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INTRODUCTION 

 

 

Foodborne diseases and outbreaks are crucial contributors to morbidity and 

mortality worldwide [FLINT et al., 2005]. Many different factors may lead to foodborne 

infections like contaminated food, poor personal hygiene, inadequate cooking, im-

proper holding times and temperatures, and cross contamination [U. S. FOOD AND 

DRUG ADMINISTRATION, 2009]. 

For the prevention of foodborne infections it is of utmost importance to know 

the pathogens, their reservoirs and possible infection ways (i.e. the incriminated food 

item that brings the infectious agent to the susceptible host). Such knowledge can 

prompt reasonable and purposive interventions with the aim of eliminating the patho-

gen, to disrupt the chain of infection in order to stop the outbreak and to prevent this 

kind of infections in the future.  

Combating zoonotic pathogens in animals is difficult, as animals may harbour 

great numbers of pathogens without getting a disease. The successful combat of these 

zoonotic agents is an important goal as consumers expect proper food without any 

(microbial) contamination and the food industry is eager to produce high quality prod-

ucts. 

In Austria, a reduction of human cases can be observed for many zoonotic 

agents. This is due to the successful control of zoonoses in the animal production, 

among others by maintaining the official status free of certain epizootics and the excel-

lent cooperation between veterinarians, farmers and the food industry in combating 

foodborne zoonoses. [MUCH et al., 2013a] 

A key aspect stated in the World Health Organisation surveillance program re-

port for control of foodborne infections and intoxications in Europe is that “foodborne 

illness is almost 100 % preventable” [WORLD HEALTH ORGANISATION, 2003]. In order 

to achieve that position knowledge of the infection sources and transmission routes is 

essential. Thorough investigation of foodborne outbreaks is a critical part of this pro-
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cess. Therefore the epidemiological and microbiological investigation of foodborne 

outbreaks is necessary and a fruitful collaboration of patients, health authorities, food 

inspectors, laboratories, veterinarians, manufacturers and many more is required.  

The persuasion and the willingness of the treating physician to submit patient samples 

for microbiological testing is of equal importance, since without regular laboratory 

confirmation of an infectious disease, the implementation of adequate public health 

measures to prevent additional disease outbreaks cannot be achieved. [MUCH et al., 

2009] 

 

In this thesis the public health relevance of foodborne outbreak investigation in Austria 

is demonstrated and answers for the important question: “Why are we investigating 

foodborne outbreaks?” will be given. 
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LITERATURE (OVERVIEW) 

 

 

1 FOODBORNE OUTBREAKS 

1.1 Definitions 

Foodborne outbreak 

‘A foodborne outbreak (FBO) is an incidence, observed under given circumstances, of 

two or more human cases of the same disease and/or infection, or a situation in which 

the observed number of human cases exceeds the expected number and where the 

cases are linked, or are probably linked, to the same food source’. [ANONYMOUS, 

2003] 

 

Zoonosis 

‘Zoonosis means any disease and/or infection which is naturally transmissible directly 

or indirectly between animals and humans’. [ANONYMOUS, 2003] 

 

Zoonotic agent 

‘Zoonotic agent means any virus, bacterium, fungus, parasite or other biological entity 

which is likely to cause a zoonosis’. [ANONYMOUS, 2003] 

 

1.2 Introduction to foodborne outbreak investigation 

Zoonoses are infectious’ diseases transmissible from animals to humans. Transmission 

may occur by direct contact with infected animals, consumption of contaminated 

foods, particularly those of animal origin, or indirect contact, such as environmental 

contamination. Infants, the elderly, pregnant women, and individuals with compro-

mised immune system are known to be the most vulnerable to acquiring zoonoses. 

[MUCH et al., 2012] 

Combating those pathogens in animals is difficult, as animals may harbour great num-

bers of pathogens without getting a disease. However, humans can get ill very quickly 



4 

 

 

as long as they come in contact with incriminated products or excrements of these an-

imals. The combat of these zoonotic agents is a goal as consumers expect proper food 

without any (microbial) contamination and the food industry is eager to produce high 

quality products. Nevertheless, elimination with 100 % safety also means to kill other 

microorganisms which are helpful, e.g. ripening cultures for soft cheeses or raw meat 

sausages or microorganisms that are needed to mature certain foods and ensure the 

unique taste of some delicatessen. Therefore it is important for consumers and food 

handlers to be cautious with the right storing and handling of possibly contaminated 

food and to act carefully during the preparation of meals – the safe handling of food is 

important at any step of the food chain. [AMBROŽIČ et al., 2010] 

Despite thorough control of food production processes, retail outlets and restaurants 

contaminated foodstuff occur with the possible consequence of foodborne outbreaks. 

When consumers get infected after consuming contaminated food the clarification of 

the cause of these infections should be the priority for the responsible authorities. 

[MUCH et al., 2012] 

 

1.3 Notification of an infectious disease in Austria 

The consulted medical doctor and the medical laboratory have to share the diagnosis 

of a notifiable infectious disease with the competent district health offices. Here the 

data are entered in the national epidemiological reporting system (EMS) which was es-

tablished in January 2009 in order to have a “real-time” overview. This surveillance 

system for infectious diseases works as an electronic web-based system and data ex-

cerpts can be performed easily on a regular basis. Also the national reference laborato-

ries have to send a notification to the district health offices as soon as a notifiable dis-

ease is detected in an isolate. Via EMS the responsible authorities get an overview 

about the situation and if necessary they set actions to clarify the background of the 

infections and to prevent further spreading of the pathogen. Although there is a legal 

obligation for an investigation of the source of an infection, most of the disease histo-

ries remain unknown. [MUCH et al., 2011b] 
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The following figure shows the information flow and involved parties for reporting a 

notifiable disease in Austria.  

 

 

FIGURE 1: Information flow for reporting a notifiable disease in Austria 

 

The recorded cases in the EMS are summarized and published monthly in the national 

bulletin of notifiable diseases on the homepage of the Ministry of Health: 

http://bmg.gv.at/home/Schwerpunkte/Krankheiten/Uebertragbare_Krankheiten/Stati

stiken/Monatliche_Statistik_meldepflichtiger_uebertragbarer_Infektionskrankheiten_

2013. At the beginning of the following year, the preliminary case numbers are vali-

dated, confirmed and afterwards published as the ‘annual data of notifiable communi-

cable infectious disease’: 

http://bmg.gv.at/home/Schwerpunkte/Krankheiten/Uebertragbare_Krankheiten/Stati

stiken/Jahresstatistiken_meldepflichtiger_Infektionskrankheiten_seit_dem_Jahr_2000. 

These data only contain month and province of a notified case, no information is given 

concerning age and sex of the patient, or results of the differentiation of the causative 

agent (species or serotype etc.). 

 

1.4 Characteristics of foodborne outbreaks 

In case of a foodborne outbreak, it is important to find the source and the cause of the 

infection, to stop the spreading, to prevent further cases and to regain consumers’ 

confidence. In order to do so, the concerned patients have to be identified and epide-
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miological and microbiological investigations conducted, if possible [PICHLER et al., 

2009a]. An outbreak includes all cases of the same disease that have an epidemiologi-

cal relationship, such as the same exposure as a confirmed case (eating foods from the 

same source). All cases that cannot be counted as outbreak cases are classified as spo-

radic cases [MUCH et al., 2009a]. For single diseased cases it is quite difficult to find 

the source of the infection in the wide range of consumed food in the days before an 

infection.  

But if we find groups of cases, cumulated according to agents, time and place we have 

an outbreak and it is much easier to identify the cause during an outbreak situation 

through thorough investigation of common characteristics and associations between 

the individual cases.  

By the means of detailed and systematic search not only the vehicle of an infection 

(the incriminated food item that brings the infectious agent to the susceptible host) 

but also of the reservoir where the pathogen normally lives can be identified. Such 

knowledge can prompt reasonable and purposive interventions with the aim of elimi-

nating the pathogen, to disrupt the chain of infection in order to stop the outbreak and 

to prevent this kind of infections in the future.  

 

1.5 Detection of a possible outbreak 

When zoonotic agents are isolated from samples from human, animal or foodstuff 

origin, the respective laboratories are obligated to send them to the responsible na-

tional reference laboratory or national reference centre. In these institutions the iso-

lates are subtyped (including serotyping and DNA fingerprinting or pulse-field gel elec-

trophoresis (PFGE)) in order to find isolates with a common pattern and to elucidate 

the way of infection throughout the food chain. So if a larger number of isolates than 

expected in a given period and area appears, responsible professionals working in the 

national reference centres are alerted and get in contact with regional health officials, 

as there is already a cluster of cases. When an investigation shows that patients of a 

cluster have something in common to explain why they all have the respective disease, 
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the group of illnesses is called an outbreak. In the EMS these cases are marked with a 

special outbreak ID.  

Possible outbreaks are not only detected by public health surveillance. Also informal 

reports occur when members of a community call the local health department to re-

port a group of suspected food-related illnesses. This might happen if several people 

got sick after eating at a group dinner or family gathering.  

In addition information is given through the media when there are short reports in lo-

cal newspapers or on national television about big numbers of gastroenteritis or vom-

iting in schools or seniors homes with the consequence of temporary closing down of 

these public institutions.  

