SHIGA TOXIN-PRODUCING ESCHERICHIA COLI
THE ORGANISM/TOXIN
 Escherichia coli (E. coli) are facultatively anaerobic,
Gram-negative rods that are members of the family
Enterobacteriaceae (1, 2).



 Shiga toxin-producing E. coli (STEC) are a group of E.
coli that produce one or more extracellular Shiga
toxins (Stx). The toxins are classified into two major
groups comprising Stx1 and Stx2 and their subtypes.
STEC can also be called verocytotoxin-producing E.
coli (VTEC) (2, 3).





 There are several hundred STEC serotypes with only
a small number correlating to illness in humans (1, 3).

Atmosphere

 Serotypes O157:H7, O103, O26, O111, O45, O121
and O145 are consistently associated with severe
human disease. More severe health outcomes have
been associated with STEC producing Stx2, compared
with those producing Stx1 (3, 4, 5, 6).


Biofilm
production


 STEC infections cause a range of diseases varying in
severity from asymptomatic carriage to haemorrhagic
colitis and haemolytic uraemic syndrome (HUS) (1, 3).
 STEC does not produce toxins in food (7).

VBNC


GROWTH AND ITS CONTROL
Unless otherwise stated, the information below was
derived from the following references (2, 8).

Inactivation:
Thermal inactivation:
 E. coli is sensitive to heat however,
sensitivity depends on the food composition
(fatty foods for example, ground beef,
increase resistance), pH, aw and the growth
phase of the cells (stationary phase cells are
more resistant than log phase cells, for
Temperature
example after freezing).
 Thermal treatments, including hot water
rinses, steam pasteurisation and steam
vacuuming, are widely used for
decontaminating hides and carcasses. None
of these treatments are however 100%
effective (13).
 A literature review suggests the following
time/temperature (ºC/minutes) in
D values
“beef/pork D60 6.1; D65 1.1; D70 0.2 and “all
meats”: D60 6.9; D65 1.3; D70 0.3 (15).
 Inactivation is dependent on the pH,
acidulant and temperature. Studies on
inactivation of O157:H7 with lactic, citric or
acetic organic acid sprays, on beef
pH
carcasses at concentrations up to 1.5%
have shown that pathogen concentrations
were not affected by any of the treatments

Growth:
Temperature
Water activity
pH*

Atmosphere

Minimum
Optimum
Maximum
7-8°C
35-40°C
46°C
0.95
0.995
4.4
6-7
10
 Although STEC do not require oxygen for
growth, they grow better in aerobic
conditions.
 Growth of STEC can occur in vacuumpacked meat at 8 and 9°C, but not when the
meat is packed under 100% CO2.

*Minimum pH is influenced by other factors including temperature of
incubation, acidulant used, aw and the presence of inhibitory substances
such as nitrate.

Survival:

Temperature

pH

 Heat resistance of STEC is dependent on
the composition, pH and aw of the food.
 Heat resistance increases as the aw
decreases.
 Low temperature (chilling and freezing) has
little effect on STEC survival. For example,
E. coli O157:H7 has been shown to survive
on mangoes and papayas stored at
-20°C for at least 180 days (9).
 Tolerant to acidic conditions with many
strains able to survive at pH 2.5–3.0 for over
four hours (10).
 O157:H7 has been demonstrated to survive
in low pH foods (including fermented
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sausage, mayonnaise and apple cider
vinegar) for up to several weeks depending
on the storage temperature and pH (7).
O157:H7 is more tolerant to acid when it is
in stationary growth phase or starved during
its log-phase of growth (11). It is therefore
possible that STEC may be able to survive
in food products previously considered too
acidic.
Induction of acid-resistance in O157:H7 can
increase tolerance to other environmental
stresses including heating, radiation and
antimicrobials (7).
An atmosphere of 100% CO2 enhanced
survival of uninjured STEC at both 4 and
10°C. Survival on fermented meat was
equivalent when packed under air or under
vacuum.
STEC serotypes can form biofilms on
different food or food contact surfaces,
contributing to persistence in food
processing environments (12).
O157:H7 can transition to the Viable but
Non-Culturable (VBNC) state after exposure
to low temperatures (8ºC) in nutrient-limiting
microcosms on the surface of lettuce. These
metabolically active VBNC cells can produce
small amounts of Shiga toxin (13).
No reports of successful resuscitation of
STEC from the VBNC state on plant
surfaces, or evidence to show a link
between VBNC cells and human illness.

(16).

