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Abstract: Salmonella typhi a human specific pathogen is known to cause a febrile condition known as typhoid or enteric fever. The 

proper treatment with antimicrobials is needed to save life of person infected as; in severe conditions the infection may lead to 

meningitis and perforations in the intestines. In the recent years development of resistance in the Salmonella typhi against various 

antimicrobials has emerged as a matter of concern. Combating these resistance and developing new treatment strategies against multi-

drug resistant Salmonella typhi can help in lessening the human burden. 
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1.Introduction 
 

The blood related infections in the developing countries due 

to bacteria of Salmonella enterica genus has risen at an 

alarming levels. The Salmonella typhi bacteria of this genus 

is known to cause nonspecific febrile conditions in the 

humans known as typhoid or enteric fever. The patients 

having typhoid fever generally present the symptoms which 

are clinically difficult to distinguish from several other 

infectious diseases [1, 2]. The disease finds its prevalence in 

many parts of Asia and Africa and without proper treatment 

with antimicrobials may lead to various life threatening 

conditions such as meningitis and intestinal perforations [3].  

 

Various efforts have made in estimating the global burden 

of the disease and the closest estimate predicts total number 

of cases between 13.9 and 26.9 million globally [6]. 

However, this estimate provides only a broad measure and 

number of cases. The cases that remain unreported and other 

regional factors have been left in these calculations [7]. The 

major limitation in the detection and treatment of typhoid 

still remains the lack of effective and precise diagnostic 

method [8]. Diagnostic confirmation of the disease is 

currently dependent on isolation of bacteria from blood 

cultures, but the laboratory conditions and capacity required 

for these tests are present in limited numbers and hence 

majority of patients have to rely on serological testing by 

Widal test, which has a negative reputation of giving high 

number of false positives. The consequence of this 

misdiagnosis may lead to the treatment of patients with the 

high dose of antimicrobials which itself will show side 

effects and also will induce drug resistance in the bacteria. 

This misdiagnosis will also impact the estimate of global 

disease incidence [9]. The antimicrobial resistance 

developing in the typhoid fever is a rising issue as the 

resistance towards first-line and second-line antibiotics in 

Salmonella typhi is linked with the treatment failure and 

human burden [10]. 

 

2.Epidemiological and clinical features 
 

The clinical manifestation and severity of symptoms may 

vary between the patients. However, the highest number of 

patients presenting in the hospitals due to typhoid in 

developing countries are between the age group of 5-25 

years [11, 12]. In the endemic areas where the disease in 

highly prevalent it has been observed that the patients 

generally present the symptoms that are not clinically 

recognized as typhoid [13]. Around 60-90% of the patients 

don’t get enough medical attention and are treated as 

outpatients. To avoid potentially fatal complications, 

hospitalized patients require effective antimicrobials, 

appropriate nursing care, adequate nutrition, careful 

attention to fluid electrolyte balance, and rapid diagnosis 

and treatment of problems [14]. 

 

