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1. Introduction

The Hazard Analysis and Critical Control Points E@P) is a well known and widely
accepted management system initially implementethenfood industry. It is the systematic
approach to control potential hazards in an opamnaflhe target of the HACCP is to identify
the problems (hazards) before they occur. The syst&ablishes mechanisms to control all
stages of a process. This kind of control is pigactwhich means the identification of
potential hazards, preventive measures, and tlablestment of monitoring and remedial
actions thereby avoiding the occurrence of hazardsdvance. HACCP is described as a

“concept of zero error* (Null-Fehler-Konzeht)

1.1 Structure of HACCP

The first step requires a hazard analysis, an atialuand knowledge of potential risks which
could occur during a specific process. A hazarddesined by the National Advisory
Committee on Microbiological Criteria for Foods (RMCF) as “a biological, chemical, or
physical agent that is reasonably likely to caubeess or injury in the absence of its

control™,

The first category of the hazards, the biologicalnocrobiological source, is divided into
three classes: bacterial, viral and parasitic. Mainhe HACCP programmes were developed
around these hazardsThe International Commission of Microbiologicapesification for
Food (ICMSF) has classified these hazardous migesosms according to their severity of
risk®. These bacterial hazards can result either inHoote infection or intoxications. The
source, the symptoms of the resulting disease lamdiobd associated vary significantly and
can be caused by a large variety of pathogyehs implemented HACCP programme with
regard to these hazards has three basic targetdirsthone should be to reduce, eliminate or
destroy the hazard. Second, the programme shouédleeto prevent a recontamination and

the last aim is to inhibit the growth and toxin guation.

The second category describes hazards of chemiigin.oAll food products contain

chemicals and as any chemical substance, they €doxic at a certain dosage. However,
there are chemicals which are prohibited in food athers which are allowed only in limited
amounts. There are two types of chemical hazarddoaus, naturally occurring and
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supplementary chemicdlsThe formal limits for naturally occurring toxinsave been
established in the Code of Federal Regulatiorg @l The informal maximum allowable
limits have been described in the Compliance Pofsidelines of the Food and Drug
Administration.

The added chemicals are inserted in foods duriaedithe of growing, harvesting, processing,
storage and distribution. These chemicals are altbanly within the permitted limits. They
include agricultural chemicals, like pesticidesherbicides regulated by the Environmental
Protection Agency (EPA), further the prohibited stalnces listed in Title 21, Part 189 of the
Code of Federal Regulations and finally toxic elataglike lead or arsenic. The latter are
either not allowed in food or only within estabksh maximum limits. Finally added
chemicals also include colour additives, presevesatiand substances improving flavour or
nutritional fortification.

In addition, there are substances which occur lmmigeto the production process of food, like
cleaners and sanitizer which do not belong to footdmight probably be incorporated. The
Good Manufacturing Practices (GMP) has set thadifior these substances.

The third category, the physical hazards includealth as extraneous matter or foreign
objects. These physical matters not normally founfibod, may lead to illness or injury of a
persofi. One of the most common objects complaint of indfds glasi These physical
hazards demonstrate a gap in the production prodeist can lead to an unacceptable health
risk. Methods to control these kinds of hazardsuihe the raw material specification and the
inspections of certification and guarantees as wsllthe education and training of the
employees.

1.1.1 Preparation of the HACCP application

The NACMCF has recommended to establish a preréguigogram before the application of
the HACCP principles. This program describes thsidanvironmental and operating
conditions of the process. The principles shouldi&eeloped and managed separately from
the HACCP plan and regularly audited to ensureekistence and effectiveness of these
programs.

An essential part for the successful implementaéiod realisation of a prerequisite program
Is the education and training of the staff involv@dhe employees should learn the skills
necessary to make the process successful andhadstd e enabled to appreciate the sense
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and benefit of this method. This includes preciaging activities specific to the product or

process. Therefore it is recommended to develo\@EP plan which includes a variety of

different tasks.

The first task describes the assembly of a HACGnteThis team consists of people with
special expertise concerning to the product or ggecThe composition of the group should
be multidisciplinary and incorporate people fromieas areas involved.

The next task illustrates the product or processfit This description should include both all
general and specific information. A complete speatfon

. . Figure 1: Block-type diagram
enables the team to get a comprehensive pictutteegirocess

| 1. Receiving (Beef) |

and consequently they are able to identify the etgtiens of the

end user or consumer. The final task includes éweldpment of | 2cindng |
a flow diagram of the process. This is a diagranone | 3,thg |
description of the steps of the process. Each stegequence = J'_ |
requires an individual and specific flow chart. Titeav diagram | Tng
could be a simple block-type diagram (Figure 1yeny complex [ = C°iki"g |
depending on the extent on the procedure (Figure T&p | eFreesing |
HACCP team should carry out an on-site review & flow | " Bimg |
diagram to confirm its suitability and usefulne#fsrequired, ‘ Jr .
modifications should be implemented and documen - DISTUW |
respectively. After completing these preliminansks the so | g'Re“ia“”g |
called “seven principles of HACCP” can be appligithese [ 10.seving |
principles demonstrate the establishment, impleatemt and Note: Example of a Flow Diagram for

the production of Frozen Cooked
Beef Patries®

maintenance of the HACCP. The principles have matonal
acceptance and details of this approach have beblisiped by the Codex Alimentarius
Commission (1991)and the NACMCF in 1992

1.1.2 The HACCP principles

Principle 1:
To conduct a hazard analysis. To prepare a lisspdcifying steps where significant hazards

can occur and describe the preventative measures.

After developing the flow diagram the potential &ads with regard to the biological,
chemical or physical risks in the process must &erdhined. These hazards could occur at
each step of the process from the very beginnirtgeend. A potential hazard is included in
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the list if the elimination or reduction of thiszsad is essential for the safety and quality of
the process. Hence, the HACCP team describes @miedive measure in order to control
each hazard. It is possible that more than oneeptative measure is necessary to control one
specific hazard and that more than one hazard dmeildontrolled by a single preventative

measure.

Principle 2:

Determine the points, procedures and operationgpst(critical control points — CCPs) that
can be controlled to eliminate the hazards or miséttheir likelihood of occurrence.

Critical control points have to be identified faol model. They should guarantee the safety
or quality of a product or process. The identificatof these points is very often a point of
discussion within companies or institutions buitgitheir own individual HACCP plan. To
determine a suitable number of critical controlni®imight be very complex because too
many points could make the system unmanageabléh®ather hand, too few points would
not ensure entirely the safety or quality of theduct or process. An approach to identify

critical control points is to use a decision tree.

Figure 2: The HACCP decision tree’

Identify hazards
associated with
each step
A 4
Could a preventive Is the step designed to eliminate the
P preve —— YeS —» hazard or reduce its likely occurrence to Yes
measure exist?
an acceptable level?
No ’10
l Could contamination due to identified
Step or hazard is not | No —| hazard occur in excess of an acceptable
a critical control point level or could this increase to an
unacceptable level?
Yes
v v
\ 4 Will a subsequent step eliminate the CRITICAL
| | Repeat for next step L— Yes —| hazard or reduce its likely occurrence to  |— No —p{ CONTROL
or hazard an acceptable level? POINT




By applying the HACCP decision tree (Figure 2) tlb@m is able to define those steps which
are critical to the product or process. They cantagets and the acceptable tolerances for
each critical control point and determine how, whed by whom the critical control point is
to be measured and observed.

In addition, there have to be instructions and @doices for dealing with deviations from the
acceptable tolerance. The monitoring of the cilitmantrol points is carried out by record

keeping and continuous documentation.

Principle 3:
To establish target levels and tolerances which tnimes met to ensure the CCP is under

control

Target levels and tolerances describe the differdmetween safe and unsafe products or
processes at a critical control point. They detaenthe acceptable maximum and minimum
of each level. Each critical control point of theqaence will have one or more control

measures. These control measures should preveninaie or reduce the potential hazards
and each of these control measures has one or aseceiated critical limits. These limits

must be measurable and scientifically based.

