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Abstract
The objective of this study was to develop a quantitative microbial risk assessment (QMRA) model to evaluate
potential risk mitigation strategies to reduce the probability of acquiring hemolytic uremic syndrome (HUS)
associated with beef consumption in Argentina. Five scenarios were simulated to evaluate the effect of inter-
ventions on the probability of acquiring HUS from Shiga toxin-producing Escherichia coli (STEC)-contami-
nated ground beef and commercial hamburger consumption. These control strategies were chosen based
on previous results of the sensitivity analysis of a baseline QMRA model (Brusa et al., 2020). The application
of improvement actions in abattoirs not applying Hazard Analysis and Critical Control Points (HACCP) for
STEC would result 7.6 times lower in the probability that consumers acquired HUS from ground beef con-
sumption, while the implementation of improvements in butcher shops would lead to a smaller reduction. In
abattoirs applying HACCP for STEC, the risk of acquiring HUS from commercial hamburger consumption
was significantly reduced. Treatment with 2% lactic acid, hot water and irradiation reduced 4.5, 3.5 and
93.1 times the risk of HUS, respectively. The most efficient interventions, in terms of case reduction, being
those that are applied in the initial stages of the meat chain.
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1. INTRODUCTION

Shiga toxin–producing Escherichia coli (STEC) are import-
ant pathogens that cause diarrhea, hemorrhagic colitis and
hemolytic uremic syndrome (HUS) in severe cases (Byrne
et al., 2020). According to the World Health Organization
Foodborne Disease Study, STEC infections produce 1.2
million foodborne median cases and 128 deaths annually
worldwide (Kirk et al., 2015).

The consumption of contaminated meat, dairy products,
vegetables, fruit and water as well as the contact with

animals and person-to-person transmission have all been
associated with STEC infections (Costa et al., 2020a).
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The animal gastrointestinal tract, the environment and
handlers’ hands are common sources of meat-borne patho-
gen spread, particularly if there are poor sanitary conditions
(Ncoko et al., 2020). This highlights the importance of
implementing Good Hygiene Practices (GHP), Good
Manufacturing Practices (GMP) and Hazard Analysis and
Critical Control Points (HACCP) recognizing STEC as a
hazard (HACCP-STEC) in food processing establishments
(Casas et al., 2019; Guyon et al., 2001; Loiko et al., 2016).

The beef industry uses various risk mitigation strategies
to reduce the number of pathogens in beef and beef pro-
ducts (Kocharunchitt et al., 2019). There is a wide range
of antimicrobial interventions currently available for
carcass processing, such as hot water washes, acid-base
treatments (Zheng et al., 2019) and irradiation (Kawasaki
et al., 2019), among others (Signorini et al., 2018).

Quantitative microbial risk assessment (QMRA) models
related to STEC in beef, ground beef and hamburgers have
been developed in different countries (Delignette-Muller
and Cornu, 2008; Duffy et al., 2006; Ebel et al., 2004;
Signorini and Tarabla, 2009). They contribute to evaluating
different scenarios for risk management strategies (pre-
slaughter screening, storage temperature control, herd vac-
cination, consumer information program) aimed at reducing
the risk of STEC infection along the beef supply chain
through sensitivity analysis (Signorini and Tarabla, 2010).

The objective of this study was to develop a QMRA
model to evaluate potential risk mitigation strategies to
reduce the probability of acquiring HUS associated with
beef consumption in Argentina. The results of this study
can help policy and research decision-makers to target inter-
ventions and resources to reduce the public health burden of
STEC in beef products.

2. MATERIALS AND METHODS
2.1. QMRA Baseline model

The baseline model used in this study has been previously
described in Brusa et al. (2020). Basically, a probabilistic
risk assessment model was developed to characterize
STEC prevalence (%) and contamination levels (log CFU/
g) through five production modules of the beef supply
chain: cattle primary production, cattle transport, proces-
sing and storage in the abattoir, retail and home preparation,
and consumption (Figure 1).

