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Abstract: The management of infections of 
multiresistant bacterial etiology has become 
one of the biggest public health problems, 
both in financial costs and in the cost of 
human lives.1 Within these infections, those 
produced by the Enterobacteriaceae family 
stand out, being representative Klebsiella 
pneumoniae and Enterobacter spp, which have 
a wide variety of mechanisms that give them 
the possibility of generating resistance to 
antibiotics;2 therefore, there is no standardized 
treatment management that can be used in this 
type of infections, which have become a very 
important public health problem. Therefore, it 
is necessary to establish treatment alternatives 
that demonstrate greater efficacy. The 
purpose of this work then was to describe the 
mechanisms used by Klebsiella pneumoniae 
and Enterobacter spp. To acquire antibiotic 
multiresistant and what treatment alternatives 
exist for these cases.

INTRODUCTION
The development of antibiotics from the 

beginning has allowed the correct treatment 
of different infections caused by bacteria that 
affect the world population. When we look at 
the past, we find that it was in the 20th century 
when strong work in the development of 
antibiotics began, which at that time was not 
known in this way. One of the first people to 
work in this field was Paul Ehrlich, a German 
physician who made great contributions to 
the world of medicine and was awarded the 
Nobel Prize for Physiology and Medicine in 
1908. One of these great contributions was 
the concept of “magic bullets” which referred 
mainly to compounds capable of destroying 
infectious pathogenic organisms without 
the need to cause too many side effects, this 
idea being the basic principle of the function 
of antibiotics1. However, it was Alexander 
Fleming 1928 who accidentally discovered 
an antibiotic that saved millions of lives 

(penicillin), thus ushering in a new era in the 
development of medicine. 

With the emergence of antibiotics such as 
penicillin, which was introduced into clinical 
practice in 1941 by Florey and Chain, the 
door was also opened to the development 
of resistance by microorganisms. This has 
been driven mainly by the inappropriate and 
unscrupulous use of antibiotics, which initially 
simply represented the presence of resistant 
strains, today it is one of the biggest public 
health problems worldwide and organizations 
such as the WHO have put this problem under 
the spotlight, since in recent years the number 
of bacteria that are resistant to antibiotics has 
increased2. The main risk with this problem 
is the development of multidrug-resistant 
bacteria that cannot be treated with available 
antibiotics and, therefore, can lead to great 
human losses. For this reason, millions of 
dollars are spent annually to address this 
problem and promote the development of 
new antibiotics that can combat multidrug-
resistant strains. However, the forecasts are 
not encouraging; according to official data 
obtained from the WHO, it was found that at 
least 700,000 deaths in 2016 were attributed 
to bacterial multidrug resistance and that by 
2050 the figure could reach 10 million deaths 
if the increase in MDR continues3. 

Additionally, certain types of bacteria such 
as Klebsiella pneumoniae and Enterobacter spp. 
have shown resistance to last-line antibiotics 
in treatment thanks to different mechanisms. 
In the case of Klebsiella pneumoniae, cases 
of resistance have been reported against 
carbapenem antibiotics cataloged as one of the 
last resources to deal with infections caused 
by this bacterium4. This being so, many of the 
worldwide efforts are not being implemented.
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METHODOLOGY
A literature search in English and Spanish 

was conducted from February 2, 2021, using 
PubMed, Google Scholar, SciELO, Medline, 
and New England Journal of Medicine 
databases, where the following terms were 
searched: β-lactamases, Enterobacter, 
Klebsiella pneumoniae, resistance, antibiotics, 
plasmids, genetic mechanism, and treatment. 
The search was limited to articles published 
from 2018 to 2022 from which a total 
population of 160 articles was obtained. 
Subsequently, the authors independently 
reviewed titles, abstracts, and conclusions; 
thus, identifying potentially relevant articles 
and retaining those containing information 
related to the mention of intrinsic and 
extrinsic mechanisms of multidrug resistance 
of Klebsiella pneumoniae and Enterobacter spp, 
description of resistance mechanisms of both 
Klebsiella pneumoniae and Enterobacter spp, 
current treatments and possible therapeutic 
alternatives in the face of increasing bacterial 
multidrug resistance, and epidemiological 
data on multidrug-resistant strains present 
worldwide. This selection resulted in a 
significant sample of 50 articles, which were 
finally compiled in a systematized way. For this 
purpose, the criteria (serial number, English 
Name, date, country, authors, abstract, general 
objective, method, most relevant results, and 
conclusions) were used to extract the relevant 
information for each of the specific objectives. 

