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Since the publication of the 2004 risk assessment, outbreaks of illness 
and resultant deaths due to L. monocytogenes continue to occur across 
the globe. Continued effort is needed to summarize and critically evaluate 
the most recent information on L. monocytogenes in RTE foods. New data 
to improve and further inform the 2004 Risk Assessment is available for 
nearly every factor considered previously, including new quantitative data on  
L. monocytogenes contamination of foods.

To facilitate this work, an FAO/WHO expert meeting was held by virtual 
means from 20 October to 6 November 2020 to review and discuss the 
available data and background documents, and to assess the need to 
modify and update risk assessment models/tools. This report focuses on the 
deliberations and conclusions of the expert meeting.
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Executive summary

A virtual meeting of the Joint FAO/WHO Expert Meeting on Microbiological 
Risk Assessment (JEMRA) of Listeria monocytogenes (hereinafter referred to as 
“L. monocytogenes”) in ready-to-eat (RTE) foods: attribution, characterization 
and monitoring was held from 20 October to 6 November 2020. The purpose of 
the meeting was to review recent data on L. monocytogenes and determine the 
need to modify, update, or develop new risk assessment models and tools for this 
pathogen. A public call for data and experts was issued to support this work. In 
addition, background documents on the various aspects related to the meeting 
were prepared ahead of time for consultation by the experts. Prepared documents 
included the following: 1) assessment of past JEMRA documentation; “Risk 
assessment of Listeria monocytogenes in ready to eat foods: Interpretative summary 
(MRA4)” (FAO and WHO, 2004a) and “Risk assessment of Listeria monocytogenes 
in ready to eat foods: Technical report” (MRA5) (FAO and WHO, 2004b); 2) a 
review of current national L. monocytogenes surveillance programmes; 3) a review 
of current microbiological and laboratory methods for L. monocytogenes; and 4) an 
update on the virulence markers for L. monocytogenes. The meeting participants 
reviewed the prepared summary documents and other information on outbreaks 
and disease attribution, virulence, population risk factors, advances in laboratory 
methods and surveillance. The aforementioned risk assessment documents 
(MRA4, MRA5) (FAO and WHO, 2004a, 2004b) covered a cross-section of RTE 
foods (pasteurized milk, ice cream, cold smoked fish and fermented meats) linked 
to invasive listeriosis. Since the publication of these documents, outbreaks of 
listeriosis continue to occur across the globe associated with previously reported 
foods, but also with many previously unreported food vehicles, including fresh and 
minimally processed fruits and vegetables (e.g. frozen vegetables). The expert group 
concluded that it would be wise to be more inclusive in future risk assessments and 
that a full farm-to-fork risk assessment be considered. 

L. monocytogenes can infect anyone; however, it continues to disproportionally 
affect certain highly susceptible populations. The expert group recommended that 
future risk assessments should review groupings of susceptible groups, based on 
physiological risks and other socio-economic factors.

New information has emerged on L. monocytogenes strain variants, which differ 
in their virulence and environmental tolerance. Based on a panel of specific genes, 
the expert group proposed a virulence ranking of L. monocytogenes relevant 
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to invasive listeriosis. The expert group concluded that the development and 
implementation of effective surveillance systems are critical in addressing the 
control of L. monocytogenes. The use of approved standardized laboratory methods 
that culture and isolate strains should be the foundation so that human, food and 
environmental isolates can be further characterized and inventoried.

In conclusion, the expert group identified several critical gaps in the current FAO/
WHO risk assessment model and collectively agreed that updating the model 
would be valuable for informing risk analysis strategies, including in low- and 
middle-income countries (LMICs). The experts prepared short examples from 
literature (Annex 1) to demonstrate and highlight several key principles that 
should be considered in the risk assessment for L. monocytogenes.
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1
1. Introduction

In response to the request from the Codex for scientific advice, FAO and WHO 
have published several risk assessments on L. monocytogenes in foods since 1999 
(FAO and WHO, 1999). The work started with fish products (FAO, 1999), and then 
focused on ready-to-eat (RTE) foods (FAO and WHO, 2000). Risk assessments, 
previously developed at the national level, were adapted or expanded to address 
concerns in RTE foods at an international level. To support this work, the 2004 
FAO/WHO risk assessment on L. monocytogenes (FAO and WHO, 2004a, 2004b) 
provided scientific insight into the risk characterization of L. monocytogenes 
contamination in food and the seriousness of listeriosis for susceptible populations. 
The technical report was limited to a cross-section of RTE foods known to cause 
human listeriosis such as pasteurized milk, ice cream, cold-smoked fish and 
fermented meats, and the likelihood of these products as vehicles for human 
foodborne listeriosis.

Since the publication of the 2004 risk assessment, outbreaks of illness and 
resultant deaths due to L. monocytogenes continue to occur across the globe, 
with the largest one having occurred in South Africa between 2017 and 2018 
linked to the consumption of RTE meat products (polony) where a total of 937 
laboratory-confirmed cases and 193 deaths were reported. Both polony and 
environmental samples were found to contain L. monocytogenes 4b isolates 
belonging to ST6, which, together with the isolates from the patients, belonged 
to the same core-genome multilocus sequence typing cluster with no more than 
four allelic differences (Thomas et al., 2020). This South African outbreak is the 
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largest and most deadly outbreak of listeriosis recorded globally to-date. Other 
notable outbreaks have been linked to vehicles not previously identified in the 
2004 WHO/FAO risk assessment, including lettuce, packaged salads, cantaloupe 
or rockmelons, stone fruit, caramel apples, celery, mung bean sprouts and frozen 
vegetables. An updated risk assessment that considers an examination of produce 
vehicles is needed. 

Continued effort is also needed to summarize and critically evaluate the most 
recent information on L. monocytogenes in RTE foods. New data to improve 
and further inform the 2004 Risk Assessment is available for nearly every factor 
considered previously, including new quantitative data on L. monocytogenes 
contamination of foods. An outbreak linked to ice cream suggests that listeriosis 
may occur after widespread distribution of products that are unable to support 
growth, but are contaminated at low levels, are consumed by highly susceptible 
persons. However, it should be noted that a detailed examination of the outbreak 
strongly suggested that all known exposures related to this outbreak were likely due 
to the consumption of milkshakes prepared from the original ice cream product, 
in which case growth of the pathogen could have occurred between preparation 
and consumption. Additional information is needed to better understand the dose 
response for highly susceptible subpopulations as well as the relative potential of 
a single strain of L. monocytogenes to evolve to cause severe disease in humans 
based on virulence gene content and sequences. An updated virulence ranking 
of L. monocytogenes obtained by determining and analysing subtyping data could 
potentially improve risk assessments. Demographic shifts and changes in the food 
system, coupled with evidence of listeriosis as a problem in low-income countries, 
also support an important need for an updated risk assessment. 

To facilitate this work, an FAO/WHO expert meeting was held by virtual means 
from 20 October to 6 November 2020 to review and discuss the available data 
and background documents, and to assess the need to modify and update risk 
assessment models/tools. This report focuses on the deliberations and conclusions 
of the expert meeting.

New research findings and data representing different food commodities and 
geographical regions will provide opportunities to validate the current risk 
assessment models for L. monocytogenes, assess their application to other food 
commodities, and potentially develop new risk management approaches to control 
L. monocytogenes.
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2
2. The global burden of 

foodborne disease associated 
with L. monocytogenes

Foodborne diseases (FBD) represent a constant threat to public health and a 
significant impediment to socioeconomic development worldwide. However, the 
priority placed upon food safety, and on specific FBD, varies between countries. A 
major obstacle to adequately addressing food safety concerns in some jurisdictions 
is the lack of accurate data on the full extent and burden of FBD. In recent decades, 
the disability-adjusted life year (DALY) has emerged as the key metric to quantify 
the population health impact of diseases and risk factors. DALYs integrate the 
impacts of morbidity (years lived with disability) and mortality (years of life lost), 
to quantify the healthy life years lost compared to an ideal situation where the 
world is free from disease. For FBDs in particular, which often are associated with 
a multitude of health effects, DALYs provide a significant added value over more 
simple metrics such as incidence and mortality. Since the 2000s, an increasing 
number of countries and institutions have used DALYs to measure the impact of 
FBDs at the regional, national or global level. In this section, we summarize and 
discuss the current evidence on the disease burden of listeriosis.

2.1 WHO ESTIMATES OF THE GLOBAL BURDEN OF  
LISTERIOSIS
2.1.1 WHO Foodborne Disease Burden Epidemiology Reference 
Group
In 2006, WHO launched an initiative to estimate the global burden of FBD. This 
initiative was carried forward by the Foodborne Disease Burden Epidemiology 
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Reference Group (FERG), an expert group comprising more than 100 experts from 
different regions of the world. FERG quantified the global and regional burden of 31 
foodborne hazards, including 11 diarrhoeal disease agents, seven invasive disease 
agents, ten helminths, and three chemicals and toxins. Baseline epidemiological 
data were translated into DALYs following a hazard-based approach and an 
incidence perspective, which assigns the disease burden of acute and chronic 
health outcomes to the initial incident event. Data gaps were addressed using 
statistical imputation models, and the proportions of cases by routes of exposure 
were generated through structured expert elicitation.

In 2015, the FERG activities resulted in the publication of the first-ever estimates 
of the global and regional burden of FBD (Havelaar et al., 2015). Using 2010 as the 
reference year, FERG estimated that the 31 foodborne hazards caused 600 million 
illnesses, resulting in 420 000 deaths and 33 million DALYs, demonstrating that 
the global burden of FBD is of the same order of magnitude as major infectious 
diseases such as HIV/AIDS, malaria and tuberculosis (Havelaar et al., 2015). The 
burden is also comparable to that related to diet, unsafe water sources (e.g. surface 
water, unprotected spring water, hand dug wells close to pit toilets, sewer pipes, 
garbage dumping pits, livestock, etc.) and air pollution. Some hazards were found 
to be important causes of FBD in all regions of the world, whereas others were 
highly focal, resulting in a high local burden. Despite the data gaps and limitations 
linked to these initial estimates, it is evident that the global burden of FBD is 
considerable, and while it affects individuals of all ages, children under the age of 
five and persons living in low-income regions are the most affected. Public health 
officials at the regional, national and international levels can use these estimates 
to support evidence-based improvements in food safety to improve population 
health.

2.1.2 Global burden of listeriosis
The FERG estimates of the global and regional burden of listeriosis are presented 
by Kirk et al. (2015), while the methodology for quantifying the global and regional 
burden of listeriosis was presented in more detail by Maertens de Noordhout et 
al. (2014). The global and regional incidence of listeriosis was estimated using a 
multilevel meta-analysis of incidence data obtained through a systematic review 
of national surveillance data and peer-reviewed and grey literature. The disease 
model distinguished between perinatal and non-perinatal cases, and considered 
stillbirths, death, septicemia, central nervous system (CNS) infection, and 
neurological sequelae following CNS infection. All listeriosis cases were assumed 
to be foodborne.
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The systematic review identified incidence data from 45 out of 194 WHO Member 
States, mainly high-income countries in the European, American and Western 
Pacific regions. No incidence data were identified from the African, Eastern 
Mediterranean and South-East Asian regions.

FIGURE 1. Geographical coverage of incidence data used for estimating the global 
burden of listeriosis 
Source: Adapted from Maertens de Noordhout et al., 2014. 

Overall, listeriosis was estimated to cause 14 169 illnesses in 2010, albeit with a 
large 95 percent uncertainty interval (UI) ranging from 6 112 to 91 175 cases – 
reflecting the absence of data from a large part of the world. These illnesses were 
further estimated to result in 3 175 deaths (95 percent UI 1 339–20 428) and 
118 340 DALYs (49 634–754 680). Mainly driven by its low incidence, listeriosis 
was within the 10 FBDs with the lowest global disease burden. However, it also 
ranked within the 10 most important FBDs at the patient level, with each case 
being associated with ~7.5 DALYs. The years of life lost comprised 98 percent 
of the DALY estimates, reflecting the high case-fatality rate of listeriosis and, in 
particular, the association with perinatal death and stillbirths.
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FIGURE 2. Scatterplot of the global burden of foodborne disease per 100 000 
population and per case 
Source: Adapted with permission from Havelaar et al., 2015. 

The grey-shaded areas indicate arbitrary cut-offs between high (H) or low (L) 
population burden (> or ≤ 10 DALYs per 100 000 population) and high or low 
individual burden (> or ≤ 1 DALY per case). Abbreviations: NoV: Norovirus; 
Camp: Campylobacter spp.; EPEC: Enteropathogenic Escherichia coli; ETEC: 
Enterotoxigenic E. coli; STEC: Shiga toxin-producing E. coli; NTS: non-typhoidal 
Salmonella enterica; Shig: Shigella spp.; Vchol; Vibrio cholerae Ehist: Entamoeba 
histolytica; Cryp: Cryptosporidium spp.; Giar: Giardia spp.; HAV: Hepatitis A virus; 
Bruc: Brucella spp.; Lmono: L. monocytogenes; Mbov: Mycobacterium bovis; SPara: 
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Salmonella Paratyphi A; STyph: Salmonella Typhi; Toxo: Toxoplasma gondii; Egran: 
Echinococcus granulosus; Emult: E. multilocularis; Tsol: Taenia solium; Asc: Ascaris 
spp.; Trich: Trichinella spp.; Clon: Clonorchis sinensis; Fasc: Fasciola spp.; Flukes: 
Intestinal flukes; Opis: Opisthorchis spp.; Parag: Paragonimus spp.; Diox: Dioxins; 
Afla: Aflatoxin.

2.2 ESTIMATES OF THE NATIONAL BURDEN OF 
LISTERIOSIS

The expert group identified national studies on the burden of listeriosis using 
PubMed, Google Scholar and additional inputs from group members (Table 1). The 
expert group identified 19 unique publications and reports. The annual updates 
of the burden of infectious and foodborne disease reports issued by the Dutch 
National Institute for Public Health and the Environment applied the disease model 
proposed by Havelaar et al. (2012) and were therefore not included as separate 
entries. The identified studies have been performed in a limited number of high-
income countries, in particular in Netherlands (5), United States of America (4), 
Canada (3), Belgium (2), Germany (1), Greece (1), New Zealand (1), the United 
Kingdom of Great Britain and Northern Ireland (1), and at the European level (1). 
Most studies were top-down burden assessments that started from public health 
surveillance data, while three studies were bottom-up risk assessments that started 
from exposure linked to specific food sources.

The disease models showed relative similarity across studies. All focused on invasive 
listeriosis, and most made a distinction between perinatal and non-perinatal (or 
acquired) listeriosis. The most commonly included non-fatal health conditions 
were sepsis, meningitis and neurological complications following meningitis. 
Pneumonia and gastro-enteritis were included in three studies (Kemmeren et al., 
2006; Lake et al., 2010, Haagsma et al., 2009).

The estimated DALYs per case ranged from 1.4 to 9.1, with a median of 4.1. The 
DALYs per case were highly influenced by the relative number of perinatal vs  
non-perinatal cases and the considered life expectancy table. All studies found a 
high contribution of the years-of-life lost (YLL) to the DALY estimate, with years 
lived with disability (YLD) contributing only a minor fraction, or sometimes not 
even considered.
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2.3 DISCUSSION OF AVAILABLE DISEASE BURDEN 
ESTIMATES

The FERG study provided the first estimates of the global and regional disease 
burden of listeriosis. Compared with other foodborne hazards considered, the 
global burden of listeriosis is moderate; however, the impact at the patient level is 
considerable, in particular due to the high case-fatality rate. So far, only a limited 
number of countries have performed national studies on the burden of listeriosis 
but yield conclusions that are in line with those of the FERG study.

2.3.1 Listeriosis disease model
All available studies on the disease burden of listeriosis considered the central 
nervous system symptoms and sequelae, while only a few also considered 
pneumonia and gastro-enteritis.

Pneumonias and pleural infections caused by L. monocytogenes are observed in 
older patients, especially males, with immunosuppression and underlying pleural/
pulmonary disease (Morgand et al., 2018). Reflecting the high host vulnerability 
and the same range of mortality/morbidity than other typical forms of invasive 
listeriosis, L. monocytogenes-associated respiratory infections are rare and appear 
to be under-reported, as are other atypical L. monocytogenes infections.

After the ingestion of food containing high numbers of L. monocytogenes, 
gastroenteritis can appear mainly in immunocompetent individuals after 24 hours 
and may persist between 1 and 3 days (until one week) (Ooi and Lorber, 2005). 
Typical manifestations of gastro-intestinal (GI) listeriosis include fever, acute 
watery diarrhea, nausea, headache, arthralgia and myalgia. Bacteremia rates during 
GI listeriosis seem to be low (around 2.5 percent) but are not well documented. 
Several outbreaks of foodborne gastroenteritis due to L. monocytogenes have been 
reported.

Surveillance for gastroenteritis due to L. monocytogenes is difficult because the 
organism is not looked for routinely in cases of gastroenteritis, and there are no 
gold standard methods for its detection in stool samples. However, given the 
consistent finding of a predominance of the YLL component in the DALY estimate, 
including those studies that did consider pneumonia and gastroenteritis, inclusion 
of these symptoms in the global burden of disease estimates is not considered to 
have a noticeable impact on the overall results.
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2.3.2 Availability of data on the global occurrence of listeriosis
The global and national burden studies reveal the scarcity of listeriosis incidence 
data across the world. Indeed, incidence data and burden estimates are available 
only for a limited number of mainly high-income countries. A complete lack of 
incidence data was identified for the African (except for South Africa), Eastern 
Mediterranean and South-East Asian regions. In addition, for Latin America, 
according to the publicly available data on official reports of human cases 
of listeriosis, information is only available for Chile and Uruguay, where the 
notification of listeriosis cases is mandatory. This information, however, may not 
be updated regularly by the local health authorities. For the remaining countries, 
there is no information about the incidence of listeriosis, with the exception of 
sporadic cases reported in the literature. This lack of information regarding the 
actual burden of listeriosis in Latin America is likely attributed to a lack of both 
specific surveillance and standard reporting of listeriosis (e.g. passive or indirect 
surveillance through data obtained from mandatory notification of foodborne 
outbreaks; mandatory notification of foodborne outbreaks in general), rather than 
an actual low occurrence of listeriosis in the region.

The present review of reported outbreaks occurring between 2005 and 2020 
painted a similar picture of data scarcity. Invasive listeriosis is a more severe form 
of disease which affects certain high-risk groups of the population. Non-Invasive 
listeriosis usually only results in mild GI illness; however, invasive listeriosis is 
characterized by meningitis or bacteremia. Infection during pregnancy may result 
in foetal loss through miscarriage, stillbirth, neonatal meningitis or bacteremia. 
Laboratory confirmation of invasive infection with symptoms includes the isolation 
of L. monocytogenes from a normally sterile site (e.g. blood, cerebral spinal fluid, 
joint, pleural or pericardial fluid) or in the case of miscarriage or stillbirth, the 
isolation of L. monocytogenes from placental or foetal tissue (including amniotic 
fluid and meconium). Only outbreaks of invasive listeriosis that identified a strong 
connection to a food source were captured as part of this review. Out of 127 identified 
outbreaks, the majority were reported from the European (69) and American (49) 
Regions. Nine (9) outbreaks were reported from the Western Pacific Region (one 
outbreak spanned two WHO regions, the American and Western Pacific Region 
[United States of America and Australia]), and one (1) from the African Region 
(South Africa). A total of 3 628 cases of invasive listeriosis occurred in these 
outbreaks, of which at least 606 (17 percent) were reported as maternofoetal and 
230 (6 percent) as occurring in immunocompromised individuals. In total, there 
were 554 deaths, with a case-fatality rate of 15 percent; at least 27 of the deaths (5 
percent) were perinatal. Please see Annex 2 for a detailed analysis of the data from 
all the listeriosis outbreak investigations. 
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2.4 CONCLUSIONS

The WHO FERG estimated the global burden of listeriosis in 2010 based on the 
incidence data representing 48 percent of the world population. Some individual 
countries have estimated their own burden of listeriosis, but these studies were 
limited to high-income regions. 

The incorporation of new data on the incidence of invasive listeriosis in LMICs (in 
particular from the African, Eastern Mediterranean and South-East Asian regions), 
through a systematic review of peer-reviewed studies and national surveillance, 
would make these estimates more globally representative and more precise. 

The relevance of gastroenteritis on the listeriosis burden of disease is not fully 
understood; however, currently it is considered to be minimal as compared to 
the bacteremia, meningitis and/or foetal-maternal manifestations observed with 
invasive listeriosis. 
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3
3. Source attribution associated 

with L. monocytogenes

3.1 SOURCE ATTRIBUTION

To guide interventions in the food chain, it is relevant to estimate sources of 
listeriosis. Source attribution has generally large uncertainties, but especially for 
listeriosis, source attribution is difficult due to the long incubation time of the 
disease. The first stage of attribution is the determination of the various major 
transmission pathways (food, environment, human-to-human, animal, and travel 
related). Then specifically for RTE food, an attribution can be made for various 
food groups such as meat, dairy, fish and shellfish as well as fruits and vegetables. 
Food groups can then again be further subdivided. Several methods of attribution 
can be used, all having specific advantages and disadvantages (Pires et al., 2009; 
Mughini-Gras et al., 2019). 

The first separation between methods for source attribution is the choice 
between a top-down or a bottom-up approach (Mughini-Gras et al., 2019). 
Top-down methods relate cases back to the source, making use of, for example, 
epidemiological data (outbreak analysis, case control studies) or microbiological 
data. A bottom-up analysis is based on a risk assessment, where prevalence, 
concentration and consumption data (exposure assessment) are combined with 
a dose-response assessment to estimate cases related to one or various food 
product groups. Additionally, expert elicitations can be used as a further source of 
information (EFSA, 2014). 
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TABLE 2. Description of various types of source attribution and their characteristics

Type of source attribution Data source Characteristics and challenges 

Case-control Sporadic cases

Confounding (e.g. likely to be 
part of a cluster; attributing 
the disease to a factor while 
actually being related to another 
correlated factor) 

Outbreak investigation Outbreaks
Based on epidemiological, food 
chain and microbiologic data, 
uncertainty 

Subtyping models Cases related to food
Uncertainty, lacking relation 
between types in patients and 
not in foods

Quantitative microbiological 
risk assessment (QMRA) Prediction of cases

Large variability, uncertainty, 
fail-safe assumptions, often 
overestimation of number of 
cases

Expert elicitation Experts Biases, uncertainty

Natural experiments
Sudden changes in 
consumption related to 
public health effects

Confounding, only useable in 
very special situations

In comparison to many other foodborne diseases, the specificities of listeriosis 
source attribution make the uncertainty smaller, because the proportion of  
food-related cases is very large (close to 100 percent). Furthermore, the case 
definition for listeriosis is well described, and detection, identification and 
genotyping are often performed; therefore, there is relatively low under-reporting 
(due to the severity). 

3.2 FOOD ATTRIBUTION OF LISTERIOSIS

Pires et al. (2020) describe the food attribution of listeriosis as being 100 percent, 
while Havelaar et al. (2012) estimated it as being 69 percent. Cressey et al. (2019) 
estimated the food attribution at 88 percent and compared it with various other 
reported data (including the Havelaar et al. estimate) that is, 85, 100, 99, 77, 98, 
99 and 69 percent. Using this latter data, the average estimate would be 89 percent  
(± 12 percent), with a range of 69 to 100 percent.
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3.3 FOOD SOURCE ATTRIBUTION

Various literature sources were compared to estimate the attribution of listeriosis 
to specific food groups. A number of different food group descriptors have been 
used by researchers. Some had deli meat and frankfurters, where others separated 
meat into pork, beef and chicken. Therefore, only a general source attribution was 
performed, and results from the literature were combined into the groups meat, 
dairy, (shell)fish, fruits and vegetables, other and non-food. Data are presented in 
Table A4 in Annex 4. 

FSIS/FDA Wambogo Batz Filepello Little Havelaar BatzDavidson

FIGURE 3. Food attribution of listeriosis compiled from various references
Source: Adapted from Batz et al., 2012, 2014; Davidson et al., 2011; FDA/FSIS. 2003; Filipello et al., 2020; Havelaar et al., 2012; Little 
et al., 2010; Wambogo et al., 2020. 

3.4 CONCLUSIONS

Several (national) listeriosis source attribution studies have been reported using 
various methods (e.g. expert opinion, genomic data analysis, risk assessment). 
These studies are, however, limited to high-income regions, and no global listeriosis 
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source attribution study exists to date. Results show large variation; however, 
generally, it can be concluded that meat and dairy are the most frequent sources.

For source attribution studies, it would be useful if harmonized food classification 
schemes (ontology) were used at the international level for the categorization/
typing of foods considered. This is complicated by the fact that for certain pathogens 
the specific source is more relevant (Campylobacter/poultry), while for others the 
consumption type is more relevant (Listeria/deli meat/RTE).

Further source attribution studies (based on systematic reviews of outbreak data, 
case-control data of sporadic cases, and genomic analysis) at the global level would 
provide better insight into the quantitative relevance of sources and can help in 
targeting management options.
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4
Listeriosis is a severe disease that mainly affects high-risk subpopulations (EFSA 
and ECDC, 2017; Buchanan et al., 2017; Charlier et al., 2017; Friesema et al., 
2015). Listeriosis is subdivided clinically into non-invasive (cutaneous listeriosis, 
endophthalmitis, gastroenteritis) and invasive forms. In the present document, only 
invasive listeriosis is discussed, and it is classified into three forms: bacteraemia, 
neurolisteriosis (meningitis, encephalitis, rhomboencephalitis), and maternal-
neonatal infection.

4.1 CLASSIFICATION OF SUBPOPULATIONS

The identification of different at-risk groups of consumers can be very helpful to 
inform health risk analysis strategies. For example, individuals at greater risk of 
acquiring listeriosis often have a low awareness of the potential risks of foodborne 
listeriosis, but this awareness can play a key role in prevention, as can an individual’s 
attendant/caregiver (Maia et al., 2019). Thus, rather than recommending the 
potential revision of the microbiological criteria for defined subpopulations, the 
expert group recommends that public risk communication should also be focused 
on informing identified at-risk subpopulations and their attendants/caregivers 
about their relative susceptibility, as well as about the foods that have a relatively 
high probability of containing L. monocytogenes and causing foodborne listeriosis 
(Goulet et al., 2012a, 2012b; Maia et al., 2019).

4. Host susceptibility

https://www.sciencedirect.com/topics/medicine-and-dentistry/bacteremia
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This variability of susceptibility in a population could be divided into three  
sub-populations (FDA/FSIS, 2003), namely less susceptible, susceptible and very 
susceptible.

4.1.1 Less susceptible subpopulations
Less susceptible subpopulations, also called “healthy individuals/adults”, are 
defined as the general population (non-pregnant persons) under 65 years old of 
age, with no known underlying conditions that would predispose someone to 
being at greater risk for acquiring foodborne listeriosis. 

This less susceptible subpopulation is difficult to define because: 
(i) some patients discover their underlying condition(s) after infection; 
(ii) a small portion of the population are healthy carriers of L. monocytogenes 

without a known status, and no updated estimation of this exists in the 
“healthy individuals” category (Painter and Slutsker, 2007);

(iii) individuals without any known risk factors for listeriosis have occasionally 
become severely infected (FAO and WHO, 2004b). Unknown individual 
predisposition of their host immune systems and perhaps host genetics 
or intestinal microbiomes could increase the risk of listeriosis; and

(iv) the non-invasive forms of listeriosis, mainly gastroenteritis, without 
progression to invasive forms are underestimated and not well known 
(Ooi and Lorber, 2005). 

Based on 1) insufficient data available to estimate the public health impact of 
gastroenteritis, and 2) the minor relevance of GI listeriosis to the overall burden of 
the disease, the non-invasive form of listeriosis was not considered in the current 
exercise and is not recommended to be included if a new risk assessment of L. 
monocytogenes in RTE food is done. 

4.1.2 Susceptible subpopulation
Susceptible subpopulations include pregnant women and their newborns 
(neonates: under 28 days old) and adults aged 65 or older (Buchanan et al., 2017). 