Principle 4:
To establish a monitoring system to ensure contfothe CCP by scheduled testing or

observation

The regular and effective monitoring of a sequeiscgery important and necessary. The
establishment of this tool includes the answerhef questions what, why, how, where, who
and when have to be monitored and obséfvdthe question “what is monitoring” elucidates
that monitoring is an action. It is not somethihgttis set up, turned on and then ignored. It is
a continuously ongoing procedure. The question “wmynitoring” includes not only the
collection of data and information of the procebfonitoring includes observation and
measurement. It also includes the fast and appigpnieaction to a possible deviation.
Observation leads to qualitative indices and mesmsant leads to quantitative indices. It
depends on the established critical limit whichdkaf index is the most suitable. By applying
the question “where do we monitor” the team sharddsider where it is ideal to monitor
with minimal or without interruption of the produmt flow. Personnel who monitor must be
trained in the monitoring process for which theg aesponsible. They must have a full
understanding of the purpose and importance of tmong. In addition, they must be
unbiased in monitoring and reporting. Moreover st essential that the management

7



responsible has confidence in the employees whoeaponsible for the monitoring process.
Lastly, regarding the question “when do we monitliso the question includes “how often”.
As mentioned above, monitoring is a continuous @se¢ therefore a permanent monitoring
must be implemented. The frequency of monitoring lsa handled differently depending on

the amount of acceptable risk.

Principle 5:
To establish the corrective action to be taken whemitoring indicates that a particular

CCP is not under control

The HACCP system is developed to discover potehigalards in a process and to set up
strategies to prevent, reduce or eliminate theauoence. A corrective action is necessary
and should include the guidance on how to ideratifg correct the cause of non-compliance,
how to determine the disposition of the noncompliproduct and how to record the
corrective actions that have been taken. Thesefspearrective actions should be developed
in advance for each critical control point. Thep@ssibilities must be distributed and every

person involved in the process as well as in tlieective action should be properly informed.

Principle 6:
To establish procedures for verification, includisgpplementary tests and procedures to

confirm that HACCP is working effectively

Verification describes activities that determine thalidity of the HACCP plan and the
operation procedures. Apart from monitoring, preesslike auditing are essential. They
should be established during the process of degigand implementing the HACCP plan.
Such activities could be the review of the HACCBtemn, its records and deviations. Further
it can include procedures to observe if criticahtcol points are actually under control and
also examine the validation of the establishedetargnd tolerances.

The verification activities are screened by indinatunbiased experts within a company, an

institution, third party experts or regulatory ages.



Principle 7:
To establish documentation concerning all proceduamd records appropriate to these

principles and their application

The overall success of the application of the HAG@§tem strongly depends on the efficient
and accurate record keeping. A careful and predsmimentation demonstrates that the
system is under control. The documentation covieesdntire HACCP plan including all
points mentioned in the other principles and shauttlde a summary of the hazard analysis

with the description of the potential hazards dreresulting control measures.

1.2  Development and implementation

Today, the Hazard Analysis and Critical Control g initially implemented in the food
industry is a well known and widely accepted manag® system. It was originally
developed in 1959 by the Pillsbury Company in coafen with the National Aeronautics
and Space Agency (NASA), the Natick LaboratoriethefU.S. Army and the U.S. Air Force
Space Laboratory Project Group. The aim was toldpwe microbiological safety system for
food consumed by the astrondutét this time, most food safety systems were based
“snap-shot” inspection and end-product testingsTind of testing could not assure a 100%
safety of the product. Consequently, there was ed rfer a new method — a preventive
system- to guarantee safe food. The successfulagewent of the HACCP system presented
a totally new approach in quality assurance. Thesld@pment of such system was of great
importance since every kind of contamination wdaktl either to a space mission failure or a
catastroph¥. The new approach, the HACCP, was developed obahkis of an engineering
system: Failure, Mode, Effect Analysis (FMEA). Téystem analyses which crucial points in
a process could potentially go wrdfg

In 1971 the National Conference on Food Protectidss. Dept. HEW 1972) presented the
HACCP system to the public and in the same yeaPilgbury Company implemented the
method in their company. After this convention #@d and Drug Administration (FDA)
offered Pillsbury company a contract to conducssts for FDA personnel on this method. In
addition, the ICMSF recommended the HACCP to thedfdndustry®. In 1985 the
implementation of HACCP was officially recommend®sdthe National Academy of Science
(NAS)*. Later the NAS advised the foundation of an insitin, the National Advisory
Committee on Microbiological Criteria for Foods (RMCFY which should guarantee a

continuous improvement and development of the sydteyond the microbiological risk
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analysis. Further, the Codex Alimentarius Commissiounded in the 1960s by the Food and
Agricultural Organisation (FAO) and the World HéalDrganisation (WHO) described the
“seven principles of the HACCP” taking into consikon the developments over the last 20
years.

Since then, the HACCP has been further advancednaxiified by different reviews in 1992,
1995 and 1997 by the NACMEE® The committee made the principles concise. They
revised and added definitions and also includede@i@® on prerequisite programmes,
education and training, as well as on implememagiod maintenance of the HACCP plan. In
addition, they provided a more detailed applicatainthe HACCP principles and also a
decision tree for identification of the criticalrdool points (CCP).

Furthermore, the FAO/WHO in 1998 established gun@sl for the regulatory assessment of
HACCP and the WHO included these guidelines inrtteiommendation ensuring the supply

of safe water' 18

The European Union (EU) in 1993 adopted some [hiants the concept in the regulations of
Hygiene of Foodstuff (guideline 93/43/EWG). In Germany in 1998 the rsiini responsible
has established parts of this law in the Food Hygi®©rdinance (Lebensmittelhygiene-
Verordnung — LMHVJ. Since then, this system was being successfulgldmented by a
variety of companies and institutidfié. Since January 2005 the EU has passed a
standardised Food law for all countries (basic &g (EG) 178/2002) which has been
implemented into national law of each individualr&pean country. The actual law the Food
and Feed Code (Lebensmittel- und Futtermittelgésetzes (LFGB)) came into force on
September °1 2005. From January 12006 the German Food Hygiene Ordinance
(Lebensmittelhygiene Verordnung (LMHV) has beenlaepd by the basic regulation (EG)
Nr.852/2004 concerning Food Hygiene. This new laguires the food industry to install
internal self-control measures according to thegyies of HACCP and consequently this
included the mandatory written documentation ofdy&tem (article 5, N0.852/2004).

1.3  Areas of application of HACCP in the food indusy

The HACCP has been successfully implemented iremdifit areas in the food industry for
several years and became a very important toadad tontrol. The control of a process is
based on prevention. This approach differs fromtthditional regulatory measure of food
controf* which was based on the observation and testirgpofples. It was more a “snap-
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shot” inspection and end-product testing. The abrdf the food took part at the end of the
production chain, consequently the procedure aibieshooting was always retrospective.
This system provided little health protection, martarly regarding contaminatidn The
HACCP method describes a preventative approachhwinetps to identify potential hazards
before they occur. It is possible to use this sysés a method of food safety assurance. The
method is able to guarantee a safe processindrbne “farm to fork” in the production of a
product. The resources necessary can be concentratedeotritital control points rather
than being spread across the whole process. Aradserof the effectiveness is only possible
through training and education of the staff. Th&ning strategy differs from the traditional
approach where only parts of the staff were invlviehe HACCP system requires the entire
staff at all levels to be coached. This strategyesents a new approach for the staff not only
to react in case of a hazard but to prevent a HaZdris involves a broader view in the
identification of problems in the production or pess-line regarding the potential risks.
Evaluating the whole concept of HACCP, Mortimer &aldce (1997 described the
technique as flexible and possible to apply in @etya of areas such as product quality, work
practices and also to products outside the foodstrg. Primarily used in the traditional food
industry, different sectors within this industryvieastarted to implement this management
system, such as catering services.

