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Summary

Introduction: Bacterial resistance is a threat to public health, as it is estimated that 37,000 people 
die due to hospital infections, most of them due to multidrug-resistant bacteria. In part, this resistance 
is due to the inappropriate use of antibiotics, with ceftriaxone being one of the most used. Therefore, 
this article aims to analyze the consequences of using ceftriaxone in the hospital environment. 

Methodology: This is an integrative qualitative review, following the PICO strategy, using the 
Embase, BVS, and Pubmed databases, with the guiding question being: “In patients admitted to a 
hospital environment (P), is ceftriaxone used appropriately (I) for the treatment of infections (CO)?” 
and the time frame from 2013 to 2023. 

Results: 272 articles were found in total, 46 obtained from the VHL, 62 from PubMed, and 164 
from Embase. Of these, 66 were duplicates, leaving 206 works for title and summary reading. After 
reading, 79 were selected for full reading, with 7 articles ultimately being selected for the study. An 
average of 62.3% of inappropriate use was found, with the minimum value found being 19% and the 
maximum being 87.9%. The main reasons for this use were: indication, dose, frequency, and duration. 

Conclusion: From reading the articles, it is concluded that the inappropriate use of ceftriaxone 
is mainly due to: indication, dose, frequency, and duration of treatment. These elements must be 
monitored, as their inappropriate use increases the length of hospital stay and may be associated with 
the emergence of bacterial resistance.
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development and spread of resistant bacteria in the hospital 
environment and in the community in general [3].

Thus, the inappropriate and excessive use of broad-
spectrum antibiotics in the hospital environment, especially 
ceftriaxone, has been associated with the emergence of 
bacterial resistance and increased costs, due to improper 
prescription, essentially in empirical treatment, prolonged 
treatment duration and administration incorrect [4].

Ceftriaxone is an antibiotic from the third-generation 
cephalosporin class that is frequently used and can achieve 
an empirical prescription rate of 87% of cases [5]. This is 
because it has a broad spectrum of action, covering gram-

Introduction
Bacterial resistance represents a serious threat to global 

public health, as it is estimated that approximately 37,000 
people die from hospital-acquired infections, with the majority 
of these deaths being caused by multi-antibiotic-resistant 
bacteria [1]. The main factors that drive the persistence and 
dissemination of these microorganisms are the development 
of resistance mechanisms due to high selection pressure due 
to the inappropriate use of antibiotics; lack of management of 
broad-spectrum antibiotics; and lack of professional infection 
control services in the hospital environment [2]. Therefore, 
the rational use of antibiotics is essential to contain the 
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positive and gram-negative bacteria, such as Streptococcus 
pneumoniae and Escherichia coli. onlineIn addition, it has a 
long half-life, as it is strongly associated with proteins, and 
can be administered once a day, which improves adherence 
to treatment, reduces side effects, and reduces costs, in order 
to beneϐit both patients and patients. Health systems [6]. A 
ceftriaxona é frequentemente prescrita para tratar sepse, 
assim como para combater infecções urinárias, respiratórias 
e até casos de meningite [7].

In view of the above, research is essential to assess the 
consequences of inappropriate use of antibiotics in the 
hospital environment in order to encourage the promotion 
of responsible use, preventing bacterial resistance, and 
improving the quality of medical care. In this sense, the 
research aims to evaluate, through an integrative review of 
prescription literature, the inappropriate use of ceftriaxone in 
hospitals.

Methodology
Feature of the study

The present study is an integrative review of quantitative 
literature, which made use of scientiϐic literature in order 
to discuss the topic investigated. Therefore, this research 
selected the most relevant articles on the subject in order to 
obtain a critical view of the issue addressed.

The search was based on the 6 steps for preparing an 
integrative review: deϐinition of the research question; 
establishment of criteria for inclusion and exclusion of studies; 
deϐinition of the information collected and categorization 
of the study; analysis of included studies; interpretation of 
results; and presentation of the review [8].

Conducting the investigation

The guiding question followed the PICO strategy, being 
the following: “In patients admitted to a hospital environment 
(P), is ceftriaxone used appropriately (I) for the treatment 
of infections (CO)?”. Next, a search was carried out in the 
following databases: Virtual Health Library (VHL), Embase, 
and Public Medlines (PubMed) of the National Library of 
Medicine, from 2013 to September 2023, selecting works in 
English, Portuguese, and Spanish.

