Food Safety Briefs
January 2016
E. coli
Impacts of Climate and Management Variables on the Contamination
of Preharvest Leafy Greens with Escherichia coli
C. Liu, N. Hofstra, E. Franz
Journal of Food Protection, Vol. 79, No. 1; pp. 17–29, 2016
doi: 10.4315/0362-028X.JFP-15-255
Link to full text: Click here
Significance: Temperature, irrigation water type, fertilizer type, and irrigation method
should be systematically considered in future studies of fresh produce safety.

This study aimed to identify the climate and management variables that are associated with the contamination (presence and concentration) of leafy green vegetables
with E. coli. This study used data about E. coli contamination from 562 leafy green
vegetables (lettuce and spinach) samples taken between 2011 and 2013 from 23
open-field farms in Belgium, Brazil, Egypt, Norway, and Spain. Climate variables
and agricultural management practices together had a systematic influence on
E. coli presence and concentration. The variables important for E. coli presence
included the minimum temperature of the sampling day (OR=1.47), region, and
application of inorganic fertilizer. The variables important for concentration
(R2=0.75) were the maximum temperature during the 3 days before sampling and
the region. Temperature had a stronger influence (had a significant parameter
estimate and the highest R2) than did management practices on E. coli presence
and concentration. Region was a variable that masked many management variables, including rainwater, surface water, manure, inorganic fertilizer, and spray
irrigation. Climate variables had a positive relationship with E. coli presence and
concentration.
Influence of Vacuum Cooling on Escherichia coli O157:H7 Infiltration
in Fresh Leafy Greens via a Multiphoton-Imaging Approach
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E. Vonasek, N. Nitin
Applied and Environmental Microbiology, Vol. 82, No. 1; pp. 106–115, 2016
doi: 10.1128/AEM.02327-15
Link to full text: Click here
Significance: This study demonstrates the potential of multiphoton imaging for
improving sensitivity and resolution of imaging-based measurements of microbial
interactions with intact leaf structures, including infiltration.

This study evaluated the risk of vacuum cooling-induced infiltration of Escherichia
coli O157:H7 into lettuce using multiphoton microscopy. The variables vacuum
cooling, surface moisture, and leaf side were evaluated in a three-way factorial
study with E. coli O157:H7 on lettuce. A total of 188 image stacks were collected
and analyzed for E. coli O157:H7 association with stomata and E. coli O157:H7
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infiltration. The results indicated that the low-moisture condition led to an
increased risk of microbial association with stomata (P < 0.05). Additionally, the
interaction between vacuum cooling levels and moisture levels led to an increased
risk of infiltration (P < 0.05).

Salmonella
Prevalence and Characteristics of Salmonella Serotypes Isolated From
Fresh Produce Marketed in the United States
S.P. Reddy, H. Wang, J.K. Adams, P.C.H. Feng
Journal of Food Protection, Vol. 79, No. 1; pp. 6–16, 2016
doi: 10.4315/0362-028X.JFP-15-274
Link to full text: Click here
Significance: Imported produce did not show higher numbers of Salmonella-positive
samples, and in some products, all of the Salmonella isolates were from domestic
samples.

The USDA Microbiological Data Program (MDP) sampled select commodities of
fresh fruit and vegetables between 2002 and 2012, and tested them for Salmonella,
pathogenic Escherichia coli, and Listeria. The Salmonella data collected showed
that the prevalence rates ranged from absent to 0.34% in cilantro. A total of 152
isolates consisting of >50 different serotypes were isolated from the various produce types, and the top five were Salmonella enterica serotype Cubana, S. enterica
subspecies arizonae (subsp. IIIa) and diarizonae (subsp. IIIb), and S. enterica
serotypes Newport, Javiana, and Infantis. Among these, Newport and Javiana
caused most foodborne outbreaks. About 25% of the MDP samples were imported
produce, including 65% of green onions, 44% of tomatoes, 42% of hot peppers,
and 41% of cantaloupes. About 6.5% of the Salmonella isolates were resistant to
the antimicrobial compounds tested. The pulsed-field gel electrophoresis profiles
of the produce isolates showed similarities with Salmonella isolates from meat
samples and from outbreaks, but there were also profile diversities among the
strains within some serotypes, like Salmonella Newport.
Assessing the Public Health Impact and Effectiveness of Interventions
to Prevent Salmonella Contamination of Sprouts
H. Ding, T-J. Fu
Journal of Food Protection, Vol. 79, No. 1; pp. 37–42, 2016
doi: 10.4315/0362-028X.JFP-15-184
Link to full text: Click here
Significance: The public health impact due to Salmonella contamination in sprouts
could be controlled if seeds are treated to reduce pathogens and microbiological
sampling and testing is implemented.

