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Pandoraea species are emerging Gram-negative non-fer-
menting pathogens increasingly associated with human 
infections, particularly in patients with cystic fibrosis, 
immunocompromised hosts, and critically ill individu-
als. These bacteria exhibit intrinsic multi-drug resist-
ance (MDR), complicating treatment and management. 
A comprehensive literature search was conducted to 
identify relevant studies concerning Pandoraea infec-
tions on PubMed/MEDLINE/Google Scholar and 
books written by experts in microbiology and infectious 
diseases. Pandoraea isolates frequently demonstrate re-
sistance to the most common antimicrobials, such as 
β-lactams, aminoglycosides, fluoroquinolones, and pol-
ymyxins. Interestingly, many strains retain susceptibili-
ty to imipenem (IMP) despite resistance to meropenem 
due to the production of specific oxacillinase-type 
β-lactamases (OXA) called OXA-1152. Although robust 
clinical data are lacking, IMP and trimethoprim-sul-

famethoxazole (SXT) are the most active agents and 
may be considered for empirical or combination thera-
py. Data on the efficacy of newer antibiotics against Pan­
doraea spp. are extremely limited and often inconsistent. 
This lack of strong evidence highlights a significant 
knowledge gap.​ A few antibiotic options are appropri-
ate for treating Pandoraea spp. with IMP and SXT, which 
remains the treatment of choice, as well as in combina-
tion in the case of severe infections. This review focuses 
on a niche topic to support clinicians in selecting appro-
priate therapeutic decisions without precise evi-
dence-based medicine. 

Keywords: Pandoraea, antibiotic treatment, non-ferment-
er bacteria, Gram-negative non-fermenting bacteria, 
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SUMMARY

n	 INTRODUCTION

The Pandoraea genus is an emerging Gram-neg-
ative non-fermenting, obligately aerobic, rod-

shaped bacterium first described by Coenye et al. in 
2000. It was initially misclassified within the Burk­
holderia cepacia complex or the genera Ralstonia pau­
cula and R. pickettii [1, 2]. Pandoraea includes several 
human-pathogenic species, such as P. apista, P. pno­
menusa, P. sputorum, P. pulmonicola, P. norimbergensis, 

P. commovens, P. vervacti, P. oxalalivorans and P. fibro­
sis [1-6]. Infections in humans are considered rare 
and are predominantly reported in individuals 
with predisposing conditions such as cystic fibro-
sis (CF) [7]. Still, cases have also been reported in 
individuals with other comorbidities or immuno-
compromised states. A systematic review identi-
fied 43 documented cases of Pandoraea infections in 
the literature and among these cases, 39.5% of pa-
tients had CF [8]. The most frequently reported 
infections related to this bacteria were respiratory 
tract infections, bacteremia, infective endocarditis, 
pancreatitis, skin and soft tissue infections and os-
teomyelitis. Figure 1 summarizes the principal in-
fections caused by Pandoraea spp alongside a pro-
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posal of antimicrobials for empirical therapy (of 
course, therapy should be optimized with antimi-
crobial susceptibility testing (AST) results). The 
overall mortality rate attributed specifically to Pan­
doraea depends on the type of infection; however, 
bacteremia can reach 30.23% [8]. 
Although the prevalence of Pandoraea infections in 
the general population is not well defined, these 
pathogens represent a significant threat to vulnerable 
patient populations. The difficulty in accurately iden-
tifying Pandoraea spp. using routine diagnostic meth-
ods may contribute to underestimating their true 
incidence [9]. Commonly used tests, such as conven-
tional phenotypic methods and the VITEK 2 (bi-
oMérieux, Marcy-l’Étoile, France), often misdiagnose 
this pathogen as Ralstonia, Stenotrophomonas, or Bur­
kholderia spp. [9, 10]. Additionally, 16S rRNA analysis 
and gyrB gene sequences are possible options but 
have some limitations for the identification of Pando­
raea spp. [11]. Recently, it has been reported that Ma-
trix Assisted Laser Desorption/Ionisation Time-Of-
Flight Mass Spectrometry (MALDI-TOF MS) shows 
promising results in the identification of many bacte-
rial species. However, a lack of discriminatory power 
was noted with Pandoraea, which can be incorrectly 
identified as Achromobacter or other non-fermenters 
that are close phylogenetic relative [12].
Intrinsic resistance mechanisms play a central 
role in the pathogenicity and treatment resistance 

