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ABSTRACT

Empiric therapy for community and health-care associated bacterial 
infections with high mortality is challenging with the continued 
development of resistant strains and the threat of multi-drug–resistant 
organisms. Pharmacists may impact patients’ outcomes by appropriately 
selecting initial antibiotic treatment, screening for duplication of therapy, 
and identifying the duration of therapy, regardless of whether a facility 
holds an antimicrobial stewardship program in place. The choice of 
ceftriaxone as an empiric therapy has been under-represented in many 
ways and its choice as first-line antibiotic in fatal infections remain 
controversial. To investigate the current state of ceftriaxone, alone or as a 
part of step-down therapy, therapy in terms of clinical and bacteriological 
efficacy, as well as evaluate the economic burden intravenous ceftriaxone 
therapy poses in patients with six infections associated with severe 
mortality and morbidity worldwide and assess the reliability of ceftriaxone 
as an empirical therapy in these six infections since the increased threat 
of multi-drug resistant organisms. This systemic review with meta-analysis 
of randomized controlled trials involves the assessment of the clinical 
and microbiological efficacy of ceftriaxone compared with that of other 
antibiotics in community-acquired pneumonia, bacterial meningitis, acute 
pyelonephritis, gonorrhoea, complicated intra-abdominal infections and 
efficacy in the perioperative prophylaxis of local and systemic infections 
published in the dates between1990 to 2019 was performed. The electronic 
databases of PubMed, the Cochrane Central Register of Controlled Trials 
and Google Scholar were reviewed to search for relevant randomized 
controlled trials. Additional references, review papers, and proceedings 
of seminars were also searched. The simplified once-daily administration 
of ceftriaxone, due to its long elimination half-life, compared to otherwise 
complicated regimens of other antimicrobials has given a superior 
advantage in a hospital setting as well as a in an ambulatory setting as 
a parenteral agent. The well-endowed tolerability profile and favorable 
pharmacokinetic profile has indeed cemented ceftriaxone as a drug of 
choice among the other cephalosporins in the treatment of both serious 
community-acquired and hospital-acquired infections.
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INTRODUCTION

In most instances where patients acquire infections in hospital, 
or are admitted to hospital having developed an infection at 
home, antibiotic therapy must be started before there has been 
time to determine the precise bacterial aetiology [1]. Other 
important subjects relevant to resolution concerning therapy 
are: surviving antibiotic policies, site of the infection, toxicity 
and drug interactions [2]. Consequently of considerations, a 
lot of clinicians prefer as the routine first-line treatment either 
the aminoglycoside or the third-generation of cephalosporin. 
The clinical pharmacists along with help of the infectious 
disease team have the integral responsibility in a everyday 
practice for judicious use of the antibiotics contained by a 
short time and promoting additional patient safety. A suitable 
antimicrobial consumption is a keystone for containment of 
the antimicrobial resistance in addition to good clinical as well 
as economic results [3]. There are considerable advantages 
to the shorter route of in-hospital management. The indirect 
costs of the admission to the hospital are very important 
restrictions for the poor families [4]. The preservation of 
intravenous admittance over the 10-day stage is very 
difficult as well as is the burden on limited hospital resources 
accessible in numerous developing countries. The suitable 
use of the antibiotics depends upon selection of the agent 
competent of achieving the desired serum deliberation to 
target presumed microorganism at site of the infection along 
with a satisfactory safety profile. Inappropriate in addition to 
unnecessary antimicrobial practice leads to the increase in 
the healthcare costs in addition to pathogen resistance [5]. 
Ceftriaxone is an IV antibiotic whose use has skyrocketed 
due to the advantages it pertains. Previous reviews have 
been conducted on ceftriaxone, it’s therapeutic efficacy in 
comparison to other drugs along with its tolerability profile 
by the ADIS Drug Evaluation (Drugs) three times but has 
recently lost its relevance since the last review in 2002 due 
to the approval of newer drugs in the market and increase in 
antibiotic resistance [6]. It is therefore important to reassess the 
place of ceftriaxone in the therapeutic regimens of severe and 
fatal infections compared to the existing empirical treatment, 
including the 4th and 5th generation cephalosporins, on 
account of the efficacy, safety and pharmaco-economics [7].

