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ABSTRACT 

Throughout the 1st 20 years the incidence of human illness associated with 

foods contaminated with Salmonella enteritidis has been increasing. S. ententidis 

is presentiy the second most fke~uentiy reported Sairnonello serovar isolated fiom 

human infection in the United States. Conventional methods for the detection of 

this pathogen are expensive and time consuming. We previously described an 

Enzyme Linked ImmmoSorbent Assay (ELISA) for detection of this pathogen in 

foods. This assay comprises a two-step procedure that involves an enrichment 

step foilowed by a monoclonal antiibody based dot-blot assay. Homogenized egg 

is used as the enrichment medium. The a h  of this study was to optimize the 

assay. Commercially available media were compared with whole egg homogenate 

for relative ability to resuscitate and propagate S enteritidis to detectable Ievels. 

Incubation in whole egg homogenate, tripticase soy broth (TSB), and lactose broth 

(LB) resulted in comparable numbers of S. enmidis.  Resuits of the immunoassay 

found that TSB gave the strongest visual representation showing a positive test for 

S. entet-irids. Incubation time necessary to detect one S. enterïtidis colony 

fonnuig unit was reduced fiom 20 ta 10 h using TSB as the enrichment broth. 



Addition of detergent before incubation had a negiigible negative effect on the 

growth of dus ocganism. When S. enteritid's wwas incubated with a mixed florn of 

(1:102 CFühnL) competitive microorg8tliisms, in either TSB or in homogenized 

whole egg mpplemented with fenous sulphate it was able to reproduce to 

detectable numbers for the Mmunoassay. When environmental sarnples were 

tested, the same ratio of S. enterilidis to competitive flom was detected. 

The antibody was p d e d  and fieeze-dned in the presence of various 

exipients and its stability over time was tested by ELISA. The antibody was stable 

over the storage pexiod of 70 days when stored alone and with trehalose or 

mannitol as ayoprotectant, even et storage conditions of 50 O C .  Maltose and 

sucrose degraded the antibody at elevated temperatwes. This is thought do be due 

to participation in MaiUard browning reaction between the reducing sugars and the 

antibody. 



The prevalence of Sblmonella enteritidis as a cause of human illness has 

increased thraughoughout recent years. The numbers of S. enteriridis idectiom in the 

North Eastern United States increased about seven-fold between the years 1975 

and 1987 (Guthne, 1992). Growth in incidence of S. enteriridis infection has also 

been obsetved in Europe and the United Kingdom (Guthrie, 1992). In Canada, 

reports of S. enteritidis infections in humans have only increased slightly in recent 

years, and its prevalence is not as dramatic as in Europe and the U.S. (Poppe, 

1994). 

Then is speculation that the reason why this pathogen is infecthg humans 

in increasing numbers is due to the spread of S. enteriîidis in pouitry flocks, 

especially breeding flocks which then permit rodents and other animals to spread 

the organism (Guthne, 1992). 

Because of its impact on human heaIth and potentid economic damage to 

the poultry indusûy the control and elimination of this pathogen is important. 

Conventional methods for the detection of S. enteritidîs require up to seven days 

for confirmation. These tests are labour and time consuming, and expensive, 



requiring pre-e~chmeat, selective and isolating media as well as a variety of 

biochemicd tests to Merentiate between species (Van der Zee, 1994). 

Several altemative assays bave been developed in order to reduce the the  

requUements and increase the sensitivity of detection methods for Salmonella 

(Bader  et al., 1997; Bej et al., 1994; McCleUand and Pinder, 1994; Thornason, 

1981). Among these assays en several ELISA systems (Holt et al.. 1995; Kerr et 

al., 1992; D'Aoust and Sewdl, 1988; Robison et al., 1983). Most of these 

assays only replace the agar-plating stage of the cultural assay and may introduce a 

third post-e~chment broth before the sample can be assayed (Lee et al., 1990). 

These assays have the advantage of great t h e  reduction over the conventional 

method, taking as litde as 18 hom (Lee et al., 1989) but they do d e r  ikom some 

disadvantages including cross-reaction with other organisms (Lee et al., 1989). 

A novel immunoassay has been developed for the detection of S. enteritidis 

in eggs, poultry and other foods and feed. This system does not require highly 

trained technicians. It does not require the expensive equipment needed for 

conventional ELISA or fluorescent antibody techniques, so it can be conducted in 

any laboratory. The ELISA based system utilizes a monoclonal antiiody produced 

and characterized by Masi and Zawistowski (1995). This antibody is specinc to 

the lipopolysaccharide 0-9 present in S. enteritidis. Using homogenked whole 

egg as the e~chment  medium, and adding fernous dphate, the assay is able to 



detect one CFU of S. enteritidr's in 500 g homogenized whole egg d e r  20 hours 

incubation at 37 O C .  This redts in a totai test time of just one day (Yoshimasu, 

1996). 

The objective ofthis study was to develop and optimize the existing assay 

in order to simplify the test and prepare it for commercia.iization. With this 

purpose in mind we compared cornplex, commercial pre-enrichment media with 

homogenized whole egg for relative ability to detect S. enteriridis by the 

immunoassay. Other attempts to shorten and optirnue the assay were also 

examined. The monoclonal antibody was freeze-dried in the presence of 

cryoprotectants in order to improve its shelf-life and stabiiity. 



A. Introduction 

Salmonella are ubiquitous microorgaaisms that have been fomd in most 

animal species in most geographic areas of the world (Thomason, 1981). The 

genus Salmonella con& more than 2,300 Merent serovars (Popoff, and Minor, 

1992 cited in Pignato et al., 1995), however, only a few species cause the majority 

of human infection (Pignato et al., 1995). The most common infectious 

Salmonella species are Salmonella enterifidis and Salmonella typhimuriunt. 

Together these two organisms account for three-qyarters of al l  salmonellosis cases 

each year (McClelland and Pinder, 1994). As ail Salmonella serovars are 

primarily pathogenic for animals, the most common source of Salmonella infection 

for humaas is contaminated food of animal ongin (Pignato et al., 1995). 

For many years Salmonella enteritidis accounted for about six percent of 

the Salmonella isolates associated with human food-borne ihess in the United 

States (Stephenson et al., 1991). This percentage has increased since 1976. In 

1990 S. enterifidis became the most f i e~endy reported Solmonella serovar 

isolated in the United States, accounting for 21% of ail Salmonella isolates (Mishu 



et al., 1994). Between 1975 and 1987 the Centres for Disease Control (CDC) in 

Atlanta deteaained that the numbers of S. enteritidis iafections in the North 

Eastem United States had increased about seven fold (Guthrie, 1992). Expansion 

in the incidence of S. enteriridis infection bas also been obsewed in Europe and 

the United Kingdom (Gnthrie, 1992). In Canada, the incidence of S. enteritidis 

infections in humans has only inmased slightly in recent years, its increase in 

prevahce has not been as dramatic as in Europe and the U.S. (Poppe, 1994). In 

Europe, most human isolates of S. enten'tidis belong to phage type 4. Strains 

isolated in Canada and the United States belong pr imdy to phage type 8 (Poppe 

et al., 1991). 

B. Distri but ion of S. enteritid& 

Although S. enteritidis has a wide range of hosts, there is evidence that 

some strains have a predilection for poulûy (Guthrie, 1992). In a Canadian study, 

lû% of chicken flocks examined contained 2E enteritidis in the chicken's colon at 

the time of slaughter mescott and Geher, 1984 cited in Barnhart et al., 199 1). 

There is specuiation that the increase in prevalence of S. entetftzdis among humans 

could be due to the spread of S. enteritids in poultry flocks, especially breeding 

flocks which then permit rodents and other animals to spread the organism 

(Guthrie, 1992). 



enterïtidis may be tninsferred betwem podtry via faecal contamination, 

In one study, layu hem were o d y  idected with enterifidis. This organism was 

found in the birds livers, xaeca, oviducts, and ovaries af'ter tbree weeks ( B d a r t  

et al, 1991). Horizontal spread of the organism between birds being the mode of 

infection, 

In over 70 % of S. enteriridis infections reporteci, the source of infection has 

been traced to grade A table eggs (Stephenson et al., 1991). While improved 

sanitation procedures have led to a decrease in incidence of outbreaks due to 

faecally contaminated eggs, ontbreaks of salmonellosis continue to occur due to 

the presence of Salmonella within the intact egg transmitted by the hen via 

transovarian infection. If eggs are fertilizeà, then transovarian infection wil i  lead 

to the hatching of infected chicks (Stephenson et al., 1991). Ascenduig infections 

may also contaminate the egg prior to laying (Huiton and Bale, 1994). S. 

enten'tidis is rarely recovered firom the ovules of laying hem but inoculation of 

buds by placing this organism directly into the cloaca redts in birds laying 

infected eggs (Hinton and Bale, 1994). 

C. Detection Methods 

Detection of Salmonella in foods is difEcuit because foods naturally 

contaminated with this organism usually contain very low numbers one C N  per 



25 gram food sample is not musual (Andrews, 1985). In eggs defiled via vertical 

transmission, fewer than 10 S. enten'tidis cells per egg is the usual contamination 

level (Humphrey et al., 1989). ~ImoneIZu cells suwïvhg any food processing 

conditions taid to be debilitated. They will re@e time in favourable conditions 

to recover before they are able to reproduce, therefore they may be missed by the 

conventional detection method. 

1. Conventional detection of Satmoneilu 

Traditionally, saimoneflae have been detected and isolated in foods via a 

series of microbiological culture media The various media used follow a series of 

steps necessary ta increase Salmonella c o u .  to the point where they are 

detectable. Conventional methods of detection provide a theoretical level of 

sensitivity of one Salmonella per 25 g food, which is close to lower levels of 

contamination found in food samples. However, detection may be obstmcted by 

the presence of other rnicroorganisms that compete with Salmonella during 

culturai e~chment  (Blackburn, 1993). 

Pre-enrichment is the fïrst step of the conventional detection method. This 

stage dows the recovery of any stressed cells. It is a non-selective stage and 

ailows the growth of ail organisms present. The pre-enrichment stage is 

particularly important in samples where Salmonella are potentiaily damaged. 

Selective enrichent ailows SuNival and growth of SalnionelIu whiie reducing the 



numbers of non-Sulmonefla in the broth. However, some routinely used selective 

e ~ c h m e n t  brotbs are mhibitory to enteritidiis (Van d a  Zee, 1990). Segregation 

of Sulmoneflae is achieved by using selective agar plates to produce presumptive 

isolates. At the c o ~ t i o n  stage presumptive isolates are subjected to a number 

of serological and biochemical tests to confiun the organism is Sulmonelka and to 

determine its serotype (Van der Zee, 1994). 

Using the c o n . o d  detection procedure, only d e r  serotyping of 

suspected colonies and DNA typing cm S. enteritidis be confinned. This has two 

disadvantages; Eirstly, as some routineIy used selective enrichment broths are 

inhibitory to S. enteritidis its prevalence may be underestimated. Secondly, even 

if the selective enrichment is not inhibitory to S. enteri~idis, if there is a large 

population of other Salmonela present, the presence of S. enteriridis may be 

underestimated or overlooked (Van der Zee, 1994). Isolation of specinc 

Salmonella species with conventional methods depends Iargely on Merences in 

biochemical reactions and resistance to antibiotics between the target organism 

and the competing flom In fact, only in very rare cases do distinct Merences 

exist between individual Salmonella serovars. Therefore, conventional procedures 

for specinc isolation of S. ententidis are scarce (Van der Zee, 1994). 

Another disadvantage of the conventional method is that presumptive 

identification of salmonellae on agar media requires a minimum of 4 days with an 



additional 2 to 3 days for biochemical screening and serological confirmation of 

isolates (D7aoust et al., 1983). 

2. Rapid Deteetion Methods 

The necessity of rapid methods of Si~lmonellla detection for the reguiatoiy 

and industrial secton of the food Uidu~ay is inaeasingly important A mpid 

method should be cost effective, as sensitive as the standard procedure, and simple 

if it is to gain acceptance and become widely used (Andrews, 1985). Rapid 

procedures to detect salmonellae in foods have been of two types; biological, 

based on the biochemical or growth characteristics of the molecule, and 

immunologicaI, based on the serological or antigenic characteristics (Mattingly et 

al., 1985). 

i. Modification of the Conventional Method 

Many researchers attempts at speeding up the detection of Sulmonellue 

have been made by mo-g the conventional m e h d  in order to reduce t h e  

requirements d o r  increase sensitivity. 

To reduce time requuernents some have attempted to shorten the length of 

the pre-enrichment stage. An optimum pre-enrichment incubation period for 

effective recovery of injured celIs has yet to be detennined (D'Aoust and 

Maishment, 1979). However, short p ~ ~ c b m e n t  periods such as 6 hours lead to 

large numbers of false negative results (D'Aoust and Maishment, 1979, D'Aoust 



and Sewell, 1988). In addition, hjured cells may not have enough time to recover 

and replicate to suffiCient nmbers for detection. Even with a pure culture, studies 

showed that six  hom was not sotncient for the remcitation of injured cens (van 

Schothont et al, 1972, cited in D' Aousf 1984). 

Another attempt to shorten the assay time bas been to omit the pre- 

enrichment step and incubate samples directly in the selective enrichment. This 

method has been fomd to signifi.cantly decrease the sensitivity of the procedure 

(D7Aoust, 1984). Ideafly, selective media is damaging to cornpethg 

microorganisms and selective for SaZrnonelia. It may, however, also damage 

Salmonella, especially those injured in processed foods and therefore they may 

have difficulties replicating in this broth. 

