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ABSTRACT: CONTEXT: Enteric fever prevails to be a considerable health issue worldwide. 

Ciprofloxacin became the mainstay of its therapy after multidrug resistant salmonellae emerged. 

Treatment failure was soon recorded with ciprofloxacin, the index being in-vitro resistance to 

nalidixic acid. Chloramphenicol sensitive strains have resurfaced. Resistance to alternatives-

macrolides is cropping up though not documented widely. These variations in addition to the fact 

that India is witnessing escalating resistance to antibiotics, stress the significance of continual 

surveillance of salmonellae resistance. INTENT: The study undertaken intends to document the 

current deviations in the antibiogram of the Salmonella isolates from blood culture, with a 

perspective of evaluating ciprofloxacin susceptibility and macrolide resistance, further considering, 

if there is a need to modify the antibiotic strategies for this condition. METHODOLOGY: The isolates 

from blood cultures from January 2012 to September 2013 obtained using commercial BACTEC 

9120 system, sub-cultured and processed for determining salmonellae serotypes were further 

subjected to drug susceptibility  testing for patterning their resistance. MICs to ciprofloxacin of 

nalidixic acid resistant (NAR) isolates were recognized. RESULTS: Salmonella was isolated from 114 

out of 8210 blood culture specimens received. There were 74 Salmonella Typhi isolates, 39 

Salmonella Paratyphi A and 1 Salmonella Paratyphi B. Highest resistance of salmonellae (85.96%) 

was exhibited to nalidixic acid and highest susceptibility (100%) to ceftriaxone. Decreased 

ciprofloxacin susceptibility-DCS (MIC of 0.125-1μg/ml) was noticed in around 90% of NAR 

salmonellae. Isolates demonstrated sizable resistance (42.10%) to azithromycin. Only three strains 

were multidrug resistant. INTERPRETATION AND CONCLUSION: Routine screening of nalidixic 

acid sensitivity should be encouraged as a means to predict decreased fluoroquinolone 

susceptibility, thereby preventing therapeutic failure. In order to avert the profound impact of 

antimicrobial resistance and to define the best possible therapy, periodic monitoring of Salmonella 

antibiogram is of prime value. The upsurge of occurrence of ciprofloxacin resistance, impending 

resistance to macrolide- azithromycin, re-emergence of chloramphenicol sensitive strains is of 

particular concern and necessitates a change towards ‘evidence-based’ treatment and 

rationalization of existing empirical therapy of enteric fever shifting the vital focus towards 

antibiotic recycling. 
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BACKGROUND AND LITERATURE REVIEW: Enteric fever, a common cause of PUO, is a global 

health concern and especially in endemic regions like India due to poor sanitation and personal 

hygiene. It is a major infectious disease seen with high fluctuating incidences. The World Health 
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Organization (WHO) has on a global scale estimated that annually typhoid fever accounts for 21.7 

million illnesses (217,000 deaths) and paratyphoid fever causes 5.4 million of these cases.[1] Highest 

incidence of enteric fever ( > 100 cases per 100,000 persons per year) is witnessed at South Central 

Asia and Southeast Asia. An Indian study based at Delhi marked the incidence of enteric fever to be 

9.8 cases per 1,000 person-years. [2] Enteric fever is  usually caused by S. enterica subsp. enterica 

serovars Typhi  and Paratyphi A, serovar Typhi being the commonest in India.[3] 

Since its introduction in 1948, chloramphenicol has been the drug of choice for typhoid fever 

and remained the standard against which newer antimicrobials must be compared. Due to its 

association with the emergence of resistance, a high relapse rate, a high rate of continued and 

chronic carriage, bone marrow toxicity; ampicillin and co-trimoxazole were considered as the 

alternative antibiotics. Ampicillin and amoxicillin have been the treatment of choice in pregnancy 

and neonates.[4] Resistance to all first line antimicrobials- ampicillin, trimethoprim-sulfamethoxazole 

and chloramphenicol is defined as multidrug resistance (MDR).[5] 

Since the widespread resistance to chloramphenicol, ciprofloxacin has turned into the first-

line drug of choice. Increased use of ciprofloxacin not just in clinical practise but also in veterinary 

medicine has resulted in the rapid emergence of Salmonella enterica serovars with reduced 

susceptibility to ciprofloxacin due to a point mutation in the gyr A gene, at either Ser-83 or Asp-

87.[6,7]
 
These strains are associated with treatment failure of or a delayed response (prolonged fever 

clearance times) to ciprofloxacin therapy.[8, 9] Reports on treatment failure after administration of 

ciprofloxacin to patients with enteric fever are increasing in India too.[10] Treatment failures have 

been defined in strains displaying decreased ciprofloxacin susceptibility (DCS) [Ciprofloxacin - 

Minimum inhibitory concentration (MIC) of 0.125–1.0 μg/ml]. [11] These strains are still considered 

conventionally susceptible to ciprofloxacin based on their Clinical Laboratory Standards Institute 

(CLSI) cut-off[12],
 
but are resistant to nalidixic acid and thus are termed nalidixic acid-resistant S. 

enterica serovars. 