3.Antimicrobial therapy and resistance  
 

When typhoid fever is diagnosed early and treated with 

effective antimicrobials, it has a low fatality rate. However, 

if therapy is delayed or proven ineffective due to resistance, 

the risk of complications and case fatality rises dramatically 

[14]. The first extensively used antibacterial therapy for 

typhoid fever was chloramphenicol. Chloramphenicol was 

discovered in 1947 and put into clinical practice throughout 

the 1950s, soon proving to be highly successful in the 

treatment of typhoid fever. Until resistance to 

chloramphenicol, ampicillin, and co-trimoxazole appeared 

in the late 1980s, chloramphenicol, ampicillin, and co-

trimoxazole were the first-line therapies for typhoid fever 

over the world, until resistance against all these three 

emerged in the late 1980s. Multidrug-resistant bacteria 

(MDR bacteria) were identified, and their proliferation 

resulted in the widespread usage of fluoroquinolones like 

ciprofloxacin and ofloxacin [15-17]. Because of the 

extensive usage of these fluoroquinolones in the late 1990s, 

ciprofloxacin susceptibility was reduced [minimum 

inhibitory concentration (MIC) of at least 2 mg/ml]. These 

bacteria, which are characterised by nalidixic acid resistance 

in vitro, have been found in non-endemic nations and are 

frequently related with foreign travel to South and Southeast 

Asia [7, 18-20]. Reduced ciprofloxacin susceptibility has 

recently been followed by the emergence of high-level 

fluoroquinolone resistance in South Asia, which has been 

linked to sequential mutations in the chromosomal 

quinolone resistance-determining regions (QRDR) of the 

genes encoding DNA gyrase (gyrA) and topoisomerase IV 

(parC) [21]. By 2011, there have been reports of extremely 

fluoroquinolone-resistant S. Typhi with a new gyrA 

mutation from South Asia [22– 25]. Researchers discovered 
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a novel variety of S. Typhi that was substantially related 

with longer fever clearance durations and treatment failure 

in a randomized controlled study in Nepal [26]. An ongoing 

international epidemic of an antibiotic resistant S. Typhi 

lineage has been identified by phylogeographic research. 

H58 (now genotype 4.3.1) is a lineage associated with 

incH1 plasmids harboring genes expressing an MDR 

phenotype that first appeared in South Asia in the early 

1990s. The common gyrA/parC mutations are also 

associated with lower susceptibility and resistance to 

fluoroquinolones, which may have been driven and selected 

by its ability to retain and traffic MDR plasmids. The spread 

of H58 S. Typhi from Asia to Africa shows that regional and 

worldwide transmission of a fluoroquinolone-resistant 

lineage is now a distinct possibility [27-29]. 

 

4.Resistance against third-generation 

cephalosporin 
 

As S. Typhi becomes more resistant to fluoroquinolones, the 

use of third-generation cephalosporins and azithromycin in 

the treatment of typhoid fever has expanded across South 

Asia. In many endemic countries, including India, these 

drugs have since become the first-line therapy for simple 

illness [10]. Ceftriaxone has been the most extensively 

studied third-generation cephalosporin in recent clinical 

trials, however cefixime, cefotaxime, and cefoperazone have 

all been studied with mixed results [30]. Cefixime is the 

only third-generation cephalosporin that may be taken 

orally, making it attractive among doctors who want to 

avoid the hospital complications that come with intravenous 

antibiotic treatment. Cefixime was shown to be significantly 

less effective than gatifloxacin in a randomised controlled 

study done in Nepal prior to the establishment of high-level 

fluoroquinolone resistance [30]. Resistance to third-

generation cephalosporins is not widespread as 

fluoroquinolone resistance. Extended spectrum beta 

lactamase (ESBL)-producing S. Typhi species, on the other 

hand, are becoming more common, especially among Asian 

patients and travellers returning from South Asia [31-34]. 

According to reports, the MIC for ceftriaxone in some 

isolates has steadily grown from less than 1mg/ml to more 

than 20mg/ml in some isolates [35]. S. Typhi has been 

linked to a number of ESBL genes, including those that 

code for the TEM, SHV, PER, and CTX-M enzymes, as 

well as Amp-C [36, 37]. The appearance of ESBL-

producing organisms is exceedingly alarming, especially if 

they have previously acquired MDR and/or fluoroquinolone 

resistance-related determinants and mutations [10]. 

 

5.Azithromycin Resistance  
 

The effectiveness of azithromycin for the treatment of 

typhoid fever was first questioned in clinical trials [38]. 

Recent studies, on the other hand, have found that it is 

linked to rapid remission of clinical symptoms, low rates of 

recurrence, and convalescent faecal carriage [17, 39-43]. 

However, the azithromycin dosages used in these trials 

ranged from 10 to 20 mg/kg/day for 5–7 days, and the best 

azithromycin treatment regimen for typhoid is yet unknown. 

 

There have been infrequent reports of S. Typhi with an 

azithromycin MIC of at least 32 mg/ml in the recent decade, 

mostly from South Asia, while there is minimal published 

data on the clinical response to azithromycin in such 

infections [44-46]. Furthermore, no consensus exists on how 

to characterize azithromycin susceptibility in vitro. Only 

azithromycin disc diffusion and MIC interpretation criteria 

for S. Typhi were supplied by the Clinical & Laboratory 

Standards Institute (CLSI) in 2015 [47]. According to 

studies from various regions of South Asia, S. enterica 

serovar paratyphi A resistance to azithromycin may be more 

troublesome. 