among Pandoraea spp., posing a significant chal-
lenge in clinical settings. These bacteria are often 
resistant to multiple antibiotic classes, including 
β-lactams, aminoglycosides, fluoroquinolones, and 
polymyxins [7, 8]. Notably, many Pandoraea iso-
lates demonstrate resistance to meropenem (MEM) 
while retaining susceptibility to imipenem (IMP), 
suggesting distinct resistance mechanisms, such 
as the production of OXA-type β-lactamases [13].
Another critical challenge is the absence of spe-
cies-specific susceptibility breakpoints for Pando­
raea spp. established by EUCAST (European Com-
mittee on Antimicrobial Susceptibility Testing) or 
CLSI (Clinical and Laboratory Standards Insti-
tute). Without standardized interpretive criteria, 
clinicians and microbiologists are left without re-
liable guidance to interpret in vitro AST, potential-
ly leading to critical therapeutic dilemmas and 
possible suboptimal treatment outcomes [14]. 
This article aims to review the antibiotic resistance 
profiles of Pandoraea spp., evaluate currently avail-
able treatment options, and discuss emerging an-
timicrobial agents.

n	 MATERIAL AND METHODS

A comprehensive literature search was conducted to 
identify relevant studies concerning Pandoraea infec-
tions. The search strategy was implemented using 

Figure 1
Infections caused by 

Pandoraea spp. and empirical 
therapy considerations.
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online databases (PubMed/MEDLINE/Google 
Scholar) and books written by experts in microbiol-
ogy and infectious diseases. The search was not re-
stricted by language, region, study type or publica-
tion date and covered articles up to the cutoff date of 
March 2025. The following keywords and MeSH 
were used: “Pandoraea AND human infections”, 
“Pandoraea AND treatment”, “Pandoraea AND anti-
biotic resistance”, “Pandoraea AND ceftolozane-tazo-
bactam”, “Pandoraea AND ceftazidime-avibactam”, 
“Pandoraea AND meropenem-vaborabactam”, “Pan­
doraea AND imipenem-relebactam”, “Pandoraea 
AND cefiderocol”, “Pandoraea AND aztreonam-
avibactam”, “Rare Gram-negative non-fermenting 
bacteria AND treatment”. We screened the articles 
by title, abstract and full text. After an initial screen-
ing of titles and abstracts of the published articles, 
the reviewers evaluated the full articles to assess the 
eligibility for each study’s inclusion in this narrative 
review. A study was included to determine if it was 
likely to provide valid and valuable information ac-
cording to their view’s objective. 
The interpretation of minimum inhibitory concen-
tration (MIC), without any species-specific break-
points, relies on the reference antimicrobial sus-
ceptibility testing method and the interpretive 
criteria established by the CLSI for other non-En-
terobacterales which include Pseudomonas aerugi­
nosa and other non-fermenting Gram-negative 
bacteria [15, 16].
Epidemiology
Infections due to Pandoraea spp. are rare events. 
According to the literature, the most frequently 
observed site of Pandoraea infection is the lower 
respiratory tract, followed by bloodstream infec-
tions [8]. However, this microorganism can be as-
sociated with outbreaks, especially in fragile pop-
ulations or intensive care units, representing an 
essential issue in therapeutic and clinical manage-
ment [5]. Patients with underlying lung diseases, 
such as cystic fibrosis, or those who are immuno-
compromised are particularly susceptible to these 
types of infections. However, they may also occur 
in critically ill patients, especially those receiving 
mechanical ventilation or with a history of pro-
longed antibiotic use or prior surgeries [5, 17].