A quantitative risk assessment was conducted to measure the risk posed by
Salmonella contamination in sprouts and to determine whether and how mitigation strategies can achieve a satisfactory risk reduction based on the assumption
that the risk reduction achieved by a microbiological sampling and testing program
at a given sensitivity is equivalent to that achieved by direct inactivation of pathogens. Results indicated that if the sprouts were produced without any risk interventions, the health impact caused by sprouts contaminated with Salmonella would
be very high, with a median annual estimated loss of disability-adjusted life years
(DALYs) of 691,412. Seed treatment (with 20,000 ppm of calcium hypochlorite)
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or microbiological sampling and testing of spent irrigation water (SIW) alone
could reduce the median annual impact to 734 or 4,856 DALYs, respectively.
Combining seed treatment with testing of the SIW would further decrease the
risk to 58 DALYs. This number could be dramatically lowered to 3.99 DALYs
if sprouts were produced under conditions that included treating seeds with
20,000 ppm of calcium hypochlorite plus microbiological testing of seeds, SIW,
and finished products.
Quantitative Assessment of Human and Pet Exposure to Salmonella
Associated With Dry Pet Foods
E. Lambertini, R.L. Buchanan, C. Narrod, R.M. Ford, R.C. Baker, A.K. Pradhan
International Journal of Food Microbiology, Vol. 216, 4 January 2016; pp. 79–90, 2016
doi: 10.1016/j.ijfoodmicro.2015.09.005
Link to full text: Click here
Significance: This microbial exposure assessment model can be applied to evaluate
the impact of alternative Salmonella control measures during production, risk
communication to consumers, and regulatory standards.

This study sought to develop an ingredients-to-consumer quantitative microbial
exposure assessment model to: 1) estimate pet and human exposure to Salmonella
via dry pet food, and 2) assess the impact of industry and household-level
mitigation strategies on exposure. Data on prevalence and concentration of
Salmonella in pet food ingredients, production process parameters, bacterial
ecology, and contact transfer in the household were obtained. Under the range
of assumptions adopted in this model, human exposure due to handling pet food
is null to minimal if contamination occurs exclusively before extrusion. Exposure
increases considerably if recontamination occurs post-extrusion during coating
with fat. Exposure is highly variable, with the distribution of doses ingested by
adult pet owners spanning 3 Log CFU per exposure event. Child exposure due to
ingestion of 1 g of pet food leads to significantly higher doses than adult doses associated with handling the food. Recontamination after extrusion and coating may
also lead to exposure due to the absence of pathogen reduction steps after extrusion
or at consumer households. Exposure is potentially highest when Salmonella is
transferred to human food that is left at growth-promoting conditions.

Norovirus
Inactivation Kinetics and Mechanism of a Human Norovirus Surrogate
on Stainless Steel Coupons via Chlorine Dioxide Gas
J.W. Yeap, S. Kaur, F. Lou, E. DiCaprio, M. Morgan, R. Linton, et al.
Applied and Environmental Microbiology, Vol. 82, No. 1; pp. 116–123, 2016
doi: 10.1128/AEM.02489-15
Link to full text: Click here
Significance: Treatment with chlorine dioxide gas can serve as an effective method
to inactivate a human norovirus surrogate on stainless steel contact surfaces.

