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ABSTRACT 

Production of high affinity antisera is one of the most specific and rapid methods to detect and 
control viral infection. Serological methods used for assaying produced viruses antisera based on the 
specific in vitro reaction between the viral antigens and their specific antibodies. Polyclonal antibodies 
specific for S. typhimurium phage were obtained by different schemes of immunization and assayed by 
different serological tests. The S. typhimurium phage was propagated to obtain a large amount of 
antiserum with high titer. The resulting concentration of the purified S. typhimurium  phage was  10�� 
pfu /ml. Electron microscopy of S. typhimurium phage  revealed that phage  particle had an isometric 
head of about 68.96 nm in diameter and noncontractile tail of 236.79 nm in length indicating that it is  
belonging to Siphoviridae family. Specific polyclonal antisera for S. typhimurium phage were obtained 
after injection in rabbits with several routes including foot pad, intramuscular and subcutaneously. The 
protocols of rabbit immunization that used vary greatly and in general different immunization 
procedures used gave satisfactory results for preparation of good titter phage antiserum and the highest 
dilution of the produced polyclonal antibodies sensitive to S. typhimurium phage as an antigen was (1/4) 
as indicated by the slide agglutination, immunodiffusion  and  indirect ELISA tests .  
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Introduction 

Salmonella is a Gram-negative rod-shaped bacterium belongs to family Enterobacteriaceae. It is 
known as the "enteric" bacteria. S. typhimurium is a worldwide food borne pathogen causing 
salmonellosis (acute enteric infections in humans) (Shin et al., 2012).  

The presence of specific antibodies can applied in diagnosis and detection of foods S. 
typhimurium phages used in their preservation. Virus particles themselves and their proteins have 
several antigenic determinants (epitopes) which vary in their amino acid sequence and have the 
properties of stimulating the production of specific antibodies that can be used in various serological 
tests (Purcifull et al., 2001). Antisera for characterization and identification of bacteriophages were 
produced in the rabbits by different immunization methods as sub-cutaneous method (Friedman and 
Cowles, 1953), intramuscular method (Yuki and Ikeda, 1966), intravenous method (Vidaver and 
Schuster, 1969) and foot-pad method (Othman et al., 1996). 

Production of antisera specific to several phages of different both G+ve and G-ve bacteria was 
reported by many authors (Particia and Halsey; Othman et al., 1996; Othman et al., 2008; Galikowska 
et al., 2011). Various serological techniques have found wide application in the field of virology, some 
are useful for virus identification and determination of relation ships such as the double 
immunodiffusion test (Ochterlony, 1962), or useful for detection the presence of antibodies or antigens 
in a sample such as ELISA technique. 

The present work aims to produce specific polyclonal antibodies for S. typhimurium phage by 
different routes and schemes of immunization and using the produced specific antibodies to detect and 
identify the phage by some serological techniques.  
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 Materials and Methods 

 
Source of S. typhimurium phage: 
     S. typhimurium phage and it’s host (S. typhimurium  ATCC25566 ) were obtained from Virology 
Laboratory, Faculty of Agriculture, Ain Shams University, Cairo, Egypt (Faiesal et al., 2013). 
 
Propagation of S. typhimurium phage: 

High titer stock of the phage lysate was obtained using the liquid culture method according to 
Othman et al., (2015). 
    
Purification and concentration of the propagated S. typhimurium phage:  

Dextran sulfate-polyethylene glycol two phase liquid system was used according to Bachrach and 
Friedmann (1971) to purify and concentrate the phage. Brevly dextran sulfate, polyethylene glycol 6000 
and sodium chloride were mixed in a separating funnel to give a mixture containing ratio 6.5%, 0.2% 
and 1.7% (w:w) respectively. A heavily turbid bottom layer was slowly collected into a clean tube and 
centrifuged at 2000 rpm for 10 minutes. The remaining interface cake layer was suspended in 2.5 ml of 
a 1% (w/w) dextran sulfate solution then 0.15 ml of a 3 M KCl was added to each ml of suspension, the 
mixture was allowed to stand for 2 hr, at 4°C and centrifuged at 2000 rpm for10 minutes.  After 
centrifugation, the supernatant containing phages was obtained and dialyzed against saline solution 
(0.85% NaCl) at 4°C for 48 hr. Phage particles in the supernatant fluid were further concentrated by 
highly centrifugation at 15000 rpm for 90 min at 4˚C. The pellets were resuspended in a saline solution 
(about 1/4 volume of the supernatant before the final centrifugation step).  
 