Selective and pre-enrichment phases also have been incoqorated into one 

broth. Sveum and Kraft, (198 1) used non-selective broth for a 4 h incubation that 

was foiIowed by the addition of selective agents and further incubated for a total 

of 24 h. This modification has compared weil with conventional methods and has 

reduced total assay time by one àay (Sveum and Kraft, 1981). Wax-coated 

capsules containing selective agents have been added to non-selective basal broths. 

The capsules gradually release selective agents in order to make the media more 

selective (Sveum and Haman, 1977). However, a 48 h incubation was required 

to reach isolation rates comparable with conventional methods (8lackbu. 1993). 



Supplemented TSB pre-emichment media was incubated for 4 hours followed by 

the addition of agents to make the medium selective towards Salmorzellae (Martin 

and Kaa, 1991). Injurecl Salmonella bonn was incubated in this medium in the 

presence of eqnal initial rumbers of uninjined Escherichta coli, Stup@lococcus 

aureus and Listeria moIu)cytogensœ After 8 h of incubation there was a 100-fold 

greater population of ' bom than all other organisms. Aftet 20 hom, the 

numbers of S. bonn were 1o3-fold greater than E. coli, and 106-fold greater than 

those of the other two bactena (Martin and Katz, 199 1). 

Direct plating of inoculated pools of egg contents onto selective media has 

been attempted (Gast, 1993b; Gast and Holt, 1995b). However, in order to 

achieve 100% detection sensitivity by this method, pools containing 10 eggs need 

be contaminated with 10' or more Salmonella (Gast and Hok 1995b). Because of 

its relatively high detection threshold, cdhaing of egg pools by direct plating is 

heady dependent on the extet of multiplication of Salmonella during incubation 

of the pools (Gast and Holt, 1995a). 

Media has been modified in order to increase the sensitivity of the 

conventional assay. Most modifications of pre-e~chment media have been 

targeted at the enmeration of Salmonella in eggs and egg products (van der Zee, 

1994). 



Pre-enrichment of egg samples has achieved signincant success with 

addition of iron to the pre-enrichment broth. It has been estabLished with albumen 

in vitro and in whole sheli eggs, that iron chelation by ovotransferrin is the major 

growth inhibitor of gram-negative bacteria (Clay and Board, 1991). By the 

addition of iron the growth of these organisms is enhanced (Reissbrodt et al., 

1996). For example, addition of 35mglmL ferous sulphate to TSB pre-enrichment 

medium improved the detection of S. enteritidïs inoculated into whole eggs (Gast, 

1993a). When S. enten'tidis is inoculated into pools of homogenized whole egg 

contaking ferrous sulphate, after incubation at 37 OC for 24 hous? average counts 

of S. enten'tidis were one log higher than for inoculated pools of eggs incubated 

without added iron (Gast and Holf 1995b; Cudjoe et al., 1994a). The siderophore 

femoxamine E can be used by Salmonella in iron restricted environments but not 

by many other enteric bacteria (Reissbrodt et al., 1996). By incorporation of this 

compound into pre-enrichment broth, Salmonella are more effectively isolated 

fiom mixed cultures (Reissbrodt et al., 1996). 

Selective e~ci iment  media has also been modified in order to increase 

specincity towards Salntonella. The combined use of Salmosyst broth and 

Rambach agar, which utilws the ability of salmoneliae to produce acid fiom 

propylene glycol for their differentiation fiom other enteric bacteria, was found to 

have a 97.9% sensitivity as compared with an 81.2% sensitivity using the 



conventional method (Pignato et al., 1995). Using Saimosyst as both pre- and 

selective enrichment broth, and Rambach agar for selective isolation, the rime 

necessaty for the test was reduced fiom 4-6 days to 48 h and media reqeements 

are reduced significantiy Pignato et al-, 1995). 

Semi-solid agar dows the preferentid growth of mode orgaaisms end has 

been used as a selective enrichment medium, resultiag in higher isolation rates of 

SuZrnonella (Van der Zee, 1994). Motility enrichment assumes that the motility of 

salmoneliae is less impaired by the selective medium than the motility of 

competitive bacteria (Busse, 1995). Semi-solid agar will not detect any non-rnotile 

strains of Saintonella As S. enterirdis are motile, this will not limit isolation of 

this particula. species. Rappaport-Vassiliadis media (MSRV) has been modined 

to be semi-solid (de Smedt and Bolderdi&, 1987). Using this motility agar it was 

found that 60 ceUs of SuimonelZa/mL in pre-enrichment media after incubation 

were necessary for a positive remit. #en one drop of media is added to the 

semi-solid plate, the few SuZrnoneilla present in th& one &op are capable of 

motility and growth on the MSRV medium. Cornpetitors are inhibited by this 

medium even when they outnumber Salmonella by a factor of 10' (de Smedt and 

Bolderdijk 1987). 



ii. Alternative Detection Methods 

Before Salmonella can be detected by an alternative rapid method, 

especially if it is to be isolaad fiom a food product, cultural enrichment is almost 

always neces- in order to b ~ g  the popdation of Saimonella up to detectable 

numbers (Reissbrodt and Rabsch, 1993). Rapid detection systems cannot actiially 

detect the lower limit of naairal contamination of one ceW25g sample. They must 

rely on an enrichment step to fumish detectable concentrations, u d y  10' or 106 

CFU/mL, of Salmonella is necessary. Depending on the method, the enrichment 

step may also need to be selective for the target organism (McClelland and Pinder, 

1994). 

a Fluorescent Antibody Assay 

The fluorescent antibody assay (FA) was one of the h t  immunologically 

based methods used to detect SaImoneIZae (Mattingly et al., 1985). This procedure 

is based on staining of the 0, Vi and H antigens of Salmonella by use of specific 

antibodies labeled with fluorescein. The FA essay reduces the time necessasr to 

detect Salmonella by one to three days (Thornason, 1981). This assay is limited 

by the specincity of the antibodies used, (Thornason, 1981) although by using a 

combination of antibodies the specificity of the FA technique has been improved 

(Blackburn, 1993). Products containhg high numbers of enteric flora cannot be 



tested by the FA assay as entezics wiU outgrow Salmonella leading to large 

numbers of fdse positive redts momason, 198 1). This assay remes  post- 

e~chment to dilute the food product which would otherwise contribute to 

backgromd fluorescence (Munson et ai., 1976). Expensive equipment and weil 

trained analysts are also necessary (D'Aoust, 1984). 

b. DNA-DNA Hybridization 

Severai DNA-DNA hybridization tests for the detection of Salmonella have 

been recently available. Tbrough the systematic screehg of SaZmonelZa DNA 

libraries and hybxidization studies, seqpences have been found that are present in 

all or most strains of Salmoneila (Groisman et ai., 1993). It has been diflicult to 

isolate a DNA segment specific to Salmonellae because Salmonella have no 

unique virulence factors or toxh genes (Tsen et al., 1994). Several suitable 

segments in Salmonella spp. have been found for amplification (Bej et al., 1994; 

Cano et al., 1993; Jones et al., 1993; Tsen et al., 1994). Using gene clonhg 

techniques and oligonucleotide synthesis almost any nucleic acid sequence cm be 

prepared in large quantities and used as a probe to identify the specifïc unique 

gene codes of the target organism (Walker and Dougan, 1989). The Polymerase 

Chain Reaction (PCR) is probably the preferred system for the amplification of 

target DNA. However, under non-st~gent conditions hybrihtion with DNA 

fiom non-target members of Enterobacteriaceae will occur (Baumler et al., 1997). 



The amplincation of the wrong sequences codd lead to fdse-positive resolts 

(Kwok, 1990; Erlich a al, 1991). For this reason PCR generally shows a major 

improvernent in speed though not necessady sensitivity compared with viable 

culture detection rnethods (Bej et al., 1994). PCR takes 3-5 hours if pre- 

enrichment is not necessary and between 10-24 hours with pre-enrichment of 

samples (Cohen et al., 1994b; Cohen et al., 1994a). There are specinc problems 

associated with the use of PCR for detection of food-borne organisms. Many food 

components inhibit the PCR (Grant and Kro& 1993; Soumet et al-, 1994), 

therefore the detection sensitivity of the method will v q  with the food samples 

tested (Tsen et al., 1994). Blood, d e ,  faecal material and bilirubin, a 

degradation product of haemoglobin, also iabiiit PCR (Widjojoatmodjo et al, 

1992). Amplification of DNA leads to the detection of both viable and non-viable 

organisms which wül lead ta faise-positive results. This method, especially when 

combined with PCR, requires expensive equipment. 

The DNA amplincation procedure by PCR has been combiaed with 

immtmological methods (Widjojoatmodjo et al., 1992; Luk, 1994). A detection 

assay for enten'tidis in eggs has been developed which combines modined pre- 

enrichment with PCR amplification of iroB, a gene segment specific to all 

subspecies of Solmonella enterica (Baumler et al., 1997). Mer pre-enrichment 

the Salmonella was isolated by immunomagnetic separation to remove substances 



that may intedere with the PCR (Baumler et al., 1997). PCR ampliflied products 

were examined by southem hybridization. 

c. Enzyme LinLed Tmmunosobt Assays 

Enzyme immunoassays are attractive alternatives to traditional culture 

methods. Using a % weil microtiter plate about 30 triplicate samples c m  be 

assayed at one t h e  (Robison et al., 1983). There is ais0 a signincant decrease in 

time re@ements compared ta the conventional method Tmmunoassays using 

polyclonal or monoclonal antiiodies against Salmonella have been developed. In 

order for an EIA to be effective the antiiody specificity and for the target 

antigen must be high (Mattiagiy et al., 1985). Many antigens are shared by 

sahonellae with other members of Enferobacteriaceae leading to the possibilities 

of false positive results (Kerr et al., 1992). Conversely, some antibodies have 

been developed that will not detect all s-s of Salmonella (Robison et al., 1983). 

Combinations of antibodies have been used in immunoassays to improved the 

detection of all strains of Salmonella (D'Aoust and Sewell, 1988). Antibodies have 

also been developed that are specinc to a particular main of Salmonella (Holt et 

al., 1995; Lee et al., 1989; Lee et al., 1990; Masi and Zawistowski, 1995) 

Immunomagnetic separation, using magnetic beads with anti-SaIrnonellu 

antibodies m e d  to their d a c e  have been used to isolate Salmonella fÎom 

rnixed culture The beads, when mixed with a Suimonella contaminated product, 



will bind the organisms to their nirface via the antiiodies. The Salmonella-bead 

complex can be pded out of solution by a magnet and the organisns thus 

concentrated. The beads con then be plated on Mefential cuitme media and the 

organisns can be ideniified usîng an immunoassay or DNA probe specific for 

Salmoneila (Cudjoe et d, 1994a,b; Holt et al., 1995). The high viscosity of some 

matrices leaâs to loss of magnetic beads during washing which aEects the resuits 

of the assay (Cudjoe et ai., 1994a). 

Flow cytometry and monoclonal autiîodies have been combined to detect S. 

whimurium in c k y  products (McClelland and Pinder, 1994). The sample, 

containing fiuorescently labeled anti-SS t)iphimurium antibodies attached to any S. 

ryphimurfum present, is uijected into a fluid that passes under an objective via a 

hydrodynafnic focusing flow celi. The sample passes through a beam of light that 

causes the labeled cells to emit fluorescent putses, and each pulse is detected by a 

photomultiplier tube (Braildord and Gatley, 1993). By cornputer analysis the 

number of ceils present is deteanined. Using a milk sample clearing procedure, 

which causes the fat to rise to the d a c e  of the sample for removal by 

centrifugation, this method was able to detect S. typhhurium in concentrations as 

low as id cells/ml in an analysis time of 40 minutes. mer 6 h of non-selective 

enrichment the detection Iimits were 10 cells/mL in mi& and 1 ceWmL in eggs, 



even when E. coli outcompeted the targeted S. tphimurium 10,000 fold 

(McCIeUand and Phda, 1994). 

6 ELISA based test kits. 

Severai immmolopically based detection kits have been developed for the 

detection of Salmonella spp. and are available commerciaily- 

The PATH-STIK contains a l l  the reagents needed to detect the presence of 

Suimonella in enriched broth media When the bottom part of the stick is dipped 

into the enriched broth, the sample is canied into the device by a wick. The 

sample crosses the reagent pad containing anti-Salmonella antibodies and onto the 

membrane strip, where the end result is Msualized as a pinwpwple line after ten 

minutes. A positive control is included, and if two lines appear after ten minutes 

the sample is considered positive for Salmonella. The appearance of ody one line 

after the wait is a negative result (Brinkman et al., 1995). The PATH-STIK test 

compares well with conventional methods with an overall sensitivity of 93.0% and 

specïficity of 96.4% towards SuIm~neIlu spp. (Brinkman et al., 1995). 

The Salmonella-TEK screen kit incorporates two monoclonal antibodies 

specifk to SaIrnonellu spp. bound to the well of a microtiter plate to detect the 

presence of these organisms (Van Pouke, 1990). Using Salmosyst broth for 

enrichment followed by detection with Salmonella TEK the total analysis tirne for 

detection of Salmonella has been reduced ta 3 1 hours (Van Pouke, 1990). 