Mechanisms of antibiotic resistance
Pandoraea spp. have developed multiple antibiotic 
resistance mechanisms, making infections difficult 

or, in some cases, impossible to treat. One of the 
primary resistance strategies involves the produc-
tion of β-lactamases, particularly oxacillinases 
(OXA), which degrade β-lactam antibiotics such as 
penicillins, cephalosporins, and carbapenems [18].
Of particular interest is that P. sputorum can pro-
duce a variant known as OXA-1152, which demon-
strates stronger binding and hydrolytic activity 
against MEM than IMP. The combination of avibac-
tam with carbapenems has been shown to restore 
susceptibility to MEM and significantly reduce IMP 
MIC, by 64- and 4-fold, respectively [19]. However, 
it is essential to clarify that the combination of 
MEM-avibactam is exclusively experimental and 
not available as a commercial combination. Moreo-
ver, P. pnomenusa can produce different OXA-like 
carbapenemases, including OXA-33 and OXA-62. 
Notably, OXA-62 can hydrolyze penicillins, oxacil-
lin, and carbapenems (including both IMP and 
MEM), but not expanded-spectrum cephalosporins 
[20]. Other chromosomally encoded OXA-like 
genes identified in Pandoraea range from OXA-151 
to OXA-159, exhibiting varying activity against 
penicillins, cephalosporins, and carbapenems. In 
addition to OXA-type β-lactamases, other β-lacta-
mases have been described in Pandoraea, such as the 
FEZ-1 β-lactamase and the AQU-1-type AmpC 
β-lactamase [21].
These bacteria also utilize efflux pumps, notably 
resistance-nodulation-cell division (RND) and 
ATP-binding cassette (ABC) transporters, which 
actively expel antibiotics from the cell, thereby re-
ducing intracellular concentrations of drugs such as 
fluoroquinolones, aminoglycosides, and β-lactams 
[8]. Efflux pumps are particularly problematic in 
MDR Pandoraea strains. In some cases, resistance to 
polymyxin B is associated with an efflux pump en-
coded within the genomic island GI-M202a in P. 
pnomenusa [22]. Resistance to tetracyclines has been 
variably reported among Pandoraea species. While 
minocycline often shows the most consistent in vit-
ro activity, resistance to tigecycline and doxycycline 
has also been observed [23]. The mechanisms un-
derlying this resistance are not yet fully known. 
Efflux pumps, particularly of the RND family, are 
believed to contribute significantly [8]. 
Another essential resistance mechanism is the 
modification or loss of outer membrane porins. 
These structural alterations reduce the permeabil-
ity to hydrophilic antibiotics, such as carbapen-
ems, limiting their efficacy [24]. 
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Additionally, Pandoraea species can enzymatically 
inactivate aminoglycosides via aminoglycoside-
modifying enzymes (AMEs), further contributing 
to treatment failure [23]. 
Resistance to fluoroquinolones in Pandoraea is pri-
marily associated with mutations in DNA gyrase 
and topoisomerase IV, which alter the antibiotic tar-
get sites and reduce drug-binding affinity [14]. Al-
though trimethoprim-sulfamethoxazole (SXT) is 
sometimes considered a therapeutic option, resist-
ance to this combination has been reported in sever-
al Pandoraea isolates, further limiting treatment alter-
natives. However, the underlying resistance mecha-
nism in Pandoraea remains not fully understood [23].
High-level antibiotic resistance has previously been 
linked to fitness costs, affecting various phenotypic 
traits such as growth rate and virulence and con-
tributing to the emergence of bacterial diversity [3].
The combination of these resistance mechanisms, 
often acting synergistically, severely limits the ef-
ficacy of conventional antibiotic therapy and high-
lights the urgent need for novel therapeutic strat-
egies to manage Pandoraea infections effectively. 
Table 1 shows the principal resistance mechanism 
and their antibiotic target in Pandoraea spp.

