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Abstract: Bacterial infections caused by multidrug-resistant (MDR) Gram-negatives are of great
concern worldwide, as they are frequently associated with high mortality and morbidity rates. To
date, two cases of VIM-2 metallo-β-lactamase (MBL)-producing Pseudomonas putida bacteremia have
been ever reported in France and Spain between 2004 and 2010. Here, we present the first case
of VIM-1-like-producing P. putida isolated in blood culture collected from an oncohematological
pediatric patient admitted to Bambino Gesù Children’s Hospital (IRCCS) in Rome, Italy.

Keywords: Pseudomonas putida; multidrug-resistant; polymicrobial bacteremia; pediatric patient;
metallo-β-lactamases; VIM-1-like

1. Introduction

Recently, the percentage of multidrug-resistant (MDR) Gram-negatives causing bac-
teremia has increased, and carbapenemase production is one of the most common mecha-
nisms leading to resistance to β-lactams antibiotics.

According to Ambler classification, metallo-β-lactamases (MBL) are class B carbapene-
mases with active-site zinc. These enzymes are currently divided into subclasses based on
a combination of structural features, zinc affinities for the two binding sites, and hydrolysis
characteristics [1].

Genes encoding VIM enzymes (blaVIM) are located within a variety of integron struc-
tures, where they have been incorporated as gene cassettes; when these integrons become
associated with plasmids or transposons, transfer between bacteria is readily facilitated [2],
even in uncommon pathogens. Among them, Pseudomonas putida has been recognized as
an opportunistic emerging pathogen, causing various infections in newborns, neutropenic,
and cancer patients or in patients with risk factors leading to immunosuppression [3].

P. putida is a non-lactose fermenting, oxidase-positive Gram-negative bacillus. It is
a member of the fluorescent group of Pseudomonas with variable metabolic features. It
is not part of normal human bacterial flora, while it is commonly present in the environ-
ment and livestock animals, mostly birds; it is thought to have very low pathogenicity in
immunocompetent persons [3,4].

Currently, the emergence of MDR P. putida has become a cause of concern. Infections
caused by carbapenemase-producing P. putida isolates have been reported occasionally
in critically ill or immunocompromised patients [5]. Five cases of bacteremia caused
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by carbapenemase-producing P. putida, isolated from blood culture, are described in the
literature, i.e., three cases due to KPC-2-producing P. putida and two cases due to VIM-2-
producing P. putida.

In 2008, the first case of infection due to KPC-2-producing P. putida was reported in
Texas, USA [6]. The second and the third case of KPC-2-producing P. putida were both found
in Brazil. These were reported in a child with lymphoma [7] and in a 72-year-old man with
relapsing chronic lymphocytic leukemia [8] (in 2012 and in 2018, respectively). The cases of
VIM-2-producing P. putida were reported in 2004 in a 59-year-old immunocompromised
French patient and in 2010 in a 71-year-old female Spanish patient with a history of
hypertension, insulin-dependent diabetes mellitus, stroke, chronic obstructive pulmonary
disease, psychiatric, and lymphoproliferative syndrome [9]. Overall, only one case was
revealed to be fatal. The patient died 12 days after her first episode of bacteremia, despite
aggressive broad-spectrum antimicrobial therapy [6].

To the best of our knowledge, no bacteremia caused by MBL-producing P. putida
has been reported in pediatric patients. Here, we report the microbiological and clinical
characteristics of a non-fatal case of polymicrobial bacteremia due to VIM-1-like-producing
P. putida and other Gram-negative bacteria in an oncohematological pediatric patient.

2. Case Description

On January 2023, a 7-year-old patient with a diagnosis of acute B cell lymphoblastic
leukemia (B ALL) was admitted to the Emergency Department of Bambino Gesù Children’s
Hospital for the onset of fever (temperature > 39 ◦C). The patient received a diagnosis of B
ALL in November 2022, and she carried a bilume central venous catheter (CVC). She was
given chemotherapy, according to AIEOP BFM ALL 2017 Protocol Consolidation B short,
for standard-risk patients.

