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Importance of
Phytotron Program

A Perform biological
experiments using
specific pathogen
plant commodity pairs
To complement
ongoing environmental
surveillance studies,
which look to answer
overarching research
guestions related to
outbreak prevention




Limitations to experiments within each type
growing environment

Field Environment Controlled Growing Environment (Phytotron/Greenhouse

Use of surrogates in place of outbreak pathogensogates Use of outbreak pathogen strains
behave differently than pathogens

Environmental factors (such as UV exposure, temperature, Environmental conditions are not identical to field and
rainfall) may affect pathogen survival pathogens may have advantage

Presence of competing bacteria or microbes may influencePlants are their healthiest and could bias against pathogel
pathogen survival colonization

Natural pollination (wind, insects, etc.) Artificial pollination is required

Soils withlimited drainage Soils with better drainage
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studies

AProduceassociated outbreak and
environmental strains

ACommerciaI cultivars

ASingIe fruit inoculation and
collection

ABsL3p Phytotron greenhouse




Why blossoms?

A Previous research has | . -
demonstrated relatively high ’”'/ R 4
levels of inoculum necessary to\ -
observe contamination within v
plant tissues from exposure to N
roots A

A Plant pathogens are well known Y.
to evade plant innate immune T
response when entering through
blossoms

A Hospitable habitat with source of
nutrients and protection from
the environment
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Colonization and Internalization of

Salmonella enterica and Its
Prevalence in Cucumber Plants

Kellie P. Burris™, Otto D. Simmons IlI2, Hannah M. Webb', Lauren M. Deese’,
Robin Grant Moore’, Lee-Ann Jaykus’, Jie Zheng?, Elizabeth Reed?,
Christina M. Ferreira3, Eric W. Brown?® and Rebecca L. Bell?

' Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State University, Raleigh, NC, United States,
? Department of Horticultural Science, North Carolina State University, Raleigh, NC, United States, * Center for Food Safety
and Applied Nutrition, U.S. Food and Drug Administration, College Park, MD, United States



Cucumber Variety Total # of cucumbers Proportion of S. enterica-positive cucumbers by colonization location: **
and Inoculation colonized/total # of

Status cucumbers challenged (%)* # Cucumbers colonized on surface # Cucumbers colonized on surface
only/total # S. enterica- positive and inside***/total #

cucumbers (%) S. enterica-positive cucumbers (%)

HIGH INOCULUM (6.4 logio CFU/BLOSSOM)

Thunder

Inoculated blossoms? 47/56 (83.9) a 9/47 (19.1) a 38/47 (80.9) a

Adjacent blossomsP 8/24 (33.3) 7/8 (87.5) 1/8 (12.5)

MEDIUM INOCULUM (4.5 log1o CFU/BLOSSOM)

Thunder

Inoculated blossoms 48/59 (81.4) a 27/48 (66.2) b 21/48 (43.8) b

Adjacent blossoms 3/32 (9.4) 3/3 (100.0) 0/3 (0.0)

LOW INOCULUM (2.5 LOGo CFU/BLOSSOM)

Thunder

Inoculated blossoms 48/67 (71.6) a 35/48 (712.9) b 13/48 (27.1) c

Adjacent blossoms 1/54 (1.9) 1/1 (100.0) 0/1 (0.0)

Marketmore 76

Inoculated blossoms 36/51 (70.6) a 23/36 (63.9) b 13/36 (36.1) ¢

Adjacent blossoms 0/50 (0.0) 0/0 (0.0) 0/0 (0.0)

aCucumbers collected from blossoms directly challenged with the S. enterica cocktail. ®°Cucumbers collected from blossoms that were in close proximity to S. enterica-
inoculated blossoms. *The Pearson Chi-Square Fisher’s Exact test was used to determine significant differences in sample positivity (i.e., fruit colonization) obtained
after inoculating blossoms for all cultivars over all inocula concentrations (within each column). Different letters indicate statistically significant differences (P<0.05). **No
cucumber fruit were found contaminated inside only. ***If a cucumber fruit was found positive for Salmonella inside the fruit, it also had surface contamination in every
instance. External colonization with S. enterica was observed in a small number of the negative control cucumbers (5/167, 3.0%), i.e., those derived from uninoculated
control plants.



Figure 1: Location of Salmonella spp. positive samples adjacent to animal operations
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Note: This map does not imnclude all positive Salmonella spp. locations. Salmonella enterica subsp. Enterica serovar
Montevideo isolates (in blue) are median of 16 SNPs from beef and cattle isolates from 2018, 2019 and 2020.
Salmonella enterica subsp. Enterica serovar Alachua 1solates (in red) are identical (0-2 SNP) to a surveillance sample
of chicken from 2019.




Currentresearch focus

AUnderstanding prénarvest ‘ ..
factors contributing to endl L
colonization and internalizatior = & s T
of fruits with foodborne

pathogens

A Simulate conditions of pathogen
contamination through blossom route
during preharvest




Purpose of this study

A To investigataéhe
ability of Salmonella
Poona to colonize and
Internalize cucumber
fruit when applied to
blossoms via
contaminated poultry
litter




A. Preparation of broiler litter

g
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Broiler litter Wet weight (100 g) Autoclaved and
collected from dried in biosafety
poultry house cabinet overnight
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B. Hood-dried method C. Freeze-dried method D. Blossom inoculation