 

1.6 Legal responsibilities within Austria – outbreak investigation and 

control 

If there is a foodborne outbreak or even just the suspicion of an outbreak the public 

health officers of the affected district administrations have to initiate investigations to 

determine the extent of the disease and to find the source of infections according to 

the regulations in the Epidemic Act 1950 [ANONYMOUS, 1950]. Additionally, the Zoon-

oses Act 2005 obliges the involved authorities for an outbreak investigation with ade-

quate microbiological and epidemiological analyses and that every investigation must 

provide a short report summarizing its findings and the measures implemented to cor-

rect the situation [ANONYMOUS, 2005]. The authorities have the possibility to consult 

experts like epidemiologists from the AGES (Austrian Agency for Health and Food Safe-

ty) in order to perform this investigation. [PICHLER et al., 2009a] 

In the case of an outbreak affecting more than one province the so called „Bundeszo-

onosenkommission” (located in the Ministry of Health) have to be informed. An up-

dated list of ongoing outbreak investigations can be accessed by authorized persons in 

an online database for reporting foodborne outbreaks affecting more than one prov-

ince.  
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An annual summary of foodborne outbreaks in Austria is available for the public on the 

homepage of the Ministry of Health: 

http://www.bmg.gv.at/cms/home/attachments/0/7/5/CH1400/CMS1379490681062/j

b_lmbka_2012_final_revm.pdf 

  

1.7 Reporting of foodborne outbreaks 

The Austrian Zoonoses Act 2005 commits the AGES to collect the foodborne outbreak 

data annually and to send them to the EFSA (European Food Safety Authority). Accord-

ing to the EFSA ‘Manual for reporting of food-borne outbreaks in accordance with Di-

rective 2003/99/EC from the year 2012’ the European nomenclature for reporting was 

directly adopted into the structure of the EMS. The most important terms are listed 

below. 

 

1.7.1 Terms for reporting foodborne outbreaks   

Household versus general outbreak 

Outbreaks are classified either household outbreaks, when people from only one 

household are concerned or general outbreaks, when consumers from several house-

holds are involved (e.g. in a restaurant or senior homes). Every year, the majority are 

household outbreaks as it rarely works that disease cases of different household out-

breaks are connected to one general outbreak by identifying a common food vehicle as 

the source of infection. In 2012, Austria reported 81 % of all foodborne outbreaks as 

household outbreaks.  

 

Outbreak with strong or weak evidence 

Based on the strength of evidence implicating a particular suspected food vehicle, out-

breaks are distinguished in those with strong or weak evidence. For outbreaks with 

weak evidence aggregated data is sufficient. Only numbers of outbreaks, cases, hospi-

talisations and deaths are reported. Outbreaks with strong evidence have to be re-

ported in detail, either by an analytical epidemiological study with statistical significant 
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association or by convincing descriptive evidence like a microbiological proof of the 

pathogen in humans, in food or in the environment of the food. Additionally to the 

numbers of cases, hospitalisations, deaths and the information concerning the patho-

gens, the nature of the evidence implicating the food vehicle, and the factors in food 

preparation and handling that contributed to the outbreak have to be reported. [EU-

ROPEAN FOOD SAFETY AUTHORITY, 2013]  

In 2012, Austria reported three out of 122 outbreaks (2.5 %) with strong evidence to 

EFSA:  S. Enteritidis PT8, S. Stanley, and VTEC O113:H8, respectively. [MUCH et al., 

2013a] 

 

Food vehicle 

Food contaminated with bacteria, viruses or toxins. Poultry meat, pig meat, egg and 

egg products, fish and fishery products, milk and dairy products, crustaceans or buffet 

meals are most often identified as food vehicles. [EUROPEAN FOOD SAFETY AUTHORI-

TY, 2013] 

 

Setting 

Place of exposure to the food vehicle. I.e. the location where the food was consumed 

or where the final stages of preparation of the food vehicle took place (e.g. café/ 

restaurant, take-away outlet, canteen, residential institution, domestic kitchen). [EU-

ROPEAN FOOD SAFETY AUTHORITY, 2013] 

 

Contributory factors 

One or more circumstances that led to a foodborne outbreak; e.g. wrong behaviour in 

contact with sensitive food, infected food handler, contaminated raw material, cross 

contamination, inappropriate storing (time, temperature), and insufficient heat treat-

ment. [EUROPEAN FOOD SAFETY AUTHORITY, 2013]  
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1.8 Historical overview of foodborne outbreaks in Austria 

The following table 1 gives an overview about the situation in Austria in the last seven 

years, the numbers of outbreaks for the most common pathogens (including the bac-

teria Listeria monocytogenes) and the numbers of people involved in these foodborne 

outbreaks. 

 

Year 2006 2007 2008 2009 2010 2011 2012 

Number of FBOs 609 438 368 351 193 232 122 

- caused by Salmonella 452 305 223 208 98 100 53 

- caused by Campylobacter 137 108 118 120 82 116 61 

- caused by L. monocytogenes 0 0 1 1 1 1 2 

Number of diseased 2,530 1,715 1,376 1,330 838 789 561 

- Number of hospitalized 493 286 338 223 155 179 97 

- Number of deaths 3 1 0 6 2 0 0 

TABLE 1: Foodborne outbreaks in Austria from 2006 – 2012 

FBO = foodborne outbreak, L. = Listeria [MUCH et al., 2011a; 2013] 

 

1.9 Incidence of foodborne outbreaks in Austria, 2012 

In 2012, 122 foodborne outbreaks were notified and 561 persons were involved. For 

the second time outbreaks caused by Campylobacter have a greater number (n = 61) 

than those caused by Salmonella (n = 53). Additional outbreaks were due to verotoxin-

producing E. coli (2-times), Listeria monocytogenes (2-times), Norovirus (2-times), hep-

atitis A virus and Entamoeba spp. one time, respectively. [MUCH et al., 2013b] 

Generally, there is a decline in the reported numbers of outbreaks until 2010, mainly 

caused by lower numbers of affected people, but also through greater effort of the re-

sponsible authorities to do proper outbreak investigation and to merge apparently dis-

connected small household outbreaks to greater general outbreaks via identification of 

a common vehicle of infection. From 2010 to 2011 there is a 20 % increase in the num-

bers of outbreaks; a possible explanation is the increased number of Campylobacter 

infections in Austria in general. From 2011 to 2012 there is again a decrease of 47 % in 

all documented foodborne outbreaks in Austria. Outbreaks due to Salmonella were re-



11 

 

 

duced from 452 to 53 within seven years; that reflects the great success of the Salmo-

nella reducing program in laying hen flocks. [MUCH et al. 2011, 2010] 

According to the numbers of notified cases in the EMS (as at 28.04.2013) 7,661 per-

sons were infected due to foodborne pathogens in Austria in 2012. But only 561 cases 

(7 % of all cases of foodborne infections; in 2010: 9 %; in 2009: 13 %) can account for 

the 122 outbreaks, the remaining 7,100 are apparently sporadic single cases.  

Since an outbreak investigation may be able to combine independently reported cases 

or individual outbreaks into one epidemiologically linked outbreak, this reduces the 

number of individual outbreaks and sporadic cases respectively [MUCH et al., 2009b]. 

A more intense and precisely conducted outbreak investigation could considerably de-

crease this proportion. [MUCH et al., 2013b]  

Another important aspect is that the thorough disease notification structure in Austria 

may also explain why single outbreak numbers are higher for Austria than for other 

countries included in the European Union Summary Report on Trends and Sources of 

Zoonoses, Zoonotic Agents and Foodborne Outbreaks. [MUCH et al., 2009b] 

 

1.10 Prevention and Control on an European level 

In order to prevent zoonoses and foodborne outbreaks, it is important to identify 

which animals and foodstuffs are the main sources of infections. The European Centre 

for Disease Prevention and Control (ECDC) collects data of human zoonoses cases in 

Europe annually. Together, ECDC and EFSA analyze the information submitted by 30 

European countries (presently including 27 EU Member States) on the occurrence of 

zoonoses and foodborne outbreaks. The results of the analyses of the data are pub-

lished in the annual European Union Summary Report on Trends and Sources of Zoon-

oses, Zoonotic Agents and Foodborne Outbreaks. The latest report from 2011 is avail-

able on the EFSA homepage: 

http://www.efsa.europa.eu/de/efsajournal/pub/3129.htm. 
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1.10.1 Comparison between Austria and the EU in 2011 

The increase in cross-border trade and therefore internationalization of food supply 

sources as well as the increase of global tourism and migration sets the epidemiologi-

cal investigation of foodborne outbreaks to an EU-wide duty. But it is important to 

note that reporting systems for foodborne outbreaks and investigation systems at na-

tional level are not harmonised among member states. Therefore, the differences in 

numbers and types of reported outbreaks, as well as in the causative agents may not 

necessarily reflect the level of food safety among member states; rather they may in-

dicate differences in the sensitivity of the national systems in identifying and investi-

gating foodborne outbreaks. [MUCH et al., 2013a] 

In 2011, a total of 5,648 foodborne outbreaks, including both weak and strong evi-

dence outbreaks, were reported by 25 member states. Overall, 69,533 human cases, 

7,125 hospitalisations and 93 deaths were reported. The evidence supporting the link 

between human cases and food vehicles was strong in 701 outbreaks.  

Like in Austria, the decline in the number of Salmonella outbreaks within the EU con-

tinued, from 1,888 outbreaks in 2008 to 1,501 outbreaks (26.6 % of all outbreaks) in 

2011. Bacterial toxins, Campylobacter and viruses accounted for 12.9 %, 10.6 % and 

9.3 % of the outbreaks, respectively. No causative agent was identified for more than 

2,000 outbreaks in the EU (36 %). [EUROPEAN FOOD SAFETY AUTHORITY and EUROPE-

AN CENTRE FOR DISEASE PREVENTION AND CONTROL, 2012] 

 

1.10.2 Early warning systems  

Early Warning and Response System 

On the European level the Network for the Surveillance and Control of Communicable 

Diseases has been established by the European Parliament with Council Decision 

2119/98/EC. The aim of the Network is to promote cooperation and coordination be-

tween the Member States to improve prevention and control of communicable diseas-

es and to protect public health. The Network includes an Early Warning and Response 

System (EWRS) and has contact points nominated by the national Ministries of Health 
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on duty 24 hours a day and seven days a week. Their duty is to inform each other 

about incidents related to infectious diseases potentially affecting other EU-member 

countries.  