Blood tests revealed anemia (Hb 9.7 g/dL), neutropenia (total white blood cell of
0.07 × 103 /uL with absolute neutrophil count of 0 × 103 /uL), and thrombocytopenia
(PLT 45,000/mmc), with increased indices of inflammation (CRP 2.85 mg/dL, procalcitonin
3 ng/mL). An echocardiogram showed no sign of endocarditis; no parenchymal thickening
or pleural effusions have been documented at a chest x-ray.

At admission to the oncology department, the patient presented in fair general con-
ditions with initial signs of dehydration (dehydrated and pale skin, dry tongue, and a
slightly elongated capillary refill of 3–4 s). She was febrile. At thorax auscultation, rhythmic
and regular cardiac activity and normal air penetration were detected. No abdominal
pain was referred, but, at physical examination, an extensive, ulcerated, painful perianal
lesion was discovered, with reported perievacuative pain since about two days before. Her
physical examination was difficult, given her discomfort. However, the exam demonstrated
significant anal and perianal necrosis, granulation tissue without erythema and edema.

At the beginning of the febrile period, blood cultures (BCs) and whole blood samples
(for T2 magnetic resonance test, T2MR) were collected from two different central venous
catheters (CVC) lines for diagnosis investigation. Moreover, due to the severity of the lesion,
perianal swab was collected for microbiological culture. Empirical antibiotic therapies with
meropenem, tigecycline, and amikacin were quickly started.

Whole blood samples, processed with a T2Bacteria panel, resulted positive for Pseu-
domonas aeruginosa (in a mean time of 4.4 h). Blood culture tested positive after 17 h of
incubation, and Gram-staining revealed the presence of Gram-negative bacilli. BioFire Fil-
mArray blood culture identification 2 (BCID2) panel confirmed positivity for P. aeruginosa.
The next day, microbiological culture of perianal wound swab was positive for P. aeruginosa,
too. On the same day, CVC was removed, and two peripheral accesses were placed.

Blood cultures from alternate lumens were repeated at every subsequent peak of
fever. Patient received supportive therapies, including intravenous fluids, emocomponent
transfusions, and granulocyte colony-stimulating factor (G-CSF).

After the first days of hospitalization, the patient developed respiratory distress with
desaturation and reduced respiratory exchanges on blood gas analysis. At examination, a
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reduction in vesicular murmur on the right side was detected. A CT scan was performed,
showing widespread densitometric dishomogeneity of bilateral lung parenchyma due to the
presence of multiple and extensive ground-glass areas associated with more consolidative
areas with predominantly perihilar-distribution at both upper lobes, with moderate bilateral
pleural effusions. A non-invasive respiratory support was needed, and on the second day
of recovery, a high-flow nasal cannula (HFNC) was started, with an improvement of oxygen
saturation and air penetration in both lungs.

Meantime, the patient continued to be febrile, about every 4–5 h, though with a slow
progressive improvement of the thermal curve, achieving a persistent defervescence seven
days later.

However, the clinical presentation of perianal lesion did not improve and, after 5 days
of hospitalization, blood cultures collected from the peripheral vein resulted in positive
result. Gram-staining evidenced again the presence of Gram-negative bacilli and BCID2
panel was performed to detect the aetiological agent and related resistance genes.

This time, beyond the identification of P. aeruginosa, BCID2 panel also detected Enter-
obacter cloacae complex target and CTX-M and VIM resistance genes. Species identification
of isolated colonies confirmed the BCID2 positivity for E. cloacae and P. aeruginosa and
revealed the presence of two additional off-panel microorganisms, i.e., Empedobacter brevis
and Pseudomonas putida. The immunoassays revealed that E. cloacae and P. putida were
the CTX-M and VIM-producing strains, respectively. Antimicrobial susceptibility testing
phenotypically confirmed, as expected, that E. cloacae was the CTX-M-producing strain and
P. putida was the VIM-producing strain, with an associated multidrug-resistant profile.

