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INTRODUCTION
Typhoid is a public health problem in India [1]. It is one of the common 
causes of fever in the pediatric population [2], with the National 
Family Health Survey 2019 indicating that children bear the highest 
burden of the disease [3]. Salmonella has shown resistance to various 
classes of antibiotics in the past, such as uroquinolone, ampicillin, 
and cotrimoxazole [4]. Resistance to cephalosporins and ciprooxacin 
has also recently emerged, such as in Pakistan in 2016, with the 
increase of extensively drug-resistant (XDR) strains [5]. Increased 
resistance to carbapenem and macrolide is a worrisome situation, as 
these two drug classes are reserved for typhoid fever [6].

Globally, India bears the highest burden of disease [7]. Uttar Pradesh 
has the highest number of typhoid cases in India, with the Uttar 
Pradesh Noida-Ghaziabad region known for its water and air pollution. 
As typhoid is a communicable disease that spreads by the feco-oral 
route [8], children of this region are exposed to many risk factors. As 
per our literature review, there is no recent study in the Noida region on 
prevalent antimicrobial resistance patterns among Salmonella isolates, 
especially during the COVID-19 pandemic.

In this study, we aim to analyze the antimicrobial susceptibility pattern of 
Salmonella spp. isolates among pediatric blood culture–positive typhoid 
cases in the Noida-Ghaziabad region of Uttar Pradesh, India, during the 
COVID- 19 pandemic. In particular, we focus on the emergence of drug-
resistant strains within the region during the COVID-19 pandemic. This 
article will provide an evidence-based analysis of the current situation 
concerning the prevalence of typhoid among children in the Uttar 
Pradesh region, and the associated antimicrobial resistance patterns. 
Additionally, as the article concerns pediatric typhoid cases, its outcomes 
can also be used to establish an improved knowledge base from which 
outbreak-preparedness strategies can be developed to curb the spread of 
the disease within the region.

MATERIALS & METHODS
This was an observational, analytical, intramural, single-center study, 

which had both retrospective and prospective arms. We conducted the 
study at the Department of Microbiology, Post Graduate Institute of 
Child Health (formerly Super Specialty Pediatrics Hospital & Post 
Graduate Teaching Institute,), Noida, Uttar Pradesh. We included 104 
cases from January 2020 to December 2020 in the retrospective arm 
based on certain inclusion and exclusion criteria.We retrieved patient 
les with permission from the Medical Records Department of the 
hospital. We performed the prospective arm of the study from January 
2021 to December 2021 and included 262 cases, as given in Table-1.

Table-1:Total patients enrolled in the study by year.

The study was approved by the hospital's institutional ethics 
committee, and we obtained informed consent from the patients or 
their guardians for prospective cases. 

We included children <18 years of age with suspected typhoid fever (i.e., 
fever, white coated tongue, hepato-splenomegaly, and diarrhea/ 
constipation). neonates and children with a documented  We excluded 
history of culture-positive typhoid fever in the recent past.

Blood samples were obtained from the ward and Out Patient Department 
as part of routine patient care. The blood was collected in a blood culture 
bottle under strict aseptic conditions. Blood culture was done using an 
automated method by incubating BACT/ALERT blood culture bottles in 
a BACT/ALERT automated culture system (bioMérieux). Automated 
identication and antimicrobial susceptibility determination was done 
using a Vitek 2 Compact (bioMérieux). Once identied by the Vitek-2 as 
Salmonella spp, bacteria serotyping was done by Salmonella antisera 
(Denka Seiken Co., Ltd., Japan).