The head office for public medical services at the Federal Ministry of Health in Austria 

serves as the EWRS contact point, thus overseeing and ensuring the relevance of the 

information fed into the system. In order to ensure comparable reports of the different 

countries case definitions for the different diseases were developed.  

In response to the installation of the EWRS on the EU level, a national warning system 

was created. It features a mailing list including all sanitary authorities of the provinces, 

reference centres and other relevant organisations. [LADURNER et al., 2010] 

In 2005, the European Centre for Disease Prevention and Control (ECDC) was estab-

lished. It is an independent agency of the EU with the mission to strengthen Europe's 

defences against infectious diseases. The objective is to operate surveillance networks 

and to identify, assess and communicate current and emerging threats to human 

health from communicable diseases. Data from all Member States and three countries 

(Iceland, Liechtenstein and Norway) from the European Economic Area (EEA) are col-

lected and entered in ECDC’s database system, known as The European Surveillance 

System (TESSy). In the Annual Epidemiological Report epidemiological overviews of all 

diseases are provided 

(http://www.ecdc.europa.eu/en/publications/surveillance_reports/annual_epidemiolo

gical_report/Pages/epi_index.aspx).  

ECDC works in partnership with national health protection bodies across Europe to 

strengthen and develop continent-wide disease surveillance and early warning sys-

tems.  

 

Rapid Alert System for Food and Feed 

In the European Union, a rapid alert system for food and feed (RASFF) was put in place 

to provide food and feed control authorities with an effective tool to exchange infor-

mation about measures taken responding to serious risks detected in relation to food 

or feed. This exchange of information helps member states to act more rapidly and to 
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respond to a health threat caused by food or feed in a coordinated manner. During the 

last decade, RASFF messages with information concerning listeria have increased by 

the factor of three. While in 2012, 90 notifications concerned L. monocytogenes (2011: 

107, 2010: 108, 2009: 85, 2008: 51, 2007: 37, 2006: 26, 2005: 117, 2004: 122, 2003: 58, 

2002: 51, 2001: 36), only 33 alerts were issued in the year 2000. This increase seems to 

reflect increased awareness about listeria contamination as a potential public health 

risk. In 2012, fish, meat, and milk products accounted for 66 % (n=59) of the 90 RASFF 

notifications. [Oral communication with Franz Allerberger, data not published yet] 

 

Information of the public 

As with the amendment of the Austrian Food Safety and Consumer Protection Law 

(LMSVG) [ANONYMOUS, 2006] in 2010, the information of the public concerning un-

safe products or food was improved [ANONYMOUS, 2010]. Already if there is a rea-

sonable suspicion (due to laboratory results, risk assessment of the AGES or RASSF 

alerts) that harmful products or food are on the market and could negatively affect 

people, the Austrian Minister of Health has to inform the public. The sole responsibility 

of the producer or trader is no longer valid, but already set actions by them have to be 

taken in account. 

 

1.11 Factors causing food-related infections 

Many different factors may lead to foodborne infections and outbreaks; high risk fac-

tors for foodborne disease are food from unsafe sources, poor personal hygiene, inad-

equate cooking, improper holding times and temperatures, and cross contamination 

[U. S. FOOD AND DRUG ADMINISTRATION, 2009]. 

Generally there are three lines of defense against a foodborne infection. The first is 

primary production, with the aim of a preferably small amount of pathogens in raw 

material and an improvement of the hygiene. The second utilizes food processing 

technologies like pasteurization, salting, irradiation, but also the implementation of a 

sound HACCP-System (Hazard Analysis and Critical Control Points), mandatory in the 
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European Union since 2006 [JEVŠNIK et al., 2008]. And the third line of defense con-

cerns the education and training of all food handlers in restaurants and catering ser-

vices, but also home-based food handlers in order to reach a greater awareness for 

food safety and hygiene (e.g. prevention of cross contamination on chopping boards, 

adequate knowledge of safe temperatures, hand washing techniques, and the use of a 

cool bag for the transport of sensitive food after shopping). [SCOTT, 2003; AMMON 

and BRÄUNIG, 2002] 

 

Lack of food safety knowledge can result in inadequate food preparation and inappro-

priate hygiene behavior and often causing a transmission of foodborne pathogens to 

the consumers [DEBESS et al., 2009]. Shapiro et al. identified that a lack of food han-

dlers’ knowledge of proper cooking and storage temperatures could lead to multiplica-

tion of bacterial pathogens in food, with resultant outbreaks of illness [SHAPIRO et al., 

1999]. Therefore it is of utmost importance to educate and train food handlers proper-

ly. [WORLD HEALTH ORGANISATION, 2006] 

 

In 2006, the WHO launched a health promotion campaign named „Five keys to safer 

food“ [WORLD HEALTH ORGANISATION, 2006]. Through observing these rules for a 

safe food preparation in restaurants and private homes, risk factors for food-related 

infections can be minimized. 

The 5 recommended keys to safer food are:  

“Keep clean!” 

“Separate raw and cooked!” 

“Cook thoroughly!” 

“Keep food at save temperatures!” 

“Use safe water and raw materials!”  

 

To prevent restaurant-associated foodborne disease, it is important to determine gaps 

in food safety knowledge of food handlers in order to guide effective educational and 

behavioral interventions [PICHLER et al., 2014]. In a recent study for evaluating the 
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levels of knowledge on food safety and hygiene among food handlers from restaurants 

and different catering businesses in Vienna, Austria, Pichler et al. identified substantial 

knowledge gaps concerning the correct temperatures for cooking, holding, and storing 

foods (see original article V). The authors recommend targeted educational material to 

be created with special focus on time and temperature for cooking, holding, and stor-

ing foods to increase the knowledge of food handling staff and to keep up with safe 

food handling practices. [PICHLER et al., 2014] 

 

1.12 Documented outbreaks in Austria and their contributing factors 

1.12.1 Infected food handler – a norovirus outbreak 

During October 2008, the Austrian Agency for Health and Food Safety (AGES) investi-

gated a cluster of gastroenteritis at a military base in Vienna. The objective was to find 

the causative agent, source, and mode of transmission of the outbreak. Descriptive ep-

idemiology identified 63 cases, which fell ill between October 8 and October 10, from 6 

out of 7 companies located at the base. A case control study was performed on 53 cas-

es and 133 controls. Questionnaires were created based on the menu served in the 

dining hall at the military base to identify potential risky meals and food items. A total 

of 99 stool samples from 56 cases and 43 controls were examined for norovirus using 

PT-PCR; 47 cases tested positive. Of 24 kitchen staff members, all of them asympto-

matic, two carried norovirus. None of 126 stool specimens tested yielded bacterial 

pathogens or staphylococcal enterotoxin. Two meals were associated with illness 

caused by norovirus: breakfast and lunch served in the dining hall on Tuesday October 

7 (odds ratios of 5.4 (95 % CI 2.0-14.5) and 17.2 (95 % CI 2.3-129.0), respectively 

(p<0.001)). The analytical epidemiological study made allows proving a point-source 

foodborne genesis. The asymptomatically infected food handlers were the most likely 

source of this foodborne outbreak. Interventions to prevent occurrence of similar out-

breaks in the future must include securing adequate hand washing facilities in the 

kitchen area, i.e. contact free faucets, and basic hygiene training of the frequently 

changing kitchen staff, with special focus on hand washing. [MUCH et al., 2009b]  
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This was the first documented foodborne outbreak in an Austrian military base due to 

norovirus. Only by the means of an analytical epidemiological investigation it was pos-

sible to distinguish whether the way of infection was food-related or caused by per-

son-to-person spread.  The occurrence of person-to-person transmission (secondary 

cases) was not provable. This foodborne outbreak was restricted to only one location 

so the contamination of the meals happened in that single venue and not in the big 

military catering facility working with a cook & chill technique and preparing meals for 

several military locations in Vienna. Food samples were collected by health authorities 

two days after exposition; no norovirus was detected in these samples. Sampling and 

testing of food where no epidemiological link to the outbreak is given, should be criti-

cally questioned and gives no profound validity whether the outbreak was food-related 

or not. 

 

1.12.2 Inadequate cleaning and thermal disinfection – two consecutive Salmo-

nella Typhimurium outbreaks 

A Salmonella Typhimurium outbreak happened from 25 May – 7 June 2009 and 122 

soldiers who consumed food in the military base A contracted from salmonellosis. De-

spite of extensive investigations in a clearly closed setting, the vehicle of infection was 

not identified. From 31 August – 2 September 2009 again an outbreak with the same 

Salmonella definitive type (S. Typhimurium DT193) happened and 61 soldiers got in-

fected during a corporate field exercise formed by persons from military base A + B.  

A descriptive-epidemiological investigation, a cohort study of the first outbreak, and a 

broad microbiological investigation were carried out. However, the microbiological 

testings (such as eggs from the local egg producer) were all Salmonella-negative and 

the vehicle of infection was not identified. The most probable link between the two 

outbreaks was the use of mobile cooking units and heating boxes from the military 

base A, which underwent inadequate cleaning and thermal disinfection due to a failure 

of the steamer used. Furthermore, the dish washing facility was in a very poor hygienic 
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condition and a consequent resoiling of cooking utensils from the floor was very likely. 

[PICHLER et al., 2010] 

 

The above mentioned outbreaks show clearly the serious consequences if catering 

businesses do not maintain good hygiene practices. Many companies produce big 

numbers of meals daily and already little failure in kitchen hygiene and food safety 

(e.g. cross-contamination, insufficient heat treatment) can result in foodborne out-

breaks with many involved parties. 

