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Abstract 
 

Due to increased rate of Salmonella infections in humans and animals, a rapid indirect competitive 

enzyme-linked immunosorbent assay (IC-ELISA), was developed in this study for routine analytical 

detection of Salmonella typhimurium. Formalin killed whole cell lysate of S. typhimurium was 

subcutaneously injected as an antigen into rabbit to produce antibody. The optimum production of rabbit 

anti-S. typhimurium immunoglobulin G (IgG) was reached to the highest level on 8 week. A two step 

caprylic acid and ammonium sulfate precipitation method was used to purify rabbit anti-S. typhimurium 

IgG from the immunized rabbit sera. The purified IgG was used for the detection of S. typhimurium 

through IC-ELISA. The developed technique was able to detect 106 cells/ml of S. typhimurium. Also, the 

specificity of the proposed immunoassay was investigated with different foodborne pathogens including 

Escherichia coli O157:H7, Cronobacter muytjensii, Enterobacter aerogenes and Salmonella enteritidis 

which produced no significant reaction signal as compared with S. typhimurium. These findings indicate 

that IC-ELISA could be used as an alternative method for detection of S. typhimurium. 

 
Keywords: anti-Salmonella immunoglobulin G, indirect competitive ELISA, Salmonella 
typhimurium 
 
Introduction 

 
Salmonella has been recognized as an important foodborne pathogen worldwide. It 

can be isolated from raw meats poultry, poultry products, milk and milk products. Salmonella 
outbreaks have been associated with poor cooking, reheating of foods and improper handling 
of foods [1]. Salmonella transmission has been suggested to be cyclic between human and 
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poultry hosts and the environment, of which feed could be a major link. As Salmonella may 
survive for as long as 16 months in poultry feed stored at 25oC [2], feedstuffs represent a 
reservoir for the continued infection of poultry flocks. Salmonella species are distributed 
widely in nature and also detected in the digestive tract of humans and other animals. In 
Korea, 48 kinds of Salmonella species have been detected so far. Among them Salmonella 
typhimurium and S. enteritidis have been reported to be the most common foodborne 
pathogens [3]. In chicken, Salmonella multiplies mainly in the intestines, therefore, it infects 
not only slaughtered chicken meat but also the shell and yolk of chicken eggs. In addition, the 
frequency of Salmonella is higher in eggs contaminated by chicken manure [4]. It was 
reported that around 15% of salmonellosis cases come from pork, and 70% of pork 
contamination originates from Salmonella-infected pigs [5]. From 1998 to 2007, S. 
typhimurim and S. enteritidis were found to be the most frequently reported Salmonella 
serovars related to foodborne diseases with diarrhea patients in Korea [6]. Also the prevalence 
of Salmonella species in food, especially in poultry products, has been reported up to 2.2%, 
suggesting that infected raw eggs or chickens could be major sources of salmonellosis in 
Korea [7]. According to Korea Food and Drug Administration (KFDA), more than 20 cases 
per year of salmonellosis have been estimated to occur since 2005 [8]. Therefore, an urgent 
and routine analysis of animal food and feed for the detection of Salmonella species is 
required to minimize the rate of food poisoning cases in Korea. 

The existing conventional detection methods of Salmonella such as bacteriological 
culture and serological methods take 5-7 d to isolate and identify the bacterial pathogens. 
These limitations emphasize the necessity for the elaboration of rapid, reliable and sensitive 
methods for the early detection of Salmonella species. The enzyme-linked immunosorbent 
assay (ELISA), a type of immunoenzymatic assay that uses solid phases to anchor the 
antibody-antigen complex, has been widely used in the routine analysis of bacterial pathogens 
due to its being inexpensive and other advantageous features such as rapidity, good sensitivity 
and less labor-intensiveness. As the demand of pathogen detection ELISA kits imported by 
Korea are increasing every year, development of specific polyclonal antibodies against 
bacterial pathogens in order to generate rapid and reliable detection kits will certainly be 
economical and cost effective. 

