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Abstract 

Nalidixic acid resistance rate is increasing amongst S. enterica isolates worldwide. We 

described here an increase in nalidixic acid resistance among S. enterica isolates 

recovered in Tehran, in Iran. The study included all Salmonella isolates recovered from 

clinical cases in Tehran, Iran during 2006 and 2009. Antimicrobial susceptibility testing 

was performed according to the Clinical and Laboratory Standards Institute. The 

statistical analysis was performed using SPSS. 

One hundred thirty eight S. enterica isolates were collected; of those, 89 (64%) were 
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resistant to nalidixic acid. The percentage of isolates resistant to nalidixic acid was 59% 

(19/32) in 2006, 64% (34/53) in 2007, and 67% (36/53) in 2008. The most common 

multidrug resistance phenotype amongst nalidixic acid-resistant isolates was resistance to 

doxycycline, kanamycin, neomycin, streptomycin, sulfamethoxazole, and tetracycline. 

We found nalidixic acid resistance is increasing amongst nontyphoidal S. enterica 

isolates in our study. Over the past 3 years, there has been a significant increase in the 

proportion of nalidixic acid resistant  S. enterica. Continued surveillance of antimicrobial 

resistance among S. enterica is needed to mitigate the increasing prevalence of nalidixic 

acid resistance among Salmonella.  
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Background 

The strains of Salmonella enterica are amongst the most important causes of food borne 

disease worldwide (1,2). Although most Salmonella infections result in mild-to-moderate 

self-limiting gastroenteritis, severe infections, such as bacteremia and meningitis, may 

occur (3). Antimicrobial agents are not essential for the treatment of most Salmonella 

infections but may be lifesaving for patients with severe infections (4). The prevalence of 

resistance among Salmonella to several antimicrobial agents, including ampicillin and 

trimethoprim-sulfamethoxazole, has increased in recent decades (5).  

Quinolones and fluoroquinolones are broad-spectrum antimicrobial agents that target 

DNA gyrase (gyrA and gyrB) and topoisomerase IV genes (parE and parC), and the 

resulting drug-enzyme-DNA complex inhibits DNA synthesis (6,7). Isolates with 

nalidixic acid resistance commonly have decreased susceptibility to ciprofloxacin (8). 

Public health surveillance for resistance to nalidixic acid is useful in monitoring emerging 

fluoroquinolone resistance. Furthermore, fluoroquinolone treatment has failed for patients 

infected with nalidixic acid-resistant Salmonella (6,9,10). We described an increase in 

nalidixic acid resistance among nontyphoidal S. enterica isolates in Iran between 2006 

and 2009. 
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Materials and Methods 

The study included all Salmonella isolates recovered from clinical cases in Tehran, Iran 

during 2006-2009. The isolates were identified by the conventional biochemical methods 

and serotyped by slide agglutination with specific antisera (Staten Serum Institut, 

Copenhagen, Denmark). 

Antimicrobial drug resistance was determined by using the disc diffusion method on 

Muller-Hinton agar (Merck, Darmstadt, Germany), according to the Clinical and 

Laboratory Standards Institute’s (formerly NCCLS) recommendations (11) using disks 

(Oxoid, Basingstoke, Hampshire, United Kingdom) including amoxycillin-clavulanic 

acid (20+10µg), ampicillin (10µg), cefotaxime (30µg), ceftazidime (30µg), ceftizoxime 

(30µg), ceftriaxone (30µg), cephalothin (30µg), chloramphenicol (30 µg), doxycycline 

(30µg), gentamycin (10µg), kanamycin (30µg), nalidixic acid (30µg), neomycin (30µg), 

streptomycin (10µg), tetracycline (30µg), and trimethoprim-sulfamethoxazole 

(1.25+23.75µg). The organisms used for quality control were Escherichia coli (ATCC 

25922; American Type Culture Collection) and Staphylococcus aureus (ATCC 25923). 

The statistical analysis was performed using SPSS, Version 13.0 (SPSS Inc., Chicago, IL, 

USA). 

 

Results 

Between 2006 and 2009, 138 nontyphoidal S. enterica isolates were collected; of those, 

89 (64%) were resistant to nalidixic acid. The percentage of isolates resistant to nalidixic 

acid was 59% (19/32) in 2006, 64% (34/53) in 2007, and 67% (36/53) in 2008. 

Of 89 nalidixic acid-resistant Salmonella enterica isolates serotyped, 41 (46%) were 

serotype Enteritidis, 37 (41%) serotype Infantis, 4 (4%) serotype Albany, 2 (2%) serotype 

Typhimurium, 2 (2%) serotype Muenchen, 2 (2%) serotype Hadar, and 1 (1%) serotype 

Haifa. The serotypes with the highest proportion of isolates that were nalidixic acid 

resistant were Infantis (92%; 37/ 40) and Enteritidis (71%; 41/57). 
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Discussion 

Nalidixic acid resistance is increasing amongst nontyphoidal S. enterica isolates in Iran. 