Two types of beef abattoirs in Argentina were modeled
based on the implementation of the HACCP system: abat-
toirs that apply HACCP and define STEC as a hazard
(HACCP-STEC) and abattoirs with no HACCP plans or
HACCP plans that do not define STEC as a hazard (not
applying HACCP-STEC) (Brusa et al., 2020). The baseline
model also included three beef products (ground beef [any
food product containing ground meat except beef burgers],
commercial hamburgers and intact beef cuts) and two

production scenarios (whole process carried out in the
HACCP-STEC abattoir to produce the three beef products,
and beef transported to the butcher shop for additional pro-
cessing to be sold as beef cut or ground beef). Beef con-
sumption habits in Argentina (handling, consumption and
cooking preferences) from the baseline model (Brusa
et al., 2020) were also taken into consideration in the
current model.

2.2. Risk Mitigation strategies

Strategies for STEC control were identified based on the
results of the sensitivity analysis performed in the baseline
model (Brusa et al., 2020). Accordingly, the food matrices
included in the risk mitigation scenario analysis were
ground beef and commercial hamburgers. Beef cuts were
not included because the probability of clinical cases of
HUS was not associated with this food matrix. The baseline
model parameters and the risk mitigation scenarios are
shown in Table 1.

2.2.1. Ground Beef

2.2.1.1. Improvement Of GMPs in abattoirs not
applying HACCP-STEC. Data from samplings carried out
in abattoirs from Argentina by Costa et al. (2020b) were
used to model the effect of the improvement actions in abat-
toirs not applying HACCP-STEC on the probability of
acquiring HUS from ground beef consumption. In this
study, STEC prevalence in carcasses was analyzed and
the practices, facilities and equipment of the abattoirs
were evaluated. Subsequently, improvements (building,
processes, systems for water purification and training)
were made to the abattoirs according to the initial diagnosis.
After a period of adoption of these changes, the estimation
of STEC prevalence in carcasses was repeated and the
impact generated by the improvements was evaluated. In
the scenario model, the rate of change in STEC prevalence
per slaughter in abattoirs not applying HACCP-STEC was
modified due to the prevalence obtained after the adoption
of improvements.

2.2.1.2. Improvement Of enhanced GHP and GMP in
butcher shops. The effect of improving GHPs and GMPs
in butcher shops on HUS probability from ground beef con-
sumption was modeled using data from a STEC prevalence
study in Argentine butcher shops by Leotta et al. (2016).
The mentioned study collected ground beef samples for
the presence of STEC and proposed improvements on
GHP and GMP based on an initial survey conducted on
beef handling practices and the type of facilities and equip-
ment used. A new prevalence study was conducted in
ground beef to quantify the reduction of STEC prevalence
and the level of success in the adoption of the proposed
measures. The net effect generated (% reduction in cross-
contamination rates and STEC prevalence in ground beef)
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by the application of enhanced GHP and GMP (hands
washing and more frequent cleaning and disinfection of
tables and utensils) was introduced in the baseline model
scenario (Table 1).

2.2.2. Commercial Hamburgers

2.2.2.1. Application Of lactic acid or hot water
carcass wash. The effect of carcass wash with 2% lactic
acid or hot water at 80 °C using automated systems in abat-
toirs applying HACCP-STEC on HUS probability from
hamburger consumption was modeled using data reported
by Signorini et al. (2018) in Argentina. The net effect of
both treatments separately on STEC prevalence (6.1 and
38.0% reduction, respectively) and generic Escherichia
coli concentration (0.8 and 0.6 log reduction, respectively)
on carcasses was modeled and compared with the baseline
model (Table 1).

2.2.2.2. Irradiation. The Effect of irradiation on HUS
probability from hamburger consumption was modeled
using data reported by Cap et al. (2020). These authors

showed a net STEC >5 log CFU/g reduction (7 log CFU/
g before and < 2 CFU/g after the intervention) with the
application of 0.23 kGy. The scenario model considered
that hamburgers positive for STEC before the intervention
and negative after its application could still retain some
microbial load, although STEC was not detected by
current microbiological techniques (limit of detection, 2
log CFU/g, false negatives). The residual load of STEC in
negative irradiated commercial hamburgers was estimated
between 0.0003 CFU/g of hamburger (or the equivalent
to 3 CFU/10 kg of hamburgers) and 0.00075 CFU/g of
hamburger.

2.3. Scenario Analysis

The effect of the different risk mitigation scenarios was ana-
lysed in Microsoft Excel 2016 with the add-on package
@Risk (version 7.5, Palisade Corporation, New York,
USA). A Monte Carlo simulation with Latin Hypercube
Sampling was used to assess all potential scenarios. Each
simulation performed 5000 iterations of the model, which

Figure 1. Modelo de línea de base y escenarios analizados.
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Table 1. Baseline and scenario model parameters and risk mitigation scenarios.

