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Introduction

Food safety issues occur repeatedly in many countries and more and

more consumers and organizations worldwide are paying attention

to food safety. Numerous outbreaks of bacterial and viral pathogens

can be linked to consumption of different foods. In order to ensure

the safety of food and to reduce consumer concerns, many countries

have established early warning systems as a means of prevention

and control of food-borne diseases. Such systems enable checks at

every segment of the chain from food production, processing,

marketing, and surveillance. The key step in setting up such systems is

use of high efficiency food safety testing methods, which have to be

accurate and sensitive enough for detection of low levels of

contamination in commodities for prevention of pathogen transmission

through the food chain to human or animal consumers (1).

Microbiological analysis is an integral part of technological food

safety quality control and monitoring systems, and of management

of microbial safety in the food chain. Analysis is also an important

tool for investigation of critical control points and for evaluation of

good hygienic practices and standard operating procedures (2,3).

Traditional microbiological analytical methods for pathogenic

bacteria and viruses in foods, which constitute the basis of current

standard methods, involve isolation based on culturing. The entire

procedure requires several days, but is generally reliable and analytical

parameters are well defined. However, due to time requirements,

these methods are often ineffective due to incompatibility with the

speed at which food products are manufactured and with product

shelf life. In order to meet requirements for faster analysis, several

rapid methods that are faster than classical counterparts have been

developed (4,5).

Nucleic acid-based technology is a valuable molecular tool for

basic research and application oriented fields, such as clinical medicine,

infectious disease identification, gene cloning, and industrial quality

control. These molecular methods were previously considered

unsuitable for routine testing of food products for pathogenic

contamination because these techniques were only useful in

research laboratories with skilled technicians (6). However, in the last

decade, nucleic acid-based methods have gradually started to

replace or complement culture-based methods and immunochemical

assays in routine laboratory analysis for food control.

Recent nucleic acid-based technologies that can be used for

detection of viral and bacterial food-borne pathogens in food control

laboratories are reviewed herein. Principles, applications, challenges,

prospects, and limitations of these methods and considered. PCR
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Abstract Diseases caused by food-borne pathogens constitute a major burden to consumers, food

business operators, and national governments. Bacterial and viral pathogens are the major biotic

factors influencing food safety. A vast array of culture dependent analytical methods and protocols

have been developed. Recently, nucleic acid-based methods have begun to replace or complement

culture-based methods for routine use in food control laboratories. Basic advantages provided by

nucleic acid-based technologies are faster speed and more information, such as sub-species

identification, antibiotic resistance, and food microbiology. In particular, PCR and alternative methods

have been developed to a stage that provides good speed, sensitivity, specificity, and reproducibility

with minimized risk of carryover contamination. This review briefly summarizes currently available and

developing molecular technologies that may be candidates for involvement in microbiological

molecular diagnostic methods in the next decade.
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was the first nucleic acid-based technology to be used. Several additional

methods have been developed, such as strand displacement amplification,

loop mediated isothermal amplification, and nucleic acid sequence

based amplification. These novel techniques, which can be applied

when PCR technology application is limited, offer high sensitivity and

specificity for food-borne pathogen detection. Nevertheless, these

methods need to be validated before use.

Nucleic acid-based tools for identification of food-borne viruses

Viruses are a leading cause of food-borne illness and food-borne

outbreaks worldwide (7). Although a large variety of food-borne

viruses exist, the norovirus (NoV) and the hepatitis A virus (HAV) are

the most important owing to frequent occurrence and severity of

related illness, respectively (8). Other food-borne viruses include, but

are not restricted to, rotavirus, sapovirus, adenovirus, astrovirus,

hepatitis E virus (HEV), and aichivirus (9). The majority of food-borne

viruses cause gastro-enteritis, but HAV and HEV can cause hepatitis.

Studies have been performed for screening of viral contamination of

food products. Most food-borne viruses are difficult or currently

impossible to cultivate (10), which has resulted in use of sensitive

molecular methods for detection in foods. In general, molecular

detection of viral contamination requires a detection strategy

involving 3 successive steps. In the first step, the virus is extracted

from a food matrix and concentrated in a small volume. Viral nucleic

acids are subsequently purified from virus extracts in the second step

using a variety of protocols. Finally, in the third step, specific viral

sequences are detected in purified nucleic acids using molecular

methods (11,12). Some of these nucleic acid-based technologies for

screening of viral food contamination are presented herein.

Polymerase Chain Reaction (PCR) PCR is a widely used molecular

tool for screening of food-borne viruses. This technique consists,

briefly, in amplification of DNA or RNA fragments following a thermal

profile consisting of the 3 steps of (i) heat denaturation of double-

stranded DNA, (ii) annealing of 2 primers with the DNA matrix using

an appropriate hybridization temperature, and (iii) extension of

primers for synthysis of target DNA (13) (Fig. 1).

The PCR product, called the amplicon, can be detected using a

variety of methods and can be identified by size, sequence, chemical

modification, or a combination of these parameters. Characterization

by size can be achieved using gel electrophoresis with agarose or

polyacrylamide gels or capillary electrophoresis, or using column

chromatography. Characterization by sequence composition can be

achieved based on specific hybridization of probes having a sequence

complementary to the target sequence, or by cleavage of amplified

material reflecting target-specific restriction-enzyme sites. Characterization

by chemical modification can be achieved based on incorporation of

a fluorophore into amplicons and subsequent detection of fluorescence

following excitation. Detection of amplicons can also be achieved

using probes labeled to allow subsequent radioisotopic or immuno-

enzyme-coupled detection (14).

Multiplex-PCR An important cause of food-borne diseases is human

enteric viruses, such as noroviruses and the hepatitis A virus (15).