Biological assaying of the purified S. typhimurium phage: 

S. typhimurium bacteria was grown in 250 ml Erlenmeyer flasks and incubated at 30 ˚C for 24 
hr. Bacterial suspension was prepared at a density of (10� cfu/ml) in liquid medium before using. S. 
typhimurium phage was assayed qualitatively by the spot test and quantitatively by the double-agar 
overlay method of Adams (1959).  
  
Electron microscopy examination of the purified S. typhimurium phage: 

According to Bradely (1976) a drop of the purified phage preparation was placed on 200 mesh 
copper grid with carbon- coated Formvar films. The grid was negatively stained with 2% (w/v) uranly 
acetate, the excess of stain was drawn and allowed to react for two to three min, then the grids were 
dried for 15 to 30 min and examined   under transmission electron microscope (model Jeol-1010) at the 
Regional Center for Mycology and Biotechnology, Al -Azhar University, Cairo, Egypt, to determine 
the size and shape of the phage particle. 
 
Spectrophotometric properties of the purified S. typhimurium phage:  

Purified preparation of S. typhimurium phage was diluted to (1/10) and measured for UV 
absorption at serial wavelength in the range of 220 - 320 nm in a spectrophotometer in the biochemical 
department, Faculty of Agriculture Ain Shams University, Cairo, Egypt.  
  
Production of polyclonal anti-bodies specific to the purified S. typhimurium phage by different 
immunization methods: 

Both of S. typhimurium phages (10�� pfu/ml) and   incomplete Freund's adjuvant (paraffin oil) 
were used. Prior to each immunization method normal serum was obtained as a control for each rabbit 
individually. 
 
Foot pad immunization method (M1): 

Adult white New Zealand female rabbit about 2.500Kg was used for antiserum production. The 
rabbit received nine foot pad injections 0.2 ml of purified phage mixed with incomplete Freund's 
adjuvant (IFA) (1:1) three time a week for three consecutive weeks, posted by intramuscular injection 
one week later and was  bled one week after the final  injection according to Othman et al. (1996) as 
recorded in Table (1).  
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Table 1: Immunization schedule used for preparation of specific antiserum of S. typhimurium phage by 
foot pad immunization method. 

No.   injection Time of injection (Days) Route of injection 

1�� 

2��  

3��  

4�� 

5�� 

6�� 

7�� 

8�� 

9�� 

Post (10��) 

Bleeding 

Zero 

2 

4 

7 

9 

11 

14 

16 

18 

25 

32 

Foot pad 

Foot pad 

Foot pad 

Foot pad 

Foot pad 

Foot pad 

Foot pad 

Foot pad 

Foot pad 

Intramuscular 

- 

Dose (Amount of phage - adjuvant emulsion injected) used was (0.4 mL). 

 
Intramuscular immunization method (M2): 

According to Patricia and Halsey (1980), adult New Zealand female rabbit about 2.6 Kg was 
immunized intramuscularly once a week for three weeks with 0.5 mL of purified phage suspension 
together with incomplete Freund's adjuvant (IFA) in rate of 1:1, then posted with intramuscular injection 
one week later. Bleeding was done one week after the final injection, the immunization schedule was 
recorded in Table (2). 
 

Table 2: Immunization schedule used for preparation of specific antiserum of S. typhimurium phage by 
intramuscular method.  

No. injection Time of injection (Days) Rout of injection 

1�� 

2��  

3��  

Post (4��) 

Bleeding 

Zero 

7 

14 

21 

35 

Intramuscular 

Intramuscular 

Intramuscular 

Intramuscular 

- 

Dose (Amount of phage - adjuvant emulsion injected) used was 1.0 mL. 