Variable Baseline model Scenario model References

Improvement of GMP in abattoirs not applying HACCP-STEC scenario
Rate of change in

STEC
prevalence per
slaughter in
abattoirs not
applying
HACCP-STEC
(TT(f−noH))

∼BETA(217+1; 401−217+1)
PTr

∼BETA(42+1; 152−42+1)
PTr Costa et al.

(2020b)

Improvement of enhanced GHP and GMP in the butcher shop scenario
Probability of

butchers
washing their
hands (P(LM))

∼Beta(1+ 1; 86− 1+ 1) ∼Beta(51+ 1; 86− 51+ 1) Leotta et al.
(2016)

Probability of
butchers
washing tables
and counters
(P(LT))

∼Beta(19+ 1; 86− 19+ 1) ∼Beta(53+ 1; 86− 53+ 1)

Rate of change in
STEC
prevalence from
meat cuts to
ground meat
(TT(cc−m))

∼BETA(239+1; 667−239+1)
∼BETA(8+1; 66−8+1)

∼BETA(33+1; 86−33+1)
∼BETA(8+1; 66−8+1)

Automated application of 2% lactic acid on carcasses in HACCP-STEC abattoirs scenario
Effect of the

reduction in
STEC
prevalence by
treating
carcasses with
2% lactic acid
(Red(AL2%))

∼Beta(10+1; 150−10+1)
∼Beta(34+1; 150−34+1) Signorini

et al. (2018)

STEC prevalence
on carcasses
after treatment
with 2% lactic
acid (P(AL2%))

(P(Tr)×TT( f−H))
((1−P(Tr))+(P(Tr) x TT( f−H)))

(P(mr−H)×Red(AL2%))
((1−P(mr−H))+(P(mr−H) x Red(AL2%)))

Reduction in STEC
concentration
on carcasses
after treatment
with 2% lactic
acid
(Red(CAL2%))

∼PERT(0, 51; 0, 8; 1, 08)

STEC
concentration
on carcasses
after treatment
with 2% lactic
acid (C(mr−AL2%))

C( f − H) ∼ Normal(2, 367; 0, 89(Truncado(0, 18; 5, 06))) C( f − H)− Red(CAL2%)

Automated application of hot water at 80 °C on carcasses in HACCP-STEC abattoirs scenario
Effect of the

reduction in

∼Beta(57+1; 150−57+1)
∼Beta(98+1; 150−98+1) Signorini

et al. (2018)

(continued)
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allowed to achieve an adequate level of convergence
(<1%). Model outputs were estimated as risk per serving
of contaminated beef and population risk (median number
of cases and 95% confidence intervals).

3. RESULTS
3.1. Ground Beef

3.1.1. Application Of improvement actions in
abattoirs not applying HACCP-STEC. The proposed
improvements in the hygiene practices of the abattoirs not
applying HACCP-STEC would result 7.6 times lower in
the probability that consumers acquired HUS from ground
beef consumption compared to the baseline model. That
is, HUS cases in Argentina would reduce from 28 to 6
(Table 2). Although there is no precise information on the
proportion of beef that is sold in the country by these estab-
lishments, in this risk assessment we considered that most
of it came from abattoirs not applying HACCP-STEC
(62.0%). This explains the impact that an improvement in
processing conditions would have on the public health of
consumers.

3.1.2. Application Of GHP and GMP in butcher
shops. The implementation of improvements in butcher
shops would lead to a lower reduction in the probability
of acquiring HUS from the consumption of ground beef
as compared with abattoirs not applying HACCP-STEC.
In general, the risk of HUS as a result of consuming
ground beef from butcher shops without GMP or GHP is
2.8 times higher (OR) compared with butcher shops that
adopt GMP and GHP. That is, HUS cases in Argentina
would reduce from 28 to 22 (Table 2).

3.2. Commercial Hamburgers

3.2.1. Application Of lactic acid or hot water carcass
wash. The application of interventions in the slaughter line
of abattoirs applying HACCP-STEC significantly reduced
the risk of acquiring HUS from commercial hamburger con-
sumption. Treatment with 2% lactic acid and hot water
implied 4.5 and 3.5 times lower risk of developing HUS,
respectively, compared with the baseline scenario, which
did not consider the application of any intervention. That
is, HUS cases from consumption of commercial hambur-
gers in Argentina would reduce from 4 to 1 (Table 3).

