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Abstract 
_______________________________________________________________________________________________________________ 

Background: India faces a high burden of infectious diseases globally, with Gram-negative 
bacteria posing a major threat. Cephalosporins are commonly used to treat these infections, but 
focused data on their utilization for Gram-negative infections is scarce, hindering targeted 
treatment and antimicrobial stewardship efforts. Our study aims to address this by providing 
comprehensive data on cephalosporin use for Gram-negative infections, promoting rational drug 
use, and enhancing antimicrobial stewardship practices. 

Methods: A prospective observational study was conducted in Chennai from July to October 
2024, to evaluate cephalosporin use in Gram-negative infections. The study enrolled 126 patients 
aged 20-70 prescribed cephalosporins, either empirically or on definitive therapy based on 
culture results. Data on demographics, diagnoses, culture reports, and treatment were recorded, 
categorized as empirical or definitive, and analyzed using chi-square tests (p < 0.05). 

Results: The analysis showed a significant preference for third-generation cephalosporins in 
empiric and definitive therapy, confirmed by substantial deviations from expected distributions 
(p < 0.05), with cefoperazone with sulbactam being the most frequently prescribed in empirical 
treatment. 

Conclusion: The study reveals the predominant use of third-generation cephalosporins in 
treating Gram-negative infections, emphasizing the need for antimicrobial stewardship, stricter 
guidelines and treatment protocols to include definitive therapies, and promoting rational drug 
use by adhering to antibiotic policies to combat resistance. 

Keywords: Cephalosporin, Gram-negative infection, Drug Utilization, Prescribing pattern, 
antimicrobial stewardship. 

 

INTRODUCTION: 

India, with its myriad of challenges, confronts a 
staggering reality: it harbors one of the highest rates of 
infectious disease worldwide.1 In India, the crude death 
rate from infectious diseases is 417 per lakh people.2 

Specifically, Gram-negative infections stand as a 
menacing threat to health, particularly in people who 
have compromised immunity. Within medical settings, 
infections caused by these resilient bacteria, which defy 
conventional antibiotics, pose formidable challenges for 
healthcare providers.3 Gram-negative bacteria are 
frequently implicated in serious conditions such as 
ventilator-associated pneumonia, catheter-related 
bloodstream infections, and sepsis acquired in intensive 
care units, including urinary tract infections. Among the 
primary culprits are Enterobacteriaceae and non-
fermenting Gram-negative bacteria, including 
Pseudomonas aeruginosa, Acinetobacter baumannii, and 
Stenotrophomonas maltophilia.3,4 Gram-negative 
bacteria (GNB) are clinically critical in hospital settings, 
as they result in elevated morbidity and mortality 

rates.4,5 According to the Global Antimicrobial Resistance 
and Use Surveillance System (Glass) annual report of 
2022, there is a consistent global increase in gram-
negative infections. Notably, Escherichia coli was 
identified as the predominant pathogen causing these 
infections. The report highlighted concerning levels of 
resistance in certain pathogens, particularly in Klebsiella 
pneumoniae and Acinetobacter spp. responsible for 
bloodstream infections raised significant concerns 
regarding antimicrobial resistance (AMR) trends.6,7 

In India, the data from the Antimicrobial Resistance 
Research & Surveillance Network (AMRSN) annual 
report of 2021 highlights a notable increase in the 
prevalence of gram-negative infections specifically, 
Enterobacterales accounted for 49.5% of the isolates, 
indicating their significant presence in the surveillance 
data.8 

Three classes of antibiotics are predominantly used to 
treat infectious diseases in India, which are 
cephalosporins, broad-spectrum penicillin, and fluoro-
quinolones.9 Cephalosporins, a class of beta-lactam 
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antibiotics, are employed to treat various infections 
caused by both gram-positive and gram-negative 
bacteria. Based on their history of discovery and their 
spectrum against the bacterium, the Cephalosporin class 
has 5 generations. First-generation cephalosporins 
demonstrate efficacy against a wide spectrum of both 
gram-positive and limited activity against gram-negative 
bacteria, covering pathogens like Proteus mirabilis, 
Klebsiella pneumoniae, and Escherichia coli. Second-
generation cephalosporins extend their susceptibility to 
Moraxella catarrhalis, Bacteroides spp., and 
Haemophilus influenzae.3 However, third-generation 
cephalosporins exhibit reduced activity against Gram-
positive bacteria compared to earlier generations but 
demonstrate enhanced effectiveness against a broader 
range of Gram-negative bacteria, including Haemophilus 
influenzae, Neisseria species, and members of the 
Enterobacteriaceae family. Comparable to third-
generation counterparts, fourth-generation cephalon-
sporins offer heightened protection against gram-
negative bacteria, particularly those harboring antibiotic 
resistance mechanisms such as beta-lactamase. Finally, 
fifth-generation cephalosporins target pneumococci and 
methicillin-resistant staphylococci, providing tailored 
efficacy against these resistant strains. Thus, the gram-
negative coverage of cephalosporins increases from the 
first to the fourth generation, with the fifth generation 
offering effectiveness against many resistant strains.3 