The BioEnzabead enzyme immunoassay technique detects Salmonella 

antigens in heated extracts of M-broth cuitmes. The extracts are reacted with 

polyvaient myeloma protein (lgA) and monoclonal (IgG) antibodies iron adsorbed 

to the d a c e s  of polycarbonatecoated ferrous metal beaàs held in microtiter 

plates. The protein-antigen complex on metal beads is reacted with a peroxidase 

conjugate. Development of a green colour upon addition of enzyme substrate is 

indicative of SalmonelIa contamination @'Aoust and Sewell, 1988). This assay 

was found to have only 1.6 % fdse negative rate. Cross-reactivity ranged fkom 2 

to 40 % with members of Entembacteriaceae, and Pseudomonas spp. (D'Aoust 

and Sewell, 1988). 

D. Necessity o f  Iron 

Iron is essential to He in practically ail living ceUs (Cheng et ai., 1988). 

Within a cell iron hctions as a catalyst. The suitability of iron as a biocatalyst 

may be due to its two stable valencies and wide range of oxidation-reduction 

potential (Payne, 1988). The capacity of microorganisms to compete for the iron 

they need for growth and metaboîism is an essentiai amibute of Wulence 

(Colonna et ai., 1985). An important host defense system aimed at microbial 

starvation appears to be limitation of the fiee iron supply (Puschmann and 

Ganzoni, 1977). When bacteria are starved of iron they typicdy show a reduced 



growth rate and exhibit morphologicd changes suggesMg inhibition of DNA 

synthesis or cell division (Payne, 1988). The absolute amount of iron required for 

growth is often diEcuIt to detetmine and is jnfluenced by culture conditions 

(Payne, 1988). 

A conelation between virulence and iron assimilation has been established 

for a large number of animal pathogens (Visca et al., 199 1). A total of 2 L stmins 

fiom different species of Slcrlmonelia were isolated fÎom environmental waters and 

examined for the presence of iron uptake systems. AU strains were found positive 

for synthesis of some kind of iron chelatuig compounds (Amar et al., 1989). 

1. Mechanisms o f  iron transport 

The mechanism of iron transport in enterics depends on the concentration 

of fkee iron in the environment. When iron is fieely available, at concentrations of 

at lest  5-10 p M  ûon (Earhart, 1996) it is thought to enter the ceil through a low 

affinity transport system. As iron becomes limiting, higher-affinity systems are 

required to maintah Nfficient iatracellular levels of iron (Payne, 1988). The 

ability of bacteria to avail themse1ves of bomd uon correlates with the 

biosynthetic ability of the microorganism to excrete iron-binding compounds, or 

iron transport compounds, when grown in media containhg sub-optimal amomts 

of iron (Gariialdï, 1970). Siderophores are low molecdar weighf iron-chelaihg 

compounds wïth very high aflhïties for iron (Payne, 1988). These compounds are 



synthesized and secreted by microbes in response to iron stress. Organisms able to 

produce siderophores secpester most or a l l  adable iron and thus may repress the 

growth of other organimis in the same environment (Freedman et al.. 1989). 

Strains of bacteria can use not ody endogenously produced siderophores, but also 

siderophores produced by other organisms, due to specinc m o r t  systems 

(Earhart, 1996). Siderophotes are derepressed in low iron enviroament~, and have 

high enough m t i e s  for iron to solubilia it or remove it fiom lower affhity 

complexes (Payne, 1988). Enterobactin and aerobactin are weU-known 

siderophores of Enterobacteriaceae (Reissbrodt and Rabsch, 1993). In a total of 

230 Salmonella sûahs screened for enterobactin and aerobactin production, aU 

isolates were found to produce the siderophore enterobacth. Only 26 isolates, dl 

belonging to Salmonella wien. produced the siderophore aerobactin (Visca et al., 

1991). Bacteria transport ~ e ~ +  siderophores into the cell with special transport 

systems (Reissbrodt and Rabsch, 1993). Salmonella has a transport system for 

some of the femoxamin-type siderophores such as femoxamine E (Reissbrodt and 

Rabsch, 1993). As femoxsmine E is utilized by few other microorganisms 

including Citrobacter spp., Pseudomo?xzs spp., Klebsiella spp., Ente ru bacter spp. 

and Yersinia cnterocolitica (Reissbrodt et al., 1996) the ability to use this 

siderophore to obtain iron is f d y  specific to Salmonella. 



2. Iron and eggs 

Because S. enteritidis is a signincant pathogen associated with eggs, its 

ability to survive and/or grow in the albumen has been studied The albumen 

conaibutes both chemid and mechanical defense to the egg. The Mscosity of the 

proteins wnstituting the albumen hampers the movement of bacteria so that they 

suffer impeded passage to the yolk. The albumen contains the antiaiicrobial 

component lysozyme, and an aücaline pH (9.5) which, as weli as being 

davourable to bacterial growth encourages the chelation potentid of 

ovoeanderria (Board and Tranter, 1994). The levels of 'fkee' iron in egg white 

are considerably lower than those necessary for bacterial growth (Chart and Rowe, 

1993). S. enterifidis growth has been found to be signincantly retarded when 

incubated in trypticase soy broth contaiauig ovotransferrin. Exponentiai growth 

was delayed by about 2 hours in this medium due to the presence of ovotninsfemh 

(Chart and Rowe, 1993). The lag in growth rate is thought to be caused by S. 

enterïtidis adapting to the iron restricted environment, by expressing iron-regulated 

outer membrane proteins and the siderophore enterobactin (Chatt and Rowe, 

1993). Enterobactin has a much higher bindiag aflhity for iron than that of 

ovotransfe~ (Chart and Rowe, 1993). However, the principal siderophore of 

Salmonella, enterobactin, is ineffective in a medium containing large amounts of 

the protein albumen (Reissbrodt and Rabsch, 1993). Salmonella enterttidis found 



in the whites of intact shell eggs do not g e n d y  multiply to any siflcant 

extent. Occasionally, large numbers have been fond in a single egg, usually d e r  

severai weeks of storage. This is thought to be due to migration of the yolk 

towards the microorganism so that its nuûients are accessed (Bradshaw et al., 

1990). 

rii experiments when iron was incoprated into the bacterial inoculum 

before inocuiating an egg, the shell eggs were spoiled by al i  10 species tested, 

these included straias of S. ryph~urium and Salmonella pullonrm. Of the ten 

species, only four were able to spoil the egg if inoculated without iron; 

Pseudomona&, Aerobacter, Alcaligenes and Purucolobuctnrn, (Garibaldi and 

Bayne, 1961). S. enterïtidis was not utilized in these experiments. When control 

eggs were immersed in sterile water containhg 10 ppm of iron, the natural 

inoculum on the nest-clean eggs was able to penetrate through the sheU and spoil2 

of the 12 eggs tested (Garibaldi and Bayne, 1961). This demonstrates the 

signincant contribution of ion to the spoilage of sheil eggs and indicates that the 

lack of availabIe iron in albumen plays a major contribution to its antimicrobial 

defense. 

3. High iron concentrations 

Inhibition of bacterial growth occm at high iron concentrations. This has 

been explained as behg due ta the precipitation of femc hydroxide which attaches 



to the ceil waii of the b a c t e k  and decreases the ceil WWS pemeability to 

nutriene and oxygen (woury-Doughly et al., 1976). 

E. Corn petition 

In mixed microflora, the cornpetition between species may have a 

considerable effect on the relative rates of population growth (Rhodes et al., 

1985). In fiesh, raw materials such as podûy and egg products, the major part of 

the flora consim of Enterobacteriaceae and Pseudomonadr which will readily 

compete widi Salmonella (Briakman et d ,  1995). Pseudomonus spp. are potent 

inhibitors of pathogenic bacteria associated with food and plants (Cheng et al., 

1995). The antunicrobial activity of pseudomonads is atûibuted, in pluf to 

production of the extracellular iron-chelating molecules, siderophores which 

sequester any available iron leaWig the pathogens iron starved (Cheng et al., 

1995). In some food systems, the dominant flora is comprised of organisms such 

as lactic acid bacteria These organisms produce a varïety of substances that 

inhibit growth of pathogenic bacteria. The inhibitors include acids, H202, 

bacteriocins and others (Freedman et al., 1989). hcreasing the amount of 

nutrients may favour the growth of cornpetitive microorganisrns which may, in 

tum, have an inhibitory effect on the growth and isolation of salmonellae (van 

schothorst and Renaud, 1982). Non-selective e~chment  o f  microorganisms is 



thought to consist of two phases. During the h t  phase, different mirroorganisms 

multiply independently, as long as one does not inhibit another, until a maximum 

level, or molar concentration, is reached by a dominant species, either dw to a 

higher initial level or shoiter generation tirne. During the second stage of non- 

selective enrichment the microorganisms in minority will continue to muitiply and 

equalize in numbers with the dominant species (van Schothorst and Renaud, 

1982). 

1. In selective media 

In selective media, ideally, the competitive flora are inhibited or reduced, 

and the SaIrnonelia multiply with a mean generation time of about one hour. 

When there are 'too rnany' competitive bacteria at the beginniag of enrichment, 

Salmonella do not start to multiply until the number of competitors is sufnciently 

reduced (van Schothorst and Renaud, 1982). With more than 10' competing 

CFU/mL preseat in the Uioculum, the isolation of SahzonelZu on BGA agar 

becomes Wtually impossible because of the heavy growth of competitors, 

especially Klebsiella and Enterobucter species (van Schothorst and Renaud, 

1982). As far as Gram-positive bacteria are concemed, selective media for 

salmonella are quite efficient (Busse, L995). However, even in selective media 

many Gram-negative bacteria may overgrow Salmonella spp.. 



Shtdies have shown that the growth rate of S. typhimurium fiom 

concentrations as low as ld CN/rnL is d e c t e d  by the presence of cornpetitors 

at concentrations ofap to 10' CFU,/mL. Growth is inhibited when the cornpetitor 

load exceeded 10' CN/mL and no growth occurs with ~O*CFU/~L of competing 

orgsnisms @pny et al., 1995; Beumer et al., 1991). A study conducted to assess 

the gowuth of tvphimurlum in a hydroponic nutrient solution in the presence of 

nomal microflora (Riser et al., 1985) found that the normal flora grew 

exponentially in the presence of SuZrnonella and reached optimum levels by 24 h. 

Growth of Salmonella was generally retarded dnring this period. Therefore the 

presence of normal flora restricted multiplication of Salmonella. Once the aerobic 

bacterial counts had reached a saniration level for the nutrient solution, Salmonella 

counts began to decrease, regardless of their initial or finai concentration. This 

was due to competition for nutrients by more aggressive organisms (Riser et al., 

1985). 

2. Cornpetition within eggs 

Gram-positive microorganisms tend to dominate contamination of outer 

surfaces of egg shells while Gram-negative bactena cause the rotting of the 

contents. Factors in the egg, including low levels of readily available non-protein 

nitrogenous substances in the aibumen, select for the fast growing but non- 

fastidious Gram-negative bactena (Dolman and Board, 1992). A study was 



conducted to examine the relative growth of five difEerent microorganisms in the 

air sac of hem eggs. The five organisms; Pseudomonas putr-da, S. enteritidis (both 

isolated 6rom eggs), E. CO&, Enterococnrs faecaiis and St~hylococcus xyiosw 

(isolated fiom chicken faeces) were inoculated into the air sacs of chicken eggs 

and stored et vanous temperattues. AU five organisns were isolated nom the 

inner membrane of the air celi of eggs incubated at 4OC. Oniy S. #osus, S. 

enterftidr's, and on one occasion, E. faecalis were recovered fkom the membrane in 

eggs stored at 3TC. The pseudomonad attained numerical dominance in both 

inner membrane of air ceil and in the albumen of eggs stored at 15 or 20°C. S. 

enrerftidis failed to compete with pseudomonads in eggs incubated below 30°C, 

but out-competed E. coli in eggs incubated at 37°C (Dolman and Board, 1992). 

F. Stability of biologically active proteins. 

Enzymes and antibodies are becoming increasingly important to industty, 

for the production of food as weil as for incorporation inta assay kits. Antibodies 

are convenient and valuable tools for various immunochemical and biochemical 

analyses. The stability of antibodies over the short term does not necessarily 

warrant much attention regarding their use as reagents for immunochemical 

analyses where they are generaily stored and used under mild conditions (Shimizu 

et al., 1993). However, the variability of the immunological activity during 



storage is an important factor when mSAs are to be camied out over extended 

periods of time (Montoya and Caste& 1987) or when an immunoassay detection 

kit is to be stored for periodic use. Monoclonal 811bhdies are usually stored as 

smaii aliquots a -20 O C  or -70 OC, or they may be stored at 2-4 O C  with added 

preservatives to retard microbial growth (Draber et al., 1995). Frozen or 

refigerated storage becornes difïïdt in areas where there is iimited access to 

refigeration (Blakeley et al., 1990) and inconsistent transport or storage 

temperatures become a problem as fieeze-thaw cycles are potentidy damaging to 

monoclonal antibodies @aber et al., 1995). 

The technicai, therapeutic, or commercial value of a protein is measured by 

its activity (Franks et al., 1991). For isolated and p d e d  solutions of proteins to 

be Mable commercial products capable of being shipped and stored, they have to 

be stable for weeks, months, or even yean (Franks et al., 1991). For this reason, 

methods to increase the long terni stability of antibodies have been examined. 

