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Abstract: 

Food safety is an increasing concern. The desire for rapid, specific 

methods for the detection of viable potential pathogens has grown into a 

necessity. Microbial contamination of meat, fresh fruits, and vegetables 

has become a mounting concern during the last decade due to emphasis 

on their importance in a healthy diet and the recognition of new 

foodborne pathogens such as Campylobacter jejuni, Escherichia coli 

0157.-H7, and Listeria monocytogenes. This paper presents an overview 

of different commercial techniques for identification of bacteria such as: 

Ill-nitride on Silicon Chips for detection of live bacteria, Optical 

Biosensors, Piezoelectric-based acoustic wave devices, Electrochemical 

Biosensors, Immunomagneic Technique, Polymerase chain reaction. 
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Introduction: 

Food borne illness is an ever-present threat that can be prevented with 

proper care and handling of food products. It is estimated that between 24 

and 81 million cases of food borne diarrhea disease occur each year in the 

United States, costing between $5 billion and $17 billion in medical care 

and lost productivity. More than 200 known diseases are transmitted 

through food (1). The causes of foodbome illness include viruses, 

bacteria, parasites, toxins, metals, and prions, and the symptoms of 

foodbome illness range from mild gastroenteritis to life-threatening 

neurologic, hepatic, and renal syndromes. Bacteria related food poisoning 

is the most common, but fewer than 20 of the many thousands of different 

bacteria actually are the culprits. (2-5). 

However, ongoing changes in the food supply, the identification of 

new foodbome diseases, and the availability of new surveillance data 

have made these figures obsolete. More than 90 percent of the cases of 

food poisoning each year are caused by Staphylococcus aureus, 

Salmonella, Clostridium perfringens, Campylobacter, Listeria 

monocytogenes, Vibrio parahaemolyticus, Bacillus cereus, and Entero-

pathogenic Escherichia coli. These bacteria are commonly found on many 

raw foods. Normally a large number of food-poisoning bacteria must be 

present to cause illness. Foodbome disease is caused by consuming 

contaminated foods or beverages. Many different disease-causing 

microbes, or pathogens, can contaminate foods, so there are many 

different foodbome infections. Most of these diseases are infections, 

caused by a variety of bacteria, viruses, and parasites that can be 

foodbome. Other diseases are poisonings, caused by harmful toxins or 

chemicals that have contaminated the food, for example, poisonous 

mushrooms. These different diseases have many different symptoms, so 

there is no one "syndrome" that is attributed to foodbome illness. 
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However, the microbe or toxin enters the body through the 

gastrointestinal tract, and often causes the first symptoms there, so 

nausea, vomiting, abdominal cramps and diarrhea are common symptoms 

in many foodborne diseases 

Many microbes can spread in more than one way, so we cannot always 

know that a disease is foodborne. Escherichia coli OI57:H7 infections 

can spread through contaminated food, contaminated drinking water, 

contaminated swimming water, and from toddler to toddler at a day care 

center. Depending on which means of spread caused a case, the measures 

to stop other cases from occurring could range from removing 

contaminated food from stores, chlorinating a swimming pool, or closing 

a child day care center. 

The most commonly recognized foodbome infections are those 

caused by the bacteria Campylobacter, Salmonella, and E. coli 0157:H7, 

and by a group of viruses called calicivirus, also known as the Norwalk 

and Norwalk-like viruses. 

Campylobacter is a bacterial pathogen that causes fever, diarrhea, and 

abdominal cramps. It is the most commonly identified bacterial cause of 

diarrheal illness in the world. These bacteria live in the intestines of 

healthy birds, and most raw poultry meat has Campylobacter on it. Eating 

undercooked chicken, or other food that has been contaminated with 

juices dripping from raw chicken is the most frequent source of this 

infection. 

Salmonella is also a bacterium that is widespread in the intestines of 

birds, reptiles and mammals. It can spread to humans via a variety of 

different foods of animal origin The illness it causes, salmonellosis, 
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typically includes fever, diarrhea and abdominal cramps. In persons with 

poor underlying health or weakened immune systems, it can invade the 

bloodstream and cause life-threatening infections. 