Therefore, the principal objective of this study is to prepare a specific polyclonal 
antibody against S. typhimurium and to develop an optimized indirect competitive ELISA 
(IC-ELISA) method for the detection of S. typhimurium. 
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Materials and Methods 
 
Reagents and chemicals 
Tween 20, complete and incomplete Freund's adjuvants, 3,3,5,5-tetramethylbenzidine 

(TMB) and standard rabbit IgG were obtained from Sigma Chemicals Co. (St. Louis, MO, 
USA). Protein markers were purchased from Lonza (ProSieve Color Protein Markers, Lonza, 
Rockland, ME, USA). Horseradish peroxidase (HRP) conjugated goat anti-rabbit IgG was 
purchased from R & D System (Minneapolis, MN, USA). 

Reference strains and selective media 
S. typhimurim ATCC 13311, S. enteritidis ATCC 4931, Escherichia coli O157:H7 

ATCC 43895, Enterobacter aerogenes ATCC 15038 and Cronobacter muytjensii ATCC 
51329 strains were supplied by American Type Culture Collection (Manassas, VA, USA). 
Different microbiological media such as nutrient broth (NB), skim milk and peptone were 
purchased from Difco Laboratories (Detroit, MI, USA). 

Experimental animals 
Animal use protocol was in accordance with international standard on the care and 

use of experimental animals [9]. New Zealand white rabbits (female) aged near about 2 
months and weighing between 1.5 to 2.0 kg, were used for the experimental purpose. Animals 
were fed with standard pellet diet and housed under the following standard conditions: 
temperature (25oC), humidity (55%) and light/dark cycles (12 h/12 h). 

Preparation of antigen 
The preparation of immunogen for the production of a polyclonal antibody against S. 

Typhimurium was performed as described by Siragusa and Johnson [10] with some 
modifications. For immunogen, S. typhimurium was cultured in NB at 37oC for 18 h with 
shaking and cells (1 × 109 CFU/ml) were treated (killed) with 0.5% formalin for 24 h followed 
by centrifugation (3,000 x g, 4 oC) for 30 min. The precipitate was washed 3 times with 0.01 
M phosphate buffered saline (PBS) and finally suspended in 0.01 M PBS. The antigen 
(formalin killed cells: FKCs) was kept at -20oC and used in further experiment. 

Immunization 
New Zealand white female rabbits were immunized with prepared antigen by the 

previously described method with some modifications [11]. For immunization, 1 ml of 
emulsion (0.5 mL FKCs mixed with 0.5 ml Freund’s complete adjuvant) was injected into the 
back of the rabbits. Two boosting injections with 1 mL of emulsion (0.5 ml FKCs mixed with 
0.5 ml Freund’s incomplete adjuvant) were given at three weeks intervals following the first 
injection. During the immune response period, blood samples were collected and centrifuged 
(10,000 x g, 30 min, 4oC) to separate the serum. The serum was stored at 4oC until further 
experiment. 
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Purification of serum and preparation of IgG 
Frozen Crude serum was purified according to the method described by McKinney 

and Parkinson [12], which is a highly efficient technique for the purification of IgG (antibody). 
The method consists of two-step purification by caprylic acid and ammonium sulfate 
precipitation. pH of serum was adjusted 4.2-4.9 by adding 60 mM sodium acetate buffer (pH 
4.0) then caprylic acid was added, followed by continuous stirring for 30 min at room 
temperature. Serum was centrifuged (10,000 x g, 4 ℃) for 30 min and the supernatant liquid 
was filtered through glass wool, and then the volume was measured and the same amount of 
cold saturated ammonium sulfate was added, followed by continuous stirring for 30 min and 
then precipitate was washed with 50% ammonium sulfate and centrifuged (10,000 x g, 4 ℃) 
for 30 min. Finally the precipitate was dissolved in Tris buffered saline (TBS), and dialyzed 
with TBS overnight. Further, the purity of IgG preparation was checked using SDS-PAGE 
(Atto, Tokyo, Japan) as described previously [13]. 

Assay format 
The IC-ELISA method was adopted for this assay with slight modifications [14]. 