 

1.13 Public health relevance of foodborne diseases 

Foodborne diseases and outbreaks are crucial contributors to morbidity and mortality 

worldwide [FLINT et al., 2005]. The whole extent is hard to comprehend as only a small 

number of infections are obviously due to food [FLINT et al., 2005]. In estimating the 

burden of disease within a population it is important to recognize that many people do 

not visit a physician when they become ill with gastrointestinal disease and that not all 

physicians send in stool samples for microbiological verification. [MUCH et al., 2009b] 

 

For the United States Mead et al. estimated 13.8 million foodborne infections by 

known pathogens and 62 million of unknown etiology [MEAD et al., 1999], and Scallan 

et al. estimated 9.4 million cases of food-related diseases caused by 31 major patho-

gens [SCALLAN et al., 2011b] and 38.4 million by unspecified pathogens [SCALLAN et 

al., 2011a] every year. The diversity of these numbers demonstrates the complexity of 

such estimations. 

The total health-related cost of foodborne disease in the United States is equivalent to 

$ 51.0 billion in the basic cost-of-illness model (including values for medical care, 

productivity losses and mortality) and $ 77.7 billion in the enhanced model, including 

added pain and suffering [SCHARFF, 2012]. No published data for Austria and the Eu-

ropean Union are available concerning socio-economic costs of foodborne infections. 
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Globally, the incurred costs and dimensions of foodborne diseases are still unknown 

but they seem to be substantial. [KUCHENMÜLLER et al., 2009] 

 

In 2002, Ammon and Bräunig published in the German ‘Bericht der Gesundheitserstat-

tung des Bundes’ that foodborne infections and intoxications raised enormously in the 

last 25 years. This is due to the improved laboratory diagnosis but also due to new 

ways of infections caused by changed environmental conditions (worldwide trade of 

goods, animals, altered food consumption behaviors etc.) [AMMON and BRÄUNIG, 

2002]. An increased mass production can influence the outbreak scenario - from being 

small and confined to a community or region, outbreaks change to large ones, affect-

ing hundreds of people and spread cross-border [ALLERBERGER, 2007]. 

 

In recent years, new pathogens appeared. Verocytotoxic E. coli (VTEC) strains are a 

pathogenic variant of the otherwise harmless intestinal inhabitant E. coli; VTEC can 

cause bloody diarrhoea and, in rare cases, the life-threatening Haemolytic-uraemic 

syndrome (HUS). In spring 2011, a new variant of VTEC, E. coli O104:H4 caused an out-

break in Germany also affecting other European countries with more than 3,800 cases 

and 53 fatalities. This strain developed from a human pathogen, an enteroaggregative 

E. coli, acquired different pathogenic genes, e.g. to produce proteins to adhere to hu-

man enterocytes, shows resistance to several critically important antibiotics and has 

the ability to produce verotoxin 2; those latter factors highly increased its virulence. 

[FRANK et al., 2011] 

Also multiresistant bacteria – organisms resistant to antimicrobial agents from more 

than three different classes of substances usually effective against the same bacterial 

species – represent an additional risk to humans. Examples of multiresistant organisms 

are methicillin-resistant Staphylococcus aureus (MRSA), extended-spectrum ß-

lactamase (ESBL)-producing enterobacteria, carbapenemase-producing enterobacteria, 

or Salmonella Typhimurium DT104. [MUCH et al., 2013a] 
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2 LISTERIA MONOCYTOGENES 

Listeria monocytogenes can cause a foodborne outbreak, but outbreaks are very rarely 

documented. Information concerning occurrence, reservoir, mode of transmission, 

symptoms and therapy, and advice for prevention is given in this chapter 2. Additional-

ly, Austrian data from humans (compared to the EU MS in 2011), animals and foodstuff 

from the year 2012 are presented.  

 

2.1 Zoonotic agent       

The zoonotic agent Listeria (L.) monocytogenes is a short, non-spore-forming, rod-

shaped bacterium; human infections are usually caused by serotypes 1/2a, 1/2b, 1/2c 

and 4b. [ALLERBERGER and WAGNER, 2010] 

 

2.2 Occurrence 

The pathogen is widely distributed in the environment, from sewage water to soil and 

plants. Food products of animal origin, such as raw milk, soft cheese, pâté, smoked fish 

and raw meat, can become contaminated during the production process (e.g. during 

milking or slaughter). The bacterium is commonly found in food-processing plants, 

where it is potentially becoming a ‘domestic pathogen’ that is difficult to be eliminated 

by routine cleaning and disinfection practices. Studies have shown that it can grow and 

exist in biofilm, enabling attachment to stainless steel surfaces in food production sys-

tems [IWAMOTO et al., 2008]. Unlike most other zoonotic bacteria, L. monocytogenes 

can multiply in low-temperature environments, such as refrigerators. It’s unusual via-

bility at temperatures between -1.5 and 45 °C, in high salt concentrations (up to 10 – 

14 %) and low or high pH values (4.3 – 9.1) are a meaningful challenge for the food in-

dustry. [SCHODER and WAGNER, 2012] 

 

2.3 Reservoir 

Ruminant animals (especially cattle, sheep and goats) and contaminated production 

facilities (mainly machines for slicing and vacuum-packing). 
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2.4 Mode of transmission 

Consumption of contaminated foods of animal or vegetable origin is the main trans-

mission route. Transmission among humans has rarely been observed (nosocomial in-

fection of neonates). Infection through direct contact with carrier animals is rarely 

documented. 

 

2.5 Listeriosis 

Listeriosis is an infectious disease caused by L. monocytogenes. 

 

2.5.1 Incubation period  

Within a foodborne infection the incubation period is 3 – 70 days, median incubation is 

three weeks. 

 

2.5.2 Symptoms 

In healthy adults, the infection with L. monocytogenes is mild, although some may de-

velop diarrhoea. However, in immuno-compromised individuals, such as neonates, the 

elderly and patients with chronic diseases the infection may spread to the nervous sys-

tem. Symptoms for invasive listeriosis include: intense headache, high fever, muscle 

aches and sometimes nausea, diarrhoea, stiff neck, confusion, and loss of balance. Se-

vere cases may develop meningitis or may result in death.  

In pregnant women, the infection is mostly asymptomatic, however, infection can lead 

to miscarriage, stillbirth, premature delivery, or infection of the newborn. Infected in-

fants often develop meningitis. [PICHLER et al., 2009a] 

 

2.5.3 Diagnosis 

Listeriosis is confirmed by culturing the infectious agent from blood, cerebrospinal flu-

id, pus or stool. 
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2.5.4 Therapy 

Treatment is done with antibiotics. Despite specific therapy, up to 30 % of clinical cases 

of listeriosis end fatally.  

 

2.6 Preventive measures 

The compliance with common kitchen hygiene rules is important to avoid infections 

with L. monocytogenes. 

Rules to minimize the risk of foodborne infections include:  

• Thoroughly cooking of meat and fish dishes 

• Boiling of raw milk before consumption  

• No consumption of raw minced meat  

• Highly sensitive food like soft cheeses or smoked fish should be stored sepa-

rately in the refrigerator and not consumed after the expiration date  

• Regular hand washing (before and after preparation of meals) is an important 

basic measure of protection against pathogens 

• Fruits, vegetables and salads should be washed properly before eating 

• The preparation of meat and raw vegetables should be done with separate 

kitchen equipment or at separate times 

• Work surfaces should always be cleaned thoroughly after use 

• During storage in the refrigerator, freshly cooked meals should be covered to 

avoid later contamination [PICHLER et al., 2009a] 

 

2.7 Data from Austria, 2012 

2.7.1 Humans 

Listeriosis notification in Austria 

Generally, the reporting system for listeriosis is compulsory, comprehensive (covers 

the whole population of a region), passive, and case-based (each individual case of the 
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disease under surveillance is reported separately to the national level). Data are re-

ported from laboratories, physicians and hospitals nationwide. [PICHLER et al., 2009a] 

A main task of the national reference centre for Listeria (also binational Austrian-

German Consiliar Laboratory for Listeria) is to elucidate possible outbreaks through 

serotyping and DNA fingerprinting of all of the isolates and to collect epidemiological 

data of the patients in order to set targeted preventive measures [KASPER et al., 2009]. 

But the large part of invasive listeriosis cases are sporadic ones and it is rarely possible 

to find a common food vehicle with the same genetic pattern in the patient’s and 

food’s isolate. 

 

In 2012, 34 cases of invasive listeriosis were investigated and serotyped in the national 

reference centre for Listeria within the AGES. Congenital listeriosis was reported in 

four of the 34 cases (the foetus, stillborn, new-born or the mother count as one case). 

The incidence is only 0.4/100,000 population and therefore Listeriosis is considered to 

be a rare infectious disease in Austria. In 2012, the case fatality ratio was 12 % (4 of 34 

patients died). Figure 2 shows microbiologically confirmed cases of invasive listeriosis 

and deaths in Austria between 2000 and 2012. 
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FIGURE 2: Microbiologically confirmed cases of invasive listeriosis and fatal outcomes 

in Austria between 2000 and 2012 

[MUCH et al., 2013a](Reprinted with permission) 
 
 

Comparison between Austria and the European Member States in 2011 

In 2011, the incidence of notified human listeriosis cases in Austria was 0.31/100,000 

population and similar to the EU average of 0.32/100,000 population. The incidences 

for listeriosis in the single Member States varies EU-wide from 0.04/100,000 popula-

tion in Romania to 0.88/100,000 population in Denmark. [EUROPEAN FOOD SAFETY 

AUTHORITY and EUROPEAN CENTRE FOR DISEASE PREVENTION AND CONTROL, 2012] 

 

2.7.2 Food 

The revision and sampling plans of the Federal Ministry of Health (FMH) specify the 

number of food enterprises (restaurants, dairies, retail outlets, manufacturers etc.) 

and food products that must be tested in each province in a given year. During these 

inspections samples are taken for investigation and the food production processes are 

assessed. 
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In 2012, L. monocytogenes was detected in 25 grams of the following food categories:  

In two out of 1,181 samples of milk, milk products or cheeses; in nine out of 168 sam-

ples of fish products and in two out of 72 smoked fish samples. In 570 samples of meat 

and meat products from different animal species (raw or cooked), the pathogen was 

found in 31 samples; out of those the bacteria was most prevalent in 12 out of 148 

samples of cooked, ready to eat pig meat samples. Six out of 176 samples of ferment-

ed sausages were contaminated with L. monocytogenes. In 3/313 sampled other food 

stuffs like salads, sauces, dressings, and vegetables L. monocytogenes was detected. 

