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Abstract
There has been world wide emergence of a multi drug resistant S. Typhimurium phage type DT104. It is reported to be resistant to five antibiotics viz., ampicillin, chloramphenicol, streptomycin, sulphonamide and tetracycline (ACSSuT) and a major health concern for human and animals alike. A study was undertaken to illuminate the MIC levels of five antibiotics among Indian isolates of S. Typhimurium.  Examination of 100 strains of S. Typhimurium reveled that all the strains were sensitive to chloremphenicol and streptomycin and 95% of tested strains were sensitive to ampicilline. However, sulfisoxazole and tetracycline expressed resistance of 93% and 57%, respectively. The MIC values of all the antibiotics determined in this study were much below the break point except for one isolate, which showed- MICvalue of >240 μg/ml for sulfisoxazole. The study provides valable information on the MIC value of S. Typhimurium and it appears that this organism circulating in India have not yet acquired resistance against most of these antibiotics. Judicious use of these antibiotics in human and veterinary practice and regular monitoring is required to keep a check on the situation.
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Introduction

Salmonellosis is one of the important diseases affecting human and animal health worldwide. Many serovars of Salmonella have been identified to cause infection both in humans and animals (Agarwal et al., 1999, Tirado et al., 2001, Singh et al., 2013). Among different serovars, S. Typhimurium is most commonly associated with enteric infection in man and animals (Rahman, 2002). S. Typhimurium has a diverse host range, which include humans, cattle, pig, sheep, horse, rodent and birds (Kingsley and Baumler, 2000; Townsend et al., 2001). S. Typhimurium and other serovars can cause a more invasive infection in immunocompromised patients such as those with AIDS, certain cancers and under chemotherapy, which can be life threatening (Gulig and Doyle, 1993). It is also recognized as the most common serovar of Salmonella causing cardiovascular, bone and joint infections (Kalpana et al., 1998).

Of increasing concern is the emergence of multidrug resistant phenotypes among Salmonella serotypes, in particular S. Typhimurium (Mirza and Wamola, 1989, Singh et al., 2011). Antimicrobial resistance in zoonotic salmonellas has been attributed to the injudicious use of antimicrobials in food-producing animals with onward transmission to humans through the food chain (Threlfall, 2002).
Lately, there is worldwide emergence of S. Typhimurium phage type DT104, which is resistant to ampicillin, chloramphenicol, streptomycin, sulphonamide and tetracycline (ACSSuT) (Threlfall, 2000) with about 15% of isolates also exhibiting decreased susceptibility to ciprofloxacin (Threlfall, 2002). This strain of S. Typhimurium is recognized to be particularly virulent in animal and human hosts and has been isolated increasingly from humans and animals in the United Kingdom and several other European countries and more recently, in the United States and Canada. Humans may acquire the infection from foods of animal origin contaminated with the infective organism. 
There is no report/very little information available on the DT 104 phage type and MIC levels of antibiotics to which it is resistant. Therefore, the present study was undertaken to detrmine the MIC levels of five antibiotis to which S. Typhimurium D 104 are resistant.
Materials and methods

A total of 100 strains of Salmonella Typhimurium were taken from our repository. All the strains were tested for their purity, morphological and biochemical characteristics (Barrow, 1993, Edwards and Ewing, 1972) and serotypically by slide agglutination test using polyvalent antisera and tube agglutination test using somatic and flagellar group specific and factor antisera available at National Salmonella Centre (Veterinary), I.V.R.I., Izatnagar.

All the S. Typhimurium strains were intially examined for their antimicrobial drugs susceptibility/ resistance pattern in triplicate by disc diffusion method (CLSI, 2005) on Mueller Hinton agar (Himedia, Mumbai, India) using 5 different antimicrobial agents viz., streptomycin 300 µg,, ampicillin 10 µg, tetracycline 30 µg, sulfisoxazole 300 µg and chloramphenicol 30 µg,.

All the strains not showing resistance to any one or more of the antibiotic were subjected to testing for minimum inhibitory concentration (Table 1) by HiComb MIC test (Himedia, Mumbai). 
Briefly, young broth culture of each isolate was swabed on Mueller Hinton agar plates three times, 
turning the plate at 60o angle between each streaking to get the homogenous growth of culture. 
The inoculum was allowed to dry for 5-15 min HiComb MIC strip was applied to the agar surface with the MIC scale facing upwards. Plates were incubated at 37°C and examined after 24 h. The zone of inhibition was in the form of ellipse. MIC value was determined as the value at which the zones convene the comb like projections of the strips and not the handle. If the MIC value interpreted from part A of the strip was not same for part B, in that case MIC was interpreted as lower of the two. 