Over the past 3 years, there has been a significant increase in the proportion of 

nontyphoidal S. enterica isolates that are resistant to nalidixic acid. Nalidixic acid 

resistance is noteworthy because fluoroquinolones are the most commonly used 

antimicrobial agent for the treatment of invasive Salmonella infections in adults in Iran, 

and fluoroquinolone treatment has failed for patients with nalidixic acid-resistant 

Salmonella infections (9,10,12). Resistance to nalidixic acid could be a good predictor for 

the emergence of fluoroquinolone resistance (13). Several studies have suggested that the 

use of fluoroquinolones in veterinary medicine contributes to the emergence and 

dissemination of nalidixic acid resistance in Salmonella amongst food animals, which 

may be transmitted to humans (10,14).  

Nalidixic acid resistance in Salmonella has been previously reported from Iran and 

different parts of the world. Amir Mozafari N et al. reported that 24.4% of 45 Salmonella 

strains isolated resistant to nalidixic acid during 2005 and 2006 (15). This is in 

accordance with Hamidian M et al. (2009), who tested 129 Salmonella isolates in Iran 

and found that 45.7% of them were resistant to nalidixic acid (16) and Irajian G (2009) 

showed that 62% of 50 Salmonella strains isolated resistant to this antibiotic (17). 

Stevenson et al. studied 12,252 nontyphoidal Salmonella enterica isolates in the United 

States during 1996 and 2003 and found that 1.6% were resistant to nalidixic acid. The 

percentage of isolates resistant to nalidixic acid was 0.4% in 1996, 0.9% in 1997, 1.4% in 

1998, 1.1% in 1999, 2.5% in 2000, 2.6% in 2001, 1.8% in 2002, and 2.3% in 2003 (4). 

Akinyemi et al. showed that 51% of Salmonella isolates in Lagos, Nigeria were resistant 

to nalidixic acid during 1997 to 2004. The percentage of isolates resistant to nalidixic 

acid was 42% in 1997, 43% in 1998, 42% in 1999, 47% in 2000, 51% in 2001, 57% in 

2002, 56% in 2003, and 59% in 2004 (18). Prats, et al. (2000) who were studying 

Salmonellae, found an increase in the rates of resistance to nalidixic acid from 0.1 to 

11%, throughout their 7-year study (19). 
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Our findings and previous studies showed that the resistance rate of nontyphoidal 

Salmonella enterica isolates is increasing in Iran. Use of fluoroquinolones and other 

antimicrobial agents for humans also may contribute to transmission of nalidixic acid-

resistant Salmonella to humans (20). The increasing prevalence of nalidixic acid 

resistance amongst Salmonella isolates should be considered in light of a modest 

concurrent decline in the incidence of Salmonella infections in Iran. Continued 

surveillance of antimicrobial resistance among nontyphoidal S. enterica are needed to 

mitigate the increasing prevalence of nalidixic acid resistance amongst Salmonella. Such 

an exercise also helps in identifying outbreaks of resistant organisms and the data 

generated can help in advocating appropriate antibiotic regimens. 

 

References 

 

1. Hald T, Lo Fo Wong DM and Aarestrup FM. The attribution of human infections 

with antimicrobial resistant Salmonella bacteria in Denmark to sources of animal origin. 

Foodborne Pathog Dis. 2007; 4(3): 313–326. 

2. World Health Organization. World Health Organization antimicrobial resistance 

fact sheet no. 139. April 2003 [cited 2008 Mar 25]. Available from 

http://www.who.int/mediacentre/factsheets/fs139. 

3. murray medical microbiology 

4. Jennifer E. Stevenson, Kathryn Gay,2 Timothy J. Barrett, Felicita Medalla, Tom 

M. Chiller, and Frederick J. Angulo. Increase in Nalidixic Acid Resistance among Non-

Typhi Salmonella enterica Isolates in the United States from 1996 to 2003. 

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Jan. 2007, p. 195–197. 

5. Centers for Disease Control and Prevention. 2004. National Antimicrobial 

Resistance Monitoring System for Enteric Bacteria (NARMS): 2002 annual report. U.S. 

Department of Health and Human Services, CDC, Atlanta, GA. 

6. Piddock, L. J. 2002. Fluoroquinolone resistance in Salmonella serovars isolated 

from humans and food animals. FEMS Microbiol. Rev. 26:3–16. 

7. Hopkins KL, Davies RH, Threlfall EJ. Mechanisms of Quinolone resistance in 

Escherichia coli and Salmonella: recent developments Int. J Antimicrob Agents. 2005; 

25: 358-373. 

8. Oteo, J., B. Aracil, J. L. Alos, and J. L. Gomez-Garces. 2000. High rate of  

 

58 

http://www.who.int/mediacentre/factsheets/fs139


SMU Medical Journal, Volume – 2, No. 1, January 2015 

 

resistance to nalidixic acid in Salmonella enterica: its role as a marker of resistance to 

fluoroquinolones. Clin. Microbiol. Infect. 6:273–276. 

