by plating

Membrane
Filtration

ID of Sa/monella and Serotyping of Sa/monella
Enterococcus with the Vitek using serological methods,
22 ’J geLis With thig Vitei Premi®test and multiplex
2.0 Compact System PCR
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m A scoring system based on the GAPs guestionnaire
was developed

— A point is given for each practice that is NOT consistent
with GAP’s

— A score of 0 implies a high level of consistency with GAP’s
and a score of 24 implies a low level of consistency with
GAP’s

m These scores will be used in a logistic regression
analysis that analyzes the association between
GAPs implementation and on-farm bacterial
contamination



Results: Sa/monella Contamination
on Participating Tomato Farms

Number of Farms where
Salmonella was detected
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Blue — BAM method
Green — Pathatrix




Results: Persistence of Salmonella
on Participating Tomato Farms?
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Salmonella Positive Farms

Farm Code
February

TF9 Soil

TF 25 Soil Pond Water Pond Sediment
Control Soil Filter Back Wash
Ditch Soil

Ditch Water
Pond Water _ Pond Water

Blue — BAM method
Green — Pathatrix




Results: Enterococcus Contamination
on Participating Tomato Farms
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Number of Farms where
Enterococcus was detected
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Results: Enterococcus spp. Distribution
on Tomato Plants
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FIGURE 1. Enterococcus spp. distribution on the bottom, middle and top portions of
tomato plants on (A) large- and (B) small-scale farms.

Micallef SA, et al. 2010 [Submitted]



Results: Antimicrobial Susceptibility of
Enterococcus spp. Recovered from Tomatoes

% Resistance
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E. faecalis (29) casseliflavus (58) E. gallinarum (25) E. avium (5) E. raffinosus (1)
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FIGURE 3. Resistance to individual antibiotics for all strains isolated is shown by
species. The number of isolates per species is in parentheses.

Micallef SA, et al. 2010 [Submitted]



Preliminary Results: GAPs
and Cost Data

m GAPs and cost data are being cleaned and
analyzed

m Some variablility in GAPs implemented on
participating farms

m [0 be completed:

— Logistic regression on GAPs, cost and
microbiological data

— Geographical analysis of participating farms



Additional Work to be Done

+

m Confirm serotyping on Salmonella
Isolates

m Completion of manuscripts

m Additional feedback to (and from)
growers

m Development of additional hypotheses
to be tested
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