 
Subcutaneous immunization method (M3):  

New Zealand male rabbit about 2.3 Kg was immunized subcutaneously with purified S. 
typhimurium phage suspension 0.5ml and incomplete Freund's adjuvant (IFA) 0.5 mL was mixed 
together to make emulsion with rate of 1:1 twice a week for three consecutive weeks followed by 
injection in the leg muscle one week later. Sera were collected by bleeding the rabbit’s one-week after 
the last injection according to Hermans et al. (2001) as recorded in Table (3). 

 

Table 3: Immunization schedule used for preparation of specific antiserum of S. typhimurium 
phage by subcutaneous immunization method.  

No.  injection Time of injection (Days) Route of injection 

1�� 

2��  

3�� 

4�� 

5�� 

6�� 

Post (7��) 

Bleeding 

Zero 

3 

7 

10 

13 

17 

24 

31 

Subcutaneous 

Subcutaneous 

Subcutaneous 

Subcutaneous 

Subcutaneous 

Subcutaneous 

Intramuscular 

- 

Dose (Amount of phage - adjuvant emulsion injected) used was 1.0 mL.  
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 Assaying of the produced anti-bodies: 

    

Blood collection and serum processing: 

The rabbits were bled at the end of the experiments and blood samples were collected in sterilized 

tube and allowed to clot at 37C˚ for 1 hr, then the blood was set in the refrigerator overnight. The 

coagulated blood was separated from the serum by centrifugation at 2000 rpm for 20 min. The serum 

was kept with 0.025% sodium azide and stored at -20˚C as done by Onanong et al., (2004).  

 

Serological test:   

  

Slide agglutination test: 

A small drop of antiserum was applied on a clean glass slide then a small drop of partially 

purified phage (antigen) was added and mixed gently. Normal serum was mixed gently with a drop of 

antigen and incubated at 37˚C for 45 min. After incubation, the mixture was investigated for the 

presence or absence of the agglutination or precipitation in the slide. 

 

Immuno diffusion test (Double diffusion test): 

Immuno-diffusion test was carried out according to the method of Ouchterlony (1962) with some 

modifications.  The solution was cooked by boiling and allowed to cool down to 55-60 ˚C. About (5-6) 

ml of agarose solution was poured in plastic Petri dish plates (10/1.5 cm) and placed on a horizontal 

surface. To increase the observation of the precipitin line formed, the plates were finally stained using 

Coomassie brilliant blue according to Khassanov et al., (2013). 

 

Indirect ELISA: 

The indirect ELISA test was performed according to Converse and Martin (1990).  The 

absorbance of evaluated color in the wells was determined at A 405�� in colorimeter designed for 

ELISA (ELISA Reader). 

 

Determination of the antiserum titer by indirect ELISA test:  

Indirect ELISA test was applied to detect the titer of the specific antibodies and the optimum   

antibodies concentration for detection of the antigens that induce its production.  

 

Results and discussion:  

 

Propagation of the S. typhimurium phage:   

      A large amount with high titer of the phage lysates were obtained by the liquid propagation method 

according to Othman et al., (2015). The same method was used for Salmonella phage by McLaughlin 

and King (2007), Eisenstark et al., (2009) and Wong et al., (2014). The titer of phage was determined 

after propagation by plaque assay and it was 10� pfu /mL. 

 

Purification and concentration of the propagated S. typhimurium phage:  

     Purification was done with dextran sulfate -polyethylene glycol, two phase liquid system to obtain 

a purified and concentrated phage preparation. As shown in Figure (1, a and b) a heavily turbid bottom 

layer that slowly collected after purification, then centrifuged to obtain the interface “cake” as shown 

in Figure (1, c). About (152 ,75 and 136 ml) heavily turbid bottom layer, interface “cake” and  partially 

purified S. typhimurium  phage  respectively were obtained after repeating  the propagation  and 

purification many times . S. typhimurium phage was further purified by centrifugation at high speed 
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centrifugation (15000 rpm) for 90 min at 4˚C and the  pellets were resuspended in about  1/4 volume of 

the supernatant. The concentration of the purified phage after further purification was 10�� pfu/ml. This 

method for concentration and purification various viruses in aqueous dextran sulfate -polyethylene 

glycol, two phase liquid system, has been widely used to concentrate bacteriophage (Albertsson, 1960; 

Bachrach and Friedmann1971; and  Othman, 1997).  