Numerous studies have investigated the utilization of 
cephalosporins. One study investigates the use of third- 
and fourth-generation cephalosporins for treating Gram-
negative bacterial infections in hospital settings. Other 
studies explore cephalosporin usage patterns within 
specific departments such as general medicine, 
pediatrics, and others.11,12 While existing research often 
delves into the broader patterns of cephalosporin usage 
across various medical departments or specific 
infections, there is a lack of comprehensive data 
particularly addressing the use of cephalosporins for 
gram-negative infections. 

Our study aims to bridge this gap and thus significantly 
improve patient outcomes and contribute to the 
advancement of antimicrobial stewardship initiatives in 
healthcare settings. This can further help in assessing 
instances of treatment failure to inform future 
prevention strategies and empower clinicians to provide 
tailored treatments rather than empirical ones and 
prevent the emergence of resistance.13 

METHODS: 

A prospective observational study was conducted in 
Chennai over three months from July 10, 2024, to 
October 10, 2024, aiming to evaluate the utilization 
pattern of cephalosporins in gram-negative bacterial 
infections. The study enrolled 126 patients aged between 
20-70 who were prescribed cephalosporins, either alone 
or in combination with other antibiotics. The patient was 
included based on culture which shows gram-negative 
microorganisms or suspected gram-negative organisms 
and prescribed cephalosporins, either alone or in 
combination with other antibiotics. Patients not 

receiving cephalosporin therapy, or admitted for 
prophylaxis, not in-between 20-70, and gram-positive 
microorganism culture reports were excluded. The 
information about diagnoses, culture reports, treatment 
types, and cephalosporin data such as indication, dosage, 
frequency, and duration of therapy, were recorded in a 
predefined pro forma. Patient consent was secured for 
documentation. Cephalosporin usage was categorized as 
empirical (based on clinical evidence of infection without 
isolated organisms) and definitive (based on culture 
reports). The collected data were meticulously processed 
to examine the distribution of cephalosporin in empirical 
and definitive therapy, as well as the drug utilization 
pattern. The collected data underwent analysis through 
the chi-square test goodness of fit and were also 
presented in terms of mean, median, standard deviation 
(SD), and percentage, and further analysis was done by 
calculating for standardized residuals. A significance 
level of chi-square goodness of fit test of p < 0.05 was 
found to be statistically significant. 

RESULTS: 

During the study period, a total of 126 participants were 
included in the study. The baseline characteristics of the 
study population are summarized in Table 1. 

Table 1:  Characteristics of Study Population (n=126) 

Characteristics N(%) 

Gender 

Male 60 (47.6) 

Female 66 (52.4) 

Age (Mean ± SD) 59.45 ± 11.06 

years 

Infection Classification 

UTI 42 (33.3) 

Bacteremia 4 (3.1) 

Sepsis 33 (26.2) 

Pneumonia 15 (11.9) 

Cellulitis 23 (18.3) 

Meningitis 5 (4) 

Others 4 (3.2) 

Bacteriological Investigation 

Done 119 (94.5) 

Not Done 7 (5.5) 

Type of Treatment with Cephalosporins 

Empiric 84 (49.7) 

Definitive 85 (50.3) 

 

The study population comprised both males and females 
with a mean age of 59.45 years. Among the diagnoses, 
urinary tract infections (UTI) were the most frequently 
observed condition (33.3%), whereas other infections 
accounted for the lowest proportion (3.2%). Bacterio-
logical examinations were conducted for the majority of 
patients, while a small subset did not undergo culture 
testing. Cephalosporins were utilized either empirically 
or as definitive therapy, with some patients receiving 
both treatment approaches.
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Table 2:  Distribution of Cephalosporins Prescribed Based on Their Generation 

 

The data were arranged, and the cephalosporins were 
listed in Table 2 by their respective generations. In 
empirical therapy, 84 patients were provided with 
cephalosporins based on suspected gram-negative 
bacterial causation. Among these, third-generation 
cephalosporins, particularly cefoperazone with 
sulbactam (35.7%), were the most frequently prescribed. 
Notably, no patients received fourth or fifth-generation 
cephalosporins empirically. At the same time, 85 patients 
received cephalosporins as definitive therapy, third-
generation cephalosporins, especially cefoperazone with 
sulbactam, a third-generation cephalosporin was again 
prevalent (20%). No patients received first or fourth-
generation cephalosporins in definitive therapy.  