The descriptors were selected from the Health Sciences 
Descriptors (DECS), in English for all bases, being: “ceftriaxone”, 
“bacterial resistance”, “drug resistance, microbial”, 
“inappropriate use” and “hospital”. These descriptors were 
grouped as follows to be the search formula in all databases: 
(‘ceftriaxone’/exp OR ceftriaxone) AND (‘bacterial resistance’/
exp OR ‘bacterial resistance’ OR (bacterial AND (‘resistance’ 
/exp OR resistance)) OR ‘drug resistance, microbial’/exp OR 
‘drug resistance, microbial’ OR ((‘drug’/exp OR drug) AND 
resistance, AND microbial)) AND (‘inappropriate use’ OR 
(inappropriate AND use)) AND (‘hospital’/exp OR hospital).

Selection parameters

The inclusion criteria adopted were: freely available 
studies, published in the last 10 (ten) years, from 2013 to 2023, 
in English, Portuguese, and Spanish. Regarding the exclusion 
criteria adopted, the following were excluded: book chapters, 
case reports, paid articles, duplicates, and studies that did not 
address the hospital environment or the use of ceftriaxone. 
Furthermore, the title and summary of all selected articles 
were analyzed and those that were not part of the established 
criteria were excluded. The remaining texts were read in 
full, and a new exclusion was made to obtain articles of real 
interest for the review.

Results
The research followed 4 steps, which are contained in 

the ϐlowchart in Figure 1, named identiϐication, removal of 
duplicates, selection by title and abstract, and selection by 
complete reading. A total of 272 articles were identiϐied, 46 of 
which were obtained from the VHL, 62 from PubMed, and 164 
from Embase. Of these, 66 were duplicates, generating 206 
for title and abstract reading. As a result, 79 were chosen for 
complete reading and 72 were excluded because they did not 
ϐit the theme. Finally, only 7 articles provided quantitative data 
on the inappropriate use of ceftriaxone and were included in 
the integrative reading review table.

By reading the relevant articles, data were extracted to 
answer the guiding question, which was organized in Table 1 
into the following ϐields: main author, article title, type of study, 
percentage of inappropriate use, percentage of inappropriate 
use, association with resistance, and completion.

Of the seven articles selected, one is from 2021, three 
are from 2019, one is from 2018, one is from 2017, and one 
is from 2016. Regarding the origin of the study: three of 
the works were carried out in Ethiopia, two in Chile, one in 
Tanzania, and one in Switzerland. Regarding the type of study, 
one systematic review, one descriptive study, three cross-
sectional studies, and two quasi-experimental studies were 
included.

Four articles did not provide percentages of the total 
inappropriate use identiϐied [9]. Only one of them revealed a 
percentage of adequate use [9], showing that the median of 
adequate use was 39.2%. Among the studies that provided 
statistical data exclusively on the inappropriate use of 
ceftriaxone [10], an average of 62.3% inappropriate use was 
observed, with values ranging from 19% to 87.9%. All studies 
showed that the practice of inappropriate prescription of 
ceftriaxone may be associated with an increased risk of 
emergence and dissemination of resistance.

In Table 2, it is possible to identify the main reasons for the 
inappropriate use of ceftriaxone. 



Correlation of Inappropriate use of Ceftriaxone and Bacterial Resistance in the Hospital Environment: Integrative Review

www.pharmacyscijournal.com 016https://doi.org/10.29328/journal.apps.1001051

Table 1: Description of the articles included in the review, and analysis of the results regarding the inappropriateness of ceftriaxone and the association of bacterial resistance.
Main 

author Country Article title Kind of study Inappropriate use 
(%)

Did you associate it 
with resistance? Conclusion

Bishaw 
[9] Ethiopia Appropriate Use of Ceftriaxone in Sub-

Saharan Africa: A Systematic Review
Systematic 

review NI Yes
The review revealed that ceftriaxone was 

inappropriately prescribed to more than half of 
patients.

Sasi [15] Tanzania Ceftriaxone Prescription at Muhimbili 
National Hospital

Descriptive 
study NI Yes

Ceftriaxone is commonly prescribed 
inappropriately, and the risk of emergence and 

spread of ceftriaxone-resistant isolates may be high.

 
Gurtler 

[2]

 
Switzerland

Appropriateness of antimicrobial 
prescribing in a Swiss tertiary care 

hospital: a repeated point prevalence 
survey

Cross-sectional 
study 19 Yes

The proportion of inappropriate antimicrobial 
prescriptions was signiϐicant in a Swiss tertiary 
care center, which may contribute to or at least 
perpetuate the rise in antimicrobial resistance.