During pregnancy, listeriosis occurs following the consumption of a variety of 
high-risk foods that can support the growth of L. monocytogenes. For elderly 
individuals, the factors contributing to an increased risk of acquiring listeriosis 
appear to be improper food storage and handling practices as well as the 
consumption of food after the shelf-life date (Maia et al., 2019).
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4.1.3 Very susceptible subpopulation
A very susceptible subpopulation is defined as people with weakened immune 
systems, such as individuals with untreated HIV infection (CD4+ T lymphocyte 
count < 200 cells/mm3), cancer patients, organ transplant patients and elderly 
and/or immunosuppressed patients. For these last patients, risk managers in the 
European Union (EU) developed a specific microbiological criterion to protect 
these consumers: “No detection of L. monocytogenes in 10 samples of 25 g of  
ready-to-eat foods intended for infants and for special medical purposes placed on 
the market during their shelf-life” (EC No 2073/2005) (Falk et al., 2016; Goulet et 
al., 2012a, 2012b). 

4.2 RELATIONSHIPS WITH DOSE RESPONSE

Since L. monocytogenes can contaminate and grow in a wide range of foods, many 
people ingest small numbers of this pathogen quite frequently without showing 
any symptoms.

Based on the knowledge that listeriosis is dose dependent (even if the low dose 
impact should be better investigated [Holcomb et al., 1999]), statistical models 
supported by animal studies have rapidly evolved by using gerbils or humanized 
mice, and more accurate human outbreak data has been used to better quantify 
the dose-response relationship (Rahman et al., 2018). The relationship between 
the dose ingested and the likelihood of severe listeriosis (response) depends on 
the immune status of the host and the virulence of the L. monocytogenes strain. In 
the past, epidemiological data combined with dose-response models have strongly 
suggested that the ingestion of a low dose of L. monocytogenes leads to an average 
low probability of invasive listeriosis in the general population, as well as in broadly 
defined populations with heightened susceptibility (Chen et al., 2003; FAO and 
WHO, 2004b).

In 2004, FAO/WHO experts developed an exponential dose-response model for 
invasive listeriosis (FAO and WHO, 2004b; Rocourt et al., 2003) that assumes:
• the probability of a given bacterial cell causing the adverse effect is independent 

of the number or characteristics of other ingested pathogens, so that a single 
ingested microorganism is sufficient to cause an adverse effect with some 
probability greater than zero; and

• the bacterial cells are randomly distributed in the food and the average 
probability r that one cell, with a given exposure of a particular consumer to a 
specific population of pathogens, will survive to the host-pathogen interaction 
to initiate infection and cause illness is constant.
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The exponential dose-response model for listeriosis does not take into account the 
effects of strain variation and individual/subgroup susceptibility on dose-response 
outcomes. However, Pouillot et al. (2015) did develop an exponential dose-response 
model incorporating adjustments for variability in L. monocytogenes strain 
virulence and host susceptibility. In addition, a new mechanistic dose-response 
model of L. monocytogenes infection in human populations which also takes into 
account the effects of strain variation and individual/subgroup susceptibility was 
recently described by Rahman et al. (2018). 

According to this recent model (Pouillot et al., 2015), the marginal probability 
of developing invasive listeriosis upon ingestion of one cell of L. monocytogenes 
per individual for the general population is 8 × 10-12 and 3 × 10-9 for extremely 
susceptible subpopulations. The probability of acquiring listeriosis is at least 
100 times greater with the most virulent strains, belonging to the so-called 
hypervirulent clones (Pouillot et al., 2012).

The possibility of exploring the development of different dose-response models 
should be investigated. One approach could be to base it on the susceptibility 
of the population and to develop different dose-response models for each of the 
three main subpopulations to adequately characterize the listeriosis risk: (i) less 
susceptible subpopulation, (ii) susceptible subpopulation, and (iii) very susceptible 
subpopulation. These different dose-response models for each of the three main 
subpopulations could then become a key tool for informing risk assessments and 
evaluating different risk management strategies for the control of L. monocytogenes 
in RTE foods (Buchanan et al., 2017). In general, there is a need for new data and 
insights for L. monocytogenes dose-response models (Chen et al., 2011; Hoelzer et 
al., 2012a, 2013). Revisiting dose-response models taking into account new animal 
models and specific clonal complexes or sublineages could provide new insights 
and could be very instructive in comparison to using reference strains.

4.2.1 Risk factors and comorbidities
A literature search was conducted to identify prevalence estimates of risk factors since 
they drive the vulnerability to listeriosis (Falk et al., 2016; Brent, 2012; Dalton et al., 
2011; Fernàndez-Sabé et al., 2009; Friesema et al., 2015; Gerner-Smidt et al., 2005; 
Mook et al., 2012; Preussel et al., 2016; Rocourt, 1996; Scobie et al., 2019). It should 
be emphasized that all comorbidities are not risk factors, as only comorbidities that 
affect the immune system should be called “risk factors”. An underlying condition 
such as being elderly, pregnancy, cancer and immunosuppressive therapy and 
untreated AIDS, which predisposes one to listeriosis by interfering with CD4+ 
T-cell mediated immunity response, was observed in a large majority of patients. 
Ten risk factors could be defined (see Table 3).



CHAPTER 4 - HOST SUSCEPTIBILITY 21

According to Goulet et al. (2012a), those with chronic lymphocytic leukaemia had 
a > 1 000-fold increased risk of acquiring listeriosis, while those with liver cancer; 
myeloproliferative disorder; multiple myeloma; acute leukaemia; giant cell arteritis; 
dialysis; oesophageal, stomach, pancreas, lung, and brain cancer; cirrhosis; organ 
transplantation; and pregnancy, had a 100–1 000-fold increased risk of listeriosis 
as compared with French persons < 65 years of age with no underlying conditions.

In the work of Pouillot et al. (2015), who revisited the exponential  
dose-response curve for invasive listeriosis, the subpopulation was not based on 
group susceptibility, but rather on ten more precisely defined subpopulations 
with similar underlying conditions based on underlying pathophysiology and the 
expected degree of CD4+ T‐cell inhibition, according to the classification of risk 
factors by Goulet et al. (2012a) (Table 3).

TABLE 3. Subpopulation descriptions and their corresponding relative risk values for 
cases of invasive listeriosis in France between 2001 and 2008 and resulting statistics 
for r, the probability of illness following the ingestion of one cell of L. monocytogenes 
of the lognormal-Poisson dose-response model for invasive listeriosis 

Subpopulation Description
Relative 
Risk (CI 
95%)a

Estimates of r : 
meanb

Lognormal 
Poisson dose- 
response model

Less than 65 years 
old, no known 
underlying condition, 
healthy adults

Population < 65 years with no 
conditions

Reference 
group 7.90 × 10−12

Diabetes Type I, Type II 7.6 (3.5, 
15.6) 7.47 × 10−11

Heart disease Self-reported heart disease 5.4 (1.5, 
14.4) 5.01 × 10−11

Inflammatory disease
Rheumatoid arthritis, Crohn’s 
disease, colitis, ulcerative 
colitis, giant cell arteritis

58.5 (25.2, 
123.4) 8.43 × 10−10

Cancer (non-
haematological)

Breast, brain, ear, nose and 
throat, gastrointestinal, 
gynaecological, kidney, liver, 
lung, prostate cancers

54.8 (34.2, 
90.3) 7.76 × 10−10

HIV/AIDS HIV or HIV/AIDS 47.4 (10.5, 
140.4) 6.50 × 10−10

(cont.)
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More than 65 years 
old, no known 
underlying condition

Population ≥ 65 years with no 
conditions

13.9 (8.6, 
23.1) 1.49 × 10−10

Cancer 
(haematological)

Leukaemia, Hodgkin’s 
lymphoma, non-Hodgkin’s 
lymphoma, multiple myeloma

373.6 (217.3, 
648.9) 9.60 × 10−9

Solid organ 
transplant

Heart, intestinal, kidney, liver, 
lung, and pancreas transplant 
patients

163.7 (26.3, 
551.5) 3.14 × 10−9

Renal or liver failure 
Dialysis: haemodialysis, 
peritoneal dialysis, liver 
disease: hepatitis A, B, C

149.4 (82, 
270.1) 2.79 × 10−9

Pregnancyc
Total number of live births 
+ foetal loss + abortions/
population x 0.75

116 (71, 
194.4) 2.01 × 10−9

Source: Adapted from Falk et al., 2016; Goulet et al., 2012a; Pouillot et al., 2015.

a  Estimated using a Poisson regression without adjustment. These 95 percent CIs should be considered only as indicative but suggest 
that all those groups have a risk of listeriosis significantly greater than the reference group. 

b  Resulting statistics for r, the probability of illness following the ingestion of one cell of L. monocytogenes obtained from the 
Lognormal-Poisson dose-response model for invasive listeriosis following the ingestion of L. monocytogenes in different population 
subgroups. The distribution of r includes the individual within group and the strain variability (Pouillot et al., 2015).

c  Prevalence of pregnancy was determined using the Statistics Canada CANSIM database and a report from the Canadian Institute 
for Health Information. Estimates were determined by first summing live births, foetal loss and abortions for 2011. This value was 
then divided by the 2011 population. To account for the length of pregnancy, nine months, the value was finally multiplied by 0.75. 
National, provincial and territorial estimates were calculated. (For further detail, see Supplementary Material of Falk et al.(2016), 
available at: https://www.cambridge.org/core/journals/epidemiology-and-infection/article/comparing-listeriosis-risks-in-atrisk-
populations-using-a-userfriendly-quantitative-microbial-risk-assessment-tool-and-epidemiological-data/FBC5713ED1BE3F62A0B
BEE47F762332C#supplementary-materials).

Summing prevalence estimates across risk factors has been used to estimate the 
proportion of susceptible individuals in previous listeriosis risk assessments, but 
this approach has drawbacks in that it does not take into account comorbidities 
or the fact that more than one risk factor could be present in individuals with 
listeriosis (Falk et al., 2016). The model also does not explicitly incorporate additive 
or synergistic risk for those individuals with multiple risk factors (Falk et al., 2016).

In general, the L. monocytogenes quantitative microbiological risk assessment 
(QMRA) models have several limitations. For example, region-specific risk factors 
and relative risk values were sometimes unavailable. The studies of Goulet et al. 
(2012a) and Pouillot et al. (2012) were originally used as the basis to derive the risk 
factors and relative risk estimates, but their generalization should be investigated 
based on general consumption patterns in vulnerable subpopulations that could 
influence the relative risk factors derived from notified listeriosis cases (Falk et 
al., 2016). The subpopulations characterized by Goulet et al. (2012a) have evolved 
since 2008, and although they are still relevant, it would be beneficial, if feasible, 
to redefine them with updated data to better inform the dose-response models. 
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For the accuracy of data, the country selected for this update of subpopulations 
and their risk values should be one that has an extensive recording of listeriosis 
cases based on mandatory notification, all of which should be validated by a  
capture-recapture study – a statistical technique used in infectious disease 
surveillance to estimate the completeness of the notification of the number of 
patients with an infectious disease (Goulet et al., 2012b). New approaches for dose-
response models using subpopulations and the virulence of strains implies that 
the selected countries should have a large collection of well-characterized human 
listeriosis strains. The last extensive cohort study, even if it was more precise in the 
analysis of clinical data, did not cover a more recent period, so it could not be of 
immediate help to more accurately update the data concerning the risk factors of 
different subpopulations (Charlier et al., 2017).

The absence of data on other risk factors for listeriosis such as alcoholism, antacid 
use, corticosteroid therapy and laxative use has been identified and could have a 
significant impact on future dose-response models (Charlier et al., 2017; Falk et 
al., 2016). More research on listeriosis risk factors at the international level, their 
overlap or synergy, and their resulting contributions to the risk of listeriosis should 
be emphasized.

The expert group recognizes the need for a future update on the relative risk values 
of risk factors and comorbidities used in dose-response models for listeriosis, based 
on recent large cohort studies and newly identified potential risk factors such as a 
high-fat diet (Las Heras et al., 2019; Shinomiya et al., 1988) and so on. This data 
needs to be collected from the new estimated global burden of listeriosis.

For the severity of listeriosis and general risk factors, please also see Sections 7.2 
and 7.3. 
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5
5. Current monitoring, surveillance 

and control programme

5.1 INTRODUCTION

The FAO/WHO risk assessment for L. monocytogenes in RTE foods (FAO and 
WHO, 2004a, 2004b) provided scientific advice that served as the foundation for 
the subsequent development of Codex guidelines (FAO and WHO, 2009) for the 
control and management of L. monocytogenes in foods. 

The guidelines provided advice to governments and the food industry on a 
framework to minimize the likelihood of illness arising from the presence 
of L. monocytogenes in RTE foods. It included microbiological criteria for L. 
monocytogenes in RTE foods and recommendations for the establishment of 
environmental monitoring programme for L. monocytogenes in food-processing 
facilities. 

Recent research and data derived from different food commodities and 
geographical regions provides the impetus to consider the application of these 
guidelines to a wider range of food commodities and consider new management 
approaches to control L. monocytogenes. Specifically, this necessitates a review of 
current monitoring and assurance programme for establishing the presence of L. 
monocytogenes in food production and food-processing environments, and in final 
products, and their role in management and control of this pathogen.

Scientific evidence has demonstrated that most effort should focus on the 
management and control of the hazards in a more proactive way by implementing 
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an effective food safety management system (FSMS). Recommendations included 
in the Codex guidelines highlight the necessity for an environmental monitoring 
programme, and there is an increasing emphasis on environmental monitoring to 
assess incursions and persistence of L. monocytogenes into processing facilities and 
onto food-contact surfaces and its persistence in these environments. 

Typically, such monitoring aims to find Listeria spp. (which includes L. 
monocytogenes) in the food-processing environment, with some regulatory 
authorities requiring further testing to specify positive findings. Increasingly these 
authorities require whole genome sequencing (WGS) of L. monocytogenes isolates, 
as this assists with tracking and tracing outbreaks, identifying virulence factors, 
and determining whether strains have established residence in food-processing 
facilities. 

However, in some countries, subtyping of pathogenic isolates is not mandatory, 
and different countries do it only on a voluntary basis. This generates a data 
deficiency problem which can be overcome by increasing the level of support from 
organizations such as FAO/WHO, as well as harmonization at the national and 
international level. Another issue is the capacity and resources of low-to-middle 
income economies to be able to undertake WGS.

Alternatively, testing for other indicator organisms such as the Enterobacteriaceae 
or screening for adenosine triphosphate (ATP) may be used to assess the efficacy 
of cleaning and sanitation programme. For this reason, regulatory agencies 
should encourage aggressive environmental monitoring to eliminate sources of L. 
monocytogenes (Farber et al., 2021).

Ineffective sampling programme or sampling techniques are a concern as they 
may result in the non-detection of L. monocytogenes when it is present. This would 
prevent the implementation of corrective actions and give a false sense of security 
(Lahou and Uyttendaele, 2014).

Investigation of outbreaks of foodborne illness have contributed much to 
understanding the importance of acquired characteristics of known pathogens, 
prioritization of emerging pathogens, rapid detection of known pathogens in 
routine monitoring, timely national/international communication and cooperation, 
and most importantly application of a proactive approach in foodborne illness 
surveillance systems (Yeni et al., 2017).



LISTERIA MONOCYTOGENES IN READY-TO-EAT (RTE) FOODS: ATTRIBUTION, CHARACTERIZATION AND MONITORING 26

In order to reduce foodborne listeriosis, risk communication strategies must also 
be developed to clearly communicate risk factors associated with product storage, 
shelf-life and appropriate consumption of RTE foods by susceptible and very 
susceptible consumers. 

Fresh produce has emerged as an important source of foodborne illness outbreaks 
linked to L. monocytogenes, and this has become a global public health problem, 
partly due to international trade of these products. It is not clear if consumers 
recognize the link between consumption of fresh produce and outbreaks of 
listeriosis. Additional risk communication in this area is recommended. This is 
increasingly important for produce that doesn’t receive a kill-step which is able to 
eliminate L. monocytogenes from the finished product (non-detected in 25 g), or 
for food products which are consumed in their raw state.

In the case of frozen non-RTE vegetables, adherence to package instructions 
for cooking at recommended temperatures prior to consumption is important, 
and consistency in label instructions may improve adherence to recommended 
guidance.

5.2 SCOPE

RTE food is defined as any food which is normally eaten in its raw state, or any 
food handled, processed, mixed, cooked, or otherwise prepared into a form which 
is normally eaten without further listericidal steps (FAO and WHO, 2009).

This document seeks to review current monitoring strategies for establishing 
the presence of L. monocytogenes in RTE foods, food production and processing 
environments.

It includes the tabulation of data on monitoring and surveillance received from 
member states. It reaffirms definitions for key terms (monitoring, surveillance, 
verification and validation) in relation to their role in managing the risk presented 
by L. monocytogenes in food. These definitions are taken from relevant Codex 
documents and WHO sources.

It includes consideration of the microbiological criteria in Annex II of the Codex 
guidelines on the application of general principles of food hygiene to the control of 
Listeria monocytogenes in food (FAO and WHO, 2009), which establishes limits on 
the basis of whether a food will or will not support the growth of L. monocytogenes. 
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At this stage, only a few countries such as the United States of America and 
Türkiye require non-detection of L. monocytogenes in 25 g of foods (referred to as  
zero-tolerance) and thereby still have a “zero tolerance” approach for L. 
monocytogenes for all RTE foods. 

Attention is also being paid to the growing range of foods implicated in outbreaks 
of listeriosis and to the challenge presented by the consumption of foods which are 
not typically considered or intended to be RTE. It is important to understand that 
consumers also have a role in food safety. Although outside current food safety 
legislation, consumers should ensure that food is stored, handled and prepared 
in a manner that ensures it is safe for consumption (EFSA, 2020). Retailers and 
producers should provide the consumer with information to ensure food safety 
during storage, handling and preparation of the product, for example using a 
leaflet or by verbally informing the consumer (EFSA, 2017).

5.3 MONITORING AND SURVEILLANCE PROGRAMME

The aim of this section is to provide an overview of data from different regions 
and countries, as well as peer reviewed and grey literature on monitoring and 
surveillance activities for Listeria spp. and L. monocytogenes in foodstuffs  and 
food-processing environments.

This data reported reflects country-specific testing programme, which have 
targeted selected commodities under policies and guidelines issued by competent 
authorities (CA).

Monitor: The act of conducting a planned sequence of observations or 
measurements of control parameters to assess whether a control measure is under 
control (FAO and WHO, 2020). 

Verification: The application of methods, procedures, tests and other evaluations, 
in addition to monitoring, to determine whether a control measure is or has been 
operating as intended (FAO and WHO, 2020). 

Validation (control measures): Obtaining evidence that a control measure or 
combination of control measures, if properly implemented, is capable of controlling 
the hazard to a specified outcome (FAO and WHO, 2020). 

Surveillance: This is a term which is often used within food safety, public health, and 
wider global health systems, and its meaning varies depending on the situational 
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context. The definition of surveillance in this report is that used by FAO within 
the context of a national food safety system. Therefore, surveillance means the 
systematic ongoing collection, collation and analysis of information related to food 
safety and the timely dissemination of information for assessment and response as 
necessary (FAO and WHO, 2019). For other definitions of “Surveillance”, please 
see FAO, 2007 and EFSA, 2020.1

5.3.1 Regulatory limits (Codex guidelines and approaches  used 
in different countries and regions)
Current Codex guidelines (FAO and WHO, 2009) include microbiological criteria 
for specific categories of RTE foods which are intended as advice to governments 
within a framework for the control of L. monocytogenes in RTE foods, with a view 
towards protecting the health of consumers and ensuring fair practices in food 
trade. 

The different approaches that can be found in the different countries can be divided 
into two groups or international standards. Firstly, the European Union and many 
other countries have adopted a risk-ranking system based on end product type, 
use and challenge testing. Secondly, the United States of America and Türkiye 
have adopted the philosophy of non-detection of L. monocytogenes in 25 g, which 
has been defined as “zero tolerance” for L. monocytogenes in the processing 
environment and RTE foods.

In the United States of America, a product is considered RTE if there is a standard 
of identity (e.g. hotdogs or barbeque) or a common or usual identity (e.g. pâtés) 
defining the product as fully cooked, or if it meets the definition in the Listeria Rule 
(9 CFR 430.1). Examples of RTE products include deli products, hot dog products, 
whole hams, sausages, meat salads, and other products that have been treated with 
a lethality step (FSIS and USDA, 2014). Fresh produce is also included and, in 2017, 
a “zero tolerance” standard for L. monocytogenes was established for sprouts. On 
the other hand, the Australia New Zealand Food Standards Code (FSC) definition 
for RTE food excludes shelf-stable foods, whole raw fruits, whole raw vegetables, 
nuts in the shell and live bivalve mollusks.

Most of the standards developed by CA provide guidance regarding growth of  
L. monocytogenes in RTE foods – growth will not occur if:

1 It is defined as “An official process which collects and records data on pest occurrence or absence by survey, 
monitoring or other procedures”, in ISPM No. 5 (FAO, 2007), and “Surveillance sampling (product sampling) to 
seek for the prevalence of pathogens (e.g. official monitoring of CAs, food products on the market)” in EFSA (EFSA, 
2020).
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(a) the food has a pH less than 4.4 regardless of water activity; or
(b) the food has a water activity less than 0.92 regardless of pH; or
(c) the food has a pH less than 5.0 in combination with a water activity of less 

than 0.94; or
(d) the food has a refrigerated shelf-life no greater than 5 days; or
(e) the food is frozen (including foods consumed frozen and those intended to be 

thawed immediately before consumption); or
(f) it can be validated that the level of L. monocytogenes will not increase by 

greater than 0.5 log CFU/g over the food’s stated shelf-life (Dairy Authority of 
South Australia, 2015).

In those cases where a risk-ranking system is based on end product type and its 
usage, challenge testing is applied, and the food is divided into two groups, with 
some exceptions:
• products in which growth will not occur, have a limit of up to 100 CFU/g in 

the product (5 samples × 25g); and 
• products in which growth may occur, have a limit of non-detection in 25 g 

(non-detected in 25 g, 5 samples).

In Europe, as an example, in those cases where the RTE food supports growth of 
the pathogen, but during its shelf-life the levels of L. monocytogenes do not exceed  
100 CFU/g, the food business operator (FBO) may fix intermediate limits (at the 
end of the production process) that should be low enough to guarantee that the 
limit of 100 CFU/g is not exceeded at the moment of consumption without cooking 
(that is to say, as an RTE food) (EC regulation 2019/229) (EFSA, 2020). 

These intermediate limits should be established taking into account the potential 
growth of the pathogen during storage for a certain period under temperature 
conditions allowing for its growth. The reasonably foreseeable conditions of use by 
the consumers need to be considered beyond the recommendations provided by 
the FBO through the product labelling.

An approach can be to determine acceptable L. monocytogenes concentration  
(CFU/g) that could be considered as a performance objective (PO) at the end of the 
production process, immediately before releasing the RTE product on the market, 
compatible with the food safety objective (FSO) of 100 CFU/g.
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In the United States of America, two agencies are involved with food safety: the 
United States Department of Agriculture Food Safety and Inspection Service 
(FSIS) and the United States Food and Drug Administration (FDA).

The FSIS Listeria Rule (9 CFR part 430; Control of L. monocytogenes in RTE meat 
and poultry products) describes three alternative methods establishments can use 
in controlling L. monocytogenes contamination of post-lethality exposed RTE meat 
and poultry products: 
• Alternative 1: An establishment applies a post-lethality treatment (PLT) to 

reduce or eliminate L. monocytogenes and an antimicrobial agent or process 
(AMAP) to suppress or limit growth of L. monocytogenes.

• Alternative 2: An establishment applies either a PLT or an AMAP.
• Alternative 3: The establishment does not apply any PLT, AMAP; instead, it 

relies on its sanitation programme to control L. monocytogenes.

Independent of the strategy implemented by the industry, companies are required 
to validate that their processing systems can produce compliant produce. They 
are also expected to verify that their processing environment and final product 
complies with the regulations. These verification records are reviewed by the CA.

5.3.2 Food classification between foods that support growth and 
foods that do not support growth 
The growth and survival of L. monocytogenes is influenced by many factors. 
In food, these include temperature, pH, water activity, salt and the presence of 
preservatives (Table 4), as well as the background microflora. The temperature 
range for growth of L. monocytogenes is between -1.8  °C (ca. -2° C) and 45  °C, 
with the optimal temperature being 30–37 °C. Temperatures above 50 °C are lethal 
to L. monocytogenes. Freezing can lead to a small reduction in L. monocytogenes 
numbers (Lado and Yousef, 2007). L. monocytogenes will grow in a broad pH range 
of 4.0–9.6 (Lado and Yousef, 2007). 

The ranges of environmental factors that permit growth of L. monocytogenes are 
discussed in detail in a number of reviews and have been summarized in the FAO/
WHO technical report (FAO and WHO, 2004b). Table 4 shows a summary of these 
ranges; however, it should be noted that these limits are not absolute (FAO and 
WHO, 2004b).
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TABLE 4. Ranges of environmental factors that permit growth of L. monocytogenes 
when all other factors are optimal

Environmental factor
Limits

Lower limit Upper limit

Temperature (°C) -2 to +4 ~ 45

Salt (% water phase NaCl)
(and corresponding aw)

< 0.5
(0.91–0.93)

13–16
(> 0.997)

pH (HCl as acidulant) 4.2–4.3 9.4–9.5

Lactic acid (water phase) 0

3.8–4.6 mM, MIC(1) of undissociated 
acid(2)

(800–1 000 mM, MIC of sodium 
lactate[3])

Acetic acid 0 ~20 mM (MIC of undissociated acid)

Citric acid 0 ~3 mM (MIC of undissociated acid)

Sodium nitrite 0 8.4–14.4 μM (undissociated)

Sources: The overall ranges are summarized from Ryser and Marth, 1991; ICMSF, 1996; and Augustin and Carlier, 2000

Notes: (1) MIC = minimum inhibitory concentration, i.e. the minimum concentration that prevents growth. (2) From Tienungoon, 1998.  
(3) From Houtsma, de Wit and Rombouts, 1993 (FAO and WHO, 2004b).

5.3.3 Establishment of suitable indicators for Listeria 
monocytogenes 
Relationship between Listeria spp. and L. monocytogenes
Although L. monocytogenes is the only human pathogen within the genus Listeria 
(except for a few human cases that have been caused by L. ivanovii), food businesses 
often test for Listeria spp. instead of specifically focusing on L. monocytogenes. This 
is both more rapid and cost effective and provides evidence of conditions likely to 
support the survival and growth of L. monocytogenes if it is present. Listeria spp. 
can survive and multiply under adverse conditions, and their detection is a good 
indicator of inadequate hygiene or cleaning and sanitation of food handling areas.

The prevalence of L. monocytogenes correlates well with that of other Listeria spp. 
for some but not all food-processing operations. Facilites producing RTE meat 
products are characterized by a varied prevalence of Listeria spp. with inconsistent 
correlation between contamination by L. monocytogenes and other Listeria spp. 
The presence of Listeria spp. does not seem to be a consistent universal indicator 
for L. monocytogenes prevalence in seafood-processing facilities (Alali et al., 
2013). There are also large variations amongst strains of L. monocytogenes in their 
competitiveness under multibacterial culture conditions, with specific L. innocua 
strains capable of inhibiting the growth of L. monocytogenes, an action that can 
be further enhanced by the presence of a diverse background of gram-negative 



LISTERIA MONOCYTOGENES IN READY-TO-EAT (RTE) FOODS: ATTRIBUTION, CHARACTERIZATION AND MONITORING 32

bacteria. Both Listeria selective agar and PALCAM agar display a low sensitivity 
and specificity in L. monocytogenes detection as compared to CHROMagarTM 

Listeria which demonstrated a 96.9 percent and 99.1 percent sensitivity and 
specificity, respectively, for L. monocytogenes detection in naturally contaminated 
foods (Jamali, Chai and Thong, 2013). 

Other indicators
In the case of general process hygiene indicator microorganisms, the presence and/
or concentration of these indicator organisms should reflect states or conditions 
that indicate process control or lack of process control. Flexibility should be 
provided so that the most effective verification systems can be implemented at the 
establishment level. The most common and applicable are listed here.