1. Natural Stability of globular proteins 

Globular proteins are naturally stabilized by a combination of hydrogen 

bonding, electrostatic interactions, and hydrophobie interactions as well as cross- 

linking, metal cornplexhg and specinc binding of ions and cofactors. The amino 

acid composition and seVence in the protein define its bctionalty in specinc 



environments. The ordered, fiuictioaal structures of proteins refiect two 

tendencies that are ofken opposed. On the one band, proteins fold to mhbhe 

their fkee energy. MinimiPng fiee energy leads to tightly packed hydrophobie 

interiors and hydrophilic exteriors. On the other hanci, proteins organize 

themseives to recognize a ligand (Shoicet et ai-, 1995). Maximum fiinction leads 

to active-site clefts where charged and polar groups are isolated nom water and 

where hydrophobic areas are exposed to the solvent (Shoicet et al., 1995). Rotein 

residues that conmiute to catalysis or ligand binding are not optimal for protein 

stability. There is a balance between stability and hction. î h e  folded 

configuration of globular proteins is only 5-10 kcaVmol more stable than d o l d e d  

even in ideal environmental conditions (Pace et al,  1988). Most proteins are 

readily inactivated by even d d  chernical or physical treatment, In solution, most 

globuiar proteins will lose activity over time even under optimai environmental 

conditions due to degradative processes such as oxidation and deamination (Franks 

et al., 1991). Because of the inherent low stability of globular proteins and the 

importance of maintaining their stability, numerous approaches to increase protein 

stability have been applied. 



2. Solute Addition 

i. In aqileous solution. 

Addition of stabilizing solutes to labile proteins is a common means of 

protecting them during preparation and storage (Carpenter et O(., 1990). In 

aqneous solution a diverse number of solutes have been shown to be effective at 

minimizing protein denaturation due to environmental stress (Carpenter et al., 

1990). The only common characteristic shared by these solutes is preferential 

exclusion nom the protein's d a c e .  This preferential exclusion causes the native 

structure of monomers and the polymerized fonn of oiigomeric proteins to be 

stabilized because denaturation or dissociation, respectively, would lead to a 

greater contact d a c e  between the protein and the solvent (Carpater and Crowe, 

1988b). Conversely, preferential binding of CO-solvent would induce 

depolymerization since there is greater cosolveot binding to monomers than to the 

polymer (Carpenter et al., 1990). 

The sugars, such as sucrose and invert sugar have been found to protect 

hen egg yolk imrnunoglobulin (IgY) ftom heat, acid and pressure in a 

concentration dependent manner (Shimini et al., 1994). Unprotected IgY loses 

activity at temperature of 75°C or higher. The addition of 3040% of either sugar 

to the IgY solution suppresses denaturation up to temperatures of 80°C (Shimizu 



et al., 1994). Greater than 30% of either sugar &O protects IgY to acid conditions 

of pH 3.0 and pressure up to 5000 psi (Shimipi et al., 1994). 

For a solute to provide protection to a given protein in solution it must be 

present h relatively high concentration in order for preferential exclusion to occur 

(Carpenter et ai., 1990). High conceniration of solute will ensuie that there is a 

deficiency of the solute in the Mmediate domain of the protein relative to the 

solute concentration in the buk solution. 

fi. in dehydrated systems 

Dried solid proteins are generally more stable than the correspondùig 

aqueous solutions (Pikal et al., 1991). Conventional dqing techniques, using high 

process temperatures often result in altered or decreased biological activity of the 

protein (Adams, 1991). Freeze-dryhg was deveIoped to avoid the damage that 

may occur upon drying. Freezing reduces the rate of denahiring chernical 

reactions and concenttates the product in a low-temperature viscous phase between 

crystals of pure water ice. Water is thaught to be indispensable for the 

maintenance of the structure and fùnction of a protein since it is intimately 

involved in the folding that is mandatory for a polypeptide to become a protein 

(Carpenter et al., 1987b). Removal of die residual water that hctions to 'screen' 

charged groups on the protein d a c e  can lead to distortions of protein 

conformation as the charged groups satisfy their bond requirements with other 



charged residues. Addition of protective agents while remowig residual water, 

can r e d t  in stable fieezedried prodncts with v q  long &eIf lives at ambient 

temperatmes. 

Only certain carbohydrates such as disaccharides, can presewe enzyme 

activity dPring desiccation (Cacpenter et ai., 1990). The addition of 100 mM 

sumse to myosh ATPase leads to retention of 92 % of its original activity, 

addition of 30 mM sucrose to catalase prior to fieeze-mying results in recovery 

of 85 % of the original activity (Crowe et al., 1987). Trehalose and maltase have 

been found to be the most effective organic solutes for the protection of 

phosphohctokinase, one of the most labile enzymes known. Glucose was found 

to be much less effective than disaccharides; trehalose and maltose, suggesting that 

the subunit orientation of the sugar moiety is citical for enzyme stabïlization 

(Carpenter et al., 1987a). The ability of sugars to protect proteins during 

desiccation can be attributed to their abitity to hydrogen bond to proteins and 

thereby substitute for structural water (Roser, 1991). The importance of hydrogen 

bond formation between tnhalose and dehydrated lysozyme has been 

demonstrated Freeze-dried lysozyme was stabihed when trehalose fomed 

hydrogen bonds with the eazyme upon debydration. When trehalose did not bind 

via hydrogen bonâing to the protein during desiccation, no protein stabilïzation 

occmed (Carpenter et al., 1990). 
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In the case of desiccation, the protection given by the solute is not strictly 

concentration dependent At bigher concentrations the disaccharide may 

crystaUize leaving less suger available to hydrogen bond with the protein 

(Carpenter et al., 1990). The maintenance of amorphism by the solute is thought 

to be an essential property for stabiIization (Iaitsu et al., 1993). 

Draber and coworkers (1995) stuclied the stability of IgM antibodies freeze- 

dried in the presence of trehalose. They found that the binding activities of the 

fieeze-dned antibodies were retained, without any observable decrease, for two 

years of storage at 4OC or at ambient temperature. Mer 14 days of storage at 50°C 

trehalase still stabilized the fieeze-dried antiiody maber et al., 1995). 

3. Structural modification 

Many proteins contain cross-links, the fûnction of which is presumably to 

stabilize the native conformation. This is particularly true of intra-chah disulnde 

cross-links (Johnson et al., 1978). The folded codormation of a protein can 

generally be stabilized through the addition of a cross-link either by chernical 

modincation or by the addition of a disulnde bond (Pace et al., 1988). Disulfide 

bonds make a substantial contncbution to the maintenance of the tertiary structure 

of proteins. Attempts have been made to introduce disulnde bonds to proteins to 

improve stabi1ity (Matsumara et al., 1989a). The disulnde bridge is thought to 



reduce the configurational backbone chah entropy in the denatured protein, thus 

hcreasing the stabaty of the folded protein. Mabnmara and cowodcers (1989b) 

designed and collsf~ucted four M i t  d i a d e  mutants of the natnrally 

disuIfide-ftee enzyme T4 lysozyme, They found that mutants with double 

disulfides outside of the active site cleft of the enzyme had activiîy identical to the 

activùy of the wiid-type enzyme, both in oxidized and reduced fomis. The double 

disulnde mutant was more stable than the wild-type enyme, te tahg activity up 

to lO0C higher temperature than the wild type. The double mutants were more 

heat stable than the single mutants, and the triple mutant had a melting temperature 

23.4"C higher than the wild-type enzyme. However, mutants with d i d i d e  

linking residues which spanned the active site cleft of the enzyme showed Mmialiy 

no enzymatic activity when oxidized (Matsumara et al., 1989b). 

Perry and Wetzel (1984) also intmduced a disuifide bond to phage T4 

lysozyme. They then tested the protein stabîiity by heating both the wild type and 

the mutant enyme to 6S°C and removing portions at various times to test for 

residual activity. The diSulfide mutant never lost more than 50% of its initial 

activity while the wild-type only had 0.2% of startuig activity remaining &ter 2 

hours at 65 OC (Peny and Wetzei, 1984). 

The thermostability of enzymes has also been improved by replacing 

intemal amino acids. In one study, the polar amino a d ,  asparagine, located in the 



internai apolar environment of a bacterid protease was replaced with a non-polar 

leucine by site-dùected mutagenesis (Ejjsink et a', 1991). The ulamostability of 

the rn-t was 0.7 +/- 0. 1°C higher thaa that of the wild-srpe enzyme. 



OPTIlMIZA'LTON OF THE DOT-BLOT MMIJNOASSAY FOR THE 

DETECTLON OF SALWOIVELLA ENTERITIDIS 



An immmoassay was developed for the detection of Salntonella enteritidis 

in eggs, pouItrys and other foods and feeds. This assay comprises a two-step 

procedure that involves an enrichment step folhwed by a monoclonal antiiiody 

based dot-blot assay. Homogenized whole egg was med as the e ~ c b m e n t  

medim. Mer inoculation with 25 mL of sample and incubation for 20 hours at 37 

"C the egg medium is heated to 100 OC for 10 min in the presence of cholic acid to 

liberate the lipopolysaccharide (LPS) antigen fiom S. entemidis. The LPS was 

uni fody  dispersed ttuoughout the gelled egg matrix and subsequently transferred 

onto a solid support by diffusional forces. T t  was detected by Mab 2Fll which is 

specific to the 0-9 anbigen of S. ententidis. This test does not require expensive 

equipment or trained personnel. Commercidy available media were compared 

with egg homogeaate for relative ability to resuscitate and propagate S. enteritidis 

to detectable levels. AU other experimental conditions remallied constant. 

Incubation in egg, tripticase soy broth ÇTSB), and lactose broth (LB) resulted in 

comparable levels of ' enteritidis as demonstrateci by viable plate counts. S. 

enteritidis grown in TSB exhibited the strongest visual representation showing a 



positive test for S. enteritidis. Incubation time necessary to detect one S. 

enteriridis cell was reduced fiom 20 to 10 h using TSB as the enrichment broth. 

Addition of a detergent, cholic acid, before incubation had negligible negative 

effects on the growth of S enten'tidis. When incubated with e mixed fiora of 

competitive mi~~oorganisms, 1:1@, ' enteritidis was able to reproduce to 

detectable numbers for the immunoassay when out competed 1:ld in the initial 

inocdum. This was bue for samples incubated in TSB and in homogenized whole 

egg supplemented with ferrous sulphate (85 pglmL). When environmental 

samples were tested, the same ratio of S. enteriridis to competitive fiora was 

detected. 

B. INTRODUCTION 

The incidence of human illness associated with foods contaminated with S. 

enteriridis bas increased throughout îhe last 20 years. S enten'tidis is presently the 

second most fiequently reported Salmonella serovar isolated fiom human infection 

in the United States (Barnhart et al., 1991). The prevalence of S. enteritidis in 

Canada is much lower (Poppe, 1991). The detection and irradication of this 

organisrn are important, especially as the reasons for its recent increase in 



prevalence throughout the world are not known. Eggs, egg products, podûy and 

poulûy products are considered the major sources of S. enten'tidis (Ruzickova, 

1994). 

Detection of S entetitidis is d i f f i d t  Isolation of specifk species with 

conventional meth& depends largely on differences in biochemical reactions, 

resistance to antiïiotics etc., between the target organism and the cornpethg 

microflora (Van der Zee, 1994). Conventional detection methods only 

merentiate between SuImoneIIu spps. at the confimation stage. As the culhrriog 

and identification of these bacterial isolates requires up to one week, traditional 

detection ofs enteritidis is also labour intensive and expensive. 

Rapid methods for the specific detection of S. enrerizidis are scarce. 

Severai ELISA systems have been developed for the detection of Salmonella 

Most of these assays oniy replace the agar-plating stage of the cultural assay and 

may introduce a third post-enrichent broth before the sample cm be assayed 

&ee et al., 1990). These assays have the advantage of great time reduction over 

the conventional method, taking as littîe as 18 homs (Lee et al., 1989) but they do 

sufTer fiom some disadvantages includùig cross-reaction with other organisms 

(Lee et al., 1989). 

A novel immunoassay has been developed for the detection of S. enteritidis 

in eggs, poultry and o k  foods and feed. This system does not require highly 



trained techniciam or the expensive eqipment needed for conventional ELISA or 

fluorescent antibody teciinicpes, so it can be conducted in any labonitory. The 

ELISA based system utüizes a monoclonal antibody produced and characterized 

by Masi and Zawistowski (1995). niis antiibody is specinc to the 

lipopolysaccharide 0-9 present in enten'tidis. Using homogenized, whole egg 

as the enrichment medium, and adding ferrous dphate, the essay is able to detect 

one S. enteritidis ceii in SOOg homogenized whole egg after 20 hours incubation at 

37 OC giving a total test t h e  of one day (Yoshimasu, 1996). This papa compares 

synthetic pre-enrichment media with the homogenized whole egg for relative 

ability to detect S. enterilidis by the Unmunoassay. Attempts to shorten and 

optimize the assay are also examined. 

C. MATERIALS AND METHODS 

1. Reagents and chernicals 

RPMI Medium 1640 with L-glutamine was purchased fiom Gibco BRL- 

LXe Technologies (Grand Island, NY). Magnesium chloride was purchased fiom 

Fisher ScientEc (Fairlawn, NJ). Standard methods agar, selenite cysteine broth, 

nutrient broth, lactose broth, trypticase soy broth, brfiant green agar with 

sulphadiazine, triple sugar iron agar and lysine iron agar were purchased fiom 



BBL (Cockeymille, MD). Peptone, Salmonella O antisem factor 9, Salmonella 

O antisam factor 4.5 and Salmonella O antisenmi Poly A-1 & Vi were purchased 

fiom Difco. Agar was piirchased fiom Metheson Coleman and Bell (Rutherford, 

NJ). Cholic acid was purchased h m  Sigma Specialty Chemicals Co. (Paris, KY). 

Electrophoresis grade hydroxymethyl aminomethane uris), NBT (nitroblue 

tetrazolinm chloride), and BCIP (5-brorn0-4-~iilor0-3-indolyphospbate) were 

purchased fiom BioRad Laboratones (Hercules, CA). Streptavidine alkaline 

phosphatase was purchased fkom Cedadane Laboratories Ltd (Homby ON). 

