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Abstract
This literature review focuses on the issue of antibiotic resistance in healthcare settings,
primarily on the detection and treatment of two highly resistant pathogens, Pseudomonas
aeruginosa and Burkholderia cepacia. This review discusses detection methods such as PCR
and ELISA, as well as emphasizing the use of 16s- rDNA based PCR assays. This review also
explores different current and future treatment strategies for dealing with the two bacteria, such
as the use of quorum sensing inhibitors, nanoantibiotics, and phage therapies. This review also
discusses a current lack of available research on B. cepacia’s treatment methods, concluding by
underscoring the urgent need to combat antibiotic resistance in healthcare environments.
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Introduction
Antibiotic resistance is a highly prevalent issue in healthcare settings. This fact is

especially true, where there is increased use of antibiotics to treat patients already suffering
from bacterial illnesses. Increased broad spectrum antibiotic use has been shown to cause
further antibiotic resistance. Ciprofloxacin, a broad-spectrum antibiotic commonly used to treat
various types of infections, has correlated to a higher number of ciprofloxacin-resistant strains
(1). Another reason for the high prevalence of antibiotic resistance in healthcare facilities is the
prolonged stays of vulnerable patients inside hospitals, as the longer that immunocompromised
individuals stay in hospitals, the more likely they are to contract further infections from prolonged
exposure to antibiotic-resistant bacteria (2).

Due to the danger posed by different species of bacteria, the WHO has identified a list of
twelve “priority pathogens” that pose the highest threat which require new antibiotics (3). This
list includes a variety of different bacteria, such as carbapenem-resistant, vancomycin-resistant,
and fluoroquinolone-resistant bacteria, among bacteria with resistance to other broad-spectrum
antibiotics (3). Under the “critical priority” section of the list is carbapenem-resistant
Pseudomonas aeruginosa, as well as carbapenem-resistant Acinetobacter baumannii and
Enterobacteriaceae. Although the WHO’s list is an important guide in identifying dangerous
bacteria in need of new antibiotics, it is not a comprehensive list of all bacteria that pose a threat
(4) (5) (6). Other harmful bacteria insensitive to many antibiotics include Burkholderia cepacia,
Candida auris, and Clostridium difficile (4).

Due to their presence in healthcare environments and difficulty in treatment the two
organisms this review will bring attention to are Pseudomonas aeruginosa and Burkholderia
cepacia. As mentioned earlier, Pseudomonas aeruginosa is a carbapenem-resistant bacterium
in the family Pseudomonadaceae. It is an opportunistic pathogen that is able to survive in many
environments, making it an especially dangerous pathogen (7). Pseudomonas aeruginosa is
known to infect people suffering from cystic fibrosis (CF), as well as patients with nosocomial, or
hospital acquired, infections such as ventilator-associated pneumonia (7). In 2017, the
bacterium infected over 32,000 hospitalized patients, and resulted in an estimated 2,700 deaths
(4). The second bacterium this review will highlight is Burkholderia cepacia, a member of the
Burkholderia cepacia complex that is resistant to aminoglycosides and cephalosporins (8). B.
cepacia is also an opportunistic pathogen that is known to be found in soil and water (8). Like P.
aeruginosa, B. cepacia is known to cause respiratory infections in people suffering from CF, as
well as chronic granulomatous disease. If left untreated, the bacterium can cause quick
deterioration of the patient, resulting in fatal necrotizing pneumonia (6).

Detection
Currently, there are multiple methods of detecting bacteria within healthcare facilities,

such as by culturing, polymerase chain reaction (PCR), and/or enzyme-linked immunosorbent
assay (ELISA) (9). Culturing bacteria involves gathering samples of bacteria either from various
surfaces or from patients themselves, then allowing them to grow in a controlled medium, before
identifying bacteria present under a microscope. Although culture-based testing is most
conventional for diagnostics, it is not often successful due to unsuitable culturing conditions and
difficulties in identifying bacteria under microscope (10). Due to this downfall, methods such as
PCR and ELISA have become more favored in detecting different bacteria. PCR is a laboratory
technique that involves amplifying, then analyzing bacterial genes to identify their presence from
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an environment. Unlike PCR, ELISA is a chromogenic technique that identifies antibodies from
bodily fluids such as blood, urine, or saliva to detect the presence of bacteria infecting a patient
(11). These three techniques are used on both P. aeruginosa and B. cepacia in healthcare
settings to detect, identify, and develop treatment plans against these bacteria.