All isolates were subjected to antibiotic susceptibility testing by the 
Vitek 2 Compact and an extended panel by Kirby Bauer disc diffusion 
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ABSTRACT
Background Drug resistant Salmonella poses a challenge for the treatment of typhoid fever globally. Understanding the current antimicrobial 
susceptibility pattern of Salmonella in the National Capital Region Delhi will help to understand the prevalent antibiotic resistance in this population in 
this region.  This study included a total of 366 children with suspected typhoid fever from 2020 to 2021. The automated BACT/ALERT system Methods
was used to perform blood culture. Antimicrobial susceptibility was determined with the Vitek 2 Compact. Serotyping was done by Salmonella antisera. 
Results Out of 366 isolates, 31 were identied as Salmonella spp., comprising 24 isolates of S.Typhi and seven isolates S.Paratyphi. Two isolates were 
multidrug-resistant, whereas the rest were susceptible to at least one rst-line antibiotics (i.e., ampicillin, cotrimoxazole, or chloramphenicol). Among 
the uoroquinolones, the rates of ciprooxacin, peoxacin, and nalidixic acid resistance were 70.9%, 80.6%, and 96.7%, respectively. Among the third- 
generation cephalosporins, ceftriaxone and cefotaxime were sensitive in 96.7% and 83.3% of isolates, respectively. Only 42 % of the isolates were 
sensitive to azithromycin, whereas 58% were resistant. Among the carbapenems, all but one isolate was found to be sensitive, as it was intermediate to 
imipenem. Our results showed an increase in susceptibility for rst-line antibiotics due to prolonged non-use. The higher rate of Conclusions 
azithromycin resistance can be attributed to over-use during the COVID pandemic, which led to resistant strains being more prevalent in the study 
region. It requires the immediate attention of microbiologists, clinicians, and policymakers. The one imipenem intermediate isolate is a cause of 
concern, as Carbapenem Resistant Enterobaterales is already currently a big treatment challenge.
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Year Enrolled Patients
2020 104
2021 262
Total 366
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method according to Clinical and Laboratory Standards Institute 
(CLSI) guidelines. The extended panel of antibiotics included 
chloramphenicol; azithromycin and peoxacin; and cefotaxime and 
ampicillin-sulbactam. Zone size was recorded and interpreted as per 
the CLSI guidelines.

RESULTS
Out of 366 samples from suspected typhoid patients were included 
during the study period, 31 (8.4%) were blood culture-positive. Of the 
31 positive cultures, 24 (77.4%) were Salmonella Typhi and 7 (22.6%) 
were Salmonella Paratyphi A. In the retrospective arm (i.e., 2020), 14 
patients were blood culture–positive, whereas 17 patients were blood 
culture–positive in the prospective arm (i.e., 2021) as given in Table -2.

Table 2 Blood culture-positive isolates by year.

The age groups with the highest proportion of positive cases were <5 
years and 6–10 years at 36 %, and 35 % of cases, respectively as given 
in Table-3, which was similar to the results of Mohanty et al. [9]

Table -3: Age distribution of culture- positive cases.

Age group 11-15 years with culture positive 7 cases was 22.58%, 
whereas 16-18 years 6.45% as shown in Figure-1.

Figure -1 Age distribution

The gender distribution of our study population showed male 
preponderance. Among the 31 culture positive patients, 17 ( 55%) were 
male and 14 (45%) were female children, as given in Table-4.

Table - 4: Gender distribution of positive isolates.

The study found male preponderance among culture positive cases as 
given in Figure-2.

Figure -2

In this study, two isolates (6.45%) demonstrated resistance to all three rst-

line antibiotics (i.e., ampicillin, chloramphenicol, and cotrimoxazole); 
therefore, they were labelled as MDR strains. The remaining isolates were 
found to be susceptible to at least one of these three antibiotics. 80.7% of the 
isolates were sensitive to ampicillin, and 12.9% were resistant. 87.1% of the 
isolates were sensitive to cotrimoxazole, and 12.9% were resistant. 80.7% 
of the isolates were sensitive to chloramphenicol, and 6.4% were resistant 
as given in Table-5.

Table -5: Antimicrobial Susceptibility Pattern Of Culture-positive 
Isolates.

Of the positive isolates, 16% were sensitive to both ciprooxacin and 
peoxacin, whereas 96.7% were resistant to nalidixic acid. Among the 
S. Typhi isolates, 95.8% (23/24) were resistant to nalidixic acid. All 
seven isolates of S. Paratyphi A were resistant to nalidixic acid. 70.9% 
of the isolates were resistant to ciprooxacin, and 80.6% were resistant 
to peoxacin.

No XDR isolates were detected in our study; however, one isolate was 
found to be intermediate to ceftriaxone and resistant to ciprooxacin. 
There were also ve isolates found to be intermediate to cefotaxime. 
Ceftriaxone sensitivity was found in 96.7% of isolates, and cefotaxime 
sensitivity was found in 83.8% of isolates.