Femoxamine E was kindly provided as a giff by Dr. R Reissbrodt, Federai Health 

Office, Wernigerode, Gemiany. AU other chernicals were analytical grade or 

better and purcbased fiom Mallinckrodt Specialty Chemicals Co. (Paris, KY) or 

Sigma Chernical Co. (S t Louis, MO). DistiIied deionized water (Barnstead 

NANOpure, series 550, ULTRApure water system D4754 115 VAC: 

Barnstead\Thennolyne Corp., Dubuque, IA) was used in all  experiments. 

2. Monoclonal antibody 

Monoclonal antibody 2Fll (ATCC HB-11891) was produced and 

characterized by Masi and Zawistowski (1995). Tissue culture supernatant that 

was purified using ammonium suiphate was dialyzed agahst PBS (pH 7.2) before 

using at a 1/25 dilution in aiI experiments. 



3. Bacteria and culture conditions 

SaimoneZIu enteritidis phage type 8 was obtained fiom the Lakatory 

Centre for Disease Control, Ottawa, Canada. The culture was mahtained on 

standard meth& agar. A loopful of culture was inodated hto 5 mL of nutrient 

broth and incubated for 24 hours at 37 OC. SPC slants iaoculated with broth 

cultures of S. enterifidis PT8 were incubated for 24 hours at 37 OC. Slants were 

washed with 0.85 % saline, harvested and serially diluted in 0.1% peptone water. 

Viable counts were estimated by plating with standard methods agar and 

incubating for 24 hours at 37 O C .  

Suimonella heidelberg, Proteus vufgms, (University of Manitoba, 

Microbiology Department), Eschenchia coli, Citrobacter fieundii (ATCC) were 

prepared as above. AU bacterial suspensions, senally diiuted to specific 

concentration for inoculation were confirmed by plating onto standard plate count 

agar. 

4. Preparation of  membrane 

Nitraceilulose (BioRad Laboratories, Hercules, CA) was cut into 

appropriately sized strips and incubated in phosphate bufEered saline (PBS; pH 

7.2) for 30 minutes before immunoblot use. 



S. Prepatation of egg sarnples 

Large table grade A eggs were obtained fiom a local supermarket and were 

used witbin one week of purchase. The d a c e  of the eggs were washed with 70% 

ethanol and opened aseptically- Pooled egg contents were placed into stomacher 

bags (Seward Medical, London, UK) and massaged for 30 seconds using a 

stomacher lab-blender 400 (Seward Laboratory, London, UK). Altematively they 

were blended using stede containers (IL). Portions of homogenked egg (25 mL) 

were transfemed into 50 mL polypropylene tubes (Falcon, ûxnard, CA). 

6. Preparation o f  Media 

Trypticase soy broth, peptone water and lactose broth were prepared 

according to the manufacturersi inçtnictions. Aliquots (25 mL) were placed in 50 

mL polypropylene tubes (Faicon, Oxnard, CA) and the contents were stenüzed at 

121 OC pnor to use. 

7. Determination of effectiveness of media for the immunoblot 

Sterilized tubes containing TSB, PW, LB or blended egg were inoculated 

with Salmonella enteritidis and incubateci for 20 hours at 37 OC. Thereafter, 2.5 

mL of 15 % cholic acid was added to each tube and 0.5 g agar (2%) was added to 

tubes containing synthetic media AU tubes were heated at 100 O C  for 10 min in a 

water bath. Tubes were vortexed after 5, and 10 minutes to ensure d o m  



melting and dispaoion of agar throughout the media Foilowing heating ail 

samples wcre placeci in a finaa to speed mabix setting. 

The immunoblot was c&ed out according to YoshunasP (19%). Bxiefly, 

solidificd cornplex media and homogeniad whole egg wen removcd aseptically 

fiom the tubes and a h u g h  dit cmhe of each sample was taLm using a sterife 

borer. A 2 mm thick disc wu sliced h m  the centre of cach core and placed on a 

pre-wettcd nitroctUdose membrane. A 15 PL &op of heat-attenuated S. 

enteritidis PT8 was placed on the membrane as a positive control. Mer 5 min, the 

discs were removed fiom the membrane; the membrane was thai washed twice 

with phosphate bnffaed saline (PBS), 2 x 2 min. The membrane was then blocked 

with 5% skim miJk powdet (SMP) in PBS for 45 minutes. The S M P  was removed 

and the membrane was washed (2X2min) wïth Tris bu&rcd saline- containing 

tween-20 (TTBS) before adding the antibody and lethg it sit for 1 hom. The 

antibcdy solution was removed, the membrane washed once again with 'ITBS and 

biotinyiated Goat-anti-mouse antiiody (B-GAM) was added to the membrane. 

A f '  an ho-, the B-GAM was removed, the membrane washed and a solution of 

stceptavidin alkaline phosphatase (S-AP) was added. Mer the final hour of 

incubation, the S-AP was removeâ, the membrane washed, and die colour 

developer was added. Mer colour development with BCIP/NBT the reaction was 

stopped by addition of distilled water. 



8. The effèct of agat and cbolic acid on the gtowth o f  SalhtoneUo LnterMiib. 

Trypticase soy bmth and Wose bmth were inoculated with S. enteritidis 

and cholic acid, rgar, both, or neitha and incubated for 20 hom before 

proceeding as befort. 

9. Detenninatioii o f  the optimal amount of  iron 

Trypticase soy broth (25mt) and homogenized whole egg were each 

concentration of fmous sulphatc, contsining fiom 0.0 to 80 uglmL bon was 

added. AAa incubation (12 b; 37°C) samples wae s d y  dihited and evaîuated 

ushg standard plate count agar. 

10. Enumeration of d enterit&& in the presence of addeà competing 

microorganisms 

Trypticase soy broth and egg homogemte were inoculated with Si 

enteritidis and Proteus vulgoris, EsLwrichia coli, Cirrobucter fiwmdii and 

SalmonelZu heidelberg, aione and in various combinations and ratios. The media 

were incubated for 16 and 20 hours before proceeâing with the assay- 

11. Enumeration of S aferWüs in natunlly contaminated samples 

Samples (25 mL) of wash water obtained fiom various stages in the 

production Line of a commercial pouitcy processing plant, were inoculated with 

IO', IO', 102 and ld CFU of S. enteritidis. Negative controls consisted of 



uninoculated somples. The wash water samples were then added to 225 mL of 

eithcr trypticase soy b t h  or homogenitcd whole egg containing 21.26 mg FeSO, 

and mcpbatcd for e i k  16 or 24 houn at 37 O C .  Samples of 25 mL wac then 

diopaPed into 50 mL conid  flasks Miore proceeding with the assay. 

12. Eaumeration o f  S cnterrlidis in natiinlty contaminated samples using 

ferrioxamine E 

processing plent, were inocuiated with IO', IV and 10' CFU S. enteritidis. 

Negative controis consisted of uninocuiated samples The wash water samples 

were then added to trypticase soy bmth (225 mL) containing 60 nghL 

fdoxamine E or 225 mL homogmipd whole egg with 60 n g / '  f e r r i o d e  E. 

Samples were incubated for either 16 or 24 hom at 37 OC . Samples of 25 mL 

were then dispased into 50 mL conicai flash More proceeding as before. 

13. Culture confirmation 

~ o ~ o w i a g  incubation, one mL fiom each sample was added to selenite 

cysteine broth (10 mL) and incubated for 24 hours at 37 OC. A loopfnl of selenite 

cysteine broth was then streaked onto brilliant green sulphadiapne agar and 

Salmonella shigeJla agar and incubated for 24 hours at 37 OC. Presumptive isolates 

were transfened to triple sugar iron and lysine iton agar slants and incubated for 

24 hours at 37 OC. Confirmation of typical isolates was perfomed serologicaiiy 



using Salmonella 0-9 k t o r  a n t i s m  Salmoneila 4.5 factor antiserum and 

Sahonelia poly A-1 wae uscd to confirm prcsence of non D group Solnonella in 

c w s  whae samples taken h m  the wash watcr wae positive by c011VCIlfionai 

cuitiirt but negativc for S. enten'tidis. 

D. RESULTS AND DISCUSSION 

The immunoassay for the detection of ~lmonellrr enten'tidis in foods and 

feeds involves a two stcp pfoccdure as outlincd by Yoshimasu (1996). A 20 hour 

enrichment step ntilizing homogenized whole egg, foiIowed by a monoclonal 

antibody based dot-blot assay (Yoshhsu, 1996). The purpose of this study was 

to determine whetha homogenized whole egg was the best enrichment medium for 

the propagation of S. enten'tidis for our immuuoassay, or whether other synthetic 

media codd be e@y effective. 

Using conventional methodology for the detection of Salmonella it has been 

found that the choice of a pre-e~chment medium used is not critical for its 

recovery fiom niw and processed foods (D'Aoust and Maishment, 1979, Poelma et 

ai., 198 1). Highiy nutritive broths, detergent containhg media and formulations 

adapted for the seiective growth of Enterobacten'acea do not promote recoveries 



of &Intonella to lcvels pater tban those obtained with nutrient and lactose broths 

(D'Aoust and Maishmcnt, 1979). Thereforc, in this study t h e  media wae 

chosm for cornparison with homogenizcd whole egg; lactose broth, peptone water 

and trypticasc soy bmth, AU thm arc commoniy uscd as ptc-ennchment media in 

conventionai WmonelZa detection procedures (Rcissbmdt, 1995). 

Figme 1 shows the irnmunoblots of LPS obtained fiom S. entetitidis grown 

in the tbrre synthetic media as welî as in homogenizcd whole egg. Afkr 

inoculation of the me& with S. enteMidis, incubation, and developing the 

immunoassay, it was immcrliatcly evïcht tbat peptone watcr was fer less effective 

than the other media for the @cation of this organism for the assay. In a 

previous study on the pn-enrichment of S. enteriidis, Stephenson and coworkers 

(1991) compared five media such as lactose broth, peptone water, trypticase soy 

brot. nutrient broth, and brain heart W o n  broth. No one media was found ta 

be significantly more effective for recovaing S. enten'tidis âom liquid egg y o k  

Consequéiitly, üypticase soy broth was arbin'arily recommended as the enrichment 

meâitun of choice for the recovery of S. enteritidis fkom egg yolk (Stephenson et 

a!., 1991). In another study, Reissbrodt (1995) found peptone water to be the 

medium of choicc for generai purpose pre-enrichent of Salmonella- However, 

peptone water was found to be lest effective in our assay and therefore this 

medium was omitted Aom subsequent tests. 



F i p  1: Tmmmioblot of LPS obtained fiom SE grown in synthetic media 
and egg. +SE - media inodated with S. enterlldh. - SE - media 
wiîhout S enten'tias (negatiive COIlfrOL). TSB ttypticase soy btoth; 
LB - lactose broth; P W  -peptone water. 





Figure 2 shows the immunoblots for LPS obtahed fiom S enternidis 

grown in lactose broth and trypticase soy broth. Equal numbers of S enteriridis 

were i n d a t e d  hto both lactose and trypticase soy broth as assessed by 

pdonning a SPC d'ter 20 houn of incubation. Unmunoassays pediomed ushg 

LPS obtained fiom S. mterttidis grown on all media indicated a positive reaction 

for S. enteritidis. However, the Unmnnoblot employing i n o d a  produced in 

lactose broth was less intense than that for trypticase soy broth. In both cases 

unùioculated media (negative control) gave no reaction. 

In order to retain the conditions of the immunoassay as closely as possible 

to the original assay, which used homogenized whole egg, it was necessary to 

soli* the media before applying it to the nitrocellulose membrane. This was 

effectively achieved by adduig two percent granulated agar to the media The ten 

minute boilùig stage necessary for the heat and cholic acid to extract S. enreritidis 

LPS was also sufEcient to melt the agar. Subsequent vortexing before cooling 

dispersed the agar throughout the media and the resultant cooled maûix was 

solidifie6 The solid matrix was found superior to liquid media in forming a blot 

image on the nitrocellulose as liquid media tended to nm and disperse on the 

membrane. 