Enterobacteriaceae 
Enterobacteriaceae counts reflect, in addition to faecal contamination, the level 
of environmental hygiene. Enterobacteriaceae are usually considered by food 
manufacturers as hygiene indicators and are therefore used to monitor the 
effectiveness of implemented preventive prerequisite measures such as Good 
Manufacturing Practices and Good Hygiene Practices (GMP/GHP) (Cox, Keller 
and Van Schothorst, 1988). This is also reflected in numerous national and 
international standards or criteria where Enterobacteriaceae or coliforms are 
included as hygiene indicators with 3-class sampling plans. Enterobacteriaceae 
testing serves the same purpose as coliform testing in that it indicates improper 
cleaning, unsanitary conditions and post-process contamination (3M, 2021).

Aerobic Plate Count (Total Viable Count)
The Aerobic Plate Count (APC) can be regarded as being a reliable indicator of 
the overall level of bacterial contamination in the environment and food sample. 
It provides information on the total population of bacteria present. APC counts 
above a certain threshold would typically suggest that sanitation of the specific 
environment or equipment was ineffective or improperly performed (3M, 2021).

Escherichia coli
Generic E. coli is a good indicator of faecal contamination. It has been used for 
many years as an indicator of faecal contamination in water treatment, because it is 
present in almost all faecal samples. Generic E. coli is generally considered a better 
indicator of the potential for faecal contact than APC or coliforms but does not 
necessarily indicate the presence of pathogens (Belias et al., 2021). 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/good-manufacturing-practices
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/good-manufacturing-practices
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Alternative approaches to microbiological indicators
Alternative approaches to microbiological testing that are properly validated should 
be established where they offer practical advantages such as the ATP+ADP+AMP 
test. ATP hygiene monitoring tests are widely used for assessing the effectiveness of 
cleaning procedures. The test is easy to use and gives immediate results; however, 
ATP can be metabolized and degraded to ADP and AMP. Recently, a total adenylate 
[ATP + ADP + AMP] monitoring test has been developed for cleaning verification 
in healthcare settings (Bakke et al., 2019). 

5.3.4 Relationship between regulatory limits and listeriosis 
incidence
The European Food Safety Authority (EFSA) scientific opinion (EFSA, 2018) 
concluded that despite the application of the food safety criteria (FSC) for L. 
monocytogenes in RTE foods from 2006 onwards (Commission Regulation (EC) 
2073/2005), a statistically significant increasing trend of human invasive listeriosis 
was reported in the European Union and European Economic Area (EU/EEA) over 
the period from 2009 to 2013 (EFSA and ECDC, 2015). In 2010–2011, an European 
Union-wide baseline survey (BLS) estimated the prevalence and concentration of 
L. monocytogenes in RTE foods at retail: packaged (not frozen) smoked or gravad 
fish, packaged heat-treated meat products and soft or semi-soft cheese. Based on 
this report, the European Union-level estimate of the proportion of samples with L. 
monocytogenes counts > 100 CFU/g at the end of shelf-life was 1.7 percent for “RTE 
fish,” 0.43 percent for “RTE meat” and 0.06 percent for “RTE cheese.”

Improved control measures starting in the 1990s have greatly reduced the 
prevalence of L. monocytogenes in many food categories, particularly in RTE meats 
and meat products. However, the rate of illness has remained constant during the 
last decade. Furthermore, recent outbreaks have challenged the conclusions of 
existing risk assessments and our understanding of the influence of virulence, host 
and food matrix on foodborne illness (EFSA and ECDC, 2018a; Buchanan et al., 
2017). 

In the case of the United States of America, the establishment of improved control 
measures started in the 1990s. These control measures have greatly reduced the 
prevalence of L. monocytogenes in many food categories, particularly in RTE meats 
and meat products. Despite these improvements, the rate of listeriosis has remained 
constant during the last decade and the more severe, systemic (invasive) form 
of listeriosis is now recognized as occurring more frequently in small outbreaks 
than previously recognized (Buchanan et al., 2017). The use of WGS in listeriosis 
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outbreak investigations is also an important factor in why the United States of 
America is seeing a larger number of small outbreaks.

Other considerations of monitoring and surveillance programme

How can one define the “relevant amount of growth” in a food category 
classified as high risk?
No growth does not really mean zero growth, as there is always a limit of detection 
for a method. However, mostly due to the variability of the microbial enumeration 
techniques, it has been generally accepted that increases below a 0.5 log growth 
over the shelf-life of a food are considered as no growth. 

The growth potential (δ) is defined as the difference between the log10 CFU/g at 
the end of the test and the log10CFU/g at the beginning of the test (Beaufort et al., 
2014). A food is considered capable of supporting the growth of L. monocytogenes 
if the δ is higher than 0.5 log10  CFU/g, while it is assumed that the food is not able 
to support the growth if the δ is lower than 0.5 log10 CFU/g.

Based on the QMRA model used by EFSA (EFSA, 2018) in the scientific opinion of 
“L. monocytogenes contamination of RTE foods and the risk for human health in 
the European Union”, it was found that 92 percent of invasive listeriosis cases for all  
age-gender groups are attributable to doses above 105 CFU per serving. Assuming an 
average serving size of 50 g, this would correspond to an average L. monocytogenes 
concentration in RTE foods above 2  000 CFU/g at the time of consumption. 
However, a small proportion of cases may be associated with those RTE foods that 
have lower L. monocytogenes levels. Results from the QMRA model indicated that 
differences in consumption among the age groups influenced the probability of 
exposure to L. monocytogenes through the effect on the prevalence. This suggests 
that part of the increase in invasive listeriosis incidence with age can be explained 
by consumption, i.e. the overall prevalence of L. monocytogenes in the generic RTE 
food weighted to reflect consumption increases with ages over 25–44 years. 

Currently, there is a wide disparity among member countries in terms of the 
awareness, knowledge, sophistication and funding of their current monitoring and 
surveillance programme for human listeriosis. This ranges from countries having 
a well-funded, active surveillance programme for listeriosis with sentinel sites 
set up across the country, to those that have either no surveillance programme 
or a rudimentary, passive surveillance programme, where the actual burden of 
listeriosis is likely vastly underestimated due to a lack of both specific surveillance 
and standard mandatory reporting of listeriosis cases. The surveillance programme 
from various countries as discussed at this JEMRA meeting can be found in Annex 3. 
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When an RTE food is found to exceed microbiological limits or the presence of 
L. monocytogenes on food contact surfaces is confirmed, it could be a reason to 
initiate a recall. The CA in some jurisdictions actively monitors for the presence 
of L. monocytogenes in RTE foods and/or environmental samples, but other 
competent authorities (CAs) use an auditing process to provide oversight on any 
monitoring done by a company. As such, there is a diversity in the approach taken 
by different countries, with some using a more command and control system while 
others use a more outcome-based approach (For further details, see Annex 3).

Shelf-life labelling
Newsome et al. (2014) examined applications and perceptions of date labelling of 
food from a global perspective. The many variations in date labelling (e.g. use by, 
consume by, best before, expires on) contribute to confusion and misunderstanding 
regarding how the dates on labels relate to food quality or safety. These latter issues 
imply that date labelling of foods is likely not being followed by a portion of the 
population, and thus consumers are eating high-risk foods past their use-by dates.

Efforts to provide education regarding i) the meaning of date labelling terms; ii) the 
importance of shelf-life limitation for some products; iii) temperature control; iv) the 
availability and understanding of food storage guidance; as well as v) safe handling 
methods, could significantly reduce food waste and also improve food safety. In a 
world where hunger, malnutrition and food insecurity affect a significant portion 
of society, the appropriate level of protection for L. monocytogenes in foods must 
balance both food safety and the recognition of food waste that could be generated 
through precautionary recalls due to excess stringency in microbiological criteria. 

It is important to remind consumers that product shelf-life is linked to storage 
conditions, and the risk assessment should address the impact of storage 
temperature on predicted illness and mortality. The Joint 2003 FDA/USDA Listeria 
Risk Assessment baseline model found that limiting the storage time for deli meat 
from the 28-day baseline to 14 days reduced the median number of cases of listeriosis 
in the elderly population from 228 to 197 (13.6 percent), and that shortening the 
storage time to 10 days further reduced the cases to 154 (32.5 percent) (FDA/FSIS, 
2003). Modelling scenarios for other RTE foods (cantaloupe, polony) could reveal 
potential areas where public health improvements could be made. If cantaloupe 
was included as a product category in the updated risk assessment, product 
pathway exposure assessments could include L. monocytogenes contamination in 
the field upon harvest, during storage, cutting, distribution and from home sources 
that may further inform the risk of listeriosis to susceptible individuals.
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Appropriate consumption
Individuals who may be susceptible to listeriosis due to age, pregnancy or 
immunosuppressive conditions should be advised to avoid high-risk foods and 
instead seek lower-risk alternatives.

In the case of frozen, non-RTE vegetables, adherence to package instructions 
for cooking at recommended temperatures prior to consumption is important, 
and consistency in label instructions may improve adherence to recommended 
guidance.

Consumer interest in high quality nutritious foods to support a healthy lifestyle 
has resulted in increased consumption of produce and potential concomitant 
exposure to L. monocytogenes. Fresh produce has emerged as an important source 
of foodborne illness outbreaks linked to L. monocytogenes, and this has become 
a global public health problem. Is there appropriate recognition by consumers 
of produce consumption being linked to outbreaks of listeriosis? Additional risk 
communication in this area may be necessary.

Many countries around the globe have managed to protect pregnant women from 
the risk of listeriosis. How do we get effective public health messaging to other 
parts of the globe and to other groups at risk? Why are older adults associated with 
increasing risk of listeriosis? Besides the fact that older adults are at a greater risk 
for hospitalization and death from foodborne listeriosis because organs and body 
systems go through changes as people age, another reason could be that some older 
consumers fail to adhere to use-by dates, may not have adequate refrigeration, and 
may leave opened RTE foods in the refrigerator for prolonged periods of time.

Data specific to older adult risk factors associated with listeriosis are insufficient 
(antacid use, proton pump inhibitors [PPI]) to communicate the risks of and 
prevent listeriosis in those concerned. Kvistholm Jensen et al. (2017) examined the 
use of PPI among individuals in Denmark and documented an increased risk of 
listeriosis. After adjusting for comorbidities and additional confounding variables, 
a 2.8-fold increased risk of acquiring listeriosis risk was associated with the use of 
PPI (Kvistholm Jensen et al., 2017).

5.4  CONCLUSIONS

• Internationally, current regulations on L. monocytogenes contamination 
of RTE foods have either adopted a “zero tolerance” (non-detected in  
25 g) approach for RTE foods or permit low levels in those foods that will not 
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support the growth of the organism. Although finished product testing may 
be considered a control measure at the end of the production process, it gives 
only very limited information on the safety status of a food (Zwietering et al., 
2016).

• The majority of effort should be focused on management and control of this 
hazard in a more proactive way by implementing an effective food safety 
management system (FSMS) which includes environmental monitoring to 
assess incursions and persistence of the organism in processing facilities.

• Regulatory agencies should use a combination of finished product testing 
and environmental monitoring to verify proper implementation of L. 
monocytogenes control strategies by FBOs.

• L. monocytogenes isolates obtained through these processes should undergo 
subtyping (preferably WGS) with data retained in a database that includes 
subtyping data for human, food-processing environmental isolates, and if 
feasible, animal isolates. 

• The approach varies between countries, with the CAs in some jurisdictions 
actively monitoring L. monocytogenes in RTE foods, while others evaluate 
company monitoring through an audit process. 

• When an RTE food is found to exceed microbiological limits, a recall may 
be required. In addition, in some countries, when environmental monitoring 
confirms the presence of L. monocytogenes on food contact surfaces, this may 
also be a reason to initiate a recall.

• In terms of recalls, international networks such as the International Food 
Safety Authorities Network (INFOSAN), a global network of national food 
safety authorities, managed jointly by FAO and WHO, and the Rapid Alert 
System for Food and Feed from the European Commission (RASFF) are 
important networks that build capacity for the surveillance of foodborne 
diseases. The important links between INFOSAN and other regional, national 
and international networks are critical to improving collaboration across 
sectors and between programme to better manage food safety events such as 
recalls and outbreaks. Specific approaches regarding regulatory limits (e.g. 
“zero tolerance”) might have an impact on the implementation of FSMS and 
particularly on the application of environmental monitoring programme. 

• WGS of isolates assists with tracking and tracing of outbreaks, identifying 
virulence, and determining whether strains have established residence in 
food-processing facilities. However, in many countries, subtyping of isolates is 
not mandatory. In addition, a number of CAs do not have the resources and/
or technical knowledge to perform WGS. 

• In order to reduce foodborne listeriosis, risk communication strategies must 
be developed to clearly communicate risk factors associated with product 



LISTERIA MONOCYTOGENES IN READY-TO-EAT (RTE) FOODS: ATTRIBUTION, CHARACTERIZATION AND MONITORING 38

storage, shelf-life and appropriate consumption of RTE foods by vulnerable 
consumers. 

• To reduce the risk, everyone has a role to play: FBOs, governments and 
consumers.

• Efforts to improve education regarding the meaning of date labels, the 
importance of shelf-life limitation for some products, temperature control, 
and the understanding of safe food handling practices could significantly 
improve food safety and lead to a reduction in food waste.

• Modelling scenarios for other RTE foods not previously covered in previous 
risk assessments (e.g. melons and deli meat) could reveal potential areas where 
public health improvements could be made. 

• Fresh produce has emerged as an important source of foodborne illness 
outbreaks linked to L. monocytogenes, and this has become a global public 
health problem. However, risk-benefit considerations should be identified to 
highlight the relevant “trade-off ” between health and potential risk. 

• Additional risk communication in this area is recommended. This is 
increasingly important for produce that doesn’t receive a kill-step, or for food 
products that may be consumed in their raw state, as might happen with 
frozen, non-RTE vegetables.

• Increasing age amplifies the likelihood of death in listeriosis cases. This 
reflects the fact that comorbidities and immunodeficiencies increase with 
age. Unfortunately, information on comorbidities is often lacking from 
epidemiological studies of listeriosis – more research into underlying causes 
is needed.
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66. Laboratory methods  
for the detection and 
characterization of Listeria 
monocytogenes and Listeria spp.

6.1 INTRODUCTION

Listeria monocytogenes is an important foodborne pathogen that continues to 
cause foodborne outbreaks throughout the world. It is a major problem in the food 
industry because there are several factors that make this microorganism unique 
among foodborne pathogens as stated in Section 7.1. This dictates the need for 
control and prevention throughout the food chain and validated fit-for-purpose, 
qualitative and quantitative methods for the detection of L. monocytogenes and 
Listeria spp., both in foods and the environment. In fact, much of the growth in the 
global food microbiology testing market is due to a greater focus on environmental 
monitoring being driven by regulators, customers and auditors (Ferguson, 2020). 

A review of current methods for the detection of L. monocytogenes and Listeria 
spp. focusing on validated methods for detection in food products and on 
environmental surfaces is presented in the following sections. The objective is to 
give an overview of current L. monocytogenes and Listeria spp. detection methods 
used by government and the food industry.

6.2 METHODS FOR THE DETECTION AND 
CHARACTERIZATION OF L. MONOCYTOGENES AND 
LISTERIA SPP. IN FOODS AND ENVIRONMENTAL SAMPLES

The food industry has been using microbiological methods for the detection 
of bacteria for decades, and many official/regulatory methods worldwide still 
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rely on culture-based detection assays. These methods can be either qualitative,  
semi-quantitative or quantitative. Examples of the type of traditional methods that 
have been used to detect and/or enumerate Listeria spp. include cold enrichment, 
selective enrichment, direct plating and the most probable number (MPN).

Listeria spp. are generally non-fastidious and can be grown on many general 
media such as BHI broth/agar and TSA/TSB. The difficulties arise when they 
are present in foods that have a large background microflora and/or when the 
organisms become stressed due to physical or chemical inactivation methods, e.g. 
heat, HPP, antilisterial chemicals. It should also be noted that L. monocytogenes 
is not a competitor in the presence of other Listeria spp., especially L. innocua, 
and thus sometimes can be difficult to isolate from foods. In addition, viable-but  
non-culturable cells (VBNC) can occur naturally or under certain conditions as 
biofilm formation in foods and their environment.

The genus Listeria currently consists of 26 species. The only other pathogenic 
member besides L. monocytogenes is L. ivanovii, an organism that rarely infects 
humans but frequently causes listeriosis in ruminants. Together with L. marthii, L. 
innocua, L. welshimeri, L. seeligeri, L. farberi, L. immobilis and L. cossartiae, these 
two species form the “Listeria sensu stricto” group, one of the two distinct clades in 
the genus Listeria. All members of this clade (clade I) have been found in faeces or 
the GI tract of symptom-free animals and in foods of animal origin, suggesting a 
specific interaction of these species with mammalian hosts. Clade II, the “Listeria 
sensu lato” group, contains the species L. fleischmanni, L. weihenstephanensis, L. 
rocourtiae, L. aquatica, L. cornellensis, L. riparia, L. floridensis, L. grandensis, L. 
grayi, L. newyorkensis, L. booriae, L. costaricensis, L. goaensis, L. thailandensis, L. 
valentina, L. portnoyi and L. rustica which have been isolated from food-associated 
surfaces or the environment, animal farm environments, from mangrove swamps, 
soil samples, and agricultural water samples (Schardt et al., 2017). 

There are methods that will detect Listeria sensu strictu and not Listeria sensu lato, 
while others appear to detect both sensu strictu and  Listeria sensu lato. As a result, 
questions are now arising as to whether a method should detect all Listeria species 
(that is both Listeria sensu stricto and Listeria sensu lato) to indicate the presence of 
pathogenic Listeria species, or if it is only necessary to detect Listeria sensu strictu 
species. Also, this would differ depending on whether the environment or final 
product is tested. 

As such, many different Listeria enrichment broths and selective agars have been 
developed over the last 40 years to select and recover Listeria spp., each with their 
own unique formulations. Many cultural methods rely on the use of two different 
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selective enrichments, followed by plating onto one or more selective media. Some 
of the selective agents that have been useful in the isolation of Listeria spp. include 
acriflavine, ceftazidime, lithium chloride, moxalactam, nalidixic acid, polymyxin B 
and potassium tellurite. In terms of selective agars, many have also been developed, 
both chromogenic and non-chromogenic. 

There are many different factors that can influence the detection of L. monocytogenes 
in foods and environmental samples. Some of these include: 
• the sensitivity, specificity, and detection limit of the method;
• the amount and number of samples analysed;
• the composition of the selective media and the temperature used for 

incubation;
• the number of different selective agars used (two is optimum, with one of 

them being a chromogenic agar);
• the number of colonies picked from agar plates for confirmation;
• the type of sample and food matrix;
• the microflora of the sample and food matrix;
• type of environmental surface sampled and the potential presence of biofilms; 
• interference by other Listeria spp. (non-monocytogenes), especially L. innocua; 

and 
• interference caused by the presence of multiple strains of L. monocytogenes in 

the same sample. 

6.2.1 Cultural conventional methods
Conventional bacteriological methods are important because their use results in 
obtaining a pure culture of the organism which can be used for further studies. 
These methods remain the “gold standards” against which other methods 
are compared and validated. The disadvantages of these methods include 
the relatively long period of time that the protocols require for completion;  
“hands-on” manipulations; the requirement for many different chemicals, reagents, 
and media; the possibility of contaminating microorganisms; and the requirement 
for skilled analysts.

Many cultural methods use selective enrichment followed by plating methods to 
test for the detection or not detection of L. monocytogenes in a food sample (usually 
25 g), with the typical detection limit being 1–5 CFU/test sample size. Enrichment 
is used to resuscitate any injured target organisms and increase their numbers while 
also diluting inhibiting compounds. Following enrichment, a selective medium is 
used to promote the growth of a target organism and decrease background flora, 
allowing for the isolation or detection of Listeria. Presumptive positives, if desired, 
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can then be confirmed using additional physiological, biochemical, morphological, 
serological, and/or WGS testing. These cultural methods can take up to 4 days 
to obtain a presumptive positive or negative result, and confirmation of positive 
results can take up to a week (Gasanov, Hughes and Hansbro, 2005; Välimaa et al., 
2015). 

There are numerous official cultural-based methods for the detection of L. 
monocytogenes and Listeria spp., but many countries are using or have adapted 
the International Organization for Standardization (ISO) methods for quantitative 
and qualitative detection of L. monocytogenes. The reference methods for both 
the detection and enumeration of L. monocytogenes in food (Standards EN ISO 
11290-1 & 2) have been internationally validated for five matrices, i.e. cold-smoked 
salmon, milk powdered infant formula, vegetables, cheese and the environment. 
Standard EN ISO 11290-1 is also considered a good method for the detection of 
L. monocytogenes in food-processing environments, especially for the food groups 
included in the study. For this method, the sensitivity rate varied from 91.1 percent 
to 100 percent, and the specificity rate varied from 97.6 percent to 100 percent 
(Gnanou-Besse et al., 2019). Besides the European Union, some of the other 
countries that use the ISO methods for L. monocytogenes and Listeria spp. include 
India, Japan, Ireland, Australia (enumeration), New Zealand, Indonesia, South 
Africa and Brazil. 

While most L. monocytogenes are detected following primary enrichment in 
half-Fraser broth, secondary enrichment in Fraser broth often results in more L. 
monocytogenes positive samples, especially when the original food sample contains 
low levels of L. monocytogenes or has a high level of competing microflora. 

Expression of the results is often mentioned as “presence/absence of X in a test 
portion”; nevertheless, ISO-TC34/SC9 Microbiology agreed to change the 
expression of results in term of “detected or not detected in the test portion” to 
underline the limit of detection of the method not equal to 0 CFU in a test portion. 
Some of the important qualitative and quantitative methods that are being used for 
the detection of Listeria spp. and L. monocytogenes can be seen in Tables 5 and 6, 
respectively.
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6.2.2 Environmental detection methods
It is common practice within the food industry to have an environmental 
monitoring programme for Listeria spp. Typically, sterile sponges with a 
neutralizing buffer are used to collect samples from food contact and non-food 
contact surfaces (Muhterem-Uyar et al., 2015). The horizontal method ISO 18593 
for environmental and surface sampling for microorganisms detection has been 
revised and is available (ISO 18593:2018). Environmental sampling for Listeria 
spp. is an important aspect of any Listeria food safety control programme and 
can be an early warning system for the presence of L. monocytogenes in the end 
product. The recurring presence of any Listeria spp. in the environment of a food 
facility signifies inadequate sanitation that can lead to the establishment of niches 
for L. monocytogenes. The combination of environmental monitoring with a rapid 
and aggressive response to positive test results allows food operators to continually 
improve their operations and reduce the potential of finding end products that are 
contaminated with L. monocytogenes. However, the success of these efforts relies 
heavily on the performance of the chosen detection method. Food companies are 
conducting both routine environmental sampling and more focused “seek and 
destroy” sampling programme. It is this latter strategy that is driving the increase 
in environmental testing that was mentioned earlier on. 

6.2.3 Rapid and validated detection methods
The detection of L. monocytogenes in food samples by conventional culture 
methods is simple, sensitive, and inexpensive compared to molecular methods. 
However, conventional methods are laborious and time consuming as they require 
more than a week for detection and pathogen confirmation (Law et al., 2015). 
Therefore, numerous rapid screening methods for L. monocytogenes in foods and 
the environment have been developed and are now in widespread use.

Desirable qualities in a rapid method include simplicity, cost effectiveness, a low 
limit of detection, online or real-time capabilities, and a low false-negative and 
false-positive rate. Rapid detection methods for L. monocytogenes and Listeria 
spp. often use a combination of steps, e.g. cultural enrichment followed by a rapid 
method for detection. Many of these tests are used as a rapid screen to identify 
any presumptively positive samples. All presumptively positive samples must be 
subjected to further confirmatory steps before they can be designated as positive 
for the presence of Listeria spp. (including L. monocytogenes).
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The most common rapid Listeria detection methods include antibody-based lateral 
flow or enzyme immunoassays (EIA) as well as polymerase chain reaction (PCR) 
based methods, e.g. isothermal or realtime PCR. Due to the recent advances in 
molecular technology, molecular methods have been used as alternatives to culture 
methods for food testing. Among these different technologies, PCR generally 
offers the greatest degree of sensitivity and specificity, even if some issues with PCR 
inhibitors may arise. The detection of L. monocytogenes is based on the detection 
of specific DNA or RNA sequences and such methods provide highly accurate and 
reliable results when compared to phenotypic methods. Nevertheless, molecular 
methods require specialized instruments and highly trained personnel (Law et al., 
2015).

Validated rapid methods are typically compared to a gold-standard reference 
method like EN ISO 11290, the FDA Bacteriological Analytical Manual (BAM) 
Listeria method, or the Health Canada MFLP-01 Listeria method. Methods for 
L. monocytogenes and Listeria spp. that have been validated by a governmental 
or independent certification body include Health Canada (https://www.canada.
ca/en/health-canada/services/food-nutrition/research-programs-analytical-
methods/analytical-methods/compendium-methods.html), Association Française 
de Normalisation (AFNOR) certification (https://nf-validation.afnor.org/en/
food-industry/), Microval (https://microval.org/), NordVal (https://www.nmkl.
org/index.php/en/22-nordval) and the AOAC (https://www.aoac.org/). In the 
European Union, official labs and the better commercial labs, in keeping with the 
requirements under Article 5.5 of Regulation 2073/2005, will use rapid methods 
which are validated by AFNOR certification to the ISO reference method (ISO 
11290-1or-2 for Listeria spp. including L. monocytogenes), using the ISO 16140-2 
protocol. Methods validated according to AFNOR are seen by labs as the gold 
standard in Europe, as they validate to the reference analytical (ISO) method stated 
in the regulation and follow the ISO 16140-2 protocol. The list of validated rapid 
methods according to ISO 16140-2 protocol is available (https://nf-validation.
afnor.org/domaine-agroalimentaire/listeria-spp). In the United States of America, 
the AOAC is the American certification body that validates rapid methods. They 
use their own protocol to validate rapid methods against the FDA BAM method. 
Some of the rapid tests available on the European Union market will only have 
AOAC certification, while some will have both, knowing that it is essential for 
their commercial success in both the United States of America and European 
Union markets. In Canada, companies need to use methods that are listed in the 
Compendium of Methods for regulatory/“official” samples (https://www.canada.

https://www.canada.ca/en/health-canada/services/food-nutrition/research-programs-analytical-methods/analytical-methods/compendium-methods.htm
https://www.canada.ca/en/health-canada/services/food-nutrition/research-programs-analytical-methods/analytical-methods/compendium-methods.htm
https://www.canada.ca/en/health-canada/services/food-nutrition/research-programs-analytical-methods/analytical-methods/compendium-methods.htm
https://nf-validation.afnor.org/en/food-industry/
https://nf-validation.afnor.org/en/food-industry/
https://www.aoac.org/
Https://nf-validation.afnor.org/domaine-agroalimentaire/listeria-spp
Https://nf-validation.afnor.org/domaine-agroalimentaire/listeria-spp
https://www.canada.ca/en/health-canada/services/food-nutrition/research-programs-analytical-methods/analytical-methods/compendium-methods.html
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ca/en/health-canada/services/food-nutrition/research-programs-analytical-
methods/analytical-methods/compendium-methods.html).

6.2.4 Innovative and emerging detection methods
On the research front, there are many emerging methods for the detection of  
L. monocytogenes and Listeria spp. including fluorescence (Guo et al., 2020; Li 
et al., 2020; Meile et al., 2020), single primer isothermal amplification (Yang et 
al., 2020), electrochemical biosensing (Chen et al., 2020; Silva et al., 2020), and a 
duplex lateral flow dipstick (DLFD) test combined with loop-mediated isothermal 
amplification (LAMP) (Ledlod et al., 2020; Wang et al., 2020). In addition, 
WGS approach through metagenomics by direct sequencing of microbiological 
enrichments should be a powerful promising method in the future, leading at the 
same time to the detection and characterization of L. monocytogenes within 2 days 
(Ottesen et al., 2020). Although not specific to Listeria spp., some newer rapid 
phage-based methods also show promise in terms of being able to rapidly detect 
viable pathogens in food (Foddai and Grant, 2020). However, none of the above 
methods have been validated for the detection of Listeria spp. in foods. 

Historically, the foundation of public health surveillance for enteric bacteria 
has been a reliance on accurate identification and recovery of causative agents 
by stool culture (Imdad et al., 2018). However, culture-independent diagnostic 
tests (CIDTs) are increasingly being used in hospitals and clinical labs to detect 
foodborne pathogens in clinical samples such as stool, food and cerebrospinal 
fluid. 