 

Only one incidence of clinical and microbiological failure 

caused by azithromycin in S. Typhi has been reported to yet 

[48]. Despite the presence of the macrolide efflux pump 

genes macA and macB in several S. Typhi strains prevalent 

in India, the mechanism for resistance was not elucidated in 

this investigation [48]. 

 

6.Evolving resistance and treatment options 
 

Due to rising medication resistance, researchers are looking 

into new antimicrobials for typhoid, particularly in cases of 

severe sickness. Carbapenems (meropenem, imipenem, and 

ertapenem) and tigecycline, a glycylcycline antibiotic, have 

become the standard of care for severe typhoid [17, 49]. 

According to a recent study, tigecycline was very potent 

against S. Typhi in vitro at a dosage of 2 mg/ml, preventing 

the growth of more than 97 percent of isolates [49]. These 

findings matched those of the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST) and a 

separate investigation including a large number of 

Salmonella spp. isolates [49-51]. In-vitro activity of 

tigecycline against ceftriaxone-resistant Salmonella spp. 

isolates was shown to be good [49]. To examine the relative 

benefits of tigecycline in contrast to other antimicrobials for 

the treatment of typhoid fever, clinical trial data is currently 

necessary. The use of earlier antimicrobials for the treatment 

of uncomplicated typhoid fever, such as chloramphenicol 

and co-trimoxazole, has also resurfaced. Because these 

drugs have been avoided in therapy for the past two 

decades, S. Typhi sensitive to them has resurfaced, and 

some recent studies from Asia have indicated their effective 

use in typhoid fever treatment [52, 53]. According to certain 

research, MDR prevalence in some contexts that were 

previously dominated by MDR variations may now be as 

low as 10%. [36]. In Nepal, a trial comparing azithromycin 

with co-trimoxazole for the treatment of undifferentiated 

fever (of which about one-third is caused by S. Typhi) is in 

underway, and might give useful data as other treatment 

techniques are considered [54]. 

 

7.Conclusion 
 

Resistance to routinely used antimicrobials continues to 

evolve in S. Typhi, which is a major public health problem. 

Fluoroquinolones should no longer be used as a first-line 

typhoid therapy in South Asia, due to the introduction and 

spread of the H58 S. Typhi genotype. Ceftriaxone and 

azithromycin are becoming more widely utilised, yet 

resistance to these antibiotics has been found in S. Typhi. 

Carbapenems and tigecycline may be useful in the treatment 

of more serious infections, but additional research is needed. 

Because MDR S. Typhi is becoming less common, older 
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medications like chloramphenicol and co-trimoxazole may 

provide new treatment choices, although fast re-emergence 

of resistance is probable if these drugs are extensively 

utilized. Better surveillance methods and an efficient 

vaccination are anticipated to be required in the future to 

reduce the burden of S. Typhi illness. In the future years, 

routine typhoid immunization in LMICs will become a 

reality, and Vi conjugate vaccines should be prequalified by 

the World Health Organization. In typhoid-endemic areas, 

these next generation vaccinations have the potential to 

make a significant difference. However, we must stay 

attentive and continue to study the most efficient 

antimicrobial therapies as well as monitor the ever-changing 

landscape of antibiotic resistance in S. Typhi. 

 

References 
 

[1] Reddy, E. A., Shaw, A. V., & Crump, J. A. (2010). 

Community-acquired bloodstream infections in Africa: 

a systematic review and meta-analysis. The Lancet 

infectious diseases, 10 (6), 417-432.  

[2] Deen, J., Von Seidlein, L., Andersen, F., Elle, N., 

White, N. J., & Lubell, Y. (2012). Community-acquired 

bacterial bloodstream infections in developing countries 

in south and southeast Asia: a systematic review. The 

Lancet infectious diseases, 12 (6), 480-487.  

[3] Parry, C. M. (2002). Hien 1Tr, Douqan G, et a1. 

Typhoid fever. N Engl Med, 347, 1770-1782.  

[4] Kyu, H. H., Pinho, C., Wagner, J. A., Brown, J. C., 

Bertozzi-Villa, A., Charlson, F. J.,. . . & Yonemoto, N. 