Out of all L. monocytogenes positive food samples, in only four samples (two samples 

of smoked fish and two samples of cooked, ready to eat pig meat) the pathogen was 

present in 10-100 colony-forming units (cfu); none of the samples exceeded 100 cfu/g. 

Figure 3 shows data from food of animal origin tested for Listeria monocytogenes (in-

cluding positive samples) in Austria in the year 2012. [MUCH et al., 2013a] 

 

FIGURE 3: Food of animal origin tested for L. monocytogenes in Austria, 2012 

[MUCH et al., 2013a] (Reprinted with permission)  
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2.7.3 Animals 

Listeria monocytogenes is mainly transported into the food via the production process 

in the plants and not via animals. Therefore a surveillance of the animal population for 

Listeria is not worthwhile. 
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3 EPIDEMIOLOGY OF COMMUNICABLE DISEASES 

Chapter 3 deals with the topic epidemiology of communicable diseases and the differ-

ent steps of a foodborne outbreak investigation are illustrated. In addition, unusual 

ways of outbreak investigations for rare pathogens are shown by two different out-

breaks caused by Listeria monocytogenes.  

 

3.1 Definitions 

Epidemiology 

Epidemiology is the study of the distribution and determinants of disease, in order to 

control diseases and other health problems in the population. Surveillance and de-

scriptive studies are performed to study distribution; analytical studies are used for de-

terminants. [WHO, 2013] 

Epidemiology is the cornerstone of public health, and supports health policy decisions 

and evidence-based medicine by identifying risk factors for disease and targets for 

preventive medicine. 

 

Communicable disease (synonym: infectious disease) 

‘An illness due to a specific infectious agent or its toxic products that arises through 

transmission of that agent or its products from an infected person, animal or inanimate 

source to a susceptible host; either directly or indirectly through an intermediate plant 

or animal host, through a vector, or through contact with the inanimate environment’ 

[HEYMANN, 2008]. 

 

3.2 Outbreak investigation: how does it work in theory and in practice? 

3.2.1 Steps in a foodborne outbreak investigation   

Doing outbreak investigation is the chance to learn something new about the organism 

or the disease. An outbreak response should be systematic and based on epidemiolog-

ical evidence. A foodborne outbreak investigation goes through several steps. Here, 

the ten steps proposed by the Centers for Disease Control and Prevention (CDC) are 
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described in the given order, but in reality investigations are dynamic and several steps 

are taken concurrently. [HEYMANN, 2008] 

 

10 Steps in a foodborne outbreak investigation: (according to CENTERS FOR DISEASE 
CONTROL AND PREVENTION, 2013 and DWORKIN, 2010) 
 

1. Confirm the outbreak and verify the diagnosis 

2. Create a preliminary case definition 

3. Count cases 

4. Perform descriptive epidemiology 

5. Perform supplemental laboratory or environmental investigation 

6. Develop hypothesis 

7. Test hypothesis – analytical epidemiological studies 

8. Controlling an outbreak 

9. Communicate findings and prevention information 

10. Maintain surveillance 

 

In the following paragraphs the different steps in a foodborne outbreak investigation 

are explained in detail and highlighted with comments from my personal experience of 

performing outbreak investigation with special emphasis on two outbreaks caused by 

L. monocytogenes serovar (sv) 1/2a and 4b. 

 

1. Confirm the outbreak and verify the diagnosis 

There are several ways in being informed about an unexpected high number of cases 

of a disease or syndrome (as already mentioned in the chapter of foodborne out-

breaks) and now it is important to verify, that an outbreak is occurring and that it is not 

only a cluster of cases with no common link. A useful method of verifying that an out-

break exists is to examine public health surveillance data, in case it is a reportable dis-

ease. It can quickly be determined whether the suspicion of a high number of case re-

ports of e.g. Listeria monocytogenes can be confirmed by comparing the report to a 

median number of reported cases during a similar time period historically. Additional-

ly, it is necessary to confirm the diagnosis by forwarding the isolates to the national 

reference centre (as the information about the cluster is not originated there). Here it 
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will be determined whether the outbreak is definitely four isolates of the pathogen Lis-

teria and which serotype is involved.  

Furthermore it should be determined whether the outbreak is waterborne, foodborne, 

or caused by person-to-person spread or via vectors, where this outbreak happened 

and if it is still ongoing either in the community or in closed settings like public institu-

tions (senior homes, kindergartens, hospitals, etc.).  

 
2. Create a preliminary case definition 

Once an outbreak is really occurring and the diagnosis is confirmed, a tentative case 

definition is needed to determine the extent of the outbreak in a systematic way. The 

case definition should include features of the illness and typical symptoms, the patho-

gen (including serotype) and the time range when the illnesses occurred. Special atten-

tion should be paid to sensitivity and specificity. As additional information is gained, 

there may be the need to modify the preliminary case definition to make it more spe-

cific and useful for analysis. During the investigation of the L. monocytogenes sv 4b 

outbreak cases were defined as follows: ‘a confirmed case is a person who had dinner 

at the wine tavern on September 6, 2008 and developed diarrhea or fever within the 

following seven days, with an isolate of L. monocytogenes from stool, blood or cere-

brospinal fluid (CSF)’ (see original article IV). 

 
3. Count cases 

After a case definition has been determined, the work of identifying as many cases as 

possible starts. The gained information should be entered in a ‘line list’, where the first 

reports are summarized on paper or excel sheets. Important to mention is that primary 

cases are defined as cases that were exposed to the implicated source and secondary 

cases usually arise from their contact with an infectious primary case. E.g. subjects eat-

ing Campylobacter-contaminated chicken develop gastroenteritis are called primary 

cases. They will shed the organism in their stools, and if they do not practice good 

hand hygiene after using the toilet, they may transfer the organism to a family mem-

ber, for example during food preparation at home. These new cases of campylobac-
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teriosis may never have been to the implicated restaurant and are secondary cases. 

When later performing epidemiologic analysis it is important to exclude the secondary 

cases from the analysis of risk factors in order to find the primary source of the out-

break.  

 

4. Perform descriptive epidemiology 

When the number of cases of the initial ‘line list’ has become numerous they must be 

transferred in a special computer data base. The descriptive epidemiologic analysis 

gives information about person, place and time; frequencies of variables like age, gen-

der, symptoms, clinical manifestation and exposure information can be elucidated. 

Cases can be examined for their geographical distribution (see original article I), and 

the results may lead to a hypothesis regarding a common exposure site. When having 

identified the onset of illness an epidemic curve can be designed and it shows clearly 

the distribution of cases over time and whether it is a point-source outbreak like the L. 

monocytogenes sv 4b outbreak in 2008 (see original publication IV). Or it is a continu-

ous source outbreak – temporary epidemic curve from 12/2009 shown in figure 4 – as 

originated from the L. monocytogenes sv 1/2a outbreak in 2009/10 [FRETZ et al., 

2010b], investigated by the Competence Centre for Infectious Disease of AGES and 

demonstrated detailed in original article II and III and in review II adjacently.  
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FIGURE 4: Interim epidemic curve of the L. monocytogenes sv 1/2a outbreak in De-

cember 2009. Outbreak cases of listeriosis by onset of illness, Austria and Germany, 

2009 (n=14) 

[FRETZ et al., 2010a] (Reprinted with permission) 

 

Several statistical software packages are available for analyzing outbreak data, but one 

of the more commonly used and freely accessible epidemiological software is Epi In-

fo™, available for download from the CDC homepage at http://www.cdc.gov/epiinfo/. 

Epi Info™ is easy to apply also for investigators with limited epidemiologic and analyti-

cal skills and has many convenient functions without the need to write programming 

codes.  

 

5. Perform supplemental laboratory or environmental investigation 

Depending on the type of outbreak environmental investigation may help bringing 

light into the so far unclear situation. In case of a foodborne outbreak investigation 

where a food establishment is implicated by some or all of the cases, a restaurant in-

spection by the local health authority is a routine response. During the L. monocyto-

genes sv 4b outbreak also the outbreak investigation team was onsite and staff work-

ing in the wine tavern was interviewed to find out the ingredients used, the steps 

followed in food preparation, and the applied temperatures for preparing and holding 
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food. Also samples from the incriminated food (hog head, self-made sausages, etc.) 

and microbiological paddle tests from the environment (refrigerated warehouse, 

washing machine, wooden chopping boards, etc.) were taken for laboratory testing.  

The inspection could reveal useful clues that support the interpretation of the epide-

miologic data such as misbehavior of the food handlers during food preparation or 

working while being ill. Also actual plumbing problems or inadequate kitchen hygiene 

and practices (e.g. insufficiently cleaned chopping boards or storing sensitive foods un-

covered on the kitchen floor) are elucidated during an inspection. Health practices and 

training of the kitchen stuff may be checked as well as past inspection reports to see if 

there has been a history of problems.  If an onsite inspection reveals the need of im-

mediate closing down of a restaurant one should not wait until epidemiological analy-

sis is finished. Although, each decision has to be made individually; the financial con-

sequences and loss of credibility of the business owner should be weighed carefully 

against the public health implications of delaying such an action.  