This study determined the kinetics and mechanism of chlorine dioxide (ClO2) gas
inactivation of a norovirus surrogate, murine norovirus 1 (MNV-1), on stainless
steel (SS) coupons. MNV-1 was inoculated on SS coupons at the concentration
of 107 PFU/coupon. The samples were treated with ClO2 gas at 1, 1.5, 2, 2.5, and
4 mg/liter for up to 5 min at 25°C and a relative humidity of 85%, and virus survival
was determined by plaque assay. Treatment of the SS coupons with ClO2 gas at
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2 mg/liter for 5 min and 2.5 mg/liter for 2 min resulted in at least a 3-log reduction
in MNV-1, while no infectious virus was recovered at a concentration of 4 mg/liter
even within 1 min of treatment. Furthermore, it was found that the mechanism
of ClO2 gas inactivation included degradation of viral protein, disruption of viral
structure, and degradation of viral genomic RNA.
Abiotic Stress and Phyllosphere Bacteria Influence the Survival of
Human Norovirus and Its Surrogates on Preharvest Leafy Greens
M.A. Esseili, X. Gao, S. Tegtmeier, L.J. Saif, Q. Wang
Applied and Environmental Microbiology, Vol. 82, No. 1; pp. 352–363, 2016
doi: 10.1128/AEM.02763-15
Link to full text: Click here
Significance: Abiotic stressors and phyllosphere bacterial density may differentially
influence the survival of HuNoV and its surrogates on lettuce and spinach, emphasizing
the need for the use of preventive measures at the preharvest stage.

This study evaluated the survival of human norovirus (HuNoV) and its surrogate viruses, murine norovirus (MNV), porcine sapovirus (SaV), and Tulane
virus (TV), on preharvest lettuce and spinach that were subjected to abiotic stress
(physical damage, heat, or flood). It also examined the bacteria culturable from
the phyllosphere in response to abiotic stress and in relation to viral persistence.
Mature plants were subjected to stressors 2 days prior to inoculation of the viruses
on leaves. Viral RNA was quantified, the infectivity of the surrogates was determined, and bacterial counts on postinoculation days (PIDs) 0, 1, 7, and 14 were
performed. For both plant types, time exerted significant effects on HuNoV,
MNV, SaV, and TV RNA titers, with greater effects being seen for the surrogates.
Infectious surrogate viruses were undetectable on PID 14. Only physical damage
on PID 14 significantly enhanced HuNoV RNA persistence on lettuce, while the
three stressors differentially enhanced the persistence of MNV and TV RNA.
Bacterial counts were significantly affected by time and plant type but not by the
stressors. However, bacterial counts correlated significantly with HuNoV RNA
titers on spinach and with the presence of surrogate viruses on both plant types
under various conditions.
Viability and Heat Resistance of Murine Norovirus on Bread
M. Takahashi, H. Takahashi, T. Kuda, B. Kimura
International Journal of Food Microbiology, Vol. 216; pp. 127–131, 2016
doi: 10.1016/j.ijfoodmicro.2015.09.018
Link to full text: Click here
Significance: Murine norovirus may remain viable on breads if the heating duration
or temperature is insufficient.

Contaminated bread was the cause of a large-scale outbreak of norovirus disease in Japan in 2014. Contamination of seafood and uncooked food products
by norovirus has been reported several times in the past; however the outbreak
resulting from the contamination of bread products was unusual. A few reports
on the presence of norovirus on bread products are available; however, there
have been no studies on the viability and heat resistance of norovirus on breads,
which were investigated in this study. Murine norovirus-1 (MNV-1), a surrogate
for human norovirus, was inoculated directly on 3 types of bread, but the infectivity of MNV-1 on bread samples was almost unchanged after 5 days at 20 °C.
MNV-1 was inoculated on white bread that was subsequently heated in a toaster
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for a maximum of 2 min. The results showed that MNV-1 remained viable if the
heating period was insufficient to inactivate. In addition, bread dough contaminated with MNV-1 was baked in the oven.

Foodborne Pathogens
Fundamental Characteristics of Deep-UV Light-Emitting Diodes and
Their Application To Control Foodborne Pathogens
J-Y. Shin, S-J. Kim, D-K. Kim, D-H. Kang
Applied and Environmental Microbiology, Vol. 82, No. 1; pp. 2–10, 2016
doi: 10.1128/AEM.01186-15
Link to full text: Click here
Significance: The use of deep-UV-C light-emitting diodes may compensate for the
drawbacks of using low-pressure mercury UV lamps to inactivate foodborne pathogens.