Detection: Pseudomonas Aeruginosa
Detecting P. aeruginosa in hospitals and other healthcare facilities is often carried out

through PCR techniques, such as 16S‐ rDNA based PCR assays, which is a type of PCR using
16S ribosomal DNA that provides species-specific sequences, allowing identification of bacteria.
This technique was used to identify 104 P. aeruginosa isolates found in an Iranian hospital in
2010 (12). Their study used a 16S‐ rDNA based PCR assay to confirm the presence of P.
aeruginosa in the samples, and observed that the bacteria were highly resistant to the
broad-spectrum cephalosporin antibiotic Ceftazidimine (12). Another method of testing for the
presence of P. aaeruginosa is by testing for carbapenemase, an enzyme released by P.
aeruginosa to break down to carbapenems (13). One specific test is the Carba NP test, which
detects the hydrolysis of carbapenem by bacteria such as P. Aeruginosa (13). It was determined
that in a test group of 260 carbapenemase-producing P. Aeruginosa strains, the test resulted in
a pooled value of 92% correct detections (13). They concluded that although there is no ideal
phenotypic test for P. aeruginosa, the Carba NP test is a reliable and effective method of testing
for the bacterium (13).

Detection: Burkholderia cepacia
The process of detecting B. cepacia involves techniques such as PCR and western blots.

Similar to P. aeruginosa, the use of 16S‐ rDNA based PCR assays, as well as
recombinase-aided amplification (RAA) assay, has shown promise in detecting and identifying
B. cepacia strains (14). A study determined that RAA is a superior test in detecting Burkholderia
cepacia complex (BCC) bacteria due to lower cost, faster speed, and ease of use (14). They
found that RAA was applicable for clinical detection of BCC bacteria in a timely manner (14).
Another study sought to develop a lipopolysaccharide-specific monoclonal antibody that would
react with B. cepacia and other members of the BCC (15). The project resulted in the creation of
the first BCC-specific monoclonal antibody, which could be helpful in diagnosing infections
caused by Burkholderia species in CF patients (15).

Treatment
There are many drugs and procedures currently used to treat infections caused by

antibiotic-resistant bacteria, but as bacteria continue to evolve, these methods will become
obsolete, and new treatment plans will need to be created. The two main methods for combating
antibiotic-resistant bacteria are pathogen and host-directed strategies (16). Pathogen-directed
strategies include immunotherapy using monoclonal antibodies to eliminate the pathogenic
effects of bacteria, blockage of biofilm formation through drug usage, and strategies to
neutralize bacterial toxins by modifying how pathogens bind to host cell receptors (16).
Alternatively, host-directed strategies combat antibiotic-resistant bacteria by modifying immune
and host cell functions instead of affecting the pathogens themselves (16). While these
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strategies are effective in the present, constant reinvention is due, as highly-resistant bacteria
will continue to evolve against these strategies faster than medicine can keep up with.

Future Treatment Methods
New treatment methods are constantly being developed to aid the fight against

antibiotic-resistant bacteria, some of which include quorum-sensing inhibitors, nanoantibiotics,
and phage therapies (17). Quorum sensing inhibitors are a type of medicine that would impede
the ability of bacteria to communicate through quorum sensing, a type of cell-cell
communication. While still in the early stages of development, many classes of compounds
have been reported with the potential to inhibit quorum sensing (17). Another type of medicine
that could be used to treat resistant bacterial infections are nanoantibiotics (17). Nanoparticles,
especially metal and metal oxide-based ones, have been considered auspicious candidates for
eliminating bacteria (17). Due to their high surface area to volume ratio, as well as their
increased solubility and ease of delivery, nanoparticles are efficient drug carriers which show
promise with antibiotics (18). Nanoparticles have also shown their own antibacterial properties
such as the disruption of bacterial cell walls and biofilms (18). Although studies have shown that
nanoantibiotics have antibacterial properties, further research needs to be done to ensure their
safety and efficacy in patient treatment (17). A third future method to fight antibiotic resistant
bacteria is phage therapy (17). Phage therapy entails using bacteriophage, or viruses that kill
bacteria, to treat patients when antibiotics have not been effective. Phage therapy has gained
popularity in recent years due to the ubiquity of bacteriophages and their harmlessness to
humans, as well as their ability to be administered orally, topically, or intravenously (17). Phage
therapy does show challenges though, as phages are species-specific, so there would need to
be a complete library of phages for every possible bacterial infection (17).

Treatment: Pseudomonas aeruginosa
P. Aeruginosa has been particularly difficult to treat with antibiotics due to many aspects

of its biology, such as a highly impermeable outer membrane, efflux pumps, and
antibiotic-inactivating enzymes (7). Efflux pumps are responsible for removing compounds such
as antibiotics and quorum sensing signal molecules from bacterial cells (19). P. aeruginosa’s
efflux pumps belong to the resistance-nodulation-division family, which play a crucial role in its
antibiotic resistance (7). Particularly, the overexpression of the efflux pumps has contributed to
the multidrug-resistant character of P. aeruginosa (7).