The addition of iron has been shown to greatly imjrove the recovery of S. 

enteritfdïs fkom eggs (Gast and Holt, 1995a,b,. Yoshimam, 1996). Therefore, we 

assessed the effect of iron addition on S. enterftidïs growth in homogenized whole 



Figure 2. The effect of enrichment medium on immunoblot intensity. 
TSB - trypticase soy broth; LB - lactose broth. 





egg, lactose broth and trypticase soy broth. S. enterirdh has been found to grow 

rapidly following the addition of f e c  ammonium citrate to albumen (Lack and 

B o d ,  1992). Redts  of the immunoblot (Figure 3) and standard plate counts 

showed that iron addition either in fmous or femc form had no effect on growth 

of S enteritdis in the TSB or LB. SPC cornits for these media reached S. lx10~' 

when S. enteritidis was incubated in the presence of both fomis of iron and 

without iron. Because these media are not iron restrictive, addition of this element 

does not enhance growth of the bacteria When iron was added to homogenized 

egg, bath ferrous and f e c  fonns were found to equally enhance growth as 

compared to egg without added iron. Counts on SPC agar reached 2.7 x lol* 

CFü/mL af€er enten'tidis was incubated in egg homogenate with either form of 

iron incorporateci, without iran addition the finai SPC for S. enten'tidis was 5.8 x 

IO'* CFUImL after the 20 h incubation. Ovotransf- and other iron chelating 

compounds reduce the amounts of available iron in the albumen. Since iron is 

essential to the growth of enterifidis? the addition of Kon to the egg must 

overcome the restrictions due to lùnited iron availability to this organism in egg 

contents. The level of 'fkee' iron in egg white is considerably lower than the 

amount necessary for bacterial growth (Chart and Rowe, 1993). In the present 

study we detennined the mount of added iron for maximum growth of S. 

enterifidis in homogenized egg to be about 85 ug/mt as FeSO, (fenous). After 



Figure 3. The effect of iron addition to gmwth media for SE with respect to 
immunoblot intensity. TSB - ttypticase soy broth; LB - lactose 
broth. 
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12 h incubation of S. enteritidis in egg homogenate containing increasing 

concentrations of fenous sulphate cotmts as determined by SPC reached a plateau 

at this concentration of iron, 

In order to fiuther simpw the test, the addition of cholic acid and agar to 

the liqyid media before inoculation and incubation was saidied Figure 4a shows 

the effect of cholic acid and granulated agat addition prior to incubation on the 

detection ofs enten'tidis by the imrnunoassay. Both standard plate counts and the 

immunoassay showed that the agar had no effect on the growth of S. enteriridis in 

either lactose broth of ûypticase soy broth. SPC counts in îrypticase soy broth 

were 1.0 x 10'' CFU/mL when cholic acid was added to the medium prior to 

incubation as compared to 2.6 x 10'' CFU/mL when the acid was added just prior 

to the heating step. Similarly, for lactose broth with 2.8 x 10" CFU/mL when acid 

was added before incubation as compared to 1.5 x 10'' CFU/mL when added just 

prior to heating. It is @te feasible to add the detergent before incubation to 

reduce the number of reaction steps. Similar results were found when cholic acid 

was added to the egg before incubation (Figure 4b). 

Immunoblots obtained fiom the LPS of enrertftidis grown in lactose broth 

were consistently leu intense than those obtained for the organism grown in 

trypticase soy broth. However, by SPC the inoculated and post e~chment counts 

of S. enteritidis were found to be equivalent when grown in both media. For this 



Figure 4: The effect of cholic acid (CA) and agar (A) on the imrnunoblot. 
TSB - trypticase soy broth; LB - lactose broth. a - + SE + A; 
b-+SE+CA;c-+SE+CA+A;d-+SE;e-+CA+A; 
f - Positive control. 
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reason trypticase soy broth was chosen as the most promising synthetic media for 

cornparison with homogenized whole egg ni furthet studies. 

Conventional detection of Salmonella reqnites a 24 hour pre-enricbment 

incubation. Previous studies oshg homogenized whole egg as sa enrichment 

medimn fomd that 20 hours incubation at 37 O C  was neces- to b ~ g  dK 

population of S. enteriiidis up to 1o6/mL which is the minimum population needed 

for detection by the immunoblot (Yoshimasu, 1996). Since a decrease in 

incubation time is beneficial to the o v d  efficiency and convenience of the 

assay, we assessed the minimum time necessary to detect S. enteritidis when 

incubated in trypticase soy broth. Figure 5 shows that a 10' CFU inoculum of S 

enteriridis in 25 mL of trypticase soy broth can be detected by the immunoassay 

after 10 hours of incubation both with and without cholic acid and agar addition. 

In this regard, shidies have show that S. enteritid's commences exponential 

growth at about 6 hours after inocdation into trypticase soy broth and incubation 

at 37 OC (Chart end Rowe, 1993). 

In horizontal contamination of eggs, and in contaminated poultry and 

poultry products, S. enteriridis has been shown to be present in mixed populations 

of faecal and enteric bacteria. In order for S. enterifidis to be detected in a mixed 

flora it must reach a sufncient concentration. Large numbers of cornpetitive 

bacteria in the food sample may a e c t  the growth dynamics of Salmonella during 



Figure 5. The effect oftime of incubation of SE in trypticase soy broth 
on detection of this pathogen by the immunoblot. a - positive 
control; b - + cholic acid + agar; c - + cholic acid + aga + SE; 
d-+SE. 





pre-enrichment mch that very low numbers of &lmonelZu ceîis may be present (de 

Smedt and Bold-k 1987; Risa et al., 1985). 

When S. enteritidis was incubated in the presence of a mixed microflora 

consisting of Citrobacter fieMtdiiy Proteus vulgarfs, Sàlmonella heidelberg and 

Escherichia coli, we formd that S. enteritidfs was detected at ratios of 1: 1ooY 1: 10' 

and 1:1@ in the initial inocuium, in bth trypticase soy broth and egg homogenate 

supplemented with ferrous sulphate (Figure 6). In previous work using 

homogenized whole egg it was found that one S. enteritidis CFU could still be 

detected by immmoassay der incubation with up to 400 CFU of competing 

bacteria consïsting of various genera and species commonly found in poultry 

(Yoshimasu, 1996). Dolman and Board (1992) inoculated the inner membrane of 

the air ceii of sheil eggs with a mixed nota of bacteria to determine theû ability to 

compete at Mirent storage temperattues. These organisms which were isolated 

fkom either eggs or poultry faeces included Pseudomonus putidas Salmonella 

entetitidis, Escherichia coli, Enterococcus faecallis and St~~hylococcus xjdosus. 

Dolman and Board (1992) found that ail five organisms inoculated into the inner 

membrane of the eggs and stored at 4 OC were subsequently isolated. Storage at 37 

OC led to recovery of only Sîqhylococcus xylosus, Sulmonellu enten'tidis and 

Enierococnrs faecalis. S. enteritids attained populations of IO'/~L d e r  15 days 

storage at 37 "C (Dolman and Board, 1992). The authors (1992) also noticed that 



Figure 6. Detection of S. enten'tidis by the immmoblot assay in the presence 
of other bacterial cornpetitors. enterïtidis was own in the 
presence of C. fieundii, P* wlgmis, S. heidelberg and E* coli in the 
following ratios: a & e - l:loO; b & f - l:loL; c & g 1:102; 
d & h - 0: 102. a d  - trypticase soy broth; e-h - egg i - positive control. 
AU rows represent triplkate results. 





enteritidis outcompeted E. coli when the eggs were incubated at 37 OC, 

but fded to compte with Pseudomonas spp. in eggs incubated below 30 O C .  

Risu and cowodrers (1985) inocdated S. ryphirnwàum into a hydroponic nutrient 

solution with a natural biological load of ld CFU/mL. They found that 

Salmonella counts never exceeded lo4 CFU/~L, and always began to decrease 

after 24 hours (Riser et al., 1985)). 

The commercial feasibilty of the immunoassay to detect enten'tidis in 

the presence of other bacteria was assessed by examinllig wash water samples 

from a local poultry plant. SampIes were taken at various stages in the production 

line and were assessed for the presence of S. enteritidis. A sample of water that 

had been used to was the crates in which chicken &ed at the plant was found to 

have an initial load of 106 CFU/mL of organisms. This sample did not give 

conclusive results when hoculated with ld S enteritidis/25 mL and incubated for 

16 or 24 hours in trypticase soy broth or the egg medium. It is probable that the 

cornpetitor ratio was too high and as such outcompeted S. enteritidis. 

Consequently, S. enteritidis was not detected eitha by immunoblot or by 

conventional method. Crate wash water is contamhated primarily by faeces and 

associated organisns, and it has been found that direct contact with sewage 

organisms is more detrimental to Salmonella than contact with ciiffusible by- 

products of the sewage orgaaisms (Riser et al., 1985). The ability of S. 



&phimuriuni to compete effectively in mixed fiora bas been assessed In this study 

chemicdy defined medium, SCDM, was inocdated with S. t ~ p h i m ~ u m ,  

Enfembacter aerogenes and Escherchia coli at ratios of S. &phimwium to 

cornpetiton of 1:1, 1:10', 1:1@, 1:104 and 1:106. It was found that aAer 16 houn 

incubation at 37 O C  the final counts for S. typhimn'tntl at the two W e s t  ratios of 

cornpetitors failed to reach more than 2 x 106 CN/mL (Lee et al., 1990). At this 

fhal cell comt S enteritid's would not have been detected by our assay as d i s  

nnal population is close ta the lower detection limits ofthe assay. 

The next experhent was performed iising scalder =-off water, containing 

a microflora of los CFU/mL. Mer inoculation with ld and 10' S. 

enten'tidis/25mL scalder nuisff water, a cornpetitor ratio of 1:ld and Mo3 was 

established. The use of ûypticase soy broth, enabled detection of S enterilidis as 

early as 16 hours of incubation (Figure 7). The ferrous supplemented egg medium 

(Figure 8) was less effective than trypticase soy broth and we were only able to 

detect (1:ld). With the other samples testecl, the supplemented egg medium gave 

better r e d t s  than trypticase soy broth, both after 16 and 24 hours. In carcass rinse 



Figure 7. Detection ofs enteriridis in the presence of bacterial competitors 
(various ratios) in scalder nuisff  water. Trypticase soy broth was 
used as enrichment medium. AU rows represent triplkate results. 





Figure 8. Detection of S en?en'ti& in the -ce of bacteriPl cornpetitors 
(various ratios) in scalde. nm-off water. Homogenïzed whole egg 
+ FeS04 (85 p @ d )  used as enrichment medium. AU rows 
m e n t  triplicate redts. 





water containing a microflora load of IO4 CFUhL, we were able to detect 

an initial inoculum of ld S. enteriridis/25mL, a ratio of 1: 10' (Figures 9,lO). In 

the defeathering water containhg a microflom of 106 CFUfmL, we were able to 

detect S. enteritidis which was initidy out-competed at a ratio of 1:1@ (Figure 

11). The initial inodum consisted of 10' CN S. enteriadis/25mL. Gast (1993a) 

noticed that the fiequency of recovery of S. enteritidis fiom inoculated egg pools 

was sigdicantly afEected by the size of the inocdum. The greater the initial 

inoculum the greater the chance of detection, even when the volume of medium 

was increased to keep the concentration constant (Gast, 1993a). Shoeni and 

coworkers (1995) found that lower inocdum levels of Sdmonello failed to reach 

as high counts as higher inocuium levels even a k r  extended incubation periods in 

egg samples (Shoeni et a', 1995). 

In complex mixtures of microorganisms cornpetition between species may 

have a considerable effect on the relative rates of population growth (Rhodes et 

a ,  1 9 8 )  In fiesh, raw materials such as poulûy and egg products, the major part 

of the fiora consists of Enterobacteriaceae and Pseudomonads which WU readily 

compete with Salmonella (Brinkman et al., 1995). P s e u d o m o ~ ? ~ ~  spp. are potent 

inhibitors of pathogenic bacteria associated with food and plants (Cheng et al., 

1995). In tbree of the samples taken fiom the podhy pla* the immunoblot was 

stronger for S. enteriridis incubated in supplemented egg medium than trypticase 

soy broth. Trypticase soy broth is a general purpose resuscitation medium. 



Figure 9. Detection of S. enteriridis in the presence of bacterial cornpetiton 
(various ratios) in arcass rinse water. Trypticase soy broth was 
used as enrichment medium AU rows represent tripikate results. 





Figure 10. Detection of S. enteriridis in the presence of bacterial cornpetiton 
(various ratios) in carcass rinse water. Homogenized whole egg 
+ FeS04 (85 &mL) was used as enrichment medium. AU rows 
represent triplkate results. 





Figure 1 1. Detection of S. enten'tidis in the presence of bacterial cornpetitors 
(various ratios) in defeatherer water after 24 hs incubation. 
a - trypticase soy broth used as enrichment medium; 
b - h&ogenized whole egg + FeS04 used as enrichment medium- 
Rows represent triplkate results. 





Increasing the amount of nutrients may favom the growth of competitive 

microorganiisms which ma., in tum, have an inhi'bitory effect on the growth and 

isolation of salmoneliae (van Schothorst and Renaud, 1983). Factors in the egg, 

such as 1ow levels of non-protein nitrogen in the albumen, select for Gram- 

negative bacteria because they tend to be less fktidious than Gram-positive 

organisms (Dolman and Board, 1992). Most of the organisms present in the 

podtxy wash samples would be expected to be Gnun-negative, ppredominantiy 

Enterobuctertaceae and Pseudomonuds, Studies have show that S. enteritidis is 

capable of out-competing E. coli in eggs incubated at 37°C (Dolman and Board, 

1992). Perhaps the egg medium is selective enough towards S. enten'tidis that it 

dows  it to grow to siightly higher numbers for better detection by the immunoblot 

than is seen in the non-selective trypticase soy broth. 

Figures 12 to 15 show immmoblots of S. enteritidis whe. grown in the 

presence of microflora fiom chicken chiller water. Chicken chiller wata 

contained an initial bacterial load of 1@ CFU/mL. The detection of enten'tidis in 

the presence of bacteriai competiton in the ratio of 1:102 was feasible using both 

trypticase soy broth (Fig 12) and egg emiched with femc salts (Fig 13). No 

signincant differences in detection wae found as early as 16 h incubation (Figures 

1513). Detection of S. enterftidis in the presence of competing bacteria was 

Mproved using media modifïed by the addition of femoxamine E (Figures 14,lS). 

Salmonella has an almost specific transport system for the siderophore 



Figure 12. Detection of S. enterïtidis in the presence of bacterial cornpetitors 
(various ratios) in chicken chilier water. Trypticase soy broth was 
used as enrichment medium. AU rows are triplicate redts. 