The advantages of CIDT include i) sensitivity (80 percent to 100 percent) and 
specificity (88 percent to 99 percent); ii) more rapid results compared to traditional 
culturing methods, that is CIDTs can identify the general type of bacteria causing 
illness within hours, without having to culture or grow the bacteria in a lab; and 
iii) the ability to detect multiple pathogens in one test. The disadvantages of CIDT 
include i) unless reflex culturing is done, CIDT-identified bacteria are not available 
to perform advanced genetic characterization that is used to identify clusters, 
outbreaks, emerging infections or perform antimicrobial resistance (AMR) testing; 
this could be problematic in the future for early detection and tracing of outbreaks; 
ii) false-positives/negatives; iii) relatively high costs; and iv) when isolates are not 
available from the clinical laboratory, the burden of isolate recovery is transferred 
to under-resourced public health labs (Imdad et al., 2018). 

https://www.canada.ca/en/health-canada/services/food-nutrition/research-programs-analytical-methods/analytical-methods/compendium-methods.html
https://www.canada.ca/en/health-canada/services/food-nutrition/research-programs-analytical-methods/analytical-methods/compendium-methods.html


LISTERIA MONOCYTOGENES IN READY-TO-EAT (RTE) FOODS: ATTRIBUTION, CHARACTERIZATION AND MONITORING 48

Pathogen recovery from CIDT-positive specimens will vary depending on the 
pathogen type. In the clinical area, CIDT is a fairly normal practice now. PCR 
is mainly being done, and if positive, the stools are sent to reference labs who 
do WGS and culture the pathogens when necessary. Methodology advances in 
CIDT for diagnostics and public health are still in the early stages. High multiplex 
PCR and shotgun metagenomics of clinical, food and environmental samples are 
potential candidates to replace WGS of pure cultures. Shotgun metagenomics to 
detect common enteric bacterial pathogens in stool is nearly as fast and accurate as 
culture, with a similar cost to some syndromic PCR panels. However, PCR testing 
is still faster, more sensitive, and cheaper and will continue to be the method of 
choice for routine testing for the immediate future. 

6.2.5 Typing methods
It is important to subtype pathogenic strains of L. monocytogenes, e.g. during 
foodborne illness outbreaks, for trend analysis, as well as for “seek and destroy” 
operations in food establishments. This has been (and still is in some countries) 
conventionally performed by methods such as ribotyping, MALDI-TOF, spectra 
profiling, pulsed-field gel electrophoresis (PFGE), multi-locus sequence typing 
(MLST), multi-locus variable number tandem repeats analysis (MLVA) and  
multi-virulence-locus sequence typing (MVLST). Worldwide, these methods are 
being or have been replaced by the WGS approach, which can simultaneously 
provide information on serotype, antimicrobial resistant (AMR) genes and mobile 
genetic element, virulence markers, and also allow clustering based on single 
nucleotide polymorphism (SNP) analysis and cgMLST or wgMLST complex typing 
(CT type) using a unique assay (Moura et al., 2016; Félix et al., 2018; Brown et al., 
2019; Nouws et al., 2020; Pietzka et al., 2019; Ronholm et al., 2016). Therefore, 
WGS has been fast replacing PFGE and other molecular methods because it has 
the highest discriminatory power. By sequencing the entire target bacterial genome 
which yields an incomparable depth of data, WGS offers the capacity to differentiate 
the phylogenic association better than other advanced methods (Ribot et al., 2019). 
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The discriminatory power of these molecular typing methods is summarized in 
Figure 4.

FIGURE 4. Discrimination power of typing methods pre- and post-whole genome 
sequencing (WGS).
Source: Reproduced with permission from Radomski, 2020. 

The complexity of outbreaks was highlighted by the findings associated with the 
2011 United States of America cantaloupe outbreak which identified a total of 
five outbreak-associated subtypes of Listeria (McCollum et al., 2013). WGS was 
used to assess the genome level diversity of L. monocytogenes strains during the 
investigation of the 2010–2015 United States of America ice cream outbreak 
(Chen et al., 2017). WGS (SNP analysis) differentiated outbreak-associated L. 
monocytogenes strains from epidemiologically unrelated strains that matched 
outbreak PFGE/MLST profiles. SNP analysis allowed simultaneous identification 
of a clonal complex (CC5) and discrimination of different outbreak strains in the 
same clone. This scientific evidence demonstrated the necessity of molecular tools 
for effectively linking outbreak strains with resulting infected human cases, and for 
determination of the pathways of food contamination (Farber et al., 2021).
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In the same way, a multicountry outbreak of 47 listeriosis cases in Austria, 
Denmark, Finland, Sweden and the United Kingdom caused by L. monocytogenes 
PCR serotype 4b sequence type (ST6) was investigated through WGS analysis, with 
frozen corn and possible other frozen vegetables recognized as vehicles of infection 
(Felix et al., 2018 ).

Although the lack of standardization of next-generation sequencing (NGS) 
methods and interpretation has been noticed, a standardization effort is underway 
through the ISO/DIS 23418 project entitled “Whole genome sequencing for typing 
and genomic characterization of foodborne bacteria - General requirements 
and guidance”, which is being conducted in the framework of ISO/TC34/SC9 
(Microbiology of the Food Chain). Furthermore, a cgMLST method has been 
validated internationally by different public health laboratories (Moura et al., 2016) 
and an international platform for MLST and cgMLST curation, deposit and analysis 
established (BIGSdb Listeria; https://bigsdb.pasteur.fr/listeria/listeria.html). 

6.3 CONCLUSIONS

• Most countries outside of North America appear to rely on ISO methods both 
for the detection and enumeration of Listeria spp. and L. monocytogenes. 

• Several recognized bodies have validated methods for Listeria spp. and L. 
monocytogenes that can be used and are fit-for-purpose. However, not all of 
them have been validated for all food groups. 

• The major organizations involved in some aspects of alternative method 
recognition and/or validation include i) ISO, ii) AOAC, iii) AFNOR, iv) 
NordVal, v) Microval, vi) FDA/USDA, and vii) Health Canada.

• Among the numerous commercial methods, each one has their own unique 
advantages and disadvantages. Furthermore, each should be considered as a 
first approach for rapid sample screening giving a presumptive result, which 
can be especially valuable during an outbreak investigation. Any positive 
result would require a confirmation step using an official validated method 
from a recognized body.

• WGS has a high level of discrimination at the nucleotide level and provides 
all the information (virulence markers, AMR or biocide resistance genes, 
cgMLST) for L. monocytogenes  strains. It significantly enhances outbreak 
investigations and contamination source attribution. 

• WGS is becoming less expensive and more available and is being more 
frequently used by public health and food safety labs in upper-middle-income 
economies. However, bioinformatics, for example, calculation and storage of 

https://bigsdb.pasteur.fr/listeria/listeria.html
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data, standardization of protocols, pipeline development, and harmonization 
of data nomenclature is needed. 

• CIDT testing is becoming more popular for analysing clinical samples for 
the presence of L. monocytogenes; however, it is essential to recover the pure 
culture of the clinical strain for further characterization, as well as to confirm 
obtained results with clinical symptoms of the patient to avoid false-positive 
results. 

• Metagenomics (direct sequencing from microbiological selective enrichments) 
appears to be a promising method in the future, leading at the same time to the 
detection and characterization of L. monocytogenes within 2 days.

• Strengthening surveillance in individual countries by harmonizing 
microbiological methods and providing epidemiologic tools for investigations 
will be a key step in reducing the public health burden of listeriosis, even as the 
population at-risk grows (Hedberg, 2006).

6.4  RECOMMENDATIONS 

• Standardized and validated culture methods for isolation (e.g. ISO, FDA, 
USDA, Health Canada) should be used to obtain pure isolates for confirmation 
and further characterization, including antibiotic sensitivity, biocide tolerance 
and subtyping, preferably using WGS-based cgMLST and/or SNP analysis. 

• The use of conventional methods should be complemented by emerging methods 
such as qPCR, and MALDI TOF MS for rapid confirmation, particularly in 
outbreak situations or for clinical detection. 

• There are only a handful of recognized validated enumeration methods for 
low levels of L. monocytogenes in foods; more research needs to be done in this 
area, especially for dose-response assessment and hazard characterization.

• It is recommended that at least two different plating media, based on different 
principles, be used, with one of them being a chromogenic medium such as 
the “Agar Listeria according to Ottaviani and Agosti” (ALOA) to distinguish 
L. monocytogenes from other Listeria species. 

• Methods for the detection of viable but nonculturable (VBNC) bacteria, 
stressed cells and those in biofilms should be developed, especially for 
environmental samples. These methods should distinguish between live, dead 
or sublethally injured cells.
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7
7. Hazard characterization

7.1 INTRODUCTION

Listeria monocytogenes, the causative agent of listeriosis, is an important 
foodborne pathogen that continues to cause global foodborne outbreaks. In fact, 
an increasing number of outbreaks have been observed internationally and are 
linked to foods not usually recognized as causing foodborne listeriosis (Desai et 
al., 2019). However, it is still considered a rare disease, with an annual incidence in  
high-income countries of between two to five cases per 1 000 000 persons. A 
definition of invasive listeriosis can be found in Section 2.3.2.

There are several factors that make this microorganism unique among foodborne 
pathogens. 

These include that it: 
• is very widespread in the environment; 
• can grow at refrigeration temperatures; 
• can survive in the environment of food-processing plants for months/years;
• mainly affects at-risk individuals;
• is associated with a high case-fatality rate of around 15 to 30 percent and a 

high hospitalization rate (> 90 percent); and 
• has many virulence factors that can help to promote its intracellular lifestyle.
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7.2 SEVERITY OF LISTERIOSIS 

Invasive listeriosis occurs when L. monocytogenes is ingested and the organism 
survives its passage through the GI tract and then attaches and enters a variety of 
intestinal cells leading to the invasion of otherwise sterile body sites. Foodborne 
listeriosis infections cause a wide spectrum of illness, ranging from febrile 
gastroenteritis (non-invasive listeriosis) to invasive clinical forms, including 
septicemia, meningitis and meningoencephalitis. During pregnancy, listeriosis can 
cause miscarriage, premature birth, severe illness in a newborn child or stillbirth 
in rare cases. The organs most often infected are the pregnant uterus, liver, spleen 
and brain. Maertens de Noordhout et al. (2014) gathered data on human listeriosis 
through a systematic review of peer-reviewed and grey literature published from 
1990–2012. Among all listeriosis cases, 20.7 percent and 79.3 percent were perinatal 
and non-perinatal infections, respectively. The overall case-fatality rates for 
perinatal and non-perinatal cases was 14.9 percent and 25.9 percent, respectively. 
Perinatal listeriosis can be defined by the evidence of L. monocytogenes in any 
sample of maternal, foetal or neonatal origin. It is a severe condition associated 
with foetal loss, or early or late neonatal infection with frequent sepsis or meningitis 
(Charlier et al., 2022). In the large MONALISA national prospective observational 
cohort study performed in France, of the 818 cases enrolled in the study, there 
were 107 (13.1 percent) maternal–neonatal infections, 427 (52 percent) cases of 
bacteraemia and 252 (30.8 percent) cases of neurolisteriosis (Charlier et al., 2017). 

Most cases of listeriosis appear to be sporadic, although a portion of these sporadic 
cases may be unrecognized common-source clusters. However, with the advent 
of WGS, we are seeing more recognized national and cross-border clusters of 
listeriosis, as well as detecting smaller outbreaks. The trend has been to recognize 
fresh produce as an increasing vehicle of foodborne listeriosis, although outbreaks 
linked to meat (Thomas et al., 2020; Halbedel et al., 2020), dairy (Amato et al., 
2017; Jackson et al., 2018) and fish (Schjørring et al., 2017) products continue to 
occur.

Listeria monocytogenes is known to cause acute, self-limited, febrile gastroenteritis 
in healthy persons and has been the incriminating microorganism in at least seven 
outbreaks of foodborne gastroenteritis. These outbreaks have generally involved 
the ingestion of high doses (> 106 CFU/g) of L. monocytogenes by otherwise 
healthy individuals. In large outbreaks where the majority of cases present with 
diarrhea and the typical GI pathogens are not detected, L. monocytogenes should 
be considered a causative agent. 
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Nevertheless, in this report, we only include invasive cases of listeriosis because 
this is where most of the public health burden due to this microorganism lies. In 
addition, several laboratory criteria for the diagnosis of listeriosis such as in the 
United States of America or Europe include the isolation of L. monocytogenes from 
a normally sterile site, for example, blood or cerebrospinal fluid or, less commonly, 
joint, pleural or pericardial fluid.

7.3 GENERAL RISK FACTORS FOR FOODBORNE 
LISTERIOSIS

There are several risk factors for foodborne listeriosis (see Section 4.2). These 
include the presence and growth potential of L. monocytogenes in the food, the 
amount and type of L. monocytogenes ingested and the host susceptibility. The 
at-risk populations for listeriosis include pregnant women, neonates, the elderly 
and immunocompromised individuals, for example, cancer patients, AIDS 
patients, people with liver problems and so on (Goulet et al., 2012a). It should be 
recognized, however, that healthy individuals can become ill with a severe form 
of listeriosis. For example, in the caramel apple listeriosis outbreak, three invasive 
illnesses (meningitis) occurred among otherwise healthy children aged 5–15 years 
(Angelo et al., 2017). 

7.4 PATHOGENESIS OF L. MONOCYTOGENES 

Listeria monocytogenes has an abundance of virulence factors, a unique intracellular 
lifestyle, and an ability to cross multiple host barriers, for example, the placenta 
and blood-brain barrier. For these reasons, it is also used as a model bacterium to 
study how pathogenic intracellular bacteria mediate host-pathogen interactions. 

Once in the GI tract, L. monocytogenes makes contact with the intestinal epithelium, 
translocates across the intestinal epithelial barrier into the lamina propria and then 
disseminates via the lymph and blood to the liver and spleen. Once the organism 
gains entry into the liver, it can translocate into the gallbladder through bile 
canaliculi, where it can multiply extracellularly. This allows for the re-entry of L. 
monocytogenes cells into the GI tract through the biliary ducts. The organism can 
also potentially cross the blood-brain barrier or the placental wall (Pizarro-Cerdá 
et al., 2012; Radoshevich and Cossart, 2018; Lecuit, 2020). 

All L. monocytogenes strains are considered to have the potential to cause illness 
in humans and be a health risk, especially in susceptible individuals. The relative 
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potential of a single strain of L. monocytogenes to cause severe disease in humans 
can be assessed based on virulence gene content and sequences (e.g. the presence of 
premature stop codons in virulence genes) and the at-risk status of the individual 
consuming the contaminated food.

7.5 VIRULENCE GENES AND FACTORS INVOLVED IN 
ATTACHMENT, ENTRY, MULTIPLICATION AND CELL-TO-
CELL SPREAD

The following brief description of the pathogenesis of L. monocytogenes is intended 
to provide an overview of potential genes where gene modifications (deletions, 
premature stop codons, etc.) can be used to distinguish between strains of variable 
virulence. Once inside the gut, L. monocytogenes can invade intestinal epithelial 
cells with the help of a full-length internalin A (InlA) through either the Peyer’s 
patches, intestinal villi or goblet cells (Jacquet et al., 2004; Drolia and Bhunia, 
2019); invasion of Peyer’s patches can occur independent of an intact InlA. In 
goblet cells, L. monocytogenes can transcytose across the cell within a vacuole, and 
in some macrophages, it can multiply in spacious Listeria-containing phagosomes 
(SLAPs) (Radoshevich and Cossart, 2018). Surface located InlA and inlB bind 
to epithelial cells (E-cadherin surface receptor) and hepatocytes (c-Met surface 
receptor), respectively. 

After cell uptake, the bacterium can lyse the vacuole through the action of a 
hemolysin, Listeriolysin O (LLO), and two phospholipases, PlcA and PlcB. Once 
inside the cytosol, L. monocytogenes starts expressing the hexosephosphate 
transporter (Hpt), which enables it to make use of the sugar sources available inside 
the mammalian cell, for example, glucose 6-phosphate, thus enabling bacterial 
growth. Through the action of another virulence factor, ActA, the Arp2/3 complex 
is recruited, which results in facilitating actin polymerization and protrusion of the 
bacterium to the adjacent cell. Once there, the double membrane vacuole is lysed, 
again by the action of LLO, PlcA and PlcB (Hamon, Bierne and Cossart, 2006; 
Pizarro-Cerdá et al., 2012; Radoshevich and Cossart, 2018). Internalin C, another 
internalin in the family of about 25 internalins, appears to play a role in the process 
by allowing bacteria to more efficiently form bacteria-filled cell protrusions which 
promote bacterial spreading within infected host tissue, while internalin P (inlP), 
conserved in virulent L. monocytogenes and absent in non-pathogenic listeriae, 
appears to be critical for placental infection (Faralla et al., 2016, 2018). ActA and 
LLO also appear to be involved in L. monocytogenes replication in the placenta and 
dissemination into foetal tissues (Charlier, Disson and Lecuit, 2020). 



LISTERIA MONOCYTOGENES IN READY-TO-EAT (RTE) FOODS: ATTRIBUTION, CHARACTERIZATION AND MONITORING 56

7.6 MASTER VIRULENCE REGULATOR AND KEY 
TRANSCRIPTIONAL REGULATORS 

After host cell adhesion and uptake, the transcriptional regulator PrfA, which is a 
member of the Crp/Fnr family of regulators, as well as SigB, play a major role in 
the whole lifestyle of intracellular growth and spread (de las Heras et al., 2011). 
SigB is the regulator of general stress response, virulence and resilience (Liu et 
al., 2019). In fact, the virulence regulation of L. monocytogenes greatly depends 
on PrfA, which controls the expression of a broad array of genes, including major 
virulence factors, and is thus regarded as the L. monocytogenes master virulence 
regulator (de las Heras et al., 2011). It acts by binding as a dimer to a palindromic 
consensus binding site, known as the PrfA-box, lying upstream (~40 bp) of the 
transcriptional start sites of genes that are positively controlled by PrfA. The 
absence of a non-functional form of PrfA severely attenuates the virulence of L. 
monocytogenes in cell culture infection models. Its expression and activity appear 
to be controlled at several levels, i.e. transcriptional, post-transcriptional and  
post-translational (Radoshevich and Cossart, 2018). 

Outside the host, the expression of PrfA-regulated genes is low, but when entering 
a host, PrfA becomes activated and turns on the expression of PrfA-regulated 
virulence genes. For activation, PrfA requires binding of the cofactor glutathione. 
Glutathione binding stabilizes the DNA-binding helix-turn-helix (HTH) motif 
in a conformation compatible with DNA binding, thereby allowing transcription 
of PrfA-regulated virulence genes (Tiensuu et al., 2019; Hansen et al., 2020). In 
addition to PrfA, another key transcriptional regulator appears to be sigma factor 
B (sigB), and some type of regulatory co-operation between the two appears to be 
required for responding to environmental stress conditions and for host infection 
(Oliver et al., 2010; Gaballa et al., 2019). Many other regulators such as VirR 
(Mandin et al., 2005), Hfq (Christiansen et al., 2004) and MogR (Shen and Higgins, 
2006) also appear to contribute to a lesser extent to the L. monocytogenes virulence 
regulatory network. 

7.7 ESSENTIAL VIRULENCE FACTORS OF  
L. MONOCYTOGENES AND THEIR POTENTIAL ROLE  
IN INFORMING RISK MANAGERS

The ability of L. monocytogenes to attach, enter, multiply, spread and invade various 
human tissues and organs depends on numerous virulence factors. Current 
evidence points to the most important, these being encoded in the inlA-inlB locus 
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and in the pathogenicity islands LIPI-1, LIPI-3 and LIPI-4. It should be noted that 
expression of both the inlA-inlB locus and LIPI-1 is regulated by the transcriptional 
regulator PrfA (Quereda et al., 2019). 

7.7.1 Listeria pathogenicity island I (LIPI-1)
Pathogenicity island LIPI-1 is conserved among all pathogenic L. monocytogenes 
strains and contains key genes including prfA, plcA, hly, mpl, actA, and plcB, that 
participate in host invasion and cellular proliferation (Vazquez-Boland et al., 
2001), all of which are controlled by the main virulence activator PrfA. LIPI-1 is 
present with an identical structure in both L. monocytogenes and L. ivanovii, but 
is not present in L. innocua (except for hemolytic L. innocua) and L. welshimeri. 

7.7.2 Listeria pathogenicity island I (LIPI-3)
Listeria monocytogenes pathogenicity island 3 (LIPI-3) consists of eight genes, 
which are linked to the production of listeriolysin S (LLS) and hypervirulence. 
LLS is a post-translationally modified hemolysin that has been shown to play a 
role in the survival of L. monocytogenes in polymorphonuclear leukocytes (PMNs) 
and also to contribute to the virulence of the organism in the murine model 
(Cotter et al., 2008). However, Quereda et al. (2016, 2017) found that LLS does not 
contribute to virulence in vivo once the intestinal barrier has been crossed. Instead, 
it acts as a bacteriocin, which disrupts the intestinal microbiota, thus enhancing 
the colonization of L. monocytogenes. Since the llsX gene may be specific for L. 
monocytogenes, it can be used as a marker for the LIPI-3 pathogenicity island. 
Although LIPI-3 appears to be found only in lineage I isolates of L. monocytogenes, 
a corresponding gene cluster or its remnants has been found in a number of L. 
innocua strains (Clayton et al., 2014). 

7.7.3 Listeria pathogenicity island 4 (LIPI-4)
Maury et al. (2016) reported a newly identified pathogenicity cluster, known as 
Listeria pathogenicity island 4 (LIPI-4), which mainly includes the cellobiose-family 
phosphotransferase system (PTS) and has also been linked to hypervirulence. The 
operon contains a cluster of six genes encoding a sugar transport system involved 
in neural and placental infection. This clonal complex (CC) 4-associated PTS is 
specifically involved in the selective tropism of L. monocytogenes for the central 
nervous system (CNS) and the placenta. 

A listing of all the pathogenicity islands, along with their major virulence genes 
and association with hypo- or hyper-virulence can be seen in Table 7. 
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TABLE 7. Characteristics of the pathogenicity islands of L. monocytogenes and  
L. ivanovii

Pathogenicity 
island

Main virulence 
gene (others)

Associated with 
hypervirulence Comments 

LIPI-1 prfA, hly, plcA/B, 
mpl, actA Yes

Widely distributed 
in Lm; controlled by 
PrfA 

LIPI-2 

Encodes sphingo-
myelinase and 
numerous 
internalins

No Specific for L. ivanovii 

LIPI-3

Listeriolysin S 
(LLS); llsX, llsA, 
llsB, llsD, llsG, llsH, 
llsP, llsY

Yes

Only present in a 
subset of lineage 
I strains and some 
atypical L. innocua; 
bacteriocin that 
can alter the host 
intestinal microbiota 
and promote 
intestinal colonization

LIPI-4 

Mainly includes 
the cellobiose-
family phospho-
transferase system 
(PTS-ptsA); ptsA, 
licC, licB, licA, glvA 

Yes

Only found in some 
lineage I strains; also 
found in L. innocua 
strains; associated 
with neurolisteriosis 

7.8 GROUPINGS OF L. MONOCYTOGENES THAT COULD 
BE IMPORTANT FOR RISK MANAGERS

As L. monocytogenes is a highly heterogenous species, there are numerous 
classification schemes for the organism. In general, it can be divided into 14 
serogroups, four PCR serogroups and four evolutionary lineages (Table 8). Further 
subdivisions include sequence types (ST), clonal complexes (CC), both based on 
MLST typing, as well as sublineages (SL) and CT types based on cg-MLST methods 
using WGS. 
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TABLE 8. General classification of L. monocytogenes by various methods 

Lineage Serotypea
Examples of 
clonal complex 
(CC) types

Example 
of 
sequence 
types 
(ST)

Comments 

I 
1/2b, 3b, 
4b, 4b(V), 
4d, 4e

1b, 2b, 3, 4b, 6b

(1 and 4 most 
strongly 
associated with 
MN and CNS 
infections) 

 1, 2 
Over-represented 
among human isolates; 
CC1 – ruminant infection 

II 1/2a, 1/2c, 
3a, 3c, 4hd 9c, 121c 8, 9, 87, 

121, 155

Over-represented 
among food/natural 
envs.

III
4a, 4ab, 4b 
(atypical), 
4c 

Most isolates from 
ruminants

IV 
4a, 4ab, 4b 
(atypical), 
4c

  Rare; most isolates 
from ruminants

a  Doumith et al. (2004) established a PCR molecular serogrouping method that subdivides L. monocytogenes into four groups: I.1 
(1/2a-3a), II.2 (1/2b-3b-7), I.2 (1/2c-3c), II.1 (4b-4d-4e) and III (4a-4c). An additional PCR serogrouping profile, PCR IVb variant 1 
(IVb-v1), was discovered by Leclercq et al. (2011).

b  Hypervirulent association. 
c  Hypovirulent association.
d  Serotype 4h, HSL-II isolates are highly virulent and exhibit higher organ colonization capacities than well-characterized hypervirulent 

strains of L. monocytogenes in an orogastric mouse infection model. The isolates contain the L. monocytogenes pathogenicity island 
(LIPI)-1, a truncated LIPI-2 locus, and a unique cell wall teichoic acid structure (Yin et al., 2019). 

7.9 SEROTYPING

When L. monocytogenes first emerged as an important foodborne pathogen as 
a result of an outbreak in Canada linked to the consumption of contaminated 
coleslaw, serotype information was seen to be an important factor in the hazard 
characterization of the organism. Although there are currently 14 serotypes of 
L. monocytogenes, over 90 percent of listeriosis cases are associated with three 
serotypes, namely 1/2a, 1/2b, and 4b, with serotype 4b causing roughly over half of 
these cases. Serotyping of the organism has gradually fallen out of favour because i) 
serotype in itself is not a virulence factor, ii) the sera used to determine the serotype 
are less frequently being produced by a few commercial companies so they are 
hard to obtain and expensive, and iii) serotype is not routinely used in outbreak 
investigations due to its lack of discriminatory power. Some potential exceptions 
include i) the recent observation that a rare variant of serotype 4b, termed Ivb-v1 
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(or 4bV), has been the cause of several recent outbreaks and may be undergoing 
expansion (Leclercq et al., 2011; Burall et al., 2017); and ii) a new serotype (4h), 
belonging to the hybrid sublineage of the major lineage II (HSL-II) which appears 
hypervirulent and which in an orogastric mouse infection model exhibits greater 
organ colonization capacities than well-characterized hypervirulent strains of 
L. monocytogenes (Yin et al., 2019); and iii) molecular serotyping being used as 
a rapid system for separating the four major L. monocytogenes serovars most 
frequently isolated from food and patients (1/2a, 1/2b, 1/2c, and 4b) into distinct 
groups during an investigation, or for the management of critical control point 
for FBOs (Doumith et al., 2004). However, nothwithstanding the above, serotype 
information has limited usefulness for epidemiological surveillance, and serotype 
data alone is not sufficient for assessing the health risk of individual strains of L. 
monocytogenes.

7.10  LINEAGES

With regards to lineages, L. monocytogenes has a clonal population structure 
that is organized into four phylogenetic lineages with lineages I and II being the 
major lineages causing human illness (Nightingale et al., 2005; Maury et al., 2016). 
Differences in virulence can be observed in specific genomic lineages (Table 8). 
Historically, lineage I strains have been responsible for the majority of severe 
disease and large outbreaks, while lineage II strains have been observed mostly as 
sporadic clinical cases. While this is still the case in some regions, some countries 
are observing a trend indicating the emergence of lineage II as a significant cause 
of clinical disease cases and outbreak events (Orsi et al., 2011; Haase et al., 2014). 
While hypervirulent and hypovirulent strains of L. monocytogenes appear to 
predominantly belong to lineage I and II, respectively (Jacquet et al., 2004; Orsi 
et al., 2011; Maury et al., 2016), lineage I does include some hypovirulent strains 
characterized by inlA premature stop codons (PMSCs). 