 

6. Develop hypothesis 

The generation of a hypothesis is often a very early step in the outbreak investigation; 

particularly experienced investigators have a good ‘gut feeling’ to assume what have 

happened and what is the likely source of the outbreak. So knowing the pathogen and 

exploring the descriptive data of the first cases at the beginning of the L. monocyto-

genes sv 1/2a outbreak already lead to the ‘quick and dirty’ hypothesis that if it is an 

outbreak due to consumed food, this food will be a ripened ‘stinky’ one which male 

persons, especially older pensioners, love to eat but women not. Our experienced 

team leader said that from the beginning and we kept the possibility of an intense-

smelling smear (or raw-milk) cheese in our minds when starting with the interviews. 

In general, a hypothesis should be developed including the aspects of source of infec-

tion, mode of transmission, risks of infection, the vehicle and the reservoir. 

When exposure to a food is assumed, the investigators must consider the large num-

ber of foods that may be the source or vehicle of infection and narrow the list to the 

foods that the infected people actually consumed before they got sick, and then fur-
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ther narrow it to the specific foods that many of the ill people remember eating. 

Health officials interview the infected subjects in order to find out where and what 

they consumed in the days or weeks before they got sick. These interviews are called 

‘hypothesis-generating interviews’. The time period they ask about depends on the 

pathogen's incubation period. This varies for different pathogens. If several cases have 

occurred at a restaurant, in a public institution or a catered event, interviews will focus 

on the menu items prepared, served, or sold there. Generating hypothesis also de-

pends on the quality of the interviews of the diseased persons as their memories may 

not be properly released. The time from the start of a disease and the recognition that 

this person was part of an outbreak is typically 2 – 3 weeks. Since they hardly remem-

ber their eating pattern infected subjects may be interviewed multiple times as new 

ideas arise about possible sources. It can also be helpful to visit someone's home and 

check the foods in their refrigerator, or to get the permission to review the infor-

mation from their shopper cards or collected grocery bills, as it was done during the L. 

monocytogenes sv 1/2a outbreak. 

 

7. Test hypothesis – analytical epidemiological studies 

A sound hypothesis should be tested with additional analysis; the two most common 

study methods are cohort or case control. A cohort study is mainly applied when the 

entire population exposed is clearly defined, like in a family gathering, a wedding party 

or a closed group of people at a restaurant, as we had to deal with during the outbreak 

of L. monocytogenes sv 4b in 2008. The results of this analytical epidemiological inves-

tigation can be found in chapter 4, original article IV. 

For a case control study it is a challenge to find adequate controls, as they should not 

have had the outbreak disease but a similar likelihood of having been exposed as the 

cases. So picking controls that live in the same neighborhood as the cases or are re-

ferred by them (friends and family) can solve this issue.  

Generally, food-related infections are determined by high prevalence and low mortali-

ty rates. In the case of Listeria monocytogenes (invasive listeriosis) the situation is dif-

ferent [ZUNABOVIC et al., 2011] and the investigation of listeriosis outbreaks is quite 
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difficult. Most of the cases seem sporadic, the disease has a long incubation period, 

the severe infection of the central nervous system and involved hospitalizations and 

the high lethality rate hinder epidemiological outbreak investigation with traditional 

concepts. [PICHLER et al., 2010] 

In 2009, we investigated an outbreak of L. monocytogenes sv 1/2a and the source was 

initially identified based solely on epidemiological findings. Since no reliable infor-

mation was available on food consumed during the incubation period, all surviving 

Austrian outbreak cases were asked to collect grocery receipts of purchases after their 

discharge from hospital in order to collect information on their routine food consump-

tion behavior, and compared them for matches [FRETZ et al., 2010a]. This generated a 

hypothesis to be tested by a case control study using case-case comparisons. For this 

study, a case was defined as a person in Austria from whom the L. monocytogenes 

outbreak clone 1 was isolated. Controls were patients from Austria with L. monocyto-

genes infections in 2009, whose isolates showed profiles other than that of the out-

break clone 1. Patients were asked about consumption of 12 cheese products in the 

six-month period prior to disease onset. Control persons were requested to provide in-

formation on consumption of the same cheese products in the year 2009 [PICHLER et 

al., 2010]. The epidemiological investigation revealed consumption of ‘Quargel’, a type 

of acid curd cheese available in different flavors, as a highly likely source of this out-

break. [FRETZ et al., 2010b] 

 

To support the hypothesis additional laboratory testing of the suspected food is im-

portant. Finding bacteria with the same DNA fingerprint in a food sample and in the 

stool samples of people involved in the outbreak is a strong evidence of a source of in-

fection. But often we do not get food samples for testing, as food items with a short 

shelf life are no longer available by the time the outbreak is known. If the suspected 

food is available, the pathogen may also be difficult to detect. It can have decreased in 

number since the outbreak or the bacteria started to change the DNA pattern as we 

experienced when the ripening environment was changed and a second clone emerg-
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ed during the L. monocytogenes serovar 1/2a outbreak and caused further cases of lis-

teriosis (see review II).  

  

8. Controlling an outbreak  

Once the source of a foodborne outbreak was found, new control measures have to be 

put in place immediately and it is important to ensure that the measures set are being 

carried out. Otherwise more people may get sick, if contaminated food stays in the 

shops, in restaurant kitchens, or in home pantries. Outbreak control measures might 

include specific cleaning and disinfecting procedures of food facilities, temporarily clos-

ing down a restaurant [PICHLER et al., 2009b] or processing plant [PICHLER et al., 

2011], recalling food items from the market, informing the public how to make the 

food safe or to avoid it completely by throwing away the incriminated food (see origi-

nal article IV and review II). After a certain time, these measures have to be evaluated 

and when indicated modified or expanded and disseminated to the public. 

Public health officials can decide on control measures already due to strong epidemio-

logical evidence on the disease's origin, spread, and development. Since the amend-

ment of the Austrian Food Safety and Consumer Protection Law (LMSVG) [ANONY-

MOUS, 2006] in 2010 [ANONYMOUS, 2010], health authorities are allowed to order 

market withdrawals and to recall products even without microbiological proof [PICH-

LER et al., 2011]. This practice is seen as a prevention measure and can lead to earlier 

action in order to protect the public's health.  

 

9. Communicate findings and prevention information  

Good communication with the public and other stakeholders like state or local health 

officials, food inspectors, hospital staff, microbiologists, epidemiologists, managers of 

public institutions, and the media is of utmost importance. Updated information 

should be given to those who need to be informed depending on the specifics of the 

outbreak investigation. A clear and concise documentation of the progress of the out-

break investigation is essential for internal reports or scientific publication, as well as 

written communication can be released to attorneys if legal action should follow. Dis-
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seminating the highlights of the outbreak investigation, the results and the prevention 

information is also relevant for training public health students or junior epidemiolo-

gists in the team. 

 

10. Maintain surveillance 

The very last step in outbreak investigation is to maintain monitoring surveillance data 

after the cases in the epidemic curve have declined and the outbreak has seemingly 

stopped. If cases start to increase again a new hypothesis and additional investigations 

are needed. Maybe a consecutive secondary outbreak came up as the reservoir and a 

(new) way of infection still exists and control measures to combat the pathogen have 

to be adapted appropriately. 

 

Limitations of field epidemiology 

It happens that outbreak investigation studies are critically named a ‘quick and dirty 

approach‘ as the number of cases and controls is not derived from any power calcula-

tions based on a sound hypothesis and assumptions. This seem to be true, but during 

an outbreak situation it is mostly important to fill up the data base with as many cases 

as may be needed to lead to statistically significant findings. Professionals who are do-

ing outbreak investigation or are decision makers and working in risk management or 

public health services should not forget that for any results from these studies, there 

should be biologic plausibility. [DWORKIN, 2010] 
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4 PUBLICATIONS 

Chapter 4 contains seven original publications dealing with the topic foodborne out-

break investigation and control. Different approaches and procedural methods to con-

duct an outbreak investigation are demonstrated by two different outbreaks due to 

the pathogen Listeria monocytogenes serovar 1/2a and 4b. Additionally, a survey eval-

uating the level of hygiene and food safety knowledge of food handlers working in res-

taurants and catering facilities is attached to enlighten a very important part of public 

health measures concerning staff training and thus preventing foodborne outbreaks. 

 

Review I 

Much P, Pichler J, Kasper S, Allerberger F. 2009: Foodborne outbreaks, Austria 2007. 

Wien. Klin. Wochenschr. (2009)121: 77-85. Impact Factor: 0.813 

The first publication gives an overview of the foodborne outbreak situation in Austria 

in the year 2007. Information is given about the legal situation in Austria and the Euro-

pean Union and the numbers of cases, hospitalisations and deaths in 2007. Additional-

ly, data concerning causing pathogens, involved food items, modes of transmission, 

and locations of exposure are documented.  

 

Original article I 

Much P, Pichler J, Luckner-Hornischer A, Pusker P, Trampler R, Lassnig H, Kornschober C 

and Allerberger F. 2007: When Epidemiological Evidence Should Suffice. Food Protec-

tion Trends, Vol. 27, No. 12: 967-970. 

In the second paper we critically discussed outbreak investigation performance and 

the disregard of decision makers when only epidemiological evidence is given and mi-

crobiological proof of the incriminated food is missing.  

 

 

 

 



40 

 

 

Review II 

Pichler J, Appl G, Pietzka A, Allerberger F. 2011: Lessons to be Learned from an Out-

break of Foodborne Listeriosis, Austria 2009-2010. Food Protection Trends, Vol. 31, No. 

5, May 2011, pp. 268-273. 

The third paper is a review article and deals with lessons learned from an outbreak of 

foodborne listeriosis happening in Austria from 2009 – 2010. The incriminated food 

was acid curd cheese containing L. monocytogenes serotype 1/2a and causing 8 deaths 

in three European countries.  