Vegetables, fruits, meats, shellfish, and sandwiches are the most

implicated foods (16-18). Limitations in detection methods for these

viruses in food products have raised demand for development of

efficient standard isolation and identification techniques. Consequently,

molecular nucleic-acid based technologies provide solutions to allow

genetic characterization of these viruses. Reverse transcription (RT)-

PCR, was first applied using a monoplex method, followed by

development of a multiplex RT-PCR system (Fig. 2) that was used by

Rosenfield and Jaykus (19) for simultaneous detection of human

enteroviruses, the hepatitis A virus, and the Norwalk virus. In the

same context, Beuret (20) reported a multiplex real-time method for

detection of genogroups I and II noroviruses, human enteroviruses,

and astroviruses. Few studies have used RT-PCR methods for detection

of enteric viruses in environmental and food samples (21). While

shellfish has been the most common food commodity explored, a

few studies have reported RT-PCR detection of viruses in produce

and ready-to-eat foods (18,22,23).

Nucleic Acid Sequence-Based Amplification (NASBA) Nucleic acid

sequence-based amplification (NASBA) is an isothermal nucleic acid

amplification method that amplifies an RNA template (Fig. 3) (24-26).

This technique is applied for detection of RNA viruses, such as the

hepatitis A virus (27) and noroviruses (28). Additionally, Greene et al.

(28) and Lunel et al. (29) reported that the NASBA amplification

efficiency is comparable to or better than the efficiency of RT-PCR.

Comparative analysis of RT-PCR and NASBA showed that NASBA

has advantages in specificity and sensitivity. In fact, NASBA is more

Fig. 1. The PCR amplification procedure (adapted from Wolcott (76)

with permission of the publisher).
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suited for detection of RNA viruses than RT-PCR since it is an RNA

amplification method. Although the same numbers of copies are

generated using both methods, this number is achieved in a shorter

time using NASBA (30). Additionally, NASBA does not require any

denaturation step.

Jean et al. (18) also developed a multiplex nucleic acid sequence-

based amplification method for specific, simultaneous, and rapid

detection of epidemiologically relevant human enteric viruses. Once

developed and optimized, the assay was applied for detection of

virusesin model ready-to-eat foods artificially seeded with viral

contamination. In experiments performed using viral stock cultures

alone, monoplex NASBA detection limits were similar to limits

reported for more established amplification methods, such as RT-

PCR, in agreement with Greene et al. (28) regarding the detection

limit for the genogroup I norovirus. In the multiplex format, an

approximately 10x decrease in detection sensitivity was reported

(18).

For pathogen detection, NASBA has a theoretically higher analytical

sensitivity than RT-PCR, making it an established diagnostic tool (31).

NASBA has potential for detection and differentiation of viable cells

via specific and sensitive amplification of messenger RNA, even

against a background of genomic DNA (32,33). However, NASBA is

not an ideal method and has limitations. A low thermal profile of

41oC raises the risk of non-specific amplification. Also, NASBA does

not allow further genetic analyses, such as sequencing, because the

final product of the reaction is RNA.

Quantitative PCR (qPCR) Quantitative PCR (qPCR) is rapid, sensitive,

and reproducible, compared with the above mentioned amplification

methods (Fig. 4). Furthermore, it is less affected by carryover

contamination as specific amplicons are detected in a closed tube.

Another advantage of this technology is elimination of the need for

different rooms for post-PCR processing, and no need for use of

mutagenic ethidium bromide (34,35). Methods based on simplified

enrichment coupled with real-time PCR represent an important

developmental step because they are clearly faster by up to several

days than classical counterparts. Method analytical parameters are

well defined and technically developed to a level that allows routine

use. Furthermore, these techniques are time-saving and cost-

effective (36). However, novel amplification technologies have not

been implemented in diagnostic food laboratories due to lack of

validation and standardization.

qPCR results require correct technical interpretation. Use of

appropriate controls should be included and respected when testing

foods for viral contamination (37). Use of negative controls is

particularly important owing to the high sensitivity of qPCR and a

potential risk for crossover or carryover contamination during

application of PCR methods in a laboratory (38). Furthermore,

experienced scientific personnel are required to correctly analyze

qPCR results. Limitations of qPCR should be considered when

interpreting positive results during testing of foods for food-borne

viral presence. Most importantly, qPCR is an amplification based

molecular method for detection of viral nucleic acids and is,

Fig. 3. Schematic representation ofnucleic acid sequence-based

amplification (NASBA) (adapted from Fusco and Quero (25) with

permission of the publisher).

Fig. 2. Multiplex DNA amplification strategy (adapted from Römpler et

al. (77) with permission of the publisher).
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therefore, not suitable for differentiation between infectious and

non-infectious viral particles (39). Reasons for this limitation are (i)

amplification of viral genomic material does not provide information

regarding the integrity of the virus capsid, (ii) the persistence of

detectable viral RNA in the environment, and (iii) detection of a small

genomic fragment does not give information regarding the integrity

of the viral genome (12,40). However, owing to a high sensitivity,

qPCR remains a standard for detection of viral contamination in food

products.

Nucleic acid-based tools for identification of pathogenic food-borne

bacteria Numerous outbreaks of the bacterial pathogens Escherichia

coli, Salmonella spp., Shigella spp., Yersinia enterocolitica, Brucella

spp., Campylobacter jejuni, Cronobacter sakazaki, Clostridium spp.,

and Staphylococcus aureus, and others can be linked to consumption

of different foods worldwide. In order to improve food safety during

all stages of food production, a hazard analysis critical control points

(HACCP) system should be implemented for the production chain.

Classical culture based methods, which are time and cost-intensive,

remain necessary, especially for viable and cultivable pathogens (1).

