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Abstract: Ralstonia spp. is an emerging, non-fermentative Gram-negative rod that demonstrates multidrug resistance. Herein, four 
cases of bloodstream infections (BSI) caused by R. mannitolilytica or R. pickettii are presented. All the cases had comorbidities that 
predisposed them to this opportunistic infection. The microbiological assessment showed carbapenemase genes carried out in two 
strains with minimal inhibitory concentrations > 32 μg/mL to imipenem and meropenem. Fluoroquinolones and trimethoprim- 
sulphamethoxazole were the most potent agents showing activity against 3/4 strains (75%), although treatment should be suscept-
ibility-dependent for each strain. This case series highlights the possibility of co-infection by a rare organism during the COVID-19 
pandemic and the importance of the readiness of diagnostic laboratories to support the diagnosis of uncommon pathogens. 
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Introduction
Despite the availability of effective antimicrobial agents and advancements in supportive care, bloodstream infection 
(BSI) remains a significant cause of morbidity and mortality.1 Timely identification and antimicrobial susceptibility 
testing of the implicated pathogens are essential to implement early effective therapy and improve outcomes. Bacteremia 
due to Gram-negative bacilli is a significant challenge in both nosocomial and outpatient settings. These pathogens 
represent serious threats because of the increasing multidrug resistance.2 The mortality of Gram-negative bacillary 
bacteremia is estimated to be between 12–38% depending on various factors of which the administration of timely, 
effective therapy remains crucial.3,4 Non-fermenters, such as Ralstonia, Pandoraea, Cupriavidus, Inquilinus, 
Comamonas, Acidovorax, Delftia, Hyrodenophaga, Brevundimonas, Xanthomonas and Achromobacter are increasingly 
recovered from refractory bacteremia cases with limited evidence about their optimal treatment.5 Differentiating these 
closely related pathogens requires the use of reliable diagnostics such as those based on the matrix-assisted laser 
desorption ionization time of flight (MALDI-TOF) technology.6

There are currently five species of which three are known to cause infections in humans namely Ralstonia pickettii, 
Ralstonia mannitolilytica, and Ralstonia insidiosa. Other species that used to be within this genus have been reclassified 
to the genus Cupriavidus. This taxonomic update may hinder accurate laboratory identification. The prevalence of 
BSIs by Ralstonia is unknown as the cases are extremely rare, although the infection by the nosocomial pathogen can 
occur sporadically or in outbreaks particularly in hemodialysis units.7,8 Rapid and accurate diagnosis is required 
especially for invasive infections to implement effective therapy. In this case series, four hospitalized patients diagnosed 
with Ralstonia BSIs are presented from our institution during the COVID-19 pandemic (July 2020–December 2022), 
along with their clinical outcomes (Table 1). The identification process for all the described strains of Ralstonia was 
performed using the VITEK® MS (bioMe ́ rieux Inc., Durham, NC, USA), an automated mass spectrometry microbial 
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identification system based on matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) technology. 
Antimicrobial susceptibility profiles were obtained by antibiotic disc diffusion assays and upon detection of carbapenem 
resistance, the strain was tested by E-test (AB-BIODISK, Sweden)-based minimal inhibitory concentrations for both 
imipenem and meropenem and the production of carbapenemases using a molecular assay (Xpert® Carba-R, Cepheid 
Inc., Sunnyvale, CA, USA) which detects five major genes (IMP, KPC, NDM, VIM, and OXA-48).

Case Series
The first case was a 78-year-old Saudi male patient with osteoporosis, hypothyroidism who presented with pulmonary 
hypertension and then a central line was inserted for providing continuously infused therapies. The patient also had 
history of diabetes mellitus, hypertension and dyslipidemia. He developed fever 22 days after admission, when a slowly 
growing Gram-negative rod (> 72 hours) was grown from his blood cultures and was identified as Ralstonia mannito-
lilytica. The isolate exhibited a class D carbapenemase, OXA-48, using the Cepheid Genexpert carba-r kit. Levofloxacin 
was initiated that was then shifted to trimethoprim-sulfamethoxazole, and the patient recovered over a 2-week period.