Ayele 
[10] Ethiopia

Prospective evaluation of Ceftriaxone 
use in medical and emergency wards 
of Gondar university referral hospital, 

Ethiopia

Cross-sectional 
study 80,2 Yes A very high rate of inappropriate use of ceftriaxone 

can increase the emergence of resistant organisms.

Ávila 
[18] Chile

Changes in prescriptions and 
consumption of antimicrobials, the 

implementation of recommendations for 
use: experience in a university hospital

Prospective, 
interventional, 

quasi-
experimental 

study

NI Yes

Based on intervention measures implemented in 
a hospital, it was possible to evaluate the effect of 
use recommendations on reducing inappropriate 

prescriptions for ceftriaxone and levoϐloxacin.

Pallares 
[17] Chile Impact of Rational Use of Antibiotics in a 

Third level clinic in Colombia

Prospective 
quasi-

experimental 
study

NI Yes

With the results of the study, the importance of 
considering the construction and implementation 
of a strategy to combat the indiscriminate use of 

antimicrobials and bacterial resistance in Hospitals 
is highlighted.

Sileshi 
[19] Ethiopia

Evaluation of ceftriaxone utilization 
in medical and emergency wards of 

Tikur Anbessa specialized hospital: a 
prospective cross-sectional study

Prospective 
cross-sectional 

study
87,9 Yes

Both the utilization rate and inappropriate use 
of ceftriaxone were very high in the medical and 
emergency wards of Tikur Anbessa Specialized 

Hospital. This can lead to the emergence of 
resistant pathogens which, in turn, compromise its 
effectiveness, leading to treatment failure and an 

increase in the cost of therapy.
Own authorship (2024). Caption: NI: Not Informed. 
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VHL and Embase databases 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. Identification 

 
66 duplicate articles 

excluded  2. Removal of duplicates 

206 articles chosen for 
selection by title and abstract 

 127 articles excluded because 
they did not fit the theme  3. Selection by title 

and summary 

79 articles chosen for full 
reading 

72 excluded after 
complete reading  

4. Selection by 
complete reading  

7 articles were included in the 
integrative review 

Figure 1: Selection of articles. Source: Own authorship, 2024.

Table 2: Prevalence of circumstances that led to the inappropriate use of ceftriaxone in articles that indicated statistical data.

Justi ication
Studies

Bishaw [9] Sasi [14] Gurtler [2] Ayele [10] Sileshi [13]
Recommendation NI 54% 15% 3,5% 18,5%

Dose 55%
93% 

2,5% 17,9% 21%
Frequency NI 2,5% 78,3% 80,3%
Duration NI 67% 0% 47% 50%

Own authorship (2024). Caption: NI: Not Informed.
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Discussion
Inappropriate use of ceftriaxone

From the analysis of the results of the included articles, it 
was possible to verify an average of 62.3% of inappropriate 
use of ceftriaxone, with a maximum value reaching 87.9% 
(Table 1). This occurs mainly due to the high prevalence of 
ceftriaxone use in the hospital context, which is justiϐied by 
its antibacterial potency, broad spectrum of activity, and low 
toxicity potential [11]. Studies show this trend in the use of 
ceftriaxone in several countries, with rates of 50.6% described 
in Uganda [12], 59% in Ethiopia [10], 49% in Australia [13], 
20.51% in Tamil Nadu [14] and 11.4% in Eritrea [4].

The high use of ceftriaxone indicates an increase in errors 
in prescribing or even indicating the antibiotic. An average of 
24.16% of indication errors was identiϐied, so Sasi, et al. [15] 
observed that 54% of prescriptions were not indicated by the 
guidelines, given the lack of laboratories for microbiological 
analyses or the delay in obtaining the results [15]. Thus, 
the precise identiϐication of the causative pathogen and the 
implementation of targeted treatment are hampered, causing 
the doctor to opt for a broad-spectrum medication, such as 
ceftriaxone, to carry out empirical therapy [4].