Table 1. Continued.

Variable Baseline model Scenario model References

STEC
prevalence by
treating
carcasses with
hot water
(Red(AC))

STEC prevalence
on carcasses
after hot water
treatment (P(AC))

(P(Tr)×TT( f−H))
((1−P(Tr))+(P(Tr) x TT( f−H)))

(P(mr−H)×Red(AC))
((1−P(mr−H))+(P(mr−H) x Red(AC)))

Reduction in STEC concentration on carcasses after hot
water treatment (Red(AC))

∼PERT(0, 427; 0, 699; 0, 97)
STEC

concentration
on carcasses
after hot water
treatment (C(mr

−AC))

C( f − H) ∼ Normal(2, 367; 0, 89(Truncado(0, 18; 5, 06))) C( f − H)− Red(AC)

Commercial hamburger irradiation scenario (dose=0.23 kGy)
Effect of STEC

prevalence
reduction by
treating
trimmings with
irradiation
(Red(I))

∼Beta(0+1; 90−0+1)
∼Beta(30+1; 30−30+1) Cap et al.

(2020)

STEC prevalence
on trimmings
after irradiation
treatment (P(I))

(P(mrH)×OR(rec))
((1−P(mrH))+(P(mrH) x OR(rec)))

(P(rec)×Red(I))
((1−P(rec))+(P(rec) x Red(I)))

Costa et al.
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3.2.2. Irradiation Of hamburgers. When the applica-
tion of low doses of irradiation in commercial hamburgers
was simulated, the probability of acquiring HUS from ham-
burger consumption was also greatly reduced (93.1 times).
In other words, HUS cases reduced from 4 to 0 (Table 3).

4. DISCUSSION

In this study, we evaluated the effectiveness of improvement
actions and interventions in reducing the probability of
acquiring HUS from STEC-contaminated ground beef and
commercial hamburgers in Argentina, using a stochastic
simulation model. Simulation models aim to generate scenar-
ios which can serve as a basis for determining the most
effective risk management measures to reduce the risk of
STEC infection. The scenarios modeled in this work were
chosen from the results of a sensitivity analysis applied to
a baseline model reported earlier (Brusa et al., 2020).

Previous scenario analyses (Delignette-Muller and
Cornu, 2008; Kiermeier et al., 2015) have reached similar
conclusions. Our results coincide with other studies report-
ing that the identification of GHP and GMP in abattoirs and

STEC inactivation on carcasses are important control mea-
sures (Duffy et al., 2006), while it is difficult to obtain sig-
nificant changes in butcher shops because they receive raw
material that is already contaminated (Nauta et al., 2001).

The analysis of scenarios carried out in the present work
showed that the impact of corrective actions on abattoirs
without HACCP-STEC from Argentina would reduce
HUS cases from ground beef consumption from 28 to
6. The lack of GMP, GHP and HACCP application has
been associated with increased risk of contamination in
abattoirs from our country (Brusa et al., 2017; Costa
et al., 2020b) and different parts of the world (Bersisa
et al., 2019; Casas et al., 2019; Douglas et al., 2013;
Festus Jaja et al., 2018), with the consequent greater risk
of contamination of the final product. This shows the
need to work throughout the beef agribusiness chain to
implement actions aimed at promoting a single sanitary
standard based on the implementation of HACCP and con-
sidering STEC as a biological hazard (Costa et al., 2020a).

On the other hand, the scenario analysis of GHP and
GMP application in butcher shops also showed a reduction,
even though smaller, in HUS cases from 28 to 22 cases.

Table 2. Results of the scenarios simulated to evaluate the effect of interventions on the probability of acquiring HUS from
STEC-contaminated ground beef consumption in Argentina.

Baseline model

Improvement of GMPs in
abattoirs not applying
HACCP-STEC

Improvement of enhanced
GHP and GMP in butcher
shops

P(HUS) <15 years from ground
beef consumption

5.4× 10−8 (3.5×
10−10-3.9× 10−4)

7.4× 10−9 (1.3× 10−10-3.7×
10−5)

2.0× 10−8 (1.9× 10−10-3.0×
10−4)

Number of HUS cases <15 years
from ground beef consumption
of

28 6 22

OR models of ground beef
consumption

Reference 7.6 2.8

Table 3. Results of the scenarios simulated to evaluate the effect of interventions on the probability of acquiring HUS from
STEC-contaminated hamburgers in Argentina.