   
Fig. 1: Purification and concentration of phage specific for S. typhimurium by dextran sulfate-
polyethylene glycol, two phase liquid system. (a) and (b)Turbid bottom layer precipitate in separating 
funnel containing the phage particles. (c) Interface “cake” containing the particles of S.  typhimurium 
phage. 

 
Biological assaying of the purified S. typhimurium phage:C 

 The spot test and plaque assay techniques were used to assay phage qualitatively and 
quantitatively. As shown in Figure (2). The spot test indicated that phage of S.   typhimurium is present, 
since lysis of bacterial lawn was detected at site where drops had been applied. Atypical plates 
containing single plaques is shown in Figure (3). The concentration of the purified S.   typhimurium  
phage was 10�� pfu /ml . Double over layer agar technique was widely used to assay the titers of 
bacteriophage Elmaghraby et al., (2015).  

 

 
Fig. 2: Spot test technique showing lysis of bacterial lawn caused by virulent bacteriophage  specific 

for  S. typhimurium . 

 

 
Fig. 3: Single plaques of  S. typhimurium  phage  of identical morphology. 

 

 

 

a b C 
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Electron microscopy examination of the purified S. typhimurium phage:  

 
Fig. 4: Electron  micrograph of  the purified S.  typhimurium  phage  negatively stained with  2% (w/v) 

Uranly acetate.  Magnifications 100000X . 

 

Electron microscopy examination of the purified. bacteriophage particles revealed that, the phage 
particle has an isometric head of about   68.96 nm in diameter and non contractile tail of 236.79 nm in 
leng   and 16.66 nm in width and base plates with six spikes about  22.2 nm in length as shown in Figure 
(4) .The phage was found to be belonging to family Siphoviridae as indicated by the presence of long 
tail and absence of contractile sheath. 

Similarly, many authors described different phages of Salmonella as a members of the 
Siphoviridae family, Carey-Smith et al., (2006) revealed that Salmonella phage FGCSSa2 was assigned 
to the family Siphoviridae, Eisenstark  et al.,  (2009) studied ten S. typhimurium typing phages and 
found two among them belong to Siphoviridae and finally Wong et al., (2014) mentioned that 
Salmonella enterica serovar typhimurium phage was identified as a member of the Siphoviridae family. 

 

Spectrophotometric   properties of the purified phage: 

       The ultraviolet absorption spectra of the purified S. typhimurium phage was  recorded in Table (4) 

and illustrated by Figure (5) it showed that the minimum absorption was 0.01829 at 245 nm and  the 

maximum absorption was 0.02041 at 265nm.The ratio of the absorbance at 260 nm divided by the 

absorbance at 280 nm (A260/A280) was 1.1998  and  A max/A min was 1.1159 indicating to slightly good 

purification process of phage particles 

 

Table 4: Spectrophotometric data of the purified S. typhimurium phage. 

A max at A min at A260 nm A280 nm 
����

⁄ ���� 

����

⁄ ���� 

����

⁄ ���� 

����

⁄ ���� 

265nm 245nm 0.02041 0.01701 1.1998 0.8334 1.1159 0.89612 
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Fig. 5: Atypical UV absorption curve of purified S. typhimurium phage preparation showing the 

absorption spectra at different wavelengths. 

 

Assaying of S. typhimurium phage polyclonal anti-bodies produced by different immunization 

methods:  

     Prior to each immunization method the rabbits were examined for its weight and sex types as 

shown in Figure (6). 

 

 
Fig. 6: The weight  of the rabbits were examined prior to each immunization method. 

   
     The normal serum was taken as a control for each rabbit individually. Rabbits ear was shaved and 

wiped with 70 % ethanol and rubbed vigorously to dilate the marginal ear vain after swabbing the ear 

area with xylene, pressure was applied at the base of the ear to block blood flow and enlarge the vain ;  

Small longitudinal cut was made by a sterilized razor blade along the external marginal vain as shown 

in Fig. (7).  

 

 
      Fig. 7: Preparation of rabbit marginal ear vain  to obtain normal serum as a control. 