AIM OF THE REVIEW

A suitable antimicrobial consumption is a keystone for 
containment of the antimicrobial resistance in addition to 
good clinical as well as economic results. There are substantial 
advantages to a shorter course of in-hospital treatment. The 
appropriate use of antibiotics depends on the selection of an 

agent capable of achieving a desired serum concentration to 
target the presumed organism at the site of infection with 
an acceptable safety profile. Inappropriate and unnecessary 
antimicrobial usage leads to an increase in healthcare costs 
and pathogen resistance. 

•	 The main purpose of this review is to give the clinical 
conclusion makers along with rationale for use of the 
ceftriaxone, either unaccompanied or as division of the 
step-down treatment, in management of the complex 
enduring cases in the hospital setting from admission 
through discharge. For inpatient management, it is 
important that such intravenous antibiotics be optimized 
compared to other intravenous antibiotics in terms of 
clinical efficacy, bacteriological eradication as well as the 
financial burden that might be posed in such patients.

•	 Another objective of this review serves the outpatient 
management. The use of ceftriaxone on an outpatient 
basis as an empirical agent in uncomplicated gonorrhoea 
and acute pyelonephritis has been underestimated. A 
secondary ambition of this review is to explicate the role 
of ceftriaxone in the management of such infections.

•	 The clinical and microbiological efficacy of ceftriaxone 
has been challenged in the recent years due to the 
recent development of Gram-negative organisms 
producing extended-spectrum β-lactamases (ESBLs). 
The susceptibility of such organisms has reduced to 
ceftriaxone as a result. Therefore, an additional aim is to 
evaluate the safety and efficacy of the “potential” anti-
microbial agents compared to ceftriaxone, alone or as a 
part of step-down therapy.

In the previous reviews, the clinical and bacteriological 
efficacies were measures, although gaps of knowledge 
have been created in the recent years since changes in anti-
microbial therapy, development of anti-microbial resistance, 
and the increase in the availability of ceftriaxone in developing 
countries since the release of its patent protection in 2005. 
Therefore, to address these gaps in knowledge, the following 
research questions were addressed:

•	 Is ceftriaxone inferior to the newly developed 
cephalosporins in terms of clinical efficacy, bacteriological 
eradication as well as tolerability?

•	 Is the use of ceftriaxone still permissible as an empiric 
therapy in the infections under study?

•	 Does ceftriaxone pose a greater economic burden on 
patients than other non-inferior anti-microbial agents?
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•	 Does ceftriaxone use as a part of step-down therapy 
provide non-inferiority to other broad-spectrum 
antibiotics of similar efficacy? If so, what is the economic 
impact?

METHODOLOGY

Systematic reviews as well as meta-analyses are the essential 
instruments for the summarizing evidence precisely and 
reliably. They assist clinicians remain up to date; give 
evidence for the policy creators to the judge risks, advantages 
in addition to harms of the healthcare performances 
furthermore interventions; congregate together in addition 
to summarize related investigation for the patients in addition 
to their professions; give a starting position for the clinical 
practice instruction developers; give summaries of the 
previous investigation for the funders wishing to hold up new 
research furthermore help the editors judge and merits of the 
publishing statements of the new studies.