Although future methods are in the works, current procedures for treating P. aeruginosa
rely on antipseudomonal antibiotics, including doripenem and plazomicin (7). Doripenem, a
carbapenem antibiotic, has shown greater potency against P. Aeruginosa isolated from CF
patients (7). A dose of 0.5 g and 1.0 g of doripenem three times a day showed 100 percent
negativity in P. Aeruginosa blood cultures, and 60 percent negativity at 1.5 g three times a day
(20). In another study, despite high cure rates, the use of doripenem for P. Aeruginosa
associated pneumonia has caused headaches, nausea, and phlebitis (7). Another drug that has
worked against P. Aeruginosa infections is plazomicin, an injectible aminoglycoside (7). When
combined with other drugs such as cefepine, doripenem, and imipenem, plazomicin produced
synergistic activity with no antagonism, pointing to multidrug uses of plazomicin as treatment for
P. Aeruginosa (7).

Some of the future methods of treatment mentioned above show promise in treating P.
Aeruginosa, such as quorum sensing inhibition and nanoparticles. Quorum sensing inhibition
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has been shown as a promising treatment for P. Aeruginosa, due to its ability to prevent biofilm
formation, decrease virulence, and its low risk of development of resistance (7). One example of
a quorum sensing inhibitor is zeaxanthin, a carotenoid found in plants, that has reduced P.
Aeruginosa biofilms (7). Another example is a derivative of halogenated furanone that repressed
quorum sensing gene expression in P. Aeruginosa (21). Thus, quorum sensing inhibitors seem
to be a good approach to treating P. Aeruginosa infections, which becomes an even more
powerful strategy when combined with phage therapy (7). Another future method of treating P.
Aeruginosa infections is through the use of nanoparticles, due to their high penetrability into cell
membranes and their ability to carry antibiotics (7) As mentioned earlier, metal nanoparticles
such as silver nanoparticles are especially effective against P. Aeruginosa because they
produce silver ions which inhibit bacterial systems (7) (18). Other nanoparticles have been
created to carry antibiotics into bacterial cells, such as porous silicon nanoparticles which
improved the survival rate of mice with a P. Aeruginosa lung infection (7).

Treatment: Burkholderia cepacia
There is a lack of accessible research on the treatment of B. cepacia infections. This may

be due to difficulties encountered while working with this bacterium as well as a lack of research
funding or awareness of these infections. This is not to say that there are no current treatment
methods though, simply ones without extensive accessible research.
Future methods for combatting B. cepacia infections include phage therapy and use of
combination antibiotics. Phage therapy for Burkholderia infections has been in the works for
over 20 years, and recent efforts are continuing to be made (22). The use of phage therapy has
been advised for treatment of Burkholderia infections due to the fact that most cases of B.
cepacia infections are in CF patients who have been treated with antibiotics their whole lives,
and further use could cause persistent infections (22). Phage therapy for B. cepacia infections is
limited, though, by the small number of phages known to target BCC strains (22). Some of the
phages which can target B. cepacia are Myroviridae NS1, NS2, DK2, DK3, JB1, JB5, and RL1c
(22). Although there is not much research on BCC phages in human and mammalian immune
systems, phage therapy has shown great success in other animal models, giving hope that
phage therapy will be an effective treatment method for B. cepacia infections (22). Another
treatment method in testing for BCC infections is combination antibiotics, of which
moxifloxacin-ceftazidime showed the most success (23). Moxifloxacin alone is typically used to
treat pneumonia, tuberculosis, and sinusitis; and Ceftazidime is a cephalosporin antibiotic used
to treat meningitis, pneumonia, and urinary tract infections. When combined, these antibiotics
prevented the overgrowth of resistant cells and the ceftazidime continued its killing effect for 24
hours (23). Combining these antibiotics to fight BCC infections appears suitable for future
applications, and seems worth researching further.

Conclusion
The escalating concern regarding antibiotic resistance in healthcare settings highlights

the urgent need to tackle this global health threat. The overuse of antibiotics has resulted in the
creation of highly-resistant bacteria, such as Pseudomonas aeruginosa and Burkholderia
cepacia, resulting in the need for new detection and treatment strategies. These two bacteria

5



have been spotlighted due to their prevalence in healthcare environments, especially among
patients with respiratory conditions, and the challenges associated with treatment.

With new detection methods constantly evolving, hospitals are no longer held back by
conventional culturing. From today’s standard of PCR and ELISA tests, to new tests such as
Carba NP test and RAA, there is constant progress being made towards better detection of
these bacteria. Similar ventures are being made in treatment strategies, with new methods like
quorum sensing inhibitors, and further research in phage therapy showing great promise for the
future of tackling antibiotic resistance. Ultimately, although there are great strides being made in
research against antibiotic resistance, the movement towards tackling resistance remains a
constant struggle.
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