Add 1 ml overnight 25 mi overnight Freeze dry 5.25 h Mix pellet (ca. 40 ca. 10 mg inoculated
culture (washed 3 x sullture, Washed 3 % mg) with 1.8 g litter applied to
PBS, pH 7.2 and PBS, pH 7.2 and poultry litter cucumber blossom

resuspended in 5 ml
PBS, pH 7.2)to 9
grams autoclaved
and dried broiler

pellet resuspended with forceps

in 250 pl skim milk
and frozen for 1 h

litter, mix well and Inoculum concentrations
dry in biosafety - .
cabtnet eriight Hood-dried method: 3.6 log,, CFU/blossom

Freeze-dried method: 6.2 log,; CFU/blossom
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Ethanol bath

(20 min) (5 min)

- for 20 h

(Surface)

Pre-enrichment

Sterile water bath

Incubate at 37 C

Enrichment-RV medium

—

Pre-enrichment

1

Incubate at 37 C
for 20 h

(Inside)

Selection-XLD 19



Table 1. Salmonella enterica contamination of mature cucumber fruit when introduced through
blossoms via contaminated poultry litter.

# of cucumbers
# of cucumbers )
Total # of ) colonized on
colonized on
Method (ca. log, cucumbers surface and

CFU/blossom) colonized/total # surface_only/tota_ll i Inside/total # S.
S. enterica-positive : o
enterica-positive

cucumbers (%) cucumbers (%)

Hood-dried (3.6) W 7/10 (70.0) 3/37 (8.1)
| —

challenged (%)

Freeze-dried (6.2) 15/24 (62.5) 13/15 (86.7) 2/24 (8.3)

Prevalence of internal contamination was equivalent when comparing inoculum methods
( §=0.001, P=0.9750). Surface contamination was significantly lower in hood-dried versus
freeze-d r i ed meé=7.578,dP=0(0059).
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Table 1. Salmonella enterica contamination of mature cucumber fruit when introduced through
blossoms via contaminated poultry litter.

# of cucumbers
# of cucumbers :
Total # of : colonized on
colonized on

Method (ca. log, cucumbers surface onlv/total # surface and
CFU/blossom) colonized/total # ontyrtota Inside/total # S.

S. enterica-positive : o
challenged (%) enterica-positive

cucumbers (%)

Hood-dried (3.6) 10/37 (27.0) 7/10 (70.0) w

Freeze-dried (6.2) 15/24 (62.5) 13/15 (86.7) 2/24 (8.3)

cucumbers (%)

Prevalence of internal contamination was equivalent when comparing inoculum methods
( §=0.001, P=0.9750). Surface contamination was significantly lower in hood-dried versus
freeze-d r i ed meé=7.578,dP=0(0059).
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Table 1. Salmonella enterica contamination of mature cucumber fruit when introduced through
blossoms via contaminated poultry litter.

# of cucumbers
# of cucumbers )
Total # of ) colonized on
colonized on
Method (ca. log, cucumbers surface and

CFU/blossom) colonized/total # surface_only/tota_ll i Inside/total # S.
S. enterica-positive : o
enterica-positive

cucumbers (%) cucumbers (%)

Hood-dried (3.6) 10/37 (27.0) 7/10 (70.0) 3/37 (8.1)

challenged (%)

Freeze-dried (6.2) w 13/15 (86.7) 2/24 (8.3)
| —

Prevalence of internal contamination was equivalent when comparing inoculum methods
( §=0.001, P=0.9750). Surface contamination was significantly lower in hood-dried versus
freeze-d r i ed meé=7.578,dP=0(0059).
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Table 1. Salmonella enterica contamination of mature cucumber fruit when introduced through
blossoms via contaminated poultry litter.

# of cucumbers
# of cucumbers :
Total # of : colonized on
colonized on
Method (ca. log, cucumbers surface onlv/total # surface and
CFU/blossom) colonized/total # y Inside/total # S.

challenged (%) S':J];(j::fbae_fs?c:/?)ve enterica-positive
cucumbers (%)

Hood-dried (3.6) 10/37 (27.0) 7/10 (70.0) 3/37 (8.1)

Freeze-dried (6.2) 15/24 (62.5) 13/15 (86.7)

Prevalence of internal contamination was equivalent when comparing inoculum methods
( §=0.001, P=0.9750). Surface contamination was significantly lower in hood-dried versus
freeze-d r i ed meé=7.578,dP=0(0059).
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| Modification of inoculum application

/
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Weight of commercial
poultry litter dust from

one puff is approximately
10 mg
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Table 1. Salmonella enterica contamination of mature cucumber fruit when introduced through
blossoms via contaminated poultry litter.

# surface and
Inside/total # of
fruit (%)

Method (ca. log, # colonized/total # # surface only/total
CFU/blossom) of fruit (%) # of fruit (%)

Hood-dried (3.6) 10/37 (27.0)

Freeze-dried (4.9) ‘

Freeze-dried (6.2) 15/24 (62.5)

7/37 (18.9) 3/37 (8.1)

15/47 (31.9) 2147 (4.3)

13/24 (54.2) 2/24 (8.3)
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Table 1. Salmonella enterica contamination of mature cucumber fruit when introduced through
blossoms via contaminated poultry litter.

# surface and
Inside/total # of
fruit (%)

Method (ca. log, # colonized/total # # surface only/total
CFU/blossom) of fruit (%) # of fruit (%)

Hood-dried (3.6) 10/37 (27.0) 7/37 (18.9) 3/37 (8.1)

Freeze-dried (4.9) 17/47 (36.2) 15/47 (31.9)

Freeze-dried (6.2) 15/24 (62.5) 13/24 (54.2) 2124 (8.3)
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Conclusions and Significance
A These results identified =
contaminated poultry

litter as a means for
Salmonella to colonize
and internalize mature
fruit when introduced to
blossoms during pre-
harvest
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