Finally, based on microbiological results (i.e., the isolation of E. brevis, CTX-M-producing
E. cloacae, P. aeruginosa, and VIM-1-like-producing P. putida), antibiotic therapy was rapidly
modified. According to antimicrobial agent susceptibilities, drugs typically active against these
multi-drug resistant pathogens, such as ceftazidime/avibactam and ceftolozane/tazobactam,
were administered.

After five days of therapy, blood cultures, and perianal swabs were negative. The
perianal lesion was treated with local medication with a complete restitutio ad integrum after
about 50 days (Figure 1). The patient was discharged after 60 days of recovery in good
clinical conditions, continuing chemotherapy scheduled for her risk group.
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Figure 1. Perianal lesion on day 1 (a) and day 50 (b) of hospitalization.

3. Microbiological Investigation and Relevant Findings

Here, we report the microbiological investigations carried out for diagnosing a polymi-
crobial bacteriemia caused by Empedobacter brevis, CTX-M-producing Enterobacter cloacae,
Pseudomonas aeruginosa and VIM-1-like-producing Pseudomonas putida in an oncohematolog-
ical pediatric patient. Early identification of etiological agents and detection of antimicrobial
resistance genes were essential to promptly administer a targeted therapy in such a fragile
patient (Figure 2).
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Figure 2. Timeline of microbiological investigations and relevant findings, starting from the fifth
day of patient hospitalization (created with BioRender.com, accessed on 29 May 2023. Reproduction
of this figure requires permission from Bio.Render.com). Abbreviations: BCID2, BioFire FilmArray
blood culture identification 2.

T2Bacteria (T2 Biosystems, Lexington MA, USA) was performed for a direct-from-
blood rapid identification and multiplex detection of the ESKAPE bacteria (Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Escherichia coli) most commonly involved in bloodstream infections [10].
Blood cultures were performed in accordance with hospital practices and international
recommendations for pediatric populations [11–13]. Each BC bottle was inoculated with
1–3 mL (Bactec Peds Plus/F medium) or 8–10 mL (Bactec Plus Aerobic/F medium, Bactec
Lytic/10 Anaerobic/F medium vials, Mycosis IC/F Bactec) of whole blood and incubated
at 35 ◦C in a Bactec 9240/70FX BC system (BD Diagnostics).

According to the internal procedure, 200 µL of positive blood culture were immediately
processed with BioFire FilmArray blood culture identification 2 (BCID2) panel (bioMérieux,
Marcy l’Etoile, France), for pathogens and resistance genes identification. BCID2 panel
enables multiplex detection of 43 molecular targets associated with bloodstream infection,
including 15 Gram-negative bacteria, 11 Gram-positive bacteria, 7 Candida species, and
10 antimicrobial resistance genes.

Positive blood cultures were subcultured on solid media, and agar plates were incu-
bated at 37 ◦C overnight. The following day, colonies grown on agar plates were identified
by using Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry
(MALDI-TOF MS; Bruker Daltonics, Bremen, Germany).

In addition, the immunochromatographic assays NG-Test CTX-M MULTI and NG-Test
Carba 5 (NG Biotech, Guipry, France) were used to rapidly detect (15 min) the five major
groups in the CTX-M-type enzymes of extended-spectrum β-lactamases (ESBLs) and the
five main carbapenemases (i.e., KPC, OXA-48-like, NDM, VIM, and IMP).

Strains were tested for their antimicrobial susceptibility by VITEK®2 (bioMérieux,
Marcy-l’Étoile, France) automated system and by broth microdilution method, using the
Sensititre Gram Negative DMKGN plate (ThermoFisher Scientific, Waltham, MA, USA),
according to clinical breakpoints based on the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) tables (version 13.0) [14]. It should be noted that MICs
for E. brevis were determined, but no clinical interpretation was provided, as clinical
breakpoints are not available on EUCAST tables. The MICs obtained for tested strains are
presented in Table 1.
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Table 1. Antimicrobial agent susceptibilities of three clinical isolates according to EUCAST interpre-
tative criteria and MIC values for E. brevis.