E. coli 0157:H7 is a bacterial pathogen that has a reservoir in cattle and 

other similar animals. 

Human illness typically follows consumption of food or water that 

has been contaminated with microscopic amounts of cow feces. The 

illness it causes is often a severe and bloody diarrhea and painful 

abdominal cramps, without much fever. In 3% to 5% of cases, a 

complication called hemolytic uremic syndrome (HUS) can occur several 

weeks after the initial symptoms. This severe complication includes 

temporary anemia, profuse bleeding, and kidney failure. Calicivirus, or 

Norwalk-like virus is an extremely common cause of foodbome illness, 

though it is rarely diagnosed, because the laboratory test is not widely 

available. It causes an acute gastrointestinal illness, usually with more 

vomiting than diarrhea, that resolves within two days 

Unlike many foodborne pathogens that have animal reservoirs, it is 

believed that Norwalk-like viruses spread primarily from one infected 

person to another. Infected kitchen workers can contaminate a salad or 

sandwich as they prepare it, if they have the virus on their hands. Infected 

fishermen have contaminated oysters as they harvested them 

Some common diseases are occasionally foodbome, even though they 

are usually transmitted by other routes. These include infections caused 

by Shigella, hepatitis A, and the parasites Giardia lamblia and 

Cryptosporidia. Even strep throats have been transmitted occasionally 

through food 
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In addition to disease caused by direct infection, some foodbome 

diseases are caused by the presence of a toxin in the food that was 

produced by a microbe in the food. For example, the bacterium 

Staphylococcus aureus can grow in some foods and produce a toxin that 

causes intense vomiting. The rare but deadly disease botulism occurs 

when the bacterium Clostridium botuluuim grows and produces a 

powerful paralytic toxin in foods. These toxins can produce illness even if 

the microbes that produced them are no longer there. 

Other toxins and poisonous chemicals can cause foodbome illness. 

People can become ill if a pesticide is inadvertently added to a food, or if 

naturally poisonous substances are used to prepare a meal. Every year, 

people become ill after mistaking poisonous mushrooms for safe species, 

or lifter eating poisonous reef fishes. The spectrum of foodbome diseases 

is constantly changing. A century ago, typhoid fever, tuberculosis and 

cholera were common foodbome diseases. Improvements in food safety, 

such as pasteurization of milk, safe canning, and disinfection of water 

supplies have conquered those diseases. Today other foodbome infections 

have taken their place, including some that have only recently been 

discovered. For example, in 1996, the parasite Cyclospora suddenly 

appeared as a cause of diarrheal illness related to Guatemalan raspberries. 

These berries had just started to be grown commercially in Guatemala, 

and somehow became contaminated in the field there with this unusual 

parasite. In 1998, a new strain of the bacterium Vibrio parahemolyticus 

contaminated oyster beds in Galveston Bay and caused an epidemic of 

diarrheal illness in persons eating the oysters raw. The affected oyster 

beds were near the shipping lanes, which suggested that the bacterium 

arrived in the ballast water of freighters and tankers coming into the 

harbor from distant ports. Newly recognized microbes emerge as public 
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health problems for several reasons: microbes can easily spread around 

the world, new microbes can evolve, the environment and ecology are 

changing, food production practices and consumption habits change, and 

because better laboratory tests can now identify microbes that were 

previously unrecognized. In the last 15 years, several important diseases 

of unknown cause have turned out to be complications of foodbome 

infections. For example, we now know that the Guillain-Barre syndrome 

can be caused by Campylobacter infection, and that the most common 

cause of acute kidney failure in children, hemolytic uremic syndrome, is 

caused by infection with E. coli 0157:H7 and related bactena. In the 

future, other diseases whose origins are currently unknown may turn out 

be related to foodbome infections. 

This paper presents an overview of some of the rapid detection 

methods which were developed recently in order to check the sudden 

outbreaks caused by these bacteria. 

Ill-nitride on Silicon Chips for detection of live bacteria: 

A fluorescence-based system for real-time detection of live bacteria 

has been recently developed. 