Current therapeutic options and resistance rates
The treatment of infections caused by Pandoraea 
spp. is challenging due to their demonstrated re-
sistance to a broad range of antibiotics, including 
ampicillin, cefazolin, piperacillin, azithromycin, 
broad-spectrum cephalosporins, and aminoglyco-
sides. Moreover, there could be susceptibility to 
fluoroquinolones, SXT, macrolide, tetracycline and 

carbapenems [8, 25]. The main issue regarding sus-
ceptibility data in humans is the scarcity of availa-
ble bibliographic sources. Recently, a systematic 
review attempted to highlight the main resistance 
patterns observed in Pandoraea. The review con-
sidered 29 studies, including a total of 43 patients 
[8]. Among β-lactams, IMP remains a valid option, 
with approximately 85.7% of isolates reported as 
susceptible; instead, MEM-resistant isolates are 
prevalent [8, 26]. In contrast, resistance rates to pip-
eracillin-tazobactam and cephalosporins are high, 
reaching 69.2% and 76.5%, respectively [8].
Aminoglycosides, including gentamicin and tobra-
mycin, show high resistance rates of 96-100% [8, 25]. 
Fluoroquinolones, such as ciprofloxacin and levo-
floxacin, also display high resistance, with rates 
around 78.8%. However, the susceptibility can de-
pend on the species with significant variability [8, 
27]. SXT has been among the more effective options, 
with resistance reported in only 8.8% of cases [8].
Pandoraea spp. exhibit marked macrolide resist-
ance, with susceptibility observed in only 8.33% of 
tested isolates. In contrast, susceptibility to tetra-
cyclines is more variable, with minocycline show-
ing the highest activity, with 41.67% of isolates 
reported susceptible [8].
In some studies, colistin and polymyxin B demon-
strate variable efficacy, with resistance ranging from 
73% to 90% [8, 23]. Given these high resistance rates, 
AST is essential to guide treatment decisions. How-
ever, susceptibility breakpoints for Pandoraea are cur-
rently lacking in EUCAST and CLSI guidelines. In 
severe cases or where an antibiogram is unknown, 
combination therapy may be required [7].

Table 1 - Principal resistance mechanisms and their antibiotic target.

Resistance Mechanisms Affected Antibiotics References

Enzymes:
OXA-type β-lactamases (e.g., OXA-1152, OXA-33, 
OXA-62, OXA-151–159)

Penicillins, cephalosporins, carbapenems 
(especially meropenem and imipenem) [15-17]

Other β-lactamases (e.g., FEZ-1, AQU-1-type AmpC) Broad-spectrum β-lactams [18]

Efflux pumps 
Fluoroquinolones, aminoglycosides, β-lactams, 
Polymyxin B

[8, 19]

Outer membrane porin modification or loss Carbapenems [21]

AMEs Aminoglycosides [20]

DNA gyrase and topoisomerase IV Fluoroquinolones [14]

Not fully understood mechanisms 
Tetracyclines (tigecycline, doxycycline), 
minocycline, trimethoprim-sulfamethoxazole

[8, 20]

AMEs= aminoglycoside-modifying enzymes.
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New therapeutic options
Ceftolozane–tazobactam combines an advanced 
cephalosporin and a β-lactamase inhibitor, pri-
marily designed to target MDR Gram-negative 
bacteria, including P. aeruginosa [14]. In vitro AST 
has shown that ceftolozane-tazobactam exhibits 
poor activity against Pandoraea isolates, with MICs 
ranging from 16 to 256 mg/L [5, 14, 28].
Ceftazidime-avibactam is another β-lactam/β-lactamase 
inhibitor combination that has demonstrated effi-
cacy against various multidrug-resistant Gram-
negative pathogens [14]. Data on its activity against 
Pandoraea spp. are limited; however, some studies 
have reported MIC values of ≥16–32 mg/L [5, 14]. 
Caverly et al., when comparing the MIC values of 
ceftazidime–avibactam with those of ceftazidime 
alone, observed no restorative effect of avibactam, 
as both agents exhibited MICs >32 mg/L [14].
Meropenem–vaborbactam and imipenem–rele-
bactam are two β-lactam/β-lactamase inhibitor 
combinations developed to treat carbapenem-re-
sistant Gram-negative infections. Meropenem–va-
borbactam showed low activity against Pandoraea 
spp., with MIC₅₀ values >32 mg/L [14, 29].
Data on imipenem–relebactam are more variable. 
Since IMP is often considered the drug of choice for 
treating Pandoraea infections, the combination with 
relebactam has demonstrated promising in vitro 
activity, with MICs <1 mg/L [5]. However, data on 

