Colonization of cantaloupe fruit with Escherichia coli O157:H7 through
pre-harvest blossom inoculation
1
Burris ,

2
Moore ,

1
Pfefer ,

2
Jaykus ,

3
III ,

Kellie P.
Robin Grant
Tina
Lee-Ann
Otto D. Simmons,
Julie
Jie
Elizabeth
Christina M.
Ferreira1, Eric Brown1 and Rebecca L. Bell1, (1)U.S. Food and Drug Administration-Center for Food Safety and Applied Nutrition, College Park, MD,
(2)Department of Food, Bioprocessing, and Nutrition Sciences, North Carolina State University, Raleigh, NC, (3)Department of Horticulture, North
Carolina State University, Raleigh, NC

Introduction

Fresh fruits and vegetables are an important component of a healthy and balanced diet.
Melons have been associated with a variety of enteric pathogen outbreaks, where
cantaloupes accounted for 19 of the 34 outbreaks associated with a single melon type
between 1973 and 2011 (Walsh et al., 2014). Pre-harvest contamination of cantaloupe
with Salmonella has been previously examined (Burris et al., 2021). Persistence of E. coli
in such agricultural production environments has been demonstrated, with
environmental surveillance studies pointing to irrigation water as a source of E. coli in
fresh produce production (US FDA, 2018). While the means by which produce
contamination occurs in the field is mostly unknown, research points to blossoms as a
direct route by which fruit can become contaminated with pathogens (Zheng et al.,
2013; Gautam, 2011, 2012; Erickson et al., 2018; Burris et al., 2020, 2021). Indeed,
alternative studies have confirmed that blossom inoculation with plant pathogens
results in subsequent fruit and seed contamination in melons (Gautam et al., 2011;
Gautam, 2012; Lessl et al., 2007). Therefore, to better understand the potential for E.
coli O157:H7 to contaminate other produce commodities besides leafy greens, we
examined the ability of a leafy-green outbreak strain of E. coli to colonize and internalize
cantaloupe by simulating contamination of female blossoms during pre-harvest.
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Materials and Methods

Abstract
Fresh produce commodities have been involved in numerous food-borne outbreaks
involving O157:H7 and other Shiga toxin-producing Escherichia coli (STEC). While
cantaloupes are typically implicated as vehicles of outbreaks involving Salmonella and
Listeria, it is important to examine the role female blossoms may contribute to
colonization with other enteric pathogens, including E. coli O157:H7. The purpose of this
work was to examine any pre-harvest risks of cantaloupe when plant blossoms are
exposed to a leafy green-associated outbreak strain of E. coli O157:H7. Cantaloupe
plants (Cucumis melo ‘reticulatus’) from a single cultivar ‘Primo’ (Western variety) were
grown from commercial seed and maintained in the NCSU BSL-3P phytotron
greenhouse. E. coli O157:H7 contamination was introduced via blossoms at ca. 6.1 log10
CFU/blossom. Surface and internal samples of mature fruits were processed and
enriched for E. coli O157:H7 in accordance with modified FDA BAM methods. Data were
analyzed for prevalence of contamination [surface and inside (blossom versus stem
side)]. Of the cantaloupe fruit harvested from E. coli O157:H7-inoculated blossoms,
97.8% (44/45) were found colonized and 84.4% (38/45) had evidence of internalization
into the fruit. Of those fruits affected, the majority, 68.9% (31/38), were found to harbor
O157:H7 within the entire fruit. The remaining fruits were observed to be contaminated
with the inoculated strain only within the stem side, 15.8% (6/38), or blossom side, 2.6%
(1/38), of the fruit pericarp. These results demonstrated blossoms as a route by which a
leafy green outbreak-associated E. coli O157:H7 can colonize and internalize cantaloupe
fruit at a high percentage. Blossoms may serve as an important route for pathogen
contamination in atypical commodity-pathogen pairs.
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Cantaloupe seeds (Cucumis melo ‘reticulatus’) of cultivar ‘Primo’ (Western cantaloupe
cultivar) were purchased from Stokes Seeds, Inc. (Buffalo, NY). Seeds were planted in
50:50 mix substrate [50% Sunshine Redi-Earth Professional Growing Mix (Canadian
Sphagnum peat moss 50-65%, vermiculate, dolomitic lime, 0.0001% silicon dioxide) and
50% cement sand] in standard 4.5” pots and maintained in the NCSU phytotron
greenhouse at 26°C day and 22°C night with a 14 hr photoperiod for 3 wk. Plants were
then transferred to 8” pots and planted in standard mixed substrate [33% Sunshine RediEarth Professional Growing Mix (Canadian Sphagnum peat moss 50-65%, vermiculate,
dolomitic lime, 0.0001% silicon dioxide) and 66% pea gravel] and maintained in the
NCSU BSL-3P greenhouse 26°C day and 22°C night with a 14 hr photoperiod (Figure 1).
Plants were watered twice daily, a nutrient solution (106.23 ppm N, 10.41 ppm P, 111.03
ppm K, 54.40 ppp Ca, 12.40 ppm Mg, 5.00 ppm Fe, 13.19 ppm S, 0.113 ppm Mn, 0.24
ppm B, 0.013 ppm Zn, 0.005 ppm Cu, 0.00003 ppm Co, 0.005 ppm Mo, and 11.04 ppm
Na) in the morning and reverse osmosis (RO) purified water in the afternoon. For the
first 3 wk, plants were limited to nutrient only three times a wk to prevent symptoms of
high or toxic levels of nutrients.
Blossom inoculation with Escherichia coli O157:H7. In total, 68 plants at the blossom
stage were divided into two treatment groups: a negative control group (inoculated with
PBS, n=12) and one inoculum level experimental groups [inoculated with 50 µl at ca. 104
CFU/blossom (n=56)].
Cantaloupe were artificially (i.e. hand) pollinated 1-4 h prior to inoculation (Figure 2). E.
coli O157:H7 contamination was introduced via blossoms at ca. 6.1 log10 CFU/blossom.
Each experiment was replicated three times, for a total of three replicates. Treatment
and control blossoms were individually tagged and marked for harvest. Inoculations
were scheduled to coincide with, or immediately follow pollination.
Fruit sampling and testing procedures. Mature fruits were analyzed for Escherichia coli
O157:H7 (surface and inside) by enrichment in accordance with modified FDA-BAM
methods. Fruits were harvested aseptically at ca. 90 dpi. Fruit were carefully removed
from the plant using a Ziploc bag as not to contaminate gloves or fruits. Fruits were
processed as shown in Figure 3. In order to verify that surface sterilization procedures
were sufficient, negative control fruit were processed in the same ethanol and water
baths following processing of fruit from inoculated blossoms.