The classical conventional method for food-borne pathogen detection

requires plating food samples on selective and non-selective media,

followed by enumeration of pathogenic bacteria. Nevertheless, in

some cases where metabolic products (enzymes, toxins) or cellular

components (endotoxins) are responsible for clinical symptoms,

culture-based methods fail to detect a viable pathogen. In addition,

culture-based methods often require an enrichment step (1), which

constitutes another disadvantage. Consequently, classical techniques

are more and more being replaced by faster molecular nucleic acid-

based technologies.

Multiplex PCR In vitro amplification of nucleic acids using PCR has

become a powerful diagnostic tool for analysis of bacteria in foods

(25). PCR is a technique that has allowed identification and molecular

typing of several pathogenic bacteria. Fully completed PCR protocols

have been reported and validated for identification of bacteria in

foods (34,35). Nevertheless, this method has limitations of (i)

requirement of an enrichment step, (ii) use of gel electrophoresis for

detection of a PCR product, and (iii) a detection limit of approximately

102-103 CFU (colony forming units)/mL (6).

Multiplex PCR protocols combining both enrichment and amplification

reaction steps are time-saving and cost-effective alternatives for

food-borne pathogen identification in only a single assay. In fact,

multiplex PCR allows detection of many specific DNA markers in the

same reaction and under specific experimental conditions (13,41-

43).

DNA probes can be labeled using different fluorescent dyes

allowing discrimination of individual targets without markers and

cross-talk, which is not the case for the simple PCR reaction. In this

context, a quantitative PCR strategy allows independent detection of

several dyes in a reaction mixture. However, detection must be

performed using a spectrograph or individual channels containing

narrow-band excitation and filters for emission (36,44).

Amplification of ribosomal RNA (rRNA) genes The major product

of all cellular transcription in both prokaryotes and eukaryotes is

ribosomal RNA (rRNA). In most prokaryotes, rDNA forms an operon

with an order of 16S-23S-5S and is co-transcribed in a single

polycistronic RNA that requires processing for generation of RNA

species present in the mature ribosome (45). Comparative sequence

analysis of rDNA has been widely used to infer phylogenetic

relationships. In addition to phylogenetic aspects, structural studies

of rRNAs are of fundamental importance for understanding the

topology and function of ribosomes (46,47). Furthermore, rDNA

molecules contain signature structures, which are unique for groups

of organisms, that render rDNA as ideal targets for specific nucleic

acid probes (48,49).

During the last decade, biologists have used a variety of molecular

Fig. 4. Schematic diagram of quantitative real-time PCR (qPCR). This method uses molecular oligonucleotide probes conjugated with a fluorescent

molecular or chemical dye for staining of PCR products (adapted from Sakurai and Shibasaki (78) with permission of the publisher).
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techniques based mainly on ribosomal DNA (rDNA) genes to identify

microorganisms. In fact, many studies based on sequences of 16S

and 23S rDNA have been carried out (25,50-52). However, due to

reduced selection pressure, the 16S-23S rDNA intergenic spacer

region sequence seems to be more genetically variable and species

specific than the 16S and 23S rDNAs regions (50,53). In addition,

variation in lengths and sequences of these spacer regions suggests

use for design of genus or species specific DNA probes (53). It has

been reported that helices 45 and 54 (Escherichia coli numbering)

are the most variable regions in 23S rDNA (49).

Salmonellosis is one of the most widespread food-borne bacterial

illnesses in humans. The most frequently isolated serovars from food-

borne outbreaks are Salmonella enterica serovars Typhimurium and

Enteritidis (49,54,55). Conventional methods for detection of Salmonella

require multiple subculture steps, followed by biochemical and

serological confirmation, which may require 4-6 days. More than 2,500

Salmonella serovars have been identified (56). Thus, rapid and efficient

methods for detection of Salmonella serovars are required. It has been

recently reported that 23S rRNA genes are useful for definition of

serovar-specific probes for detection of Salmonella in foods (49).

Fig. 5. Schematic description of the loop mediated isothermal amplification assay (LAMP). The mechanism of the LAMP amplification reaction

includes 3 steps of production of starting material, cycling amplification, and elongation and recycling (adapted from Fakruddin et al. (33) with

permission of the publisher).
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Quantitative PCR (qPCR) Although providing rapid and specific

results, PCR-based methods require dedicated laboratory equipment,

which makes these methods expensive and time-consuming.

Quantitative real-time PCR (qPCR) assays are faster, as compared to

conventional PCR, and eliminate gel electrophoresis based on

detection of fluorescence during DNA amplification (1,43,57).

qPCR is a challenging technique where gene amplification occurs

during a reaction. This technique has advantages of (i) providing

quantitative gene expression DNA copy numbers, (ii) minimization of

contamination risks since the reaction takes place in a closed tube,

and (iii) no use of a detection protocol, such as gel electrophoresis.

Many commercial qPCR kits are available, such as TaqMan, SybrGreen,

and FRET probes (36).

qPCR has been useful for detection of several pathogenic bacteria

in foods. Nevertheless, since the detection limit is approximately

102-103 CFU/mL, qPCR requires enrichment steps (5,58) and requires

sophisticated and expensive equipment that is not readily available

for routine detection in processing facilities and small industrial

laboratories. Moreover, PCR and qPCR both require use of a pure

template, thus requiring labor and cost intensive extraction and

template DNA cleanup procedures (1).

New alternative amplification technologies With development of

primer initiated enzymatic in vitro nucleic acid amplification

technologies, protocols for specific detection and identification of

microorganisms directly from foods were developed (1,25,26,36,

43,59-62). Alternative nucleic acid based technologies, called

isothermal amplification techniques since they require a constant

temperature, are attracting more and more interest for bacterial

food-borne analysis. These recent methods are technically simple,

time-saving, and cost-effective.