7.11  MODIFIED VIRULENCE GENES

The presence of PMSCs in the internalin A gene (inlA) in many serotype 1/2c 
isolates of L. monocytogenes has been hypothesized to be responsible for the 
decreased incidence of listeriosis cases attributable to this serotype (Nightingale 
et al., 2008; Jacquet et al., 2004; Tamburro et al., 2010).  It should be noted that 
up to 18 different PMSCs exist in inlA (Maury et al., 2016; EFSA, 2018) and 
are common among food-related lineage II strains, while they are rare among 
lineage I strains (Ducey et al., 2007; Van Stelten et al., 2010; Maury et al., 2016). 
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Epidemiological data suggests that isolates with inlA PMSCs are > 3 log less likely 
to cause disease, as compared to strains that encode the full length InlA (Chen et 
al., 2011). This correlates with what has been observed in the past with food and 
clinical isolates of L. monocytogenes serotype 1/2c, that is, they have historically 
been found frequently in some foods, but rarely in human cases (Doumith et al., 
2004; Tamburro et al., 2010; Orsi et al., 2011). There can also be modifications in 
the internalin B gene (inlB). Both phylogenetically defined isoforms (Chalenko et 
al., 2019), deletions of greater than 100 nucleotides (Kurpas et al., 2020), as well as 
point mutations that result in nonsense mutations, have been reported (Quereda 
et al., 2019). With regards to the latter, the strain that caused the 1985 soft-cheese 
California listeriosis outbreak did have a point mutation in the inlB, a mutation 
that apparently made the strain less virulent (Quereda et al., 2019). While naturally 
occurring virulence attenuating mutations have also been reported in other genes 
(e.g., prfA, mpl), these mutations appear to be rather infrequent and hence appear 
to be less relevant from a public health perspective (Velge et al., 2007; Roche et al., 
2009; Maury et al., 2017).

7.12  SEQUENCE TYPES

With regard to sequence types (STs), many different STs have been the cause of 
foodborne listeriosis (Chenal-Francisque et al., 2011), but some have predominated, 
e.g. ST6 has been the cause of a number of outbreaks reported around the world 
(Table 9). Apparently unique hypervirulent sequence types exist in various parts of 
the world, such as has been described for ST 87 in China (Li et al., 2020) and Spain 
(Pérez-Trallero et al., 2014).

TABLE 9. Serotype, ST and CC of strains that have caused some recent outbreaks of 
foodborne listeriosis 

Country/food Serotype Clonal 
complex

Sequence 
type Year Reference

South Africa/
polony 4b - 6 2017/18 Smith et al., 

2019

Germany/
sausage - 6 2018/19 Halbedel et al., 

2020

Canada/deli 
meat 1/2a 8 120, 292 2008 Currie et al., 

2015

Canada/coleslaw  4b 1 1 1981 Schlech et al., 
1983

(cont.)
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USA/stone fruit 4b  - 382 2014 Chen et al., 
2016

USA/mung bean 
sprout 4b - 554 2014 Garner and 

Kathariou, 2016

European Union/
CS fish 8 - 2014/2019 EFSA and 

ECDC, 2019a

European Union/
RTE meats
European Union/
frozen corn

4b
4b

-
-

6
6 2017/19

EFSA and 
ECDC, 2019b
EFSA and 
ECDC, 2018b

Spain/RTE meat 4b 388 388 2019

M. Medina, 
personal 
communication, 
2020

Switzerland/
meat pate 4b 6 2016 Althaus et al., 

2017

USA/hot dogs 4b 6 - 1998/99 CDC, 1998

USA/mushrooms 7 7 2019
CDC, personal 
communication, 
2020

USA/eggs 155 372 2019
CDC, personal 
communication, 
2020

USA/deli meat/
cheese 321 2041 2019

CDC, personal 
communication, 
2020

Denmark/
smoked fish (2 
outbreaks)

1/2a
4b

-
-

391
6

2013/15 
2013/15

Gillesberg 
Lassen et al., 
2016

7.13 CLONAL COMPLEXES

A clonal complex or CC is defined by a 7-locus MLST scheme and consists of 
a group of strains whose STs differ by no more than one allele from at least one 
other ST in the group. MLST-based classification into CCs allows for definition of 
subgroups within lineages. Chenal-Francisque et al. (2015) genotyped 300 isolates 
from 42 countries on five different continents and found that the strains represented 
111 STs which grouped into 17 CCs, showing the existence of a few prevalent and 
globally distributed clones. In general, there appear to be three distinct patterns 
among all the major L. monocytogenes clones (Maury et al., 2019): 
• clones that are host associated, highly prevalent in dairy products, exhibiting 

a low adaptation to food production environments and rarely harbouring 
benzalkonium chloride tolerance genes (i.e. CC1 and CC4);
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• clones with low adaptation to the host, but that persist efficiently in  
food-production environment, possibly aided by reduced sensitivity to 
disinfectants (biocides) due to a high prevalence of benzalkonium chloride 
tolerance genes (i.e. CC9 and CC121). The co-selection of tolerance to 
disinfectants (e.g. quaternary ammonium) used in the food-processing 
industry and resistance or altered susceptibility to some antibiotics (e.g. 
ciprofloxacin, gentamicin, amoxicillin) upon exposure of L. monocytogenes to 
antimicrobial agents may lead, inadvertently, to emerging and underestimated 
issues in food safety and public health with a concomitant increased risk of a 
poor disease outcome; and

• intermediary clones that may be in the process of transitioning from  
host-associated to saprophytic lifestyles through the loss of virulence and/or 
the acquisition of genes involved in tolerance to disinfectants (i.e. CC2 and 
CC6).

Clonogrouping is a PCR-based method that can be used to determine the main 
useful CCs, without the need for sequencing (Chenal-Francisque et al., 2015). 

7.13.1 Hypervirulent clonal complexes
The major hypervirulent clonal complexes, for example, CC1, CC4 and CC6, are 
strongly linked to clinical human and animal origins and appear to be associated 
with dairy products (Maury et al., 2019). In general, the hypervirulent CCs 
(including CC1) appear to be better colonizers of the gut lumen and tissue than 
hypovirulent clones appear to be. CC1 in particular appears to be better adapted 
for within-host survival, persistence and faecal shedding. The better growth of the 
hypervirulent clones at 37 °C in the presence of salt, as compared with hypovirulent 
CCs, may account in part for the greater gut colonization capacity of hypervirulent 
CCs. This classification of hypovirulent and hypervirulent clones could help FBOs 
and risk managers take rapid action in the case of a food recall or a listeriosis 
outbreak. 

Novel hypervirulent sublineages, isolated from listeriosis in goats, have recently 
been described. The isolates harbour both the L. monocytogenes LIPI-1 and a 
truncated LIPI-2 locus, encoding sphingomyelinase (SmcL), as well as other 
non-contiguous chromosomal segments from L. ivanovii. Interestingly, they also 
exhibit a unique wall teichoic acid structure essential for resistance to antimicrobial 
peptides, bacterial invasion and virulence (Yin et al., 2019). 
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7.13.2 Hypovirulent clonal complexes
Hypovirulent clones usually contain a premature stop codon in one or more 
virulence factors, by far most commonly in inlA. These clones appear to be adapted 
to food-processing environments and have a greater prevalence of stress resistance 
and benzalkonium chloride tolerance genes and thus may show improved greater 
survival in the presence of sublethal concentrations of benzalkonium chloride. As 
a result, surface disinfection using benzalkonium chloride may actually provide 
hypovirulent CCs with a survival and/or growth advantage, favoring their greater 
persistence on surfaces or equipment treated with the chemical (Maury et al., 2019). 
Examples of hypovirulent CCs include CC9 and CC121. The ST121/CC121 strains, 
which are among the most frequently found in food and the food-processing 
environment, contain a novel stress survival islet SSI-2, which supports survival 
under alkaline and oxidative stress conditions. In fact, ST121 strains have been 
reported to persist for months and even years in food-processing environments 
(Harter et al., 2017).

7.14  EPIDEMIC CLONES

For L. monocytogenes, epidemic clones or ECs have been defined as i) a group of 
isolates that are genetically related and presumably of a common ancestor but are 
implicated in different geographically and temporally unrelated outbreaks, and ii) a 
clonal group that has been associated with more than one outbreak. Currently, ECs 
are defined mostly on the basis of multivirulence-locus sequence typing (Chen, 
Zhang and Knabel, 2007). The breakdown of ECs is as follows:
• ECI, ECII and ECIV – serotype 4b 
• ECIII, ECV, ECVII – serotype 1/2a
• ECVI – serotype 1/2b

However, it should be noted that Cantinelli et al. (2013) found that using ECs 
to classify outbreak strains of L. monocytogenes is largely redundant and not as 
comprehensive as using MLST-defined clones. Therefore, we feel that providing EC 
information to risk managers would not be very informative.
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7.15  SUBTYPE SPECIFIC RISK ASSESSMENTS AND 
VIRULENCE RANKING OF L. MONOCYTOGENES

One can use all of the above information to devise a comparative health risk 
evaluation of different strains of L. monocytogenes that can help to inform 
risk managers. A proposed ranking of the virulence of invasive strains of L. 
monocytogenes according to their lineage, possession of pathogenicity islands and 
whether or not they possess a full length or truncated internalin can be seen in 
Table 10. In addition, the potential advantages and disadvantages of using such a 
subtype specific risk assessment scheme are discussed in Table 11. 

TABLE 10. Proposed virulence ranking of L. monocytogenes relevant to invasive 
listeriosis 

Group Description
Notes/confidence 
in classification 
rank

Examples of 
specific STs 
(and CCs)

Identification 
method

1
Lineage I strains with 
LIPI-1, 3 or 4 with a full 
length InlA

High confidence in 
classification, as 
most strains are 
virulent

ST1, ST3, ST4, 
ST5, ST6, ST73, 
ST87, ST54, 
ST619
(CC1, CC3, CC4, 
CC5, CC6, CC54, 
CC87)

(i) LIPI-1, 3, 
and 4 multiplex 
PCR; (ii) 
hly/lisS/pts 
multiplex PCR
iii) WGS 

2

Strain of any lineage 
with (i) complete and 
functional LIPI-1 and 
(ii) full length InlA 
(excluding strains in 
group 1)a,b 

Could subgroup 
into 2a, 2b, and/or 
2c (pending data 
on dose-responses 
for these groups)

ST1, ST3, ST4, 
ST5, ST6, ST73, 
ST7, ST8, ST9, 
ST37, ST87, 
ST101, ST121, 
ST155, ST204, 
ST1002
(CC1, CC3 -7, 
CC9d, CC37, 
CC54, CC87, 
CC155, CC204) 

hly and inlA 
SNP assay (or 
WGS)

3
Any L. monocytogenes 
strain with a truncated 
InlAc 

ST8, ST9, ST121
(CC8, CC9d, 
CC121)

hly and inlA 
SNP assay (or 
WGS)

a Risk managers may decide to include L. innocua with an intact LIPI-1 and an intact inlAB in group 2.
b Group 2 could potentially be subdivided into (i) Lineage I with a full length InlA; (ii) Lineage II with a full length InlA; and (iii) Lineages 

III and IV with a full length inlA; however, we are not aware of data that could be used to generate specific dose-response curves for 
each of these groups.

c Position and nature of the premature stop codon that leads to InlA truncation may affect virulence and strains with certain premature 
stops codons (such as those likely to revert to genes encoding full length InlA or those located in the 5’ end) which could potentially be 
included in group 2; these strains are not necessarily avirulent.

d Some CCs (e.g. CC9) include strains both with and without a premature stop codon that leads to InlA truncation, and this may be listed 
in group 3 as well as in group 2. 
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7.16 SUMMARY AND CONCLUSIONS

It is well recognized that almost all cases of listeriosis result from the consumption 
of a food containing high levels of L. monocytogenes. As such, control measures 
that prevent the occurrences of high levels of contamination at consumption have 
the greatest impact on reducing the rates of listeriosis. In fact, the vast majority of 
cases of listeriosis cases are associated with the consumption of foods that do not 
meet current Codex standards for L. monocytogenes in foods, whether the standard 
is “zero tolerance” (that is, not detected) or 100 CFU/g of L. monocytogenes (five 
samples for both). Most regulatory authorities globally would take action when 
finding any L. monocytogenes in an RTE food that supports growth, regardless of 
its strain characteristics. 

In terms of genotypic/phenotypic markers of virulence, serotyping has limited 
value as a marker, and many developed countries are not doing classical serotyping 
anymore. Currently, the potential risk of a particular strain of L. monocytogenes 
causing severe illness in humans resulting from the consumption of food containing 
L. monocytogenes can be predicted using a combination of factors which could 
include i) molecular serotyping, ii) pathogenicity islands and their virulence genes 
(including presence of premature stop codons in virulence genes), iii) lineage, iv) 
sequence type, v) clonal complex type, vi) complex type based on WGS, and vii) 
host susceptibility. All of these factors can easily be deduced in-silico from the 
genomic sequence of the strain.

Currently, determining a subtype, although important, does not influence 
regulatory decision-making. However, we are proposing that a virulence ranking 
of L. monocytogenes obtained by determining and analysing subtyping data 
could be informative to improve risk assessments and thus make for better and 
more informed risk management decisions. However, after considering all the 
advantages and disadvantages of using a subtype specific risk assessment scheme, 
it is recommended that the control of L. monocytogenes globally should continue 
to use an approach that does not consider subgroups (ST/CC) of L. monocytogenes 
but allows risk managers in some countries to use L. monocytogenes subtype 
information to inform risk management. As we learn more about the key virulence 
factors/markers in L. monocytogenes, how they function and how they are 
controlled, and as WGS becomes more widely used by member countries around 
the world, regulatory authorities may be able to use this information to make better 
risk management decisions, particularly since such additional information can be 
obtained by accessing public L. monocytogenes genetic sequence databases that 
exist worldwide.
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Some hypothetical example scenarios where using this approach could be beneficial 
are presented below. The examples below are more pertinent for those member 
countries who do not have a “zero tolerance” for all foods. 

Example 1

SITUATION: L. monocytogenes is found in an RTE food that is characterized as not 
allowing greater than 100 CFU/g of L. monocytogenes at the end of shelf-life. The 
levels of L. monocytogenes are tested and found to be about 90 CFU/g. The strain 
is identified as a serotype 4b, belonging to lineage I, CC1, and it contains the LIPI-
1, LIPI-3 and LIPI-4 pathogenicity islands, i.e. a potentially hypervirulent strain. 

DECISION: RECALL/WITHDRAW OR NOT? POTENTIAL DECISION: RECALL/
WITHDRAW 

RATIONALE: The hypothetical strain that has been found is thought to be 
hypervirulent. Even though L. monocytogenes will not grow to greater than  
100 CFU/g in this particular RTE food, and the tested levels confirm this, competent 
authorities may decide that the risks are too great in this situation and recall the 
food from the marketplace. 

Example 2

SITUATION: L. monocytogenes is found in a low moisture food at levels slightly 
greater than 100 CFU/g. It is found to be a serotype 1/2c, lineage II strain, which 
has a truncated internalin and is therefore hypovirulent. 

DECISION: RECALL/WITHDRAW OR NOT? POTENTIAL DECISION: NO RECALL/
WITHDRAWAL

Further question: Does the decision change if targeted to at-risk populations?

RATIONALE: The hypothetical strain that has been found in the LMF is known 
to be hypovirulent. Even though the levels are just above 100 CFU/g, competent 
authorities may decide that the risk is worth taking because it is an LMF in low 
supply and it is a staple food in the country. 

If the food was specifically targeted to at-risk populations, e.g. hospitalized 
individuals, the risk level would increase to the extent that the competent 
authorities decide that the risk is too great and they recall the food from the 
marketplace. 
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7.17 RECOMMENDATIONS 

• Key new information has emerged on L. monocytogenes virulence differences 
that should be considered in future L. monocytogenes risk assessments, as well 
as in L. monocytogenes risk management. 

• However, considering all the advantages and disadvantages, L. monocytogenes 
control globally should continue to use an approach that does not consider L. 
monocytogenes subgroups, while allowing risk managers in some countries to 
use L. monocytogenes subtype information to inform risk management. 

• Although the food matrix and its previous supply-chain environment could 
influence the expression of L. monocytogenes virulence genes, we feel that 
there is not enough data to include this as a variable in dose-response models. 

• Parameters for the dose-response relationship for L. monocytogenes need to 
be updated. 

• A separate advisory group should be tasked with deciding whether the current 
exponential dose-response model for L. monocytogenes is still adequate.

Example 3

SITUATION: An atypical strain of L. innocua is found in an RTE food supporting 
growth of Listeria at levels less than 100 CFU/g. It is found to be hemolytic and 
contains a full LIPI-1 pathogenicity island.

DECISION: RECALL/WITHDRAW OR NOT? POTENTIAL DECISION: RECALL/
WITHDRAW

RATIONALE: Since this is a food that can support the growth of L. innocua and it 
appears to contain some virulence factors characteristic of L. monocytogenes, the 
risk competent authorities may decide that even though L. innocua is normally 
considered non-pathogenic, in this case it has some characteristics of the 
pathogen L. monocytogenes and the risk is too great, and thus they would recall 
the food from the marketplace.

Example 4

SITUATION: A strain of L. ivanovii is found in an RTE food supporting its growth. It 
is found to be present at levels of 106 CFU/g. 

DECISION: RECALL/WITHDRAW OR NOT? POTENTIAL DECISION: RECALL/
WITHDRAW

RATIONALE: This is a food that can support the growth of L. ivanovii, and this 
species, although not a common cause of human disease, has caused the 
occasional human illness. Levels of 106 CFU/g also signify that something went 
wrong, and either there were supplier issues or inadequate GMPs in the plant. 
Thus, in this case, the competent authorities decide that the risk is too great for 
the public and do a recall. 
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8
8. Exposure assessment

8.1 NEW TRENDS AND INFORMATION SINCE THE LAST 
MICROBIOLOGICAL RISK ASSESSMENT IN 2004

The FAO/WHO Risk assessment of L. monocytogenes in RTE foods (MRA 5) (FAO 
and WHO, 2004a, 2004b) did not consider the full production to consumption 
continuum but focused on the retail to consumption stage. The assessment focused 
on four RTE products, which differed in their ability to sustain the growth and/or 
the presence of a CCP for the control of L. monocytogenes; cold-smoked salmon, 
pasteurized milk, ice cream and fermented meats are examples. 

The following section pertains to factors warranting updates to the exposure 
assessment with a focus on new information about the prevalence and growth 
potential in different types of food, as well as on biological strain diversity within 
L. monocytogenes and the possible contribution of these factors to the risk of 
exposure. 

Since the publication of the FAO/WHO MRA 5 in 2004, outbreaks of listeriosis 
have occurred in a range of products not previously thought to be at-risk products. 
Examples include cantaloupe or rock melon, caramel apples, frozen peas and corn, 
and produce and ice cream used in milk shakes. The ability of the bacterium to 
grow in RTE foods during storage is one of the most important determinants of 
risk as shown in Table 12 (see also Chapter 7 Hazard characterization). 
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TABLE 12. Assessment of potential L. monocytogenes exposure as influenced by 
consumption habits, growth potential of the bacterium, risk per serving and prevalence 
of the bacterium in different types of RTE foods with a special focus on produce.

Product Consumption
Growth and/
or survival 
potentiala

Risk per 
serving Prevalence Example of foods/

characteristics

Milk +++ +++b + - Pasteurization

Ice cream +++
0/+++ if 
stored at 

 > 0°C
- -

Frozen storage 
(unintended 
refrigerated 
storage)

Fermented 
meat + - - +++ Summer sausage 

RTE seafood + +++ +++ +++

Cold-smoked 
salmon, gravid 
fish, shrimp, 
formulation not 
inhibitory

Cold-cut meats +++ +++ +++ +++

Ham, pastrami, 
cured beef, 
formulation not 
inhibitory

Soft cheeses 
surface ripened 
with mould

++ +++ - ++ Brie, camembert

Unripened soft 
cheeses + +++ + ++ Hispanic style, 

queso fresco

Soft cheeses
(blue veined) + +/+ - + Blue cheeses

Leafy greens +++ + (whole)/++ 
(cut) - -/+

Arugula, iceberg, 
lettuce, endive, 
spinach, kale

Cut vegetables ++ 0/+ - - Carrots, celeriac, 
onions

Uncooked 
vegetables ++ ++ - +

Peppers, bean 
sprouts, avocado, 
broccoli, white 
cabbage, 
cauliflower, 
cucumber, celery

Fungi ++ ++ - + Mushrooms, enoki

Composite RTE 
salads +++ ++ - +

No added 
mayonnaise/
dressing

Frozen 
vegetables +

0/++ if 
stored at  

> 0°C
- + Corn (cooked), 

peas (blanched)

(cont.)
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Fruits (pH  
≥ 4.5) ++ ++ - +

Melons 
(cantaloupe/rock, 
honeydew, water)

Fruits (pH  
< 4.5) ++ 0/+ - +

Strawberries, 
raspberries, pears, 
apples, grapes

a  Growth within the shelf-life (information based on Beuchat et al. 2002; Hoelzer et al., 2012b; Lokerse et al., 2016; Marik et al., 2020; 
Mejlholm et al., 2010; Oladimeji et al., 2019; Østergaard et al., 2014; Zeng et al., 2014; Ziegler et al., 2019). 

b  Legend for growth potential: 0 – no growth, + up to a 0.5 log increase, ++ up to a 2-log increase, +++ more than a 2-log increase. 
c  The risk per serving is indicated as either high risk (+++), moderate risk (+), or low risk (-) (FDA/FSIS, 2003). 

In many types of RTE produce, the growth potential of L. monocytogenes is minimal 
with the bacterium being unlikely to reach high levels that pose a significant risk 
before the product has spoiled. This inhibition or competition from the endogenous 
spoilage microbiota that decreases the growth rate and/or maximum population is 
known as the Jameson effect (Ross et al., 2000). However, the role of the indigenous 
or background microflora in reducing the growth potential of L. monocytogenes 
remains to be fully elucidated and can vary with food type. 

8.2 ENVIRONMENTAL FITNESS

Since the FAO/WHO risk assessment on L. monocytogenes in RTE foods in 2004, 
substantial progress has been made in quantifying the growth limits or boundaries 
for L. monocytogenes in regard to various intrinsic parameters including pH, aw, 

organic acids, salt, nitrate, phenolics, and smoke compounds. Some of the cardinal 
parameters, which can be used to characterize L. monocytogenes growth, are shown 
in Table 4, Section 5.3.2. 

The field of predictive modelling has led to the development of publicly available 
software such as the Food Spoilage and Safety Predictor (FSSP) (http://fssp.food.
dtu.dk/Help/Index.htm), which considers up to 14 different parameters related to 
the characteristics of the food (pH, salt, organic acids, nitrite, temperature, and 
so on) including a model for the interactions between lactic acid bacteria and 
L. monocytogenes. These models have been validated for RTE meat and seafood 
products (Mejlholm et al., 2010) as well as cottage cheese (Østergaard et al., 2014). 
An expanded version of FSSP is expected in 2021 that will include additional cheese 
products. However, currently no models are available to accurately predict the 
growth of L. monocytogenes in RTE produce or composite RTE salads made from 
combinations of vegetables, leafy greens, meat and seafood. Another useful tool for 
predictive modelling is the ComBase Predictive Models, which are a collection of 
software tools based on a very large amount of data, which can be used to predict 
the growth or inactivation of microorganisms as a function of environmental 

http://fssp.food.dtu.dk/Help/Index.htm
http://fssp.food.dtu.dk/Help/Index.htm
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factors such as temperature, pH and water activity in broth. These models can help 
to inform the design of food safety risk management plans and assess potential 
microbiological risks in food (https://www.combase.cc/index.php/en/).

8.3 STRAIN DIVERSITY

Listeria monocytogenes strains, which have significantly different growth potential 
or tolerance to stress conditions including biocides, may select for their survival 
and dominance in environmental niches (Abee et al., 2016). These strains are now 
receiving increasing attention, with their environmental fitness being one of the 
explanations for the long-term persistence of certain clones or types in factory 
environments (Ferreira et al., 2014; Stoller et al., 2019). 

In the context of exposure assessment, better survival and/or growth potential may 
translate into greater numbers of L. monocytogenes being present in RTE foods at 
the time of consumption. Table 13 below lists some of the environmental factors 
for which strain dependent variations have been examined.

TABLE 13. Examples of studies of naturally occurring strain diversity in tolerance to 
environmental stress factors

Factor

Diversity 
(increased 
growth/survival/
tolerance)

Reference

Extrinsic
Low temperature 
< 5 °C

Absence of 
PMSCsa in sigB 
operon, full 
length inlA, lower 
motility

Cordero et al., 2016; 
Hingston et al., 2017

Intrinsic

Salt (osmotic)

Full length inlA, 
CC2 and CC11 
more tolerant to 
6% salt, lineage 
I more tolerant 
to 9% salt than 
lineage 2

Hingston et al., 2017;
Aalto-Araneda et al., 
2020

pH
SSI-1, mutations 
in rpsU, plasmid 
harbourage, 

Ryan et al., 2010; 
Metselaar et al., 2015; 
Hingston et al., 2017

aw

Absence of 
PMSCs in sigB 
operon

Hingston et al., 2017

Nisin
Mutations in 
rsbU, pbpb3 
(lmo0441)

Wambui et al., 2020

(cont.)

https://www.combase.cc/index.php/en/
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Environmental

Benzalkonium 
chloride (QAC)

ermC (pLMST6), 
qacH-Tn6188, 
brcABC, qacC

Hurley et al., 2019; 
Kropac et al., 2019; 
Stoller et al., 2019

Heat Mutations in 
rpsU, ctsR Den Besten et al., 2018

High pressure 
processing Mutations in ctsR Van Boeijen et al., 2010

a Premature stop codons. 

Increased stress resistance generally comes with a trade-off where the variant 
will exhibit a slower growth rate under non-stress conditions. Since predictive 
microbiology models assume that all L. monocytogenes strains have the same 
“average” tolerance (± some variations), more research is clearly needed to 
determine if the models should include terms that account for stress variant 
strains, including integration of strain genetic information in the exposure and 
risk assessment (Fritsch et al., 2018; Njage et al., 2020). 

8.4 CONCLUSION AND RECOMMENDATIONS

In the FAO/WHO MRA5 report (FAO and WHO, 2004b), a retail-to-consumer 
risk assessment was done for milk, frozen ice cream, fermented meat, and cold 
smoked salmon. Since fresh produce is only minimally processed and has been 
increasingly involved in foodborne outbreaks, we recommend that production to 
consumption risk assessments be considered for these types of products. Based 
on our discussions and new knowledge about L. monocytogenes prevalence, 
growth, new dose-response, other factors of importance for growth or survival and 
outbreaks of L. monocytogenes, the expert group recommends that the following 
produce types be chosen as the focus for the next risk assessment(s):
• leafy greens
• cantaloupe/rock melon 
• frozen vegetables (e.g. peas, corn)

One could also consider updating the risk assessment done on RTE seafood 
that allows for the growth of L. monocytogenes in salmon or halibut, e.g. gravid  
(sugar-salt marinated). 

Nonetheless, it is hypothesized that the main issue remains L. monocytogenes 
colonization of the processing environment due to poor sanitation and lack of 
hygienic design. There may also be a climate change dimension that needs to be 
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included in future Listeria risk assessments that incorporate the production to 
consumption continuum.

New information is appearing regarding strain variants, where the genetic make-up 
confers enhanced tolerance to disinfectants, low water activity, heat, or increased 
growth rates at low temperatures compared to other strains. Whether these variants 
have an advantage in the food ecosystem or niche depends on correlations among 
the different food stress factors encountered. These variations in growth or survival 
appear to be complex and are presently poorly understood, making their inclusion 
in risk assessments and risk management decisions difficult. Continued research 
should help to determine if inclusion of these strain variants is warranted in future 
Listeria exposure models.

Lastly, it should be noted that discussions of factors warranting updates to the 
exposure assessment focused on new information about the prevalence, growth 
potential in different types of food as well as on biological strain variability within 
L. monocytogenes and on the possible contribution of these factors to the risk of 
exposure. It is a clear limitation that the impact of dietary or consumer habits 
on the potential exposure to L. monocytogenes was not covered. Future exposure 
assessments should examine this limitation as well as some of the considerations 
raised in Chapter 9 of this report. 



76

9
9. Other considerations

To reduce foodborne listeriosis, risk communication strategies must be developed 
to clearly communicate risk factors associated with product storage, shelf-life and 
appropriate consumption of RTE foods by at-risk consumers. Effective messaging 
that targets pregnant women has been achieved, but how can effective public health 
messaging be targeted to other groups at risk? Quantitative modelling by EFSA 
(2018) suggested that more than than 90 percent of cases of invasive listeriosis were 
caused by the ingestion of RTE food containing > 2 000 CFU of L. monocytogenes/g, 
and that one-third of the cases are due to growth of L. monocytogenes in the 
consumer phase. 

