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Rationale of azithromycin prescribing practices for enteric fever in India
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Abstract
Purpose: The present study was performed to assess the current susceptibility pattern of blood isolates of Salmonella 
spp from a super specialty hospital in North India against nalidixic acid, ciprofloxacin and azithromycin and compare 
the in vitro and in vivo response against azithromycin. Materials and Methods: We evaluated the minimum 
inhibitory concentration’s (MIC’s) of 107 blood isolates of Salmonella spp against nalidixic acid, azithromycin and 
ciprofloxacin and correlated in vitro and in vivo response of azithromycin from the treatment and discharge summaries 
from the Hospital Information System (HIS) software. Results: Among the 107 isolates evaluated, 94 (87.8%) were 
nalidixic acid-resistant (NAR) Salmonella and 36 were resistant to azithromycin by MIC testing. The MIC90 value for 
azithromycin was 24 μg/mL. Among the 57 treatment histories evaluated using the HIS software, 19 (33%) patients had 
documented clinical non-response to azithromycin which required change of therapy. Conclusions: The present study 
observed a higher MIC90 values for azithromycin compared to Salmonella isolates from Western studies. There was 
also a documented clinical non-response against azithromycin. The in vitro and in vivo findings in this study suggest a 
guarded use of azithromycin for cases of enteric fever in India. The study also augments the reversal of resistance pattern 
in favour of chloramphenicol, ampicillin and trimethoprim – sulfamethoxazole.
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Introduction

Enteric fever caused by Salmonella spp is one of the 
most common causes of systemic infections in India 
and is one of the common causes of travel associated  
illnesses.[1] Drug resistance in Salmonella has been on the 
rise in India with emergence of nalidixic acid-resistant 
(NAR) Salmonella and an increasing clinical non-response 
to fluoroquinolones.[2-6] Treatment options are getting 
limited with emergence of resistance to third- and fourth-
generation cephalosporins.[7-9] A reversal of resistance 
pattern in favour of chloramphenicol has been observed and 
with the rising resistance to third-generation cephalosporins, 
continuous dynamism has been observed in antibiogram 
patterns worldwide. The Western studies have favoured 
azithromycin as the potential drug that produces good 

clinical response.[10] However, due to the lack of breakpoint 
concentrations in various international guidelines, its in 
vitro interpretation has often been difficult for Salmonella. 
In the Western literature, treatment has heavily banked 
upon the use of azithromycin due to its high intracellular 
concentration and good clinical response. Clinical trials 
advent the use of 20 mg/kg per day with a maximum dose of 
1000 mg/day for five to seven days for complete cure.[10,11] 
Limited role of azithromycin has been suggested by a study 
where the in vitro MIC range was between 4 and 16 μg/
mL.[12] . Randomized trials have suggested similar efficacy 
of azithromycin and ciprofloxacin, both clinically and in 
vitro studies, against enteric fever caused by sensitive as 
well as MDR Salmonella Typhi isolates.[13] Non-availability 
of breakpoint concentrations of azithromycin for Salmonella 
in most standard antibiotic guidelines makes the laboratory 
interpretation difficult. 

The purpose of the present study was to assess 
the current susceptibility pattern of blood isolates of 
Salmonella, correlate with other Indian studies and to 
evaluate and compare the pivotal role of azithromycin 
prescribing practices for enteric fever in India and Western 
countries. 

Materials and Methods

The present study was performed on 107 non-repeat 
isolates of Salmonella spp. isolated from blood samples 
from 2005 to 2008 in a tertiary care Super Specialty 
hospital of North India. Identification of fresh growth of the 
isolates was done by routine biochemical tests followed by 
serotyping with standard specific antisera (Denka Seiken Co 
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Ltd, Japan). All isolates were subjected to susceptibility against 
chloramphenicol (30 μg), nalidixic acid (30 μg), ampicillin 
(10 μg), trimethoprim-sulphamethoxazole (1.25/23.75 μg), 
ceftriaxone (30 μg), cefepime (30 μg), ciprofloxacin (5 μg), 
gatifloxacin (5 μg), tetracycline (30 μg), amoxicillin–clavulanic 
acid (20/10 μg) and ofloxacin (5 μg) (Oxoid, Basingstoke, UK) 
by disc diffusion as per Clinical and Laboratory Standards 
Institute (CLSI) guidelines.[14] Escherichia coli ATCC 25922 
was used as a quality control strain. The minimum inhibitory 
concentration (MIC) was determined against nalidixic acid, 
azithromycin and ciprofloxacin by E – Test® (AB Biomerieux, 
Solna, Sweden). The MIC breakpoints were interpreted 
according to CLSI guidelines. International guidelines on 
antimicrobial susceptibility testing do not mention a value 
for MIC breakpoint for azithromycin against Salmonella. 
The British Society of Antimicrobial Chemotherapy 
(BSAC) guidelines however suggest clinical susceptibility to 
azithromycin in isolates with MIC values of ≤ 16 μg/mL.[15] 
Therefore, an MIC breakpoint of ≤ 16 μg/mL was considered 
as sensitive and > 16 μg/mL as resistant. The MIC90 and MIC50 
values were calculated for nalidixic acid, azithromycin and 
ciprofloxacin. MIC90 values of ciprofloxacin were assessed for 
NAR Salmonella isolates. MIC90 values were also assessed for 
patients who did not respond to azithromycin therapy.

