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Background: Pseudomonas aeruginosa is a significant cause of morbidity and mortality in intensive care units, and is prevalent in
nosocomial infections and cystic fibrosis. The increasing rates of antimicrobial resistance (AMR) complicate the treatment of
P. aeruginosa infections, especially because of the multidrug resistance (MDR), extensively drug-resistant (XDR), and pan-drug
resistant (PDR) strains.

Case Presentation: We report the case of a 4-year-old male with severe burns covering 45% of his body surface who developed
nosocomial PDR P. aeruginosa infection at the University Teaching Hospital of Kigali (CHUK) in Rwanda. A wound culture yielded
a PDR P, aeruginosa isolate that was resistant to all the tested antimicrobials, with intermediate resistance to colistin. However, the
patient improved with a combination of ceftazidime and amikacin following cessation of fever and successful skin grafting. The
patient was discharged on day 95.

Conclusion: P. aeruginosa is a common hospital-acquired pathogen that is particularly challenging to treat, owing to its antimicrobial
resistance profile and biofilm production. Antibiotic-resistant strains are a significant public health threat, especially in pediatric burn
units. This case underscores the critical need to strengthen infection prevention and control measures together with robust anti-
microbial stewardship programs. Molecular characterization of this PDR strain will yield further details regarding its virulence and
genotyping.
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Introduction

Pseudomonas aeruginosa is among the major etiologies of morbidity and mortality in intensive care units,' and is known
to predominate among nosocomial infections and cystic fibrosis cases.” Pseudomonas aeruginosa has the ability to
survive under minimal nutritional requirements and can tolerate different disinfectant conditions, allowing it to persist on
surfaces and facilitate hospital-acquired infections.® Additionally, P. aeruginosa has been associated with infections of
the respiratory tract, skin, soft tissue, urinary tract, surgical sites, and the bloodstream.*

Pseudomonas aeruginosa possesses an arsenal of virulence factors contributing to its adaptation to different
environments and enable it to cause diseases.” These virulence factors empower P. aeruginosa to invade and colonize
host cells and lead to clinical symptoms. This is done through interruption of host tissue integration, suppression of and
escape from host immune response, and depletion of nutrients from the host.> Pseudomonas aeruginosa virulence factors

are classified into surface structures (type IV pili and flagella, outer membrane components such as lipopolysaccharide,
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and five secretion systems (T1SS, T2SS, T3SS, T5SS, and T6SS), secreted factors (T1SS and T2SS), and bacterial cell-to
-cell interaction (quorum sensing and biofilm).® The Lipopolysaccharide (LPS) is the first important surface structure
which significantly decreases the membrane permeability.” The out-membrane proteins (OMPs) are involved in nutrient
exchange, adhesion, and antibiotic resistance.” The formation of biofilms which associated with the flagellum, pili, and
adhesions contribute to the drug resistance.’

Over the past few decades, there has been a considerable increase in antimicrobial resistance (AMR),” known as the
ability of microorganisms to nullify the effects of antimicrobials and render them ineffective.®* This is complicated by
the limited number of alternative antimicrobials effective against drug-resistant bacteria.'® The treatment of
P. aeruginosa infections is challenging because of their resistance to commonly used antimicrobials.®'' Multidrug
resistance (MDR) is defined as resistance to at least three antibiotic classes, whereas extensive drug resistance (XDR)
in P aeruginosa is defined as non-susceptibility to at least one agent in all but two or fewer antimicrobial categories.'?
Pan-drug resistance (PDR) is defined as non-susceptibility to at least six antimicrobial categories (piperacillin-
tazobactam, third- and fourth-generation cephalosporins, carbapenems, aminoglycosides, and fluoroquinolones).'”
P. aeruginosa has developed resistance to aminoglycosides, quinolones, and beta-lactams through intrinsic, acquired,
and adaptive mechanisms.! Carbapenem-resistant P aeruginosa (CRPA) is a global public health threat among the three
critical priority pathogens designated by the World Health Organization (WHO) as requiring new antimicrobials and
control measures.*'*!!

Pseudomonas aeruginosa is an opportunistic pathogen that can cause serious infections in both postoperative and
burn wounds.'*'? Infection of burn wounds with P aeruginosa is challenging because it can lead to septicemia, loss of
skin grafts, prolonged hospital stay, increased hospital costs, and mortality."* Advanced burn wounds infected with
P. aeruginosa can also exhibit excessive slough, erythema, green color, and a specific smell.'> Data on P. aeruginosa
infections among pediatric patients are scarce.' This report describes a case of pan-drug-resistant P. aeruginosa isolated
from a child’s burn wound at the University Teaching Hospital of Kigali (CHUK) in Rwanda.