(2016). Global and national burden of diseases and 

injuries among children and adolescents between 1990 

and 2013: findings from the global burden of disease 

2013 study. JAMA pediatrics, 170 (3), 267-287.  

[5] Crump, J. A., & Mintz, E. D. (2010). Global trends in 

typhoid and paratyphoid fever. Clinical infectious 

diseases, 50 (2), 241-246.  

[6] Buckle, G. C., Walker, C. L. F., & Black, R. E. (2012). 

Typhoid fever and paratyphoid fever: systematic review 

to estimate global morbidity and mortality for 2010. 

Journal of global health, 2 (1).  

[7] Crump, J. A., Sjölund-Karlsson, M., Gordon, M. A., & 

Parry, C. M. (2015). Epidemiology, clinical 

presentation, laboratory diagnosis, antimicrobial 

resistance, and antimicrobial management of invasive 

Salmonella infections. Clinical microbiology reviews, 

28 (4), 901-937.  

[8] Parry, C. M., Wijedoru, L., Arjyal, A., & Baker, S. 

(2011). The utility of diagnostic tests for enteric fever 

in endemic locations. Expert review of anti-infective 

therapy, 9 (6), 711-725.  

[9] Parry, C. M., & Threlfall, E. J. (2008). Antimicrobial 

resistance in typhoidal and nontyphoidal salmonellae. 

Current opinion in infectious diseases, 21 (5), 531-538.  

[10] Karkey, A., Thwaites, G. E., & Baker, S. (2018). The 

evolution of antimicrobial resistance in Salmonella 

Typhi. Current opinion in gastroenterology, 34 (1), 25-

30.  

[11] Karkey, A., Arjyal, A., Anders, K. L., Boni, M. F., 

Dongol, S., Koirala, S.,. . . & Baker, S. (2010). The 

burden and characteristics of enteric fever at a 

healthcare facility in a densely populated area of 

Kathmandu. PloS one, 5 (11), e13988.  

[12] . Mogasale, V., Maskery, B., Ochiai, R. L., Lee, J. S., 

Mogasale, V. V., Ramani, E.,. . . & Wierzba, T. F. 

(2014). Burden of typhoid fever in low-income and 

middle-income countries: a systematic, literature-based 

update with risk-factor adjustment. The Lancet Global 

health, 2 (10), e570-e580.  

[13] Thompson, C. N., Blacksell, S. D., Paris, D. H., Arjyal, 

A., Karkey, A., Dongol, S.,. . . & Basnyat, B. (2015). 

Undifferentiated febrile illness in Kathmandu, Nepal. 

The American journal of tropical medicine and hygiene, 

92 (4), 875.  

[14] Wain J, Hendriksen RS, Mikoleit ML, Keddy KH, 

Ochiai RL. Typhoid fever. Lancet.2015 Mar 21; 385 

(9973): 1136-45. doi: 10.1016/S0140-6736 (13) 62708-

7. Epub 2014 Oct 21. PMID: 25458731.  

[15] Bhan, M. K., Bahl, R., & Bhatnagar, S. (2005). Typhoid 

and paratyphoid fever. The Lancet, 366 (9487), 749-

762.  

[16] Bhutta, Z. A. (2006). Current concepts in the diagnosis 

and treatment of typhoid fever. Bmj, 333 (7558), 78-82.  

[17] Parry, C. M., Basnyat, B., & Crump, J. A. (2013). The 

management of antimicrobial-resistant enteric fever. 

Expert review of anti-infective therapy, 11 (12), 1259-

1261.  

[18] Dave, J., Millar, M., Maxeiner, H., Freedman, J., 

Meade, R., Rosmarin, C.,. . . & Sefton, A. (2015). East 

London experience with enteric fever 2007-2012. PLoS 

One, 10 (3), e0120926.  

[19] Dave, J., & Sefton, A. (2015). Enteric fever and its 

impact on returning travellers. International health, 7 

(3), 163-168.  

[20] Barrett, F. C., Knudsen, J. D. and Johansen, I. S., 2013. 

Cases of typhoid fever in Copenhagen region: a 

retrospective study of presentation and relapse. BMC 

research notes, 6 (1), pp.1-5.  