The Department of Health, England (DOV), has adVvige application of these guidelines
for cook-chill and cook-freeze processing of fo@daasystem to avoid and control potential
hazards. This industrial branch has not been cotécbwith risk assessment in the production
of a single product. They are faced with a largeetya of foods and therefore they have to
implement more complex HACCP plans. In order toiédvimodborne infections, special
expertise particularly in the field of microbiologg required. The catering industry has been
aware of these risks and has developed a HACCEmyaiitable for caterifig

Aviation catering is a branch of steady expansfmoodborne disease outbreak in this area
could affect the passengers as well as the creth, passible fatal consequentesew of
these foodborne outbreaks in civil aviation invotyia wide range of pathogens have been
published®?. In 1985 Beers and Mohf8rdescribed that food poisoning had been a long-
lasting periodic problem on aircrafts and was #aling cause of in-flight pilot incapacitation
at that time. Airlines were aware of these problamd have started to implement the HACCP
method, like the LSG Lufthansa Service Holding AGthe late 1980s. Since then, the LSG
Lufthansa has developed a comprehensive hand Hmmk ¢he quality management strategy

in airline catering including the HACGP
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1.4  HACCP in public health

One of the main aspects in the investigation feddborne diseaseoutbreak is the
identification of the cause of the outbreak. In I years research groups have started to re-

evaluate the possibility of implementing the HACi@Rhe field of infectious diseases.

Apart from the identification of the cause of antbyeak they have used the HACCP to
evaluate the management process in case of arealtbhs well as in the risk assessment and
in the determination of prevention measéteShe implementation of HACCP to evaluate the
management of epidemiological emergencies was diescribed in the publication of the
Landesinstitut fiir den 6ffentlichen Gesundeitsdi&RW, German$/.

This research group was part of an EU project winelestigated outbreaks involving more
than one EU member state. Their approach usindHh€CP was to detect weaknesses in
different areas of the surveillance network (FigdyeFigure 3 as well as figure 4 demonstrate
impressively the complexity to identify all involdenternal and external factors to get a
complete analysis of the process. MacLehose et08l1(f° investigated the context in which
epidemiological emergencies were managed withdtget to formulate recommendations for
future activities and to define criteria for a seissful management of an outbreak. Based on

their results they demanded an improvement withénrtational surveillance systeths
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Figure 3: Basic Process Flow Diagram: the outbreak management process27
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Kassen (20049 described in her master thesis about Severe ARespiratory Syndrome
(SARS) Control the evaluation of the Centers fosdaise Control and Prevention-Guideline
(CDC-GL) with HACCP'. The author developed a HACCP model to analyse the
management of the SAR&pidemic emergency(Figure 4). Compared to the research group
of MacLehorse et al. (200%)who investigated on national level, Kassen inciLidé# three
different levels of a global outbreak managemenglobal (WHO), national (e.g. CDC) and
hospital levels.

The author described the weaknesses of each Iswetlhas the complexity of the system of
such an epidemic. However, the author also empithsiee necessary and the importance in
accordance with MacLehorse et al. (2001f a well organised national surveillance as a

basis of successful international surveillancegesly in situations of international alerts.

Figure 4: Outbreak management process®

CHALLENGE THREAT

- development of global guidelines (case definition etc.] "
P! 9 9 ( ) - lack of cooperation with WHO

- use and support of global information network (incl.  unofficial fecti . h "
information sources) - ineffective communication channels

- provision of global awareness and support (information/ know how - low level of flexibility

- provision of on-the-spot study teams - development of general but not global applicable guidelines

CHALLENGE
- application of WHO guidelines

- development of preparedness plan at national jurisdiction level
- coordination of SARS response elements THREAT
- provision and ensurance of information systems Level Il - no clarity of responsibility
- allocation and coordination of resources authorized national operational - lack of cooperation
- assistance of state and local health deparments — authority ——— -low speed of reaction
for prep: and planning (e.g. CDC) - low level of transpacency (state level)

- monitoring and response activities - overgrowing work load

of information ines and tools

support of R&D activities

Level llI

command and control

management of international travel community containment measure
related transmission risks, (incl. non-hospital isolation and Surveillance and information preparedness and response in laboratory diagnostics, SARS
communication & information quarantine) healthcare facilities, infection control research and investigations

Note: HACCP analysis of the SARS outbreak management process. Different levels of outbreak
management are indicated by level | (global leadership), level Il (authorized national operational
authority), and level lll (command and control).
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A totally different field which dealt with nationaind international structures is tienking
water production. In food production the goal is to eliminate haza@hd to prevent
contaminatiorf. In contrast, the production chain of drinking eraélready contains a major
bacterial hazard: waste water. However, in the migtties the discussion has started about
the applicability of HACCP in the water productiddntil this time similar approaches to
assure the quality of drinking water, for examp&ak quality management on the basis of
ISO 9000 and the use of quantitative risk assessifi@gRA) has been introduced in this
field*. The quantitative risk assessment also defingisalriimits which fitted very well in
the HACCP system. Although Havelaar (1984)lescribed the HACCP as a useful
framework in this area, he assessed the systemaadyngualitative and maybe subjective,
because the definition of critical control point&asvincumbent on the opinion of experts.
Nevertheless the author emphasised the importanicepgiement a preventive system in this
field.

Figure 5: Generalised flow-sheet for drinking water supply*®

The implementation of

G::arl:]v;tter  reament. [sank tisaon | HACCP in the drinking
s O}smacewater | water production or safety
includes very different
Sto‘r@ fields of  application
IEE (Figure 5). Dewettinck et
al. (2001}* investigated
, ‘v the possibility to integrate
v

Abstraction of Abstraction of

Treatment

treated domestic waste-

ground water Bank infiltrate

water of a wastewater

Distribution

treatment plant in the

existing potable water
production process.
Because  there  were
considerations that the groundwater extraction his tarea of Belgium has reached its
maximum capacity and the drinking water supply doabt be guaranteed anymore in the
future for the public. Davison and Deere (199@)scussed already the relevance of HACCP
with regard to the Australian tap water suppliehiefBfore Dewettinck et al. (2061)

implemented the HACCP concept to guarantee hygdgisafe drinking water production.
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Based on the HACCP analysis they developed a spewdnitoring strategy to assure safe

water reuse which was technically but also psydlio@dly acceptable for the public.

Another approach using the HACCP was described basti#ll et al. (2004%. The
conservation of natural resources is part of thekwad the Swedish Environmental Protection
Agency. This includes the reuse of nutrients frorastewater and sewage sludge for
agricultural land. In this context the transmissiohdiseases through reuse practices is
possible but highly unwanted. Based on this chgbetine authors described the necessity of
the use of a risk management system that wouldbleeta control possible health risks and
would lead to more public acceptability towardsfetént recycling alternatives. The study
group combined in their investigation the quantmatmicrobial risk assessment with the
HACCP, especially because HACCP has been parteoWhter safety plans in the WHO
Guidelines for drinking water quality since 2683n contrast to Dewettinck et al. (2061)
who adopted the HACCP in a wastewater reuse syfstegroundwater recharge and drinking
water production, Westrell et al. (2064used the system to investigate the health risk
regarding different exposures, such as the aerosotamination of the workers of the

wastewater treatment plant and the public who tisedvetland as recreational areas.

A third approach using the HACCP within the franfettee WHO Guidelines for drinking
water quality is described by Jagals & Jagals (P80&hey implemented the method to
control the water quality and to avoid water-refathseases. Communicable water-related
diseases were described as a widespread healtiemratot only in developing countries but
also possible in developed country. In the Uniteédgdlom for instance, since 1988 25 known
outbreaks regarding contaminated drinking waterewecorded. Jagals & Jagals (2004)
thought that the implementation of HACCP with thstiraation of critical control points
through the whole production process would offeradwantage in opposite to the traditional
monitoring of the intake of water and end-produeveitigations. The information of
contaminated water is often received too late st fcorrective actions. Therefore they
implemented the HACCP in their investigations amhblfy recommended the use of a

comprehensive HACCP plan is this field.
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15 HACCP in medicine

HACCP in medicine has been applied in two differfggltls: process analysisandtesting of
products. In 1990 a research group investigated the pmgutity of using HACCP with
regard to the problems of hospital infection cokifroThe HACCP was implemented on a
neonatal unit in Chester, United Kingdom, which didt have a milk bank to provide
expressed breast milk for the babies. Thereforg there confronted with a number of
hazards which could affect inpatient women as aslhlready discharged mothers. Control
mechanisms to provide safe milk were not routiredyformed, such as the microbiological
testing of the expressed breast milk. After thelyama they implemented different kinds of
control options. Finally, the author concluded timatch of the processes of HACCP are the
application of simple common sense. Neverthelégsuse of the method in a clinical setting
may provide a variety of benefits. As a major bérief described the team approach and also
the involvement of several experts in combinatiothwhe preventive approach of this
method which minimizes the risk to overlook impattpoints.