 

Original article II 

Fretz R, Sagel U, Ruppitsch W, Pietzka AT, Stöger A, Huhulescu S, Heuberger S, Pichler J, 

Much P, Pfaff G, Stark K, Prager R, Flieger A, Feenstra O, Allerberger F. 2010: Listeriosis 

outbreak caused by acid curd cheese ‘Quargel’, Austria and Germany 2009. Euro Sur-

veill. 2010;15(5):pii=19477. Impact Factor: 5.491 

Paper 4 and 5 are two online articles describing the before named outbreak and high-

lighting the importance of routine molecular typing of Listeria isolates as a tool to 

identify outbreaks. Also the considerable potential of cross-border cooperation for 

elucidating chains of infections in multinational outbreaks was demonstrated.  

 

Original article III 

Fretz R, Pichler J, Sagel U, Much P, Ruppitsch W, Pietzka AT, Stöger A, Huhulescu S, 

Heuberger S,  Appl G, Werber D, Stark K, Prager R, Flieger A, Karpíšková R, Pfaff G, Al-

lerberger F. 2010: Update: Multinational listeriosis outbreak due to ‘Quargel’, a sour 

milk curd cheese, caused by two different L. monocytogenes serotype 1/2a strains, 

2009-2010. Euro Surveill. 2010;15(16):pii=19543. Impact Factor: 5.491 

 

Original article IV 

Pichler J, Much P, Kasper S, Fretz R, Auer B, Kathan J, Mann M, Huhulescu S, Ruppitsch 

W, Pietzka A, Silberbauer K, Neumann C, Gschiel E, DeMartin A, Schuetz A, Gindl J, Al-
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lerberger F. 2009: An outbreak of febrile gastroenteritis associated with jellied pork 

contaminated with Listeria monocytogenes. Wien. Klin. Wochenschr. (2009)121: 149-

156. Impact Factor: 0.813 

The 6th original publication describes an outbreak of febrile gastroenteritis caused by 

jellied pork contaminated with Listeria monocytogenes serotype 4b in Lower Austria in 

the year 2008. The epidemiological investigation (cohort study) identified the con-

sumption of mixed cold cuts (including jellied pork) at the wine tavern as the most like-

ly vehicle of the foodborne outbreak (P value = 0.0015). This hypothesis was confirmed 

by microbiological investigation of jellied pork produced by the tavern owner. L. mono-

cytogenes was isolated from leftover food in numbers of 3 x 103 – 3 x 104 colony form-

ing units/g and was indistinguishable from the clinical outbreak isolates. The outbreak 

was stopped effectively and all patients recovered. 

 

Original article V 

Pichler J, Ziegler J, Aldrian U, Allerberger F. 2014: Evaluating levels of knowledge on 

food safety among food handlers from restaurants and various catering businesses in 

Vienna, Austria 2011/2012. Food Control. 2014; 35(1), pp. 33–40. Impact Factor: 2.738 

The last publication is a survey about evaluating the knowledge on food safety and hy-

giene among food handlers from different restaurants and catering businesses in Vien-

na. The study identified substantial knowledge gaps concerning correct temperatures 

for cooking, holding and storing foods. The results indicate considerable potential for 

further improvement in the field of food safety and kitchen staff training in Austria in 

order to keep up with safe food handling practices. 

 

 

 

Published papers are reproduced with kind permission of the respective publisher. 
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5 DISCUSSION 

The investigation of foodborne outbreaks caused by zoonotic agents provides 

unique opportunities to improve the prevention and control of communicable diseases 

[PICHLER et al., 2011]. The aims of an outbreak investigation are to stop the outbreak, 

to understand what have happened and why and to prevent future outbreaks.  

Long-term prevention of foodborne outbreaks requires the cooperation of 

many partners in the food production chain – the so-called ‘stable to table’ approach. 

Some prevention measures include quality assurance programs at egg producing poul-

try farms, inspection systems at meat processing plants and diaries, use of pasteuriza-

tion, cooking, and other steps to kill pathogens in food processing plants, food safety 

and hygiene training for food handlers, proper hand-washing procedures, and the im-

portance of food safety education for consumers. [CENTRES FOR DISEASE CONTROL 

AND PREVENTION, 2013] 

In the past, intensified sampling of foodstuffs alone during an outbreak turned 

out not to be constructive. In many cases, when an outbreak investigation starts, the 

food vehicle or the contaminated batch of food was no longer available for microbio-

logical analysis. Therefore an epidemiological study can gain insight information in or-

der to set preventive measures to avoid such situations in the future. The gained in-

formation from successfully investigated national and international outbreaks in the 

last years underlines the need and the benefit of epidemiological investigations. 

[MUCH et al., 2011b] 

Listeriosis is a foodborne illness of major public concern [WARRINER and 

NAMVAR, 2009] due to the severity of its consequences, the high case-fatality-ratio, 

and the long incubation period. Although exposure to L. monocytogenes is common, 

listeriosis is rare, and in the absence of controlled human experiments any outbreak 

provides a unique opportunity to gain information on the number of organisms neces-

sary to cause human illness. [PICHLER et al., 2011] 

Changes in food consumption behaviour have led to new technologies and the produc-

tion of food with long shelf life which are typical ‘Listeria risk foods’, as the bacteria 
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have time to multiply, and the food does not undergo a listericidal process such as 

cooking before consumption. Exposure to L. monocytogenes cannot be avoided com-

pletely, but proper food preparation and correct storing can decrease the risk of infec-

tion. [ALLERBERGER, 2007; ALLERBERGER and WAGNER, 2010] 

The described investigation of the L. monocytogenes sv 1/2a outbreak, caused 

by ‘Quargel’, an acid curd cheese, provided some valuable lessons: Firstly, it underlines 

the considerable potential of molecular subtyping as a tool to identify outbreaks. 

Without routine PFGE typing of human isolates, this outbreak would have been 

missed. Secondly, it shows impressively that the waning of an outbreak (i.e. disappear-

ance of an outbreak clone) does not necessarily imply that the underlying problem has 

disappeared. Thirdly, outbreaks provide a unique opportunity to gain information on 

the number of organisms necessary to cause human illness. The patient who still had a 

leftover specimen of the causative food in his refrigerator underlines the importance 

of visiting households of listeriosis patients in order to obtain food samples and to ad-

vise other household members on precautionary measures. A single leftover food 

sample could prove an invaluable clue for elucidating the source of infection and 

thereby preventing further illness. Fourthly, risk communication with the public is of 

utmost importance, especially if the outbreak involves hard-to-reach elderly, a risk 

group that is known to be reluctant to dispose of food even after is has exceeded the 

‘best before’ date. Fifthly, with the idea of collecting and analyzing patients’ grocery 

bills we used a new epidemiological tool to successfully find the source of infection. 

Sixthly, this led to an important result in the analytical epidemiological study and 

therefore to an amendment in the Austrian Food Safety and Consumer Protection Law. 

Since 21 April 2010, health authorities can take measures (e.g. withdrawal from the 

market, recall products) even in absence of microbiological proof, i.e. with epidemio-

logical proof only. Finally, our outbreak also emphasizes the considerable potential of 

cross-border cooperation for elucidating chains of infections in multinational out-

breaks. Industrial food production combined with international marketing of food and 

the low attack rate of L. monocytogenes hinder epidemiological outbreak investiga-

tions with traditional concepts. [PICHLER et al., 2011]  
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Outlook - on a European level: start of first joint study on listeriosis 

In 2010, EFSA initiated an European-wide food survey and ECDC invited the public 

health reference laboratories from its food and waterborne disease surveillance net-

work to start storing isolates from human Listeria strains. A working group is responsi-

ble for a joint molecular typing study on food and human isolates. This study will high-

light the epidemiology of listeriosis and will provide data concerning the sources of 

infections, and therefore serve as an invaluable repository of information for the 

Member States to better target preventive measures in the food safety area. [EURO-

PEAN CENTRE FOR DISEASE PREVENTION AND CONTROL, 2011] 

The routine characterization of human, food and environmental isolates and the use of 

these centralised databases for subtyping results will support national and European-

wide detection and control of foodborne outbreaks in the future. 
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6 SUMMARY 

 
Foodborne diseases and outbreaks are crucial contributors to morbidity and 

mortality worldwide. For the prevention of foodborne infections it is of utmost im-

portance to know the pathogens, their reservoirs and possible infection ways. Such 

knowledge can prompt reasonable and purposive interventions with the aim of elimi-

nating the pathogen, to disrupt the chain of infection in order to stop the outbreak and 

to prevent this kind of infections in the future. The aim of the present thesis was to 

demonstrate the public health relevance of foodborne outbreak investigation in Aus-

tria and to find answers for the important question: “Why are we investigating food-

borne outbreaks?” 

In the introduction the current legal basis for outbreak investigation in Austria 

and the European Union is described and a historical overview of foodborne outbreaks 

from 2006 on is illustrated. The second chapter places emphasis on the bacteria Lis-

teria monocytogenes, which can cause a foodborne outbreak, but outbreaks are very 

rarely documented. Information concerning occurrence, reservoir, mode of transmis-

sion, symptoms, therapy, and prevention is given. Additionally, Austrian data from 

humans, animals, and food is presented from the year 2012. Chapter 3 deals with the 

topic epidemiology of communicable diseases and the different steps of foodborne 

outbreak investigations are illustrated. In addition, unusual ways of outbreak investiga-

tions for rare pathogens are shown by two different outbreaks caused by Listeria mon-

ocytogenes.  

By the means of seven original publications dealing with the topic foodborne 

outbreak investigation and control, different approaches and procedural methods to 

conduct an outbreak investigation are demonstrated. Furthermore, a survey evaluat-

ing the level of hygiene and food safety knowledge of food handlers working in restau-

rants and catering facilities is attached to enlighten a very important part of public 

health measures concerning staff training and thus preventing foodborne outbreaks. 

