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Abstract:The aims of this work were to investigate the 

antimicrobial pattern and plasmid profile of different 

antibiotic resistant Salmonella species isolated from 

diarrheal children in Thi-Qar province and to find a 

possible relationship between resistance patterns and 

plasmid profile. Salmonella isolates were tested against 

15 commonly used antimicrobial agents using the disc 

diffusion method to determine the resistance Patterns 

while plasmid DNA was extracted using alkaline lysis 

method and separated by agarose gel electrophoresis. all 

isolates were sensitive to the Amikacin and Gentamycin 

whereas all isolates were resistances to erythromycin; 

the most prevalent pattern included resistance to 

Nalidixic acid (50%) , Cefixim and Cefotaxim (37.5%), 

and to trimethoprim-sulphamethoxazole, Amoxicillin- 

clavulanic acid  and Ampicillin (33.3%).Furthermore, 

many isolates were resistant to Tetracycline and 

Chloramphenicol (29.1%), Ciprofloxacin and 

Nitrofurantion (25%) and Azithromycin (20.8%), while  

only 12% of isolates were resistances to Norfloxacin. 

Plasmid analysis of clinical isolates showed several large 

and small plasmids were extracted from (91.7%) of the   

isolates and some isolates carried one or more plasmids.  

Keywords: Salmonella enteric , antimicrobial resistance, 

plasmids profile.   

 

I. Introduction   

Salmonella is classified under Enterobacteriaceae 

the family; it is gram-negative, and known as "enteric" 

bacteria. Salmonella are found in the intestinal tract of 

animals and humans. Some serotypesof Salmonella, such as 

S. Typhi and S. Paratyphi are only found in humans (Quinn 

et al, 2004). Salmonella enterica is one of the most 

commonly detected, in terms of both numbers of human 

infections and severe disease; the widespread of S. enterica 

in humans and animals worldwide have always been a major 

public health concern (Yoke et al, 2008). Enteric pathogens 

are a major source of morbidity and mortality throughout 

the world. It has been estimated more than 3 million deaths 

associated with Gram-negative enteric pathogen worldwide 

due to diarrhea and enteric fever each year (Donnenberg, 

2000). The species Salmonella enterica comprises a group 

of gram negative bacteria that are important pathogens for 

humans and domestic animals (Makela and Hormaeche, 

1997; Eisenstein, 1999). Salmonella enterica cause 

infections called Salmonellosis, Globally, Salmonellosis 

causes significant morbidity and mortality, it occurs after 

ingestion of food or water sources that have been previously 

contaminated with the fecal or urinary excretions of animals 

that can be act as reservoirs of Salmonella 

(Akbermehr,2012). Salmonella enterica infection presented 

clinical manifestations in a number of ways depending on 

the host susceptibility (Crump et al, 2010). These are 

including gastroenteritis, enteric fever, bacteremia and 

chronic asymptomatic carriage (Andrews et al, 2010). 

Salmonella bacterium is one of the commonest causes of 

food poisoning worldwide. They are found in different types 

of food, such as egg, meat, milk and other dairy products, 

which serves as a source of Salmonella for humans 

(Winokur et al, 2000). The use of antibiotics in animals 

whether as growth promoters or for treatments of infections 

has contributed to resistance developing against these 

antibiotics (Angulo et al, 2004). Development of drug 

resistance in Salmonella spp. has become an alarming public 

health problem (Velge et al, 2005).  Salmonella enterica 

consists of more than 2668 different serotype. It can cause 

the disease in both humans and animals; which are the major 

causative pathogens of food borne disease outbreaks and 

also a public health concern all over the world (Akbarmehr, 

2011).The two most common serotypes in the U.S. are 

S.Typhimurium and S. Enteritidis. S. Typhi, the serotype 

that causes typhoid fever, is uncommon in the U.S. 

(Behraveshet al, 2008). But, globally, typhoid fever 

continues to be a significant problem, with an estimated 12-

33 million cases occurring annually. (Miller and Pegues, 

2005). The widespread in using of antibiotics in food 

animals was implicated in the increasing prevalence of 

antibiotic resistant NTS (Angulo et al, 2000). Moreover, 

outbreaks in developing countries have a high death rate, 

especially when caused by strains of bacteria that are 

resistant to antibiotic treatment. 
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Trimethoprim/sulfamethoxazole, ampicillin, or amoxicillin, 

are the best choices when treatment is needed (Miller and 

Pegues, 2005). Ceftriaxone, cefotaxime, or flouroquinolones 

are effective options for antimicrobial-resistant strains, 

although fluoroquinolones are not approved for persons less 

than 18 years of age. The specific antibiotic chosen depends 

on the susceptibility of the bacteria and the response to 

treatment.  The selection of effective antibiotics is critical 

for the treatment of invasive Salmonella infections, but has 

become more difficult as antibiotic resistance has increased.  