This technique is based on employment of Light Emitting Diodes 

(LEDs) used to excite Fluorescent Proteins (FP) that can link to specific 

bacteria and filtered Si photodiodes to detect the fluorescence. A 

fluorescence sensor prototype that incorporates three different color 

LEDs and three filtered broad-band silicon photodetectors set up at an 

angle of 90° (1). Live populations of Escherichia coli (E. coli) bacteria 

have been characterized by wide-range concentration measurements in 

diluted water solutions, as a function of growth time. Mixtures containing 
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the same bacteria labeled with three different fluorochromes were also 

analyzed. 

Figure 1. Working sensor prototype device for measurements of live 
bacteria populations. 
Rcf: Institute for Space Systems Operations * 2001 Annual Report * 
72-76 

The prototype sensor for detection of live bacteria is shown in Fig. 1. 

The UV, blue, and green LEDs used in this simulator were set up at 90° 

to tliree Si photodiodes filtered by long-pass Roscolux optical filter films 

from Edmunds Industrial Optics (for the blue and green LEDs) and a 6H-

SiC wafer from Cree (for the UV LED) to separate the LED and the 

photodetector spectral bands, while sfill allowing a maximum 

photoresponse in a range next to the LED band (2). The plasmid pGFPuv 

(Clontech) which expresses the green fluorescent protein (GFP) 

(excitation at 385 nm, emission at 508 nm) was transformed into 

Escherichia coli (E. coli) JM109 high efficiency competent cells using a 

standard heat-shock method, generating strain GFPuv. 
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Transformants were plated onto ampicillin LB agar plates and grown 

overnight at 37°C (3) A fresh 50 ml liquid culture (with 100 g/ml 

ampicillin) was initiated from an LB plate and grown at 37°C and 150 

rpm in a shaking incubator for 24-48 hours. Two additional E coli strains 

carrying plasmids which encode green and red fluorescent proteins 

(Clontech), respectively, were also used in this study. Strain WM611 

carries plasmid pKEN, which expresses GFPmutl, a brighter green 

fluorescent protein variant 10 (excitation at 475 nm; emission at 512 nm). 

Strain DsRed (Clontech) carries a plasmid which encodes a red 

fluorescent protein, RFP (excitation at 558 nm; emission at 583 nm). 

These two E. coli strains were grown in 50 mis LB broth with IOOmg-'hil 

ampicillin at 37°C and 150 rpm in a shaking incubator for 24-48 hours 

(maximum color development was seen after 48 hrs). After 48 hours, the 

50 ml cultures were monitored for fluorescence using the simulator. Cell 

densities were measured immediately after the growth with a 

spectrophotometer at 600 nm wavelength and cell concentration was 

calculated using the formula. Ncells/ml = 0.] OD600nm '108. The 

solution was then diluted two, three, four times, etc., with water. The first 

set of concentrations (OD method) was obtained by division of the 

number of cells determined by the OD measurement by two, three, four, 

etc., depending on the dilution number A second set of concentrations 

(dilution method) was obtained for the_ same solutions by OD 

measurements of each diluted solution. 
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Figure 2. Concentration of E. coli measured with the sensor 
prototype using different fluorochromes. Ref: Institute for Space 
Systems Operations * 2001 Annual Report * 72-76 

Fluorescence signals were measured as a function of cell 

concentration as determined by dilution OD methods (Fig, 2). 

Measurements of all three types of analytes indicate a close to linear 

dependence and correlation with the GFP quantum yield values. The 

fluorescence signal was also measured from strain WM611 as a function 

of growth time. This dependence is close to linear, as well, with respect to 

optical density and photocurrent dependence on the concentration. 