Drying

1

 Drying is not an effective intervention to kill
STEC as 35 strains survived 24 hours of
drying at 35°C (14).
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Non-thermal inactivation:
 STEC strains in foods are susceptible to
disinfectants used in food processing
environments, including chlorine-based
sanitisers, hydrogen peroxide, ozone and
acidified sodium chlorite. A variety of
mechanisms can be used to apply
Sanitisers
antimicrobial chemicals to food products
/disinfectants
including washing, spraying, gassing,
sonication and incorporation into ice (14). It
has however been reported that STEC can
be internalised in vegetables such as lettuce
and sprouts where they may be protected
from the disinfecting properties of these
agents (17).
 STEC is sensitive to UV and  irradiation.
Resistance to UV has been reported to vary
amongst different STEC serogroups, with E.
coli O157:H7 reported as one of the more
resistant serotypes (17).
 The D10 values for E. coli O157:H7 depend
on temperature and are in the range of 0.2Radiation
0.3 kGy with values higher for frozen beef
patties than refrigerated patties (18).
 Combinations of radiation (1-2 kGy) and dry
heat (50°C for 60 minutes) or chlorine (200
ppm) have successfully reduced STEC
levels on alfalfa seeds and fresh cilantro
respectively (14).
 STEC is inhibited by 8.5% NaCl at 37°C,
with growth retarded above 2.5% NaCl. The
amount of salt required for inhibition
reduces as other factors such as
temperature and pH become sub-optimal.
For example 5% salt inhibited E. coli
O157:H7 at 12°C.
 High Hydrostatic Pressure (HHP), in
conjunction with elevated temperatures, has
Preservatives
proved effective in reducing STEC from
and other nonsome food matrices (14).
thermal
 Ultrasound, UV light and pulsed-electric field
processing
interventions have proved successful in
technologies
reducing STEC numbers from some food
matrices (14).
 Host-specific bacteriophages have been
successfully used to kill STEC on the
surfaces of beef samples (19). However,
another study found that treatment of cattle
hides with bacteriophages before
processing did not produce a significant
reduction of O157:H7 on hides or carcasses
during processing (20).

Uraemic Syndrome (HUS); Thrombocytopaenic purpura
(TPP) (1, 23).
At Risk Groups:
 Any age group, but most often causes disease in
young children (< 5 years), the elderly (>65 years) and
people with compromised immune systems (4, 24).
 Risk factors include consumption of contaminated
food or water and direct contact with farm or
domesticated animals and their manure (24, 25).
Long-term effects:
 HUS, chronic and end-stage kidney disease. Less
frequently gastrointestinal complications, neurological
disorders and diabetes mellitus (23).
 Up to 10% of STEC-infected individuals develop HUS
(26), with a fatality rate of 3-5% (4, 23, 26).
Dose:
 Infective dose of E. coli O157:H7 in food is estimated
to be in the range of < 50 to a few hundred cells (24, 27,
28).
 There are few data on which to base a dose-response
relationship for non-O157 STEC. However, available
information suggests that the minimum dose estimates
for STEC serogroups O111 and O145 are comparable,
or slightly higher, to minimum dose estimates for E.
coli O157:H7 (4, 6).
Incidence:
 New Zealand incidence rate of 8.9/100,000 (2016) (25).
Notifications for STEC have been increasing since
1997. This is partly due to changes in laboratory
testing practices with increasingly sensitive assays
and algorithms being used.
 New Zealand incidence rates are higher than the EU
(1.59/100,000 (2013)) (29), the USA (2.2/100,000
(2015)) (30) Australia (0.5/100,000 (2014)) (31).
Treatment:
 Treatment rarely required.
 In more severe cases, fluid replacement therapy may
be given, with platelet and blood transfusions together
with dialysis for cases of HUS.
 The use of antibiotics to treat STEC infections has
become contentious as certain antimicrobials can
stimulate Shiga toxin production (4).

SOURCES

THE ILLNESS

Human:
 Infected person (stools) (1).

Incubation: 3 to 9 days (mean 4 days) (4).

Animal:
 Exposure to ruminant (cattle, sheep and goats) faecal
matter is the main source of STEC (O157 and nonO157 serotypes) infections for humans. (4, 24, 25, 32).
 A study in Scotland showed that cattle faeces can
contain from 100 to over 106 CFU/g of E. coli O157:H7
(33).
 Exposure by direct contact with domesticated animals
or birds from farms or petting zoos (7).

