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ABSTRACT

Background: Antimicrobial resistance (AMR) poses a global threat, contributing to millions of deaths annually. Disodium edetate (EDTA), a
well-known chelating agent, acts as a potentiating and sensitizing agent when combined with antibiotics. Therefore, the present study aimed to
conduct a comparative analysis of cefoperazone, sulbactam, and EDTA in combination with other antibiotics in terms of pathogen susceptibility.
Methods: This retrospective study was conducted from January 2023 to July 2023. All patients (aged>25 years) admitted to the medical intensive
care unit, surgical intensive care unit, and coronary care unit, with a duration of admission exceeding two days, were included. Gram-negative
isolates were collected from the patients' blood, urine, and respiratory secretions. Results: Isolates were obtained from 40 urine, respiratory
secretions, and blood samples, each. Ceftriaxone combined with sulbactam and EDTA showed the highest susceptibility among blood samples,
particularly against K. pneumoniae, E. coli, Enterobacter spp, P. mirabilis (100%). In urine samples, K. pneumoniae displayed mixed
susceptibility, with high efficacy observed for ceftriaxone, sulbactam, and EDTA. Escherichia coli showed high susceptibility across all antibiotics.
Pseudomonas aeruginosa exhibited varied susceptibility, with the highest susceptibility seen with ceftriaxone combined with sulbactam and
EDTA. Respiratory samples showed high susceptibility of A. baumannii to ceftriaxone with sulbactam and EDTA, contrasting with low
susceptibility to other combinations, highlighting varied efficacy against different pathogens. Conclusion: Ceftriaxone combined with sulbactam
and EDTA demonstrated high susceptibility against gram-negative pathogens, highlighting its potential as a valuable treatment option for
antibiotic resistance.
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INTRODUCTION

Antimicrobial resistance (AMR) poses a significant global threat, with
bacterial resistance directly causing 1.27 million deaths in 2019 and
contributing to an additional 4.95 million deaths [1]. The global
challenge lies in reconciling antibiotic access with responsible use,
prompting the World Health Organization (WHO) to introduce the
Access, Watch, and Reserve (AWaRe) classification in the 2017
Essential Medicines List [2]. India tops the global list in human
antibiotic consumption, with 12.9x109 units used in 2010, averaging
10.7 units per person, contributing significantly to AMR [3]. Factors
contributing to India's challenge in reducing antibiotic use involve
regulatory system shortcomings, non-prescription antibiotic sales, and
the prevalence of unapproved fixed-dose combination antibiotics.
Particularly worrisome are those with mismatched dosing regimens,
sparking concerns about antimicrobial resistance, with scant data
available in low- and middle-income countries [4].

As per India's 2017 report on antimicrobial resistance, over 70% of
gram-negative bacteria, such as Escherichia coli and Klebsiella
pneumoniae, and nearly half of Pseudomonas aeruginosa, displayed
resistance to fluoroquinolones and third-generation cephalosporins
[5].To overcome the issue of resistance, a combination of
cefoperazone, sulbactam, and disodium edetate (EDTA)was
formulated as an antibiotic adjuvant entity to confront the issue
presented by multidrug-resistant (MDR) pathogens, including those
producing extended-spectrum beta-lactamase (ESBL) or metallo-
beta-lactamase (MBL). Disodium edetate, a well-known chelating
agent, acts as a potentiating and sensitizing agent when combined with
antibiotics [6, 7]. This innovative approach offers a promising strategy
against resistant pathogens, utilizing EDTA's high affinity for metal
ions and its unique molecular structure, binding to antibiotics through
amino and carboxylate groups [8].

Therefore, this study aimed to conduct a comparative analysis of
cefoperazone, sulbactam, and disodium edentate combination with
other antibiotics, including ceftriaxone plus sulbactam, piperacillin
plus tazobactam and meropenem in terms of pathogen susceptibility.