The results have been discussed separately as empiric 
and definitive treatments. Figure 1 presents a 
comparison of empiric versus definitive cephalosporin 
usage, comparing the utilization patterns of 
cephalosporins in empiric and definitive therapies for 

Gram-negative infections. In empiric therapy, third-
generation cephalosporins dominate, with cefoperazone 
(35.7%) being the most frequently used, followed by 
ceftriaxone (25%) and cefuroxime (23.8%). These 
findings reflect their preference for initiating treatment 
when culture results are unavailable. In contrast, 
definitive therapy shows a more balanced distribution, 
with cefoperazone still leading (20%) but with reduced 
usage compared to empiric therapy. Additionally, 
ceftazidime (11.8%) and cefuroxime axetil (10.7%) are 
more prominently used in definitive therapy, reflecting 
tailored treatment based on culture and sensitivity 
results.  Certain cephalosporins, such as ceftaroline and 
cefixime, are absent in both empiric and definitive 
therapies, suggesting limited application in this context. 
Overall, empiric therapy demonstrates a stronger 
reliance on third-generation cephalosporins, while 
definitive therapy incorporates a wider range of options 
to address specific microbial profiles.

  

 

Figure 1: Cephalosporin utilization pattern in Empiric vs definitive therapy 

Cephalosporin Generation Drugs Empiric N (%) Drugs Definitive N (%) 

First generation Cefazolin 3(3.6) - - 

Second generation Cefuroxime 20(23.8) Cefuroxime 10(11.8) 

Cefuroxime axetil 9(10.7) 

Third generation Ceftriaxone 21(25) Ceftriaxone 11(12.9) 

Ceftazidime 6(7.1) Ceftazidime 11(12.9) 

Cefotaxime 4(4.8) Cefotaxime 6(7) 

Cefoperazone with 

sulbactam 

30(35.7) Cefoperazone with 

sulbactam 

17(20) 

  Cefixime 5(5.9) 

  Ceftazidime 

avibactam 

10(11.8) 

Fourth generation - - - - 

Fifth generation - - Ceftaroline 6(7) 
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Table 3:  Chi-Square Goodness of Fit Test Applied for Empiric Therapy 

S. No Test description Significance level (p-value 
should be <0.05) 

1 Distribution of Cephalosporin based on their generation in 
Empiric therapy 

0.004* 

2 Distribution of Cephalosporin drugs irrespective of generation in 
Empiric therapy 

0.026* 

(*) indicate statistical significance at p < 0.05. 

 

Table 4:  Chi-Square Goodness of Fit Test Applied for Definitive Therapy 

S. No Test description Significance level (p-
value should be <0.05) 

1 Distribution of Cephalosporin based on their generation in Definitive therapy 0.034* 

2 Distribution of Cephalosporin drugs irrespective of generation in Definitive 
therapy 

0.042* 

(*) indicate statistical significance at p < 0.05. 

 

All the results were subjected to rigorous statistical 
analysis, and proven significant. The statistical p-values 
for empiric therapy are provided in Table 3, while those 
for definitive therapy are presented in Table 4. For 
empiric treatment, the distribution of cephalosporin 
across generations showed a significant deviation from 
the expected distribution (p-value = 0.004), with third-
generation cephalosporins having a standardized 
residual of +5.26, indicating third-generation 
cephalosporins are used significantly more frequently 
than expected. Similarly, the distribution of 
cephalosporin drugs irrespective of their generation in 
empiric treatment also showed a significant deviation (p-
value = 0.026), with cefoperazone with sulbactam having 
a standardized residual of +2.83, proving its higher-than-
expected usage. 

For definitive treatment, the distribution of 
cephalosporin generations again showed a significant 
deviation from the expected distribution (p-value = 
0.034), with third-generation cephalosporins having a 
standardized residual of +5.08, indicating a significantly 
higher usage. The distribution of cephalosporin drugs 
irrespective of generation in definitive treatment also 
showed a significant deviation (p-value = 0.042). 
However, the standardized residual for cefoperazone 
with sulbactam was +1.24, suggesting a slight but not 
significant increase in its usage. These findings confirm 
that third-generation cephalosporins are more 
frequently used in both empiric and definitive 
treatments, with cefoperazone sulbactam being notably 
used more in empiric treatments. 