The first publication provides an overview of the foodborne outbreak situation 

in Austria in the year 2007. Information is given about the legal situation in Austria and 
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the European Union as well as the numbers of cases, hospitalisations and deaths in 

2007. Additionally, data concerning causing pathogens, involved food items, modes of 

transmission, and locations of exposure are presented.  

In the second paper we critically discussed outbreak investigation performance 

and the disregard of decision makers when only epidemiological evidence is given and 

microbiological proof of the incriminated food is missing.  

The third paper is a review article and deals with lessons learned from an out-

break of foodborne listeriosis happening in Austria from 2009 – 2010. The incriminated 

food was acid curd cheese containing L. monocytogenes serotype 1/2a and causing 8 

deaths in three European countries.  

Paper 4 and 5 are two online articles describing the before named outbreak 

and highlighting the importance of routine molecular typing of Listeria isolates as a 

tool to identify outbreaks. Also the considerable potential of cross-border cooperation 

for elucidating chains of infections in multinational outbreaks was demonstrated.  

The 6th original publication describes an outbreak of febrile gastroenteritis 

caused by jellied pork contaminated with Listeria monocytogenes serotype 4b in Lower 

Austria in the year 2008. The epidemiological investigation with a cohort study identi-

fied the consumption of mixed cold cuts (including jellied pork) at the wine tavern as 

the most likely vehicle of the foodborne outbreak (P value = 0.0015). This hypothesis 

was confirmed by microbiological investigation of jellied pork produced by the tavern 

owner. L. monocytogenes was isolated from leftover food in numbers of 3 x 103 – 3 x 

104 colony forming units/g and was indistinguishable from the clinical outbreak iso-

lates. The outbreak was stopped effectively and all patients recovered. 

The last publication is a survey about evaluating the knowledge on food safety 

and hygiene among food handlers from different restaurants and catering businesses 

in Vienna. The study identified substantial knowledge gaps concerning correct temper-

atures for cooking, holding and storing foods. These results indicate considerable po-

tential for further improvement in the field of food safety and kitchen staff training in 

Austria in order to keep up with safe food handling practices. 
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As shown by our publications included in this thesis, a well conducted outbreak 

investigation may improve the knowledge of how the contamination occurred at cer-

tain steps in the food supply chain, if it will occur again, and how it can be reduced or 

prevented. Outbreak investigations give the involved authorities and experts the 

chance to work together and often points for improvement in the public health system 

are revealed.  

The result of thorough outbreak investigations should be better practices in 

food industry, regulations and enforcement by the regulatory agencies, and consumer 

understanding, in order to reduce the number of foodborne illnesses in the future. 
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7 ZUSAMMENFASSUNG 

 

Lebensmittelbedingte Krankheiten und Ausbrüche sind bedeutende Faktoren 

für die Berechnung der Morbidität und Mortalität weltweit. Um lebensmittelbedingte 

Infektionen zu vermeiden ist es wichtig die krankmachenden Keime, ihr natürliches 

Habitat und mögliche Infektionswege zu kennen. Dieses Wissen ist wichtig für vernünf-

tige und zweckmäßige Maßnahmen mit dem Ziel die Pathogene abzutöten, die Infekti-

onskette zu unterbrechen und somit den Ausbruch zu stoppen und weitere Infektionen 

dieser Art in Zukunft zu vermeiden. Das Ziel dieser Dissertation war die Bedeutung der 

Abklärung von lebensmittelbedingten Krankheitsausbrüchen in Österreich für die öf-

fentliche Gesundheit aufzuzeigen und Antworten auf die bedeutende Frage zu finden: 

„Wozu untersuchen wir lebensmittelbedingte Krankheitsausbrüche?“ 

Der erste Teil dieser Dissertation behandelt die gesetzlichen Grundlagen für die 

Ausbruchsuntersuchung in Österreich sowie der Europäischen Union und ein histori-

scher Überblick für lebensmittelbedingte Krankheitsausbrüche von 2006 an wird auf-

gezeigt. Das zweite Kapitel legt den Fokus auf das Bakterium Listeria monocytogenes, 

das lebensmittelbedingte Ausbrüche verursachen kann, allerdings sind diese nur selten 

dokumentiert. Informationen über Herkunft, Reservoir, Übertragung, Symptome, The-

rapie und Prävention werden dargestellt. Zusätzlich werden österreichische Daten von 

Untersuchungen von Menschen, Tieren und Lebensmitteln im Jahr 2012 präsentiert. 

Das dritte Kapitel behandelt die Epidemiologie von übertragbaren Krankheiten und die 

verschiedenen Schritte in der Untersuchung von lebensmittelbedingten Krankheits-

ausbrüchen. Darüber hinaus werden ungewöhnliche Wege für die Ausbruchsabklärung 

von seltenen Krankheitserregern mit Hilfe zwei verschiedener Listerienausbrüche ver-

anschaulicht. 

Anhand der sieben beigefügten Arbeiten, die sich mit den Themen Abklärung 

und Kontrolle von lebensmittelbedingten Krankheitsausbrüchen befassen, werden ver-

schiedene Ansätze und Methoden zur Ausbruchsabklärung präsentiert. Zusätzlich zeigt 

eine Studie über das Hygienewissen von Küchenmitarbeitern in Wiener Restaurants 
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und Gemeinschaftsverpflegungsbetrieben die Wichtigkeit von Mitarbeitertrainings und 

Schulungen im Bereich der Lebensmittelhygiene, um Krankheitsausbrüche zu vermei-

den. 

Die erste Publikation gibt einen Überblick über die Situation der lebensmittel-

bedingten Krankheitsausbrüche in Österreich für das Jahr 2007. Informationen der 

rechtlichen Grundlage in Österreich und der Europäischen Union und die Anzahl der 

Erkrankten und Hospitalisierten sowie der Todesfälle in diesem Jahr sind angeführt. 

Zusätzlich werden Daten über verursachende Erreger, involvierte Lebensmittel, Infek-

tionswege und –orte präsentiert. 

In der zweiten Arbeit wurde die Durchführung der Ausbruchsabklärung in Ös-

terreich kritisch diskutiert und die geringe Wertschätzung der Entscheidungsträger ge-

genüber ausschließlich epidemiologischer Beweisführung angesprochen, wenn mikro-

biologische Testergebnisse fehlen. 

Die dritte Publikation ist eine Übersichtsarbeit und zeigt die gemachten Erfah-

rungen bei der Abklärung eines lebensmittelbedingten Krankheitsausbruchs verursacht 

durch Listeria monocytogenes Serotyp 1/2a in Österreich in den Jahren 2009 – 2010. 

Das Infektionsvehikel war kontaminierter Quargel, ein Sauermilchkäse mit Rotschmie-

re, der acht Todesfälle in drei europäischen Ländern verursachte. 

Die Artikel 4 und 5 sind Online-Publikationen und beschreiben den oben ge-

nannten Ausbruch und die Wichtigkeit von molekularen Typisierungen von Listeri-

enisolaten in der Routineanwendung um Ausbrüche rechtzeitig zu identifizieren. Zu-

dem wird das große Potential von grenzüberschreitender Zusammenarbeit bei der 

Abklärung von internationalen Ausbrüchen dargelegt. 

Die sechste Arbeit zeigt einen Ausbruch von fieberhafter Gastroenteritis verur-

sacht durch Listerien vom Serotyp 4b im Jahr 2008. Die epidemiologische Abklärung 

mittels Kohortenstudie hatte die Konsumation von gemischten Platten (inkl. Press-

wurst) beim niederösterreichischen Heurigen als Ursache der Infektion identifiziert (P-

Wert = 0,0015). Diese Hypothese wurde durch die mikrobiologische Untersuchung der 

selbstgemachten Presswurst bestätigt. L. monocytogenes wurde mit Werten von 3 x 

103 – 3 x 104 koloniebildenden Einheiten/g in Lebensmittelrestbeständen gefunden und 



107 

 

 

war ident mit den klinischen Ausbruchsisolaten. Der Ausbruch wurde effizient gestoppt 

und alle Patienten erholten sich vollständig. 

Die letzte Publikation ist eine Studie zur Erhebung des Wissens über Lebensmit-

telsicherheit von Küchenpersonal in Wiener Restaurants und Betrieben der Gemein-

schaftsverpflegung. Die Untersuchung zeigte erhebliche Wissenslücken bei den korrek-

ten Temperaturen zum Kochen, Warmhalten und Lagern von Speisen auf. Die 

Ergebnisse verweisen auf ein beträchtliches Potential an Verbesserungsmaßnahmen 

beim Wissen über Lebensmittelhygiene und bei der Schulung von Küchenmitarbeitern 

in Österreich, um fortwährend eine hohe Lebensmittelsicherheit zu garantieren.  

Wie die Publikationen in dieser Dissertation zeigen, können gewissenhafte Un-

tersuchungen auf die Ursachen der Kontamination an bestimmten Stufen der Lebens-

mittelkette hinweisen und wie diese Verunreinigungen zukünftig reduziert bzw. ver-

mieden werden könnten. Ausbruchsuntersuchungen geben den involvierten Behörden 

und Experten die Möglichkeit zur Zusammenarbeit und deuten auch auf Bereiche hin, 

wo das öffentliche Gesundheitssystem noch adaptiert werden könnte.  

Das Ergebnis von sorgfältig durchgeführten Ausbruchsuntersuchungen ist eine 

verbesserte Handlungsweise in der Lebensmittelindustrie, bei der Vollziehung der Vor-

schriften durch die Behörden und für den Konsumenten – all das soll zur Reduzierung 

von lebensmittelbedingten Krankheiten beitragen. 
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