METHODS

This retrospective study was conducted from January 2023 to July
2023. All patients (aged >25 years) admitted to the medical intensive
care unit, surgical intensive care unit, and coronary care unit, with a
duration of admission exceeding two days, were included in the study.
Patients attending the outpatient department were excluded from the
study.

Gram-negative isolates were collected from the patients' blood, urine,
and respiratory secretions. Samples other than blood, urine and
respiratory secretions were excluded. The sample size was calculated
by using the estimated prevalence of resistance rates. Isolates were
obtained from 40 urine, respiratory secretions, and blood samples, each.
Antibiotic susceptibility results were interpreted as per the Clinical &
Laboratory Standards Institute (CLSI) guidelines (2020) [9].

RESULTS

Table 1 represents the susceptibility scores of the blood samples.
Ceftriaxone combined with sulbactam and disodium edentate
demonstrated the highest susceptibility, with all strains of K.
pneumonia (100%) being susceptible. However, a significant
proportion of K. pneumonia strains exhibited resistance to
cefoperazone plus sulbactam (94.2%) and piperacillin plus
tazobactam (84.2%) (Fig 1). Acinetobacter baumannii displayed
alarming levels of resistance across all antibiotics tested, with all
strains being resistant (100%). Escherichia coli showed good
susceptibility to all antibiotics, with susceptibility ranging from 40.0%
to 100%. Enterobacter strains exhibited susceptibility to ceftriaxone
plus sulbactam and meropenem (100%), but resistance to other
combinations. Pseudomonas aeruginosa demonstrated moderate
susceptibility to ceftriaxone in combination with sulbactam and
disodium edentate (80.0%) and meropenem (50.0%), but high
resistance to other combinations. Proteus strains were universally
susceptible to all antibiotics tested (100%). Overall, the data
underscores the critical importance of understanding bacterial
susceptibility patterns to guide effective antibiotic therapy and combat
the rising issue of antibiotic resistance (Table 1).
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Figure 1: Resistance patterns of gram-negative bacterial isolates in
blood culture EDTA, disodium edetate.

Table 2 presents the susceptibility scores for various bacteria to

I International Journal of Scientific Research |—| 23 |



Volume - 13 | Issue - 12 | December - 2024

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

different antibiotic combinations in urine samples. Klebsiella
pneumoniae exhibited mixed susceptibility, with higher susceptibility
to ceftriaxone in combination with sulbactam and disodium edetate
(87.5%) (Fig 2). Escherichia coli displayed high susceptibility across
all antibiotics, with ceftriaxone in combination with sulbactam and
disodium edetate showing complete efficacy (100%). Enterobacter
spp. showed excellent susceptibility to all antibiotics. Pseudomonas
aeruginosa had moderate susceptibility to cefoperazone+ sulbactam
(32.3%) and piperacillin + tazobactam (55.6%), while ceftriaxone +
sulbactam + disodium edetate exhibited the highest efficacy (100%).
Proteus mirabilis exhibited complete susceptibility to all antibiotics.
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Figure 2: Resistance patterns of gram-negative bacterial isolates in
urine culture EDTA, disodium edetate

Furthermore, table 3 represents the results of susceptibility scores of
the respiratory secretions. Klebsiella pneumoniae was highly
susceptible to ceftriaxone + sulbactam + disodium edetate (81.2%),
whereas its susceptibility to cefoperazone+ sulbactam and piperacillin
+ tazobactam was low (6.2%) (Fig 3). Acinetobacter baumannii
displayed high susceptibility to ceftriaxone in combination with
sulbactam and disodium edetate (91.7%), whereas it was uniformly
resistant to cefoperazone+ sulbactam and piperacillin + tazobactam.
Escherichia coli exhibited high susceptibility to all tested antibiotics,
with ceftriaxone in combination with sulbactam and disodium edetate
demonstrating complete efficacy (100%). Enterobacter spp. showed
complete susceptibility to ceftriaxone in combination with sulbactam
and disodium edetate, albeit limited data availability. Pseudomonas
aeruginosa displayed high susceptibility to ceftriaxone in combination
with sulbactam and disodium edentate (100%).
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Figure 3: Resistance patterns of gram-negative bacterial isolates in
blood culture EDTA, disodium edetate.