DISCUSSION: 

Our study focuses on examining the utilization patterns 
and prescribing trends of cephalosporins in the 
treatment of Gram-negative bacterial infections. It aims 
to offer insights into antibiotic stewardship and clinical 
decision-making within hospital environments. The 
appropriate choice and utilization of cephalosporins are 

essential to provide safe and effective therapy for 
successful conditions.13 The demographic analysis 
showed a higher proportion of females (52.4%) 
compared to males (47.6%) in our study which is in 
contrast with the study by Dominic KS et al.,11 Our study 
revealed an average patient age of 59.45 years (SD 
±11.06 years), differing from the average age of 47 years 
reported by Shetty YC et al.,14. Despite these differences 
in demographics, they are unlikely to affect our study 
outcomes.  

The primary finding in our study highlights the 
predominant use of third-generation cephalosporins in 
both empiric and definitive treatments. These findings 
are consistent with observations reported by Protic D et 
al.,10 Among these, cefoperazone with sulbactam 
emerged as the most frequently prescribed agent in 
empiric therapy, while no drug was significantly used 
more in definitive therapy. This preference underscores 
the broad-spectrum activity of cefoperazone with 
sulbactam, making it a reliable choice for initial 
treatment when culture results are unavailable. 
However, these results differ from those reported by 
Gururaja MP et al.,15, who identified ceftriaxone as the 
most commonly prescribed third-generation 
cephalosporin. Moreover, several studies have 
consistently highlighted a strong preference for 
ceftriaxone in clinical practice.14,16 These differences 
highlight variability in antibiotic choice across different 
healthcare settings and underscore the importance of 
regional guidelines and local resistance patterns in 
guiding treatment decisions. 

The preference for cefoperazone-sulbactam in empiric 
therapy in our study has been attributed to its broader 
spectrum of activity against β-lactamase-producing 
gram-negative organisms, including Pseudomonas 
aeruginosa, which is likely prevalent in our study 
setting.17 Cefoperazone with sulbactam combination's 
ability to target resistant pathogens, particularly in 
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hospital-acquired infections, has made it an ideal choice 
for empiric treatment. The addition of sulbactam has 
enhanced the efficacy of cefoperazone by inhibiting β-
lactamase, further extending its activity against resistant 
strains.18 These factors have contributed to its higher 
usage over ceftriaxone in empiric therapy.  

Although cefoperazone with sulbactam was preferred for 
empiric therapy due to its broad-spectrum activity 
against gram-negative organisms, it was not always the 
most effective choice for all infections. More targeted 
antibiotics, such as ceftazidime or ceftriaxone, have been 
shown to offer better efficacy against specific pathogens 
like Enterobacteriaceae or Neisseria spp., with fewer 
potential broad-spectrum side effects.19,20 Therefore, 
when a more effective option was available, using the 
more targeted antibiotic was preferable. 

While broad-spectrum agents like cefoperazone-
sulbactam are useful in empiric therapy, their overuse 
may increase resistance. Therefore, a balanced approach, 
incorporating more targeted therapies when 
appropriate, is essential to minimize resistance 
development and optimize patient outcomes in both 
empiric and definitive treatments. 

The study's limitations include its single-center design, 
which may affect the generalizability of the findings to 
other healthcare settings with different patient 
populations or antibiotic resistance patterns. 
Additionally, limited information on pathogen 
identification, such as resistance profiles and sensitivity 
results, may have hindered a deeper understanding of 
how resistance patterns influenced antibiotic choices. 
Furthermore, variations in clinical practices specific to 
the study institution could limit the broader applicability 
of the results, as they may not align with national or 
global guidelines. These factors should be taken into 
account when interpreting the study's conclusions and 
the study is open for more future investigations. 

CONCLUSION: 

In conclusion, the significance of cephalosporins in 
combating Gram-negative infections cannot be 
overstated. It highlights the necessity for ongoing 
research and vigilant surveillance to prevent resistance 
and minimize adverse effects. This is particularly 
pertinent with third-generation cephalosporins, whose 
broad spectrum of activity makes them indispensable in 
clinical practice. However, their excessive use has 
contributed to the emergence of resistant strains, 
emphasizing the importance of judicious prescribing 
practices and antimicrobial stewardship initiatives.  

Navigating the complex antimicrobial therapy landscape 
requires striking a balance between efficacy and 
stewardship, achieved through rational prescribing 
practices, promoting stewardship, and fostering ongoing 
research to safeguard cephalosporin efficacy against 
Gram-negative infections for future generations. 
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