 

The rabbits were bled at the end of the experiments and after blood collection and serum processing 
0.025% sodium azide was mixed with the obtained antisera and stored at -20˚C in sterilized tubes until 
using. 
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Serological tests:                         
      Polyclonal antisera were obtained and assayed qualitatively and quantitatively and examined for 
their specificity to S. typhimurium phage by employing three different serological tests (slide 
agglutination test, double immunodiffusion test and indirect ELISA technique). 
  
Slide agglutination test: 

 After a drop of antiserum, normal serum and antigen were applied to a clean glass slide and after 
incubation at 37˚C for 45 min the mixture was observed for the presence or absence of agglutination 
and data in Table (5) which illustrated by Figure (8) show the agglutination degree. The results showed 
heavy agglutination with the produced antisera and no agglutination was observed with normal serum 
indicated that antisera were specific. S. typhimurium agglutination results showed that immunization 
methods (M2) produced the highest titer of antiserum, followed by (M1) and finally that obtained by 
(M3). 

  

Table 5: Agglutination degree of the slide agglutination test for S. typhimurium  phage . 

Antisera specific for S. typhimurium phage obtained by three different immunization 
methods M1, M2 and M3. 

Agglutination 
degree 

S. typhimurium  phage + Normal serum  - 
S. typhimurium   phage + antiserum prepared by M1   ++  
S. typhimurium   phage + antiserum prepared by M2  + + ++ 
S. typhimurium   phage  + antiserum prepared by M3   + + +  

-     :No agglutination.         +++     :Moderate  agglutination. 

++++   :Heavy agglutination.         +++++ : Very heavy agglutination. 

   
M1 M2 M3 

Fig. 8: Reaction of S. typhimurium phage  as an antigen with its specific polyclonal antibodies produced 

by different immunization methods(M1,M2 and M3)expressed  by the slide agglutination test (1) The 

specific antisera produced and the antigen 

M1: Method of foot pad immunization performed For S. typhmurium phage according to  Othman et al. (1996)  

M2 :Method of intramuscular immunization For S. typhmurium phage according to Patricia and  Halsey (1980). 

 M3 : Method of subcutaneous immunization For S. typhmurium phage according to Hermans et al. (2001).  

 
Immunodiffusion test (Double diffusion test):  

Optimum immuno-diffusion system composition produced clear precipitin lines was (0.85% 
agarose, 0.02% sodium azide, 0.85% NaCl,100.0 ml Distilled water and PH 7.4. Depending on the trials 
that applied on condition of Ouchterlony test, it was found that optimum distance between peripheral 
wells and central well gave positive result was 5mm, optimum temperature of incubation was  30-37C˚ 
for 24 hr, and optimum amount of  antisera /antigens  applied to agarose wells was 25ul. 
       Immunodiffusion test was performed with the different antisera produced by different 
immunization methods against S. typhimurium phage and the clear precipitin lines were formed with 
undiluted antigen indicating the specificity of the different antisera produced to S. typhimurium phage 
(antigen) as shown in Figure (9). Similarly, Othman et al., (2008) used Ouchterlony double diffusion 
test to investigate the specification between phages as antigens and their produced antisera. 
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Fig. 10: Reaction of S. typhimurium phage as an antigen and its specific polyclonal antibodies produced 

by different immunization methods expressed by double immuno- diffusion test.  Peripheral wells 

contain antigen (Ag) and central wells  contain antisera (Abs) produced to S. typhimurium phage . 

Arrows indicates to the precipitin lines formed.  

M1: Method of foot pad immunization performed For S.typhmurium phage according to Othman et al., (1996)  

M2: Method of intramuscular immunization For S. typhmurium phage according to Patricia and  Halsey (1980). 

M3: Method of subcutaneous immunization For S. typhmurium phage according to Hermans et al., (2001).  