Several isothermal amplification techniques, such as loop mediated

isothermal amplification (LAMP), nucleic acid sequence-based

amplification (NASBA), strand displacement amplification (SDA),

isothermal amplification with continuous luminometry, rolling circle

amplification (RCA), isothermal multiple displacement amplification

(IMDA), and others have been proposed for molecular identification

and typing of food-borne pathogens. None of these non-PCR-based

methods require use of a thermocycler, which represents a positive

feature. Some of these recent techniques are discussed below.

Loop-Mediated Isothermal Amplification (LAMP) Loop-mediated

isothermal amplification (LAMP) is a relatively novel method that

amplifies nucleic acids under isothermal conditions (1,26,43,62,63).

It has been successfully applied for detection of Escherichia coli (64),

Salmonella (65), and Vibrio parahaemolyticus (66).

LAMP has advantages of (i) technical simplicity at a constant

temperature of 60-65oC, (ii) time-saving with processing in less than

1 hour), (iii) cost-effectiveness using a simple heating block, and (iv)

insensitivity to inhibitors or contaminants and, therefore, does not

require extensive DNA purification prior to amplification (67) Four

primers recognizing 6 separate regions within a target DNA are used

in this method and the amplification reaction occurs only when

primers correctly recognize all 6 regions (Fig. 5). Consequently, this

method requires correct design of oligonucleotides and leads to

higher specificity than classical PCR (36,68). LAMP is more resistant

than PCR to inhibitory compounds present in analytical samples,

eliminating need for extensive DNA purification. Based on a

combination with reverse transcription, LAMP can amplify ribonucleic

acid sequences with high efficiency. LAMP is a specific and sensitive

technique (63) that allows genetic processing of amplicons based on

sequencing or pyrosequencing (33,69,70).

Strand Displacement Amplification (SDA) Strand Displacement

Amplification (SDA) is another isothermal amplification technique

(26,33) that requires 4 primers to hybridize with a target DNA

sequence that contains a specific restriction site for exonuclease

HincII (Fig. 6). The reaction consists briefly in (i) annealing of the

Fig. 6. Schematic representation of the strand displacement amplification (SDA) reaction (adapted from Chang et al. (60) with permission of the

publisher)
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primer to a displaced target DNA, (ii) extension using exo-Klenow, (iii)

nicking of the HincII site, and (iv) final extension of the nicked

fragment (71). SDA produces in a single reaction approximately 109

copies of target DNA in less than an hour (72). Several SDA commercial

kits are available, including BDProbeTec (Becton Dickinson, Franklin

Lakes, NJ, USA), that had been used for identification of Mycobacterium

tuberculosis (72). However, a major limitation of SDA is lack of

efficient amplification of long target sequences (33).

Isothermal amplification with continuous luminometry Isothermal

amplification with continuous luminometry is another isothermal

amplification strategy that occurs in a closed tube placed in a

thermostated luminometer. The technique consists, briefly, in

reacting labeled primers with inorganic PPi and Bst DNA polymerase

in a closed tube system incubated at 60oC for 75 min (36). When the

reaction occurs, PPi is released during generation of ATP. Kits for the

detection of Escherichia coli O157, Salmonella and Listeria are currently

available on commercial basis.

Kuchta et al. (36) reported that isothermal amplification with

continuous luminometry has the same sensitivity and detection limit

as a quantitative PCR assay coupled with enrichment. However,

some commercial protocols are not genus specific (73) and need to

be proven and validated. Specific genetic markers can be selected

and optimized within these protocols in order to gain a better

specificity of performance, which is, compared to quantitative PCR,

less efficient for analytical parameters and specificity of detection.

Based on these data and taking into account that the

microbiological identification is often required for confirmation of

suspicions concerning infections, microbiological diagnostic tools

must be efficient and powerful, particularly for food-borne infections.

Traditional methods for microorganism identification require days

and cannot satisfy the need for rapid testing. Gram staining and cell

cultures have been traditionally used for detection of bacterial and

viral pathogens, respectively, in general requiring 48 to 96 h for

identification. Thus, new technologies are needed to shorten the

time for detection and identification.

Nucleic acid-based technologies are novel alternatives specifically

based on molecular biology and biotechnology tools and are useful

in many areas, such as agriculture, medicine, research, and

laboratory analysis. PCR, the first developed method (74), remains an

Table 1. Summary of nucleic acid-based technologies used for food-borne pathogen detection

Nucleic-acid

based methods
Advantages Disadvantages Applications Key References

RT-PCR 

Multiplex PCR

Simple method

Simplicity of primer design 

Production of a large number of DNA 

copies

Extraction and denaturation steps 

required

Risk of non specific amplification or 

contamination 

Costs and time requirement 

Genomic RNA or DNA of 

bacterial and viral 

pathogens

Mullis (74)

Römpler et al.(77) 

Rosenfield and

Jaykus (19)

qPCR Simplicity of primer design 

Rapidity, sensitivity and reproducibility

No additional processing of the PCR 

product

Provides quantitative data

Labor and cost-intensive extraction

Denaturation step required

Necessity of template purity

Risk of crossover and carryover 

contamination 

Sophistical and expensive equipment 

required

Costly method

Detection of viral and 

bacterial contaminants in 

food products

Quantitative analyses

Fratamico et al. (41)

Rodríguez-Lázaro et al. 