Antimicrobial Agent

Antimicrobial MIC 1 (µg/mL) and Interpretation for:

E. cloacae P.aeruginosa P. putida E. brevis

MIC 1 INT 2 MIC 1 INT 2 MIC 1 INT 2 MIC 1 INT 2

Amikacin 4 S (4) - (4) - ≤4 -

Amoxicillin/clavulanic ≥32 R - - - - 8 -

Aztreonam - - 4 I 8 I 1 -

Cefepime ≥32 R - - - - - -

Cefotaxime ≥64 R - - - - 8 -

Ceftazidime 32 R 8 I >16 R 4 -

Ceftazidime/avibactam 0.5 S 4/4 S >16/4 R 4 -

Ceftolozane/tazobactam 1 S 2/4 S >32/4 R 4 -

Ciprofloxacin ≥4 R 0.5 I 0.25 I ≥2 -

Colistin - - 2 S 0.5 S ≥8 -

Gentamicin ≥16 R 4 IE ≤0.5 IE ≤0.5 -

Imipenem ≤0.25 S ≤0.5 I >16 R 1 -

Meropenem ≤0.25 S 0.25 S >16 R 2 -

Piperacillin/tazobactam - - 0.5 I >32/4 R 2 -

Tobramycin ≥16 R (≤1) - (≤1) - ≥8 -

Trimethopim/sulfametoxazole ≥320 R - - - - ≤1 -
1 MIC, minimum inhibitory concentration; 2 INT, clinical interpretation; S, susceptible; R, resistant; I, susceptible
by increased exposure; IE, insufficient evidence that the organism is a good target for therapy with the agent; -,
no breakpoints available; ( ), breakpoints in brackets for systemic infections, aminoglycosides should be used in
combination with other active therapy.

Due to the peculiarity of this finding, molecular characterization of P. putida VIM resistance
gene was performed by Polymerase Chain Reaction (PCR) targeting the blaVIM genes. The open
reading frame of the blaVIM gene was amplified by PCR using two pairs of primer sequences
(VIM FW: 5′-GATGGTGTTTGGTCGCATA-3′; VIM RV: 5′- CGAATGCGCAGCACCAG-3′),
following the conditions described by Poirel and colleagues. Briefly, amplification was carried
out with the following thermal cycling conditions: 10 min at 94 ◦C and 36 cycles of amplification
consisting of 30 s at 94 ◦C, 40 s at 52 ◦C, and 50 s at 72 ◦C, with 5 min at 72 ◦C for the final
extension [15].

Amplification products were resolved and visualized directly on a closed, ready-to-use 2.2%
agarose gel-cassette system (FlashGel—Lonza, Switzerland) using the 100 bp FlashGel DNA
marker. The fragment obtained was compared to a positive and negative control (Figure 3).

Sequence analysis revealed that the nucleotide sequence was completely homologous
to blaVIM-1-like (GATGGTGTTTGGTCGCATATCGCAACGCAGTCGTTTGATGGCGCG-
GTCTACCCGTCCAATGGTCTCATTGTCCGTGATGGTGATGAGTTGCTTTTGATTGATA
CAGCGTGGGGTGCGAAAAACACAGCGGCACTTCTCGCGGAGATTGAAAAGCAAAT
TGGACTTCCCGTAACGCGTGCAGTCTCCACGCACTTTCATGACGACCGCGTCGGCG
GCGTTGATGTCCTTCGGGCGGCTGGGGTGGCAACGTACGCATCACCGTCGACACGC
CGGCTAGCCGAGGCAGAGGGGAACGAGATTCCCACGCATTCTCTAGAAGGACTCT
CATCGAGCGGGGACGCAGTGCGCTTCGGTCCAGTAGAGCTCTTCTATCCTGGTGCT
GCGCATTCG).
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In fact, as previously described, sequence alignment of the most common blaVIM genes
(blaVIM-1, blaVIM-2, blaVIM-3, blaVIM-4, blaVIM-5, blaVIM-6, blaVIM-10, blaVIM-11, and blaVIM-12) revealed
that these could be divided into two groups, named blaVIM-1-like (blaVIM-1, blaVIM-4, blaVIM-5, and
blaVIM-12) and blaVIM-2-like (blaVIM-2, blaVIM-3, blaVIM-6, blaVIM-10, and blaVIM-11) [16]. Moreover,
Ellington MJ. and colleagues reported that, based on their DNA and protein sequences, VIM
MBLs could be split into three subgroups, i.e., VIM-1-like, VIM-2-like, and VIM-7 [17].