Results and discussion
One hundered strains of S. typhimurium were initially subjected to testing for 5 individual antibiotics. Results revealed that all the strains were sensitive to chloromphenicol and streptomycin and 95% of strains were sensitive to ampcillin. However, resistance was observed with sulfisoxazole by 93% strains and with tetracyclin by 43% strains.  The high degree of chloromphenicol and streptomycin susceptibility to S. enterica isolates has also been reported from many other parts of India (Mandal et al., 2004, Singh et al., 2010, Chaudhary et al., 2013).  This may be due to less use of these drugs in human and animal practice. However, sensitivity to ampiciln appears to be new phenomenon. Recently, Chaudhary et al. (2013) observed 90% Salmonella Typhi and Paratyphi strains to be sensitive to ampicillin.
One of the tests prescribed by CLSI for determining minimum inhibitory concentration is E test. However, its cost and limited availability in India may restrict its use. HiComb MIC test (Himedia) is considered to be an alternative to the E test (Harish et al., 2008). In this study, we used HiComb MIC test for determining the minimum inhibitory concentration of selected antibiotics (ampicillin, chloramphenicol, streptomycin, sulfisoxazole and tetracyclin) against which S. Typhimurium isolates were found to be sensitive.
The results are presented in Table 2. MICs of ampicillin sensitive strains ranged between 0.016 μg/ml to 1.024 μg/ml. MIC level of 0.256 μg/ml was recorded in 40 isolates, 0.512 μg/ml in 34 isolates, 0.128 μg/ml in 9 isolates, 0.064 μg/ml in 7 isolates, 1.024 μg/ml in 3 isolates, 0.032 and 0.016 μg/ml in 1 isolate each.

MICs of chloramphenicol sensitive strains ranged between 0.01 μg/ml to 2 μg/ml. MIC level of 0.1 μg/ml was recorded in 86 isolates, 0.01 μg/ml in 9, 0.5 μg/ml in 3, 1 and 2 μg/ml in 1 isolate each.

MICs of streptomycin sensitive strains ranged between 0.001 μg/ml to 3 μg/ml. MIC level of 1 μg/ml was recorded in 54 isolates, 0.01 μg/ml in 26, 0.001 μg/ml in 11, 0.1 μg/ml in 8 and 3 μg/ml in one isolate. MICs of sulfisoxazole sensitive strains ranged between 3.0 μg/ml to >240 μg/ml. MIC level of 3 μg/ml was recorded in 6 isolates, 5 μg/ml in 1, greater than 240 μg/ml in 1 isolate. MICs of tetracyclin sensitive strains was between 0.01μg/ml to 1.0 μg/ml. MIC level of 0.1 μg/ml was recorded in 24 isolates, 0.01 μg/ml in 18, 1 μg/ml in 1 isolate. The MIC results revealed that all the isolates were within the prescribed concentrations for sensitivity for the antibiotics tested viz., ampicillin (=8 μg/ml), chloramphenicol (=8 μg/ml), streptomycin (=8 μg/ml), sulfisoxazole (=256 μg/ml) and tetracyclin (=4 μg/ml). The observations were in agreement to the results of antibiotic sensitivity test.

The determined minimum inhibitory concentration of the tested antibiotics (ampicillin, chloramphenicol, streptomycin, sulfisoxazole, tetracyclin) in our study, were much below to the findings of De Jong et al. (2009) who  bserved MIC value of >128 μg/ml for ampicillin, chloramphenicol, streptomycin, tetracyclin and 1024 μg/ml for sulfisoxazole. Highest MIC observed in our study for ampicillin, chloramphenicol, streptomycin, sulfisoxazole and tetracyclin were 1.024 μg/ml, 2 μg/ml, 3 μg/ml, >240 μg/ml and 1.0 μg/ml, respectively. The MIC results revealed that all the isolates were within the prescribed concentrations for sensitivity for the antibiotics tested viz., ampicillin (=8 μg/ml), chloramphenicol (=8 μg/ml), streptomycin (=8 μg/ml), sulfisoxazole (=256 μg/ml) and tetracyclin (=4 μg/ml). The observations were in agreement to the results of antibiotic sensitivity test. The MIC values of all the antibiotics determined in this study were much below the break point except for one isolate which showed- MICvalue of >240 μg/ml for sulfisoxazole. 
Overall, it appears that S. Typhimurium isolates circulating in India have not yet acquired resistance against these antibiotics, which may be due to less use of these antibiotics in human and veterinary practice.
Acknowledgements

The authors are thankful to the Director, Indian Veterinary Research Institute, Izatnagar (U.P) for providing all the necessary facilities to carry out the above research work.
References

1.   Agarwal RK, Kapoor KN, Verma JC and Bachhil VN, Singh BR, Kumar A, Sachan N, Singh DK and Malik SVS (1999). First report and some properties of Salmonella Stockholm in India. Indian J Comp Microbiol Immunol Infect Dis 20: 50-52. 