RESULTS

INTRINSIC MECHANISMS OF 
MULTIDRUG RESISTANCE TO 
ANTIBIOTICS USED BY KLEBSIELLA 
PNEUMONIAE
Once the review of articles was performed, 

a great variety of intrinsic mechanisms 
of multidrug resistance to antibiotics by 
Klebsiella Pneumoniae were found 6, 7,8,9. 
Among these mechanisms are several 
genotypes coding for resistance mechanisms, 
which were found in several articles. The most 
prevalent multidrug resistance mechanism 
(25.6%) was the β-lactamase enzymes, 
these enzymes give Klebsiella pneumoniae 
special resistance to beta-lactam antibiotics 
(penicillins, cephalosporins, monobactams, 
and carbapenems)10,11,12. Additionally, it was 
found that (20.1%) of the articles described 
efflux pumps (KpmEF) as the second most 
prevalent mechanism.13,14 Followed by this, is 
the Alteration of porins (Ompk36) represented 
with (12.8%); likewise, the presence of the 
FosA gene corresponds (7.6%), while the LPS 
RamA modification system, oqxA/oqxB genes 
represent only (5.13%). Finally, with (2.5%) 
were found: mgrB gene mutation (Lipid 
modification), DNA gyrase mutation, KpmO 
gene, Rpst gene, ParC, and gyrA mutations, 
BlaSHV-1 gene, BLAtem-1, and tetB gene. 
15,16,17,18

INTRINSIC MECHANISMS OF 
MULTIDRUG RESISTANCE 
TO ANTIBIOTICS USED BY 
ENTEROBACTER SPP
Very similar results were found concerning 

Klebsiella pneumoniae19. For example, the 
mechanism with the highest prevalence 
(38.1%) is once again the β-lactamase 
enzymes, which also provide special resistance 
to beta-lactam antibiotics (penicillins, 
cephalosporins, monobactams, and 
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Graph 1. Intrinsic Mechanism in Klebsiella pneumoniae

Gráfico 2. Mecanismos intrínsecos en Enterobacter spp. 

Graph 3. Common mechanisms between Enterobacter spp and Klebsiella pneumoniae.
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Graph 4. Extrinsic mechanisms in Klebsiella pneumoniae.

Graph 5. Extrinsic mechanisms in Enterobacter spp.



6
Journal of Engineering Research ISSN 2764-1317 DOI 10.22533/at.ed.3173332325096

carbapenems).21,22 Likewise, with a prevalence 
of (9.5%), mechanisms very similar to those 
described above were found.23 Among 
them are: Alteration of porins (Omp35 and 
Omp36), efflux pumps, LPS modification 
system, PMQR determinants, and finally 
with a lower prevalence (4.8%) were found: 
DNA gyrase mutations, mutation of antibiotic 
targets, QRDR determinants, gyrB mutation 
and mutation in the AmpR repressor.24,25 

It is important to clarify that due to the 
similarity of intrinsic resistance mechanisms 
between Klebsiella pneumoniae and 
Enterobacter spp. it is necessary to compare 
them to determine both species’ common and 
predominant mechanisms.26 In addition, it is 
necessary to compare them to determine the 
common and predominant mechanisms in 
both species.