Our findings highlight both the emergence of a frequent resistance mechanism (VIM-
1-like) among an uncommon agent of bacteremia and then the potential ability of P. putida
to acquire resistance genes and become an MDR pathogen.

4. Conclusions

The dissemination of blaVIM gene in emerging Gram-negative pathogens is of grow-
ing concern for clinicians since infections caused by carbapenemase-producing bacteria
usually have limited therapeutic options. Reducing the time to microbiological diagnosis
of bloodstream infection is important to enable adequate pathogen-based antimicrobial
therapy at an early stage and to improve outcomes [18]. In this case, rapid microbiological
approaches, i.e., T2MR, FilmArray BCID2, and MALDI-TOF MS, revealed essential for
the early detection of pathogens and resistance genes. These tools were useful to guide
therapeutic choice and to adopt adequate preventive measures.

P. putida, although infrequently isolated from clinical samples, may occasionally cause
difficult-to-treat nosocomial infections in severely ill patients. In addition, the presence of
an atypical resistant gene in P. putida makes even more complex the clinical approach to
this patient and to this infection.

We emphasize that, to the best of our knowledge, this is the first case of VIM-1-like-
producing P. putida polymicrobial bacteremia described worldwide. This underlines the
need to monitor the spread of resistance genes also beyond the usual agents of infection.

Author Contributions: Conceptualization, V.C., M.A., S.G., G.V., C.F.P. and P.B.; methodology, V.C.,
M.A., S.G., G.V., B.L., M.O., V.D.R. and L.M.; formal analysis, V.C., M.A., S.G., G.V., B.L., C.F.P. and P.B.;
investigation, V.C., M.A., S.G., G.V., B.L., M.O., V.D.R., L.M., D.D., C.F.P. and P.B.; writing—original
draft preparation, V.C., M.A., C.F.P. and P.B.; writing—review and editing, V.C., M.A., S.G., G.V., B.L.,
M.O., V.D.R., L.M., D.D., C.F.P. and P.B.; supervision, S.G., C.F.P. and P.B.; funding acquisition, C.F.P.
All authors have read and agreed to the published version of the manuscript.



Antibiotics 2023, 12, 1033 7 of 8

Funding: This research was supported by EU funding within the NextGenerationEU-MUR PNRR
Extended Partnership initiative on Emerging Infectious Diseases (Project no. PE00000007, INF-ACT)
and by ANIA funding. This work was also supported by the Italian Ministry of Health with Current
Research funds.

Institutional Review Board Statement: “Not applicable” for studies not involving humans or animals.

Informed Consent Statement: As the data in this study were analyzed retrospectively, the study did
not infringe upon the rights or welfare of the patients and did not require their consent.

Data Availability Statement: All data are described within the text.

Acknowledgments: The authors thank Valentino Costabile, Martina Rossitto, and Vanessa Tuccio
Guarna Assanti for their comments on this manuscript. The authors are grateful for the technical
staff, Vittoria Cetra, Maria Luisa De Santis, Francesca Di Leva, Maria Teresa D’Urbano, Giulia Ferri,
Gianluca Foglietta, Silvia Tredici and Ilaria Zullino of the Unit of Microbiology and Diagnostic
Immunology, IRCCS Bambino Gesù Children’s Hospital, for their outstanding support in performing
laboratory analyses.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Queenan, A.M.; Bush, K. Carbapenemases: The versatile beta-lactamases. Clin. Microbiol. Rev. 2007, 20, 440–458. [CrossRef]

[PubMed]
2. Hammoudi Halat, D.; Ayoub Moubareck, C. The Current Burden of Carbapenemases: Review of Significant Properties and