Briefly, formalin treated whole S. typhimurium cells were coated onto a 96-well microtitier 
plate overnight at 4oC, after which the plate was washed three times with 0.01 M PBS (pH 
7.0) and then blocked with 200 μl of 5% (w/v) skim milk for 2 h at 37oC. The plate was then 
washed with 0.01 M PBS containing 0.05% (v/v) Tween 20 (PBST). An appropriately diluted 
primary antibody (rabbit anti-S. typhimurium IgG) solution (50 µl) was mixed with cultured S. 
typhimurium (50 µl), and from this mixture, 100 µl solution was added in each well and the 
plate was incubated at 37oC for 1 h. The plate was again washed with PBST and then an 
appropriately diluted solution (100 µl) of goat anti-rabbit IgG-HRP antibody was added to 
each well and incubated at 37oC for 1 h. After that, the plate was rewashed with PBST, and a 
50 µl of TMB was added to each well followed by incubation at 37oC for 30 min. In order to 
stop the reaction, 50 μl of 1 N hydrochloric acid (HCl) was added to each well, and then 
absorbance was measured at 450 nm using an ELISA plate reader (Tecan, Infinite M200, 
Mannedorf, Switzerland). Each experiment was performed in triplicates. 

Optimization and construction of standard curve 
In order to construct standard curve for the IC-ELISA, various parameters such as 

concentrations of coating antigen, primary and secondary antibodies and 5% (w/v) skim milk 
as a blocking buffer, incubation time and temperatures were optimized. Finally on the basis of 
optimal conditions for IC-ELISA, the standard curve for S. typhimurium using anti-
Salmonella IgG was constructed. 

Specificity test 
The strains used for the specificity test were C. muytjensii ATCC 51329, E. aerogenes 

ATCC 15038, E. coli O157:H7 ATCC 43895, S. enteritidis ATCC 4931 and S. typhimurium 
ATCC 13311. Using optimized conditions, the specificity of IC-ELISA was tested. 
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Statistical analysis 
The detection limit was calculated as the average value of the absorbance at zero 

concentration with three standard deviations. 
 
Results 

 
Measurement of antibody titer 
Figure 1 shows the immune response of rabbits against S. typhimurium whole-cell 

lysate. While rabbits were immunized with S. typhimurium whole-cell lysate, the rabbit anti-S. 
typhimurium IgG was harvested from rabbit serum and determined for antibody titer. 
Measurements of the antibody titer before and after first immunization for 17 weeks resulted 
in the highest titer value on 8 week which was continued until 17 week (Figure 1). 

 

 

 
Figure 1. Measurement of antibody titer during 17 weeks of immunization. Assays were 
conducted in triplicate. The data were represented as mean ± SD. 

 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
As shown in Figure 2, purification of IgG from crude antisera by caprylic acid and 

ammonium sulfate precipitation method was confirmed by SDS-PAGE analysis using purified 
commercial rabbit IgG as a control. Two strong bands around 25 and 51 kDa were produced 
by the rabbit anti-S. typhimurium IgG purified from the crude antisera (Lane 3) and 
commercial rabbit IgG (Lane 2), respectively (Figure 2). The crude antisera (Lane 4), 
however, produced many bands, which might be the indication of impurities. 
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Figure 2. SDS-PAGE patterns. Lane 1: molecular markers; Lane 2: control IgG from Sigma ; 
Lane 3: IgG purified from crude antisera; Lane 4: crude antisera. 

 
Optimization and standard curve 
The IC-ELISA was optimized for the detection of S. typhimurium using formalin 

killed S. typhimurium (107 cells/well) as a coating antigen, while rabbit anti-S. typhimurium 
IgG (1:10,000) and goat anti-rabbit IgG- HRP antibody (1:2,500) served as primary and 
secondary antibodies. Other optimized standard conditions of IC-ELISA were as follows; 
blocking: 5% (w/v) skim milk, washing solution: 0.01 M PBS with 0.005 % (v/v) Tween 20; 
enzyme-substrate reaction at room temperature: 30 min; stopping solution: 1 N HCl. Finally, 
the standard curve for the detection of S. typhimurium was constructed following the 
optimized conditions (Figure 3). In the present study, the lowest detection limit of IC-ELISA 
for the detection of S. typhimurium was found to be 106 CFU/ml. 
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Figure 3. Standard curve for S. typhimurium by IC-ELISA. Assays were conducted in 
triplicate. The data were represented as mean ± SD. 