Azithromycin and carbapenem are World Health Organization 
(WHO)-reserved category (AWaRe Classication of essential drugs) 
drugs for typhoid fever. In our study, carbapenem proved to have 100% 
sensitivity in isolates of typhoid fever, with the exception of one 
isolate, which was intermediate to imipenem, resulting in an overall 
imipenem sensitivity of 96.7%. 42% of isolates were sensitive to 
azithromycin, with the remaining 58% showing resistance. As there is 
no CLSI zone diameter breakpoint provided for S. Paratyphi A, the 
zone diameter for S. Typhi was taken to interpret susceptibility testing.

The sensitivity of ampicillin-sulbactam among the Beta Lactam-Beta 
Lactam Inhibitor combinations was 90.4%, whereas that of 
amoxicillin-clavulanic acid, piperacillin-tazobactam, and 
cefoperazone sulbactam was 100%. Cefepime, a fourth-generation 
cephalosporin, showed 100% sensitivity. 

DISCUSSION
Studies conducted worldwide in the 1990s reported an incidence of 
MDR S.Typhi of up to 80% [10], during which India saw an incidence 
of MDR S.Typhi of 7 to 55% [11]. In recent years, the prevalence of 
MDR strains has been declining, possibly due to discontinued use of 
these drugs (Ampicillin, Chloramphenicol, Cotrimoxazole) for 
treating typhoid fever. Another reason could be the loss of plasmids 
(e.g., R-plasmid) that confer multi-drug resistance, or the emergence 
of de novo susceptible strains. In our study, the prevalence of MDR 
S.Typhi was 6.45%, which was similar the prevalence of 6% reported 
by Dahiya et al. [12]. Based on this result, using these antibiotics again 
for Salmonella may be tempting, but this would risk the recurrence of 
typhoid infection, as phenotypic sensitivity may quickly vanish in 
presence of resistance-coded bacterial genes. Therefore, genotypic 
absence of such genes should be conrmed on a regional basis before 
using these drugs.

Fluoroquinolone was the drug of choice after the emergence of MDR 
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Year Blood Culture– Positive Isolates
2020 14
2021 17
Total 31

Age Group (years) Number
≤5 11
6–10 11
11–15 7
16–18 2

Male Female
S. Typhi (n) S Paratyphi (n) S. Typhi (n) S. Paratyphi (n)

2020 4 4 6 0
2021 7 2 7 1
Total 17 14

Antibiotic Sensitive 
n (%)

Intermediate
n (%)

Resistant
n (%)

Ampicillin 25 (80.7%) 2 (6.4%) 4 (12.9%)
Cotrimoxazole 27 (87.1%) 0 4 (12.9%)
Chloramphenicol 25 (80.7%) 4 (12.9%) 2 (6.4%)
Ciprooxacin 5 (16.2%) 4 (12.9%) 22 (70.9%)
Nalidixic Acid 0 1 (3.3%) 30 (96.7%)
Peoxacin 5 (16.2%) 1 (3.2%) 25 (80.6%)
Ceftriaxone 30 (96.7%) 1 (3.3%) 0
Cefotaxime 26 (83.8%) 5 (16.2%) 0
Azithromycin 13 (42%) 0 18 (58%)
Ertapenem 31 (100%) 0 0
Imipenem 30 (96.7%) 1 (3.3%) 0
Meropenem 31 (100%) 0 0
Ampicillin sulbactam 28 (90.4%) 3 (9.6%) 0
Amoxicillin-clavulanic acid 31 (100%) 0 0
Piperacillin-tazobactam 31 (100%) 0 0
Cefoperazone-sulbactam 31 (100%) 0 0
Cefepime 31 (100%) 0 0



isolates [13]. However, rampant use led to resistance to this drug class 
since the 1990s, as described by Rahman et al. [14]. Quinolone 
resistance is mediated by chromosomal mutations in quinolone 
resistance-determining regions (QRDR) genes- gyrA, gyrB, parC, and 
parE [15]. In 2015, Fang et al. studied uoroquinolone resistance in 
Salmonella and the utility of peoxacin disc diffusion; they reported 
that peoxacin disc diffusion provided better separation of 
ciprooxacin susceptible and non-susceptible strains than other disk 
diffusions, including that of ciprooxacin itself [16]. In our study, 
80.6% and 70.9% of isolates were resistant to peoxacin and 
ciprooxacin, respectively. Overall, 96.7% of isolates were resistant to 
nalidixic acid, and 95.8% were nalidixic acid– resistant S.Typhi 
isolates.