[21] Chau TT, Campbell JI, Galindo CM, Van Minh Hoang 

N, Diep TS, Nga TT, Van Vinh Chau N, Tuan PQ, Page 

AL, Ochiai RL, Schultsz C, Wain J, Bhutta ZA, Parry 

CM, Bhattacharya SK, Dutta S, Agtini M, Dong B, 

Honghui Y, Anh DD, Canh DG, Naheed A, Albert MJ, 

Phetsouvanh R, Newton PN, Basnyat B, Arjyal A, La 

TT, Rang NN, Phuong LT, Van Be Bay P, von Seidlein 

L, Dougan G, Clemens JD, Vinh H, Hien TT, Chinh 

NT, Acosta CJ, Farrar J, Dolecek C (2007). 

Antimicrobial drug resistance of Salmonella enterica 

serovar typhi in asia and molecular mechanism of 

reduced susceptibility to the fluoroquinolones. 

Antimicrob Agents Chemother. Dec; 51 (12): 4315-23. 

doi: 10.1128/AAC.00294-07. Epub 2007 Oct 1. PMID: 

17908946; PMCID: PMC2167998.  

[22] Koirala, K. D., Thanh, D. P., Thapa, S. D., Arjyal, A., 

Karkey, A., Dongol, S.,. . . & Baker, S. (2012). Highly 

resistant Salmonella enterica serovar Typhi with a novel 

gyrA mutation raises questions about the long-term 

efficacy of older fluoroquinolones for treating typhoid 

fever. Antimicrobial agents and chemotherapy, 56 (5), 

2761-2762.  

[23] Gopal, M., Elumalai, S., Arumugam, S., 

Durairajpandian, V., Kannan, M. A., Selvam, E., & 

Seetharaman, S. (2016). GyrA ser83 and ParC trp106 

mutations in Salmonella enterica serovar Typhi isolated 

from typhoid fever patients in tertiary care hospital. 

Paper ID: SR22201001410 DOI: 10.21275/SR22201001410 94 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 11 Issue 2, February 2022 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

Journal of clinical and diagnostic research: JCDR, 10 

(7), DC14.  

[24] Qamar, F. N., Azmatullah, A., Kazi, A. M., Khan, E., & 

Zaidi, A. K. M. (2014). A three-year review of 

antimicrobial resistance of Salmonella enterica serovars 

Typhi and Paratyphi A in Pakistan. The Journal of 

Infection in Developing Countries, 8 (08), 981-986.  

[25] Ahmed, D., Nahid, M. A., Sami, A. B., Halim, F., 

Akter, N., Sadique, T.,. . . & Rahman, M. M. (2017). 

Bacterial etiology of bloodstream infections and 

antimicrobial resistance in Dhaka, Bangladesh, 2005–

2014. Antimicrobial Resistance & Infection Control, 6 

(1), 1-11.  

[26] Thanh, D. P., Karkey, A., Dongol, S., Thi, N. H., 

Thompson, C. N., Rabaa, M. A.,. . . & Baker, S. (2016). 

A novel ciprofloxacin-resistant subclade of H58 

Salmonella Typhi is associated with fluoroquinolone 

treatment failure. Elife, 5, e14003.  

[27] Wong, V. K., Baker, S., Pickard, D. J., Parkhill, J., 

Page, A. J., Feasey, N. A.,. . . & Dougan, G. (2015). 

Phylogeographical analysis of the dominant multidrug-

resistant H58 clade of Salmonella Typhi identifies inter-

and intracontinental transmission events. Nature 

genetics, 47 (6), 632-639.  

[28] Baker, S., Favorov, M., & Dougan, G. (2010). 

Searching for the elusive typhoid diagnostic. BMC 

infectious diseases, 10 (1), 1-8.  

[29] Baker, S., Duy, P. T., Nga, T. V. T., Dung, T. T. N., 

Phat, V. V., Chau, T. T.,. . . & Boni, M. F. (2013). 

Fitness benefits in fluoroquinolone-resistant Salmonella 

Typhi in the absence of antimicrobial pressure. Elife, 2, 

e01229.  