A second case in the series relates to a 55-year-old Saudi lady with a background of diabetic nephropathy (Chronic 
Kidney Disease IV), sickle cell disease who presented with COVID-19 pneumonia and a previous gastrointestinal 
surgery, cholecystectomy, 1 month prior to presentation. Blood culture sampling obtained 15 days after admission 
revealed a culture growth of Ralstonia mannitolilytica visible in 2 days. Despite her co-morbidities, the patient did not 

Table 1 Clinical Characteristics of 4 Patients with Ralstonia Bloodstream Infections

Case 1 Case 2 Case 3 Case 4

Year of presentation 2020 2020 2021 2022

Age (Year) 79 55 48 19

Gender Male Female Male Male

Ethnic group Arab Arab Asian Arab

Time after 
hospitalization (d)

22 15 35 26

Primary diagnosis Pulmonary hypertension COVID-19 pneumonia COVID-19 pneumonia Post-meningitis hydrocephalus

COVID-19 status Negative Positive Positive Negative

Comorbidities

Diabetes mellitus Yes Yes No No

Hypertension Yes No No No

Dyslipidemia Yes No No No

Other diseases and 
risk factors

Osteoporosis, hypothyroidism 
Central line

Sickle cell disease 
Post-GI surgery

Central line Cochlear sclerosis 
Ventriculoperitoneal shunt

End stage renal 
disease

No Yes CKD IV Yes No

Immunosuppressive 
medications

- - - Prednisolone 5 mg daily

Treatment given Levofloxacin trimethoprim- 
sulfamethoxazole

Piperacillin- 
tazobactam

Colistin trimethoprim- 
sulfamethoxazole

Meropenem

Outcome Recovered Recovered Died Recovered
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complain of any complications following an empirical meropenem treatment (MIC = 2 μg/mL) that was shifted to 
piperacillin-tazobactam based on in vitro susceptibility.

The third case was a 48-year-old Asian male patient with an unknown prior morbidities who was admitted as a case 
of COVID-19 based on radiological and clinical findings and a laboratory PCR confirmation. The patient presented 
acutely with respiratory failure and required a central line to be inserted during his hospital course in the intensive care 
unit. He developed bacteremia and sepsis on day 35 of admission, when Ralstonia pickettii was isolated with an OXA-48 
genes for carbapenemases detected in the isolate. His blood cultures concurrently grew Acinetobacter baumannii that was 
extensively drug resistant. He received an initial dose of meropenem and colistin that was shifted to trimethoprim- 
sulfamethoxazole and colistin based on microbiology reports. The bacteremia was refractory and the patient passed away.

The last case was a 19-year-old male patient presenting with a malfunctioning ventriculoperitoneal shunt inserted at 
the age of 7 years to manage post-meningitis hydrocephalus. The patient also has cochlear otosclerosis and was on 
prednisolone 5 mg daily. The cerebrospinal fluid culture initially grew Corynebacterium spp., a Gram-positive low 
virulence organism that is linked to device infections. The patient was commenced on meropenem based on in vitro 
susceptibility result and cleared the infection. However, the patient required neurosurgical interventions for his primary 
illness. He remained clinically stable throughout this episode and no recurrence of BSI was recorded.

Discussion
Ralstonia BSIs are uncommon but are increasingly reported. The recent literature suggests an emerging role of Ralstonia species 
in opportunistic infections, especially in immunosuppressed patients.9 Ralstonia has been linked to a variety of infections 
including sepsis, infective endocarditis, osteoarticular infections, and severe pneumonia.9 Our institution encountered four cases 
of BSI during the pandemic; two of which were isolated from confirmed COVID-19 cases (Table 1). It was recently observed 
that Ralstonia represents an abundant component of the microbiome of SARS-CoV2 infected patient compared to their 
counterparts, suggesting a possible effect of COVID-19 in predisposing to Ralstonia infections.10 Further studies are needed 
to elaborate the role of the inflammation imposed by the novel virus in favoring growth of infrequent low-virulence pathogen.