2.  Barrow PA (1993). Salmonella control-past, present, and future.  Avian Pathol 22: 651-669. 

3.  Clinical and Laboratory Standards Institute (2005). Performance standards for antimicrobial susceptibility testing approved standard. M100-S15. Clinical and Laboratory Standards Institute, Wayne, PA.  
4.  Choudhary A, Ram Gopalakrishnan, Senthur Nambi P, Ramasubramanian V, Abdul Ghafur K, and Thirunarayan MA (2013). Antimicrobial susceptibility of Salmonella enterica serovars in a tertiary care hospital in southern India. Indian J Med Res 137: 800-802
5.   De jong A, Bywater A, Butty P, Deroover E, Godinho K, Klein V, Marion H, Simjee S, Smets K, Thomas V, valle M and Wheadon A (2009). A pan 
European survey of antimicrobial susceptibility towards antimicrobial drugs among 
zoonotic and commensal enteric bacteria isolated from healthy food producing 
animals. J Antimicrob Chem 63: 733-744. 

6.   Edward PR and Ewing WH (1972). In: Identification of Enterobacteriaceae, Third edition. Burgess Publishing Company, Georgia, pp. 362. 

7.   Harish BN, Menezes GA, Sarangapani Kand Parija, SC (2008). A case report and 
review of literature: ciprofloxacin resistant S. enterica serovar Typhi in India. J 
Infect Developing Countr 2: 324-327. 

8.   Gulig PA and Doyle TJ (1993). The Salmonella Typhimurium virulence plasmid increases the growth rate of salmonellae in mice. Infect. Immun 61: 504-511. 

9. Kalpana DS, Marica BG and Robert HR (1998). Salmonella infections. In: Infectious 
Diseases. Gorbach, S.L., Bartlett, j.G. and Blacklow, N.R. (eds), Pennsylvania, 
pp. 699-712. 

10. Kingsley RA and Baumler AJ (2000). Host adaptation and the emergence of infectious 
disease: The Salmonella paradigm. Mol. Microbiol 36: 1006-1014. 

11.   Kumar K, Agarwal RK, Saklani AC, Singh S, Prejit N, Singh M and Bhilegaonker KN (2008). Antibiotic Resistance Pattern of Salmonella Virchow obtained from animal sources in India. J Vet Pub Hlth 6:73-80. 

12. Mandal S, Mandal MD and Pal NK (2004): Reduced minimum inhibitory concentration of chloramphenicol for Salmonella enterica serovar Typhi. Indian J Med Sci 58: 
16-23. 

13.  Mirza NB and Wamola, IA (1989). S. Typhimurium outbreak at Kenyatta National Hospital. East African Med J 66: 453-457. 

14. Rahman H (2002). Some aspects of molecular epidemiology and characterization of 
Salmonella Typhimurium isolated from man and animals. Indian J Med Res 115: 108-112. 

15. Singh BR, Agarwal M, Chandra M, Verma M, Sharma G, Verma JC and Singh VP (2010). Plasmid profile and drug resistance pattern of zoonotic Salmonella isolates from Indian buffaloes J Infect Dev Ctries  4: 477-483.
16. Singh S, Agarwal RK, Tiwari SC and Singh H (2011). Antibiotic resistance pattern among the Salmonella isolated from human, animal and meat in India. Trop. Anim. Health Prod. DOI 10.1007/s11250-011-9953-7.
17. Singh S, Singh H, Tiwari SC, Prejit N, and Agarwal RK (2013). Characterization of virulence factors among diverse Salmonella serotypes and sources. Adv Anim Vet Sci 1: 69–74.
18.   Threlfall EJ (2000). Multiresistant Salmonella Typhimurium DT104: A truly international multiresistant clone. J Antimicrob Chemother 46: 7-10. 

19. Threlfall EJ (2002). Antimicrobial drug resistance in Salmonella: problems and perspectives in food- and water-borne infections. FEMS Microbiol Rev 26: 141-148. 

20. Tirado MC and Schmidt K (2001). WHO surveillance programme for control of foodborne disease: Results and trends across Greater Europe J Infect 43: 80-84.

21. Townsend SM, Kramer NE, Edwards R, Baker S, Hamlin N, Simmonds M, Stevens K, Malony S and Parkhill J (2001). Salmonella enterica serovar Typhi possesses a unique repertoire of fimbrial gene sequences. Infect. Immun 69: 2894-2901. 