The present study aims to investigate the antibiotic 

resistance patterns and plasmid profile of antibiotic resistant 

Salmonella isolates isolated from isolated from diarrheal 

children in Thi-Qar province/Iraq. 

 

II. Material and Methods  

Bacterial Isolation and Identification 

A total of 300 stool samples were collected from 

children (1day-13years) suffering from diarrhea during the 

period from June 2015 to December 2015. All specimens 

were screened for the presence of Salmonella enterica by 

culturing on buffered peptone water, tetrathionate broth, 

XLD, S.S.Agar, brilliant green agar and Nutrient agar. The 

specimens were identified by biochemical tests, confirmed 

by API 20E system. The suspected Salmonella genus was 

sent to the Central Public Health Laboratories (National 

Center of Salmonella in Baghdad) "for serotyping 

diagnosis" and molecular identification by using invA gene. 

Antimicrobial Susceptibility  

All isolates Salmonella isolates in this study were 

tested for resistance to 15 antimicrobials on Mueller-Hinton 

agar (Difco Laboratories, Detroit, MI) by a disk agar 

diffusion method (Khan et al, 2006). The following 

antimicrobials were used: Amikacin (30 mg), Amoxicillin- 

clavulanic acid (30 mg), Tetracycline (30 mg) 

Norfloxacin(30mg) ,Erythromycin(15 mg), 

Ciprofloxacin(5mg) Chloramphenicol(30 mg ) 

,Cefotaxim(30 mg), Gentamicin(10 mg ) ,Azithromycin(15 

mg) ,Ampicillin(10 mg ) ,Nalidixic acid(30 mg) ,Cefixim(5 

mg ) ,Trimethoprim /sulphamethoxazole(25 mg ) 

,Nitrofurantion(300 mg ). The Sensitivity and resistance 

were determined by the criteria of the Clinical and 

Laboratory Standard Institute (CLSI, 2010). 

 

 Plasmid profiling 

Plasmid DNA of the strains was isolated by using 

the alkaline lysis method following the protocol of (Ponce et 

al. (2008). 1.5 ml from overnight cultures of bacterial 

growth in Nutrient broth was centrifuged at 12,000 x g for 1 

min. The pellet was resuspended in 1 ml of SET buffer 

(20% sucrose, 50 mM EDTA, and 50 mM TriseHCl, pH 

7.6), centrifuged for 1 min at 12,000 x g and resuspended in 

150 ml of SET buffer. Cells were lysed by mixingwith 350 

ml lysis buffer (1% SDS and 0.2 M NaOH) and incubated 

for 30 min in ice. Then, 250 ml of acetate buffer (3.0 M 

sodium acetate, pH 4.8) was added. Tubes were mixed by 

inversion and incubated for 20 min in ice. After 

centrifugation at 12,000 x g at 4◦C, 700 ml of the upper 

aqueous phase was transferred to a clean tube and DNA was 

precipitated by one volume of isopropyl alcohol. The pellets 

were washed with 1 ml ethanol and dissolved in 50 ml of TE 

buffer (50 mM Tris, 1 mM EDTA, pH 8.0).  

 

Agarose gel electrophoresis of plasmid DNA 

The plasmids were separated on 1.0% agarose gels 

in 1X TBE buffer at 64 V for 2 h. The DNA ladder (1kb) 

from (bioneer, Korea) was used as a molecular marker.  

 

III. Results 

Bacterial Isolation and Identification 

A total of 300 samples of stool from children 

suffering from diarrhea   have been collected and tested only 

24 samples are given growth for Salmonella enterica this is 

about 8 % of diarrheal children as in figure (1). 

 

A. Molecular diagnosis of S. enterica isolates 

B.  A total of 24 isolates of Salmonella enterica which 

identified by conventional biochemical test, API 20- E 

and serological test were subjected to DNA extraction 

and PCR assay for presence of invA gene. A positive 

results have seen in 24(100%) of isolates subjected to 

PCR assay as inFigure (2). 