In order to investigate the concept of using spectrally tuned opto-couples 

to characterize analyte mixtures, we performed measurements using 

strains WM6II and DsRed mixed at different ratios. The E coli WM611 

(expressing GFPmutl) cell suspension had a higher cell density than the 

E. coli Ds Red (expressing RFP) suspension, which explains why OD 

values change at different ratios. The signal changed in the same 

dynamicrange for both solutions (similar slopes). 
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The higher absolute values of the photocurrent measured from the 

fluorescence of the red protein is due to the higher sensitivity of the Si 

photodetector in the red band (4). Fabrication and testing of the sensor 

prototype proved the concept of 90-degree component configuration. The 

sensor allowed characterization of bacteria mixtures using spectrally 

tuned optocouples. Miniaturized sensors based on this technology will be 

invaluable in a variety of applications, including spacecraft monitoring, 

environmental, biomedical, and petroleum related problems. 

Optical Biosensors: 

Optical biosensors are usually based upon optical fibres or surface 

plasmon resonance (SPR), although it is common to find luminescence, 

fluorescence, transmission and absorbance also being used. Optical fibres 

are long, thin strands of pure glass which can transmit light over long 

distances. Advantages to their use include cheaper cost, thinness, reduced 

interference by other signals, low power usage, lightness and flexibility 

(5). They are ideal as biosensors because they give rapid signals with 

high specificity for the organism of interest. Reported uses of these 

biosensors include the detection and quantification of bacteria in meat 

and poultry e.g. Salmonella, E. coli and Listeria. Many of these are based 

on the use of antibodies for the specific recognition of the pathogen. By 

immobilizing several antibodies on different fibre probes, it is possible to 

detect several bacterial species simultaneously (6). These are array 

biosensors, which are now widely researched. It is common to obtain 

results in less than 2 hours, although preparation time may be longer 

depending on the need for incubation. It is possible to obtain detection 

limits as low as 100 cfu/ml. An interesting recent development has been 

described by Walt?s group at Boston University (Epstein et al, 2002). 

They have described the use of a fibre optic biosensor microsphere array 
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which is capable of zeptomole (10-21 mol or ~ 600 DNA molecules) 

detection limits. This method has the potential to provide high-

throughput DNA analysis of bacteria with the advantages of small size, 

flexibility and a detection limit which is two orders of magnitude lower 

than other reported values. Surface plasmon resonance (SPR) techniques 

are having a major impact on the development of new optical biosensors 

SPR occurs when light is reflected off thin metal films in such a way that 

a fraction of the light incident at a defined angle can interact with the 

delocalised electrons in the metal film plasmon). 

This leads to a decrease in the light intensity (7). The change in the 

SPR signal is directly proportional to the immobilized mass on the metal 

film. SPR can measure, in real-time, the interactions of bioinolecules with 

interfaces as a result of changes in the refractive index. A commercially 

available unmunosensor SPR system is the BlACore apparatus which 

was jointly developed by Professor Lundstrom of Linkoping, Sweden and 

Pharmacia Corporation. This is now used in some academic and 

industrial laboratories. SPR biosensors have been used for the real-time 

detection of E. coli 0157:H7 using antibodies bound to the sensor 

surface, for detecting bacteria and viruses in the marine environment, 

classification of polycyclic aromatic hydrocarbon (PAH) toxicity using 

immobilized luminescent bacteria, determination of denitrifying bacteria 

in soil and the sequence-specific binding of human immunodeficiency 

virus type I (8). These examples show the wide range of analyses which 

may be performed with SPR technology. Several configurations of SPR 

sensors are in development and these include SPR fibre optic probes, SPR 

planar probe sensors, multichannel sensing devices and combination of 

SPR sensors with other methods such as anodic stripping voltammetry 

and critical angle refractometry (9-12). Conventional SPR systems are 
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expensive and large with the result that many laboratories are unable to 

obtain such specialized equipment 

The sensor can measure properties such as refractive index changes, 

avidin-biotin binding, antibody-antigen dissociation kinetics, and specific 

detection of small molecules, protein binding and attachment of DNA 

complements. This device may prove very useful in the detection of 

microbes. 

Piezoelectric-based acoustic wave devices: 

Acoustic wave devices have been commercially used for more than 

60 years with the telecommunications industry being the largest 

consumer, primarily in the mobile phone sphere. 