A methodical literature research was executed for the articles 
published previous to August 2020 following a pre-specified 
search policy in the PubMed, the nature, the Cochrane Central 
Register of Controlled Trials, the lancet, Directory of Open 
Access Journals, MEDLINE and Google Scholar to identify the 
relevant randomized controlled assessments.  The United States 
Food and Drug Administration (FDA) along with European 
Medicines Agency profiles on the ceftriaxone, cefepime, and 
cefixime were used for comparison of bacteriological activity. 
The Clinical and Laboratory Standards Institutes 27th Edition 
of Performance Standards for Antimicrobial Susceptibility 
Testing M100 was used to compare the activity of ceftriaxone 
with cefuroxime, cefuroxime, cefixime, cefotaxime, cefepime 
and ceftaroline against some of the bacteria susceptible 
to ceftriaxone. We also hand searched the bibliographic 
references to conduct a profile on ceftriaxone and checked the 
reference lists on previously conducted reviews to correlate 
past and future data.

 Literature search: 
Databases: PubMed, MEDLINE, and the 
Cochrane Library, DOAJ and Google Scholar. 

Searched results combined (n = 155) 

Articles screened on the basis of title and 
abstract 

Included (n = 59) 

Full-text articles assessed for eligibility 

Excluded (n = 16) 
   Non-randomised trial (n = 5) 
   Resistant ESBL (n = 5) 
   Results only in ITT basis (n = 4) 
   Multiple publication (n = 2) 

Included (n = 75) 

Excluded (n = 80) 
   Multiple publication (n = 30) 
   Non-randomised trials (n = 15) 
   Case-reports and observational studies 
(n = 14) 
   Large comparator regimens (n = 11) 
   Not recommended dose (n = 10) 
 
 

Meningitis (n = 9) 

Intra-abdominal Infections (n = 6) 

Acute Pyelonephritis (n = 8) 
Gonorrhoea (n = 9) 

Surgical Prophylaxis (n = 14) 
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Ceftriaxone is the third generation new semisynthetic 
cephalosporin. It has a extensive half-life and has consequence 
in the advised once daily direction list, intravenously and 
intramuscularly in addition to has the broad spectrum of 
the activity against the Gram-positive as well as the Gram-
negative bacteria, aerobic along with some anaerobic. 
Moreover activity of the ceftriaxone is commonly superior to 
that of first as well as second generation of cephalosporins 
in opposition to the Gram-negative bacteria excluding less 
than earlier generations of the cephalosporins in opposition 
to numerous Gram-positive bacteria. Ceftriaxone was very 
effective in obscured in addition to uncomplicated urinary 
tract infections and also the lower respiratory tract infections, 
bone, skin, soft tissue in addition to joint infections [8]. 
Except for diarrhea, ceftriaxone is safe, well tolerated, and not 
associatedwith the coagulopathies and disulfiram reactions 
reported with cefoperazone and moxalactam. The longhalf-
life of ceftriaxone, which may allow for once- ortwice-daily 
administration, could have significant costand convenience 
benefits, making it the preferred agentof the class in 
some infections [9]. The communication of an significant 
antimicrobial drug, ceftriaxone along with zinc sulphate in 
addition to antacid calcium hydroxide were studied in aqueous 
system at the pH 7.4 by the variety of the physical method 
such as inspection of the spectral actions, the Job’s method 
of the continuous distinction by the spectrophotometry. At 
the pH 7.4 ceftriaxone appearances sturdy 1:1 complex along 
with zinc sulphate in addition to calcium hydroxide, indicated 
as opposite of  “V” shaped curves that might indicate sturdy 
kinetics of the complexation. The trial samples in addition 
to the typical ceftriaxone disk investigated alongside 
Staphylococcus aureus. It was seen that antimicrobial activity 
of the ceftriaxone declines when it appearances complexes 
along with the ZnSO4.7H2O in addition to antacid solution 
such as calcium hydroxide. Moreover, by the antimicrobial 
examination it has been confirmed that zone of the inhibition 
of the ceftriaxone along with metals such as Zn and Ca 
condensed from 16 mm to the 14mm and 11mm reverentially 
[10]. In vitro antimicrobial activities of ceftriaxone and its 
complexes were tested using the reported methods. The 
chosen strains covered the Gram positive and Gram-negative 
bacteria as well as the antifungal activity. The data showed 
that the complexes has less biological activity than that of 
the ceftriaxone except the copper complex that gave the 
same activity towards most of the tested bacteria strains. In 
addition, Cu and Fe ceftriaxone complexes showed medium 
biological activity towards E. coli which is not affected by 
ceftriaxone drug [11]. Antibacterial drugs selected for clinical 