Unfortunately the research group had to realisé tti& control options were not practicable
within the available resources and consequentlyptbeision of expressed breast milk on this
unit was stopped. Nevertheless, in his article Hu991j® recommended to think about a

wider application to hospital infection control, dieal audit and parenteral nutrition.

In 2001 the study group Baird et*3lused the HACCP to combine infection control meesur
with operative procedures analysis. The ophthalgylonit informed the infection control

team that the number of early infective endophtiteédnas postoperative complications had
increased. The infection control team investigathd situation, recognized a lack of
standardizations, evaluated the circumstances awe ggcommendations for improvements.
However, over the following months new cases o@uuriThis indicated the need for a

radically different approach and implementatiotH&CCP was recommended.

They developed a comprehensive flow chart and ssdethe critical control points. On the
basis of this flow chart they recognized the maghificant areas of risk and areas of
postoperative complications were located in thep@ration for the surgery (local and general
anaesthesia) and the surgical procedure (Figurdf®&@r establishing different preventive

measurements the number of complications decreased.

17



In this case, where conventional approaches toesalv existing problem had failed, the
implementation of the HACCP presented a novel amtapriate methotl. Nevertheless, the
research group emphasised that the time and castpbdmenting this method as well as the

extent of the process analysis should not be ustierated.

Figure 6: Identification of critical control points in infection control®

I Pre-operative assessment I

Patient Staff & Procedures Equipment Environment
¢ infective condition * Hand wash technique * Hand wash facilities ® Hygiene standards
 Ability to follow instructions * Examination technique * Decontamination procedures

® Hygiene standards
® Underlying disease

I Pre-operative eye preparation (drops) I
]
| | | |

Patient Staff & Procedures Equipment Environment
¢ Patient co-operation * Hand wash technique ¢ Hand wash facilities ¢ Hygiene standards
* Drop administration technique ® Drops
I Local anaesthesia + skin preparation (Anasthesic Room) I

Patient Staff & Procedures Equipment Environment
¢ Patient co-operation * Hand wash technique ¢ Hand wash facilities ¢ Hygiene standards
* Local anaesthesia administration * Local anaesthetic
 Site preparation technique * Antiseptic agent
* Pressure bulb & swab

I General anaesthesia + skin preparation (Theatre) I

Patient Staff & Procedures Equipment Environment
® Patient co-operation * Hand wash technique * Hand wash facilities * Hygiene standards
® GA administration technique * Antiseptic agent
e Site preparation technique

I Surgical procedure I

Patient Staff & Procedures Equipment Environment
® Patient co-operation ® “Scrub up” technique ® “Scrub up” facilities ¢ Hygiene standards
* Growning/gloving technique ® Protective clothing/equipment

© Draping technique ® Instrument & equipment

® |nstrument/equipment preparation
® Surgical team procedure
® Support procedures

I Post-operative examination of eye I
]
| | | |

Patient Staff & Procedures Equipment Environment
® Patient co-operation * Hand wash technique eHand wash facilities
e Examination technique ® Eye cover /pad
e Equipment used

I Post-operative administration of topical medication I

Patient Staff & Procedures Equipment Environment
* Compliance with medication regimen * Administration technique ® Drops
* Hygiene standards (patients/carer) * Administration aids

Note: Shaded boxes represent the most significant areas of risk and are regarded as the main critical
control points.
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Another approach using the HACCP in process arsaty@nbined with infection control was
described in the study of Fijan et al. (208%arried out in the Republic of Slovenia. Since
the laundering process must not only have a clgaeffect but also an antimicrobial effect,
they evaluated the hygiene state of the hospitaldey in order to prevent recontamination of
textiles. They combined two different risk managatteols in their project, the HACCP to
analyse the procedures and the RAL-GZ 992 standardssess the quality standards for
textile care of hospital laundty These standards have been validated by the Riébet-
Institute, Germany and the Research Institute Hstieém Germany. They decided to select
these standards for their research project bedheyeconstituted important recommendation
for laundries for the member states of the*EW flow chart was developed to identify the
hazards and the critical control points were imgatad. In addition, the hygiene level (RAL-
GZ 992) was evaluated by microbiological analyséfobe and after sanitation measures.
After implementing and analysing both methods adlasured critical control points reached
the recommended values with one exception of thel Heygiene of one laundry worker.
Therefore, the authors concluded that using the 6RGn combination with RAL-GZ 992

clearly demonstrated the recommended reductioneotdntamination of the hospital textiles.

Evaluation and re-evaluation of process analyssa#so established in the field of screening
programmes. Derrington et al. (208%3% described the implementation of HACCP to
evaluate the quality standards of an already exjsscreening programme for Down’s
syndrome in the area of Leicester, United Kingdohie steering group which was
monitoring this screening programme raised the isigp that there was an incomplete
understanding of the screening programme by thiemgatas well as the staff delivering the
programme. Based on the logic sequence of the HA@E# adopted the method to their
existing screening programme. They developed a gemyprehensive flow chart to enclose
all institutions and persons involved in the prtjethe authors showed impressively how
time and work consuming it was to establish the lettoncept of the HACCP, especially in
case of process analysis with a huge number oferéifit professional groups and
organizations involved. After identification of tHeazards they developed critical control
points. At this stage the HACCP method successfuighlighted a number of important
problems divided in two main categories: generabfams related to the programme per se
and problems related to specific operational pairthe programme pathways. Derrington et
al. (2003>** also concluded that these problems had not besifi@l by the conventional,
mainly quantitative evaluation methods used ingast. The systematic stepwise nature of the
HACCP concept enabled a continuous clear visiothefobjectives throughout the whole
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process. Both research groups emphasised that A@CH method should be repeated to

evaluate the implementation of the changes.

A further approach using HACCP within the manifpldcedures in hospitals was carried out
in the field of the enteral tube feeding. This kofdeeding does not only include the process
analysis of the nutrition itself but also the intgation of the necessary medical devices for
this kind of nutrition. Enteral tube feeding progginutritional support to patients who are
unable to be fed orally but whose digestive systeawes still functional. Contamination
through infectious complications is well documefitedThe main source of bacterial
contamination during the enteral tube feeding issed by the blendérs Anderton described
in 1999° the possible strength of the HACCP in this fifACCP was implemented to
identify and evaluate potential hazards during pheparation, storage and the delivery of
enteral feeds to patients in a hospital in Bf4ziThe personnel, the blender, the feed holding
containers, the water or the environment were itledtas potential hazards. As described in
the previous study the blender was the main source of contaminatimhansequently the
correct cleaning and disinfection of the blenddiraiaated the bacterial contamination. It was
concluded that a systematic preventive approach asithe HACCP was able to eliminate or

reduce the hazards in the procedure of enteralfaduzing.

The pharmaceutical industry became increasinglyr@wéthe impact of process conditions
and quality control of the resulting prodtfctThe EG guidelines require a safety and risk
calculation for the manufacturing and the applmatof medical productd Prior to the
introduction of quality control processes, the nfanturing process has to be investigated
regarding the possible critical points influencithg quality of the product. Jahnke & Kiihn
(2003Y° described the implementation of the HACCP as duliseol to identify potential
hazards during the manufacturing process of medieaices and pharmaceutical products.
The production of bone cement was used in theiclaras an illustrated example using
HACCP in this working field. In addition, Jahnkeksiihn (2003}° mentioned the successful
application of the HACCP system in the cosmetiaustdes. Another publication described

the HACCP approach for cleanroom situatfSns
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1.6 HACCP and Quality Management

Quality Management describes all activities thasuee the quality standards within a
company or organisation. Different kinds of Qualiifanagement have been already
established in medicifkand in drinking water productioh Many companies base their
Quality Management Systems on the internationaidstad series of ISO 9000. ISO 9000
describes a method to ensure that the producti@pobduct meets its specification 100% all
the time. ISO 9000 is the equivalent to EN 29000 BS 5750. This kind of system has the
primary target to prevent and detect any non-comimg products during production and
distribution®. This system is used in a broad spectrum of dietivin many organisations.