EXTRINSIC MECHANISMS OF 
MULTIDRUG RESISTANCE TO 
ANTIBIOTICS USED BY KLEBSIELLA 
PNEUMONIAE
This section highlights that the misuse of 

antibiotics by patients and medical personnel 
is the most prevalent mechanism causing 
multidrug resistance in Klebsiella Pneumoniae 
(25.6%).27,28,29 Likewise, in second place, is 
the production of extended-spectrum beta-
lactamase (ESBL) and carbapenemases 
(23.1%).30 As for the genes involved, there is 
a wide variety of gene families responsible 
for multidrug resistance:32,33 aac gene family, 
and gene family, aph gene family, which 
represent (5.1%).34 Finally, there are 16srRNA 
methylases, blaSHV-2 and blaTEM-3, mobile 
genes qnrA and qnrB, MCR gene, and mutation 
in two-component systems (PmrA/PmrB 
and PhoP/PhoQ) with the lowest prevalence 
(2.6%).35,36,37

EXTRINSIC MECHANISMS 
OF MULTIDRUG RESISTANCE 
TO ANTIBIOTICS USED BY 
ENTEROBACTER SPP
Like what has been observed in Klebsiella 

pneumoniae, in Enterobacter spp. it was also 
found that the misuse of antibiotics is the 
most prevalent mechanism of multidrug 
resistance (62.5%).38,39,40 Additionally, 
Carbapenemases are the second mechanism, 
but with special attention to blaNDM-1, 
which represents (18.8%).41 Finally, there are 
16srRNA methylases, MCR gene, and AmpC 
β-lactamases with (6.3%).42,43

POSSIBLE TREATMENTS FOR 
KLEBSIELLA PNEUMONIAE
A wide variety of treatments for Klebsiella 

pneumoniae were found, among them, 
the presence of beta-lactamase inhibitors: 
Ceftazidime-avibactam, Meropenem/
vaborbactam, Piperacillin-tazobactam 
(TZP), Aztreonam-avibactam and Cefepime/
zidebactam stand out.44,45 These, as reviewed 
were recommended in (20.6%) of the 
total number of articles discussing the 
drugs.46 However, another very frequent 
therapeutic option was Carbapenems 
(Meropenem, Imipenem, and Ertapenem) 
with a recommendation as a treatment 
option in (13.2%) of the articles. Additionally, 
Polymyxins and Aminoglycosides were 
also recommended with a prevalence of 
(11.8%) and the combination of Aztreonam 
(ATM) + ceftazidime-avibactam (CAS-
AVI), i.e., a Monobactam together with 
a Cephalosporin and a beta-lactamase 
inhibitor was recommended in (4.4%) of the 
articles.47,48 However, there were many more 
recommendations with a lower frequency 
which are mentioned in Table 1. However, 
there was one form of treatment (4.4%) of the 
articles, which did not include drug therapy. 
This treatment included bacteriophage-
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Table 1. Possible Treatment For Klebsiella Pneumonia.
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generating gene therapy. The most frequent 
bacteriophages were: Pharr, KpNIH-2, and vB-
KpnM-Teh-1.49 Finally, there was a frequency 
of (13.2%) where it was mentioned that no 
treatment was completely optimal and there 
was a need for further studies.50 In addition, 
there was a frequency (13.2%) where it was 
mentioned that no treatment was completely 
optimal and there was a need for further 
studies in this respect.50

POSSIBLE TREATMENTS FOR 
ENTEROBACTER SPP
The treatment found for Enterobacter 

spp. was very similar to that of Klebsiella 
pneumoniae. However, the frequency of 
antibiotic use was different. 51,52 For this 
treatment, carbapenems were found to be the 
first choice with a frequency of (24.4%).53 In 
the second place, Betalactamase Inhibitors 
were found with (12. 2%), contrary to the 
previous case where beta-lactamase inhibitors 
predominated.[54] Fourth generation 
cephalosporins such as Cefepime were 
mentioned as an important treatment option 
in (9.8%) of the articles and quinolones 
in (7.3%). The rest of the drugs had lower 
frequency and are better specified in Table 2. 
Additionally, treatment with bacteriophages 
very similar to those mentioned above was 
also found as an option, but with a lower 
frequency, i.e. (2.4%). On the other hand, 
a frequency of (14.6%) was found, which is 
higher concerning the treatment of Klebsiella 
pneumoniae where it was mentioned that 
no treatment was completely optimal and 
there was a need for further studies in this 
regard. This means that for both species the 
appropriate treatment is still very uncertain 
and unspecific.55.