Available treatment history and hospital discharge 
summary of patients from whom these isolates were recovered 
was retrospectively analysed using their central registration 
numbers on the Hospital Information System (HIS) software 
and correlated with the susceptibility findings. Strains resistant 
to third-generation cephalosporins were investigated for 
production of extended spectrum beta-lactamase (ESBL) 
using cefotaxime, cefotaxime/clavulanate and ceftazdime, 
ceftazidime clavulanate discs as per CLSI guidelines.[14] 

Results

Of the 107 blood isolates of Salmonella [Table 1], 
80 were serotype Typhi, 21 Paratyphi A and 6 belonged 

to other serotypes (3 Typhimurium, 2 Senftenberg and 
1 Enteritidis). Among these, 94 (87.8%) were nalidixic 
acid-resistant (NAR) Salmonella and remaining 13 were 
nalidixic acid-sensitive (NAS) Salmonella. Among the 80 
strains of serotype Typhi, 70 (87.5%) were NAR Salmonella 
and remaining 10 (12.5%) were NAS Salmonella. As per 
definition, only four (3.7%) of the Salmonella isolates were 
multi drug resistant (MDR) i.e., resistant to ampicillin, 
chloramphenicol and cotrimoxazole.[7] All of the MDR 
isolates were serotype Typhi and were NAR Salmonella. 
All of the 21 strains of serotype Paratyphi A were also NAR 
Salmonella.

Isolation of non-typhoidal salmonellae from blood 
though common in Sub-Saharan Africa is a rare finding in 
India.[16] Such strains are usually isolated from wound and 
blood samples of hospitalized patients and are likely to be 
potential sources of hospital outbreaks.[17] All Senftenberg 
and Enteritidis isolates were NAR and ESBL producers 
while all three Typhimurium strains were NAS and 
sensitive to third-generation cephalosporins. As previously 
mentioned, the MIC interpretative breakpoint of >16 μg/
mL was considered resistant for azithromycin.[15] Taking 
this into consideration, 36 (33.64%) of all Salmonella 
isolates were resistant to azithromycin. Even among the 
13 NAS Salmonella (10 Typhi and three Typhimurium), 
5 had azithromycin MIC’s ≥ 24 μg/mL. Sensitivity to 
chloramphenicol was observed in 102 (95.32%) of all the 
isolates thereby showing a reversal of the susceptibility 
pattern. This was in correlation with another Indian study 
favouring reuse of chloramphenicol.[18] Among remaining 
five isolates which were resistant to chloramphenicol, four 
were MDR. There was also an increase in the prevalence of 
Paratyphi A isolates from a single isolate in the year 2005 
to 4 in 2006, 5 in 2007 and 11 isolates in 2008. The MIC90 
values for nalidixic acid, azithromycin and ciprofloxacin 
were >256, 24 and 0.75 μg/mL while MIC50 values were 
>256, 12 and 0.38 μg/mL, respectively. Of the total NAR 
isolates, the MIC90 value for ciprofloxacin was 0.75 μg/mL 

Table 1: Details of resistance pattern of Salmonella isolates from blood during 2005 to 2008
Different serovars 
of Salmonella (n)

NAR
n (%)

NAS
n (%)

ESBL
n (%)

MDR
n (%)

Azithromycin 
MIC ≥16 µg/ml 

n (%)

Chloramphenicol 
resistance

n (%)
Typhi (80) 70/80 (87.5) 10/80 (12.5) Nil 4/80 (5) 27/80 (33.75) 5/80 

(four were NARS) 
(6.25)

Paratyphi A (21) 21/21 (100) Nil Nil Nil 8/21 (38.09) Nil
Senftenberg (2) 2/2 (100) Nil 2/2 (100) Nil 1/2