These devices are sensitive to changes in mass, density, viscosity and 

acoustic coupling phenomena. As the acoustic wave propagates through 

or on the surface of the material, the velocity and or amplitude of the 

wave are changed (16,17). Changes in the velocity can be monitored by 

measuring the frequency of the sensor, which can then be related to the 

physical parameter under consideration. Piezoelectric acoustic wave 

sensors apply an oscillating electric field to create a mechanical wave 

which can propagate through the substrate and is then re- converted to an 

electric field to allow for measurement. Quartz is the most frequently 

used piezoelectric crystal because it can act as a mass-to-frequency 

transducer. AT-cut crystals (+ 35 o 15' orientation of the plate with 

respect to the crystal plane) are favored because of the excellent 

temperature coefficients in the range 10-50oC. One of the first 

piezoelectric sensors was the thickness-shear mode (TSM) sensor which, 

if the substrate is quartz, may commonly be termed the quartz crystal 
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microbalance (QCM) or bulk acoustic wave (BAW) sensor (18-20). A 

typical surface acoustic wave device is shown m Figure 2 while Figure 3 

is a representation of a quartz crystal containing gold electrodes. Other 

piezoelectric substrates include lithium tantalite, lithium niobate, silicon 

carbide and gallium arsenide (21,22). Several researchers have reported 

on the use of acoustic wave biosensors to detect microbes. Sequences of 

E. coli OI57:H7 have been successfully detected using a PCR-acoustic 

wave sensor combination (Deisingh & Thompson, 2001) {23). A DNA 

sequence unique to E. coli Ol 57:H7 was amplified by PCR. 

Immobilization of a probe for the bacterium on the sensor by the 

biotin- neutravidin interaction was used to detect hybridization of the 

sequence generated by PCR. This approach can be used to detect the 

organism in food, water and clinical samples. Pathirana and co- workers 

(2000) have developed a biosensor for Salmonella typhimurium based on 

the use of a polyclonal antibody immobilized on the surface of a QCM 

acoustic wave device (24,25). The sensor had a detection limit of about 

350 ± 150 cells/ml and the response was linear between bacterial 

concentrations of 10 2 and 10 7 cells/ ml. Cambridge investigators have 

developed a sensitive detection of the herpes simplex virus type 1 (HSV 

I) by using the interaction between the virus and specific antibodies 

attached to a QCM The QCM was used to detect the acoustic noise 

produced when the interactions were broken as the oscillation was 

increased (Cooper et al, 2001). The method, termed rupture event 

scanning (REVS), is quantitative over at least six orders of magnitude. 

TESCE, Vol. 30, No.2 o> December 2004 



Electrochemical Biosensors: 

Potentiometnc biosensors are usually based on ion- selective 

electrodes These devices measure the change in ion concentration during 

a reaction Generally, a simple sensor consists of an immobilized enzyme 

membrane surrounding the probe of a pll meter where the catalysed 

reaction will generate or absorb hydrogen ions (26). This leads to a 

change in pH which can be easily read. Three main types of ion-selective 

electrodes are often used in biosensors: normal glass pH electrodes, glass 

pH electrodes coated with a selective gas-permeable membrane and solid-

state electrodes consisting of a thin membrane of a specific ion conductor 

(27). It is also possible to use metal oxide semiconductors (MOS) which 

can be used to measure charge on a surface which will cause a current 

flow proportional to the charge. MOS devices are small and so they have 

fast response times due to reduced diffusion. 

However, the sensitivity of these can be affected by the ionic strength 

and concentrations of the solutions being analysed. Potentiometnc 

biosensors have been widely used for bacterial analyses. Examples 

include the detection of bacterial contamination in milk using an L-lactate 

biosensor, bacterial growth and sequence-specific biosensing of DNA 

Electrochemical detection of DNA hybridization involves the monitoring 

of a current under controlled potential conditions (28). The hybridization 

is detected via increased current of a redox indicator or by changes in 

conductivity or capacitance. In this article, however, we would like to 

concentrate on the use of light addressable potentiometric sensors (LAPS) 

which are proving popular as a platform for detecting microbes. These are 

semiconductor-based systems with an electrolyte-insulator-semiconductor 

(EIS) structure When a current is applied across the EIS region, a 

depletion layer is formed at the insulator-semiconductor interface (29,30). 
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The capacitance of the depletion layer changes with the surface potential 

which is a function of the ion concentration in the electrolyte. In order to 

determine the capacitance, the semiconductor is illuminated by 

modulated light and the current is measured. 