Case Presentation

A 4-year- old male patient presented to the CHUK Emergency Department with a thermal burn from hot water on the
face, whole trunk, and back, including both the upper and lower arms and buttocks. The burn wound was mixed with
superficial and partial thicknesses, and covered approximately 45% of the body surface area. He was admitted to CHUK
in December 2023 and received intravenous ceftriaxone and cloxacillin for 10 days starting on the day of admission,
according to the doctor’s clinical judgement based on the preceding days spent by the patient at a district hospital. Blood
samples were drawn on days 5 and 38 of hospitalization for bacterial culture, which yielded coagulase-negative
Staphylococcus (CoNS) and gram-positive bacilli on Gram staining. Meropenem and vancomycin were administered
for 21 days but the fever persisted. Ciprofloxacin was then started [received for 6 days], followed by clindamycin
[received for 7 days] and piperacillin-tazobactam [received for 7 days]. A wound swab was then taken on day 51 and sent
to the Microbiology Laboratory where gram-negative bacilli were found. Ceftazidime was initiated empirically while
awaiting identification and antibiograms. Bacterial cultures were performed on MacConkey and blood agar. The
presumptive isolate was biochemically identified using the API 20NE galleries (Biomérieux, France). The Kirby-
Bauer disk diffusion method was used for the antibiogram, and interpretation was performed according to the Clinical
Laboratory Standard Institute (CLSI) guidelines.'®'” From the wound grew Klebsiella spp. and P. aeruginosa. Klebsiella
spp. were resistant to ampicillin, cefotaxime, ciprofloxacin, and ceftriaxone. Pseudomonas aeruginosa was found to be
resistant to ciprofloxacin and imipenem (Table 1). Another negative blood culture result was obtained on day 54. In
addition to the persistent fever, the burn wound appeared greenish in color. A second wound swab was collected on day
53 and sent to the National Reference Laboratory (NRL) as discs for two antibiotics (ceftazidime and amikacin) were not
available at CHUK. Bacterial cultures on MacConkey and blood agar were performed at the NRL. The presumptive
isolate was identified using the VITEK2. The same platform (VITEK 2) was used for antimicrobial susceptibility testing
(AST). The culture grew P. aeruginosa which was resistant to all tested antibiotics, including commonly used anti-
Pseudomonas drugs. This isolate showed intermediate resistance to colistin. The antibiogram was then manually repeated
using the Kirby-Bauer disk diffusion method to test all the available antibiotics, including ceftazidime and amikacin,
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Table | Antimicrobial Susceptibility Profiles of P. aeruginosa from a Burn Wound in a 4-Year-Old

Boy

Antibiotic Ist Wound 2nd Wound 2nd Wound
Culture (CHUK) | Culture (NRL) | Culture on VITEK 2 (NRL)

Amikacin NT Resistant Resistant (MIC264)
Amoxicillin/Clavulanic acid NT Resistant NT
Ampicillin Resistant NT NT
Azithromycin NT Resistant NT
Cefazolin NT Resistant Resistant (MIC264)
Cefepime NT Resistant Resistant (MIC264)
Cefotaxime Resistant Resistant Resistant (MIC264)
Ceftazidime NT Resistant Resistant (MIC264)
Ceftriaxone Resistant NT NT
Ciprofloxacin Resistant Resistant Resistant (MIC24)
Gentamicin NT Resistant Resistant (MIC=16)
Imipenem Resistant Resistant Resistant (MIC216)
Levofloxacin NT Resistant Resistant (MIC28)
Meropenem NT Resistant Resistant (MIC216)
Ofloxacin NT Resistant Resistant (MIC28)
Piperacillin NT Resistant Resistant (MIC2128)
Piperacillin/Tazobactam NT Intermediate Resistant (MIC2128)
Ticarcillin NT NT Resistant (MIC2128)
Tigecycline NT NT Resistant (MIC2=8)
Ticarcillin/ Clavulanic acid NT NT Resistant (MIC=128)
Tobramycin NT NT Resistant (MIC=4)
Colistin NT NT |

which were not tested at CHUK. The isolate was resistant to all the tested drugs (piperacillin-tazobactam, amikacin,
amoxicillin-clavulanic acid, azithromycin, cefazolin, cefepime, cefotaxime, ceftazidime, ciprofloxacin, gentamicin,
imipenem, levofloxacin, meropenem, ofloxacin, piperacillin, and tobramycin) (Table 1).