One of the tools that can be used to reduce errors is 
rational antimicrobial use programs, which emphasize the 
appropriate use of antimicrobials, prescribing them correctly, 
in appropriate doses and intervals to ensure the duration of 
treatment and the best route administration. Its objectives 
are: to optimize costs, prevent side effects associated with 
uncontrolled use, and avoid the development of resistant 
bacteria [16]. Based on this, evaluated changes in prescription 
patterns after implementing a program to rationalize the use 
of antimicrobials, resulting in a reduction in the consumption 
of ceftriaxone by 31%, which highlights the inappropriate use 
of this antimicrobial [17].

Furthermore, Ávila, et al. [11], after implementing 
recommendations for the use of ceftriaxone and levoϐloxacin, 
observed a reduction in the inappropriate use of antimicrobials 
by 35% in relation to the baseline value, which was 83% and 
signiϐicantly decreased to 53%. The indicators that showed 
the greatest variations were inappropriate indications and 
durations. It was observed that inappropriate indications 
decreased from 73.5 to 49.5%, varying from 33.3%. In relation 
to inadequate durations, the variation recorded was 69.7%, 
decreasing from 32.4 to 9.9% [18].

Found that inappropriate use of ceftriaxone was 
considerably higher in the emergency department than in 
medical wards (93.2% and 72.2% respectively), with a higher 
proportion of inappropriate use in the treatment of pneumonia 
and spontaneous bacterial peritonitis [10]. Sileshi, et al. [19] 
showed that the use of ceftriaxone was inappropriate in 87.9% 
of cases, mainly in medical wards and emergency rooms. The 

most frequent indication was for respiratory tract infections 
(35.4%), followed by skin, soft tissue, and bone infections 
(10.8%) [19]. The main error found was the frequency of 
dose administration (80.3%), followed by the lack of culture 
and sensitivity testing (53.2%) and inadequate duration of 
treatment (50%).

Furthermore, it was possible to observe a high rate of 
errors related to dose, frequency, and duration of treatment 
with ceftriaxone in this work, as described in Table 2. It is 
essential that the dose of any medication is correct, as well 
as its frequency of administration, in order to maintain 
bioavailability. Adequate for therapeutic success. Furthermore, 
such errors can result in treatment failure, toxicity, adverse 
effects, and the development of drug resistance, increasing 
costs for the healthcare system [15].

It is noteworthy that the lack of knowledge about treatment 
regimens and the deϐiciency in diagnostic competence 
contribute to inappropriate indications for ceftriaxone; 
administration of incorrect doses; lack of knowledge about 
adverse reactions and drug interactions; and sometimes 
the use of more expensive medications when less expensive 
medications would be equally or more effective [11].

It is worth highlighting that the difference in prevalence of 
some parameters analyzed in this study is due to the varied 
parameters used to evaluate correct or incorrect use. In Sasi, 
et al. [14], high indication errors were found because cases in 
which cultures were not performed were considered included 
in this parameter [15]. In Ayele et al. [10], Gutler, et al. [2] 
and Sileshi et al. [19] this aspect was considered separately, 
with rates of 68.7%, 12.5%, and 18.5%, respectively [2,10,19]. 
Thus, the importance of this variable is evident, as quality 
metrics for antimicrobials include not only duration but 
also the selection of antimicrobials and the avoidance of 
excessively broad-spectrum antimicrobials in speciϐic clinical 
circumstances [20].

Increased resistance to ceftriaxone

In view of the above regarding the misuse of ceftriaxone, it 
is worth mentioning that this situation tends to promote the 
exposure of microorganisms to insufϐicient concentrations of 
the drug, which can develop DNA encoding resistance, which 
promotes sensitization of bacteria, reducing the therapeutic 
effect on them [15]. This fact triggers an increase in the 
percentage of antimicrobial resistance to multiple antibiotics 
[21].

The acquisition of bacterial resistance is likely in the case 
of the antibiotic under analysis, as it is common for it to be 
prescribed widely and empirically, given its high potency 
against pathogens due to its broad spectrum, being used 
as a treatment for various bacterial infections [22]. As a 
result, bacterial resistance to ceftriaxone as well as a general 
increase in resistance to beta-lactams constitutes a high-level 



Correlation of Inappropriate use of Ceftriaxone and Bacterial Resistance in the Hospital Environment: Integrative Review

www.pharmacyscijournal.com 018https://doi.org/10.29328/journal.apps.1001051

problem, as it makes the treatment ineffective, generating the 
need to seek other therapeutic alternatives, making it difϐicult 
to eliminate infectious diseases, such as pneumonia, bone 
infections, abdominal infections, skin and urinary tract, which 
have a high incidence, especially in developing countries, 
where there is a greater risk of a worse prognosis, which can 
lead to sepsis and death [4,10].