Baseline
model

Automated application of
2% lactic acid on carcasses
in HACCP-STEC abattoirs

Automated application of hot
water at 80 °C on carcasses
in HACCP-STEC abattoirs

Irradiation of
hamburgers

P(HUS) <15 years from
hamburger
consumption

3.5× 10−8 (3.0
× 10−10-2.0×

10−4)

7.8× 10−9 (2.0× 10−10-1.1×
10−4)

1.0× 10−8 (2.4× 10−10-1.8×
10−5)

3.8× 10−10 (5.3
× 10−12-2.8×

10−6)
Number of HUS cases

<15 years from
hamburger
consumption

4 1 1 0

OR models of
hamburger
consumption

Reference 4.5 3.5 93.1
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Such lower reduction may be related to the fact that butcher
shops are supplied by abattoirs applying or not
HACCP-STEC, with unknown relative proportion (Brusa
et al., 2020; Costa et al., 2020b). In other words, contamin-
ation could come from raw material. Likewise, as proposed
in this scenario, several authors have identified problems in
butcher handś washing and incorrect hygiene practices with
utensils (Khanal and Poudel, 2017; Oliveira Vidal et al.,
2020; Santos et al., 2017), evidencing the need to reinforce
and consolidate the implementation of hygienic actions to
improve and verify processes in all butcher shops (Barril
et al., 2019).

The application of single or multiple intervention on car-
casses and beef cuts contributes to reducing the prevalence of
STEC in abattoirs with HACCP-STEC. The effectiveness of
interventions at different points in the beef industrialization
process has been demonstrated in numerous scientific
works (Algino et al., 2007; Bosilevac et al., 2006;
Geornaras et al., 2012; Kalchayanand et al., 2012;
Kalchayanand et al., 2015). A study conducted in beef pro-
cessing plants in the USA showed that the prevalence of
STEC decreased from 58.3% to 8.3% in carcasses previously
treated with different antimicrobial intervention strategies,
including aspiration and steam, washing with hot water,
organic acid washing and steam pasteurization (Arthur
et al., 2002). The application of organic acids has also
proved to be useful in reducing the prevalence of STEC in
beef (Duffy andMcCabe, 2014;Mohan and Pohlman, 2015).

In Argentina, different procedures to reduce the preva-
lence of STEC on carcasses through physical and chemical
decontamination (Signorini et al., 2018) and on beef cuts
and trimmings under controlled conditions (Cap et al.,
2019) have been evaluated. In agreement with other
authors (Algino et al., 2007; Bosilevac et al., 2006; Greig
et al., 2012; Kanankege et al., 2017), the interventions
showing the best results were automated application of
2% lactic acid and 3.5% lactic acid at 55°C, and hot
water at 85 °C for 4 s (Signorini et al., 2018). In the
present model, treatment with organic acids and hot water
improved the quality of the meat produced in abattoirs,
which would result in an improvement in public health.
Among physical interventions, gamma irradiation is a well-
known, safe and effective method for controlling microor-
ganisms (Cap et al., 2020; Sommers et al., 2015; Xavier
et al., 2014). In the scenario analysis of ground beef and
hamburgers, it was demonstrated that the irradiation treat-
ment would reduce 93.1 times the risk of HUS compared
with the baseline scenario and considering the different
population groups. This intervention would have the great-
est impact on the probability of suffering from HUS.
However, negative consumer opinion regarding food irra-
diation hinders its widespread adoption (Stratakos and
Grant, 2018).

These results show that the most efficient interventions,
in terms of case reduction, are those applied in the initial

stages of the meat chain; in the final stages of the chain,
any attempt to improve the quality of the meat is limited
and it only maintains the initial risk but does not reduce
it. Thus, this analysis of scenario provides scientific evi-
dence for decision-making at the level of health authorities,
to reduce the casuistry of HUS in Argentina.

ACKNOWLEDGEMENTS
The authors thank A. Di Maggio for manuscript correction and
editing.