Debridement of the torso, right arm, and face was performed on day 69 of hospitalization followed by facial skin
grafting. The patient’s condition improved with intravenous ceftazidime and amikacin. This combination was selected

based on the literature.'*'>"'® The fever resolved and the skin graft was successful. The patient was discharged on day 95.

Discussion and Conclusion
Pseudomonas aeruginosa is a common cause of hospital-acquired infections, and its treatment is complicated by MDR
1216 and biofilm production.'® Worldwide, MDR and CRPA strains are known to pose public health threats,

especially among children hospitalized in intensive care units.>’ Patients in critical conditions, such as burns and
2,15

profiles

immunocompetent status, have high rates of P. aeruginosa colonization.
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The routine use of antibiotics for prophylaxis among patients with burns has no effect on the risk of infection
complications and does not reduce the duration of the ‘[her21py.21’22 However, perioperative prophylaxis should be
reserved for skin grafting and in patients with progressive symptoms of burn complications and/or concomitant
infections.”> The patient was empirically treated with antibiotics on admission, considering that he was referred from
a district hospital where he had previously been hospitalized, which could have led to the development of an AMR
pathogen.

The isolate (P. aeruginosa) from this case report can be classified as pan-drug-resistant because it was found to be
resistant to all tested antibiotics (intermediate only to piperacillin-tazobactam). A previous case of P. aeruginosa PDR has
been reported in Taiwan.?* This isolate exhibited intermediate resistance to colistin. A colistin-only sensitive case of
P, aeruginosa has been previously reported in Spain.> PDR cases are of concern due to their increased incidence, limited
treatment options, and increased mortality rates.”® The World Health Organization (WHO) classified CRPA among the

three critical priority pathogens requiring new antimicrobials and control measures.*'%!!

B-lactamase inhibitors, such as
ceftolozane-tazobactam, ceftazidime-avibactam,?” polymyxins, fosfomycin, and doripenem, have shown efficacy against
P. aeruginosa.”® However, only polymyxins are available in Rwanda, limiting the number of alternative drugs available
for such cases. PDR P. aeruginosa has been reported to be sensitive to colistin, but the latter is known to be toxic, and its
use should be reserved for severe cases.'*?®

Despite the in vitro resistance shown by P. aeruginosa, the patient improved after combination therapy with
ceftazidime and amikacin. It is important to note that obtaining a PDR isolate from clinical samples does not always
yield unfavorable outcomes. Previous studies have reported that the combination of ceftazidime and amikacin is effective
in treating MDR P, aeruginosa."'* Occasionally, even severe infections can be self-limiting when no antimicrobial agents
are used.”” Additionally, the synergistic effects of both drugs may have contributed to patient improvement. Lastly, the
in vivo response is sometimes different from the in vitro response owing to the complexity of the immune system.

The development of new antibiotics can take up to 15 years and is expensive. Other treatment options, including
vaccines, antibodies, bacteriocins, anti-quorum sensing, and bacteriophages, should be considered to reduce the morbid-
ity and mortality associated with PDR P. aeruginosa.’® Different studies have used cocktails of bacteriophages to treat
XDR and PDR P. aeruginosa.’’

The isolate described in this case report is a nosocomial infection that developed after the patient was admitted to the

1.2 Nosocomial infections are associated with prolonged hospitalization, disability, and economic burdens.** It is

hospita
necessary to strengthen infection prevention and control (IPC) committees in resource-limited healthcare settings. This
can be achieved by increasing the number of IPC staff, improving surveillance systems, and sharing infection rates
among practicing surgeons.’* Clinicians should be judicious in their empirical use of antibiotics to avoid or reduce AMR
development. Additional research is needed on the treatment of PDR infections in pediatric patients. The Global Action
Plan on Antimicrobial Resistance (GAP-AMR) recommends IPC by improving water, sanitation, and hygiene (WASH)
as one of its five objectives.>> Antimicrobial stewardship (AMS) programs should be strengthened to ensure the optimal
use of antimicrobials and monitor AMR pathogens in clinical settings. We recommend whole-genome sequencing of this

strain to confirm its genotype, antimicrobial resistance, and virulence genes.

Abbreviations

AMR, Antimicrobial Resistance; AMS, Antimicrobial Stewardship; CHUK, Centre Hospitalier Universitaire de Kigali;
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