DISCUSSION

Bacterial AMR has become a significant public health issue, marked
by bacteria evolving to diminish the efficacy of infection-treating
drugs [10]. Over the past 15 to 20 years, the incidence of infections
caused by gram-negative bacteria in intensive care units has risen and
these are associated with high morbidity and mortality [11]. Therefore,
understanding the comparative efficacy of different antibiotic
combinations is crucial for informing strategies to mitigate the rise of
AMR.

The combination of ceftriaxone, sulbactam, and EDTA has been
developed to target a wide range of bacterial infections. In this study,
samples were obtained from the urine, respiratory secretions, and
blood, with gram-negative bacteria being the predominant pathogens
inall cases. According to the National Health Service report of 2017, E.
coli, P.aeruginosa and Klebsiella spp. contributed to 72% of all gram-
negative bloodstream infections. Among them E. coli represented 59%
of total infections [12]. A recent comparative in vitro study of gram-
negative bacterial isolates demonstrated that ceftriaxone, sulbactam,

and EDTA exhibited notable sensitivity rates, demonstrating 94%
effectiveness against Enterobacteriaceae and 97% against
Acinetobacter and Pseudomonas spp. followed by colistin
[13].Another study performed by Satras et al. revealed that
ceftriaxone, sulbactam, and EDTA exhibited superior antibacterial
activity (87.80%) compared to carbapenem drugs such as meropenem
and imipenem, and it significantly better performed to piperacillin plus
tazobactam against clinical pathogens [14]. However, the current
study revealed that ceftriaxone, sulbactam, and EDTA had highest
susceptibility, particularly against Enterobacter spp.(100%).
Acinetobacter baumannii displayed complete resistance to all
antibiotics tested. Escherichia coli exhibited good susceptibility across
all antibiotics, highlighting the importance of antibiotic therapy based
on bacterial susceptibility patterns to combat antibiotic resistance.

According to a retrospective analysis, ceftriaxone combined with
sulbactam and EDTA exhibited the highest susceptibility (100%)
against A. baumannii, P. aeruginosa, and K. pneumoniae compared to
other antibiotics. While meropenem also showed similar susceptibility
against P. aeruginosa (100%), it faced significant resistance in K.
pneumoniae and A. baumannii strains [15,16]. However, the present
study demonstrated that E. coli and Enterobacter spp. displayed high
susceptibility across all antibiotics tested, while K. pneumoniae and P.
aeruginosa showed high susceptible to ceftriaxone combined with
sulbactam and EDTA.

Previous study reported that A. baumannii was predominantly isolated
from pus samples, indicating its significant role in skin and soft tissue
infections. Additionally, respiratory samples demonstrated a presence
of A. baumannii, suggesting its involvement in respiratory infections.
This shows the diverse clinical manifestations associated with A.
baumannii infections [16]. The current study has demonstrated
superior activity of ceftriaxone, sulbactam, and EDTA against isolates
from respiratory secretions such as A. baumanii, P. aeruginosa, as
compared to other antibiotic combinations [17].

CONCLUSION

The rise of AMR represents a major global health concern,
underscoring the necessity for efficient treatment approaches.
Ceftriaxone, sulbactam, and EDTA has shown promising efficacy
against a wide range of pathogens, including high susceptibility rates
against Enterobacter spp., K. pneumoniae and P. aeruginosa. This
study indicates the favorable bacteriological eradication with this
combination, suggesting its potential as a valuable tool in combating
AMR. Tailored antibiotic therapy based on susceptibility patterns is
crucial in combating AMR and improving patient outcomes.
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Table 1: Susceptibility results of blood culture