(35)

NASBA Simplicity of primer design

No need for a denaturation step 

Rapidity of amplification

Higher analytical sensitivity than PCR

Non-ideal for DNA detection and 

analysis

Requirement of an RNA template

Possibility of non specific contamination 

due to a low incubation temperature 

(41oC)

RNA of many bacterial 

species (Mycobacterium 

tuberculosis…), viral RNA 

(Enteric viruses…) 

Compton (24)

 Fakruddin et al. (32) 

 Jean et al.(18)

LAMP High specificity and efficiency of 

amplification

Rapidity under isothermal conditions

No need for DNA purification

Cheapest compared to PCR methods

Complexity of primer design

Less efficient for short targets

Viral and bacterial food-

borne pathogen 

detection

Niessen et al. (1)

 Notomi et al.(63)

Saharan et al. (62)

SDA Rapidity of the reaction

Sensitivity and efficiency

Possible semi-quantitation 

Complexity of primer design

Necessity of sample preparation

Less efficient for amplification of long 

target sequences

Genomic DNA of 

Mycobacterium species 

and others

 McHugh et al. (72)

 Walker et al. (71)

PCR, Polymerase Chain Reaction; RT-PCR, Reverse Transcription PCR; qPCR, Quantitative PCR; NASBA, Nucleic Acid Sequence Based Amplification; LAMP,

Loop-MediatedIsothermal Amplification; SDA, Strand Displacement Amplification
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efficient technique for identification of several pathogens. PCR has

many advantages, such as (i) simplicity, (ii) technical ease of use, (iii)

time-savings, and (iv) validation and standardization in many

laboratories. Nevertheless, this technique has limitations since it

requires: (i) an enrichment step, (ii) extensive DNA purification, (iii) a

thermal cycler and a specific thermal profile for cycling, (iv) a

detection protocol for the amplicon, and (v) a qualified laboratory

agent. In addition, risks of non specific amplifications usually exist

(75).

Limitations in the PCR method raised demand for development of

the more efficient amplification strategies of isothermal nucleic acid

amplification methods. These recently developed alternative strategies,

which are time-saving and cost-effective, are promising techniques

for food-borne pathogen detection and identification and can be

useful in laboratories where quantitative PCR equipment may be

lacking. A brief summary of key properties, advantages, and drawbacks,

as well as some examples of application and improvement of nucleic

acid based-techniques, are given in Table 1 and 2.

In summary, recent nanotechnologies require development for

transformation of potential into effective technical solutions for

routine food analysis. Importantly, the technologies of these methods

are not always ideal and continuous development and optimization

of these novel technologies will be important for genus, species, and

subspecies identification of many important pathogens implicated in

severe food poisoning infections.

Disclosure The authors declare no conflict of interest.

References

1. Niessen L, Luo J, Denschlag C, Vogel RF. The application of loop-mediated

isothermal amplification (LAMP) in food testing for bacterial pathogens and

fungal contaminants. Food Microbiol. 36: 191-206 (2013)

2. Jacxsens L, Kussaga J, Luning PA, Van der Spiegel M, Devlieghere F,

Uyttendaele M. A microbial assessment scheme to measure microbial

performance of food safety management systems. Int. J. Food Microbiol. 134:

113-125 (2009)

3. Newell DG, Koopmans M, Verhoef L, Duizer E, Aidara-Kane A, Sprong H,

Opsteegh M, Langelaar M, Threfall J, Scheutz F, van der Giessen J, Kruse H.

Food-borne diseases-The challenges of 20 years ago still persist while new

ones continue to emerge. Int. J. Food Microbiol. 139: S3-S15 (2010)

4. Gracias KS, McKillip JL. A review of conventional detection and enumeration

methods for pathogenic bacteria in food. Can. J. Microbiol. 50: 883-890 (2004)

5. Hoorfar J. Rapid detection, characterization, and enumeration of food-borne

pathogens. APMIS Suppl. 133: 1-24 (2011) 

6. Rijpens NP, Herman LMF. Molecular methods for identification and detection

of bacterial food pathogens. J. AOAC Int. 85: 984-995 (2002)

7. Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA, Roy SL, Jones JL,

Griffin PM. Food-borne illness acquired in the United States-Major pathogens.

Emerg. Infect. Dis. 17: 16-22 (2011)

8. Rodriguez-Lazaro D, Cook N, Ruggeri FM, Sellwood J, Nasser A, Nascimento

MSJ, D’Agostino M, Santos R, Saiz JC, Rzezutka A. Virus hazards from food,

water and other contaminated environments. FEMS Microbiol. Rev. 36: 786-

814 (2011)

9. Goyal SM. Viruses in Foods. Springer, New York, NY, USA. pp. 1-17 (2006)

10. Moe CL. Preventing norovirus transmission: How should we handle food

handlers? Clin. Infect. Dis. 48: 38-40 (2008)

11. Stals A, Baert L, Van Coillie E, Uyttendaele M. Extraction of food-borne viruses

from food samples: A review. Int. J. Food Microbiol. 153: 1-9 (2012)

12. Stals A, Van Coillie E, Uyttendaele M. Viral genes everywhere: Public health

implications of PCR-based testing of foods. Curr. Opin. Virol. 3: 69-73 (2013)

13. De Medici D, Anniballi F, Wyatt GM, Lindstrom M, Messelhausser U, Aldus CF,

Delibato E, Korkeala H, Peck MW, Fenicia L. Multiplex PCR for detection of

botulinum neurotoxin-producing clostridia in clinical, food, and environmental

samples. Appl. Environ. Microb. 75: 6457-6461 (2009)

14. European Pharmacopoeia. Nucleic Acid Amplification Techniques, 5th ed.

Council of Europe, Edqm, Strasbourg, France. pp. 173-176 (2005)

15. Mead PS, Slutsker L, Dietz V, McCaig, LF, Bresee JS, Shapiro C, Griffin PM,

Tauxe RV. Food-related illness and death in the United States. Emerg. Infect.