EFSA recommends a focus on strategies that increase awareness of listeriosis 
and encourage appropriate food handling among susceptible at-risk populations. 
Recent outbreaks in the United States of America and Europe have shown an 
increase of listeriosis in older adults (> 60 years of age). Behavioural risk factors 
identified in older adults included a lack of adherence to use-by dates and 
ineffective refrigerated storage of RTE foods. Targeted messaging specifically for 
older consumers is recommended (Evans and Redmond, 2014). Additionally, data 
specific to older adult risk factors associated with listeriosis are lacking and require 
further identification. For instance, Kvistholm Jensen et al. (2017) examined the 
use of proton pump inhibitors (PPIs) among individuals in Denmark. Following 
adjustment for comorbidities and additional confounding variables, a 2.8-fold 
increased risk for listeriosis risk was found to be associated with the use of PPIs.
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Gillespie et al. (2010), in an examination of cases of listeriosis in England occurring 
between 2001 and 2007, found an association with neighbourhood deprivation. For 
all patient groups, listeriosis incidence was highest in the most deprived areas of 
England when compared with the most affluent, and those with cases of listeriosis 
were more likely to purchase foods from convenience stores or from local services 
(bakers, butchers, fishmongers and greengrocers) in comparison with the general 
population. When patient age was available for non-pregnancy associated cases,  
76 percent of the cases were aged 60 years or older. With increased life expectancy and 
rising food prices, food insecurity could become an increasingly important driver 
for foodborne disease generally, and listeriosis specifically, in the future.

Newsome et al. (2014) examined applications and perceptions of date labelling 
of food from a global perspective. The many variations in date labelling (use by, 
consume by, best before, expires on) contribute to confusion and misunderstanding 
regarding how the dates on labels relate to food quality or safety. This confusion and 
misunderstanding were found to be significant contributors to food waste. In the 
United States of America, it is estimated that 90 percent of Americans prematurely 
discard food, and as much as 40 percent of the United States of America’s unused 
food supply is discarded annually due to confusion regarding food date labels. 
Efforts to provide education regarding the meaning of date labelling terms, the 
importance of shelf-life limitation for some products, and temperature control, 
availability and understanding of food storage guidance, as well as safe handling 
methods could significantly impact not only a reduction in food waste, but also 
improved food safety. 

Individuals who may be susceptible to listeriosis due to age, pregnancy or 
immunosuppressive conditions should be advised to avoid high-risk foods such 
as raw milk soft cheeses and instead seek lower risk alternatives. In the case of 
frozen, non-RTE vegetables, adherence to package instructions for cooking at 
recommended temperatures prior to consumption is important, and consistency in 
label instructions may improve adherence to recommended guidance. Consumer 
interest in high quality nutritious foods to support a healthy lifestyle has resulted 
in increased consumption of produce and concomitant exposure to Listeria. Fresh 
produce has emerged as a major source of foodborne illness outbreaks linked to 
L. monocytogenes, and thus public health risk communication messaging should 
make the public aware of this, while still stressing the importance of produce as 
part of a healthy diet. 

Additional factors that might influence the risk of listeriosis could also be related 
to i) social, administrative, and economical issues; ii) access to healthcare and 
surveillance of infectious diseases; iii) behavioral and cultural factors; iv) burden 
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of other diseases or underlying health issues; and v) other factors. It should also be 
noted that in some countries, foodborne illnesses such as listeriosis may not be a 
priority, but this does not mean that they should be neglected. Examples related to 
factors that could directly or indirectly influence the risk of listeriosis are provided 
in Table 14. 

TABLE 14. Other considerations for future work and research – additional factors that 
might influence the risk of listeriosis in low- and middle-income countries (LMICs)

Additional factors that 
might influence the risk of 
listeriosis in LMICs

Examples

Social, administrative and 
economic issues

• Unstable political conditions leading to lack of basic 
services and/or food

• Economic issues leading to lack of basic services and/
or food

• Censorship of health data: gaps in the information of 
the true burden of listeriosis, causing this illness to be 
neglected resulting in non-existent or insufficient work 
on risk communication, surveillance, notification of 
cases, etc.

• Immigration, potentially leading to a lack of access to 
food and basic hygiene due to the precarious situation 
of this population and their habitats 

• Difficulties in the diagnosis of listeriosis due to lack 
or cost of laboratory supplies and/or equipment for 
detecting L. monocytogenes

Access to healthcare and 
surveillance of infectious 
diseases

• Access to healthcare

• Weak or non-functional healthcare systems

• Lack of medical supplies

• Non-existent or incomplete surveillance programme 
(where the actual burden of listeriosis is unknown)

Behavioral and cultural 
factors

• Consumption of high-risk foods as part of the local 
culture (unpasteurized milk or dairy products, for 
example)

• Traditions or rituals involving consumption of 
potentially high-risk foods (such as raw meats) 

• Religious beliefs

Burden of other diseases or 
underlying health issues

• HIV

• Tuberculosis

• Malnourishment

• Diabetes

• Treatments for chronic diseases

• Untreated underlying diseases

Other factors

• Lack of information about the burden of listeriosis

• Access to sanitation

• Access to clean water for drinking and cooking
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10. Overall conclusions

10
Overall conclusions for each of the Chapters are summarized below. In addition, 
examples from literature for seven important foodborne listeriosis outbreaks linked 
to dairy, produce and meat products were also developed by the expert group, and 
details on the key learnings from these outbreaks are provided in Annexes A1.1 to 
A1.8. 

10.1 SOURCE ATTRIBUTION AND BURDEN OF DISEASE

The global burden of foodborne disease associated with listeriosis

• The WHO FERG estimated that data on the burden of listeriosis in 2010 
represented only 48 percent of the world’s population. Some individual 
countries have estimated their own burden of listeriosis, but these studies were 
limited to high-income regions. 

• The incorporation of new data on the incidence of invasive and, if available, 
feasible and appropriate, non-invasive forms of listeriosis in LMICs (Africa, 
Latin America, South Asia), through a systematic review of peer-reviewed 
studies and national surveillance, would make these estimates more globally 
representative and more precise.  

• The relevance of gastroenteritis on the listeriosis burden of disease is not fully 
understood but is currently considered to be minimal compared to invasive 
listeriosis. 
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• At this point we do not recommend surveillance for gastrointestinal listeriosis. 
Instead, focus should be restricted to the development and implementation of 
effective surveillance systems for invasive listeriosis.

Source attribution of foodborne listeriosis

• Several national listeriosis source attribution studies have been reported using 
various methods (e.g. expert opinion, genomic data analysis, risk assessment). 
These studies are, however, limited to high-income regions, and no global 
listeriosis source attribution study exists to date. 

• The expert group underlined the necessity for having a harmonized food 
classification scheme (ontology) at the international level for the categorization 
and typing of foods considered in source attribution studies.  

• Source attribution studies based on systematic reviews of outbreak data and 
case-control data of sporadic cases should be set up at the global level.  

• The public health impact and the number of listeriosis cases occurring in 
countries are much larger than the major outbreaks alone. Outbreaks can 
give useful information and learning opportunities, but many sporadic cases 
are still occurring due to the consumption of contaminated RTE foods. 
More outbreaks, some due to novel foods, can and will be detected, but these 
outbreaks will still comprise the minority of all cases. 

• However, to the extent that sporadic cases are transmitted by the same types of 
foods associated with outbreaks, outbreak investigations that lead to enhanced 
regulatory and food industry controls can be expected to reduce or control the 
incidence of listeriosis. 

Susceptible populations

• We recommend that public risk communication focus on informing identified 
risk groups about their relative susceptibility as well as about foods that carry 
a particularly high risk of containing L. monocytogenes. 

• Based on susceptibility, consideration should be given to a dose-response 
model for the three main subpopulations: 
 ȧ less susceptible subpopulation (i.e. the general population under 65 years 

old with no known risk factors for listeriosis or comorbidities); 
 ȧ susceptible subpopulation:  pregnant women and their newborns  as well 

as adults aged 65 or older; and
 ȧ very susceptible subpopulation (for example, people with weakened 

immune systems such as HIV-infected individuals, cancer patients and 
organ transplant patients). 
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• There is a need to update the relative values for risk factors and comorbidities 
used in dose-response models, based on recent large cohort studies, newly 
recognized risk factors (high fat diet, etc.) and data collected from global 
burden estimates. 

10.2  MONITORING

• Internationally, microbiological criteria for L. monocytogenes are either based 
on a “zero tolerance” (not detected in the sample tested) approach in RTE foods 
that support the growth of L. monocytogenes or on an approach that permits 
low levels in those foods that do not support the growth of the organism.

• Monitoring of finished products performs a verification role but provides only 
limited assurance of the safety of an RTE food.

• Scientific evidence demonstrates that the majority of the effort should be 
focused on the proactive management and control of L. monocytogenes by 
implementing a comprehensive food safety management system (FSMS). A 
key component of such a programme is rigorous environmental monitoring to 
assess incursions and the ongoing presence of Listeria spp. in food-processing 
facilities, especially in those zones in close proximity to food-contact surfaces.

• Food businesses should adopt a risk-based approach which incorporates 
effective process control, environmental monitoring, and appropriate final 
product testing to manage potential risks.

• Regulatory agencies are encouraged to use a combination of finished product 
testing and environmental monitoring to verify proper implementation of L. 
monocytogenes control strategies by food businesses.

• Best practices involve subtyping (preferably WGS) of L. monocytogenes isolates 
obtained through monitoring and surveillance to support the creation of 
databases of human, food and environmental isolates. WGS of isolates assists 
with tracking and tracing outbreaks, can assess the potential for virulence, 
and determine whether strains have established residence in food-processing 
facilities.

Monitoring and surveillance: how it is done, by whom and at what frequency
• The approach varies between countries, with the CAs in some jurisdictions 

actively monitoring L. monocytogenes in RTE foods, while others evaluate 
company monitoring through audit processes. 

• Where RTE food is found to exceed microbiological limits, a recall is typically 
required. However, in some countries, the confirmation of L. monocytogenes 
on food contact surfaces can also be a reason to initiate a recall.
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• Regulatory strategies should encourage aggressive environmental monitoring 
to eliminate sources of L. monocytogenes. Microbiological criteria (for 
example, zero tolerance) can negatively impact the implementation of FSMS 
and particularly the way environmental monitoring programme are employed 
and reported. 

Other issues: reflections on issues raised in examples from literature – poli-
tics, health care and resources, labelling (especially for frozen food that is to 
be cooked and may be consumed raw)
• Risk reduction is the responsibility of the food industry, governments and 

consumers.
• Modelling scenarios for the production, handling and consumption of RTE 

foods such as melons and deli meat could reveal potential areas where public 
health improvements could be made. 

• The emergence of fresh produce as an important source of foodborne 
listeriosis has now become a global public health problem which may require 
consideration of risk communication to the public. This could include, for 
example, that high-risk groups i) need to pay attention to date labelling on 
fresh-cut packaged leafy greens; ii) should not eat raw or lightly cooked 
sprouts of any kind; and iii) should eat cut melon right away or refrigerate it 
and should discard cut melons left at room temperature for more than four 
hours.

• Education to consumers about the safety of produce, especially for those who 
are most at risk, should include other produce such as frozen vegetables that 
are sometimes consumed without further heating.

• Additional factors that may influence the risk of listeriosis in certain regions 
of the world, such as LMICs, include (i) social, administrative, and economic 
issues; (ii) access to healthcare and surveillance of infectious diseases; 
(iii) behavioural and cultural factors; and (iv) burden of other diseases or 
underlying health issues.

• In order to reduce foodborne listeriosis, risk communication strategies 
must be developed to clearly communicate risk factors associated with food 
storage, shelf-life, and appropriate consumption of RTE foods by vulnerable 
consumers. 

• The provision of targeted education regarding the meaning of date labelling 
terms, the importance of shelf-life limitation for some products, temperature 
control, availability and understanding of food storage guidance as well as safe 
handling methods will improve food safety and could significantly reduce 
food waste. 
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Other issues: comorbidities and their impact
• Increasing age amplifies the likelihood of death in listeriosis cases. This reflects 

the fact that comorbidities, risk factors and immunodeficiencies increase 
with age. Unfortunately, information on comorbidities is often lacking from 
epidemiological studies of listeriosis, and more research into the underlying 
causes of increased susceptibility to listeriosis is needed.

• Risk-benefit considerations should be used to identify the trade-off between 
reduced availability of nutritious foods due to unnecessary recalls and any 
potential risk.

10.3  LABORATORY METHODS

• The use of harmonized and validated laboratory methods is critical to obtain 
reliable results and strengthen surveillance systems. 

• Culture and isolation should be the foundation of laboratory methods, so that 
isolates are available for further characterization. Chromogenic media are 
particularly useful for isolating L. monocytogenes either directly or following 
enrichment. Consideration should also be given to the recovery of sublethally 
injured cells from both food and environmental samples. 

• Metagenomic analysis of enrichments could be a promising approach for  
real-time detection. Several public health relevant markers such as antimicrobial 
resistance, biocide tolerance, as well as whole genome sequencing of L. 
monocytogenes isolates can provide additional valuable sources of information 
for monitoring, risk assessments, and recalls and outbreak investigations, 
leading to better informed management decisions.

10.4  HAZARD CHARACTERIZATION

• Important new information has emerged on L. monocytogenes virulence 
differences that should be considered in future risk assessments, as well as in 
risk management.

• However, considering all the advantages and disadvantages, the global control 
of L. monocytogenes should continue to use an approach that does not consider 
L. monocytogenes subgroups, while allowing risk managers in some countries 
to use L. monocytogenes subtype information to inform risk management 
decisions.

• Although the food matrix and its previous supply-chain environment could 
influence the expression of L. monocytogenes virulence genes, the expert 
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group felt that there is not enough data to include this as a variable in  
dose-response models.

• Parameters for the dose-response relationship for L. monocytogenes need to be 
improved to give better information for risk managers.

• A separate advisory group should be tasked with deciding whether the current 
exponential dose-response model for L. monocytogenes is still adequate.

10.5 EXPOSURE ASSESSMENT

• The expert group recommends that risk assessments should be done by FAO/
WHO (JEMRA), as this ensures more stakeholders are being heard. Having 
international experts collaborating will give the risk assessment more global 
relevance, credibility, transparency, and better visibility world-wide. In other 
words, it lifts the risk assessment up to an international level.

• Based on discussions and new knowledge about L. monocytogenes prevalence, 
growth, dose response, outbreaks, as well as other factors of importance for the 
growth/survival of L. monocytogenes, the expert group recommends that the 
following produce types be chosen as the focus for the next risk assessment(s):
 ȧ leafy greens
 ȧ cantaloupe/rock melon 
 ȧ frozen vegetables (for example peas, corn)

One could also consider updating the risk assessment done on:
 ȧ RTE seafood that allows for the growth of L. monocytogenes, for example, 

gravad (sugar/salt marinated) salmon/halibut. 
• New information is appearing regarding L. monocytogenes strain variants; 

where compared to other strains, the genetic make-up of the variants appears 
to confer enhanced tolerance to disinfectants, low water activity, heat, or 
increased growth rates at low temperatures. Whether these variants have an 
advantage in the food ecosystem or niche depends on the correlation among 
the different food stress factors encountered. At this time, the reported 
variations in growth or survival of L. monocytogenes appear complex or there 
is insufficient knowledge, making inclusion in risk assessments and risk 
management decisions difficult. However, research on strain variants should 
continue to expand our knowledge and be used for possible future inclusions 
in the modelling of L. monocytogenes exposure.

• In the previous MRA5 (FAO and WHO, 2004b), it was decided to do a  
retail-to-consumer risk assessment only for milk, frozen ice cream, fermented 
meat and cold-smoked salmon. Since fresh produce is minimally processed, 
we recommend that farm-to-fork risk assessments should be considered for 
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these types of products. Furthermore, we hypothesize that the main issue 
remains L. monocytogenes colonization of the processing environment due 
to poor sanitation and lack of hygienic design. There may also be a climate 
change dimension that needs to be included in future risk assessments of 
L. monocytogenes that incorporates the entire farm-to-fork approach. We 
also recommend farm-to-fork risk assessments that include climate change, 
including shorter term weather factors, as well as precision agricultural 
practices.
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Annex 1 

Examples from literature

Please note, the following examples have been constructed from peer-reviewed 
publications and serve to contextualize specific aspects of microbiological risk 
assessment in an effort to guide the reader as to how the work published here can 
be applied in practice. The reader is reminded that also some of the examples make 
reference to specific national and value chain contexts; the data presented here are 
not suitable to generalize the findings beyond the context of the examples. 

A1.1  SUMMARY OF THE EXAMPLES FROM 
LITERATURE

Examples Key learnings Reference 
chapter

1. Ice cream/ 
United States of 
America

• The outbreak illustrated that most consumers 
will not become ill when food contamination 
levels are low and growth does not occur, but 
emphasized the potential risk faced by highly 
susceptible persons when exposed to persistent 
contamination at potentially low levels.

• The investigation highlighted the need to 
establish a stringent regime of environmental 
monitoring and product testing in RTE food 
production facilities, plus enhanced cleaning and 
sanitation, and heightened employee training.

• The outbreak demonstrated that a blanket “zero 
tolerance” approach for all RTE foods provides a 
strong disincentive for product contact surface 
and end product testing.

• The incident underlined the need for food 
processors to actively promote a culture of food 
safety and thoroughly identify and manage food 
safety hazards.

Exposure 
assessment; 
Hazard 
characterization; 
Monitoring
 

(cont.)
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Examples Key learnings Reference 
chapter

2. Rockmelon/ 
Australia 

• The outbreak highlighted the need to improve 
industry awareness of external threats to 
contamination of fresh produce – whole 
fruit grown near the ground in an open farm 
environment cannot be expected to be free from 
L. monocytogenes.

• Essential to implement effective control 
measures such as washing and sanitizing of 
fruit and to validate the efficacy of sanitation 
procedures, monitor key variables such as 
sanitizer concentration, and introduce thorough 
environmental monitoring programmes in 
packing plants.

• Additionally, there is a need for communication 
of potential risks to consumers and advice on 
hygienic handling and storage of fresh produce, 
especially to consumers in vulnerable groups.

Monitoring

3. Blood 
sausage/ 
Germany 

• The identification of this outbreak and its vehicle 
resulted from an efficient collaboration between 
public health and food safety authorities in 
Germany and the European CDC to detect cross-
border cases (one French case detected) (One 
Health Approach).

• Use of conventional (cultural) methods was 
complemented by newer methods (MALDI TOF 
MS, specific clone outbreak PCR), and WGS 
helped to confirm and control the outbreak.

• Strengthening surveillance in individual countries 
by harmonizing microbiological methods and 
providing epidemiologic tools for investigations 
will be a key step in reducing the public health 
burden of listeriosis, even as the population at 
risk grows.

Hazard 
characterization

4. Soft cheese/
Chile 

• Lack of regulations contributed to this outbreak. 
Regulations were implemented and updated after 
the outbreak, with a significant improvement in 
the surveillance of L. monocytogenes for both 
foods and people. 

• Mandatory monitoring through submission 
of L. monocytogenes isolates to the national 
reference laboratory was crucial to notice the 
significant increase in the number of cases of 
listeriosis associated with this outbreak. The use 
of molecular techniques for the typing of isolates 
was key to findng the source of the outbreak.

• Risk communication for populations at higher risk 
of acquiring listeriosis was significantly improved 
after the outbreak.

Monitoring

(cont.)
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Examples Key learnings Reference 
chapter

5. Frozen 
vegetables/
Hungary 

• The persistent presence of L. monocytogenes – 
this investigation revealed that L. monocytogenes 
persisted in the production environment for at 
least 3 years.

• The extent of this outbreak might have been 
underestimated since it was identified through 
WGS, and only a subset of the European Union/
EEA countries routinely use it to characterize L. 
monocytogenes isolates.

• Outbreak investigations showed that non-RTE 
foods can be used by the consumer as RTE foods; 
for example, frozen vegetables can be defrosted 
and used as such in salads by consumers, without 
undergoing any process to eliminate or reduce 
the level of pathogens.

Monitoring;
Exposure 
assessment

6. Deli meat/ 
Canada

• The importance of trend analysis in tracking 
Listeria contamination in the processing 
environment.

• The need of deep disassembly of equipment 
(mechanical slicer) prior to cleaning and 
sanitizing.

• The value of educating health-care workers 
on the dangers associated with consumption 
of deli meat by the elderly and other high-risk 
populations. 

• The benefits of potential preventive controls such 
as post-package pasteurization and/or inclusion 
of Listeria growth inhibitors in the product 
formulation.

Monitoring

7. Polony/South 
Africa

• The outbreak illustrated how widespread 
contamination and inadequate surveillance of 
a food-processing environment can result in a 
massive outbreak of listeriosis.

• How a lack of guidance on good hygienic practices 
and sampling programme at a frequency 
sensitive enough to detect contamination must 
be addressed. 

•  A shift in attention from over-reliance on testing 
as proof of safety to environmental testing and 
use of post-processing treatments for product 
and external packaging has been adopted by 
some FBOs with success. 

• Beyond continuous improvements in food 
hygiene, authorities must provide industry with 
the regulatory science upon which to improve 
management and reduce cross-contamination 
risks. The quality of official food inspection is a 
critical factor.

Lab methods and 
sampling; 
Exposure 
assessment; 
Monitoring
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A1.2  EXAMPLE 1: ICE CREAM

Ice cream outbreak | United States of America 2015
Outbreak
A complex multistate outbreak of listeriosis occurred in the United States of 
America, resulting in ten cases over a five-year period. Laboratory testing, 
epidemiological analysis, and traceback linked the outbreak to ice cream. The 
company issued two trade level recalls of selected products in March 2015, followed 
by a voluntary recall of all products from all company manufacturing facilities on 
20 April 2015 after products produced in the Texas and Oklahoma facilities were 
identified as the source of the outbreak.

Confirmed cases: Ten people (with three deaths) all received implicated product 
while hospitalized.

Cases: Reported from four states: Arizona (1), Kansas (5), Oklahoma (1), and Texas (3)

Illness onset: Between January 2010 through January 2015

Investigation
Initially a cluster of five people hospitalized at the same Kansas hospital for 
unrelated problems developed invasive listeriosis. These patients were considered 
vulnerable, and each was infected with one of four strains of L. monocytogenes. 
Isolates from four of the patients were highly related by WGS. Illness onset dates 
for the five patients ranged from January 2014 through January 2015. Information 
available at the time indicated that certain ice cream products from Texas were 
the likely source of this outbreak. Hospital patients consumed multiple milkshakes 
made with ice cream as an ingredient.

Subsequent testing by State Departments of Health confirmed the presence of L. 
monocytogenes in unopened packages of ice cream leading to the series of recalls.

A retrospective review of the PulseNet database for PFGE matching isolates 
collected from ice cream samples resulted in the identification of further cases of 
illness in Arizona, Oklahoma and Texas with the onset period from 2010–2014.

Summary of findings
An unprecedented high number of ice cream products from the Texas facility 
were found to be contaminated with L. monocytogenes. The pathogen was detected 
in 99 percent (2 307 of 2 320) of samples (lower limit of detection, 0.03 MPN/g) 
manufactured between November 2014 and March 2015. Over 92 percent of 
samples were contaminated at < 20 MPN/g. 
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Analysis of the ten cases of listeriosis indicates the outbreak represents two separate 
events, as contaminated ice cream originating from different production facilities 
in Texas and Oklahoma.

While the ice cream products contaminated with L. monocytogenes were widely 
distributed to consumers, there were no identified cases among the public or among 
pregnant women. The uniform and low-level contamination of the ice cream 
products indicates that practically all consumers who consumed the products had 
exposure to the outbreak-associated strain. However, a detailed examination of the 
outbreak strongly suggests that all known exposures related to this outbreak were 
likely due to the consumption of milkshakes, rather than to the original ice cream 
product (Farber et al., 2021). 

Root cause analysis established that L. monocytogenes entered the production 
facilities through various sources and established harborages on equipment and in 
drains. As a result, facility-wide remediation efforts were implemented to prevent 
the reintroduction and re-establishment of L. monocytogenes in the facilities.

Key learnings
The investigation of the outbreak illustrated that most consumers will not become 
ill when food contamination levels are low and no growth is facilitated. But the 
outbreak further emphasized the potential risk faced by highly susceptible persons 
when exposed to persistent contamination at low levels, especially when a product 
not supporting growth is transformed into another product which has the potential 
to support growth. 

This outbreak highlighted the need to establish a stringent regime of environmental 
monitoring and product testing in RTE food production facilities, implement 
enhanced cleaning and sanitation, and introduce heightened employee training. 
Test and hold procedures are also applicable for a product which has a long 
shelf-life.

The incident also underlined the need for food processors to actively promote a 
culture of food safety and thoroughly identify and manage food safety hazards, 
especially if their product is consumed by highly susceptible consumers.

References
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A1.3  EXAMPLE 2: ROCK MELON

Rockmelon outbreak | Australia 2018
Outbreak
A total of 22 human cases of listeriosis linked by WGS to a common source occurred 
in Australia between January and April 2018. Laboratory testing, epidemiological 
analysis, and traceback linked the outbreak to rockmelons (cantaloupes) originating 
from a single farm in New South Wales (NSW). A trade level recall was initiated 
on 28 February 2018, and consumers were advised to discard any rockmelon they 
may have purchased.

Confirmed cases: 22 comprising nine males and 13 females (with seven deaths 
and one miscarriage) 

Age: Principally elderly persons, mean age 70 years (range of 0 to 94 years) 

Cases: Reported from four Australian states – NSW (6), Victoria (8), Queensland 
(7), and Tasmania (1) 

Illness onset: Between 17 January to 10 April 2018

Investigation
The NSW Food Authority undertook extensive microbiological swabbing of the 
packing facility and later sampled melons from wholesale and retail markets. 
Melons obtained at retail, wholesale, and a single swab of melons at the packing 
shed tested positive for L. monocytogenes, and the genetic sequence of these isolates 
matched clinical cases (serotype 4b; ST240). An environmental swab taken at the 
farm also tested positive for the outbreak strain.

Based on epidemiological data, the prevalence and contamination of  
L. monocytogenes on rockmelon surfaces was estimated to be most likely very low 
(< 100 CFU/g). Importantly, there may have been temperature abuse of sliced 
rockmelon in the home.

No rockmelons or environmental swabs from other farms tested positive for  
L. monocytogenes.

Summary of findings
Investigations at the farm and the packing facility found the grower was following 
industry best practices with rockmelons being washed, sanitized and packed under 
hygienic conditions.
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The original source of contamination is unknown. However, adverse weather 
(localized storm over the farm) and subsequent dust storms prior to harvest of 
implicated batches may have introduced contamination into the packing facility. 
Plus, the soil load may have compromised washing and sanitation processes, 
resulting in a low level of L. monocytogenes being present on the fruit. The possibility 
that contamination originated from within the packing facility was not verified. 

Inspections by the NSW Food Authority found there was also an opportunity for 
the introduction of Listeria after washing via contact with surfaces or equipment 
that may have been contaminated with L. monocytogenes. Dust blown from fans 
used to dry the fruit after washing, and porous cushioning material on packing 
tables that was not able to be effectively cleaned, were also identified as potential 
sources of contamination.

Subsequent modifications on the site included changes to equipment, the packing 
line, cleaning and sanitizing procedures as well as documentation. The farm has 
now introduced elevated levels of sanitizer in both the washing/scrubbing and 
sanitizing steps in the packing facility.

Key learnings
Whole fruit grown near the ground in an open farm environment cannot be 
expected to be free from L. monocytogenes. This outbreak highlighted the need 
to improve knowledge and awareness of external threats to rockmelon safety 
and to implement improved control measures such as enhanced washing and 
sanitizing of fruit and improved hygiene within packing facilities. The possibility 
of extreme weather events impacting fruit contamination needs to be considered, 
and appropriate remedial action identified.

A key learning is that the efficacy of steps such as sanitation must be validated, and 
that key variables such as sanitizer concentration need to be monitored, along with 
implementing an effective environmental monitoring programme.