the specific contribution of relebactam to this activ-
ity are scarce and not yet fully understood.
Cefiderocol is a novel siderophore cephalosporin 
designed to overcome resistance in Gram-negative 
bacteria [30]. However, in vitro, data regarding its 
activity against Pandoraea spp. are highly incon-
sistent. Kruis et al. reported very high MIC values 
(>256 mg/L) in 24 isolates of P. commovens collect-
ed during an outbreak among non–CF intensive 
care unit patients in Germany between 2019 and 
2021 [5].
Aztreonam–avibactam is a β-lactam/β-lactamase 
inhibitor combination specifically designed to tar-
get metallo-β-lactamase (MBL)-producing Gram-
negative bacteria [31]. As with other agents, data 
on its activity against Pandoraea spp. are limited. 
Unfortunately, findings from Kruis et al. also indi-
cate high MIC values for this compound [5]. Figure 
2 reported the usual phenotype of Pandoraea spp.

n	 DISCUSSION

The clinical management of Pandoraea infections is 
particularly challenging due to their intrinsic and 
acquired resistance mechanisms and the lack of 
standardized antimicrobial susceptibility break-
points. While initially associated with CF patients, 
Pandoraea spp. are increasingly reported in non-CF 
individuals, often with underlying comorbidities 

Antibiotic Comment 

Imipenem  Susceptible in the majority of the isolates  
Meropenem  Resistant in the majority of isolates 

Piperacillin-tazobactam  Resistance medium-high (65-80% of the isolates) 

Cephalosporins  Resistance medium-high (65-80% of the isolates) 

Aminoglycosides  Resistant in the majority of isolates 

Fluoroquinolones  Resistance medium-high (65-80% of the isolates) 

Trimethoprim-sulfamethoxazole  Susceptible in the majority of the isolates  
Azithromycin  Resistant in the majority of isolates 
Minocycline  Half of the isolates are resistant 

Tigecycline/Doxycycline  Resistance medium-high (65-80% of the isolates) 

Colistin  Resistant in the majority of isolates 

Ceftolozane-tazobactam  Resistant in the majority of isolates 

Ceftazidime-avibactam  Resistant in the majority of isolates 

Meropenem-vaborbactam  Resistant in the majority of isolates 
Imipenem-relebactam  Susceptible in the majority of the isolates 

Cefiderocol  Resistant in the majority of isolates 

Aztreonam-avibactam  Resistant in the majority of isolates 

 Treatment of choice 
 1 

Figure 2
Graphical representation  
of usual phenotype and 
antimicrobial resistance 
pattern in Pandoraea spp.

= antibiotic that should  
be prescribed.
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or immunosuppression [24]. These pathogens are 
capable of causing severe infections and exhibit 
resistance to commonly used antibiotic classes, in-
cluding β-lactams, fluoroquinolones, aminoglyco-
sides, and polymyxins [8, 23].
Among available antibiotics, IMP and SXT cur-
rently represent the most reliable therapeutic op-
tions [7]. IMP often retains in vitro activity even 
when resistance to MEM is present, and SXT 
shows relatively low resistance rates in tested iso-
lates [8, 19]. These agents may also be considered 
part of combination regimens, especially in severe 
infections, although clinical data supporting such 
strategies are currently lacking [7].
Several novel β-lactam/β-lactamase inhibitor com-
binations, including ceftolozane–tazobactam, cef-
tazidime–avibactam, meropenem–vaborbactam, 
and aztreonam–avibactam, have demonstrated 
limited efficacy against Pandoraea spp., with high 
MIC values in many studies [5, 14, 32]. Similarly, 
the activity of cefiderocol appears highly incon-
sistent, particularly in outbreak-derived isolates of 
P. commovens [5]. Unfortunately, available data on 
the efficacy of these newer agents remain scarce 
and often of limited quality, with most evidence 
deriving from small case series or isolated in vitro 
observations. There is a clear need for systematic 
AST and well-designed experimental and clinical 
studies to assess the real therapeutic potential of 
these drugs in Pandoraea infections. Moreover, in 
vitro studies on potential therapeutic combina-
tions could be extremely useful in the case of Pan­
doraea infections, given their intrinsic ability to 
develop multiple resistance mechanisms.
The absence of EUCAST and CLSI breakpoints for 
Pandoraea spp. remains a significant obstacle to 
consistently interpreting AST and appropriate an-
tibiotic selection [14]. This highlights the impor-
tance of individualized, MIC-guided therapy and 
the need for collaborative clinical decision-making 
in complex cases.