use vary widely by institution, region and country, the choice 
of agent being influenced by many factors, including the 
spectrum of antibacterial activity, local bacterial resistance 
patterns, pharmacokinetic characteristics, evidence of efficacy, 
tolerability profile, convenience of administration and cost. 
Before discussing all the uses of the ceftriaxone, this valuable  
review has spotlighted new applications of drug and bring 
up to date its relevance on the infections since  last review 
in addition to its use in the infections and the contributing 
pathogens and their resistance models have varied over 
past decades. Since the last review on the application of 
ceftriaxone in bacterial infection, several bacteria have 
increased resistance as well as increased susceptibility against 
ceftriaxone [12]. Since the emergence of penicillin-resistant S. 
pneumoniae, the guidelines in the management of community 
acquired infections have gone through significant changes. 
Since the cephalosporins along with sturdy activity alongside 
S. pneumoniae, ceftriaxone and cefotaxime are important 
agents in these infections. Recent data on ceftriaxone deals 
with its activity in pneumococcal infections and the role it 
plays in case of penicillin resistance [13]. Ceftriaxone, unlike 
other antimicrobial agents, have shown fewer patterns on the 
development of microbial resistance to that parental use of 
the drug. The few cases that have been reported with these 
superbugs have been resolved by alternative cephalosporins 
that have a broader spectrum of activity such as cefepime 
and ceftaroline, and granting a scale-back on the use of 
ceftriaxone and other extended-spectrum cephalosporins 
that have caused the emergence of superbug that may lead 
to untreatable infections (gonorrhoea). Though compared to 
the other cephalosporins in the randomized control study, 
ceftriaxone, in the hospital setting, demonstrated emergence 
of the fewer cephalosporin-opposed to the Gram-negative 
bacilli in intestinal tract of the patients [14].

So third-invention cephalosporins offer action against 
the gram-negative life forms and reasonable the gram-
positive action as well ability to penetrate into the CSF. The 
ceftriaxone generally gives equivalent and greater activity 
alongside these organisms contrasted with the presently 
marketed the third-generation of cephalosporins such as 
cefoperazone, ceftizoxime, cefotaxime, and moxalactam. 
Except for the diarrhea which in the most belongings has not 
required the therapeutic change and also ceftriaxone is very 
safe, healthy tolerated in addition to not connected with the 
coagulopathies and also disulfiram reactions accounted with 
the cefoperazone and also moxalactam [15]. On the whole, 
it was additional active against the P.mirabilis than the other 
compounds except some of the indole-positive Proteus [16]. 
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CONCLUSION

Finally it can conclude that ceftriaxone has acquired its 
position in the therapy as first-line experimental agent, 
either unaccompanied or as ingredient of the combination 
treatment, in treatment of the invasive penicillin- opposed 
to the pneumococcal infections for the reason that it has the 
strong commotion alongside S. pneumoniae. The beginner’s 
once-daily management of the ceftriaxone, owing to its 
long taking away half-life, contrasted to or else complicated 
treatments of other antimicrobials has provided as the 
superior improvement in the hospital setting in addition to the 
ambulatory setting such as parenteral agent. Moreover well-
endowed permissibility profile in addition to complimentary 
pharmacokinetic outline has certainly cemented. So, 
ceftriaxone is as the drug of preference in the midst of other 
the third-generation cephalosporins in treatment of the 
both severe community-attained as well as hospital-attained 
infections. 
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