There also needs to be communication of the potential risks to consumers, and 
advice on hygienic handling and storage of rockmelons, especially after they have 
been cut. This is especially important for consumers in vulnerable groups, and 
Food Standards Australia New Zealand have added rockmelons to the list of foods 
to avoid because of the higher risk of contamination.

Reference
NSW Department of Primary Industries. 2018. Listeria outbreak investigation – 

summary report for the melon industry. New South Wales, Australia. ISBN: 978-1-
76058-267-8
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A1.4  EXAMPLE 3: BLOOD SAUSAGE

Blood sausage outbreak | Germany 2018–2019 
Outbreak
An unusually large cluster of L. monocytogenes isolates was identified and named 
“Epsilon1a” outbreak, including 134 highly clonal, benzalkonium-resistant 
sequence type 6 (ST6) isolates collected from 112 notified listeriosis cases from 
2018 to 2019. The outbreak was one of the largest reported in Europe in over 25 
years. Cases occurred in 11 out of 16 federal states in Germany; most cases occurred 
in western and southern Germany. Epidemiologic investigations identified blood 
sausage contaminated with L. monocytogenes as being highly related to the clinical 
isolates. The outbreak ended after withdrawal of the product from the market.

Confirmed cases: 112 cases (with two deaths). Among case-patients, 90 percent 
reported consuming minced meat, and 80 percent reported consuming blood 
sausage.

Age:  111 case-patients were 53 to 98 (median 79) years of age; 66 (59 percent) 
were men; 45 (41 percent) were women. Seven (6.3 percent) case-patients died, 
two of whom had listeriosis as the primary cause of death. Only one (0.8 percent) 
pregnant woman was involved.

Cases: Cases occurred in 11 out of 16 federal states in Germany; most cases occurred 
in western and southern Germany.

Illness onset: Disease onset from August 2018 to June 2019

Investigation
• L. monocytogenes was isolated from 184 specimens from human cases and 

food sources. 
• Isolation and enumeration from food samples was carried out according to 

ISO methods EN ISO11290–1:2017 and EN ISO 11290–2:2017.
• The species was identified by using EN ISO 11290–1:2017 or matrix-assisted 

laser desorption/ionization time-of-flight mass spectrometry and multiplex 
PCR. 

• Isolates from listeriosis cases and suspected food samples were investigated 
using whole genome sequencing. Subtyping was carried out by core genome 
multi-locus sequence typing (cgMLST, Ruppitsch’s scheme) and single 
nucleotide polymorphism.

• Virulome, resistome, and microdilution-based antimicrobial drug 
susceptibility was examined.
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• Once the outbreak was identified, patients were interviewed by using a 
standardized questionnaire on their food consumption for two weeks before 
illness onset regarding general eating habits and food purchasing behaviors. 
These data identified 40 food items for inclusion in the case-control study.

Summary findings
• The case-control study with 41 case-patients and 155 controls reported 

purchase of food in a single specific supermarket chain by 98 percent of the 
case-patients, compared with 64.3 percent of the controls.

• A statistically strong association between cases and consumption of minced 
meat was detected. Among the case-patients, 90 percent reported consuming 
minced meat, and 80 percent reported consuming blood sausage, compared 
with 23 percent of the controls who consumed minced meat and 45 percent 
who consumed blood sausage. 

• None of the case-patients were vegetarians. 
• Purchases in a particular supermarket chain and blood sausage consumption 

were strongly associated with listeriosis in the case-control study. 
• The outbreak clone was identified in blood sausage samples from a patient’s 

household and from the linked supermarket chain.
• Investigation of the sliced blood sausage purchased at the implicated 

supermarket chain showed the highest contamination (> 3 × 106 CFU/g). 
However, the amount of L. monocytogenes found in unopened blood sausage 
samples was below the limit of 100 CFU/g.

• A total of 134 highly clonal, benzalkonium-resistant, MLST sequence type 
6 L. monocytogenes strains were isolated from 112 notified listeriosis cases. 
Only one (0.8 percent) pregnant woman was involved. This is likely due to the 
impact of official recommendations for this subpopulation in Germany. No 
gastroenteritis was reported.

• Of the 134 isolates, 99 were from blood samples, 13 from cerebrospinal fluid, 
and one each from lymph nodes, ascites, sputum, pleura, joints, abscesses or 
a superficial wound.

• The virulome analysis revealed Listeria pathogenicity island 1 (LIPI-1) in 
all outbreak isolates and LIPI-3 in 64 percent of them. A phylogenetically 
diverse cluster was identified by using cgMLST. “Epsilon1” included 46 PCR 
serogroup Ivb isolates belonging to ST6, which could be further subtyped into 
12 cgMLST complex types. 

• Resistome analysis demonstrated the prevalence of the emrC gene, which 
is associated with benzalkonium chloride tolerance. Susceptibility testing 
revealed sensitivity to most clinically relevant antimicrobial drugs, but all 
tested isolates were fully resistant to ceftriaxone and daptomycin.
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Key learnings
• The identification of this outbreak and its vehicle resulted from an efficient 

collaboration between public health and food safety authorities in Germany 
and the European CDC to detect cross-border cases (one French case detected).

• Geographically widespread outbreak due to long distance food-trade 
connections and travel.

• Systematic collection of food isolates, a continuous exchange of information, 
and a WGS-based subtyping methodology by food safety authorities played 
an important role. 

• Due to the long incubation time, severity of the illness or death, it was difficult 
to have the interviews and questionnaire with the patients.

• Remarkably homogeneous cluster with 0–5 (median 0) different cgMLST 
alleles (threshold ≤ 10 alleles) suggesting that the clone only persisted in the 
production facility and likely did not multiply.

• Storage beyond the anticipated shelf-life or insufficient refrigeration likely 
resulted in suspected growth of L. monocytogenes on the blood sausages.

• The outbreak demonstrates how WGS-based pathogen surveillance combined 
with efficient interventions of the involved stakeholders can improve the 
management and prevention of foodborne diseases such as listeriosis. 

• Use of conventional (cultural) methods complemented by emerging (MALDI 
TOF MS, specific clone outbreak PCR) technologies and WGS helped to 
confirm and control the outbreak.

• Strengthening surveillance in individual countries by harmonizing 
microbiological methods and providing epidemiologic tools for investigations 
is a key step in reducing the public health burden of listeriosis, even as the 
population at-risk grows (Hedberg, 2006).
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A1.5  EXAMPLE 4: SOFT CHEESES 

Cheese outbreak | Chile 2008
Outbreak
A listeriosis outbreak involving 78 cases occurred in Chile in 2008. This outbreak 
was linked to the consumption of soft cheeses, specifically Brie and Camembert, 
which were manufactured by the same milk processor, but sold under different 
brand names. Cheeses were recalled from the market on 25 November 2008, with 
a subsequent reduction in the number of cases in the following two weeks. No 
further listeriosis cases caused by the epidemic strain, L. monocytogenes clone 
09 (serogroup 4b, ST1, and CC1), were reported during the last two weeks of 
December 2008, after recall of the products. Only three sporadic cases caused by 
this strain were reported in 2009.

Confirmed cases: a total of 78 cases, affecting mostly pregnant women. Neither 
the number of males or females, nor the age of the cases were described in the 
official reports of the outbreak investigation at that point.

Geographical distribution of cases: This outbreak affected 8 out of 13 regions of 
Chile. Most cases (65; 83.3 percent) were reported in the metropolitan region of 
Santiago, 7 (9 percent) in Valparaiso region, and the remaining 6 (7.7 percent) 
cases distributed among six regions; namely Araucanía, Maule, Bío-Bío, Atacama, 
O´Higgins, and Los Ríos regions. Most of the cases from the metropolitan region 
were residents from high-income urban areas.

Illness onset: January to December 2008.

Fatalities: 14 deaths, corresponding to elderly people with underlying medical 
conditions, immunocompromised individuals, and a newborn. *Specific numbers 
for each category were not provided by the official reports.

Investigation
During 2008, a significant increase in the number of listeriosis cases was observed 
in Chile (a five-fold increase as compared with previous years). In September 
2008, the health authorities of the metropolitan region started an epidemiological 
investigation of food products possibly associated with the outbreak, using food 
consumption data collected from the clinical cases. During the investigation, L. 
monocytogenes Clone 09 was isolated from soft-cheese samples of the same name 
brand which had been obtained from the refrigerators of two different cases. This 
finding led the investigation towards the cheese processor premises, where further 
soft-cheese samples were collected and tested positive for the same L. monocytogenes 
Clone 09 strain. Eventually, the soft cheeses sold under three different name brands  
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but manufactured by the same processor were recalled from the markets on 25 
November 2008. No further details regarding the epidemiological investigation 
and findings at the processor were disclosed.

Key Learnings
At the time of this outbreak, Chile was only under laboratory surveillance for L. 
monocytogenes (that is mandatory submission of isolates to the National Reference 
Laboratory), without mandatory notification of human clinical cases. Laboratory 
surveillance has been complemented, starting in 2020, with mandatory notification 
of all human listeriosis cases detected in Chile. This improvement was a result of 
changes and updates in the law that regulates communicable diseases. 

Before the described 2008 listeriosis outbreak, microbiological criteria for L. 
monocytogenes in foods was not included in the Chilean Food Code (Reglamento 
Sanitario de los Alimentos). This situation changed in 2009, triggered by the 2008 
listeriosis outbreak. 

Changes and implementation of new regulations were established for both 
notification of listeriosis and microbiological criteria for L. monocytogenes in foods. 
Furthermore, these changes allowed for an improvement in surveillance and data 
collection of listeriosis cases, as well as in the risk communication of listeriosis in 
Chile. All these improvements, along with the routine use of molecular techniques 
for confirmation and typing of L. monocytogenes in the National Reference 
Laboratory (ISP), have allowed for faster response in case investigations and early 
detection of potential outbreaks.
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A1.6  EXAMPLE 5: FROZEN VEGETABLES

Frozen vegetables outbreak | Europe 2015-2018 
Outbreak 
A multicountry outbreak of L. monocytogenes ST6 that caused 54 cases and ten 
deaths over the period from 2015 to 2018 was linked in 2018 to frozen vegetables. 
The beginning of the investigation into the frozen vegetables began in France, 
where researchers isolated a L. monocytogenes strain from a conveyor belt that 
moves frozen vegetables along; the strain which was isolated matched the outbreak 
strain. In total, WGS analysis of 29 non-human L. monocytogenes isolates found 
them to be closely related to the multicountry human cluster of L. monocytogenes 
PCR serogroup IVb, MLST sequence type 6 (ST6). The WGS analysis provided a 
strong microbiological link between the human and the nonhuman isolates, and 
this was indicative of a common source related to frozen corn and other frozen 
vegetable mixes persisting in the food chain. Environmental contamination of a 
vegetable freezing plant was indicated as the source of the persistence of the strain 
causing the outbreak from 2015 until 2018. Five MS were involved but implicated 
frozen products, some of them with a long shelf-life (some until mid-2020), which 
were distributed to 116 countries. 

Confirmed cases: 53 (females and males); case-fatality rate around 20 percent 

Cases reported in six countries: Austria, Australia, Denmark, Finland, Sweden and 
the United Kingdom

Investigation 
Traceability information for the frozen corn samples pointed to frozen corn 
products packed in Poland and processed and produced in a freezing plant in 
Hungary. Since L. monocytogenes IVb ST6 matching the outbreak strain was isolated 
from frozen spinach and frozen green beans sampled at the Hungarian plant, it is 
possible that frozen vegetables, other than corn, which was processed in this plant, 
could also be implicated as a vehicle of human infection. The information available 
confirmed contamination within the Hungarian processing plant. 

During the summer of 2018, the company, in full collaboration with the authorities 
and independent experts, conducted a large in-depth review of the facility to 
identify the root cause of the potential contamination. Investigation revealed that 
a persistent presence of L. monocytogenes was found in one of the two freezing 
tunnels and as a result, the tunnel at the Baja-based plant was closed. The rest of 
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the freezing plant was cleared after inspection in cooperation with the food safety 
authorities and in September 2018, production was restarted.

Outbreak investigations conducted showed that some frozen vegetables can be 
defrosted and used as such in salads by consumers or as ingredients in other 
ready-to-eat (RTE) products subsequently sold to consumers without undergoing 
any process to eliminate or reduce the level of pathogens. If such defrosted fruits, 
vegetables or herbs (FVH) are stored for a prolonged period at refrigeration 
temperatures, the potential growth of L. monocytogenes could represent a serious 
public health risk. 

Summary of findings 
A multicountry outbreak of L. monocytogenes ST6 that caused 54 cases and ten 
deaths over the period from 2015 to 2018 was linked in 2018 to frozen vegetables. 
Environmental contamination of a freezing plant was indicated as the source of 
the persistence of the strain causing the outbreak. Five MS were involved, but 
implicated frozen products were distributed to 116 countries and some of these 
products had a long shelf-life (some until mid-2020). Investigations revealed that 
a persistent presence of L. monocytogenes was found in one of the two freezing 
tunnels and as a result, the tunnel at the Baja-based plant was closed.

Key learnings
The WGS analysis provides a strong microbiological link between the human and 
non-human isolates, and this is indicative of a common source related to frozen 
corn and other frozen vegetable mixes including corn persisting in the food chain. 
Data from WGS provided evidence to detect the outbreak. 

New consumer preferences might have played a role in this outbreak, as 
investigations conducted showed that some frozen FVH can be defrosted and 
used as such in salads by consumers or as ingredients in other RTE products 
subsequently sold to consumers, without undergoing any process to eliminate or 
reduce the level of pathogens. 

This outbreak highlighted the need to establish a stringent regime of environmental 
monitoring and product testing, test-and-hold procedures, enhanced cleaning 
and sanitation, and heightened employee training in fresh and frozen vegetable 
processing plants. This is not fully implemented in all countries. Furthermore, in 
general, frozen vegetables should i) be considered as non-RTE foods, ii) be labelled 
with adequate cooking instructions, and iii) be cooked prior to consumption. Food 
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safety education and guidance regarding such cooking instructions on frozen 
vegetables, especially for at-risk consumers, should be a priority. 
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A1.7 EXAMPLE 6: DELI MEAT 

Deli meat outbreak | Canada 2008

Outbreak

Fifty-seven individuals across seven Canadian provinces (Ontario – 41, Quebec 
– 5, British Columbia – 5, Alberta and Saskatchewan – 2 each, Manitoba and 
New Brunswick – 1 each) developed listeriosis from 3 June to 22 November 2008. 
Epidemiological analysis, traceback, and PFGE analysis linked the outbreak to 
delicatessen meats.

Confirmed cases: 57 (24 deaths – average age 76 years)

Age range: 29 to 98 years (average 74 years)

Gender: 33% male, 67% female (no maternal/neonatal cases) 

Cases: At least 41 had underlying medical or immunocompromising conditions; 
86% of cases resided in long-term care facilities or were hospital inpatients/
outpatients.

Illness onset: 3 June to 22 November 2008

A total of 191 meat products were recalled nationwide.

Investigation
Investigators documented a total of 57 cases of listeriosis from a series of small 
clusters from multiple long-term and acute care facilities and additional surveillance 
data. Food consumption data from the case followed by traceback investigations 
implicated deli meat as the source of the outbreak. Production Lines A and B that 
produced pre-sliced deli meats for hospitals, long-term care facilities, prisons, 
hotels and restaurants yielded food contact surfaces that were positive for Listeria 
spp. both before and during the outbreak. L. monocytogenes was subsequently 
recovered from 82 of 163 deli meat samples of six different types (levels of  
< 50 to > 20 000 CFU/g) produced on Lines A and B from 12 June to 2 August. All L. 
monocytogenes isolates, which belonged to serotype 1/2a and three closely related 
PFGE patterns were indistinguishable from the clinical isolates, thereby confirming 
the source of the outbreak. Subsequent work demonstrated the presence of a novel 
Listeria genomic island (LGI1) which afforded the outbreak strain some resistance 
to the sanitizer benzalkonium chloride – a quaternary ammonium compound. It is 
unknown, however, if this resistance played any role in this outbreak.
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Summary of findings
After several nationwide recalls were issued in mid-August, production eventually 
resumed in September after deep cleaning and sanitizing. However, cleaning and 
sanitizing practices were inadequate, with employee movement also creating 
opportunities for finished product contamination. The outbreak strains were 
still recovered from Lines A and B during September and October, suggesting 
long-term colonization and persistence in production areas.

Key learnings
Factors contributing to the establishment of L. monocytogenes in the facility 
likely included plant construction and condensation issues, cross-contamination 
of finished product between lines, and inadequate deep cleaning and sanitation 
(biofilm formation), with cross-contamination from mechanical slicers being the 
most likely cause. The company did not conduct the trend analysis required under 
its Listeria control policy. In addition, employees in the plant were not required 
to, nor did they volunteer, any information concerning the repeated findings of L. 
monocytogenes in the plant to CFIA inspectors. Finally, company staff had notified 
their superiors of the repeated presence of L. monocytogenes, but this information 
was not sent to the Head Office because it was erroneously thought that the plant’s 
interventions had controlled the problem. This outbreak also highlights the lapses 
in rapidly identifying cases of listeriosis and in educating health-care workers 
about the dangers associated with the consumption of deli meat by the elderly and 
other high-risk populations. 
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A1.8  EXAMPLE 7: POLONY 

Polony outbreak | South Africa 2017-2018
Outbreak
An outbreak of listeriosis commenced across South Africa in 2017. Investigations 
in early 2018 traced the outbreak strain to an RTE processed meat product, polony. 
Most cases were reported from Gauteng Province (58 percent) followed by Western 
Cape (13 percent) and KwaZulu-Natal (eight percent) provinces. Cases were 
diagnosed in both public (64 percent) and private (36 percent) healthcare sectors.

Confirmed cases: 1060 (216 deaths)

Cases associated with pregnancy (465)

Pregnancy-associated cases that occurred in neonates (406)

Age range: 15 to 49 years (for 937 cases excluding those who were pregnant)

Age range from birth to 93 years (median 19 years)

Neonates aged ≤ 28 days accounted for 43 percent of the cases, and 95 percent 
had early-onset disease (birth to ≤ 6 days)

Patients with known human immunodeficiency virus (HIV) status: (38 percent of 
the pregnancy-associated cases; 46 percent of the general patients) 

Gender: 55 percent female; illness onset: unknown

A total of 5 000 tons of product was recalled from 15 countries.

No outbreak was reported, and L. monocytogenes strains were not identified in 
the 14 countries which imported RTE processed meat products. 

Other important factors

The world’s top ten countries with the highest HIV rates are in Southern Africa, and 
South Africa (RSA) is at number one. 

RSA Health Care Index rank in 2020 (48) and UHC effective coverage index 2019 
(59.7)

Top 3 deaths causes of mortality in RSA; HIV (1); lower respiratory infections (2); 
tuberculosis (3)

Percentage of unwanted births in 2016: (20.4 percent) 

South Africa literacy rate for 2017 was 87.05 percent and South Africa has 11 official 
languages (product labelling?)
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Investigation
In July and August 2017, clinicians and microbiologists at a number of sites in 
one province in South Africa reported an increase in cases of neonatal sepsis and 
adult meningitis due to L. monocytogenes. A review of laboratory-confirmed cases 
in the public and private sector confirmed that there was a dramatic increase 
in the weekly number of cases. Initial investigations included establishment 
of surveillance networks, collection of clinical isolates of L. monocytogenes for 
WGS, development and distribution of case investigation forms, consultative 
development of diagnostic and treatment guidelines, engagement with the food 
sector to obtain isolates from food, and environmental quality control specimens 
for WGS. Outbreak investigations conducted included 1) detailed food history 
interviews amongst cases with laboratory-confirmed listeriosis; 2) microbiological 
culture of food obtained from the fridges of persons with laboratory-confirmed 
listeriosis; 3) surveillance for clusters of febrile gastro-enteritis; and 4) WSG of 
clinical, food and environmental isolates of L. monocytogenes. The outbreak strain, 
a strain of sequence-type 6 (ST-6) was found to be present in over 92 percent of 
cases where isolates were available for testing.

By early January 2018, food history interviews suggested that polony was amongst 
the most commonly consumed foodstuff amongst persons with listeriosis. A cluster 
of cases of febrile gastro-enteritis was reported on 13 January 2018, when nine 
children presented to a hospital. The diagnosis of listeriosis was confirmed through 
culture of the bacterium in a stool specimen from one of the children. Specimens 
from two different brands of polony obtained from the crèche attended by the 
children yielded growth of an ST6 L. monocytogenes. Environmental swabbing 
and food testing from specimens obtained from two manufacturers yielded L. 
monocytogenes. The ST6 was found in the environment and in polony samples after 
an extensive inspection of one manufacturer’s production facility, and WGS results 
and analysis confirmed the presence of the outbreak strain on 3 March 2018. 

Summary of findings
After closure of the establishment and recalls and destruction of 5  000 tons of 
product, production eventually resumed after a redesign of hygienic zones, deep 
cleaning and sanitizing. In affected establishments, the introduction of raw meat 
was identified as the main potential source of contamination of the establishment, 
followed by widely disseminated contamination in the entire food-processing 
environment. Cleaning and sanitizing practices were inadequate with a possibility 
of employee and equipment movement also creating opportunities for finished 
product contamination. The outbreak strain could not be recovered from the post 
heat treatment areas and RTE products after corrective actions and reopening. 
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During the outbreak, the levels of L. monocytogenes reported from the respective 
RTE product was below 10 CFU/g.

Key learnings
Deficiencies associated with listeriosis cases and the outbreak included a lack of 
adequate GMPs, poor maintenance of hygienic zones in the facility, inadequate 
monitoring, absence of a food safety culture and limited or ineffective regulatory 
oversight. Models of national and local food safety control systems are vital as 
multiple competent authorities and different standards on the same products bring 
confusion and gaps, compliance uncertainty and legislative fragmentation. Lack of 
a sensitive surveillance programme to detect low prevalence of L. monocytogenes 
at control points and the absence of a risk-based environmental monitoring 
programme coupled with a representative testing frequency sensitive enough 
to detect contamination has negative effects. The capability to characterize L. 
monocytogenes is important, as it assists with source attribution and generation of 
more data about the organism. A whole chain approach is important in the control 
of L. monocytogenes, as some strains are introduced into RTE establishments 
through contaminated raw materials. Reliance on private standards certification 
systems is not a guarantee for quality assurance and may give false assurance 
to both competent authorities and FBOs. Quality and effectiveness of cleaning 
chemicals is also important. Food is not manufactured in a sterile environment, 
hence understanding risk factors and adherence to GHP, good food safety culture 
practice, effective training of competent inspectors and quality managers, proper 
general cleaning and disinfection, effective periodic deep cleaning and ability to 
detect and eliminate any contamination, are all important interventions. Guidelines 
for an acceptable facility design from a sanitary point is a critical factor.
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Annex 2 

An analysis of data from listeriosis 
outbreak investigations

A2.1 METHODS

Internet searches were conducted using the search terms “Listeria outbreak” 
and “listeriosis outbreak” from March to October 2020. Similar searches were 
conducted using research engines, such as Web of Science, PubMed, ProMED, and 
Google Scholar. Competent authority websites were also scanned for information 
on outbreaks related to Listeria. Media sites, such as Food Safety News were also 
scanned and monitored for reports of past and on-going outbreaks of Listeria. 

Only outbreaks of invasive listeriosis that identified a strong connection to a food 
source were captured as part of this review. This strong connection could either be 
through an epidemiological or food safety investigation of a combination of both. 
All data, including the year, the countries involved, the food and contamination 
source, the serotype, enumeration results and information on the clinical cases was 
captured using an Excel spreadsheet if available.

Many outbreaks spanned the course of several years or were confirmed 
retrospectively using molecular methods. In these situations, outbreaks were 
documented based on the year in which the outbreak source was determined. 
Outbreaks involving multiple countries were counted as one outbreak event; 
however, if the outbreak spanned more than one WHO region, it was double 
counted as an outbreak for each WHO region. If some or all outbreak cases were 
linked to hospital exposure (nosocomial) or exposure from a long-term care or 
convalescent care centre, they were each recorded as a “hospital (H) outbreak”.

The food source was divided into the following categories: RTE Meat, RTE Dairy, 
RTE Fish and Seafood, RTE Fruits and Vegetables, RTE Egg and RTE Multiple 
Foods. The Multiple Food category was used for complex foods made up of many 
ingredients, such as sandwiches, if the outbreak investigation did not identify an 
ingredient of the food responsible for the contamination or the original source of 
contamination in situations involving cross-contamination. Any additional food 
details deemed relevant to the outbreak investigation, such as product variety or 
process descriptors, were captured as Food Details.
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If any of the information was not available as part of the literature search, the field 
was left blank.

A2.2 RESULTS

L. monocytogenes outbreaks attributed to a food source were identified for 23 
countries, spanning four WHO geographic regions: AMR, WPR, EUR and AFR, 
for the period between 2005 and 2020 (Table A1 and Figure A1). In total, 127 
reported outbreaks of listeriosis linked to a particular food source were found; 69 
(54 percent) occurred within the European region (EUR), 49 (38 percent) within 
the Americas region (AMR), 9 (7 percent) in the Western Pacific region (WPR) and 
one (0.8 percent) in the African region (AFR). One outbreak linked to mushrooms 
in 2019 spanned two WHO regions, AMR and WPR. 

Competent authorities from China and Japan confirmed that there have been no 
outbreaks of foodborne listeriosis in the period of interest. Japan reported one 
suspected outbreak of foodborne listeriosis linked to cheese in 2001. Country 
specific searches were conducted, but no reported outbreaks of foodborne 
listeriosis were identified in either the Eastern Mediterranean (EMR) or the South-
East Asia (SEAR) regions.

The outbreaks recorded a total of 3 628 cases of invasive listeriosis, of which at least 
606 (17 percent) of the cases were reported as maternofoetal, and 230 (6 percent) as 
immunocompromised. In total, 554 (15 percent) of the cases resulted in death, of 
which at least 27 (5 percent) were perinatal. Foodborne exposure within a hospital 
or long-term/convalescent care environment was reported in 22 (17 percent) of 
outbreaks.

Of these 127 outbreaks, 40 (31 percent) were linked to RTE meat products, 36 
(28 percent) to RTE dairy products, 17 (13 percent) to RTE fresh or minimally 
processed fruit and vegetable products, 15 (12 percent) to RTE fish and seafood 
products, and there was one (0.8 percent) linked to hard-boiled eggs. Multiple 
foods or foods with multiple ingredients (i.e. sandwiches, hummus, rice pudding, 
etc.) contributed to 18 (14 percent) of the total number of listeriosis outbreaks. 

In the AMR, most outbreaks of listeriosis were linked to RTE dairy products, 
whereas in the EUR, RTE meat products were the most likely source. In the WPR, 
both RTE meat and fresh produce were both equally the most likely foods to be 
linked to a listeriosis outbreak. The AFR reported one very large outbreak linked 
to RTE meat.
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FIGURE A1. Outbreaks of listeriosis attributed to a food source in WHO regions from 
2005–2020
Source: Author's own elaboration.

In the WPR and AFR, all reported outbreaks were associated with at least one 
reported death, while in the AMR only 65 percent and 55 percent in the EUR 
were linked to at least one death. RTE meat and dairy products were implicated in  
64 percent of the listeriosis outbreaks associated with reported deaths.