 

 

 

Figure (2): Conventional PCR for detection of invA 1070bp 

genes, M: MarkerDNA ladder (100-2000) bp, run on 1.2% 

Agarose gel; at 50V for 85 min 

Antibacterial Susceptibility 

The antimicrobial susceptibility test for 24 Salmonella 

enterica isolates showed that all isolates were   sensitive to 

the Amikacin and Gentamycin while  all  isolates were 

resistances to erythromycin ,12/24  isolates were resistance 

to nalidixic acid  ,  9/24 isolates were resistances to Cefixim 

and cefotaxim, 8/24 isolates were resistances to 

Trimethoprim-sulphamethoxazole ,Amoxycav  and 

Ampicillin , 7/24 isolates were resistances to tetracycline 

and chloramphenicol, 6/24  isolates were resistance to 



 

51 

 

Ciprofloxacin and Nitrofurantion, 5/24 isolates were 

resistances to azithromycin , in addition  to 3/24  isolates 

were resistances to Norfloxacin as in table(1)  

Table (1):  Percentage of antibiotics resistance by 

Salmonellaenterica   against 15 types of  antibiotics 

according to CLSI, 2010 (n=24) 

 
 

Plasmid profile  
Several large and small plasmids were extracted from 

Salmonella isolates. Out of twenty two (91.7%) of these  

isolates carried one or more plasmids ; five isolates carried 

small plasmids of size 1,000, 1,600, 4000 and 8000 bp, 

However, ten isolates carried more than 10,200 bp as in 

figure (3 

 

 

IV. Discussion  

One of the most important bacterial enteric 

pathogens is Salmonella enterica; it is a bacterium that 

causes Salmonellosis, and attendant public health problem 

(Amini et al, 2010). In recent years, a dramatic increase in 

antibiotic resistance among Salmonella and other enteric 

bacteria have been observed in several countries, especially 

developing countries (Foley et al, 2006).In the present 

study, the question regarding the relationship between 

antibiotic resistance patterns and the plasmid profile in 

Salmonella strains isolated from diarrheal children was 

addressed. Plasmids are extrachromosomal, replicable DNA 

molecule that may contain resistance gene. They have been 

a major factor in the spreading antibiotic resistance between 

bacteria (Peighambari et al, 2010). Plasmid profiling is a 

technique of isolation of plasmids present in a bacterial cell 

followed by electrophoresis to obtain plasmid counts and 

sizes; Plasmid profiling has proved to be useful for 

characterization and differentiation between Salmonella 

serovars (Olsen et al, 1994).In our study appeared several 

large and small plasmids were extracted from Salmonella 

isolates out of 22/24 (91.7%) of this isolates carried one or 

more plasmids. 5/24 isolates carried small plasmids of size 

1,000, 1,600, 4000 and 8000 bp. However, 10/24 isolates 

carried plasmids more than 10,200 bp in addition to carried 

more than one plasmid. These results agree with the study of 

(Habeeb and Al-Shawii, 2009) in Baghdad they found that 

most Salmonella isolated from patients carrying plasmids, 

additionally to (Bosco et al, 2012) have reported the 

presence one to five plasmids in 67 isolates in Uganda. 

Whereas, (Rychlik et al, 2006) reported that plasmids of S. 

enterica is varies in sizes that range from 2 to more than 200 

kb. In another study by (Mezal et al, 2014) showed that all 

isolates from clinical and food samples carried one or more 

large plasmids. Salmonella evolved into a pathogen by 

acquiring pathogenicity determinants through horizontal 

gene transfer; similarly, it developed antibiotic resistance by 

virtue of mobile DNA elements (Lee et al, 1994; Mirza et 

al, 2000) reported that antimicrobial resistance was 

transferable from Salmonella spp. to Escherichia coli as well 

as between other members of the intestinal normal flora. 

Plasmids are a major mechanism for the spread of antibiotic 

resistant genes in bacterial populations (Smalla et al, 2000). 

Conjugation occurs by F-plasmids that can transfer genes 

encoded for multiple resistance and mobilize other 

nonconjugative plasmids to host cells (Saxena et al, 1984). 

Multiple resistance genes are harbored on R-plasmids some 

of which are conjugative (Elwell and Falkows, 1980). 

Escherichia coli have been reported to transfer the antibiotic 

resistant genes to enteric pathogens such as Salmonella spp. 