Symptoms:
 Symptoms ranging from mild watery diarrhoea,
abdominal cramps, fever and vomiting to bloody
diarrhoea, thrombocytopaenia, uraemia and acute
kidney failure. Both O157 and non-O157 STEC have
similar clinical presentations but disease severity can
differ depending on the serotype (7, 21).
 Most patients recover within 10 days of the initial onset
of symptoms, but a proportion (up to 10%) go on to
develop more serious forms of the disease (7, 22).

Food:
 Foods of particular concern include ground and

Conditions: Haemorrhagic Colitis (HC); Haemolytic
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fermented meat products, consumption of
undercooked hamburgers, unpasteurised apple cider
and juice, raw dairy products and fresh produce (fruit
and vegetables) (1, 4, 7, 24).
 Consumption of undercooked ground beef has been
implicated in up to 40% of all major outbreaks (4, 9).
Environment/Water:
 STEC shed in faeces can contaminate pasture, soil
and water (24)
 Contamination in the environment can act as a source
of infection for humans and/or other animals (4).
 STEC can survive for 150 days in soil (34, 35) and 90
days in cattle faeces (36).
 Water from ponds, streams, swimming pools, wells
and water troughs have been implicated in a number
of large outbreaks overseas (4, 7).
Transmission Routes:
 Consumption of contaminated food and water, personto-person transmission (faecal-oral route),
environmental exposure, direct contact with animals (4,
6, 7, 37).

OUTBREAKS AND INCIDENTS
Outbreaks:
New Zealand
 The number of foodborne outbreaks, and associated
cases, has increased gradually over the past 10 years
(38). This trend can be partly attributed to changes in
laboratory testing practices. The majority of outbreaks
in recent years have been from person-to-person
contact.
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New Zealand
Notable foodborne outbreaks in recent years are included below. Updates can be found on the ESR
website* https://surv.esr.cri.nz/surveillance/annual_outbreak.php
Year
2010
2013
2014

Foodborne outbreaks
(cases)
1 (3)
2 (4)
4 (15)

Suspected foods
O157:H7 No identifiable source
1 outbreak associated with dairy products
2 outbreaks associated with dairy products

*Some outbreaks have no identifiable source

Worldwide
Notable foodborne outbreaks in recent years are included below.
Year

Cases
(deaths)

Suspected
foods

Country

2011

3950 (53), 800
cases
developed
HUS

2016

Strain

Control measure failure

Fenugreek
seeds

EU member States, North
America. All cases had
been in Germany or
France shortly before
becoming ill.

O104:H4

Contaminated, imported
Egyptian seeds (Beutin et
al., 2012) (39).

111

Beef, veal and
bison products

USA (multistate)

O157:H7

2016

63

Flour

USA (multistate)

O121 and O26

2017

32

SoyNut butter
products

USA (multistate)

O157:H7

2017

25

Leafy greens

USA (multistate)

O157:H7

Meat products
contaminated at the
slaughterhouse (40).
Contamination of flour at
mill (41).
Contamination of product
at manufacture (42).
Contaminated leafy
greens (43).

LIST OF NZ RISK PROFILES ON STEC IN FOODS
Matrix
Shiga Toxin-producing
Escherichia coli in red meat
and meat products
Shiga-like Toxin-producing
Escherichia coli in uncooked
comminuted fermented meat
(UCFM) products
Shiga Toxin-producing
Escherichia coli in leafy
vegetables
Shiga Toxin-producing
Escherichia coli in uncooked
comminuted fermented meat
products
(Update) Shiga Toxinproducing Escherichia coli in
red meat
(Update) Shiga Toxinproducing Escherichia coli in
raw milk
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Date

Link

2002

http://www.mpi.govt.nz/dmsdocument/26042-risk-profile-shiga-toxinproducing-escherichia-coli-in-red-meat-and-meat-products

2003

http://www.mpi.govt.nz/dmsdocument/25988-risk-profile-shiga-like-toxinproducing-escherichia-coli-in-uncooked-comminuted-fermented-meatproducts

2006

http://www.mpi.govt.nz/dmsdocument/26045-risk-profile-shiga-toxinproducing-escherichia-coli-in-leafy-vegetables

2007

http://www.mpi.govt.nz/dmsdocument/26000-risk-profile-shiga-toxinproducing-escherichia-coli-in-uncooked-comminuted-fermented-meatproducts

2014

http://www.mpi.govt.nz/dmsdocument/7272-risk-profile-update-shiga-toxinproducing-escherichia-coli-in-red-meat-and-meat-products

2014

http://www.mpi.govt.nz/dmsdocument/1121-risk-profile-shiga-toxin-producingescherichia-coli-in-raw-milk
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