(50)
Nil

Typhimurium (3) Nil 3/3 (100) Nil Nil Nil Nil
Enteritidis (1) 1/1 (100) Nil 1/1

(100)
Nil Nil Nil

Total (107) 94/107 (87.85) 13/107 (12.14) 3/107 (2.80) 4/107 (3.78) 36/107 (33.64) 5/107 (4.67)
NAR: Nalidixic acid resistant , NAS: Nalidixic acid sensitive , ESBL: Extended spectrum beta lactamase, MDR: Multidrug resistant
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which falls in the decreased susceptibility range (0.125–1 
μg/mL) for ciprofloxacin.[19]

Of the 107 isolates evaluated, treatment history was 
retrieved from discharge summaries and clinical notes for 
57 patients from the Hospital Information System database. 
The signatory clinicians of the discharge and treatment 
summaries were contacted where changes in therapy was 
made from azithromycin to other drugs. The description 
of clinical non-response was not uniform and varied 
from 2 to 5 days after intake of first dose of azithromycin 
with no significant improvement in patient’s symptoms. 
Among these, 36 patients were given azithromycin therapy 
varying from 0.5 to 1 g PO per day for 3 to 5 days. There 
was a change made in the therapy of 28 patients from 
azithromycin to oral third-generation cephalosporins or 
amoxicillin as per standard recommendations. This was 
done on the basis of non responsiveness to azithromycin 
therapy as mentioned in 19 of the 28 patients. Reason 
for changes made in the remaining nine patients was 
not mentioned, but another probability could have been 
the non-availability of azithromycin sensitivity from the 
bacteriology laboratory. Among these 19 isolates, all 
were NAR Salmonella Typhi (NARST). MIC range for 
azithromycin in these isolates ranged from 6 to 64 μg/mL 
with a MIC90 value of 24 μg/mL.

Discussion

The prevalence of NAR Salmonella (NARS) has been 
increasing in India with reports rising from 51% in 2006[8] 
to as high as 87.8% in the present study and even higher in 
other recent Indian studies.[20-22] In contrast, the literature has 
cited a fall in the prevalence of MDR isolates of Salmonella, 
being as high as 94% in 1989–91,[23] to 92.3% in 1994,[24] 
61.4% in 1996,[25] 39% in 2006[26] to as low as 3.7 % in 
the present study. In another Indian study done on 305 
Salmonella isolates, only one was MDR[20] while a study 
from South India reported the MDR prevalence to be 12%.
[21] While studies in India have correlated susceptibility of 
fluoroquinolones in NARS isolates[27] and their molecular 
epidemiology,[28] the role of azithromycin and its clinical 
response has not been correlated. Another prospective 
study from Pondicherry, from 2005 to 2009 demonstrated 
high sensitivity to ampicillin, chloramphenicol and 
cotrimoxazole of 66% and just 22% multidrug resistant 
salmonella typhi (MDRST) indicating a steady fall and rise 
of MDRST and NARS isolates.[6]

With respect to prescribing azithromycin, most of 
the antimicrobial susceptibility standards do not mention 
the MIC breakpoints of azithromycin for Salmonella. 
However, it is still being prescribed worldwide with many 
clinical trials suggesting its superior clinical efficacy.[29] 
From a microbiological point of view, this is a questionable 
practice. Secondly, the MIC90 values for azithromycin 
against Salmonella isolates from India do not coincide 

with the strains isolated from the Western countries. In the 
present study, MIC90 for azithromycin was 24 μg/mL, which 
was the same as mentioned in another study from India.
[30] MIC90 of Salmonella isolates studied in the Western 
countries have values as low as 4 or 8 μg/mL.[31,12] A review 
done on the role of azithromycin in enteric fever indicated 
that fever clearance time with the use of azithromycin 
was not different from any other drug and that it was only 
marginally better than fluoroquinolones in terms of reducing 
clinical failure.[32] The present study augments this finding 
as 19 patients had documented clinical non-response to 
azithromycin. This information may become important 
especially for patients who acquire enteric fever in India 
and get azithromycin therapy when they reach back to their 
native Western countries. In developing countries like India, 
ciprofloxacin continues to be the mainstay for the treatment 
of enteric fever as it is orally effective and economical[33] 
and also probably the clinicians are not aware of the clinical 
implications of a NARS isolate. With the rise of NARS 
and fall in MDR isolates,[34] one may look at recycling of 
chloramphenicol, cotrimoxazole and ampicillin instead 
of azithromycin. Large-scale randomized control trials 
with follow up and laboratory correlation need to be done 
for azithromycin usage in the Indian subcontinent before 
incorporating its Western prescribing practices.