LAPS have several advantages when compared with other sensors: 

the surface is flat, there is no need for wires or passivation and they an 

measure pH and concentration. Researchers at the USDA have used z 

LAPS system in combination with an immunoligand assay (SLA) to 

detect live E. coli 0157:H7. They have reported that both live and dead 

bacteria can be detected in 30- 45 minutes. In this system, bacteria are 

captured onto a filter membrane by using specific antibodies (31). A 

silicone-based sensor is then placed adjacent io the membrane and, upon 

illumination, small changes in acidity are detected The signal is 

pioportional to the number of bacteria present and it was possible to 

detect 2000 dead or 25 000 live E. coli 0157:H7 organisms/ ml (Gehnng 

et al., 1998). In a recent development, a LAPS approach was used to 

detect E. coli in drinking water (Ercole et al., 2002). 

An immunoassay was developed such that there was specificity to a 

particular capsular protein present in the bacterium. The transducer, based 

on the LAPS principle, was able to detect the production of ammonia by 

aurease- E. coli antibody conjugate. It was claimed that 10 cells /ml ere 

detected in 1.5 hours. Generally, amperometric biosensors work by 

enzymatically generating current between two electrodes. They have fast 

response times, dynamic ranges and sensitivities similar to potentiometnc 

biosensors. Many amperometric biosensors depend on dissolved oxygen 

concentration which can pose a major problem. To overcome this 

situation, mediators are employed. These transfer electrons directly lo the 
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electrode thereby eliminating the need for the reduction of an oxygen co 

substrate (32). The most commonly used mediators are the ferrocenes. 

Amperometric biosensors have been used for the detection of E. coli 

in water (screen-printed electrodes), bacterial vaginosis, studies of 

bacterial contamination, detection ofagents of biological warfare (e.g. 

anthrax) and detection of E. coli heat-labile enterotoxin and other 

neurotoxins. Amperometric biosensors (37,38) have also been used to 

study bacterial luciferase reactions, nanoscale bacterial surface proteins 

and growth and viability of bacterial populations. 

Immunomagneic Technique: 

This procedure, which is based on the specific capture of target cells 

on magnetic particles directly from pre-enrichment media, reduces the 

bacteria detection time by eliminating the selective enrichment stage. It 

also allows increasing sensitivity in detection due to the selective 

preconcentration effect (33). IMS has been used to detect E. coli 0157 

especially from ground beef and bovine faeces, cider, human stool 

samples, etc. The increased rate of STEC infections caused by strains 

other then E. coli 0157 has led to the development of immunomagnetic 

particles for non- 0157 strains of STEC (34). Recently, immunomagnetic 

articles for the separation of E. coli 026 and 0111 have become 

commercially available (Denka Seiken, Japan) (35). The aim of this study 

was to test the suitability of these particles for the detection of selected 

STEC in food samples. Vegetables were chosen as samples because of 

the increasing number of outbreaks associated with the consumption of 

raw vegetables or their unpasteurized products (36). 

Escherichia coli 0111 and E. coli 0157 (both non-fermenting sorbitol) 

were cultivated on sorbitol MacConkey agar (SMAC), and E. coli 026 
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(non-fermenting rhamnose) was cultivated on rhamnose MacConkey agar 

(RMAC). RMAC was prepared by addition of 1% rhamnose to 

MacConkey Agar Base (Difco). One loop or 100 (1 of enriched nutrient 

medium was streaked on the appropriate nutrient agar in the standard 

way. Plates were cultivated for 18±24 h at 37°C. lmmunomagnetic 

separation was performed with E. coli 026, 0111 and 0157 IMS 'Seiken' 

particles (Denka Seiken, Japan). The enriched samples were mixed, then 

1 ml aliquots were added to 15 ml Eppendorf tubes containing 1 drop 

(about 25 (1) of the immunomagnetic bead suspension and incubated for 

30 min at room temperature. Following the standard IMS procedure, 

bacteria were attached to magnetic beads and washed twice with 

PBS/Tween buffer (pH 7-4) using a magnetic separator MPC-M (Dynal, 

Oslo, Norway). 