 
Specificity test 
The specificity of the developed IC-ELISA was evaluated using a variety of 

foodborne pathogens including E. coli O157:H7, E. aerogenes, C. muytjensii and S. enteritidis. 
The results revealed that IC-ELISA was found sensitive only against S. typhimurium with 
detection sensitivity of 106 cells/ml and showed no cross-reactivity with other tested bacteria 
(Figure 4). 
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Figure 4. Cross-reactivity of rabbit anti-S. typhimurium IgG with other microbial strains. 
Assays were conducted in triplicate. The data were represented as mean ± SD. 
 
Discussion 

 
The first enzyme immunoassay was independently developed in early 1970s [14]. 

Since then, a variety of immunoassays have been described for medical and biological 
applications [15]. Specifically, the first enzyme immunoassay for the detection of Salmonella 
species was reported by Krysinski and Heimsch [16]. In addition, several other methods have 
been developed using either polyclonal or monoclonal antibodies to detect Salmonella 
serotypes [17, 18]. However, high prevalence of Salmonella species frequently reported from 
variety of food and feed samples has encountered the need for more reliable detection 
methods. Although some ELISA methods have shown desirable limit to detect the 
Salmonella species in varied food and feed samples [19, 20], there is still need to develop 
more specific and potent ELISA-based methods for the real and accurate detection of S. 
typhimurium. In order to overcome this problem, we attempted to develop an optimized and 
more efficient IC-ELISA-based method using anti-S. typhimurium IgG antibody for the 
detection of S. Typhimurium with better detection sensitivity. 

In the present study, various conditions were optimized for the detection of S. 
typhimurium through IC-ELISA using rabbit anti-S. typhumurium IgG as a primary antibody. 
The lowest detection limit of IC-ELISA for S. typimurium was found to be 106 CFU/mL. 
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Perera and Murray [21] also developed an indirect ELISA for the detection of serum IgG 
antibodies against region IV of phase 1 flagellin of S. enteric serovar, and it was found that 
indirect ELISA assay was able to detect antibodies belonging to IgG class with a sensitivity 
of 93.8%. These findings indicate that indirect ELISA methods might be suitable screening 
tools for serological monitoring of various foodborne pathogens. 

Indirect competitive enzyme immunoassay is based on the competition of free 
antigen from the sample and antigen immobilized at the surface of a solid phase with limited 
amount of antibody. In this study, it was found that a lesser number of primary antibodies 
were attached to the formalin killed cells, in the presence of higher number of Salmonella 
cells, coated in the wells. These results confirmed that a lesser number of primary antibody 
reacted with lesser number of secondary antibody as also evident by the presence of 
decreased fluorescent signals with increased cell concentration (Figure. 3). Cross-reactivity 
of immunoglobulins to antigen is species specific. As found in this study, interactions were 
observed only with S. typhimurium, not with any other bacterial species tested. These results 
were in strong agreement with previous findings of others [22]. The results of this study 
showed that the developed antibody (IgG) against S. typhimurium was found specific to S. 
typhimurium and confirmed its detection within 24 h as compared to conventional culture 
dependent methods which require 5 to 7 d procedure for pathogen detection. However, other 
serotypes strains of Salmonella will certainly be needed to assess in order to further confirm 
the serotype specificity of optimized IC-ELISA. 

The use of IC-ELISA in combination with clinical, bacteriological and molecular 
diagnostic methods would clearly constitute an improved diagnostic assay for the detection 
of S. typhimurium in varied food and animal feed samples. Further studies on the comparison 
of this developed method with other detection methods are planned in the laboratory to 
evaluate its efficacy in food and feed samples. 
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