DECLARATION OF CONFLICTING INTERESTS
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

FUNDING
The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
This study was supported by research grants from the Institute
for the Promotion of Argentine Beef, IPCVA (www.ipcva.com.
ar).

ORCID iDs
V. Brusa https://orcid.org/0000-0003-4823-4116
N.L. Padola https://orcid.org/0000-0003-4887-9221
F. Sampedro https://orcid.org/0000-0003-1155-2751
G.A. Leotta https://orcid.org/0000-0001-8707-8932

SUPPLEMENTAL MATERIAL
Supplemental material for this article is available online.

REFERENCES
Delignette-Muller ML and Cornu M and AFSSA STEC study

group (2008) Quantitative risk assessment for Escherichia
coli O157:H7 in frozen ground beef patties consumed by
young children in French households. International Journal
of Food Microbiology 128: 158–164.

Algino RJ, Ingham SC and Zhu J (2007) Survey of antimicrobial
effects of beef carcass intervention treatments in very small
state-inspected slaughter plants. Journal of Food Science 72:
M173–M179.

Arthur TM, Barkocy-Gallagher GA, Rivera-Betancourt M, et al.
(2002) Prevalence and characterization of non-O157 shiga
toxin-producing Escherichia coli on carcasses in commercial
beef cattle processing plants. Applied and Environmental
Microbiology 68: 4847–4852.

Barril PA, Soto SA, Jaureguiberry MV, et al. (2019)
Microbiological risk characterization in butcher shops from
the province of Neuquen, Patagonia Argentina. LWT - Food
Science and Technology 107: 35–40.

Bersisa A, Tulu D and Negera C (2019) Investigation of bacterio-
logical quality of meat from abattoir and butcher shops in
Bishoftu, Central Ethiopia. International Journal of
Microbiology 2019: 1–8.

Costa et al.

7

www.ipcva.com.ar
www.ipcva.com.ar
https://orcid.org/0000-0003-4823-4116
https://orcid.org/0000-0003-4823-4116
https://orcid.org/0000-0003-4887-9221
https://orcid.org/0000-0003-4887-9221
https://orcid.org/0000-0003-1155-2751
https://orcid.org/0000-0003-1155-2751
https://orcid.org/0000-0001-8707-8932
https://orcid.org/0000-0001-8707-8932


Bosilevac JM, Nou X, Barkocy-Gallagher GA, et al. (2006)
Treatments using Hot water instead of lactic acid reduce
levels of aerobic Bacteria and Enterobacteriaceae and reduce
the prevalence of Escherichia coli O157:H7 on preevisceration
beef carcasses. Journal of Food Protection 69: 1808–1813.

Brusa V, Costa M, Padola NL, et al. (2020) Quantitative risk
assessment of haemolytic uremic syndrome associated with
beef consumption in Argentina. PLoS One 15: e0242317.

Brusa V, Restovich V, Galli L, et al. (2017) Isolation and charac-
terization of non-O157 shiga toxin-producing Escherichia coli
from beef carcasses, cuts and trimmings of abattoirs in
Argentina. PLoS One 12: e0183248.

Byrne L, Adams N and Jenkins C (2020) Association between
shiga toxin-producing Escherichia coli O157:H7 stx gene
subtype and disease severity, England, 2009–2019. Emerging
Infectious Diseases 26: 2394–2400.

Cap M, Cingolani C, Lires C, et al. (2020) Combination of organic
acids and low-dose gamma irradiation as antimicrobial treat-
ment to inactivate shiga toxin-producing Escherichia coli
inoculated in beef trimmings: Lack of benefits in relation to
single treatments. PLoS One 15: e0230812.

Cap M, Vaudagna S, Mozgovoj M, et al. (2019) Inactivation
of shiga toxin-producing Escherichia coli in fresh beef
by electrolytically-generated hypochlorous acid, peroxyacetic
acid, lactic acid and caprylic acid. Meat Science 157: 107886.

Casas D, Brashears MM, Miller MF, et al. (2019) In-Plant
validation study of harvest process controls in Two beef pro-
cessing plants in Honduras. Journal of Food Protection 82:
677–683.

Costa M, Londero A, Brusa V, et al. (2020a) Characterization and
molecular subtyping of shiga toxin-producing Escherichia coli
strains in provincial abattoirs from the province of Buenos
Aires, Argentina, during 2016–2018. Preventive Veterinary
Medicine 183: 105133.