Finally, the beads were suspended in 100 (1 buffer and 50 (1 

suspension was inoculated on two agar plates (SMAC or SRMAC). Plates 

were incubated for 18±24 h at 37°C. direct 100 (1 plating) of E. coli 0111 

and 0157, the numbers of presumptive colonies on the plates were 

usually very low and in some cases, not a single typical presumptive 

colony could be detected. Confirmation of suspected colonies was 

performed by agglutination with specific antibodies (Imuna, Slovak 

Republic). 

Polymerase chain reaction: 

The Polymerase chain reaction (PCR) is a molecular technique which 

can be used for identify specific bacterial strains within a mixed 

population. A detection method has been developed for strict and 

opportunistic pathogenic bacteria (Salmonella, enterohemorragic 

Escherichia coli and Aeromonas hydrophila) in raw and treated water. 
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This method is composed of a bacterial DNA purification step 

followed by PCR detection. Compared to the traditional culture 

techniques, this method has an enhanced specificity and sensitivity. 

Furthermore, the simple and rapid protocol of the proposed technique 

provides results at a fraction of the time required by the traditional culture 

techniques (24 hours compared with 2 to 6 days). However, unlike the 

culture methods, detection by PCR does not provide information related 

to the viability of the bacteria since the detected bacteria can be viable 

and cultivable, viable but non cultivable, or dead. The viability concept is 

very important for interpreting the detection of pathogenic bacteria in 

relation to public health issues. 

To overcome this limitation, an indirect approach has been developed 

for assessing the viability of PCR detected bacteria from water samples. 

This method is based on the analysis of each sample before and after a 

20-hour culture step in a non selective medium: an increase in the PCR 

response after cultivation indicates the occurrence of bacterial 

multiplication and thus demonstrates the viability of the detected bacteria. 

This new protocol allows the simultaneous detection of several viable 

cultivable pathogenic bacteria by PCR from water samples. A protocol 

based on PCR has been developed for the detection of Salmonella, 

Enterohemorragic Escherichia coli (EHEC) and Aeromonas hydrophila. 

In order to develop this protocol, research has initially focused on DNA 

purification techniques. This work has been carried out on river water 

samples, which contain high amounts of inhibitory substances. The PCR 

steps have then been studied using pure bacterial strains. The final 

protocol is composed of: (i) membrane filtration of the sample to be 

analyzed, (ii) a 20-hour preenrichment step in a non-selective medium, 

(WJ) 
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(iii) partial DNA purification using an ion-exchange resin and (iv) the 

PCR amplification step specific for Salmonella, EHEC and Aeromonas 

hydrophila. This last step is carried out in the presence of Bovine Serum 

Albumin (BSA). 

Water sample infiltration 

i—K Culture in a non-selective medium 
to increase the number of pathogenic bacteria targeted 

Purification of DNA 
i—>> several purification techniques have been tested to remove interfering 

compounds: the best results has been obtained with the use of a chelating 
ion exchange resin 

I 1 1 
* ± ± 

PRC detection 
^ ^ use of specific primers described in the literature, expect for the first round 

of Salmonella nested-PCR 

Gene 
targeted 

Salmonella nested-
PCR 

1. Gene encoding 
for a flagellin 

2. Gene encoding 
for a regulatory 
protein 

Aeromonas 
hydrophila PCR 

Gene encoding for 
the 16rRNA 

Enterohemorrganic 
Escherichia coli 

PCR 
1. Gene encoding 

for the shiga like 
toxin 1 

2. Gene encoding 
for the shiga like 
toxin 11 

Figure: Main Steps in the protocol for detection of bacteria by PCR. 
Ref: K.Deadre, P.Cervantes, V.Lahousinne and M.Roubin 
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