Microorgani|Suscep | Cefoperazo | Piperacil| Ceftriaxo | Merope
sms tibility [ne + lin+tazo |ne+ sulba [nem

score |[sulbactam |bactam |ctam +

EDTA

Klebsiella |S 1(5.3) 3(15.8) [19(100) [6(31.6)
pneumoniae || 2 (10.5) 0 0 1(5.3)
(N=19) R 16(94.2) [16(84.2)]0 12 (63.2)
Acinetobacte|S 0 0 2(66.7) |0
r baumannii || 0 0 1(33.3) |0
N=3) R 3 (100) 3(100) |0 3(100)
Escherichia |S 3 (60.0) 2 (40.0) [5(100) [5(100)
coli 1 0 1(20.0) |0 0
(N=5) R 2 (40.0) 2(40.0) [0 0
Enterobacter|S 0 0 2 (100) 2 (100)
spp- 1 1 (50.0) 1(50.0) [0 0
(N=2) R 1 (50.0) 1(50.0) [0 0
Pseudomona|S 0 0 8 (80.0) |5(50.0)
s aeruginosa (1 1(10.0) 1(10.0) [2(20.0) |1(10.0)
(N=10) R 9 (90.0) 9(90.0) [0 4 (40.0)
Proteus S 1 (100) 1 (100) [1(100) 1 (100)
mirabilis 1 0 0 0 0
N=1) R 0 0 0 0
Data presented as n (%).
EDTA, disodium edetate;], intermittent; R, resistant; S, susceptible.
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Table 2:Susceptibility results of urine cultures

Microorgani|Suscep | Cefopera | Piperacill | Ceftriaxon | Meropen
sms tibility [zone + |in + e+ em

score |[sulbacta |tazobacta|sulbactam

m m + EDTA

Klebsiella  |S 1(12.5) |0 7 (87.5) 3(37.5)
pneumoniae |1 1(125) [1(125 [13125 [13125
(N=8) R 6(75.0) |7(87.5) |0 4 (40.0)
Escherichia |S 14 (73.7) |12 (63.2) |19 (100) |18 (94.7)
coli 1 2(10.5) |2(10.5) [0 0
(N=19) R 3(15.8) [5(26.3) [0 1(5.3)
Enterobacter|S 2 (100) [1(50.0) |2 (100) 2 (100)
spp. 1 0 1(50.0) |0 0
(N=2) R 0 0 0
Pseudomona|S 3(33.3) [5(55.6) |9 (100) 7(77.8)
s aeruginosa |1 1(11.1) |2(22.2) |0 0
(N=9) R 5(55.6) |2(22.2) |0 2(22.2)
Proteus S 1(100) [1(100) [1(100) 1 (100)
mirabilis 1 0 0 0 0
N=1) R 0 0 0 0
Providencia |S 0 0 0 0
rettgeri 1 1(100) |1(100) [1(100) 1 (100)
(N=1) R 0 0 0 0

Data presented as n (%).
EDTA, disodium edetate; I, intermittent; R, resistant; S, susceptible.

Table 3: Susceptibility results of respiratory cultures

Microorganis | Suscept | Cefoper |Piperacilli| Ceftriaxo | Merope
ms ibility |azone+ |n+ ne+ nem

score |sulbacta |tazobacta [sulbactam|

m m + EDTA

Klebsiella S 1(6.2) [1(6.2) 13 (81.2) [3 (18.8)
pneumoniae |1 0 0 3(18.8) |0
(N=16) R 15(93.8)[15(93.8) [0 13 (81.2)
Acinetobacter |S 0 0 11 (91.7) |0
baumannii(N |1 0 0 1(8.3) 0
=12) R 12 (100) [12 (100) [0 12 (100)
Enterobacter |S 0 0 1(100) 0
spp. 1 0 0 0 0
(N=1) R 1(100) [1(100) o 1 (100)
Pseudomonas |S 2(18.2) |0 11 (100) [4 (36.4)
aeruginosa |1 0 0 0 3(27.3)
(N=11) R 9(81.8) [11(100) [0 4(36.4)

Data presented as n (%).
EDTA, disodium edetate; I, intermittent; R, resistant; S, susceptible.