Other problems presented by the studies are the 
prolongation of the period of hospitalization in hospitals 
to treat the infection and a reduction in the therapeutic 
success rate of this drug. Zarauz, et al. [23] address this issue 
by analyzing that the indiscriminate use of antimicrobials 
could, by the year 2050, deprive them of their effectiveness 
in treating serious infections, based on the fact that Spain, 
as it ranks ϐifth in the world in outpatient prescriptions, has 
the number of 3000 people who die annually, as a result of 
bacterial infections due to antibiotic resistance [23].

Reinforcing this idea, the study by Ávila, et al. [11] showed 
that with the application of intervention measures in the use 
of antibiotics, the hospitalization period reduced from 19.8 ± 
38.5 to 8.9 ± 7.2 days after -intervention while the cure rate 
increased, from 76.5% to 80.2%, reinforcing the need to apply 
more appropriate prescriptions [18]. Furthermore, resistance 
to ceftriaxone has been related to an increased mortality 
rate from sepsis and septic shock in the hospital setting. This 
resistance occurred mainly in patients who had already been 
diagnosed with Chronic Obstructive Bronchopneumonia 
(COBP) and pneumonia [24]. There is consistent evidence 
in the literature that points to the frequent isolation of 
antimicrobial-resistant microorganisms among enteric gram 
negatives, including E. coli, Klebsiella species, Pseudomonas, 
and Serratia species, causing these serious infections [25]. 
This highlights the importance of prescribing antibiotics 
based on sensitivity tests.

Ayele, et al. [10] state that in 80.2% of cases the use of 
Ceftriaxone in her research was inappropriate, generating 
the hypothesis that this would enhance the emergence of 
resistant organisms [9]. This is a reality faced by Eritrea, 
an African country, as it was seen that 62.5% of ceftriaxone 
therapy was inadequate, and it was noted that there was a 
pattern of Escherichia coli resistance in more than 50% to 
third-generation cephalosporins, including Ceftriaxone [4].

The study by Sasi, et al. [14] also shows that in addition 
to E. coli with a resistance rate of 63.5% to Ceftriaxone, 
other bacteria have high rates, such as coagulase-negative 
Staphylococcus, which presented around 79.5%, Klebsiella 
spp. 77.1% and Pseudomonas aeruginosa with 57.1% [15]. 
This was also seen by Nusrat, et al. [26] at Chattogram 
Medical College Hospital in Bangladesh, where the ceftriaxone 
resistance rates of Klebsiella and Pseudomonas were 83% 
and 72% respectively [26]. Furthermore, studies by Altaf, 
et al. [27] in Pakistan showed a sensitivity of 9.5% of E. coli, 

22.5% of Klebsiella pneumoniae and 23.8% Proteus mirabilis 
to ceftriaxone [27].

Some studies have also demonstrated an increase in 
the number of cases of Salmonella typhi resistant to third-
generation cephalosporin antibiotics, mainly ceftriaxone, 
which is the ϐirst-line choice in empirical treatments (34%) 
in some cases. This bacteria is one of the main strains that 
causes multidrug-resistant (MDR) typhoid fever, and several 
countries have experienced outbreaks over the years, 
including Pakistan; India [28]; and China [29], among others.

Likewise, an increase in the resistance of bacteria isolated 
from the urinary tract to ceftriaxone was observed. Escherichia 
coli showed 72% resistance, the highest compared to other 
bacteria in the tract, due to its ability to produce extended-
spectrum beta-lactamase (ESBL) that disrupts the beta-
lactam ring, inactivating the beta-lactam antibiotic, seriously 
limiting therapeutic management. Other bacteria also showed 
resistance: Klebsiella pneumoniae 46.1% and Staphylococcus 
aureus 19% of the total bacterial isolates [21].

According to Souza, et al. [22], resistance to ceftriaxone 
has been increasing for a few years, one of these examples 
is Enterobacter cloacae, one of the main pathogens causing 
Healthcare-related Infections, causing severe pyelonephritis, 
meningitis of the newborn, endocarditis, brain abscesses, 
bacteremia, and sepsis [22,30]. According to studies carried 
out in France in 2004, the resistance of Enterobacter cloacae to 
ceftriaxone, between 1999 and 2002, increased, ranging from 
24.3% to 29.6% (p = 0.03) [31], pointing out that resistance to 
ceftriaxone is not a recent problem, but rather a challenge that 
has developed over the years.