n CONCLUSION

Pandoraea species are emerging MDR pathogens 
associated with severe infections in CF and non-
CF patients. Treatment is challenging due to in-
trinsic resistance and the absence of species-spe-
cific breakpoints. Although clinical evidence is 
limited, IMP and SXT currently represent the most 
reliable options and may be used as part of com-

bination therapy. Data supporting the use of new-
er antibiotics are currently lacking, with few stud-
ies available and inconsistent in vitro results. 
There is a clear need for standardized susceptibil-
ity testing, experimental research, and clinical 
studies to define effective therapeutic strategies.

Conflict of interest
None.

Funding 
None.

n	 REFERENCES 

[1] Cubides-Diaz DA, Muñoz Angulo N, Martin Arsani-
os DA, et al. Pandoraea pnomenusa Superinfection in a 
Patient with SARS-CoV-2 Pneumonia: First Case in the 
Literature. Infect Dis Rep. 2022; 14: 205-212. https://doi.
org/10.3390/idr14020025.
[2] Coenye T, Falsen E, Hoste B, et al. Description of Pan-
doraea gen. nov. with Pandoraea apista sp. nov., Pando-
raea pulmonicola sp. nov., Pandoraea pnomenusa sp. nov., 
Pandoraea sputorum sp. nov. and Pandoraea norimber-
gensis comb. nov. Int J Syst Evol Microbiol. 2000;  50 Pt 2:  
887-899. https://doi.org/10.1099/00207713-50-2-887.
[3] Dupont C, Aujoulat F, Chiron R, et al. Highly Diver-
sified Pandoraea pulmonicola Population during Chron-
ic Colonization in Cystic Fibrosis. Front Microbiol. 2017; 
8: 1892. https://doi.org/10.3389/fmicb.2017.01892.
[4] Pitt ME, Nguyen SH, Duarte TPS, et al. Complete Ge-
nome Sequences of Clinical Pandoraea fibrosis Isolates. 
Microbiology Resource Announcements 2020; 9: 10.1128/
mra.00060-20. https://doi.org/10.1128/mra.00060-20.
[5] Kruis T, Menzel P, Schwarzer R, et al. Outbreak of 
Pandoraea commovens Infections among Non–Cystic 
Fibrosis Intensive Care Patients, Germany, 2019–2021. 
Emerg Infect Dis. 2023; 29: 2229-2237. https://doi.
org/10.3201/eid2911.230493.
[6] Bitossi C, Fracella M, Viscido A, et al. A family cluster 
of persistent Pandoraea vervacti infection in cystic fibro-
sis. J Immunoassay Immunochem. 2025; 46: 201-206. 
https://doi.org/10.1080/15321819.2025.2462807.
[7] Geremia N, Marino A, De Vito A, et al. Rare or Unusual 
Non-Fermenting Gram-Negative Bacteria: Therapeutic Ap-
proach and Antibiotic Treatment Options. Antibiotics. 2025; 
14: 306. https://doi.org/10.3390/antibiotics14030306.
[8] Ziogou A, Giannakodimos A, Giannakodimos I, et 
al. Pandoraea Infections in Humans-A Systematic Re-
view. J Clin Med. 2024; 13: 6905. https://doi.org/10.3390/
jcm13226905.
[9] Itoh N, Akazawa N, Ishibana Y, et al. Clinical and micro-
biological features of obstructive cholangitis with blood-
stream infection caused by Pandoraea apista identified by 
MALDI-TOF mass spectrometry and ribosomal RNA se-