DISCUSSION
The increase in bacterial resistance may 

slow down the progress of medicine. Every 
day the availability of antibiotics is less and less 
to fight infections. The detection of resistance 
mechanisms in the laboratory is not easy, since 
it depends on their phenotypic expression 
and this is conditioned by the number of 
enzymes produced by the bacteria and the 
presence of other resistance mechanisms and 
combinations.1,2,3

The antimicrobial susceptibility study 
performed on E. coli strains showed high 
levels of resistance to nalidixic acid and 
trimethoprim-sulfamethoxazole. This 
behavior is like those published by Sedighi 
et al.3,14,15 These results differ from the 
data provided by Chiu and Stefaniuk who 
reported sensitivity values for trimethoprim-
sulfamethoxazole of 65.1% and 61.5%, 
respectively. 6,16 The high sensitivity of E. coli 
strains to nitrofurantoin agrees with national 
and international publications.3,7,9,17,18 In the 
present work, good sensitivity to amikacin 
was detected. Researchers from China and 
Iran 6,15 have reported sensitivity percentages 
of over 75% to this drug.

Analyzing the resistance profile of K. 
pneumoniae, high values of resistance 
to trimethoprim-sulfamethoxazole were 
observed. Similar figures were reported by 
Bartoloni et al.14,19,20 

The sensitivity of the strains to amikacin 
in the present work coincides with authors 
from Bolivia and Venezuela, who published 
sensitivity figures above 90 %.14,21 In Cuba, in a 
national study, resistance values were observed 
for trimethoprim-sulfamethoxazole (49 %), 
gentamicin (43 %), and nalidixic acid (38 %).22.

Another relevant finding was the high 
percentages of resistance to the three third-
generation cephalosporins. In this regard, 
recent studies have shown the circulation of 
uropathogenic strains with high resistance to 
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Possible treatment for Enterobacter spp.

Family/Group Antibiotic Frequency 
(%)

Total per 
family (%) 

Carbapenem

Imipenem 9,8

24,4
Meropenem 7,3
Ertapenem 2,4
Not specified 4,9

Beta-lactamase inhibitors

Piperacillin-tazobactam (TZP) 4,9

12,2
Aztreonam-avibactam 2,4
Cefepime / zidebactam 2,4
ceftazidime-avibactam 2,4

Cephalosporin 4th Cefepime 9,8 9,8

Aminoglycosides
Amikacin 7,3

9,8
Not specified 2,4

Quinolones   7,3 7,3

Polymyxin
Polymyxin B 2,4

4,9
Colistin 2,4

Monobactame + Cephalosporin + 
Beta-lactamase inhibitor

Aztreonam (ATM) + ceftazidime-
avibactam (CAS-AVI) 4,9 4,9

Cephalosporin 6th Cefiderocol 2,4 2,4
Treatment with bacteriophages Pharr, KpNIH-2, vB-KpnM-Teh.1 2,4 2,4
Tetracyclines Tigecycline 2,4 2,4
Phosphonates Fosfomycin 2,4 2,4
Carbapenem + carbapenem   2,4 2,4
N/A More studies are needed 14,6 14,6

Table 2. Possible treatment for Enterobacter spp.