Figure 2. Visual representation of pollination to mature fruit. Hand
pollination of a female flower with a male flower (A). Ovary was pollinated and
begins to grow after a couple of weeks (B). Fruit matures after approximately
90 days (C) and was sliced for viewing pulp (D).

Figure 3. Schematic of mature fruit processing Steps include sterilization, drying, cutting [two
internal samples (blossom and stem side)], pre-enrichment (surface and internal), enrichment,
selection, and molecular detection.

Data analysis. Data were analyzed for prevalence of contamination [surface
and inside (blossom versus stem side)].

Results and Discussion
The goal of this study was to evaluate the ability of E. coli O157:H7 to colonize cantaloupe via inoculation of blossoms during plant growth and fruit maturation. This study is the first
to examine cantaloupe fruit contamination following pre-harvest inoculation of blossoms with an E. coli O157:H7 strain associated with recent leafy green-associated outbreaks. Of
the total fruit harvested from E. coli-inoculated blossoms [cantaloupe (n=45)], 97.8% (44/45) were found colonized and 84.4% (38/45) had evidence of E. coli internalized into the
fruit, respectively. For those fruit that demonstrated evidence of internalization, the majority, 68.9% (31/38), were found to harbor O157:H7 within the entire fruit (Table 1). Because
we observed the majority of internalized contamination throughout the entire fruit, it is possible that E. coli can move through or be distributed throughout the cantaloupe
mesocarp during fruit maturation. The remaining fruits were observed to be internally contaminated with the inoculated strain only within the stem side, 15.8% (6/38), or blossom
side, 2.6% (1/38), of the fruit pericarp (Table 1). We did observe evidence of E. coli contamination on the surface of 1 negative control cantaloupe, but did not observe internalization
(Table 1). Interestingly, we observed a high degree of colonization and internalization of fruit through the blossom, suggesting that Salmonella can survive in the blossom and fruit
niche at least until harvest (ca. 42-71 dpi), when applied at an inoculum concentration of ca. 6.1 log10 CFU/blossom. Blossom inoculations performed in this study demonstrated that
E. coli can readily translocate into cantaloupe fruit, as similarly observed by Salmonella in the cucurbit commodities, cucumber (Burris et al., 2020; Erickson et al., 2018) and
cantaloupe (Burris et al., 2021). While inoculum levels were high, the results of the blossom data indicate that blossom entry is a viable contamination route, and the safety of water
being applied during this developmental period may need to be considered.

Table 1. Frequency of Escherichia coli O157:H7 contamination of cantaloupe fruit challenged by blossom inoculationa

Conclusion
This work demonstrated the ability of a leafy green-associated outbreak strain of
Escherichia coli O157:H7 to colonize and internalize cantaloupe fruit at a high
percentage when blossoms were exposed during pre-harvest. Blossoms may serve as an
important route for pathogen contamination in atypical commodity-pathogen pairs.
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