and Proteus spp. and normal flora bacteria, and can be 

transferred between bacteria of the same or different genera 

(Platt et al, 1986). Fifteen antibiotics belong eight classes of 

antibiotic were used in present study in the antimicrobial 

susceptibility test to 24 Salmonella enterica isolates. all 

isolates were sensitive to the Amikacin and Gentamycin 

whereas all isolates were resistances to erythromycin; the 

most prevalent pattern included resistance to Nalidixic acid 

(50%) , Cefixim and Cefotaxim (37.5%), and to 

trimethoprim-sulphamethoxazole, Amoxicillin- clavulanic 

acid  and Ampicillin (33.3%).Furthermore, many isolates 

were resistant to Tetracycline and Chloramphenicol 

(29.1%), Ciprofloxacin and Nitrofurantion (25%) and 

Azithromycin (20.8%), while  only 12% of isolates were 

resistances to Norfloxacin . Several large and small 

plasmids were extracted from Salmonella isolates in our 

study and out of 91.7% of this isolates carried one or more 

plasmids; these plasmids may be responsible about the 

resistance to antibiotic. This research demonstrated that the 

horizontal transfer of antibiotic resistance plasmids can 

occur among Salmonella isolates via conjugation and also 

revealed the emergence of multidrug-resistant Salmonella 
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isolates as a significant health problem; this consistent with 

(Akbarmehr, 2012; Jaran, 2015). 

V. References: 

Akbarmehr, J. (2011).A survey on the prevalence of 

poultry salmonellosis and detection of different 

Salmonella serovars isolated from poultry bin broiler 

chicken farms. African Journal Microbiology Research 

.5(32): 5950-5954. 

 

Akbarmehr, J. (2012).  A study on  transfer  of  

antibiotic  resistance  plasmids  between Salmonella  

Enteritidis  and  Escherichia  colik12, International 

Journal of Agriculture: Research and Review. 2 (6): 862-

866. 

 

Amini, K.; Salehi, T.; Nikbakht, G.; Ranjbar, R.; 

Amini, J. and Ashrafganjooei, S. (2010). Molecular 

detection of invA and spv virulence genes in Salmonella 

Enteritidis isolated from humans and animals in Iran. 

African Journal Microbiology Research. 4: 2202 - 2210. 

 

Andrews-Polymenis, H. L.; Baumler, A. J.; 

McCormick, B. A. and Fang, F.C. (2010). Taming the 

elephant: Salmonella biology, pathogenesis, and 

prevention. Infectious Immunology. 78:2356-2369.  

 

Angulo, F. J.; Johnson, K. R.; Tauxe, R.V. and 

Cohen, M.L. (2000). Origins and consequences of 

antimicrobial resistant nontyphoidal Salmonella: 

implications for the use of fluoroquinolones in food 

animals. Microbiology Drug Resistance. 6:77–83.    

 

Angulo, F. J.; Nargund, V. N. and Chiller, T. C. 

(2004). Evidence of an association between use of anti-

microbial agents in food animals and anti- microbial 

resistance among bac from humans and the human 

health consequences of such resistance. Journal 

Veterinary Medicine Infectious Disease. 51: 374-9.   

 

Behravesh, C.B. (2008). “Salmonellosis,” in 

CONTROL OF COMMUNICABLE DISEASES 

MANUAL, 19
th

 Edition, published by American Public 

Health Association, pp. 535-540.   

 

Clinical and Laboratory Standards Institute (CLSI), 

(2010). Performance Standards for Antimicrobial 

Susceptibility Testing: Sixteenth Informational 

Supplement M100-S16. CLSI, Wayne, PA, USA.                

 

Crump, J. A. and Mintz, E. D. (2010). Global trends 

in typhoid and paratyphoid fever. Emerging Infections. 

50: 241-246.     

 

Donnenberg, M.S. (2000). Pathogenic strategies of 

enteric bacteria. Nature 406:768–774. 

 

Elwell, L., and S. Falkows. (1980). The 

characterization of plasmids that carry antibiotic 

resistance genes. Edited by Lorian,V, Antibiotics in 

laboratory medicine. Published by Williams and 

Wilkins. Baltimore: p. 433-453.          

 

Foley, S.L.; White, D.G.; McDermott, P.F.; Walker, 

R.D.; Rhodes, B.; Fedorka- Cray, P.J.; Simjee, S. and 

Zhao, S. (2006). Comparison of subtyping methods for 

differentiating Salmonella enterica serovar Typhimurium 

isolates obtained from food animal sources. J. Clin. 

Microbiol. 44:3569–3577. 

 

Habeeb, Z.S. and Al-shawii, A.M. (2009).Study of 

sensitivity and resistivity of Salmonella Typhimurium 

isolated from patients and cattle to the antibiotics and its 

relation with plasmids. Journal of Iraqi Veterinary 

Medicine.33(2): 2-10. 

 

Jaran, A.S. (2015). Antimicrobial  resistance  pattern  

and  plasmid  profile  of  some  Salmonella  spp. isolated  

from  clinical  samples  in Riyadh  area - European 

Scientific Journal.11(6) : 1857 – 7881.  

 

Khan, K.H.; Ganjewala, D. and Rao, K.V.B. (2008). 