 
Indirect ELISA: 

Positive results indicating by developing of the yellow color and the data obtained by ELISA 
reader as presented in Table (6) after optimum conditions for the test were performed.  The obtained 
results indicating the specificity of the antisera produced for S. typhimurium phage by the different 
methods of immunization. For S. typhimurium phage the best immunization method produced antiserum 
more specific in detection and identification is that done by the method of Patricia and Halsey (1980) 
(M2) in which rabbit was immunized intramuscularly with 0.5 ml S.  typhimurium  phage once a week 
for 3 weeks together with Freund's adjuvant (1:1), then posted with intramuscular injection one week 
later and  bledding one week after the final injection, than that carried out by  Hermans et al., (2001) 
(M3) and finally method of  Othman et al., (1996) (M1). 
  
Table 6: Titer of the antisera produced by different immunization methods expressed by the optical density (OD 

values) obtained by ELISA reader after 30 min from the immunological reaction. 

Treatments 
 

OD values of indirect ELISA (after30 min.) 
Different Serum Sample Produced for S. typhimurium  phage  by Different  Immunization 

Methods/Antigen 
Foot pad immunization Method    

(M1) 
Intramuscular immunization 

Method (M2) 
 Subcutaneous  immunization 

Method (M3) 

Anti-serum Samples dilutions. 
1/0 1/1 1/2 1/4 1/0 1/1 1/2 1/4 1/0 1/1 1/2 1/4 

Undiluted 2.310 1.921 0.699 1.764 1.587 2.20 1.795 0.827 2.295 1.074 1.318 1.846 
Antigen 
(Negative 
Control) 

0.210 0.210 0.210 0.210 0.210 0.210 0.210 0.210 0.210 0.210 0.210 0.210 

Normal  
Serum 

0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 

Antigen 
+Normal 
Serum 

0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 

(M1): Foot pad immunization method. 

 (M2) :Intramuscular immunization method. 

 (M3) : Subcutaneous  immunization method.  

 

Determination of Antiserum Titer by Indirect ELISA Test: 
The results of the Indirect ELISA test were applied to determine the antibodies titer (the highest 

dilution of antisera give positive reaction with the specific (antigen) and the optimum concentration of 
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antibodies for detection of the antigen. From the results that described before in Table (6)  it was  found 
that the highest dilution  of antibodies  produced by different immunization methods and give positive 
results was that obtained from  the method of intramuscular immunization (Patricia and Halsey,1980). 

Slightly  different results obtained from the different methods of immunization that used 
indicating that titer of polyclonal antibodies produced not depend on the route of immunization only but 
also on the purity of the antigen used.  
 
Discussion 
 

The serological diagnoses and detection of viral diseases as a specific component of 
immunological reactions is being now successfully used with polyclonal antiserum of laboratory 
animals. Antiserum containing polyclonal  antibodies specific for S. typhimurium was obtained by  three 
different methods of immunization , the first method was performed by  Othman et al.(1996), the second 
method was carried  out Patricia and Halsey (1980) and the third method was applied by  Hermans 
(2001).Some authors  used similar  methods for production of specific antibodies, Yuki and Ikeda (1966) 
used intramuscularly injection for to produce antibodies specific  for E. Coli phage, Onanong et al., 
(2004) and Othman et al., (2008) prepared antisera specific to Streptomyces phage by injection 
subcutaneously injections followed by one  leg muscle injection and McLaughlin and King (2007) 
produced Salmonella phage-specific polyclonal antisera by a series of intramuscular and subcutaneous 
immunization injections.  
          The best antiserum titer resulted from the three immunization methods was that   of Patricia and 
Halsey (1980) in which rabbit was immunized intramuscularly with 0.5 ml S.  typhimurium phage once 
a week for 3 weeks together with Freund's adjuvant (1:1), then posted with intramuscular injection one 
week later and was bled one week after the final injection, than that of Hermans et al., (2001) (M3) and 
finally method of Othman et al., (1996) (M1). 
         The efficiency of the different immunization methods used and the best one can be detected easily 
by indirect ELISA rather than Ouchterlony and slide agglutination tests. The indirect ELISA method 
can estimate the level of titer of specific rabbit polyclonal antibodies accurately depending on the data 
obtained as result it consider as the best method for detection and identification of viral disease.    
          The obtained ELISA results indicated to the specificity of the antisera produced under this study, 
and possibility to use these antisera for S. typhimurium phage detection and identifications. 
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