Costa M, Pracca G, Sucari A, et al. (2020b) Comprehensive evalu-
ation and implementation of improvement actions in bovine
abattoirs to reduce pathogens exposure. Preventive
Veterinary Medicine 176: 104933.

Douglas KE, Ovua A, Orji C, et al. (2013) Health implications of
sanitation in a public abattoir in Port Harcourt. Nigeria. The
Nigerian Health Journal 13: 91–95.

Duffy G, Cummins E, Nally P, et al. (2006) A review of quantita-
tive microbial risk assessment in the management of
Escherichia coli O157:H7 on beef. Meat Science 74: 76–88.

Duffy G and McCabe E (2014) Veterinary public health approach
to managing pathogenic verocytotoxigenic Escherichia coli in
the Agri-food chain. Microbiology Spectrum 2. DOI: 10.1128/
microbiolspec.ehec-0023-2013.

Ebel E, Schlosser W, Kause J, et al. (2004) Draft risk assessment
of the public health impact of Escherichia coli O157:H7 in
ground beef. Journal of Food Protection 67: 1991–1999.

Festus Jaja I, Green E and Muchenje V (2018) Aerobic
Mesophilic, coliform, Escherichia coli, and Staphylococcus
aureus counts of Raw meat from the formal and informal
meat sectors in South Africa. International Journal of
Environmental Research and Public Health 15: 819. DOI:
10.3390 / ijerph15040819.

Geornaras I, Yang H, Manios S, et al. (2012) Comparison of
decontamination efficacy of antimicrobial treatments for beef
trimmings against Escherichia coli O157:H7 and 6

non-O157 shiga toxin-producing E. coli serogroups. Journal
of Food Science 77: M539–M544.

Greig JD, Waddell L, Wilhelm B, et al. (2012) The efficacy of
interventions applied during primary processing on contamin-
ation of beef carcasses with Escherichia coli: A systematic
review-meta-analysis of the published research. Food
Control 27: 385–397.

Guyon R, Dorey F, Malas JP, et al. (2001) Hazard analysis of
Escherichia coli O157:H7 contamination during beef slaugh-
tering in calvados, France. Journal of Food Protection 64:
1341–1345.

Kalchayanand N, Arthur TM, Bosilevac JM, et al. (2012)
Evaluation of commonly used antimicrobial interventions for
fresh beef inoculated with shiga toxin–producing Escherichia
coli serotypes O26, O45, O103, O111, O121, O145, and
O157:H7. Journal of Food Protection 75: 1207–1212.

Kalchayanand N, Arthur TM, Bosilevac JM, et al. (2015) Efficacy
of antimicrobial compounds on surface decontamination of
seven shiga toxin-producing Escherichia coli and Salmonella
inoculated onto fresh beef. Journal of Food Protection 78:
503–510.

Kanankege KS, Anklam KS, Fick CM, et al. (2017) Evaluating the
efficacy of beef slaughter line interventions by quantifying the
six major non-O157 shiga toxin producing Escherichia coli
serogroups using real-time multiplex PCR. Food
Microbiology 63: 228–238.

Kawasaki S, Saito M, Mochida M, et al. (2019) Inactivation of
Escherichia coli O157 and Salmonella Enteritidis in raw
beef liver by gamma irradiation. Food Microbiology 78:
110–113.

Khanal G and Poudel S (2017) Factors associated With meat
safety knowledge and practices Among butchers of
Ratnanagar Municipality, Chitwan. Nepal: A Cross-sectional
Study. Asia Pacific Journal of Public Health 29: 683–691.

Kiermeier A, Jenson I and Sumner J (2015) Risk assessment of
Escherichia coli O157 illness from consumption of hambur-
gers in the United States made from Australian manufacturing
beef. Risk Analysis 35: 77–89.

Kirk MD, Pires SM, Black RE, et al. (2015) World health organi-
zation estimates of the global and regional disease burden of 22
foodborne bacterial, protozoal, and viral diseases, 2010: A data
synthesis. PLoS Medicine 12: e1001921.

Kocharunchitt C, Mellefont L, Bowman JP, et al. (2019)
Application of chlorine dioxide and peroxyacetic acid during
spray chilling as a potential antimicrobial intervention for
beef carcasses. Food Microbiology 87: 103355.