ceftriaxone, cefotaxime, and ceftazidime.3,14,23 
In a study conducted by Cuban authors, 
Quiñones reported a resistance rate of 48-
52% for cephalosporins.22 And in a third-level 
hospital, Suárez published high percentages 
of resistance to cephalosporins (47.5 %). 24 
However, our results disagree with those 
published by González, who found in a study 
carried out in Cuba in isolates of E. coli, a 
resistance of 5.7 % to ceftriaxone and 2.9 % to 
ceftazidime and in isolates of K. pneumoniae 
the resistance was 14.3 % for ceftriaxone and 
ceftazidime.25

BLEEs are associated with resistance to 
multiple antibiotics such as aminoglycosides, 
chloramphenicol, trimethoprim-
sulfamethoxazole, and quinolones, which 
implies that the clinician has few options 

for the treatment of patients with UTI 
caused by BLEE-producing strains of 
enterobacteria.3,14,18,24

We consider that the high resistance 
to nalidixic acid and trimethoprim-
sulfamethoxazole in both microorganisms is 
related to the use of empirically for decades 
in Cuba for the treatment of uncomplicated 
UTI in pediatric and adult patients and 
other infectious diseases. The percentage of 
isolates resistant to the aforementioned drugs 
constitutes an important alert for health 
authorities and shows a notable increase when 
compared to previous studies in Cuba.7,9

The irrational and indiscriminate use 
of these drugs has undoubtedly led to the 
appearance of multidrug-resistant isolates. 
This phenomenon has multiple implications, 
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the most important of which is the failure in 
the treatment of the disease by exhausting 
the therapeutic options, even for the 
recommended second-line antimicrobials.

The increase in bacterial multidrug 
resistance is a worldwide phenomenon. 
The problem of resistance is greater when it 
involves more than one family of antibiotics; 
thus, in our work, we observed that multidrug 
resistance is present in 57.2 % of E. coli isolates 
and 56.4 % of K. pneumoniae. The findings 
of this study coincide with those reported in 
other studies carried out in Iran, Mongolia, 
Sierra Leone and Peru, which reported 
multiresistance percentages between 45.9 
% and 93.9 % in E. coli and K. pneumoniae 
isolates from urine samples.15,23-27

The wide variety of multidrug resistance 
profiles detected in the present work is also 
of interest. The drugs comprising most of the 
patterns are Trimethoprim-sulfamethoxazole, 
nalidixic acid, gentamicin, and ciprofloxacin. 
A diversity of antibiotic resistance patterns 
in uropathogenic E. coli and K. pneumoniae 
strains have been reported by international 
researchers.2,26-28 The study of antibiotic 
resistance patterns is a useful tool to guide the 
empirical treatment of an infection. The results 
of this work draw attention to the circulation 
of third-generation cephalosporin-resistant 
strains in community-acquired urinary 
tract infections and inform the antibiotics 
(nitrofurantoin and amikacin) that can be 
used to combat them empirically in this 
geographic area.

CONCLUSION
The WHO predicts that there won’t be any 

effective antibiotics available for the treatment 
of bacterial illnesses by 2050 due to the slow 
development of new medicines over the past 
few decades.

Combination therapy is the only method for 
treating these infections due to the worrisome 
rise in multidrug-resistant bacteria and the 
dearth of novel medications for treating 
them. In standard practice, doctors utilize 
a variety of medications to treat infections 
brought on by strains that are resistant to 
several treatments. Nevertheless, most of the 
time these combinations are used without 
understanding their potential benefits or risks, 
which frequently causes additional selection 
pressure on the bacteria and worsens the 
issue of multidrug resistance. Because of its 
widespread application, in vitro, synergistic 
testing is required. important in determining 
the best antibiotic treatments to use and in 
obtaining positive clinical outcomes. These 
tests can also help clinicians provide lower 
and more efficient doses, minimizing side 
effects from the use of numerous medications 
and postponing the emergence of antibiotic 
resistance.

There is a need for programs in the medical 
curriculum to inform medical students about 
the gravity of the issue of bacterial multidrug 
resistance to antibiotics so that, when they 
enter the workforce, they are aware of the 
problem’s gravity and can take action to help 
contain it.
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