[30] Pandit, A., Arjyal, A., Day, J. N., Paudyal, B., Dangol, 

S., Zimmerman, M. D.,. . . & Basnyat, B. (2007). An 

open randomized comparison of gatifloxacin versus 

cefixime for the treatment of uncomplicated enteric 

fever. PLoS One, 2 (6), e542.  

[31] González-López, J. J., Piedra-Carrasco, N., Salvador, 

F., Rodríguez, V., Sánchez-Montalvá, A., Planes, A. 

M.,. . . & Larrosa, M. N. (2014). ESBL-producing 

Salmonella enterica serovar Typhi in traveler returning 

from Guatemala to Spain. Emerging infectious diseases, 

20 (11), 1918.  

[32] Harrois D, Breurec S, Seck A, Delauné A, Le Hello S, 

Pardos de la Gándara M, Sontag L, Perrier-Gros-Claude 

JD, Sire JM, Garin B, Weill FX (2014). Prevalence and 

characterization of extended-spectrum β-lactamase-

producing clinical Salmonella enterica isolates in 

Dakar, Senegal, from 1999 to 2009. Clin Microbiol 

Infect.; 20 (2): O109-16. doi: 10.1111/1469-

0691.12339. Epub 2013 Aug 30. PMID: 23992040.  

[33] Ahmed, D., Hoque, A., Mazumder, R., Nahar, K., 

Islam, N., Gazi, S. A., & Hossain, M. A. (2012). 

Salmonella enterica serovar Typhi strain producing 

extended-spectrum β-lactamases in Dhaka, Bangladesh. 

Journal of medical microbiology, 61 (7), 1032-1033.  

[34] Al Naiemi, N., Zwart, B., Rijnsburger, M. C., 

Roosendaal, R., Debets-Ossenkopp, Y. J., Mulder, J. 

A.,. . . & Savelkoul, P. H. (2008). Extended-spectrum-

beta-lactamase production in a Salmonella enterica 

serotype Typhi strain from the Philippines. Journal of 

Clinical Microbiology, 46 (8), 2794-2795.  

[35] Patel, S. R., Bharti, S., Pratap, C. B., & Nath, G. (2017). 

Drug resistance pattern in the recent isolates of 

Salmonella Typhi with special reference to 

cephalosporins and azithromycin in the Gangetic plain. 

Journal of clinical and diagnostic research: JCDR, 11 

(6), DM01.  

[36] Kaur, J. (2013). Increasing antimicrobial resistance and 

narrowing therapeutics in typhoidal salmonellae. 

Journal of clinical and diagnostic research: JCDR, 7 

(3), 576.  

[37] Gokul, B. N., Menezes, G. A., & Harish, B. N. (2010). 

ACC-1 β-lactamase–producing Salmonella enterica 

serovar Typhi, India. Emerging infectious diseases, 16 

(7), 1170.  

[38] Wallace, M., Yousif, A., Habib, N., & Tribble, D. 

(1994). Azithromycin and typhoid. The Lancet, 343 

(8911), 1497-1498.  

[39] Dolecek, C., Phi La, T. T., Rang, N. N., Phuong, L. T., 

Vinh, H., Tuan, P. Q.,. . . & Farrar, J. (2008). A multi-

center randomised controlled trial of gatifloxacin versus 

azithromycin for the treatment of uncomplicated 

typhoid fever in children and adults in Vietnam. PLoS 

One, 3 (5), e2188.  

[40] Misra, R., & Prasad, K. N. (2016). Antimicrobial 

susceptibility to azithromycin among Salmonella 

enterica Typhi and Paratyphi A isolates from India. 

Journal of medical microbiology, 65 (12), 1536-1539.  

[41] Ohnishi, K., Kobayashi, K. I., Iwabuchi, S., & 

Nakamura-Uchiyama, F. (2013). Treatment of Japanese 

patients with enteric fever using azithromycin and MIC 

levels for causative organisms. Southeast Asian J Trop 

Med Public Health, 44, 109-113.  

[42] Aggarwal, A., Ghosh, A., Gomber, S., Mitra, M., & 

Parikh, A. O. (2011). Efficacy and safety of 

azithromycin for uncomplicated typhoid fever: an open 

label non-comparative study. Indian pediatrics, 48 (7), 

553-556.  