According to various studies, the best predictor for DCS is nalidixic acid resistance (NAR). 

Ray et al[13] found that nalidixic acid susceptibility was a good marker for fluoroquinolone 

susceptibility but NAR had a poor predictive value for ciprofloxacin resistance and  suggested that 

NAR isolates should be tested for ciprofloxacin MIC before deciding a change in therapeutic regimen. 

Patients with NAR strains require a higher dose of ciprofloxacin (10 mg/kg twice daily for 10 days) 

or ofloxacin (10-15 mg/kg divided twice daily for 7-10 days).[14] 

Extended - spectrum cephalosporins and azithromycin are the other options available for the 

treatment of enteric fever. Azithromycin, a macrolide antibiotic, has been used as an alternative 

drug. It achieves low intravascular levels, has high intracellular tissue penetration, and a long 

elimination half-life of 72 hours. These properties make for once-daily administration and reduction 

in the duration of therapy. The drug is rapidly absorbed from the gut and is well-tolerated when 

used orally. However, there are reports of emergence of resistance to azithromycin.[15] 

These inconstancies in the sensitivity patterns incited us to consider this study to document 

the variations in the antibiotic susceptibility of the Salmonella isolates from blood culture, to 

ultimately aid in the formulation of better strategies.  
 

MATERIALS AND METHODS: This prospective study was executed at M S Ramaiah Memorial 

hospital, a tertiary care set up at Bangalore from January 2012 to September 2013. During this 

period of 21 months, 8210 blood samples from both in-patients and out-patients were received for 
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aerobic bacterial culture. Blood culture was done in a commercial BACTEC Aerobic Plus blood 

culture (BACTEC 9120 system, Becton and Dickinson, U.S.A) and BACTEC bottles were processed as 

per manufacturer’s recommendations. The cultures were incubated at 37°C for five days before 

declaring negative. BACTEC cultures were subcultured on Blood agar and MacConkey's agar, only 

after the machine flagged positive. The isolates producing characteristic colonies were identified by 

conventional biochemical tests  and confirmed by agglutination with Salmonella antisera (Denka 

Seiken Co. Pvt. Ltd, Niigata, Japan).[1 6] 

Salmonella isolates were subjected to antibiotic susceptibility test by Kirby‐Bauer's disc 

diffusion method and interpreted as per Clinical laboratory Standards Institute (CLSI) guidelines[17] 

using Commercially available disks (Himedia Laboratories, Mumbai) of Ampicillin, Azithromycin,  

Cefixime, Cefoxitin, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Cotrimoxazole, Furazolidone and 

Nalidixic acid. MICs to ciprofloxacin of NAR isolates were determined by E-test strips: Himedia Ezy 

MICTM Strips (Himedia Laboratories, Mumbai) with dilution ranging from 0.002-32 μg/ml. 

Resistance to ampicillin, chloramphenicol and co-trimoxazole was entitled as MDR.  
 

RESULTS: A total of 114 salmonellae were isolated from 8210 samples included in the study, 

indicating an incidence rate of 1.39%. S. Typhi accounted for 64.91% (74/114) of the total isolates 

and S. Paratyphi A-34.21% (39/114). Only one isolate of S. Paratyphi B was obtained. Majority of the 

positive samples were from males (78/114) and most of the positive cases belonged to age group of 

21-30 years [Table-1]. 

Nearly 3% (N = 3) of the isolates were found to be MDR. None of the salmonellae were 

resistant to ceftriaxone. Surprisingly, we discovered azithromycin resistance in around 42% of the 

isolates. Highest resistance (85.96%) was observed against nalidixic acid [Table-2]. Only 6 (5.26%) 

of the total isolates were resistant to ciprofloxacin and also exhibited NAR showing MICs to 

ciprofloxacin of >1μg/ml. The isolates showed very low-level resistance against the the remaining 

antibiotics- Ampicillin (2.63%), Cefixime (0.88%), Cefoxitin (2.63%), Chloramphenicol (3.51%), 

Cotrimoxazole (2.63%) and Furazolidone (0.88%).  

Majority of the NAR isolates (89.79%) showed MICs to ciprofloxacin of 0.125-1 μg/ml 

indicating DCS. MICs of <0.125 was seen in an NAR isolate, each of S. Typhi and S. Paratyphi A 

accounting to an insignificant proportion [Table-3]. 
 