This study examined the basic spectral properties of deep-UV-C light-emitting
diodes (DUV-LEDs) and the effects of UV-C irradiation for inactivating foodborne pathogens, including Escherichia coli O157:H7, Salmonella enterica serovar
Typhimurium, and Listeria monocytogenes, on solid media, as well as in water. As
the temperature increased, DUV-LED light intensity decreased slightly, whereas
low-pressure mercury UV (LP-UV) lamps showed increasing intensity until
they reached a peak at around 30°C. As the irradiation dosage and temperature
increased, E. coli O157:H7 and S. Typhimurium experienced 5- to 6-log-unit
reductions. L. monocytogenes was reduced by >5 log units at a dose of 1.67 mJ/cm2.
At 90% relative humidity (RH), only E. coli O157:H7 experienced inactivation
significantly greater than at 30 and 60% RH. In a water treatment study involving
a continuous system, 6.38-, 5.81-, and 3.47-log-unit reductions were achieved in
E. coli O157:H7, S. Typhimurium, and L. monocytogenes, respectively, at 0.5 liter
per minute (LPM) and 200 mW output power.
Enhanced Antimicrobial Effect of Organic Acid Washing Against
Foodborne Pathogens on Broccoli by Vacuum Impregnation
J-W. Kang, D-H. Kang
International Journal of Food Microbiology, Vol. 217; pp. 85–93, 2016
doi:10.1016/j.ijfoodmicro.2015.10.004
Link to full text: Click here
Significance: The increased antimicrobial effect of vacuum impregnation can be
attributed to increased accessibility of sanitizer and an enhanced washing effect in
protected sites on produce.

This study was undertaken to evaluate the effect of vacuum impregnation applied
to the washing process for removal of Salmonella Typhimurium and Listeria
monocytogenes from broccoli surfaces. Broccoli was inoculated with the two
foodborne pathogens and treated with simple dipping washing or with vacuum
impregnation in 2% malic acid for 5, 10, 20, or 30 min. There were two methods
of vacuum impregnation: continuous and intermittent. After 30 min of 101.3 kPa
(= 14.7 psi, simple dipping), 61.3 kPa (= 8.9 psi), and 21.3 kPa (= 3.1 psi) of continuous vacuum impregnation treatment, there were 1.6, 2.0, and 2.4 log10 CFU/g
reductions of S. Typhimurium and 1.5, 1.7, and 2.3 log10 CFU/g reductions of
L. monocytogenes, respectively. After 30 min of 101.3, 61.3, and 21.3 kPa of intermittent vacuum impregnation treatment, there were 1.5, 2.3, and 3.7 log10 CFU/g
reductions of S. Typhimurium and 1.6, 2.1, and 3.2 log10 CFU/g reductions of
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L. monocytogenes, respectively. Scanning electron photomicrographs showed
that bacteria tend to attach to or become entrapped in protective sites after simple
wash processing (dipping). However, most bacteria were washed out of protective
sites after intermittent treatment.

Listeria
Detection of Virulence Genes and Growth Potential in
Listeria monocytogenes Strains Isolated From Ricotta Salata Cheese
V. Coroneo, V. Carraro, N. Aissani, A. Sanna, A. Ruggeri, S. Succa, et al.
Journal of Food Science, Vol. 81, No. 1; pp. M114–M120, 2016
doi: 10.1111/1750-3841.13173
Link to full text: Click here
Significance: Ricotta Salata supports the Listeria monocytogenes growth to levels
that may present a serious risk to public health, even while stored at refrigeration
temperatures.

This study was aimed at evaluating the presence and virulence properties of Listeria
monocytogenes in 87 samples of Ricotta Salata, a ready-to-eat food (RTE), produced in Sardinia, Italy. The ability of this product to support its growth under
foreseen packing and storing conditions was also evaluated in 252 samples. Of
the 87 samples 17.2% were positive for the presence of L. monocytogenes with an
average concentration of 2.2 log10 cfu/g. All virulence-associated genes (prfA, rrn,
hlyA, actA, inlA, inlB, iap, plcA, and plcB) were detected in only one isolated strain.
The Ricotta Salata samples were artificially inoculated and growth potential (δ)
was assessed over a period of 3 mo. The value of the growth potential was always
>0.5 log10 cfu/g under foreseen packing and storing conditions.

Heavy Metals
Evaluation of Trace Metal And Polychlorinated Biphenyl Levels
in Tea Brands of Different Origin Commercialized in Italy
G. Barone, R. Giacominelli-Stuffler, M.M. Storelli
Food and Chemical Toxicology, Vol. 87, pp. 113–119, 2016
doi: 10.1016/j.fct.2015.12.008
Link to full text: Click here
Significance: Apart from trace elements, this is the first study that documented in
detail the concentrations and congener distribution of polychlorinated biphenyls in
tea samples of different origin.