Table 2. Examples of application and improvement of nucleic acid-based techniques for food-borne pathogen detection

Nucleic-acid 

based methods
Food matrix Detected food-borne pathogens

Detection limit and 

improvement
Assay time References

RT-PCR

Multiplex PCR

Milk, cheese, butter, chicken, eggs, 

carcasses, sandwiches,

ready to-eat- foods 

contaminated pork

L. monocytogenes,

S. spp.,

S. aureus,

E. coli

102-103 CFU/mL 24 h Amaglianiet al. (59)

Souii et al. (49) 

qPCR Fruits, vegetables, contaminated 

chicken, eggs, meat, milk, fresh 

pork, dairy products

E. coli, Salmonella,

S. aureus, Shigella,

L. monocytogenes

102-104 CFU/mL 3-10 h Jothikumar and Griffiths 

(57)

Krascsenicsová et al. (58)

NASBA Contaminated meat, fish,

poultry, ready-to-eat salads, 

cooked dishes, water

S. serovar Enteritidis,

E. coli, L. monocytogenes, Bacillus, 

Vibrio, M. tuberculosis,

Chlamydia pneumonia

102-105 CFU/mL  1-5 h Compton (24)

Fakruddin et al. (32) 

LAMP Pork products, chicken, shell fish, 

beef, green vegetables, freshwater, 

eggs, raw minced meat, spiked 

produce samples, dairy products, 

honey

Shigella, E. coli, Vibrio,

Salmonella spp., S. aureus,

S. pneumoniae, Clostridium, 

Yersinia

102-104 CFU/mL 1-3 h Saharan et al. (62)

Song et al. (68)

Yamazaki et al. (66)

Wang et al. (64)

SDA Raw milk products, cheese Mycobacterium spp. 102-106 CFU/mL <1 h McHugh et al. (72)

Walker et al. (71)

CFU, Colony forming units; mL, milliliter; h, hour



Nucleic-acid Biotechnologies for Food Diagnostics 19

February 2016 | Vol. 25 | No. 1

Dis. 5: 607-625 (1999)

16. Daniels NA, Bergmire-Sweat DA, Schwab KJ, Hendricks KA, Reddy S, Rowe SM,

Fankhauser RL, Monroe SS, Atmar RL, Glass RI, Mead P. A food-borne

outbreak of gastroenteritis associated with Norwalk-like viruses: First

molecular traceback to deli sandwiches contaminated during preparation. J.

Infect. Dis. 181: 1467-1470 (2000)

17. Hutin YJ, Pool V, Cramer EH, Nainan OV, Weth J, Williams IT, Goldstein ST,

Gensheimer KF, Bell BP, Shapiro CN, Alter MJ, Margolis HS. A multistate, food-

borne outbreak of hepatitis A. National Hepatitis A Investigation Team. New

Engl. J. Med. 34: 595-602 (1999)

18. Jean J, D’Souza DH, Jaykus LA. Multiplex nucleic acid sequence-based

amplification for simultaneous detection of several enteric viruses in model

ready-to-eat foods. Appl. Environ. Microb. 70: 6603-6610 (2004)

19. Rosenfield SI, Jaykus LA. A multiplex reverse transcription polymerase chain

reaction method for the detection of food-borne viruses. J. Food Protect. 62:

1210-1214 (1999)

20. Beuret C. Simultaneous detection of enteric viruses by multiplex real-time RT-

PCR. J. Virol. Methods 115: 1-8 (2004)

21. Sair AI, D’Souza DH, Jaykus LA. Human enteric viruses as causes of food-borne

disease. Compr. Rev. Food Sci. F. 1: 73-89 (2002)

22. Gouvea V, Santos N, Carmo-Timenetsky M, Estes MK. Identification of

Norwalk virus in artificially seeded shellfish and selected foods. J. Virol.

Methods. 48: 177-187 (1994)

23. Leggitt PR, Jaykus LA. Detection methods for human enteric viruses in

representative foods. J. Food Protect. 63: 1738-1744 (2000)

24. Compton J. Nucleic acid sequence-based amplification. Nature 350: 91-92

(1991)

25. Fusco V, Quero GM. Culture-dependent and culture-independent nucleic-

acid-based methods used in the microbial safety assessment of milk and dairy

products. Compr. Rev. Food Sci. F. 13: 493-537 (2014)

26. Yan L, Zhou J, Zheng Y, Gamson AS, Roembke BT, Nakayama S, Sintim HO.

Isothermal amplified detection of DNA and RNA. Mol. BioSyst. 10: 970-1003

(2014)

27. Jean J, Blais B, Darveau A, Fliss I. Detection of hepatitis A virus by the nucleic

acid sequence-based amplification (NASBA) technique and comparison with

RT-PCR. Appl. Environ. Microb. 67: 5593-5600 (2001)

28. Greene SR, Moe C, Jaykus LA, Cronin M, Grosso L, van Aarle P. Evaluation of

the nuclisens basic kit assay for detection of norwalkvirus rna in stool

specimens. J. Virol. Methods 108: 123-131 (2003)

29. Lunel F, Cresta P, Vitour D, Payan C, Dumont B, Frangeul L, Reboul D, Brault C,

Piette JC, Huraux JM. Comparative evaluation of hepatitis C virus RNA

quantitation by branched DNA NASBA, and monitor assays. Hepatology 29:

528-535 (1999)

30. Chan AB, Fox JD. Nucleic acid sequence-based amplification and other

transcription-based amplification methods for research and diagnostic

microbiology. Rev. Med. Microbiol. 10: 185-196 (1999)