9. Hakanen, A., P. Kotilainen, P. Huovinen, H. Helenius, and A. Siitonen. 2001. 

Reduced fluoroquinolone susceptibility in Salmonella enterica serotypes in travelers 

returning from Southeast Asia. Emerg. Infect. Dis. 7:996–1003. 

10. Mølbak, K., D. L. Baggesen, F. M. Aarestrup, J. M. Ebbesen, J. Engberg, K. 

Frydendahl, P. Gerner-Smidt, A. M. Petersen, and H. C. Wegener. 1999. An outbreak of 

multidrug-resistant, quinolone-resistant Salmonella enterica serotype Typhimurium 

DT104. N. Engl. J. Med. 341:1420–1425. 

11. [CLSI] Clinical and Laboratory Standards Institute. Performance Standards for 

Antimicrobial Susceptibility Testing 15th Informational Supplement. Approved Standard 

M100-S15. Wayne, PA: Clinical and Laboratory Standards Institute, 2005. 

12. Crump, J. A., T. J. Barrett, J. T. Nelson, and F. J. Angulo. 2003. 

Reevaluatingfluoroquinolone breakpoints for Salmonella enterica serotype Typhi and for 

non-Typhi salmonellae. Clin. Infect. Dis. 37:75–81. 

13. Aznar E, Alarcon T, Buendia B, García Peñuela Lopez-Brea M (2007). Detection 

of decreased susceptibility to fluoroquinolones in Salmonella spp. by five different 

methods including real-time polymerase chain reaction (PCR). Int. J. Antimicrob Agents, 

30: 67- 71. 

14.  Angulo, F., V. Nargund, and T. Chiller. 2004. Evidence of association between 

use of antimicrobial agents in food animals and antimicrobial resistance among bacteria 

isolated from humans and the human health consequences of such resistance. J. Vet. 

Med. B 51:374–379. 

15. N. Amir Mozafari, H. Forouhesh Tehrani and M. Niakani. Nalidixic Acid 

Resistance Rate in Typhoidal and Non-Typhoidal Salmonella Isolated from Hospitalized 

Patients During One Year Period (2005-2006).2005.  Journal of Medical Faculty of Iran 

University, 14 (56). 

16.  Hamidian M, Tajbakhsh M, Waither-Rasmussen J and Reza Zali M. Emergence 

of extended-spectrum β-lactamases in clinical isolates of Salmonella enterica in Tehran, 

Iran. Jpn J Infect Dis. 2009; 62: 368-371. 

17. Gholamreza Irajian, Reza Ranjbar, Ali Jazayeri Moghadas. Detection of Extended 

Spectrum Beta Lactamase ProducingSalmonella spp. and Multidrug Resistance Pattern. 

Iranian Journal of Pathology (2009)4 (3), 128 – 132. 

18. Akinyemi KO, Coker AO. Trends of antibiotic resistance in Salmonella enterica 

serovar Typhi isolated from hospitalized patients from 1997 to 2004 in Lagos, Nigeria. 

Indian Journal of Medical Microbiology. 2007; 25(4): 436-438. 

 

59 



SMU Medical Journal, Volume – 2, No. 1, January 2015 

 

19.  Prats G, Mirelis B, Llovet T, Muñoz C, Miró E, Navarro F. Antibiotic resistance 

trends in enteropathogenic bacteria isolated in 1985– 1987 and 1995–1998 in Barcelona. 

Antimicrob Agents Chemother 2000;44:1140-5. 

20. Olsen, S., E. DeBess, T. McGivern, N. Marano, T. Eby, S. Mauvais, V. Balan, G. 

Zirnstein, P. Cieslak, and F. J. Angulo. 2001. A nosocomial outbreak of fluoroquinolone-

resistant Salmonella infections in Oregon. N. Engl. J. Med. 344:1572–1579. 

 

 

 

Authors Column    
               

   
 
SMU Medical Journal, Volume – 2, No. – 1, January, 2015,  PP. 54 – 60.  

© SMU Medical Journal 

 

 

Dr. Reza Ranjbar is a Microbiologist.  

 

He completed Masters in Medical Microbiology from Shaheed Beheshti University 

of Medical Sciences, Tehran, and did Ph.D. in Medical Bacteriology, Tehran 

University of Medical Sciences, Tehran, Iran. At present he is Associate professor, 

Molecular Biology Research Center, Baqiyatallah University of Medical Sciences, 

Tehran.  

 

His research areas are :  molecular epidemiology of bacteria, molecular detection of 

bacteria and molecular epidemiology of antimicrobial resistance.  

 

Dr. Ranjbar is also Chairman, Molecular Biology Research Center, Baqiyatallah 

University of Medical Sciences, Tehran, Iran. 

 

 