In that same study, an increase in resistance to ceftriaxone 
was related to the high biliary elimination of the drug compared 
to other drugs, thus showing its impact on the digestive ϐlora, 
amplifying bla CTX-M resistance genes, as well as its ability to 
inactivate the CTX-M gene. cephalosporinase [32].

Mechanisms to combat bacterial resistance

Faced with this problem, it is necessary to understand the 
mechanisms that lead to its development and think of ways 
to combat them, Meletiadis, et al. [33] correlate increased 
resistance to ceftriaxone to two basic aspects: spread of 
epidemic multi-resistant strains through cross-transmission 
and the acquisition of resistance by susceptible strains. The 
same study relates increased resistance to therapies lasting 
longer than 14 days using ceftriaxone [33].

Therefore, several strategies have been studied to 
combat resistance to ceftriaxone. Some support the idea of 
developing new antibiotics, as the targets can be innovative 
and target completely different aspects of bacterial survival. 
Meanwhile, others maintain that microorganisms would 
likely develop resistance to these new drugs, emphasizing 
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the need for more innovative and technological approaches 
in the formulation and distribution of existing drugs, as the 
prospect of overcoming antimicrobial resistance (AMR) 
through the development of New antibiotics have suffered 
a notable decline, especially in the case of gram-negative 
microorganisms [34,35].

This is largely due to the increasing likelihood of resistance 
to these new antibiotics to which pathogens can adapt in the 
same way as with previous antibiotics. As a result, emphasis 
has shifted to management programs, educational outreach 
primarily in the hospital setting, hygiene and disinfection 
interventions, the application of advanced formulations and 
delivery platforms, as well as the search for alternatives to 
traditional antibiotics [36]. Therefore, the implementation 
of antimicrobial management strategies has proven to 
be positive in combating antibiotic resistance, especially 
in the ICU environment. A decrease in resistance was 
observed in non-fermenting gram-negative bacteria, mainly 
Enterobacteriaceae, while, with regard to gram-positive 
bacteria, no signiϐicant changes were recorded [37].

Furthermore, a possible strategy is the development 
of vaccines to combat resistant strains. A study conducted 
in Taiwan observed that more than 90% of isolates that 
demonstrated resistance to ceftriaxone could be addressed by 
a conjugate vaccine. This suggests the feasibility of introducing 
pneumococcal conjugate vaccine in developing nations, 
especially in regions where resistance is prevalent [38].

Another approach that has been used is antimicrobial 
management, a set of practices and strategic interventions, 
which aim to address the problem of irrational use of 
antibiotics. These actions seek to reduce the excessive and 
empirical use of antibiotics to control bacterial resistance, 
prioritizing more prescriptions. Speciϐic to pathologies [39]. 
According to Pallares and Catano [17], the application of 
interventions in the use of antibiotics interfered with the 
percentage of bacterial resistance to ceftriaxone of two 
bacteria analyzed in the study, however, the study observed 
relative maintenance for K. pneumoniae, going from 22% to 21 
%, while for E. coli this number increased from 12% to 20%, 
relating these ϐindings to the increased use of azithromycin and 
piperacillin [17]. Therefore, it is noted that the inappropriate 
use of one antibiotic can interfere with the resistance pattern 
of another, which alerts us to be careful with cross-resistance 
between antimicrobials.

Finally, the combination of nanoparticles with antibiotics 
emerges as a modern strategy to combat multidrug-resistant 
bacteria [40]. This method has the ability to inhibit several 
characteristics of bacterial resistance, including the active 
pumping of antibiotics out of bacterial cells, the development 
of bacterial bioϐilms, communication between bacterial 
cells through the quorum sensing system, and other related 
processes in cells. microbial [41].

The present work shows that studies suggest an 
association between the inappropriate use of ceftriaxone 
and the emergence of bacterial resistance, as a consequence. 
Errors related to the indication, dose, frequency, and duration 
of treatment with ceftriaxone, as well as the empirical 
administration of this drug, precipitate the emergence of 
resistant infections, increasing the length of hospital stay 
and cases of sepsis and septic shock. Furthermore, studies 
show signiϐicant rates of resistance, with emphasis on E. coli, 
Klebsiella spp, and Pseudomonas aeruginosa, highlighting 
the importance of developing policies to manage antibiotic 
consumption in hospitals.
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