31. Manojkumar R, Mrudula V. Applications of real-time reverse transcription

polymerase chain reaction in clinical virology laboratories for the diagnosis of

human diseases. Am. J. Infect. Dis. 2: 204-209 (2006)

32. Fakruddin M, Mazumdar RM, Chowdhury A, Mannan KSB. Nucleic acid

sequence based amplification (NASBA)-prospects and applications. Int. J. Life

Sci. Pharm. Res. 2: 106-121 (2012)

33. FakruddinM, Mannan KSB, Chowdhury A, Mazumdar RM, Hossain MN, Islam

S, Chowdhury MA. Nucleic acid amplification: Alternative methods of

polymerase chain reaction. J. Pharm. Bioall. Sci. 5: 245-252 (2013)

34. Jasson V, Jacxsens L, Luning P, Rajkovic A, Uyttendaele M. Alternative

microbial methods: An overview and selection criteria. Food Microbiol. 27:

710-730 (2010)

35. Rodríguez-Lázaro D, Cook N, Hernández M. Real-time PCR in food science:

PCR diagnostics. Curr. Issues Mol. Biol. 15: 39-44 (2013)

36. Kuchta T, Knutsson R, Fiore A, Kudirkiene E, Höhl A, Horvatek Tomic D,

Gotcheva V, Pöpping B, Scaramagli S, To Kim A, Wagner M, De Medici D. A

decade with nucleic acid-based microbiological methods in safety control of

foods. Lett. Appl. Microbiol. 59: 263-271 (2014) 

37. D’Agostino M, Cook N, Rodriguez-Lazaro D, Rutjes S. Nucleic acid

amplification-based methods for detection of enteric viruses: Definition of

controls and interpretation of results. Food Environ. Virol. 3: 55-60 (2011)

38. Stals A, Werbrouck H, Baert L, Botteldoorn N, Herman L, Uyttendaele M, Van

Coillie E. Laboratory efforts to eliminate contamination problems in the real-

time RT-PCR detection of noroviruses. J. Microbiol. Methods 77: 72-76 (2009)

39. Richards GP. Limitations of molecular biological techniques for assessing the

virological safety of foods. J. Food Protect. 62: 691-697 (1999)

40. Knight A, Li D, Uyttendaele M, Jaykus LA. A critical review of methods for

detecting human noroviruses and predicting their infectivity. Crit. Rev.

Microbiol. 39: 295-309 (2013)

41. Fratamico PM, Bagi LK, Cray WC, Jr Narang N, Yan X, Medina M, Liu Y.

Detection by multiplex real-time polymerase chain reaction assays and

isolation of Shiga toxin-producing Escherichia coli serogroups O26, O45, O103,

O111, O121, and O145 in ground beef. Foodborne Pathog. Dis. 8: 601-607

(2011)

42. Mayr AM, Lick S, Bauer J, Tharigen D, Busch U, Huber I. Rapid detection and

differentiation of Campylobacter jejuni, Campylobacter coli, and Campylobacter

lari in food, using multiplex real-time PCR. J. Food Protect. 73: 241-250 (2010)

43. Zhao X, Lin CW, Wang J, Oh DH. Advances in rapid detection methods for

food-borne pathogens. J. Microbiol. Biotechnol. 24: 297-312 (2014)

44. Kuchta T, Krascsenicsová K, Bánréti G. Optimization of fluorescence

measurement in duplex real-time PCR with taqMan probes labeled with VIC

and quenched by TAMRA. Biotechniques 42: 147-149 (2007)

45. Luz SP, Rodriguez-Valera F, Lan R, Reeves PR. Variation of the ribosomal

operon 16S-23S gene spacer region in representatives of Salmonella enterica

subspecies. J. Bacteriol. 180: 2144-2151 (1998)

46. Woese CR. Bacterial evolution. Microbiol. Rev. 51: 221-271 (1987)

47. Woese CR. Prokaryote systematics: The evolution of science. pp. 3-18. In: The

Prokaryotes: A Handbook on the Biology of Bacteria, Ecophysiology, Isolation,

Identification, Applications, 2nd ed. Ballows A (ed). Springer-Verlag, New York,

NY, USA (1992)

48. Nour M. The 23S ribosomal RNA higher-order structure of leuconostocs.

Assoc. Afr. Microbiol. Hyg. Alim. 11: 3-12 (1999)

49. Souii A, Ben Nejma M, Elfray Rhim A, Mastouri M, Bel Hadj Jrad B, Makhlouf

M, Nour M. Molecular Identification of 4 Salmonella Serovars isolated from

food in Tunisia based on the sequence of the ribosomal RNA genes. Afr. J.

Microbiol. Res. 6: 6454-6461 (2012)

50. Lin CK, Tsen HY. Development and evaluation of two novel oligonucleotide

probes based on 16S rRNA sequence for the identification of Salmonella in

foods. J. Appl. Bacteriol. 78: 507-520 (1995)

51. Pabbaraju K, Miller WL, Sanderson KE. Distribution of intervening sequences

in the genes for 23S rRNA and rRNA fragmentation among strains of the

Salmonella reference Collection B (SARB) and SARC sets. J. Bacteriol. 182:

1923-1929 (2000)

52. Pabbaraju K, Sanderson KE. Sequence diversity of intervening sequences

(IVSs) in the 23S ribosomal RNA in Salmonella spp. Gene 253: 55-66 (2000)

53. Tsai CC, Lai CH, Yu B, Tsen HY. Use of specific primers based on the 16S-23S

internal transcribed spacer (ITS) region for the screening Bifidobacterium

adolescentis in yogurt products and human stool samples. Food Microbiol. 14:

219-223 (2008)

54. Magistrali C, Dionisi AM, De Curtis P, Cucco L, Vischi O, Scuota S, Zicavo A,

Pezzotti G. Contamination of Salmonella spp. in a pig finishing herd, from the

arrival of the animals on the slaughterhouse. Res. Vet. Sci. 85: 204-207 (2008)

55. Settanni L, Corsetti A. The use of multiplex PCR to detect and differentiate

food- and beverage-associated microorganisms: A review. J. Microbiol.