267Managing Multidrug-Resistant Pandoraea spp

quencing in a cancer patient. BMC Infectious Diseases. 2022; 
22: 529. https://doi.org/10.1186/s12879-022-07514-z.
[10] McMenamin JD, Zaccone TM, Coenye T, et al. Mis-
identification of Burkholderia cepacia in US cystic fi-
brosis treatment centers: an analysis of 1,051 recent 
sputum isolates. Chest. 2000; 117: 1661-1665. https://
doi.org/10.1378/chest.117.6.1661.
[11] Pimentel JD, MacLeod C. Misidentification of Pan-
doraea sputorum isolated from sputum of a patient 
with cystic fibrosis and review of Pandoraea species in-
fections in transplant patients. J Clin Microbiol 2008; 46: 
3165-3168. https://doi.org/10.1128/JCM.00855-08.
[12] Boutin C-A, Cornut G, Bilik Pinto V, et al. Pando-
raea sp infection in a lung transplant patient and the 
critical role of MALDI-TOF in accurate bacterial identi-
fication. J Assoc Med Microbiol Infect Dis Can. 2020; 5(3): 
177-181 .https://doi.org/10.3138/jammi-2020-0001.
[13] Dlewati MM, Aung PP, Park K, et al. Meropen-
em-Resistant Pandoraea Pneumonia in a Critically Ill 
Patient With COVID-19. Cureus. 2021; 13: e19498. 
https://doi.org/10.7759/cureus.19498.
[14] Caverly LJ, Spilker T, Kalikin LM, et al. In Vitro 
Activities of β-Lactam–β-Lactamase Inhibitor Antimi-
crobial Agents against Cystic Fibrosis Respiratory Path-
ogens. Antimicrob Agents Chemoth. 2019; 64: 10.1128/
aac.01595-19. https://doi.org/10.1128/aac.01595-19.
[15] M100 Ed34jaE PKG | M100Ed34jaE Package. Clin-
ical & Laboratory Standards Institute n.d. https://clsi.
org/standards/products/packages/documents/
m100ed34jaepkg/ (accessed February 2, 2025).
[16] Sfeir MM. Antimicrobial Susceptibility Testing for 
Glucose-Nonfermenting Gram-Negative Bacteria: the 
Tip of the Iceberg. Antimicrob Agents Chemother. 2020; 64: 
e00011-20. https://doi.org/10.1128/AAC.00011-20.
[17] Atkinson RM, LiPuma JJ, Rosenbluth DB, et al. 
Chronic Colonization with Pandoraea apista in Cystic 
Fibrosis Patients Determined by Repetitive-Element-Se-
quence PCR. J Clin Microbiol. 2006; 44: 833-836. https://
doi.org/10.1128/JCM.44.3.833-836.2006.
[18] Koizumi J, Nasu Y, Hirai Y, et al. Emergence of multid-
rug-resistant Pandoraea sputorum in Japan. Microbiol Re­
sour Announc. 2024; 13: e0116623. https://doi.org/10.1128/
mra.01166-23.
[19] Zhang Y, Dai S, Zhu X, et al. The Oxacillinase Vari-
ant, OXA-1152, in Pandoraea sputorum Contributes to 
Discrepancies in Carbapenem Resistance. iScience 2025: 
112311. https://doi.org/10.1016/j.isci.2025.112311.
[20] Schneider I, Queenan AM, Bauernfeind A. Novel Car-
bapenem-Hydrolyzing Oxacillinase OXA-62 from Pando-
raea pnomenusa. Antimicrob Agents Chemother. 2006; 50: 1330-
1335. https://doi.org/10.1128/aac.50.4.1330-1335.2006.
[21] Yong D, Tee KK, Yin W-F, et al. Characterization and 
Comparative Overview of Complete Sequences of the First 
Plasmids of Pandoraea across Clinical and Non-clinical 
Strains. Front Microbiol. 2016; 7: 1606. https://doi.
org/10.3389/fmicb.2016.01606.