Acknowledgment

The Authors would like to thank Mr Malay Ghar, Mr Dinesh 
Gangwar and Mr Rajesh Sharma for laboratory and logistical 
support.

References

1. Bormann AM, Boulware DR. The trials of the returning 
traveler: Ciprofloxacin failure in enteric fever. Minn Med 
2008;91:43-4.

2. Capoor MR, Nair D, Aggarwal P, Mathys V, Dehem M, 
Bifani PJ. Salmonella enterica serovar Typhi: Molecular 
analysis of strains with decreased susceptibility and resistant 
to Ciprofloxacin in India from 2001-2003. Braz J Infect Dis 
2007;11:423-5.

3. Capoor MR, Nair D, Posti J, Singhal S. Minimum inhibitory 
concentration of carbapenems and tigecycline against 
Salmonella spp. J Med Microbiol 2009;58:337-41.

4. Kownhar H, Shankar EM, Rajan R, Rao UA. Emergence 
of nalidixic acid-resistant Salmonella enterica serovar 
Typhi resistant to ciprofloxacin in India. J Med Microbiol 
2007;56:136-7.

5. Parry CM, Ho VA, Phuong LT, Bay PV, Lanh MN, Tung 
LT, et al. Randomized controlled comparison of ofloxacin, 
azithromycin and ofloxacin – azithromycin combination for 
treatment of multidrug resistant and nalidixic acid resistant 
typhoid fever. Antimicrob Agents Chemother 2007;51:819-25.

6. Menezes GA, Harish BN, Khan MA, Goessens WH, Hays 
JP. Antimicrobial resistance trends in blood culture positive 
Salmonella Typhi isolates from Pondicherry, India, 2005-
2009. Clin Microbiol Infect 2011.

7. Yoon HJ, Cho SH, Kim SH. A case of multidrug resistant 

[Downloaded free from http://www.ijmm.org on Tuesday, December 11, 2012, IP: 125.16.60.178]  ||  Click here to download free Android application for this journal

https://market.android.com/details?id=comm.app.medknow


Rai, et al.: Azithromycin resistance in Salmonella

www.ijmm.org

33January-March 2012

Salmonella enterica serovar Typhi treated with a bench to 
bedside approach. Yonsei Med J 2009;50:147-51.

8. Capoor MR, Nair D, Hasan AS, Aggarwal P, Gupta B. 
Typhoid fever: Narrowing therapeutic options in India. 
Southeast Asian J Trop Med Public Health 2006;37:1170-4.

9. Gokul BN, Menezes GA, Harish BN. ACC-1 beta lactamase 
producing Salmonella enteric Serovar Typhi, India. Emerg 
Infect Dis 2010;6:1170-1.

10. Pegues DA, Miller SL. In: Harrisons Principles of Internal 
Medicine. 17th ed. Fauci AS, Braunwald E, Kasper DL, 
Hauser SL, Longo DL, Jameson JL, et al, editors. New York: 
McGraw Hill Press; 2008. p. 956-62.

11. Frenck RW, Mancour A, Nakhla I, Sultan Y, Putnam S, 
Wierzba T, et al. Short course azithromycin for the treatment 
of uncomplicated typhoid fever in children and adolescents. 
Clin Infect Dis 2004;38:951-7.

12. Metchock B. In-vitro activity of azithromycin compared 
with other macrolides and oral antibiotics against Salmonella 
Typhi. J Antimicrob Chemother 1990;25 Suppl A:29-31.

13. Girgis N, Butler T, Frenck RW, Sultan Y, Brown FM, Tribble 
D, et al. Azithromycin versus ciprofloxacin for treatment of 
uncomplicated typhoid fever in a randomized trial in Egypt 
that included patients with multidrug resistance. Antimicrob 
Agents Chemother 1999;43:1441-4.

14. Clinical and Laboratory Standards Institute. Performance 
Standards for Antimicrobial Susceptibility Testing, 19th 
Informational Supplement. Approved Standard. 19th ed. CLSI 
Document M100–S19, 26. Wayne, PA: CLSI; 2009.

15. British Standards for Antimicrobial Chemotherapy. BSAC 
Methods for Antimicrobial Susceptibility Testing, Version 
9. Approved Standard. Version 9. BSAC Document; January 
2010.

16. Arora S, Thukral T, Choudhry S, Kumar A, Kaur IR. 
Fatal Salmonella Typhimurium septicaemia in a severely 
malnourished child. Ann Trop Med Parasitol 2009;103:183-5.

17. Wadhwa V, Kabra S, Khaki P, Gur R, Bhalla P, Rai S, et al. 
Outbreak of burn wound infections by Salmonella enterica 
serovar Menston and the role of disinfectant testing in finding 
the cause of spread. J Hosp Inf 2007;65:180-1.