ISO and HACCP have much in common regarding Quality Safety Management. These
methods are used for Quality Assurance and bo#mgiate the whole staff involved. The
approach in these systems is very comprehensivetanttured and both systems involve the
determination and precise specification of key essurhe following figure 7 demonstrates
well-illustrated how these Quality Management Syseincluding Good Manufacturing

Practise can be intertwined with each other.

Figure 7: HACCP and Quality Management Systems12

| Decision to use HACCP |

Specialist external

Establish HACCP Team |4—,
Supplier Quality Determine the scope of
Assurance the system
A
L > -
Prepare HACCP Plant Good Manufacturing
Laboratory Practices
accreditation v
Defined standards
> A2 I* g
—————
HACCP Plan Regular audit
| implementation |«
Quality Management Statistical Process
System (ISO 9000) Control
. On-going

Problem solving Data Analysis A
|—’i Corrective action teams |
Changes to l

p?g;?:;r;slsor 44 HACCP Plan revalidation I_
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Consequently without an existing and implementedaliu Management Systems the
implementation of the HACCP system will not be #eative as it could be. The HACCP
method can be easily integrated into existing @uaianagement Systems such as ISO 9000.
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2. Aim of the thesis

Aim of this master thesis was to investigate theliapbility of a process management
system, the Hazard Analysis and Critical ControinBo(HACCP), initially implemented in
the food industry, in the fields of public healtidamedicine.

A comprehensive literature review was carried owtdarch for the available literature in both
fields. Selected publications were assessed witfarde to the procedure and described
problems of the implementation of the HACCP metlasdwell as to the conclusion of the
authors using the HACCP system in their respedigld. The data were transferred in a data
extraction sheet exclusively developed for this terahesis.

Main focus of this study was the evaluation of described methodical constituents and the

assessment of the conclusions and recommendatfiding publications.
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3. Manuscript of the publication

A critical assessment of the application of HACCPn different areas of

public health and medicine: a review

3.1  Abstract

BackgroundHazard analysis and critical control points (HAG@Pa well known and widely
accepted management system initially implementethénfood industry. It was originally
developed to build up a safety system for food oworexd by astronauts. Since then, the
HACCP has been adopted in public health, medigmecess analysis as well as in the
assessment of product quality.

Objective: To assess the implementation of HACCP in the fiefdpublic health and
medicine.

Material and MethodThe systematic literature search was based otr@héc bibliographic

databases like Medpilot and Dimdi (between 1966 2605) using specific key words.
Reference lists of relevant primary articles wereestigated, literature was hand searched
and relevant papers were identified. The studyctele included all available literature
describing projects or studies using the HACCP ublig health and medicine regardless of
their design, method or language of publicationd&a extraction mask was created in
Microsoft Acces§ for categorising the papers as well as to defeference standards and
comparable parameters. In addition, the authotleoprimary literature were contacted via e-
mail and requested to fill out a standardised goesire to get additional information about
their projects.

Results:12 articles met the inclusion criteria. Seven wepated in the field of medicine, of
which six were focusing on process analysis. Therdiive were located in public health, two
in the water production and three in infectiousedges. Most of the articles described the
required methodical components of the HACCP andédtribed the method appropriate for
the setting used. Half of the authors answeredjtiestionnaire.

Discussion: The successful implementation of the HACCP wasmilesd in medicine and
public health in different settings. However, aidee difference was found between both
fields. Whereas the method was used in medicina peventive system, in public health,
especially in infectious diseases, the system wamlyn used to evaluate management
processes as well as risk assessment and to detepreventive measures. Therefore, the
latter approach required a different definition rigeom the classical starting position and a
different declaration of the objectives and outceme
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Conclusion:Provided that a precise definition of the starfognt and the objectives is given
and an exact implementation of the methodologyossible, it can be recommended to use
the HACCP as an additional quality assurance meithpdblic health and medicine.

Key words: HACCP, public health, medicine, process analysisdical device, infectious

disease
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3.2 Introduction

The Hazard Analysis and Critical Control Points E@P) is a well known and widely

accepted management system initially implementethénfood industry. The method is a

systematic preventive approach to control poteritgadards in operation. The target of this

method is to identify problems (hazards) beforeytleecur. The system establishes

mechanisms to control all stages of a process. ddnsrol method is proactive and based on a

“concept of zero-mistake” (“Null-Fehler-Konzeht)The first step requires a hazard analysis,

an evaluation analysis of potential risks whichldaccur during a specific process. A hazard

Figure 8: Preliminary tasks in the development of the HACCP plan

| Assemble the HACCP Team |

v
| Describe the Food and Its Distribution |

\4

| Describe the Intended Use and Consumers of the Food |

| Develop a Flow Diagram that Describes the Process |

v
| Verify the Flow Diagram |

as defined by the National Advisory
Committee on Microbiological Criteria

for Foods (NACMCF) can be of

biological, chemical or physical oridif

The NACMCF has recommended to
establish a prerequisite program before
the application of the HACCP (Figure 8).
This program describes the basic
environmental and operating conditions

of the process. They should be developed

and managed separately from the HACCP plan andag@audited to ensure the existence

and effectiveness of these programs. After commethese preliminary tasks the seven

principles of HACCP are appliéd

1) Conduct a hazard analysis

2) Determine the critical control points (CCPSs)

3) Establish critical limits
4) Establish monitoring procedures
5) Establish corrective actions

6) Establish verification procedures

7) Establish record-keeping and documentation proesdur

These principles demonstrate the establishment/emmgntation and maintenance of the

HACCP. They have international acceptance andldeththis approach have been published
by the Codex Alimentarius Commissidn 1991 and the NACMCFn 1992.
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The method was originally developed in 1959 byRilesbury Company in cooperation with
the National Aeronautics and Space Agency (NASAg MNatick Laboratories of the U.S.
Army and the U.S. Air Force Space Laboratory Profemoup. The aim was to develop a
microbiological safety system for food which assuael00% safety of the product consumed
by the astronauts involved in the United Statesspgaogramme At this time most food
safety systems were based on “snap-shot” inspearah end product testing. Therefore
HACCP presented a totally new approach in qual#éyueance — a preventive system — to
guarantee safe foddSince then, HACCP has been further advanced antified in a variety

of reviews in 1992, 1995 and 1997 by the NACMEE

In 1993 the European Union adopted parts of theeaamnin the regulations of the guideline
93/43/EWG regarding the Hygiene of Foodstuff. Sidemuary 2005 the EU has passed a
standardised Food law for all European countriessi(bregulation (EG) 178/2002) which

were later translated into national law.

The HACCP method has been successfully implemenntedifferent areas in the food
industry for several years. Mortimer and Wallac@9@)'* described the technique as flexible
and possible to apply in areas outside the traditidood industry. Different sectors within
this industry branch have started to apply the ouktlsuch as the catering services and
aviation catering. Foodborne outbreaks in civilatien could affect passengers as well as
crew member$ and had been a long-lasting periodic problem oorafis®'® Therefore
airlines, like the Lufthansa Service Holding AG,veaimplemented quality management
strategies including the HACCP in the late 1980s

Lately, public health researchers assessed thébpibgf implementing the HACCP in the
field of infectious disease outbreak control. Apaoim the identification of the cause of an
outbreak they used the HACCP to evaluate the mamaggeprocess in case of an outbreak as
well as in the risk assessment and in the detetinmaf prevention measurés® They
investigated the context in which epidemiologicaleegencies were managed with the target
to formulate recommendations for future activiteasd to define criteria for a successful
outbreak management. Based on their results theyan@ed an improvement within the
national surveillance system as a basis of an téféeinternational surveillané® Kassen
(2004¥! analysed existing international health policied antbreak management guidelines
on SARS (Severe Acute Respiratory Syndrome ) Thieoauncluded in her HACCP model
all three different levels of an international aelk management on global (WHO), national
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(e.g. Centers for Disease Control and Preventind)rspital level and came to a conclusion
similar to MacLehose et al (2061)who demanded an improvement within the national
surveillance systems as a prerequisite for suaglessérnational surveillance.