Figure 13. Detection of S. enteritidis in chicken chiller water. Homogenized 
whole egg + FeSOI (85 pg/mC) used as enrichment medium. AU rows 





Figure 14. Detection of S. enterizidis in chicken chilier water. Homogenized 
whole egg + femoxamine E (6Ong!mL) used as e~chrnent medium. 
AU rows represent trïplicate results. 





Figure 15. Detection of S. enteritidis in cbicken chiller wata. Trypticase soy 
broth + femoxsmine E (6OnglmL) w d  as enrichment medium. 





fertioxamitle E (Reissbrodt and Rabsch, 1993). Reissbrodt and coworkers 

(1996) fonnd thst fdox8mine E snpplementation of buffered peptone water 

allowed for the detection of SrcrZmonelZu initially outcompeted by ld-10' W ' m L  

in egg albumen afier only 6 homs of incubation with sbalang (Reissbrodt et al., 

1996). Whm homogenized whole egg and trypticase soy broth was supplernented 

with 60 n@mL fenioxamine E before addition of chicken chilier water containing 

id CFUfmL The subsequent immunoblots (Figure 14) showed detection of S. 

entertitidis at ail  initial inoculum levels, even when iaitiaily outcompeted by 1: ld 

using the egg medium. Less conclusive redts were obtained when trypticase soy 

broth was w d  Figure 15). Although detection of S enteritidis was improved at 

an initiai ratio of 1:101, it was not detected when outcompeted by higher numbers 

of competitors (Figure 15). The lack of success when trypticase soy broth was 

supplemented with fenioxamiae E may be because diis medium is not iron 

restrictive. Bacteria only synthesize specifk iron transport systems in conditions 

where iron concentrations are limited In trypticase soy broth S. enteritidis wouid 

not be expected to synthesize any of these systems. Thenfore, X enteritidis 

would not be able to transport the siderophore hto the ceil. Femoxarnine E 

supplemented Rappaport-Vassiliadis medium has been found to be less effective 

than other SuZrnonella enrichment media for this reason (Reissbrodt et al., 1996). 

In sampies taken ftom a poultry production plant we were able to detect S. 



enteritidis in the presence of large numbers of naturaL bacterial cornpetitors. Ushg 

the immlltloblot we were able to detect S enten'tidis even when outcompeted 1:ld 

in samples taken fiom the podtry plant using either TSB or whole egg 

supplemented with fenous dphate af€er incubation for 16 hours. The results 

obtained by the immunoblot were compdIe with those obtained ushg the 

conventional culture method. However, the immunoassay was completed in less 

than 24 ho*, making this method much fister and more convenient thaa the 

culture procedure. Incorporation of agar and cholic acid to the media before 

incubation simplüied the method and had no negative effects on the detection of S. 

enteritidis. When femoxamine E was incorporated into the homogenized whole 

egg medium instead of fenous sulphate, S. enten'tidis was detected when 

outcompeted by naturaliy present bacteria in the ratio of l:lo3. In order to 

improve the detection limit ofs enteriridis in the presence of high numbers of 

cornpetitive organisms, selective agents such as femoxamine E, specific for S. 

enteritidis should be finthet investigated. 



STORAGE STABILITY OF AN IgG MONOCLONAL ANTIBODY 

FREUE-DRIED IN THE PRESENCE OF CRYOPROTECTANTS. 



A. ABSTRACT 

The usefiilness of anti%odies for diagnostic aiad therapentic techniqyes is 

limited by their stability. Freeze-drying bas become the prefmd method for 

proteh stabilhtion, In addition, fkeezeaed pfoducts cin be shipped at ambient 

temperatmes and c m  be rapidly recoIISfitated when needed Ln the production and 

dism'bnton of a commercial assay kit, the advantages of a package that does not 

require refiigerated transport and that can be stored at room temperature are 

significant. Certain sugars are able to protect biologically active proteins such as 

antiiodies fiom dehydration induced stress. In this study we examined the stability 

of a p d e d  monoclonal antribody after fieeze-drying in the presence of various 

cryoprotective agents and storage at different temperatures. Trehalose, mannitol 

sucrose and maltose all had equivalent stabitin'ng effects on the fkeeze-dried 

antibody when they were stored at temperatures of - 20 OC, 4 O C  or 20 O C  for up to 

70 days. Storage at 50 OC led to antibody degradation dored in the presence of 

maltose, and to a lesser extent sucrose. This presumably was due to Maillard 

reaction occiming between the amino groups of the protein and reducing sugars. 



B. INTRODUCTION 

Anûi . i .es  fomi the wre of msny important analytical and preparative 

b i o c h ~ c d  procedmes due to th& bigh speciflcity and simple method of 

preparation. In ment years m y  diagnostic and therapeutic techniques 

employing anti'bodies have been developed The usefutness of these assay 

proteins, however, is limited by their low stability. Zn the development of any test 

kit utilizing antibodies, satisfactory stability over a prescnbed storage tirne is 

essentiai. Even under optimixed environmental conditions, antibodies in solution 

will gradually lose biological activity over tirne (Franks et al., 1990) and repeated 

freeze-thaw cycles are damaging to antibodies (Hazen et al., 1988). 

Monoclonal antibodies (MAbs), in the fom of vent tissue culture 

supematants, ascitic fluids, or p d e d  antibodies are usually stored in d 

aliquots at - 20 OC or - 80 OC, at 2-4 O C  with a preservative, or are fieeze-dried 

(Draber et al., 1995). Freeze-drying has become the preferred method for protein 

stabilhtion. Freeze-dried products weigh littte, can be shipped at ambient 

temperatures and cm be rapidly reconstituted by rehydration at the point of use 

(Franks et al., 199 1). In the production and distribution of a commercial assay kit, 

the advantages of a package that does not require refiigerated transport and that 

can be stored at room temperature are signincant. 



Several studies have show11 that certain sugars have the capability to protect 

biologically active proteins fiom stress due to debydration (Caqmter and Crowe, 

1988; Crupenter et al., 198%; Leslie et al, 1995). The ability of sugars to protect 

proteins during desiccation cm be attnanted to their ability to hydrogen bond to 

proteins and thereby substitute for structural water (Roser, 1991). In this study we 

examined the stability of a pMified monoclonal antiidy pfter fkeeze-g in the 

presence of various ayoprotective agents and storage at Mirent tempaatures. 

C. MATERIALS AND METHODS 

1. Chemicals 

RPMT Medium 1640 with L-glutamine was purchased fiom Gibco BRL- 

Life Technologies (Grand Island, NY). Trehalose was purcbased from BDH 

Chemicals Ltd, (Poole, Eng). Maltose end sucrose were purchased fiom 

Malinckrodt Speciaity Chernicals Co. (Paris, KY). Mannitol was purchased fiom 

BBL Becton Dickinson MicrobioIo~ systems (Cockeymille, MD). Goat a& 

mouse IgG (H + L) alkaline phosphatase conjugate was purchased fiom BioRad 

Laboratones (Hercules, CA). Protein A ,  binding buffer and elution b e e r  for 



9ffinity chromatography were pilfchased fkom BioRad Laboratories ( H d e s ,  

CA). 

AU otha chemicais vme of analytical nagent grade or better and purchased 

fiom Mallinckrodt Specialty Chernicals Co. (paris, KY) or Sigma Chernid Co. 

(St. Louis, MO). Distilled deionized water (Bamstead NANOpme, series 550, 

ULTRApure water systern D4754 115 VAC; Bamstead\Theaaodyne Corp., 

Dubuque, IA) was used in all  experiments. 

2. Monoclonal antibody 

Monoclonal antiiody 2Fl l  (ATCC HB-11891) was produced and 

characterized by Masi and Zawistowski (1995). Ammonium sulphate p d e d  

tissue culture supernatant was dialyzed against phosphate buffered saline (PBS; 

pH 7.2) before passing it through a Protein A affuity chromatography column. 

Purified Mab was then concentrated using a Centriplus concentrator (Amicon hc., 

Beverly MA) before fieeze-drying. 

3. Freeze-drying 

Aliquots (5 pL) of the affinty p d e d  antibody solution were diluted in 

500 ul of sodium phosphate b u f k  (5mM) containhg 0, 0.1, 0.25 or 1.0 M 



trehalose, maltose, marmitoi, or sucrose. Samples were rapidy fiozen and thai 

piaced in a VKTis fkeze-drier mode1 12525 (The V i i  Co. Gardiner, NY). AU 

samples wese bied under vacuum for 24 homs. 

4. Assesrment of residual antibody activity 

Freeze-dried samples were tested immediately for m t i i y  activity by 

Enzyme Linked Immunososrbent Assay (ELISA), or stored at 50,20,4, or -20 O C  

in a desiccator for 5 and 10 weeks before testing for antibody activity. Ail results 

are averages of triplkate dyses.  

D. RESULTS GND DISCUSSION 

It is important to assess the long-term stability of anti'bodies that are to be 

used in immunologically based assays. Freeze-drying is generally thought to be 

more dismptive to enzyme hction than fieeze-thawing or thefmally-induced 

pemirbations (Carpenter et al., 1987). However, if fieeze-drying cm be 

accomplished effectively, the redting desiccated product holds many advantages 

over products stored in aqueous fom. For this reason we examined the stability of 

a fkeeze-dried p d e d  monoclonal IgG. 



A great degree of protection is provided by sugars during fieeze-drying 

(Crowe et al., 1987) and many sugars have been recommended as excipients 

(Roser, 1991). For meny prodacts the choice is not cmcial as good redts c m  be 

obtained with a variety of substances (Roser, 1991). For this study we chose 

sucrose, rualtose, mannitol and trehalose as they have ail been f o d  successfnl by 

other wodras in the protection of labile proteins (Crowe et al., 1987; Draber et QI., 

1995; h t s u  et al., 1993). 

Cryoprotection by sugars can be enhanced with an increase in concentration 

(Draber et al., 1995). For this reason we conducted fieeze-drying experiments 

with concentrations ofeach sugar ranging fiom O to 1.0 M. Initial redts using 1.0 

M of each sugar showed no digerence between the protective effects of this 

concentration and 0.25 M concentrations sa the higher concentration was omitted 

fiom M e r  studies (results not show). 

Figures 16 and 17 show the profile titer of the antibody fieeze-dried with 

either maltose (Figure 16) or sucrose (Figure 17) and stored for 70 days. The 

antiiody st i l l  appeared stable d e r  70 days when stored at 20, 4 and -20 O C  

(Figures 16 and 2 a,b,c). Storage at 50 OC (Figures 16 and 17 d) with both sugars 

resulted in significantly decreased antibody titers. Reduction in titer appeared 

greater with maltose than sucrose; also the reduction in titer appeared to increase 

with increased concentration of the sugar. The decrease in stability was evident 

after 35 days of storage with 0.25 M maltose (Figure 18d). Many of the samples 



Figure 16: Titer of IgG fieezedried in the presence of maltose and stored for 
70 days. a stored at 20 OC; b stored at 4 OC; c stored at - 20 OC; 
d stored at 50 OC. O. 1 M maltose; V 0.25 M maltose; 
no maltose added. 



Conc, MAb (uUmL) 

Conc, MAb (uUmL) 

Conc, MAb (uUmL) 

Conc- MAb (ullhil) 



Figure 17: Titer of IgG fieeze-dried in the presence of sucrose and stored for 
70 days. a stored at 20 OC; b stored at 4 OC; c stored at - 20 OC; 
d stored at 50 OC. O. 1 M sucrose; 0.25 M Ncrose; 
= no sucrose added, 



Conc. MAb (uUmL) Conc. MAb (uUnL) 

Conc, MAb (uUmL) 



Figure 18: Titer of IgG fieeze-dried in the presence of maltose and stored for 
35 days. a stored at 20 O C ;  b stored at 4 OC; c stored at - 20 O C ;  
d stored at 50 OC. 0.1 M maltose; V 0.25 M maltose; 
no maltose added, 





with reduced titer were aiso discolonred brown. Prolonged storage of dried 

proteins in the presence of reducing sugars or sugar alcohols may lead to 

progressive chernical damage due to Maillard reactions (Roser, 1991). Therefore, 

reducing sugars should k avoided d e s s  the product wiil be stored so dry or at 

such a low tempera- that chernicd reactivity is impossible (Roser, 1991). The 

accelerated storage study, at 50 O C ,  indicated that while the reducing sugar, 

maltose, showed protective capabüities comparable to the other non-reducing 

sugars at arnbient and lower temperatmes, it may be less protective over longer 

periods of time end at the higher storage temperature of 50 O C  due to the initiation 

of Maillard browning reactions. W h  Draber and coworkers (1995) studied the 

protective effects of maltose on fieeze-dried IgM, they found that it offered no 

protection at 50 O C  @raber et d, 1995). Contrary results were obtained by Crowe 

and coworkers (1987). They examined the ability of various sugars to protect 

phosphofhctokinase p d e d  from rabbit skeletal muscle. The enzyme was 

completely and irreversibly inactivated during fieeze-drying (Crowe et al., 1987). 

Trehalose and maltose were found to be the most effective excipients for 

stabilizing this enzyme (Crowe et al., 1987). However, as only short tenn tests 

were anployed by these authors, it was concluded that protein browning did not 

contribute to alterations in phosphofnictokinase catalytic activity during this bnef 

period (Carpater et al., 1987). The only structural Werence between trehalose 



and maltose is that the two a-D-glucose uni& are joined by a 1,l-glycosidic bond 

in trehalose end a 1,4-glycosidic bond in maltose (Capenter et al., 1987) hence 

their simiiar stabilinmg effects during fieeze-dryiag. IgG fieezee-deied with 

sucrose and stored at 50 O C  ais0 showed reduced antii'body titer and some Maillard 

browning. The browning csn be acconnted for by the fact that whüe sucrose is a 

stable non-reducing disaccharide, in the presence of chemicdy reactive protein 

amino groups it can split into its constituent monosaccharides glucose and 

fructose. As these are both reducing monosacch~des, they are susceptible to 

Maillard Browning, especially at elevated temperatures. Draber and coworkers 

(1995) also found that sucrose provided substantially lower protection than 

trehalose when fkeeze-dried mAbs were stored at 50 OC for only 14 days, probably 

due to this browning reaction (Draber et d,  1995). 