Recent advancement in typhoid research- a review. 

Biotechnology Advances. 7 (4), 35-41.     

 

Lee, L.A.; Puhr, N.D.; Maloney, E. K.; Bean, N.H. 

and Tauxe, R.V. (1994). Increase in antimicrobial-

resistant Salmonella infections in the United States 

1989-1990. Journal Infectious Disease.170:128-34. 

 

Makela, P.H. and Hormaeche, C.E. (1997). Immunity 

to Salmonella. In Host Response to Intracellular 

Pathogens (S. H. E. Kaufmann, ed.), Austin, TX: R.G. 

Landes 143–166.  

 

Mezal, E.H.; Sabol, A.; Khan, M.A.; Ali, N.; 

Stefanova, R. and Khan, A.A. (2014). Isolation and   

Molecular   characterization of Salmonella enterica 

serovar Enteritidis from poultry house and clinical 

samples during 2010. Food Microbial 38: 67–74.      

 

Miller, S. and Pegues, D. (2005). “Salmonella 

Species, Including Salmonella Typhi,” in Mandell, 

Douglas, and Bennett’s PRINCIPLES AND PRACTICE 

OF INFECTIOUS DISEASES, Sixth Edition, Chap. 

220, pp. 2636-650. 

 

Mirza, S.; Kariuki, S.; Mamun, K.; Beeching, N. and 

Hart, C. (2000). Analysis of Plasmid and Chromosomal 

DNA of Multidrug-Resistant Salmonella enterica 

Serovar Typhi from Asia. Journal Clinical Microbiology. 

38 (4): 1449-1452 

 

Olsen, J.E.; Skov, M.N., Threlfall, E.J. and Brown, 

D.J. (1994). Clonal lines of Salmonella enterica serotype 

Enteritidis documented by typing. Journal Medical 

Microbiology.40, 15-22. 

 

Peighambari, S.M. and Morshed, R. (2010) .Drug 

resistance, plasmid profile and random amplified 

polymorphic DNA analysis of Iranian isolates of 



 

53 

 

Salmonella Enteritidis. Journal of New Microbiological. 

33: 47-56.   

 

Platt, D.; Brown, D. and Munro, D. (1986). The 

distribution of plasmids among a representative 

collection of Scottish strains of Salmonella. Journal of 

Hygiene. 97:199-204.      

 

Ponce, E.; Khan, A.A.; Cheng, C.M.; Summage-

West, C. and  Cerniglia, C.E., (2008). Prevalence and 

characterization of Salmonella enterica serovar. 

Weltevreden from imported seafood. Food Microbiol. 

25, 29-35.      

 

Quinn, P.J.; Carter, M.E.; Markey, B. and Carter, 

G.R. (2004). Clinical Veterinary Microbiology. 6th Ed. 

Mosby an imp. Wolf, London. 

 

Saxena, S.; Mago, M.; Kumari, N. and Rao, L. 

(1984). R-plasmid of some isolated Salmonella 

serotypes. Indian Journal of Medical Research. 79: 307- 

311. 

 

Smalla, K.; Heuer, H.; Gotz, A.; Niemyer, D.; 

Krogerrecklenfort, E.and Tietze ,E. (2000). Exogenous 

isolation of antibiotic plasmids from piggery manure 

slurries reveals a high prevalence and diversity of Inc Q-

like plasmids. Applied and Environmental 

Microbiology. 66: 4854-4862. 

 

Velge. P.; Cloeckaert A. and Barrow P. (2005). 

“Emergence of Salmonella Epidemics: The Problems 

Related to Salmonella enterica Serotype Enteritidis and 

Multiple Antibiotic Resistance in Other Major 

Serotypes,” Veterinary Research, . 267-288 

 

Winokur, P. L.; Brueggemann, A.; DeSalvo, D. L.; 

Hoffmann, L.; Apley, M.D., Uhlenhopp, E.K.; Peafller, 

M. A. and Doern, G.V. (2000). Animal and human 

multidrug-resistant, cephalosporin- resistant Salmonella 

isolates expressing a plasmid-mediated CMY-2 AmpC ß 

lactamase. Antimicrob. Ag. Chemother., 44, 2777-2783.   

 

Yoke-Kqueen, C.; Learn-Han, L.; Noorzaleha, A.; 

Son, R.; Sabrina, S.; Jiun-Horng, S and  Chai-Hoon, K. 

(2008). Characterization of multiple-antimicrobial 

resistant Salmonella enterica subsp. enterica isolated 

from indigenous vegetables and poultry in Malaysia. 

Letters in Applied Microbiology. 46: 318-324.   

 
.

 