Methods 69: 1-22 (2007)

56. Wise MG, Siragusa GR, Plumblee J, Healy M, Cray PJ, Seal BS. Predicting

Salmonella enterica serotypes by repetitive sequence-based PCR. J. Microbiol.

Methods 76: 18-24 (2009)

57. Jothikumar N, Griffiths MW. Rapid detection of Escherichia coli O157:H7 with

multiplex real-time PCR assays. Appl. Environ. Microb. 68: 3169-3171 (2002)

58. Krascsenicsová K, Piknová L, Kaclíková E, Kuchta T. Detection of Salmonella

enterica in food using two-step enrichment and real-time polymerase chain

reaction. Lett. Appl. Microbiol. 46: 483-487 (2008)

59. Amagliani G, Omiccioli E, del Campo A, Bruce IJ, Brandi G, Magnani M.

Development of a magnetic capture hybridization-PCR assay for Listeria

monocytogenes direct detection in milk samples. J. Appl. Microbiol. 100: 375-

378 (2006)

60. Chang CC, Chen CC, Wei SC, Lu HH, Liang YH, Lin CW. Diagnostic devices for

isothermal nucleic acid amplification. Sensors 12: 8319-8337 (2012)

61. Cocolin L, Rantsiou K, Iacumin L, Cantoni C, Comi G. Direct identification in

food samples of Listeria spp. and Listeria monocytogenes by molecular

methods. Appl. Environ. Microb. 68: 6273-6282 (2002)

62. Saharan P, Dhingolia S, Khatri P, Duhan JS, Gahlawat SK. Loop mediated

isothermal amplification (LAMP) based detection of bacteria: A Review. Afr. J.

Biotechnol. 13: 1920-1928 (2014)

63. Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K, Amino N, Hase

T. Loop-mediated isothermal amplification of DNA. Nucleic Acids Res. 28: e63

(2000)

64. Wang F, Jiang L, Yang Q, Prinyawiwatkul W, Ge B. Rapid and specific detection

of Escherichia coli serogroups O26, O45, O103, O111, O121, O145, and O157

in ground beef, beef trim, and produce by loop-mediated isothermal

amplification. Appl. Environ. Microb.78: 2727-2736 (2012)

65. Shao Y, Zhu S, Jin C, Chen F. Development of multiplex loop-mediated

isothermal amplification-RFLP (mLAMP-RFLP) to detect Salmonella spp. and

Shigella spp. in milk. Int. J. Food Microbiol. 148: 75-79 (2011)

66. Yamazaki W, Kumeda Y, Uemura R, Misawa N. Evaluation of a loop mediated

isothermal amplification assay for rapid and simple detection of Vibrio

parahaemolyticus in naturally contaminated seafood samples. Food

Microbiol. 28: 1238-1241 (2011)

67. Nagamine K, Hase T, Notomi T. Accelerated reaction by loop-mediated

isothermal amplification using loop primers. Mol. Cell Probe. 16: 223-229

(2002)



20 Souii et al.

Food Sci. Biotechnol.

68. Song T, Toma C, Nakasone N, Iwanaga M. Sensitive and rapid detection of

Shigella and enteroinvasive Escherichia coli by a loop-mediated isothermal

amplification method. FEMS Microbiol. Lett. 243: 259-263 (2005)

69. Fakruddin M, Chowdhury A. Pyrosequencing: An alternative to traditional

sanger sequencing. Am. J. Biochem. Biotechnol. 8: 14-20 (2012)

70. Fakruddin M, Mazumdar RM, Chowdhury A, Hossain MN, Mannan KS.

Pyrosequencing-prospects and applications. Int. J. Life Sci. Pharm. Res. 2: 65-

76 (2012)

71. Walker GT, Fraiser MS, Schram JL, Little MC, Nadeau JG, Malinowski DP.

Strand displacement amplification - An isothermal, in vitro DNA amplification

technique. Nucleic Acids Res. 20: 1691-1696 (1992)

72. McHugh TD, Pope CF, Ling CL, Patel S, Billington OJ, Gosling RD, Lipman MC,

Gillespie SH. Prospective evaluation of BDProbeTec strand displacement

amplification (SDA) system for diagnosis of tuberculosis in non-respiratory

and respiratory samples. J. Med. Microbiol. 53: 1215-1219 (2004)

73. Kolackova I, Karpiskova R. Practical experience with a rapid detection system

for Salmonellain food. Seminar, Modern Laboratory Methods in Practice II.

Veterinary and Pharmaceutical University, Brno, Czech (2012)

74. Mullis KB. The unusual origin of the polymerase chain reaction. Sci. Am. 262:

56-61 (1990)

75. Fakruddin M. Loop mediated isothermal amplification-An alternative to

polymerase chain reaction (PCR). Bangladesh Res. Pub. J. 5: 425-439 (2011)

76. Wolcott MJ. Advances in nucleic acid-based detection methods. Clin.

Microbiol. Rev. 5: 370-386 (1992)

77. Römpler H, Dear PH, Krause J, Meyer M, Rohland N, Schöneberg T, Spriggs H,

Stiller M, Hofreiter M. Multiplex amplification of ancient DNA. Nat. Protoc. 1:

720-728 (2006)

78. Sakurai A, Shibasaki F. Updated values for molecular diagnosis for highly

pathogenic avian influenza virus. Viruses 4: 1235-1257 (2012)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