18. Lakshmi V, Ashok R, Susmita J, Shailaja VV. Changing 
trends in the antibiogram patterns of Salmonella isolates at a 
tertiary care hospital in Hyderabad. Indian J Med Microbiol 
2006;24:45-8.

19. Threlfall EJ, Ward LR. Decreased Susceptibility to 
Ciprofloxacin in Salmonella enterica serotype Typhi, United 
Kingdom. Emerg Infect Dis 2001;7:448-50.

20. Gupta V, Kaur J, Chander J. An increase in enteric fever cases 
due to Salmonella Paratyphi A in and around Chandigarh. 
Indian J Med Res 2009;129:95-8.

21. Krishnan P, Stalin M, Balasubramanian S. Changing trends in 
antimicrobial resistance of Salmonella enterica serovar Typhi 
and Salmonella enterica serovar Paratyphi A in Chennai. 

Indian J Pathol Microbiol 2009;52:505-8.
22. Kapil A, Renuka, Das B. Nalidixic acid susceptibility test to 

screen ciprofloxacin resistance in Salmonella Typhi. Indian J 
Med Res 2002;115:49-54.

23. Chitnis V, Chitnis D, Verma S, Hemvani N. Multidrug 
resistant Salmonella typhi in India. Lancet 1999;354:514-5.

24. Rasaily R, Dutta P, Saha MR, Mitra U, Lahiri M, Pal SC. 
Multi-drug resistant typhoid fever in hospitalised children. 
Clinical, bacteriological and epidemiological profiles. Eur J 
Epidemiol 1994;10:41-6. 

25. Prabhakar H, Kaur H, Lal M. Prevalence of multi-drug 
resistant Salmonella Typhi in Ludhiana Punjab. Indian J Med 
Sci 1996;50:277-9.

26. Manchanda V, Bhalla P, Sethi M, Sharma VK. Treatment 
of enteric fever in children on the basis of current trends of 
antimicrobial susceptibility of Salmonella enterica serovar 
Typhi and Paratyphi A. Indian J Med Microbiol 2006;24: 
101-6. 

27. Ray P, Sharma J, Marak RS, Garg RK. Predictive efficacy 
of nalidixic acid resistance as a marker of fluoroquinolone 
resistance in Salmonella enterica var Typhi. Indian J Med Res 
2006;124:105-8.

28. Gaind R, Paglietti B, Murgia M, Dawar R, Uzzau S, 
Cappuccinelli P, et al. Molecular characterization of 
ciprofloxacin-resistant Salmonella enterica serovar Typhi 
and Paratyphi A causing enteric fever in India. J Antimicrob 
Chemother 2006;58:1139-44.

29. Chinh NT, Parry CM, Ly NT, Ha HD, Thong MX, Diep TS, 
et al. A randomized controlled comparison of azithromycin 
and ofloxacin for treatment of multidrug-resistant or nalidixic 
acid-resistant enteric fever. Antimicrob Agents Chemother 
2000;44:1855-9.

30. Capoor MR, Rawat D, Nair D, Hasan AS, Deb M, Aggarwal 
P, et al. In vitro activity of Azithromycin, newer quinolones 
and cephalosporins in ciprofloxacin – resistant Salmonella 
causing enteric fever. J Med Microbiol 2007;56:1490-4. 

31. Gordillo ME, Singh KV, Murray BE. In vitro activity of 
azithromycin against bacterial enteric pathogens. Antimicrob 
Agents Chemother 1993;37:1203-5.

32. Shah D. Role of azithromycin in enteric fever. Indian Pediatr 
2009;46:51-2.

33. Harish BN, Menezes GA, Sarangapani K, Parija SC. A 
case report and review of literature: Ciprofloxacin resistant 
Salmonella enterica serovar Typhi in India. J Infect Dev 
Ctries 2008;2:324-7. 

34. Harish BN, Menezes GA. Antimicrobial resistance in 
typhoidal salmonellae. Ind J Med Microbiol 2011;29:223-9. 

How to cite this article: Rai S, Jain S, Prasad KN, Ghoshal U, Dhole 
TN. Rationale of azithromycin prescribing practices for enteric fever 
in India. Indian J Med Microbiol 2012;30:30-3.

Source of Support: Nil, Conflict of Interest: None declared.

[Downloaded free from http://www.ijmm.org on Tuesday, December 11, 2012, IP: 125.16.60.178]  ||  Click here to download free Android application for this journal

https://market.android.com/details?id=comm.app.medknow