REFERENCES:

(1

[2]

[3]
[4]

[5]

[10]

[11]

[12]

[13]

[14]

Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Aguilar GR, Gray A, et al. Global
burden of bacterial antimicrobial resistance in 2019: a systematic analysis. The lancet.
2022;399(10325):629-55.

‘WHO. World Health Organization model list of essential medicines, 21st List, 2019.
Geneva: World Health Organization, 2019. Available from: https://www.who.int/
publications/i/item/WHOMVPEMPIAU2019.06

Taneja N, Sharma M. Antimicrobial resistance in the environment: The Indian scenario.
Indian J Med Res. 2019;149(2):119-28.

McGettigan P, Roderick P, Kadam A, Pollock AM. Access, Watch, and Reserve
antibiotics in India: challenges for WHO stewardship. Lancet Glob Health. 2017;
5(11):e1075-e1076.

Gandra S, Joshi J, Trett A, Lamkang A, Laxminarayan R. Scoping Report on
Antimicrobial Resistance in India. Washington, DC: Center for Disease Dynamics,
Economics & Policy; 2017. Available from: https://dbtindia.gov.in/sites/default/files/
ScopingreportonAntimicrobialresistanceinIndia.pdf

Brown MR, Richards RM. Effect of ethylene diamine tetraacetate on the resistance of
Pseudomonas aeruginosa to antibacterial agents. Nature. 1965;207: 1391-3.

Lambert RJ, Hanlon GW, Denyer SP. The synergistic effect of EDTA/antimicrobial
combinations on Pseudomonas aeruginosa. J Appl Microbiol. 2004; 96: 244-53.
Finnegan S, Percival SL. EDTA: An antimicrobial and antibiofilm agent for use in
wound care. Adv Wound Care. 2015;4: 415-21.

M100: Performance Standards for Antimicrobial Susceptibility Testing, 30th Edition
Available from:https://www.nih.org.pk/wp-content/uploads/2021/02/CLSI-2020.pdf
Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial
resistance in 2019: a systematic analysis. Lancet. 2022;399(10325):629-55.

MacVane SH. Antimicrobial Resistance in the Intensive Care Unit: A Focus on Gram-
Negative Bacterial Infections. J Intensive Care Med. 2017; 32(1):25-37.
NHS_Improvement Guidance on the definition of healthcare associated Gram-negative
bloodstream infections. In: NHS Improvement, editor. Public Health England;2017.
Available from: https://www.england.nhs.uk/wp-content/uploads/2020/08/HCA_ BSI_
definitions_guidance.pdf

Singh S, Sahu C, Patel SS, Singh A, Yaduvanshi N. A Comparative In Vitro Sensitivity
Study of "Ceftriaxone-Sulbactam-EDTA" and Various Antibiotics against Gram-
negative Bacterial Isolates from Intensive Care Unit. Indian J Crit Care Med. 2020;
24(12):1213-17.

Satras KB. Prevalence and susceptibility analysis of gram negative pathogens in super
specialty tertiary care centers, Pune in India from January 2018-January 2019.
Microbiol Res J Int. 2019; 28(6):1-9.

[1s
[16

[7

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

] Bagga R. Retrospective analysis of antibiotic susceptibility and resistance patterns
against nosocomial Gram negative pathogens in Fortis Memorial Research Institute
Gurgaon. IntJ CurrAdv Res. 2015;4(9):347-51.

] Gupta S, Kumar M, Shergill SPS, Tandel K. Evaluation of ceftriaxone-sulbactam-

disodium edetate adjuvant combination against multi-drug resistant Gram-negative

organisms. AfrJ LabMed. 2020; 9(1):991.

Chaudhuri S, Gupta S. Effect of addition of disodium EDTA to ceftriaxone and

sulbactam on the susceptibility of gram-negative pathogens. Int J Res Med Sci. 2023

11(4):1175-9.

International Journal of Scientific Research |—| 25 |