Age (years) Male/s - N (%) Female/s- N (%) Total- N (%) 

0-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81-90 
Total 

15 (13.16) 
16 (14.04) 
35 (30.7) 
10 (8.77) 
1 (0.87) 
0 (0) 
0 (0) 
1 (0.87) 
0 (0) 
78 (68.42) 

10 (8.77) 
9 (7.9) 
8(7.01) 
3 (2.63) 
3 (2.63) 
1 (0.87) 
1 (0.87) 
0 (0) 
1 (0.87) 
36 (31.58) 

25 (21.92) 
25 (21.92) 
43 (37.71) 
13 (11.4) 
4 (3.5) 
1 (0.87) 
1 (0.87) 
1 (0.87) 
1 (0.87) 
114 (100) 

Table-1: Age and gender wise distribution of 
patients with positive Salmonella culture 
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ANTIBIOTIC 

No. of isolates sensitive (%) 
TOTAL- No. (%) 

(N=114) S. Typhi 

(N=74) 

S. Paratyphi A 

(N=39) 

S. Paratyphi B 

(N=1) 

Ampicillin 

Azithromycin 

Cefixime 

Cefoxitin 

Ceftriaxone 

Chloramphenicol 

Ciprofloxacin 

Cotrimoxazole 

Furazolidone 

Nalidixic acid 

71 (95.95) 

45 (60.80) 

74 (100) 

73 (98.65) 

74 (100) 

70 (94.59) 

69 (93.24) 

71 (95.95) 

73 (98.65) 

8 (10.81) 

39 (100) 

21 (53.85) 

38 (97.44) 

37 (94.87) 

39 (100) 

39 (100) 

37 (94.87) 

39 (100) 

39 (100) 

7 (17.95) 

1 (100) 

0 (0) 

1 (100) 

1 (100) 

1 (100) 

1 (100) 

1 (100) 

1 (100) 

1 (100) 

1 (100) 

111 (97.37) 

66 (57.9) 

113 (99.12) 

111 (97.37) 

114(100) 

110 (96.49) 

108 (94.74) 

111 (97.37) 

113 (99.12) 

16 (14.04) 

Table-2: Antibiotic susceptibility of the isolates 

 

MIC (μg/ml) <0.125 0.125 0.190 0.250 0.380 0.500 0.750 1 1.5 2 3 4 

S. Typhi (N=66) 1 5 6 8 7 14 9 11 2 2 0 1 

S. Paratyphi A (N=32) 1 2 0 2 3 6 7 8 0 1 1 1 

Table-3: MIC values of NAR salmonellae to ciprofloxacin 

 

DISCUSSION: This study reveals high incidence of NAR strains which are associated with high MICs 

to ciprofloxacin, and this is in accordance with other studies, who found a high resistance to nalidixic 

acid (>90%), documented  MICs  of >0.5 μg/ml to ciprofloxacin in majority of their isolates.[18, 19 ] 

Due to rising incidence of NAR, a marker for predicting low-level resistance and treatment 

failure to ciprofloxacin[8-13], CLSI has now recommended that all S. Typhi isolates should be screened 

for NAR along with ciprofloxacin for optimal interpretation of susceptibility.[20] Any isolate that 

shows NAR should be reported as intermediately susceptible to ciprofloxacin.[21] 

The data presented in our study appraises that MDR exists in an almost trivial manner. This 

finding is comparable with recent reports from some regions where the incidence of MDR isolates 

appeared to have decreased.[22, 23 ] The low frequency of MDR is remarkable, since these drugs could 

once again be used for the treatment. Discontinuation of chloramphenicol therapy relieved the 

selection pressure paving the way for re-emergence of sensitive strains to chloramphenicol, as 

shown here and been widely reported very recently from many other parts of India. [11, 24]
 
This 

reappearance of sensitive strains to first line antimicrobials in previously resistant areas points 

towards the indispensable concept of antibiotic recycling, preserving the use of older antibiotics.[25] 

All the isolates were sensitive to ceftriaxone in our study which corresponds to the study of 

others.[26, 27 ] 

The present communication also endorses that S. Paratyphi A is a emerging pathogen of 

enteric fever with an up-swinging incidence. We isolated one S.Paratyphi B, known to be very rare in 

India.[28] 
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CONCLUSION: The rising MIC values of ciprofloxacin and impending resistance to macrolide - 

azithromycin is alarming and of particular concern leading to prolonged treatment, delayed 

recovery, and post treatment failures. This may necessitate a change towards ‘evidence-based’ 

treatment. With wide reports of a remarkable decrease over the years in resistance to first line 

drugs, the policy of empirical treatment of enteric fever needs to be rationalized and demands 

reconsideration of first-line antibiotics as an effective component, asserting the indispensable 

concept of antibiotic recycling. 

This study re-emphasizes the past and current problems encountered in the treatment of 

enteric fever, with an anticipation of new patterns of antimicrobial resistance in the foreseeable 

future. Wide variation in the sensitivity pattern of various salmonellae strains circulating in different  

geographic regions makes it near mandatory for constant surveillance of antimicrobial susceptibility 

before instituting  therapy and caution should be exercised periodically to avert the profound impact 

of antimicrobial resistance. 
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