A totally different field using the HACCP in publicealth was applied in the process of
drinking water production. The implementation o thethod included very different fields of
application. Dewettnick et al. (20G%)investigated the possibility to integrate domestic
wastewater of a wastewater treatment plant in ¥igtieg potable water production process.
Another approach using the HACCP was described st et al. (2004). They
investigated the possibility to conserve natioredources in case of the reuse of nutrients
extracted from wastewater and sewage sludge focudigiral land. Based on this challenge
the authors described the necessity of the valwe risk management system that would be
able to control possible health risks. This appnoaas of special interest because HACCP
has been already part of the Water safety plartkariWHO Guidelines for drinking water
quality®. A further approach using the HACCP within the alited WHO Guidelines was
investigated by Jagals & Jagals (2684They implemented the method to control the water

quality and to avoid water-related diseases in matatment facilities.

In addition, HACCP has been applied in medicineamnection with process analysis and
product testing. In 1990 a research group invetsitgahe problems of hospital infectious
control considering a milk bank providing expresdmegast milk on a neonatal unit as
examplé®. As a major benefit they described the team ampr@ad also the involvement of
several experts who, in combination with the préivenapproach of the method, minimized
the risk to overlook important points. But the artihad to realise that the control options
necessary were incompatible with the resourcedablaiand consequently they stopped their
project. Baird et al. (200%) used the HACCP in combination with infection cohtand
process analysis. They used the method to evaliegereason for the postoperative
complications rate. After the implementation theglized that the reason for the complication
were already located in the preparation for thgeuy: Just like Hunter (199%)also Baird et
al. (20015’ emphasised the need for resources in order toeimgt this method as well as
the extent of the process analysis. A differentrapgh using the HACCP process analysis
combined with infection control was described i #tudy of Fijan et al. (2008) They
evaluated the hygiene state of the hospital laumdrgrder to prevent recontamination of

textiles. In addition, to the HACCP they also u$adthe microbiological analysis the quality
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standard RAL-GZ 99%. The results of the study showed a successful omtibn of these
two methods.

The evaluation and re-evaluation of process amalysing the HACCP in the field of
screening programs was successfully demonstratéistudy of Derrington et al.(2063§*
The implementation of HACCP highlighted severalgpemns related to the entire program but
also to specific operational parts of the programf® mentioned already by Baird et al.
(2001¥’ the authors also concluded that these problemisl ¢t@md not been identified by the
conventional, mainly quantitative evaluation methaded in the past. In addition, they also
described how time and work consuming it was taldisth the whole concept, especially in
case of process analysis with a huge number oferéifit professional groups and

organisations.

Another approach using HACCP within the manifoldogadures in hospitals was the
inclusion of the quality of a specific product witkgard to bacterial contaminatinOlivera

et al. (20013 described in their study the important role of terect use of high quality
medical devices in investigated procedures using é¢xample of tube feeding. The
pharmaceutical industry has become aware of thadgf process conditions and controls
on the quality of the resulting product and hasdbed the implementation the HACCP as a
useful tool in their working fieldé*

Regarding the available literature it was the afrthe review to evaluate the suitability of the
HACCP — a safety assurance procedure of the foddsiny — in different areas of public
health and medicine.

3.3 Material & Method

3.3.1 Data sources and study selection

The systematic literature search for the primagyrditure was based on different data sources.
Electronic bibliographic databases like Medpilotl &@imdi (DIMDI SmartSearch) from 1966
to December 2005 (Appendix 1.®Were explored using the following terms “HACCP”,
“public health”, “medicine”, “hospital’, “operativeprocedure”, “quality assurance”,
“infection control”. Literature search was carriedt between August 2005 and December

2005, including a series of updating literature.
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Furthermore the reference lists of the relevannhary articles were investigated with special
focus on additional literature belonging to therslkdield. In addition, the literature was hand
searched and relevant papers identified (Appendik Finally, the authors of the primary
literature were contacted via e-mail and requestefill out a standardised questionnaire to
get additional information about their researchjgmbor unpublished research data or studies.
After four weeks a second questionnaire was semt r@sninder to the authors who had not

responded until then.
The study selection included all available literatusing HACCP in the area of public health
and medicine. There were no restriction criterincawning the publication date, language or

type of publication. Double publications were exidd from the review.

3.3.2 Description of data extraction and the proceaf the analysis

A data extraction mask was created in Microsoftes& for categorising the review papers
as well as to define reference standards and c@bligaparameters (Appendix 2.0). The data
mask consisted of 27 questions pertaining to thelystcharacteristics. Two reviewers
screened all included publications on the basth@ede questions. One reviewer abstracted the
data of all included studies available as full et the data mask while the second reviewer
checked the data extractions by means of the owan atuisition. The reviewers resolved
disagreements by discussion and consensus.

Data was extracted on the field of research indgdhe study location, countries involved
and the target groups. In addition, data was etatueoncerning the existence of an explicitly
formulated research question, a definition of oliyes and description of the outcome.
Moreover data was extracted regarding methodolbgmaponents including the description
of a study protocol, the utilization of a flow chahe description of the critical control points,
the study design (observational or interventiomal)l the possible intervention measures. A
description of the application of quality managetmeamd quality safety instruments together
with the HACCP and the duration of the interventivas also searched for. In addition,
information was obtained on the quality and extnspecial training given to the staff and
their acceptance of the system. Information was afdlected on how the authors assessed
the adequacy of the research question, the defindf objectives and the setting used. Lastly,

information was obtained on the costs and effentgs of HACCP.
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3.4 Results

A total of 15 articles were identified available gl text version. 12 articles published
between 1991 and 2005 met the inclusion criterfae@ publications were excluded. These
publications did not fulfil the inclusion criteras they only described a theoretical model on

how to implement HACCP in the working field.

Among all included articles 58% were located in fledd of medicine with six studies
focusing on process analysis and one on medicateev42% of the selected studies were
focused on public health. Three of them were caorexrwith infectious diseases and two
concentrated on water safety (Table 1).

83% of the studies were carried out in Europe \tlidn major portion of 42% being in the
United Kingdom. Four of the five studies from tlisuntry were in the field of medicine
concerning process analysis. Two of the twelve qutsj were described as having a
multinational study design (Table 1).

Table 1: Location and distribution of the study field of the included studies

. Europe Other
Study Field
Germany | Greece | Slovenia | Sweden | United Kingdom Brazil South Africa

o Baird (2001)
Medicine: Fijan Derrington (2003) Olivera
Process Analysis (2005) Derrington (2003) (2001)

Hunter (1991)

Medicine: Jahnke
Medical Devices (2003)
Public Health: Westrell
Water Production (2004) Jagals (2004)
Public Health: Kassen* Lambiri o
Infectious diseases (2004) (1995) ieleiess ()

* Centre of multinational study

The investigated target groups were divided inteedhcategories in studies targeting on
populations (58%) with a focus of five studies Ie tarea of "medicine — process analysis”,
investigations in institutions (25%) and finallysteg of products (17%). Table 2 presents the

exact categorization of each target group.
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Table 2: Categorization of the different target groups

Target grou
Study Field e

Population Institution Medical device

Patients underwent cataract surgery
Baird (2001)

Pregnant women in a Health District*
o Derrington (2003)
Medicine: Derrington (2003)
Process Analysis

Enteral feeds
Olivera (2001)

Babies on a neonatal unit
Hunter (1991)

User of hospital textiles
Fijan (2005)

Medicine:

. . Bone cements
Medical Devices

Jahnke (2003)

Public Health: Wprkgrs of a trgatment plant, people
living in the environment of the plant
Westrell (2004)

Potable water treatment facilities

Water Production Jagals (2004)

National and international surveillance
_ systems
Public Health: Flight crew and passengers MacLehose (2001)

: . Lambiri (1995)
Infectious diseases WHO, authorized national authorities
(e.g. CDC), local outbreak management

Kassen (2004)

* Study was divided in two publications

Only one study, located in “medicine — process ymisil, formulated a research question.
However, all twelve research groups included inirtipaiblications the definition of the
objectives and description of the outcomes (AppeQdL, table 3).

The methodological parts are presented as folld®®% of the studies elucidated the
development of a study protocol and subsequent¥g @6the research groups described the
procedure of developing a flow chart. In all stidike authors described the determination of
their critical control points. 75% described thesgbility of an intervention and lastly 58%
carried out the implementation of the critical gohpoints in their study. In all studies in the
area of “medicine — process analysis” all the abowentioned points were carried out
(Appendix 2.1, table 4).