Third-generation cephalosporins have been the drug of choice for the 
last decade for enteric fever. In our study, ceftriaxone was found to be 
sensitive in 96.7% of isolates. 83.8% of the isolates were sensitive to 
cefotaxime, and none was resistant to these drugs. These ndings were 
similar to those of Sarika et al. [17]. This requires close monitoring of 
drug resistance against third- generation cephalosporins—not only by 
phenotypic methods but also genotypic methods—to predict near-
future sensitivity patterns, as these are drugs of choice in treating 
typhoid fever in children, as per Indian Association of Pediatrics 
Standard Treatment Guidelines 2022 [18]. There have been reports of 
XDR isolates from Pakistan since 2016, resistant to ceftriaxone and 
quinolones. In our study, we found no isolate to be XDR. 

Carbapenems are another WHO-reserved category (AWaRe 
classication) of antibiotics. In this study, 100% of the isolates were 
sensitive to ertapenem and meropenem, whereas 96.7% were sensitive 
to imipenem, as one isolate was found to be intermediate. No isolate 
was found to be resistant. The CRE is a bigger picture,. as it is currently 
one of the greatest treatment challenges. Salmonella is a member of the 
family Enterobacteriaceae, various members of which harbor 
resistance against carbapenems. Ain et al. reported S.Typhi isolates 
harboring vim and ges genes for carbapenem resistance from 
Faisalabad, Pakistan [20]. The emergence of carbapenem-resistant 
isolates would pose a challenge to treating typhoid in this region in the 
future. Therefore, we recommend continuous monitoring of 
carbapenem resistance among Salmonella in this region.

Our results showed that only 42% of isolates proved to be sensitive to 
azithromycin, and the remaining 58% were resistant. Similarly, Khan et .al. 
reported azithromycin resistance of 16 % [21], which was contrary to 
studies by Butler et al. [22] and Frenck et al. [23]. This level of resistance 
could be a result of the soaring usage of azithromycin due to the COVID-19 
pandemic, which most likely enabled the proliferation of azithromycin-
resistant strains. Epidemiologically, all seven isolates of S.Paratyphi A were 
found to be resistant to azithromycin, as compared to only 11 out of 24 
isolates of S Typhi. Recently, there have been numerous studies on rising 
azithromycin resistance among Salmonella. The rampant over-use of this 
drug during the COVID-19 pandemic poses a challenge to treating 
typhoidal infection as azithromycin resistant strains may have emerged in 
this region. This emergence is worrisome, as azithromycin is one of only 
two available oral drugs for Salmonella infection. Therefore, we strongly 
recommend continuous genotypic and phenotypic analysis of all 
Salmonella isolates in the Noida Ghaziabad region.

Among the BL-BLI combinations, ampicillin-sulbactam showed 
sensitivity in 90.4% of the isolates. Others such as amoxicillin 
clavulanic acid, piperacillin-tazobactam, and cefoperazone-sulbactam 
showed sensitivity in 100% of the isolates. Fourth-generation 
cephalosporin cefepime showed a sensitivity of 100 %.

We acknowledge certain limitations of our study. During the COVID-
19 pandemic, our hospital was declared a COVID hospital, which 
reduced the number of patients coming to our hospital at that time. This 
effect led to a small sample size in our study. Further research is 
required to verify our assumption that over- use of azithromycin during 
the COVID-19 pandemic gave rise to resistant strains. Furthermore, 
we could not perform geotropic analysis for drug resistance on our 
isolates. CLSI does not provide Minimum Inhibitory Concentration 
and zone diameter breakpoint for azithromycin in Salmonella, nor for 
Paratyphi serotypes.

CONCLUSION             
This study provides insight into the antimicrobial susceptibility pattern 

of Salmonella isolates among pediatric patients in the Noida region 
during the COVID-19 pandemic. Resistance to azithromycin in this 
region must be addressed immediately, and resistance to carbapenem 
and third-generation cephalosporins should be continuously 
monitored. To ensure that real-time information on drug resistance is 
accurately captured, we advocate for an integrated reporting and 
surveillance system for Salmonella spp. in the Noida region, as this 
may facilitate timely intervention from microbiologists, clinicians, 
and policy-makers in response to this public health issue.
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