[43] Trivedi, N. A., & Shah, P. C. (2012). A meta-analysis 

comparing the safety and efficacy of azithromycin over 

the alternate drugs used for treatment of uncomplicated 

enteric fever. Journal of postgraduate medicine, 58 (2), 

112.  

[44] Molloy, A., Nair, S., Cooke, F. J., Wain, J., Farrington, 

M., Lehner, P. J., & Torok, M. E. (2010). First report of 

Salmonella enterica serotype paratyphi A azithromycin 

resistance leading to treatment failure. Journal of 

clinical microbiology, 48 (12), 4655-4657.  

[45] Sjölund-Karlsson, M., Joyce, K., Blickenstaff, K., Ball, 

T., Haro, J., Medalla, F. M.,. . . & Whichard, J. M. 

(2011). Antimicrobial susceptibility to azithromycin 

among Salmonella enterica isolates from the United 

States. Antimicrobial agents and chemotherapy, 55 (9), 

3985-3989.  

[46] Hassing, R. J., Goessens, W. H., van Pelt, W., Mevius, 

D. J., Stricker, B. H., Molhoek, N.,. . . & van Genderen, 

P. J. (2014). Salmonella subtypes with increased MICs 

for azithromycin in travelers returned to The 

Netherlands. Emerging Infectious Diseases, 20 (4), 705.  

[47] CLSI. Standards for Antimicrobial Susceptibility 

Testing; Twenty-Fourth Informational Supplement, 

CLSI document M100-S24. Clinical and Laboratory 

Standards Institute; 2014.  

Paper ID: SR22201001410 DOI: 10.21275/SR22201001410 95 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 11 Issue 2, February 2022 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

[48] Manesh, A., Balaji, V., Kumar, D. R. N., & Rupali, P. 

(2017). A case of clinical and microbiological failure of 

azithromycin therapy in Salmonella enterica serotype 

Typhi despite low azithromycin MIC. International 

Journal of Infectious Diseases, 54, 62-63.  

[49] Capoor, M. R., Nair, D., Posti, J., Singhal, S., Deb, M., 

Aggarwal, P., & Pillai, P. (2009). Minimum inhibitory 

concentration of carbapenems and tigecycline against 

Salmonella spp. Journal of medical microbiology, 58 

(3), 337-341.  

[50] Brown, D. F. J., Canton, R., MacGowan, A. P., 

Mouton, J. W., Rodloff, A., Goldstein, F.,. . . & 

European Committee on Antimicrobial Susceptibility 

Testing (EUCAST) Steering Committee. (2006). 

EUCAST technical note on tigecycline. Clinical 

Microbiology and Infection, 12 (11), 1147-1149.  

[51] Morosini, M. I., García-Castillo, M., Coque, T. M., 

Valverde, A., Novais, A., Loza, E.,. . . & Cantón, R. 

(2006). Antibiotic coresistance in extended-spectrum-β-

lactamase-producing Enterobacteriaceae and in vitro 

activity of tigecycline. Antimicrobial agents and 

chemotherapy, 50 (8), 2695-2699.  

[52] Karki, M., Pandit, S., Baker, S., & Basnyat, B. (2016). 

Cotrimoxazole treats fluoroquinolone-resistant 

Salmonella typhi H58 infection. Case Reports, 2016, 

bcr2016217223.  

[53] Ramesh, U., Das, S., & Balasubramanian, A. (2016). 

Re-emergence of chloramphenicol-susceptible 

Salmonella Typhi and Paratyphi A strains in India. 

Indian journal of medical microbiology, 34 (2).  

[54] Pokharel, S., Basnyat, B., Arjyal, A., Mahat, S. P., Kc, 

R. K., Bhuju, A.,. . . & Thwaites, G. (2017). Co-

trimoxazole versus azithromycin for the treatment of 

undifferentiated febrile illness in Nepal: study protocol 

for a randomized controlled trial. Trials, 18 (1), 1-13. 

 

Author Profile 
 

Mr. Bhrigu is currently working in the 

MDRU, SSMC, Rewa and has done double 

masters. He is passionate towards 

microbiology field and has gained years of 

experience in it. He is also doing his Ph. D. 

which is due to complete soon. 

Paper ID: SR22201001410 DOI: 10.21275/SR22201001410 96 