Leotta GA, Brusa V, Galli L, et al. (2016) Comprehensive evalu-
ation and implementation of improvement actions in butcher
shops. PLoS One 11: e0162635.

Loiko MR, de Paula CM, Langone AC, et al. (2016) Genotypic
and antimicrobial characterization of pathogenic bacteria at dif-
ferent stages of cattle slaughtering in southern Brazil. Meat
Science 116: 193–200.

Mohan A and Pohlman FW (2015) Role of organic acids and per-
oxyacetic acid as antimicrobial intervention for controlling
Escherichia coli O157:H7 on beef trimmings. LWT - Food
Science and Technology 65: 868–873.

Nauta MJ, Evers EG, Takumi K, et al. (2001) Risk assessment of
shiga-toxin producing Escherichia coli O157 in steak tartare in
the Netherlands. RIVM Report, nr. 257851003: 1–169.

Food Science and Technology International 0(0)

8

https://doi.org/10.1128/microbiolspec.ehec-0023-2013
https://doi.org/10.1128/microbiolspec.ehec-0023-2013
https://doi.org/10.3390 / ijerph15040819


Ncoko P, Festus Jaja I and Wabwire Oguttu J (2020)
Microbiological quality of beef, mutton, and water from differ-
ent abattoirs in the Eastern Cape Province. South Africa.
Veterinary World 13: 1363–1371.

Oliveira Vidal PJr, Rios Menezes AC, Pereira de Souza LM, et al.
(2020) Trade and safety issues of raw beef from the country-
side of Bahia state, Brazil. Journal of Public Health
Research 9: 337–344.

Santos A, Cardoso MF, Costa J, et al. (2017) Meat safety: An
evaluation of Portuguese butcher shops. Journal of Food
Protection 80: 1159–1166.

Signorini M, Costa M, Teitelbaum D, et al. (2018) Evaluation of
decontamination efficacy of commonly used antimicrobial
interventions for beef carcasses against shiga toxin-producing
Escherichia coli. Meat Science 142: 44–51.

Signorini M and Tarabla H (2009) Quantitative risk assessment for
verocytotoxigenic Escherichia coli in ground beef hamburgers
in Argentina. International Journal of Food Microbiology 132:
153–161.

Signorini ML and Tarabla HD (2010) Interventions to reduce
verocytotoxigenic Escherichia coli in ground beef in
Argentina: A simulation study. Preventive Veterinary
Medicine 94: 36–42.

Sommers C, Rajkowski KT, Scullen OJ, et al. (2015) Inactivation
of shiga toxin-producing Escherichia coli in lean ground beef
by gamma irradiation. Food Microbiology 49: 231–234.

Stratakos AC and Grant IR (2018) Evaluation of the efficacy of
multiple physical, biological and natural antimicrobial inter-
ventions for control of pathogenic Escherichia coli on beef.
Food Microbiology 76: 209–218.

Xavier MP, Dauber C, Mussio P, et al. (2014) Use of mild irradia-
tion doses to control pathogenic bacteria on meat trimmings for
production of patties aiming at provoking minimal changes in
quality attributes. Meat Science 98: 383–391.

Zheng R, Zhao T, Hung YC, et al. (2019) Evaluation of bacteri-
cidal effects of phenyllactic acid on Escherichia coli O157:
H7 and Salmonella Typhimurium on beef meat. Journal of
Food Protection 82: 2016–2022.

Costa et al.

9


	1.  Introduction
	2.  Materials and methods
	2.1.  QMRA Baseline model
	2.2.  Risk Mitigation strategies
	2.2.1.  Ground Beef
	2.2.1.1.  Improvement Of GMPs in abattoirs not applying HACCP-STEC
	2.2.1.2.  Improvement Of enhanced GHP and GMP in butcher shops

	2.2.2.  Commercial Hamburgers
	2.2.2.1.  Application Of lactic acid or hot water carcass wash
	2.2.2.2.  Irradiation


	2.3.  Scenario Analysis

	3.  Results
	3.1.  Ground Beef
	3.1.1.  Application Of improvement actions in abattoirs not applying HACCP-STEC
	3.1.2.  Application Of GHP and GMP in butcher shops

	3.2.  Commercial Hamburgers
	3.2.1.  Application Of lactic acid or hot water carcass wash
	3.2.2.  Irradiation Of hamburgers


	4.  Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