Three of twelve publications used an additionalrumeent for quality management or quality
safety beyond the HACCP method, one study locatedhé area “medicine — process
analysis”, one study in the area “public healthatex production safety” and one in the area
of “public health — infectious diseases”. The dmatof the intervention was only mentioned
in five cases (42%) and the other seven (58%)lestigave no information about the length of
the intervention. Regarding special education fbe tinvolved people, six of eight

publications being in the field of “medicine — pess analysis” described that they offered
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special training for the staff, for example quaklfiion programs, flyers, build up project
teams combined with regular meetings, written prot® and the promotion of

interdisciplinary work. However, only five (42%)usties all located in “medicine — process
analysis” illustrated in their publication that tlséaff accepted the implementation of the
HACCP system and that they were more satisfied thighr work. Only one article mentioned

higher acceptance among the participants, in #se patients (Appendix 2.1, table 4).

In the final discussion of the publication the auwthanswered the research question which
they had asked initially. Irrespective of the reskhaguestion or the described objectives, all
study groups thought that the HACCP is an appropaaproach in this field. Except for one
research group in “medicine — process analysisl’, ofther authors deducted that the
implementation of the HACCP method was an appropaad successful tool for the chosen
setting. The effect of the HACCP implementation wiascribed as, for example “the staff
was confident in knowledge and skills and they iowed the multidisciplinary work”, “an
improvement of the quality of product” or “a bettenderstanding and acceptance of the
screening program”. Five of twelve authors gaveitaatthl information about the costs, four
in the area of “medicine — process analysis” and ion“public health — water production
safety”. All five needed extra financial support fbe implementation of the HACCP system
and one group in the area of “medicine — procesa$yais” even cited that they were not able
to use HACCP in their chosen setting due to laclesburces (Appendix 2.1, table 5).

After mailing the standardised questionnaire toenee additional information, six of the
twelve authors responded. The reminding questioarsent four weeks later did not yield
any further replies. The reasons for implementimg HACCP in a particular research field
were manifold. It showed the whole area from a m@eresting approach in a research area to
an already established tool for risk analysis. Fafithe six research groups declared that they
had not used other quality management systemsebéierimplementation of HACCP, one
group used the HACCP before. The other group usgdadity management system already
established in their working field. Three authagparted that they had repeated the HACCP
analysis but without description of the results.oTauthors mentioned the cosmetic industry
and the pharmaceutical industry as additionalrggstof public health and of medicine using
HACCP, while four authors said that they had recemded the HACCP systems to other
institutions, such as the EU (Appendix 3.0).
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35 Discussion

It was the purpose of this review to investigai applicability of the HACCP method in the
field of public health and medicine. The literatsesarch for the primary literature was carried
out without any language restriction on differeatadsources. It was important to ensure that
the process of identifying studies was as thoroaigth unbiased as possible. As most of the
prestigious journals use English, there may bendeiecy for the publication of reports in
English by researchers. This may have implicatiorssearches restricted by language.
Beyond these factors, databases which record mséand to have geographical, language
and topic emphases. It is important to be awargaténtial bias (retrieval, language or
publication) and to use a variety of search methetkctronically and manual) to ensure a
search as comprehensive and unbiased as pd&sibEherefore, the search strategies should
include a range of databases. The databases inethesv included bibliographic databases,
such as Medpilot and Dimdi, which together consfshore than 15 different databases from
different study fields. In addition, the referencsts of the relevant primary articles were
searched and a thorough hand searching was cautedImost all included articles, except
one, were published in English. Therefore, it sHcag taken into consideration, that as with
all systematic reviews some published and unpuldighapers may have been missed and
consequently it was not possible to eliminate alleptial bias. A comprehensive literature
search and a continuously updating during the mgitprocedure of the thesis tried to

minimize this bias.

For categorising the included articles a data ektra mask was created using Microsoft
Acces$. It provided a framework for selecting and desogtthe publications. Compared to
a standardised data mask an individually develogai mask always bears the risk of
subjectivity. But as the data mask was very comgmsive with the focus on methodical
components an overestimation of the results shoeilde expected.

With regard to the use of the HACCP it was necgssaremphasise that one of the main
implementation areas is the industry, such as pheenotical companies or aviation
catering’**> These companies usually do not publish in sdiefjdurnals. In addition, the
implementation of this system is part of the ine@roompany affaires and information and
experiences are commonly not accessible for thdiqoutherefore, it can be assumed that
several industry branches have appropriate exparsensing the HACCP which could not be
included in this review**3>
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“Publication behaviour” differs among research dgllike public health and especially
medicine. Today, investigations are expected tgpbilished in scientific paper listed in
accepted and open databases. Therefore, it wasirmising that 58% of all included articles
were located in the field of medicine. Six studiesused on process analysis and one on
medical devices (table 1). The higher number atled dealing with process analysis should
not be over-interpreted, for reasons already meatiabove.

The majority of authors used the HACCP as an dtera to an already existing quality
assurance systéfit %! |t was not the target to develop and assess amethvod. Therefore

it can be assumed that also less successful imptatrens of the HACCP would be
published in contrast to clinical research whergatige results often remain unpublished
with a high risk of overestimating positive resyjsiblication bias). In this master thesis the
publication bias was furthermore reduced by thatiretly broad inclusion criteria for the
included articles. But whereas on the one handdlb@clusion criteria reduce a potential
bias, on the other hand it provides more heteragenéth regard to study fields, objectives
and applied methodology.

Almost 50% of the authors responded to the stamskddjuestionnaire which is a satisfactory
response rate. But as the number of articles aively small the results should be interpreted
with caution and should be more seen as additioriafmation of the individual research

projects.

The intention of data synthesis in this review w@sollate and summarise the results of the
included primary studies with focus on methodolagy their applicability. The quality of the
involved primary studies was not assessed. A atitgsue was the relatively small number of
available articles which was intensified by theision into subgroups of different study
fields.

Regarding the recommendation of the NACMCEoncerning the establishment of a
prerequisite program, ten study groups describedd#évelopment of a study protocol and
nine the evaluation of a flow chart. In 1991 Hufftedready emphasised the importance of a
careful analysis and description of the processudieg all possible internal and external
factors. Independent from the investigated stueidfseveral authots®’>%31**highlighted
the necessity to invest sufficient workload and etirmto the prerequisite program to

implement successfully the seven principles
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One of the crucial points in successfully implenmegtthe HACCP is the correct
determination and number of the Control Points famntther the Critical Control Points: Stages
in the process which must be controlled and corsettyustages which have to be influertial

If these Control Point assumptions are not coragct the proper procedure is not achieved,
there is a possibility that the Critical Controliftcoperation may be inadequiteAll twelve
included articles described the determination ef @ritical Control Points and emphasised
the importance of this principle. But at the saimnget this principle shows the limitation of
the method because the determination of Criticaltf@b Points is an exceptionally subjective
procedure. Havelaar (1993 stated that control measures in water productiereveften not
sufficiently effective to ultimately call them CGgal Control Points, for example the raw
water. It should not be declared as a Critical @drRoint in the classical sense because the
pathogen reduction cannot be adequately contrSlidvertheless, Jagals & Jagals (2604)
used the raw water in their investigation as ai€itControl Point. They included it for the
specific purpose to show that the level of contatiam can play an important role in
management of the upstream catchment. Like othadies in the field of water
productiorf®? they showed that although they changed the sgaptirsition — the preventive
approach of the HACCP — it is still possible tddat the methodical approach.