RTE meat and dairy products are most often associated with an outbreak of 
listeriosis with reported foodborne exposure in a hospital setting. In the AMR, 
only 12 percent of outbreaks reported hospital foodborne exposure, compared to 
20 percent in the EUR and 22 percent in the WPR.
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TABLE A1. Number and proportions of outbreaks of listeriosis attributed to RTE food 
commodities in WHO regions

AMR EUR WPR AFR

Number % Number % Number % Number % Total

RTE meat 9 18 27 39 3 33 1 100 40

RTE dairy 21 43 13 19 2 22 - - 36

RTE fish & seafood - - 14 20 1 11 - - 15

RTE fruit & 
vegetables 12 24 3 4 3 33 -

-
18 (17)*

Multiple foods 6 12 12 17 - - - - 18

RTE egg products 1 2 - - - - - - 1

Total 49 69 9 1 128 (127)*

Outbreaks associated with deaths

RTE meat 5 16 17 45 3 33 1 100 26

RTE dairy 16 50 7 18 2 22 - - 25

RTE fish & seafood - - 9 24 1 11 - - 10

RTE fruit & 
vegetables 6 19 3 8 3 33

- -
12 (11)*

Multiple foods 4 13 2 5 - - - - 6

RTE egg products 1 3 - - - - - - 1

Total 32 38 9 1 80 (79)*

Outbreaks associated with hospital exposure 

RTE meat 2 33 3 21 2 100 - - 7

RTE dairy 2 33 4 29 - - - - 6

RTE fish & seafood - - - - - - - - 0

RTE fruit & 
vegetables 1 17 1 7

- - - -
2

Multiple foods 1 17 6 43 - - - - 7

Egg products - - - - - - - - 0

Total 6 14 2 0 22

* One outbreak linked to mushrooms in 2019 spanned two WHO regions, AMR and WPR. 
Source: author's own elaboration
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A2.3 IMPLICATED FOOD COMMODITIES

Of the reported 40 outbreaks linked to RTE meat products, 48 percent of the 
products specifically referenced an RTE deli-type product, of which 63 percent 
were reported as being sliced. Of the remaining RTE meat products, 24 percent 
were reported as either being sliced or cut.

For RTE dairy, of the 36 reported outbreaks, 30 (83 percent) were associated with 
cheese, of which three (3) were confirmed unpasteurized, twelve (12) pasteurized 
and five (5) did not specify whether the cheese product was pasteurized or 
unpasteurized. Three outbreaks were linked to fluid milk, two (2) pasteurized 
and one (1) to unpasteurized, raw milk. Of the three reported outbreaks linked to 
milk, all three implicated flavoured milk, while one also mentioned white milk. In 
addition, ice cream was implicated in two hospital outbreaks, and sour cream in 
one outbreak.

Of the 15 outbreaks implicating RTE fish and seafood, 9 (60 percent) of the 
products specifically mentioned that the fish was smoked or gravid (cured using 
salt, sugar and dill).

Of the 17 RTE fruit and vegetable associated outbreaks, 11 (65 percent) implicated 
vegetables; leafy greens (3), sprouts (3), frozen vegetables (2), vegetables and juices 
and other products thereof – mixed salad (1), mushrooms (1) and celery (1). The 
six outbreaks implicating fruit included cantaloupes (3), caramel apples (2) and 
fresh stone fruit (peaches, nectarines, etc.).

Of the 18 outbreaks involving multiple foods, sandwiches (3), hummus (3), and 
prepared salads (4) were most implicated.

A2.4 CONTAMINATION SOURCE

When the source of L. monocytogenes contamination that led to the outbreak was 
reported, in most outbreaks (59 percent), the outbreak investigation determined 
that the food manufacturing facility (food-processing environment) was the cause. 
Many publications reported finding a similar strain of L. monocytogenes within the 
environment of the processing facility, on equipment or food contact surfaces or 
in samples of unopened product. For processed RTE products, the contamination 
occurred post-processing (i.e. conveyors belts, pumps, slicing and chopping 
equipment), prior to or during packaging. There were five (5) outbreaks that cited 
underprocessed contaminated ingredients as the source of L. monocytogenes, 
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for example, surface contamination of whole cantaloupes from the field. There 
were also six (6) incidents where cross-contamination occurred at foodservice 
establishments. For 32 percent of the outbreaks, the source of the contamination 
was either not reported or undetermined within the literature or reference.

Within the publication or reference, the L. monocytogenes serotype was referenced 
for 70 (55 percent) of the outbreaks, of which 47 percent cited serotype 1/2a and 
36 percent serotype 4b. Enumeration results associated with food product testing 
were also mentioned for 33 (26 percent) of the outbreaks. Of these, 64 percent of 
the food samples had enumeration of L. monocytogenes exceeding 100 CFU/g. 
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Annex 3 

Current monitoring and surveillance 
programmes among different countries 
and regions

To determine unexpected vectors for food contamination, national CAs use 
a diversity of surveillance tools. These tools include establishing a microbial 
standard for L. monocytogenes for various food types, food product strategies, and 
surveillance strategies, along with analytical science and sampling tools.

The CA’s L. monocytogenes surveillance system generally follows the implementation 
policies used for their national food safety system. Therefore, implementation can 
be based on the traditional inspection model with the CA taking full regulatory 
control, through to an industry-auditing system undertaken by third party auditors. 
It is not easy to find information on the specific national CA surveillance systems 
used to verify that the national Listeria food safety system is being effectively 
implemented. 

The examples below are provided to give a perspective on the available monitoring 
programmes. The reader is reminded that some of the examples make reference to 
specific national and value chain contexts, and that the data presented here are not 
suitable to generalize the findings beyond the context of the example given here.

A3.1  AUSTRALIA AND NEW ZEALAND

Where applicable, food safety processors must implement an effective L. 
monocytogenes sampling plan for at-risk products, as well as implement 
environmental testing and be able to justify its sampling methodology for detecting 
Listeria spp. The business’s food safety programme must include the frequency 
of testing, identify the size and location of environmental sampling sites, and 
detail corrective action procedures, including cleaning programme and handling 
of product following a positive test for Listeria spp. on a food contact surface 
(Australian Meat Regulators Group, 2016).
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Challenge studies are required to provide information on the response of pathogens 
(growth and inactivation) to changes in the intrinsic physiochemical parameters 
and impact of production and processing factors. The design of a challenge study 
should adequately reflect the processes used to make the RTE food product. 

Food regulators in Australia and New Zealand use a verification system to audit 
the food safety programme of licensed businesses. Research programme are 
undertaken after consultation with industry, with WGS used to explore Listeria 
problems and illness outbreaks.

A3.2  CANADA

It is the company’s responsibility to ensure RTE products are safe and compliant, 
so they do require a preventive control programme for L. monocytogenes. The 
processing company's, premises and records are audited by Canada’s CA.

Based on Codex principles, Canada’s CA recommends that RTE industries 
implement environmental sampling programme with sample sites and numbers 
based on trend analyses. The CA provides guidance on establishing and monitoring 
control measures for L. monocytogenes in RTE foods. High risk products should 
be sampled at least monthly. Compositing of up to ten environmental samples 
is allowed, with Listeria spp. being the target organism to be analysed. It is 
recommended that tested food lots be held until all results are received. Clear 
guidance is provided to deal with any positive samples.

The Canadian Food Inspection Agency inspectors and third-party auditors verify 
industry compliance when undertaking sampling planned under the National 
Microbial Monitoring Programme and other targeted surveys. These samples 
are taken from retail and processing premises. Food products targeted include 
domestic cheese, imported dairy products, heat-acid rennet and coagulated cheese, 
egg products, RTE fruit and vegetables, pre-packaged salads, frozen fruit and RTE 
meat and fish, soy-based products, sauces and salad dressings, baked desserts, dips, 
nut butters, dairy flavoured milk and ice cream.

All regulatory tests must be undertaken at a government approved laboratory, 
with the Listeria methods used being those that appear in Health Canada’s 
Compendium of Analytical Methods  – Volumes 2 and 3 (https://www.canada.
ca/en/health-canada/services/food-nutrition/research-programs-analytical-
methods/analytical-methods/compendium-methods/laboratory-procedures-
microbiological-analysis-foods-compendium-analytical-methods.html). Canada 

https://www.canada.ca/en/health-canada/services/food-nutrition/research-programs-analytical-methods/analytical-methods/compendium-methods/laboratory-procedures-microbiological-analysis-foods-compendium-analytical-methods.html
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uses a range of science tools, including the Health Canada “Policy on Listeria 
monocytogenes in Ready-to-Eat Foods” enhanced listeriosis surveillance and WGS 
through the PulseNet Canada programme to manage food safety.

A3.3  CHINA

In China, the national government pays most of the costs of annual food safety 
surveillance, and every province must complete all of the work according to the 
national surveillance plan, and additionally, provide a real-time report of all 
detailed surveillance results to the central government (Pei et al., 2015). Each year 
the government develops a national surveillance plan, issued in October before 
the implementation year. There are three types of microbiological surveillance: 
routine, special, and emergency surveillance. This surveillance plan selects the 
pathogen projects, which could include L. monocytogenes.

Food surveillance provides basic data and technical support for risk assessment and 
standards-setting, and promulgation of food safety laws. The surveillance results 
provide advice and tips for assessment projects, relevant analysis methods, and 
national standards of food safety. For example, the data regarding L. monocytogenes 
in RTE foods have been used in the food safety risk assessment project “quantitative 
risk assessment of L. monocytogenes in RTE food”, where suggestions were provided 
to the classification and revision of “National Food Safety Criteria for Foodborne 
Pathogens”.

In China, the first nation-wide surveillance on L. monocytogenes was conducted 
in 2000, supported by the Chinese Centers for Disease Control and Prevention 
(CCDC). Starting from 2010, the Chinese national monitoring network for 
microbial hazards in foods was set-up to survey all major foodborne pathogens 
including L. monocytogenes in 31 provincial regions (Pei et al., 2015; Wu and 
Chen, 2018). Meanwhile, the national clinical listeriosis surveillance system in 
China was built in 2013 (Li et al., 2018). Until 2020, there were no official reports 
or open-source datasets available that covered the national-wide findings on L. 
monocytogenes prevalence in different Chinese foods or clinical listeriosis. Thus, 
most of the data was provided by the partial findings of some provincial CCDC 
branches for periodic reviews (Li et al., 2018; Liu et al., 2020). 

A3.4  EGYPT

In Egypt, food control functions are multisectorial; however, the main role in that 
area is carried out by the Ministry of Health and Population through its responsible 
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bodies: (1) food safety and control department, (2) National Nutrition Institute 
(NNI), and (3) public health laboratories.

The enforcement of their national food regulations is administered by the food 
safety and control department at Ministry of Health and Population; such 
administration is necessary to ensure effective supervision and control and to take 
follow-up action as may be required. L. monocytogenes microbiological analysis is 
carried out by Central Public Health Laboratories.

A3.5  EUROPEAN UNION

In general, in the European Union (EU) and European Economic Area (EEA), 
there have been some improvements in the surveillance systems, in particular for 
countries with a relatively high level of reporting. However, there are still data 
gaps that make it difficult to make conclusions on the contributing factors that 
lead to cases of listeriosis. However, representative data has been collected across 
the European Union and European Economic Area using a harmonized sampling 
strategy suitable for surveillance over time on the (1) prevalence and concentration 
of L. monocytogenes in RTE foods, (2) consumption of RTE foods, (3) prevalence 
of underlying conditions in different risk groups by age and gender, (4) retail and 
home storage temperatures, and (5) L. monocytogenes virulence (EFSA, 2018).

In Europe, the European Centre for Disease Prevention and Control (ECDC) 
collects, analyses and disseminates surveillance data on 56 communicable diseases 
and related special health issues from all 27 European Union Member States and 
two of the three remaining European Economic Area countries (Iceland and 
Norway). In 2018, a study coordinated by the ECDC analysed 2  726 human L. 
monocytogenes isolates from 27 countries between 2010 and 2015. It found that 
slightly under 50 percent of the cases are sporadic whereas the remaining half of 
the cases cluster together. Around one third of the cases that were identified as 
part of a cluster affected more than one country, often lasting for several years. 
However, only two listeriosis outbreaks were reported in the European Union in 
2016 and five in 2015, which suggests that many of them have gone undetected (De 
Waal, 2018). 

On the other hand, the EFSA can undertake special studies to investigate any food 
safety pathogen. For example, in 2009, 2010–11 and 2014, the EFSA undertook 
sampling surveys focused on RTE products such as smoked and gravad (sugar-salt 
marinated) fish, heat-treated meat products, as well as soft and semi-soft cheeses. 
The purpose of these surveys was to ascertain the frequency of L. monocytogenes 
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in retail RTE foods and to gain an understanding of general European Union 
compliance with the L. monocytogenes standard.

Within the European Union and the European Economic Area, there are also 
specific initiatives. Some examples are given.

In Austria, the Federal Ministry of Health (www.bmg.gv.at) has the overall 
responsibility for food safety and food safety legislation. It coordinates the 
activities of the food inspection authorities of the nine federal provinces and of 
the laboratories designated for analyses of official samples. Under the authority of 
the annual federal control plan, the authorities of the nine federal provinces carry 
out on-site inspections of enterprises and take samples. They are responsible for 
administrative measures and punitive actions in case of any violations of the law. 
Import controls for food of non-animal origin are carried out by food inspectors. 
Imported food of animal origin is controlled by border veterinarians.

In Denmark, the Danish Veterinary and Food Administration verifies Listeria 
surveillance and investigates processors associated with listeriosis outbreaks. WGS 
is used in outbreak situations.

One Health – Surveillance of Human Listeriosis – France (Ellis-Iversen et 
al., 2019). In France, human listeriosis has been notifiable since 1999. Cases are 
reported to the French Public Health Agency (PHA), and human L. monocytogenes 
isolates are forwarded to the National Reference Center (NRC) for Listeria at the 
Institut Pasteur for genomic sequencing and core-genome Multilocus Sequence 
Typing (cgMLST) typing. Approximately 350 cases of human listeriosis are 
reported annually, of which 99–100 percent isolates are received at the NRC. 

The NRC also receives food and environmental L. monocytogenes strains isolated 
from 1) “food alerts” from the Ministry of Agriculture (MoA) when food exceeds 
the regulation-defined threshold of Lm, 2) testing of food from the homes of 
patients with neurolisteriosis as part of the national surveillance strategy, and 3) 
food producers’ own checks. All isolates from 1 and 2 are included in the National 
Surveillance System directly. Isolates from producers’ internal checks are typed at 
the NRC based on private contracts and are only included if cgMLST matches a 
case. The surveillance system then has power to request disclosure of information 
from the producer including type of food, date of collection and name of the 
company to facilitate an investigation in a timely manner. 

Additionally, the National Reference Laboratory (NRL) of the French Agency 
for Food, Environmental and Occupational Health and Safety (ANSES) collects 

http://www.bmg.gv.at/
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isolates from food and environmental samples from national plans for surveillance 
and control of Listeria in the food chain and from other control programmes and 
surveys that are conducted annually to assess L. monocytogenes contamination of 
selected food items. These isolates are shared with the National Surveillance System 
once WGS-based typing has been implemented by NRL under the supervision of 
the European Reference Laboratory (EU RL) at ANSES. 

The French national surveillance for listeriosis consists of epidemiological 
information on human cases from PHA, on microbiological surveillance of 
human, food and environmental samples performed by the NRC, and on samples 
from surveillance and control plans at the NRL. Both the Ministry of Health and 
the Ministry of Agriculture fund the surveillance activities. A “Listeria Unit” has 
managed the French national surveillance using a One Health (OH) approach since 
1992 and is comprised of the Ministry of Agriculture, Ministry of Health, Ministry 
for the Economy and Finance, French Food Safety Agency (ANSES), NRC and 
NRL (www.fao.org/3/ab539f/ab539f.htm).

A cgMLST-based microbiological surveillance performed weekly by the NRC 
identifies clusters of matching isolates and shares these with the PHA and the MoA. 
Clusters involving at least one human case are jointly investigated by the PHA, the 
MoA and the NRC. Clusters that do not include human isolates are investigated by 
the MoA and the NRC. Merging of information from the PHA, the NRC and the 
MoA databases allows for efficient sharing of relevant data between agencies and 
timely investigations. 

The close collaboration between the PHA, the MoA and the NRC has increased 
the number of solved clusters and outbreaks since 2015. In the future, the aim 
is to include food and environmental L. monocytogenes isolates received at the 
NRL in the National Surveillance System. The OH challenge is that each agency 
is responsible for their own databases on separate servers. Full integration would 
require a storage solution that allows for joint storage and sharing without 
compromising the integrity of the original data. 

In Germany, representative data of L. monocytogenes in RTE foods is collected, 
assessed and published at regular intervals in the framework of the competent 
authority's zoonoses programme. The food products sampled include milk, soft, 
semi-soft and hard cheeses made from raw milk, tartar beef, spreadable/sliceable/
cured meats, smoked and gravid fish, raw shrimps and fresh produce (sprouts, 
berries and vegetables).

http://www.fao.org/3/ab539f/ab539f.htm
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In Ireland, all food business operators have a legal responsibility to produce safe 
food (Regulation 178/2002). The safety of foodstuffs is ensured by a preventative 
approach that is the implementation of a food safety management system based on 
the principles of Hazard Analysis and Critical Control Point (HACCP).

A3.6 LATIN AMERICA

The actual burden of listeriosis may be well underestimated in certain geographical 
regions due to lack of data. In this context, there is a gap in the estimation of the 
actual number of listeriosis cases in Latin America. This is most likely due to 
under-reporting because of a lack of specific surveillance and standard reporting 
of listeriosis in many Latin American countries. For example, while in countries 
like Chile and Uruguay the notification of listeriosis cases in humans is mandatory 
(although it is done through different pathways), in other countries such as the 
Plurinational State of Bolivia, Ecuador, or Peru, mandatory notification of listeriosis 
cases to the local health authorities or ministries is not required. In addition, 
several countries in Latin America have a passive surveillance of listeriosis through 
submission of L. monocytogenes isolates obtained from either foods or human 
cases, but not an actual reporting of the number of clinical cases. In many of these 
cases, even when information about the number of listeriosis cases per year, or 
statistics for passive surveillance is available, it may not be regularly updated or 
published by the local authorities of the country. 

Reports of sporadic listeriosis cases in Latin America can be found in the literature, 
with many of them being reported in “grey literature” or journals that are not 
indexed. 

A summary of the surveillance status of listeriosis for selected countries in Latin 
America is presented below: 

TABLE A3. Surveillance status of human listeriosis in select countries of Latin-America

Argentina 
 

• No mandatory notification of listeriosis cases 
• No mandatory notification of foodborne outbreaks 

• Passive surveillance of L. monocytogenes through the national 
reference laboratory (Listeria isolates from human cases and RTE 
foods) 

Bolivia 
(Plurinational 
State of) 

• No mandatory notification of listeriosis cases 

• No mandatory notification of foodborne outbreaks

• Mandatory notification for gastrointestinal illnesses is for acute 
cases of diarrhea in children

(cont.)
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Brazil 

• No mandatory notification of listeriosis cases 

• Indirect surveillance through data obtained from mandatory 
notification of foodborne outbreaks (isolation of pathogens) 

• Reports of sporadic cases in the literature 

Chile 
 

• Mandatory notification of listeriosis cases since April 2020 

• Mandatory notification of foodborne outbreaks (isolation of 
pathogens) 

• Passive surveillance of L. monocytogenes through the national 
reference laboratory (isolates from human cases and foods, 
submitted from other laboratories) 

• Reports exist for both outbreaks and sporadic cases in the 
literature 

• One report of the use of WGS 

Colombia 
 

• Only passive surveillance of L. monocytogenes through the national 
reference laboratory (from L. monocytogenes isolates submitted 
from the national laboratories network) 

• Reports of sporadic cases in the literature 

Ecuador 
 

• Mandatory notification of foodborne diseases; specifically, 
“hepatitis A”, “salmonellosis”, “typhoid and non-typhoid fever”, 
“shigellosis”, “cholera”, and “Other Foodborne Poisonings” (the 
latter does not report the pathogen involved) 

Peru 
• Only mandatory notification of foodborne outbreaks

• Reports of sporadic cases in the literature 

Uruguay 
 

• Surveillance of invasive listeriosis through mandatory notification 
of meningitis cases 

• A report from 2017 indicates an average of 3 cases per year, with 
an increase in the number of listeriosis cases (13 cases) in 2016; 
this increase in the number of listeriosis cases did not show an 
epidemiological link or common food sources. 

• There is no information available regarding the type of food 
involved in reported listeriosis cases.

Venezuela 
(Bolivarian 
Republic of)
 

• Only mandatory notification of foodborne outbreaks 

• Official epidemiological surveillance reports for communicable 
diseases has been suspended since 2017 (censorship of health 
data). 

• Reports of sporadic cases in the literature

 
The implementation of surveillance systems for listeriosis in humans is key to 
ascertain the actual burden of this illness and the role of specific food sources in 
LMICs. This knowledge can be a valuable contribution for the implementation of 
preventive measures throughout the food chain, as well as for the improvement 
in the risk communication of listeriosis for highly susceptible people and for the 
general population of these countries. 



LISTERIA MONOCYTOGENES IN READY-TO-EAT (RTE) FOODS: ATTRIBUTION, CHARACTERIZATION AND MONITORING 174

A3.7 SOUTH AFRICA

Monitoring programmes by food business operators 
FBOs develop and implement risk-based environmental monitoring programme 
as part of their regulatory requirements on hygiene management system for 
Listeria spp. Each programme is specific to the plant and details the highest risk 
areas to be sampled for L. monocytogenes as determined by the FBO. The majority 
of FBOs were monitoring for L. monocytogenes and in some instances for Listeria 
spp. Environmental monitoring is used in conjunction with end product testing, 
not as a replacement for it.

The Foodstuffs, Cosmetics and Disinfectants Act, Number 54 of 1972 (DHSA, 
2018) prohibited selling, manufacturing or importing any foodstuff which is 
contaminated or is in terms of any regulation deemed to be harmful or injurious 
to human health. No mandatory microbiological standards for foodstuffs were 
enforced on local products for L. monocytogenes. South African standard (Industry 
Standard) has microbiological requirements for L. monocytogenes limits applicable 
to processed RTE meat products at a maximum of 100 CFU/g during the shelf-life 
of the product. Recommendations for export of RTE products of animal origin has 
additional requirements as per import requirements by various markets for the 
absence of L. monocytogenes in 25 g for RTE foods destined for export.

Monitoring and surveillance programmes by competent 
authorities 
A national monitoring and surveillance programme was implemented between 
2014 to 2016 where 2 017 samples of raw and RTE food samples were collected and 
analysed for L. monocytogenes. 

During the Listeriosis outbreak in South Africa
The 2017–2018 listeriosis outbreak in South Africa, caused by L. monocytogenes ST6 
(CT4148), was traced to contaminated processed meats produced by Enterprise 
Foods, a subsidiary of Tiger Brands. Closure and a recall of all RTE processed meat 
products produced at the targeted facilities was instituted. 

An amendment to the National Health Act (61/2003) (DHSA, 2017) was done 
so as to introduce compulsory notification of all listeriosis cases. The regulation 
defined “contamination” as the presence of an infectious or toxic agent or matter 
on a human or animal body surface, in or on a product prepared for consumption 
or on other inanimate objects, including conveyances, that may constitute a public 
health risk.
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All districts in South Africa were requested to complete the profiling on all 
food manufacturing facilities. From this list and through site visits conducted, a 
complete list of facilities that produce RTE processed meat was obtained.

All production facilities that manufacture RTE processed meat in South Africa 
were identified (n=160), and all were inspected by district environmental health 
practitioners, supported by a core incident management team. A number of small 
production facilities with local distribution networks were identified as being 
contaminated with L. monocytogenes in the environment (not on food). 

Inspectors conducted inspections of the targeted facilities and collected 
environmental swabs for the detection of L. monocytogenes. The number of samples 
were variable and based on the assessed risk at the facility. Reports and laboratory 
results were submitted to district municipalities for follow-up actions (if results 
were positive for L. monocytogenes) and for record-keeping in terms of ongoing 
inspection and monitoring. 

At least 35 percent (n=160) of the facilities were identified as having non-ST6 (i.e. 
non-outbreak related) L. monocytogenes present in their post-heat treatment area. 

Actions included serving of a prohibition notice, and/or compelling the 
manufacturers to conduct a “deep clean” of premises, and/or resampling, with 
ongoing intensive monitoring. 

After the outbreak
South Africa tightened L. monocytogenes regulations for processed meat products 
by introducing a regulation under the National Regulator for Compulsory 
Specifications (NRCS). The regulation includes risk categorization of animal 
products including RTE and an amendment to the 2011 South African technical 
standard to be mandatory. 

An absence (or 0 CFU/g) of L. monocytogenes in 25 g for RTE products that 
support the growth of L. monocytogenes tested in accordance with SANS 11290-1/
SANS 11290-2 at the end of manufacture or point of entry or point of sale during 
their shelf-life is proposed in the regulation. 

L. monocytogenes is to be absent in 25 g for RTE products that do not support 
the growth of L. monocytogenes at the end of manufacture or the point of entry. 
At the point of sale during their shelf-life, the microbiological criteria will be  
< 100 CFU/g in 25 g when tested in accordance with SANS 112901/SANS 11290-2. 
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The frequency of L. monocytogenes testing is not defined; however, it is assumed 
that the samples must be representative and risk-based.

RTE food and environment surveillance

• Monitoring and surveillance of home/food establishments and food/
environmental sampling is conducted by inspectors and environmental health 
practitioners.

• All L. monocytogenes isolates from food or environmental samples are to be 
kept by laboratories for routine confirmatory phenotypic testing and WGS.

• A routine national monitoring and surveillance programme was developed 
and is in the process of being implemented.

• There were no changes to the initial monitoring requirements of the FBOs.

A3.8  UNITED STATES OF AMERICA 

The Listeria Initiative is an enhanced surveillance system that collects reports of 
laboratory-confirmed cases of human listeriosis in the United States of America. 
Demographic, clinical, laboratory, and epidemiologic data are collected using a 
standardized, extended questionnaire.

The Listeria Initiative was piloted in the Foodborne Diseases Active Surveillance 
Network (FoodNet) in 2004 and implemented nationwide in 2005. By 2014, the 
number of states participating increased to 47 and the District of Columbia. The 
proportion of all listeriosis cases reported to the Listeria Initiative continues to 
increase.

A main objective of the Listeria Initiative is to aid in the investigation of listeriosis 
clusters and outbreaks by decreasing the time from outbreak detection to public 
health intervention. Clinical, food, and environmental isolates of L. monocytogenes 
are subtyped. Since September 2013, state laboratories, the CDC, the FDA and 
FSIS have been performing WGS on all clinical, food, and environmental L. 
monocytogenes isolates. When clusters are identified, Listeria Initiative data are 
used to rapidly conduct epidemiological analyses. The food consumption histories 
of patients with cluster associated illnesses are compared with those of patients 
with sporadic illnesses to identify foods possibly associated with the cluster (CDC, 
2016).

In the United States of America, WGS testing is used for the following purposes 
(FDA, 2017):
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• to differentiate sources of contamination, even within the same outbreak;
• to determine which ingredient in a multi-ingredient food harbored the 

pathogen associated with an illness outbreak;
• to narrow the search for the source of a contaminated ingredient, even when 

the source is halfway around the world; and
• as a clue to the possible source of illnesses – even before a food has been 

associated with illnesses by traditional epidemiological methods.
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Annex 4

Reported food source attribution 
of listeriosis related to specific food 
groups

TABLE A4. Reported food source attribution of listeriosis related to specific food groups

Type Meat Dairy (Shell) 
fish

Fruits and 
vegetables Other Not 

food

FSIS/FDA QMRA 90.9 8.8 0.2 0.06 / /

Wambogo Outbreaks 2.1 48.4 1.9 47.5 / /

Batz (2014) Outbreaks 45.0 30.0 5.0 5.0 15.0 /

Fillepello Subtypes 35.8 44.4 6.2 / 13.5 /

Little Subtypes 37.4 2.1 18.8 5.9 33.4 2.3

Havelaar Expert 30.4 25.0 17.9 7.1 14.3 5.3

Davidson Expert 58.2 26.7 6.1 8.4 0.5 /

Batz (2012) Expert 59.9 23.6 7.2 8.7 0.7 /

Average / 45.0 26.1 7.9 11.8 12.9 3.8
 
Sources: adapted from Batz et al., 2012, 2014; Davidson et al., 2011; FDA and FSIS, 2003; Filipello et al., 2020; Havelaar et al., 2012; 
Little et al., 2010; Wambogo   , 2020.
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38

Since the publication of the 2004 risk assessment, outbreaks of illness 
and resultant deaths due to L. monocytogenes continue to occur across 
the globe. Continued effort is needed to summarize and critically evaluate 
the most recent information on L. monocytogenes in RTE foods. New data 
to improve and further inform the 2004 Risk Assessment is available for 
nearly every factor considered previously, including new quantitative data on  
L. monocytogenes contamination of foods.

To facilitate this work, an FAO/WHO expert meeting was held by virtual 
means from 20 October to 6 November 2020 to review and discuss the 
available data and background documents, and to assess the need to 
modify and update risk assessment models/tools. This report focuses on the 
deliberations and conclusions of the expert meeting.
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