Dissemination among Gram-Negative Bacteria. Antibiotics 2020, 9, 186. [CrossRef] [PubMed]
3. Yoshino, Y.; Kitazawa, T.; Kamimura, M.; Tatsuno, K.; Ota, Y.; Yotsuyanagi, H. Pseudomonas putida bacteremia in adult patients:

Five case reports and a review of the literature. J. Infect. Chemother. 2011, 17, 278–282. [CrossRef] [PubMed]
4. Fernández, M.; Porcel, M.; de la Torre, J.; Molina-Henares, M.A.; Daddaoua, A.; Llamas, M.A.; Roca, A.; Carriel, V.; Garzón, I.;

Ramos, J.L.; et al. Analysis of the pathogenic potential of nosocomial Pseudomonas putida strains. Front. Microbiol. 2015, 6, 871.
[CrossRef] [PubMed]

5. Almuzara, M.; Radice, M.; de Gárate, N.; Kossman, A.; Cuirolo, A.; Santella, G.; Famiglietti, A.; Gutkind, G.; Vay, V. VIM-2-
producing Pseudomonas putida, Buenos Aires. Emerg. Infect. Dis. 2007, 13, 668–669. [CrossRef] [PubMed]

6. Bennett, J.W.; Herrera, M.L.; Lewis, J.S., 2nd; Wickes, B.W.; Jorgensen, J.H. KPC-2-producing Enterobacter cloacae and pseu-
domonas putida coinfection in a liver transplant recipient. Antimicrob. Agents Chemother. 2009, 53, 292–294. [CrossRef] [PubMed]

7. Almeida, A.C.; Vilela, M.A.; Cavalcanti, F.L.; Martins, W.M.; Morais, M.A., Jr.; Morais, M.M. First description of KPC-2-producing
Pseudomonas putida in Brazil. Antimicrob. Agents Chemother. 2012, 56, 2205–2206. [CrossRef] [PubMed]

8. Chamon, R.C.; Abel da Rocha, J.; Araujo Martins, I.; Lopes Pires, L.; Macêdo de Almeida, B.; Souza Leite, N.; Rezende Vieira de
Mendonça Souza, C.; Zahner, V.; Leite Ribeiro, R.; Pavoni Gomes Chagas, T.; et al. KPC-2 producing Pseudomonas putida as an
unexpected pathogen of catheter-associated bloodstream infection. J. Infect. Dev. Ctries. 2020, 14, 411–414. [CrossRef] [PubMed]

9. Treviño, M.; Moldes, L.; Hernández, M.; Martínez-Lamas, L.; García-Riestra, C.; Regueiro, B.J. Nosocomial infection by VIM-2
metallo-beta-lactamase-producing Pseudomonas putida. J. Med. Microbiol. 2010, 59 Pt 7, 853–855. [CrossRef] [PubMed]

10. Lucignano, B.; Cento, V.; Agosta, M.; Ambrogi, F.; Albitar-Nehme, S.; Mancinelli, L.; Mattana, G.; Onori, M.; Galaverna, F.; Di
Chiara, L.; et al. Effective Rapid Diagnosis of Bacterial and Fungal Bloodstream Infections by T2 Magnetic Resonance Technology
in the Pediatric Population. J. Clin. Microbiol. 2022, 60, e0029222. [CrossRef] [PubMed]

11. O’Hagan, S.; Nelson, P.; Speirs, L.; Moriarty, P.; Mallett, P. How to interpret a paediatric blood culture. Arch. Dis. Child. Educ.
Pract. Ed. 2021, 106, 244–250. [CrossRef] [PubMed]

12. Kirn, T.J.; Weinstein, M.P. Update on blood cultures: How to obtain, process, report, and interpret. Clin. Microbiol. Infect. 2013, 19,
513–520. [CrossRef] [PubMed]