[22] Gao W, Li C, Wang F, et al. An efflux pump in 
genomic island GI-M202a mediates the transfer of pol-
ymyxin B resistance in Pandoraea pnomenusa M202. Int 
Microbiol. 2024; 27: 277-290. https://doi.org/10.1007/
s10123-023-00384-8.
[23] Coward A, Kenna DTD, Woodford N, et al. Struc-
tured surveillance of Achromobacter, Pandoraea and 
Ralstonia species from patients in England with cystic 
fibrosis. J Cyst Fibros 2020; 19: 388-3993. https://doi.
org/10.1016/j.jcf.2019.11.005.
[24] Singh S, Sahu C, Patel SS, et al. Pandoraea apista 
Bacteremia in a COVID-Positive Man: A Rare Coinfection 
Case Report from North India. J Lab Physicians. 2021; 13: 
192-194. https://doi.org/10.1055/s-0041-1730847.
[25] Tabatabaei M, Dastbarsar M, Moslehi MA. Isolation 
and identification of Pandoraea spp. From bronchoalveo-
lar lavage of cystic fibrosis patients in Iran. Italian J Ped. 
2019; 45: 118. https://doi.org/10.1186/s13052-019-0687-x.
[26] Pugès M, Debelleix S, Fayon M, et al. Persistent In-
fection Because of Pandoraea sputorum in a Young 
Cystic Fibrosis Patient Resistant to Antimicrobial Treat-
ment. Pediatr Infect Dis J. 2015; 34: 1135-1137. https://
doi.org/10.1097/INF.0000000000000843.
[27] Lin C, Luo N, Xu Q, et al. Pneumonia due to Pando-
raea Apista after evacuation of traumatic intracranial 
hematomas:a case report and literature review. BMC In­
fectious Diseases. 2019; 19: 869. https://doi.org/10.1186/
s12879-019-4420-6.
[28] Massip C, Mathieu C, Gaudru C, et al. In vitro activ-
ity of seven β-lactams including ceftolozane/tazobactam 
and ceftazidime/avibactam against Burkholderia cepa-
cia complex, Burkholderia gladioli and other non-fer-
mentative Gram-negative bacilli isolated from cystic fi-
brosis patients. J Antimicrob Chemother. 2019; 74: 525-528. 
https://doi.org/10.1093/jac/dky423.
[29] Duda-Madej A, Viscardi S, Topola E. Meropenem/
Vaborbactam: β-Lactam/β-Lactamase Inhibitor Combi-
nation, the Future in Eradicating Multidrug Resistance. 
Antibiotics. 2023; 12: 1612. https://doi.org/10.3390/an-
tibiotics12111612.
[30] Colombo F, Waheed A, Panese S, et al. Treatment 
with cefiderocol in K. pneumoniae KPC nosocomial ex-
ternal ventricular drainage meningitis: A brief report. 
Infez Med. 2022; 30: 454-458. https://doi.org/10.53854/
liim-3003-15.
[31] Rossolini GM, Arhin FF, Kantecki M. In vitro activity 
of aztreonam-avibactam and comparators against Metal-
lo-β-Lactamase-producing Enterobacterales from ATLAS 
Global Surveillance Program, 2016-2020. J Glob Antimi­
crob Resist. 2024; 36: 123-131. https://doi.org/10.1016/j.
jgar.2023.12.027.
[32] Tunney MM, Elborn JS, McLaughlin CS, et al. In 
vitro activity of cefiderocol against Gram-negative path-
ogens isolated from people with cystic fibrosis and 
bronchiectasis. J Glob Antimicrob Resist. 2024; 36: 407-
410. https://doi.org/10.1016/j.jgar.2024.01.023.