Figure 19 shows the fieeze-dried antiody titer with 0.1, -25 M and no 

added mannitol (control). Figure 19a and 19b show that the anbiody stored in 

0.1 M and 0.25 M exhii.bited equivalent titm after 70 days of storage, even at 

storage conditions of 50 O C .  The control antibody, fieeedned without any 

protective agent showed variation in titer between storage temperature (Figure 

19c). The effectiveness of mannitol as a cryoprotectant at dl concentrations, 

including evatuated unda accelerated storage conditions has been shown in odier 

studies. Izutsu and coworkers (1993) fieezedried the enzyme, P-galactosidase, in 

the presence of mannitol. They found that mannitol was protective of the enzyme 



Figure 19: Titer of IgG fieeze-dried in the presence of mannitol and stored for 
70 days. a stored with 0.1 M mannitol b stored with 0.25 M 
mannitol, c control. V not stored; X stored at 20 O C ;  

stored at 4 OC; B stored at - 20 OC; stored at 50 OC. 



Cona MAb (uUmL) 

Conc, MAb (uUhiL) 



during fieeze-drying, and that its effects were dependent upon the concentration 

and the concentration of the boffkr saits. These workers fomd that mannitol was 

most effective as a cryoprotectant at 50 - 100 mM in 10 mM phosphate b s e r  

(Initsu et al., 1993). 

StPdies ushg trehaiose as an excipient hdicated the stability to be very 

similar to that with mannitol (Figure 20). Mer fieeze-drying in the presence of 

both concentrations of either trehalose or mannitol and storage at dl temperatures, 

we f o d  that the antibody titer was essentially unchanged after 70 days as 

compared with the controls. In our studies trehalose was fond to confer 

equivaient protection ofthe anhiody a f k  fieeze-drying and storage as mannitol or 

the control. m e r  studies have fond trehalose to be extremely effective in 

protecting labile biological proteins during desiccation (Blakeley et ai., 1990; 

Carpenter and Crowe, 1988b; Draber et al., 1995; Leslie et al., 1995; Roser, 

1991). These studies, however, involved highly sensitive proteins, in that they 

were readily inactivated by fkeezedykg without protection. The antibody used 

for out fieeze-drying experiments is of the IgGa class. This class of antibody 

contaias three disulnde bonds W g  the heavy chahs and is relatively stable. 

Mer fieeze-drying and storing at 50 O C  for 70 days, it stiU retained the same titer 

as the control tested immediately d e r  fieeze-drying. hiring the entire length of 

the stabilization study the control antibody was as stable as that stored in the 



Figure 20: Titer of IgG fieeze-dried in the presence of trehalose and stored for 
70 days. a stored with 0.1 M trehalose, b stofed with 0.25 M 
trehalose, c control. not stored; X stored at 20 OC; 

stored at 4 OC; B stored at - 20 OC; m stored at 50 O C .  



Conc. MAb (ulhrL) 

Conc. MA& (uL/inL) 



presence of cryoprotectants. It has been reported that IgG can be stored 

succesbiilly in the fiozen state or fieeze-dned with no great losses after long-tenn 

storage for up to 2 years (Montoya and Casteil, 1987). Longer texm studies are 

needed to determine if gyoprotectants are necessary for enhanced presemtion of 

this m i .  However, with high-activity diluted biologicds such as honnones, 

-es and vaccines, it is often necessary to add 'buking' agents to give added 

structural strength when fieeze-drying (Rey, 1990). 

When antiodies were fkeze-dried in the presence of 0.1 or 0.25 M 

cryoprotectant and stored for up to 70 days there was neglïgible merence 

between the redting titer of the antibody with and without cryoprotectant. In 

fact, antiibadies stored without any protective agent s6ill retained titer as sbong as 

that of the anbiody tested immediately der  fieeze-dryhg. This is consistent with 

other studies conducted on the stability of anbiodies of this class. For example 

Montoya aad Castell (1987) found that fieeze-dned peroxidase-labelled IgG 

SUffered very little loss of biological activity during storage at 4°C for (Montoya 

and Casteil, 1987). 

In the present study none of the sugars tested appeared to have any affect 

on the stability of the antibody during the fieezeilrying experimeat. Figures 19c 

and 20c show the increased variability between samples fteeze-dried without 

cryoprotectant. Due to the propensity ofreducing sugm to participate in Maillard 



browning, non-reducing sugats, such as uehalose and mannitol should be used to 

presem the protein over long periods of the.  

Freezedrybg is a suitable method for the preservation of IgG mAbs. The 

themostabiliity of these preparations faciltates their storage at ambient 

temperatm. The need for eqyipment to maintain Iow temperatures is eîirninated. 

The use of fieeze-dried anb%des codd simplifL the transport of bioreagents and 

the standardkation of immnnoassays. 



V. GENERAC DISCUSSION 

Culture methods for the detedon of Slalmonella enten'tidis are t h e  

consurning and labour intensive. The need for rapid methods, which wilI decrease 

the time of detection is important to both the food industry and pubiic heaith. To 

gain acceptance aad become widely used a rapid method should be cost effective, 

as sensitive as the standard procedure and simple. Numerous rapid methods have 

been developed for the detection of Sàlmonelh. These include irnmunoassays 

(Kerr et al., 1992; Holt et al., 1995; Lee et al., 1989; Lee et al., 1990), DNA 

hybridization assays (Bej et al., 1994; Cano et al., 1993; Jones et al., 1993; Tsen 

et al., 1994), flow cytometry (McCleUand and Pinder, 1994) and fluorescent 

antibody assays (Thomason, 1981). None of these methods are without 

disadvantages. Anti'bodies used in imrnunoassays are ofien apt to cross-reaction 

with antigens fiom non-target organisms (Kerr et al., 1992; Robison et al., 1983). 

DNA hybribtion cm result in amplification and deiection of non-sulmonellae if 

hybridization is perfonned under low stringency conditions (Baumler et al., 1997). 

The eqyipment necessary for hybnhtion assays end flow cytometry is expensive 

and traïned personnel are required. 



We have previously desded  an immunoassay for the detection of 

enten'tidb in foods and feeds Psing homogeaized whole egg as an enrïcbment 

medium, negaing a selective enrichment step, and detection via an immunoblot 

ushg a monoclonai antiibosy specific to S enteritidis (Yoshimam, 19%). This 

assay was able to detect S enteritidis in 25 ho- when ootcompeted 1 to 4 0  

(YoshimasP, 1996). In this study we compared the use of synthetic media with 

homogenized whole egg for enrichent of S. enteritidis prior to detection. We 

examined 0th- methods to simpliQ the assay, and eNamined the stability of the 

antibody once purined and freeze-dried for incorporation into a she&stable 

detection k i t  

Of the three non-selective media wbich we compared with homogenized 

whole egg for relative ability to propagate S. enteritidis to numbers that could be 

vïsualized by the immunoassay, peptone water was found to be infmor. The 

immunoblots developed fiom cultures grown in this media were faint. Lactose 

broth did not give as strong a visual impression on the nitrocellulose membrane as 

trypticase soy broth. Trypticase soy broth therefore was chosen for subsequent 

cornparisons with the homogenized whole egg medium- 

It has been found that addition of iron as fmous dphate to homogenized 

whole egg medium improved detection of S. enten'tidis (Yoshimasy 1996). 

Lactose broth, trypticase soy broth, and homogenized whole egg with added 



ferrous sulphate, and f e c  chloride were assessed in order to detennine if the 

valence state of the iron wodd have an effect on growth. Addition of iron had no 

ef5ect on the growth of S. enterttidis in e i k  synthetic media as deteanined by 

viable counts on SPC agar Both fomu of iron did improve the growth of the 

organism in homogenipd whole egg and wae e @ . e n t  in their enhancement. 

This was also detamined by SPC. As albumen is an iron restricted environment 

the added iron saved as a necessary micronotrient supplement This phenornenon 

has been observed by other tesearchers examinhg the growth of S. enteritidis in 

eggs (Gast and Holt, 199%; Cudjoe et ai., 1994a). 

Cholic acid was added to the media before performing the assay in order to 

release LPS fiom the bacteria Agar was added to the TSB in order to produce a 

solid plug for placement on the nitrocellulose membrane. When we added these 

two components to the media prior to incubation, a modification to simpliQ the 

assay, we found negligible effects of both components on the replication of S. 

enteritidis to numbers sufncient for vindimion by the assay as determined by 

viable coants on SPC agar. 

The possibility of shortenhg the enrichment time was also examitled It 

was found that even with incorporation of agar and cholic acid before incubation, 

fewer than 10 celis125 mL ûypticase soy broth could be detected by the 

immunoblot after 10 hours of incubation. 
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Growth of S. enteritidis to detectable numbers in mixed cuitures was 

compared between TSB and egg supplemented with fe~fous alphate. In tests with 

adicially introduced competitors both media wae comparable, both dowing 

detection of S. ententidis when outcompeted by 1:ld. The same ratio of S. 

enterifidis to competitors was nsualized in situations of natiirP1 contamuiation, 

when S. enterirdis was indated  into wash water samples taken fiom a pouitry 

processing plant On one occasion we added fdoxamine E to both media instead 

of ferrous dphate before incubation. We found b a t  this allowed detection of S. 

entetitidis when outcompeted by l:ld, the highest competing ratio tested, when 

incubated in homogenized whole egg. The femoxamhe E appeared to have no 

effect on the detection of this org8tlism in tsrpticase soy broth however, with the 

organism only being detected at a ratio of 1:ld after incubation in txypticase soy 

broth containkg femoxamine E. This is possibly due to the inability of S. 

entenrids to use diis siderophore in a non iron restrictive environment. 

An essential property of any commercial detection kit is the stability of al l  

components. In immmoassays, the least stable component is the monoclonal 

antibody wd Freeze-d@ng can be an ideai method for protein stabhtion. 

When properly conducted, fieeze-drying yields products that are lightweight, and 

can be shipped and stored at ambient temperatures. Rehydration is perforrned 

when the antibody is needed We examined the stability of the IgG antibody 



fieeze-dried in the presence of Vanous excipients and stored for up to 70 days. 

The monoclonal m t i i y  used in this experiment was of class QG2.. This class of 

antibody contains three inter-heavy chah disulflde bonds and is relatively stable. 

Mer fieeze+g and s t o ~ g  Mder accelaaad stomge conditions of 50 OC for 

70 days, it stiU retained its original activity. hiting the nitire length of the 

stabiluation study the antibdy stored aione was as stable as that stored in the 

presence of cryoprotectants. It has been reported that IgG can be stored 

successfidly in the fiozen state or fieeze-dried with no great losses after long-tenn 

storage (Montoya and Castell, 1987). 

Freeze-dried IgG in the presence of maltose and sucrose, when stored at 

higher temperatmes, exhîbited reduced antiiody titer and brown discolouration. 

This was probably due to Maillard browning reaction between the reducing mgar 

maltose, and the reducing constituents of sucrose; glucose and hctose which react 

with amino groups of the protein. When the antibody was stored in the presence 

of e i t .  of these two exipients at lower temperatores, and trehalose or mannitol at 

aU temperatures, it showed no reduction in titer afkr 70 days of storage. 



VI. CONCLUSION AND RECOMlMENDATIONS 

A dot-Mot immunoassay for the detection of S. enteritidis in foods and 

feeds was shortened and simplifieci. Synthetic media were compsred with iron 

supplemented homogenized whole egg in order to detennine the efficacy of wing 

commercial media for the immunoassay. Trypticase soy broth and femrus 

sulphate supplemented homogenized whole egg media were found to be equally 

effective for enrichment of this organism pxior to detection by irnmmoblotting. 

Cholic acid and agar were added to the media before incubation in order to reduce 

reaction steps in performance of the assay. In addition, using trypticase soy broth 

e~chment, S. enteriridis was detected by the immunoblot after only 10 h 

incubation at 37 O C .  

The immunoblot mccessfully detected S. enten'tidis in wash water samples 

taken fiom a poultry plant. When outcompeted by fîora at a ratio of 1:102 S. 

enteritidis was stiU detected by the immunoassay. 

PreiMinary results using homogenized whole egg supplemented with 

ferrioxamiae E gave veiy promising redts. In this case the pathogen was 

detected by the immunoblot when outcompeted l:lo3. More studies must be 



conducted ushg homogenized whole egg supplemented with this siderophore in 

order to CO- the selective advantage coriferred opon Salmonella in this 

medium. 

The antiidy was stable to storage at extreme temperatures a h  fieeze- 

drying both with and withoot the protective agents trehalost and mannitol. 

FUtfher, long tam storage studies ( over one year) should be conducted on the 

fieeze-dried antiiy to determine its stability over pater @ods of the. 

Using either trypticase soy broth or supplemented whole egg, S. enteritzdis 

can be detected in 21 houn by the Dot-Blot immttnoassay. The autihdy, once 

purified and fkeeze-dried is shelfstable for at least 70 days at 50 O C .  These redts 

are promishg for the production of a commercially available detection kit. 
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