13. Miller, J.M.; Binnicker, M.J.; Campbell, S.; Carroll, K.C.; Chapin, K.C.; Gilligan, P.H.; Gonzalez, M.D.; Jerris, R.C.; Kehl, S.C.;
Patel, R.; et al. A Guide to Utilization of the Microbiology Laboratory for Diagnosis of Infectious Diseases: 2018 Update by the
Infectious Diseases Society of America and the American Society for Microbiology. Clin. Infect. Dis. 2018, 67, 813–816. [CrossRef]
[PubMed]

14. EUCAST. Available online: https://www.eucast.org/clinical_breakpoints/ (accessed on 13 March 2023).
15. Poirel, L.; Walsh, T.R.; Cuvillier, V.; Nordmann, P. Multiplex PCR for detection of acquired carbapenemase genes. Diagn. Microbiol.

Infect. Dis. 2011, 70, 119–123. [CrossRef] [PubMed]
16. Bisiklis, A.; Papageorgiou, F.; Frantzidou, F.; Alexiou-Daniel, S. Specific detection of blaVIM and blaIMP metallo-beta-lactamase

genes in a single real-time PCR. Clin. Microbiol. Infect. 2007, 13, 1201–1203. [CrossRef] [PubMed]

https://doi.org/10.1128/CMR.00001-07
https://www.ncbi.nlm.nih.gov/pubmed/17630334
https://doi.org/10.3390/antibiotics9040186
https://www.ncbi.nlm.nih.gov/pubmed/32316342
https://doi.org/10.1007/s10156-010-0114-0
https://www.ncbi.nlm.nih.gov/pubmed/20809240
https://doi.org/10.3389/fmicb.2015.00871
https://www.ncbi.nlm.nih.gov/pubmed/26379646
https://doi.org/10.3201/eid1304.061083
https://www.ncbi.nlm.nih.gov/pubmed/17561577
https://doi.org/10.1128/AAC.00931-08
https://www.ncbi.nlm.nih.gov/pubmed/18852270
https://doi.org/10.1128/AAC.05268-11
https://www.ncbi.nlm.nih.gov/pubmed/22290946
https://doi.org/10.3855/jidc.12145
https://www.ncbi.nlm.nih.gov/pubmed/32379721
https://doi.org/10.1099/jmm.0.018036-0
https://www.ncbi.nlm.nih.gov/pubmed/20360397
https://doi.org/10.1128/jcm.00292-22
https://www.ncbi.nlm.nih.gov/pubmed/36069557
https://doi.org/10.1136/archdischild-2020-321121
https://www.ncbi.nlm.nih.gov/pubmed/33637581
https://doi.org/10.1111/1469-0691.12180
https://www.ncbi.nlm.nih.gov/pubmed/23490046
https://doi.org/10.1093/cid/ciy584
https://www.ncbi.nlm.nih.gov/pubmed/30169655
https://www.eucast.org/clinical_breakpoints/
https://doi.org/10.1016/j.diagmicrobio.2010.12.002
https://www.ncbi.nlm.nih.gov/pubmed/21398074
https://doi.org/10.1111/j.1469-0691.2007.01832.x
https://www.ncbi.nlm.nih.gov/pubmed/17956573


Antibiotics 2023, 12, 1033 8 of 8

17. Ellington, M.J.; Kistler, J.; Livermore, D.M.; Woodford, N. Multiplex PCR for rapid detection of genes encoding acquired
metallo-beta-lactamases. J. Antimicrob. Chemother. 2007, 59, 321–322. [CrossRef] [PubMed]

18. Harbarth, S.; Garbino, J.; Pugin, J.; Romand, J.A.; Lew, D.; Pittet, D. Inappropriate initial antimicrobial therapy and its effect on
survival in a clinical trial of immunomodulating therapy for severe sepsis. Am. J. Med. 2003, 115, 529–535. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/jac/dkl481
https://www.ncbi.nlm.nih.gov/pubmed/17185300
https://doi.org/10.1016/j.amjmed.2003.07.005
https://www.ncbi.nlm.nih.gov/pubmed/14599631

	Introduction 
	Case Description 
	Microbiological Investigation and Relevant Findings 
	Conclusions 
	References