This study investigated the trace element (Hg, Cd, Pb, Cu, Zn, Ni, Fe, Cr and Se)
and polychlorinated biphenyl (PCBs) content of several commercially available
brands of green and black tea marketed in Italy. The concentrations these chemicals were found to be variable and largely dependent upon the type and brand of
analyzed tea. The most abundant element among the essential elements was Fe,
followed by Zn, Cu, Se, Ni and Cr, whereas Pb was the predominant among the
tested nonessential elements followed by Hg and Cd. Assessment based on several
available guidelines showed that element content were low, except for Hg and Ni.
The PCBs concentrations were generally low, with a homologue profile dominated
by low-chlorinated congeners, namely three- and tetra-PCBs accounting for more
than 60% of the total residue.
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Beneficial Influence of Short-Term Germination on Decreasing
Allergenicity of Peanut Proteins

The North American branch of the
International Life Sciences Institute
(ILSI North America) is a public,
non-profit scientific foundation that
advances the understanding and
application of science related to the
nutritional quality and safety of the
food supply.

Y. Li, X. Sun, Z. Ma, Y. Cui, C. Du, X. Xia, et al.
Journal of Food Science, Vol. 81, No. 1; pp. T255–T261, 2016
doi: 10.1111/1750-3841.13161
Link to full text: Click here
Significance: This study provides a theoretical basis for using biological methods to
reduce peanut allergenicity.

In this study, the influence of different germination conditions (temperature and
light) on the degradation of Ara h1 and allergenicity changes of peanut seeds
was evaluated by ELISA and Western blotting. The results showed that the 40and 65-kDa proteins in peanut seeds degraded rapidly during the time course,
beginning at 60 (at 25 °C) and 108 h (at 20 °C), and the corresponding immunoreactivity of Ara h1 decreased approximately one-third after 5 to 7 d of germination.
Compared with the cotyledons, the embryonic axes had a higher proportion of Ara
h1, which was then degraded relatively faster during germination, resulting in a
significant reduction in its allergenicity. Although a higher temperature improved
the seed germination rate, it affected sprout quality (as did light); therefore, 25 °C
and dark surroundings were suitable conditions under which peanut sprouts
were processed; neither factor significantly affected the allergenicity of Ara h1.

ILSI North America carries out its
mission by sponsoring research
programs, professional and educational programs and workshops,
seminars, and publications, as well
as providing a neutral forum for
government, academic, and industry
scientists to discuss and resolve scientific issues of common concern for
the well-being of the general public.
ILSI North America’s programs are
supported primarily by its industry
membership.

Single B-Cell Deconvolution of Peanut-Specific Antibody Responses
in Allergic Patients
R.A. Hoh, S.A. Joshi, Y. Liu, C. Wang, K.M. Roskin, J-Y. Lee, et al.
Journal of Allergy and Clinical Immunology, Vol. 137, No. 1; pp. 157–167, 2016
doi: 10.1016/j.jaci.2015.05.029
Link to full text: Click here
Significance: Most peanut allergen–binding B cells isolated by means of antigenspecific flow sorting express mutated and isotype-switched antibodies.

This study sought to characterize peanut allergen–specific B-cell populations
and the sequences and binding activities of their antibodies before and during
immunotherapy. B cells binding fluorescently labeled Ara h 1 or Ara h 2 were
phenotyped and isolated by means of flow cytometric sorting from 18 patients at
baseline and 13 patients during therapy. Fifty-seven mAbs derived from allergenbinding single B cells were evaluated by using ELISA, Western blotting, and peptide epitope mapping. Deep sequencing of the B-cell repertoires identified additional members of the allergen-specific B-cell clones. Median allergen-binding
B-cell frequencies were 0.0097% (Ara h 1) or 0.029% (Ara h 2) of B cells in baseline
blood from allergic patients and approximately 3-fold higher during immunotherapy.
Five of 57 allergen-specific cells belonged to clones containing IgE-expressing
members. Almost all allergen-specific antibodies were mutated, and binding to
both conformational and linear allergen epitopes was detected. Increasing somatic
mutation of IgG4 members of a clone was seen in immunotherapy, whereas IgE
mutation levels in the clone did not increase.
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