The same problem with the different starting positcan be found in the area of infectious
diseases, except foodborne diseHséhe hazard, in this case the infection, alreadgte
The study groups used successfully the methodotdgthe HACCP, but they defined a
different starting position and consequently algiterent objectives. This describes a new
approach implementing the HACCP. The research graiged the HACCP to evaluate the
management process in case of an outbreak as wetl the risk assessment and in the
determination of preventive meastff&’. However, Brand et al. (2008)as well as Kassen
(2004¥* mentioned the difficulties to identify all involdeinternal and external factors to get
a complete analysis of the processes. In infectthssases it is more demanding to meet the
criteria of the third principle “establishment afitcal limits” because abstract procedures,
like the evaluation of management processes anch#tiretenance of standards, are difficult to
measure. Hence, MacLehorse (2601ecommended additional studies in this field to
decrease the subjectivity of the methicd

In medicine the implementation of HACCP was alsescdbed as very complex but
manageabfé*°3' The different research groups implemented thehatktfollowing the
proactive, preventive approach in the classicabsesf the “concept of zero error” (Null-
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Fehler-Konzept) All study group&®283°3133had experience with different kinds of quality
assurance systems. They were looking for a suppietien or an alternative to their already
established systems. Except one study dfoupey all described the HACCP as appropriate
for the defined objectives and the chosen settihmter (19913°described like othef§%33
that the method was extremely demanding on timerasdurces and that the HACCP were
not practicable within the resources available he project. This factor should not be
underestimated as this system like other qualgyi@nce systems should be re-evaluated and
improved. Consequently these follow-up cost shdutdkept in mind with regard to the

calculation of budget, staff and available time.

Regarding the available literature there is a deeidifference in implementing the HACCP
in medicine or public health. In both fields thesessful implementation of the methodology
was described in different settings. Whereas théhogewas used in medicine as a proactive
preventive system to reduce the infection ratemyptications and contamination, in public
health, especially in infectious diseases, theesystvas mainly used to evaluate management
processes as well as the risk assessment andetond®st preventive measures. Therefore, the
latter approach required a different definition rigeom the classical starting position and a

different declaration of the objectives and outceme

3.6 Conclusion

Within the limitation of the review it can be coanded that the HACCP method was
successfully realised in different settings in puliiealth and medicine. In both areas the
method was implemented following the recommendedhau®logy although the starting
position and the respective endpoints had beengeaaim some of the public health studies.
Provided that a precise definition of the starfprmgnt and the objectives is given and an exact
implementation of the methodology is possiblesitecommended to use the HACCP as an

additional quality assurance method in the desdrdreas.
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1. Sources of references

Bibliographical databases screened electronically

- Dimdi (DIMDI SmartSearch)

- Medpilot:

Medline

Medline Alert

AWME-Leitlinien

CCMed

Cochrane-Rviews (CDSR)

Cochrane (DARE)

Deutsches Arzteblatt
Karger-Verlagsdatenbank
Kluwer-Verlagsdatenbank

Krause & Pachernegg Publikationsdatenbank
Lippincott Williams & Wilkins Verlagsdatenbank
Springer Verlagsdatenbank

Thieme Verlagsdatenbank

CancerLit

ETHMED

Zentralbibliothek fur Medizin

Journals hand screened

KA-Abwasser, Abfall 1995-2005
Journal of Epidemiology and Community Health 2005
Hygiene und Medizin 1989-2005
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2.1

Tabulated presentation of the results

Table 1: Location and distribution of the study field of the included studies

. Europe Other
Study Field
Germany | Greece | Slovenia | Sweden | United Kingdom | Brazil South Africa

o Baird (2001)
Medicine: Fijan Derrington (2003) Olivera
Process Analysis (2005) Derrington (2003) (2001)

Hunter (1991)

Medicine: Jahnke
Medical Devices (2003)
Public Health: Westrell
Water Production (2004) Jagals (2004)
Public Health: Kassen* Lambiri o
Infectious diseases (2004) (1995) LG IS )

* Centre of multinational study

Table 2: Categorization of the different target groups

Study Field

Target group

Population

Institution

Medical device

Medicine:
Process Analysis

Patients underwent cataract surgery
Baird (2001)

Pregnant women in a Health District*
Derrington (2003)
Derrington (2003)

Babies on a neonatal unit
Hunter (1991)

User of hospital textiles
Fijan (2005)

Enteral feeds
Olivera (2001)

Medicine:
Medical Devices

Bone cements
Jahnke (2003)

Public Health:
Water Production

Workers of a treatment plant, people
living in the environment of the plant
Westrell (2004)

Potable water treatment facilities
Jagals (2004)

Public Health:
Infectious diseases

Flight crew and passengers
Lambiri (1995)

National and international surveillance
systems
MacLehose (2001)

WHO, authorized national authorities
(e.g. CDC), local outbreak management
Kassen (2004)

* Study was divided in two publications




Table 3: Study objectives and estimation of HACCP applicability

yes no not applicable
Did the authors formulate a
definition of objectives 12
research question 1 11
Did the authors think that HACCP was
appropriate for the research question asked 1 11
appropriate for the objectives 11 1
appropriate for the setting 10 1 1
Table 4: Description of methodology and additional features
yes no
Methodology
Study protocol 10 2
Flow chart description 9 3
Critical Control Point description 12 -
Critical Control Point intervention described 9 3
Additional instruments to HACCP . 3 9
Additional features
Duration of intervention described 5 7
Delivery of Intervention described 7 5
Special training of staff included 8 4
Acceptance of staff evaluated 5 7
Acceptance of participants evaluated 1 11
Cost information available 5 7




Table 5: Effect of the implementation of HACCP

Study Field

Target group

Population

Institution

Medical device

Medicine:
Process Analysis

Enhanced level of care, staff confident
in knowledge and skills, improved
multidisciplinary work
Baird (2001)

Better understanding and acceptance
of the screening programme
Derrington (2003)*

Team approach, useful educational
purpose
Hunter (1991)

After implementation HACCP all
recommended values were reached
Fijan (2005)

Significant reduction in the
bacterial counts, improved
knowledge of staff
Olivera (2001)

Medicine:
Medical Devices

Improved the quality of a product
Jahnke (2003)

Public Health:
Water Production

Propose monitoring strategies,
corrective actions, prevent disease
transmission
Westrell (2004)

More effective as a quick monitoring tool
to detect problems before the water
reached disinfection stage
Jagals (2004)

Public Health:
Infectious diseases

Reduction of contamination, overall
improvement of hygiene
Lambiri (1995)

Existing networks have shown their
values
MacLehose (2001)

Descriptions of the strengths and
weakness of the different surveillance
systems and levels
Kassen (2004)

* Study was divided in two publications




3. Questionnaire including the results

What were the reasons to implement HACCP in this particular procedure/programme?

- HACCP is a pro-active system intend to prevent contamination of enteral feeds
- postgraduate research as well as investigating the situation as it is

- HACCP is well recommended for risk analysis in pharmaceutical processes. Moreover, annex 15 to EU GMP Guideline
enforces risk analysis to be conducted for qualification/validation. ICH Quality Group 8/9 encourages pharmaceutical
companies to use FMEA and HACCP as tools

- told to do, not the personal decision of the author

- It seemed an interesting approach that had not been taken before and enable us to structure the study. In particular we
felt it would help identify critical control points

- NOo answer

Who recommended the HACCP and why?

- Government agencies, companies, etc
- no specific recommendation-HACCP is part of our investigation tool in Environmental Health research

- HACCP is well recommended for risk analysis in pharmaceutical processes. Moreover, annex 15 to EU GMP Guideline
enforces risk analysis to be conducted for qualification/validation. ICH Quality Group 8/9 encourages pharmaceutical
companies to use FMEA and HACCP as tools

- supervisor of the master thesis

- the idea of the author- for the reason given in question 1. Other similar methods we might have used included critical path
analysis-in many ways in this context HACCP amounts to the same

- the co-mentor, member of the Faculty of Agriculture

Had been other programmes (QM systems or evaluation programmes) used
before the implementation of HACCP?

No 4 |other 1 yes 1
- RAL-GZ992

Did you repeat the HACCP analysis?

No 3 |other 1 yes 2

Do you know other studies/programmes in which HACCP is used?

No 4 |other O yes 2
- Pharmaceutical Companies
- Food industry, catering, food safety

Do you know other public health or medicine settings using HACCP?

No 2 |other O yes 2

- Cosmetic industry

- We recommended HACCP to be adopted by dieticians and those in
professions that involve food manufacture

Did you recommend the HACCP method to other institutions?

No 2 |other 1 yes 3
- European Union

Do you know further publications describing HACCP in medicine or public health?

No 5 |other O yes 1
- Landesinstitut fur den 6ffentlichen Gesundheitsdienst
(North Rhine-Westphalia)
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