Ralstonia spp. grows well on commonly used laboratory media including blood and MacConkey agars, but growth 
may require >72 h of incubation to be well visualized (Table 2, Figure 1). Due to its biochemical profile, Ralstonia spp. 
can be misidentified in the laboratory as Burkholderia cepacia complex.10 Reliable identification to a specie level 
requires techniques that include MALDI-TOF, 16S ribosomal RNA (16S rRNA) and other nucleic acid amplification 
assays which are not standard routine tests for many microbiology laboratories.6,11,12 Nevertheless, MALDI-TOF based 

Table 2 Laboratory Features of 4 Ralstonia Spp. Isolated from Bloodstream Infections

Culture 
Growth

Biochemical 
Profile

Molecular Testing for 
Carbapenemases

MIC for Carbapenems 
μg/mL

Imipenem Meropenem

Strain 1 

Ralstonia 
mannitolilytica

72 hours 

Non-lactose 
fermenter

Oxidase + 

Catalase +

OXA-48 >32 >32

Strain 2 
Ralstonia 
mannitolilytica

48 hours 
Non-lactose 

fermenter

Oxidase + 
Catalase +

- 3 2

Strain 3 

Ralstonia 
pickettii

72 hours 

Non-lactose 

fermenter

Oxidase + 

Catalase -

OXA-48 >32 >32

Strain 4 

Ralstonia 
mannitolilytica

48 hours 

Non-lactose 
fermenter

Weak oxidase 

+ 
Catalase +

- 4 4
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platforms may give unidentifiable results for Ralstonia in the case of absence of reference spectra within the used 
database.13 The Ralstonia pickettii lineage comprises of Ralstonia insidiosa, Ralstonia mannitolilytica, Ralstonia 
pickettii, Ralstonia solanacearum, and Ralstonia syzygii, of which Ralstonia pickettii was described as the most 
frequently reported species in human infections. An older report in Latin America has attributed all cases of 16 BSI to 
R. pickettii where no R. mannitolilytica was isolated from blood.14 The experience of our institution during the COVID- 
19 pandemic illustrated predominance of R. mannitolilytica based on MALDI-TOF identification.

The accurate speciation of Ralstonia genus is crucial for the correct clinical management, as the species show different 
antimicrobial susceptibility patterns (Table 3). Sader et al found R. pickettii strains more susceptible to piperacillin-tazobactam 
than R. mannitolilytica which is consistent with our data.15 Susceptibility of Ralstonia isolates in this case series to fluoroqui-
nolones and trimethoprim-sulfamethoxazole is supported by other studies.9 Ralstonia pickettii produces the chromosomally 
encoded class D beta-lactamase OXA-22, which confers reduced susceptibility to beta-lactam antibiotics such as cephalosporins. 
Additionally, it is capable of producing the chromosomal beta-lactamase OXA-60 that hydrolyzes imipenem.16,17 OXA-22 and 
OXA-60 beta lactamases have been recently reported in environmental strains of Ralstonia.17 To our knowledge, this is the first 

A B C

Figure 1 (A) Ralstonia mannitolilytica in Gram stain; (B) Ralstonia pickettii 72 hours culture on blood agar; (C) Ralstonia mannitolilytica 72 hour culture on MacConkey plate.

Table 3 Susceptibility Patterns for 4 Ralstonia Spp. Isolated from 
Bloodstream Infections

Antibiotic Susceptible no (%)

Gentamicin 1 (25%)

Amikacin 1 (25%)

Ciprofloxacin 3 (75%)

Levofloxacin 3 (75%)

Piperacillin-tazobactam 1 (25%)

Ceftazidime 1 (25%)

Cefepime 2 (25%)

Ceftazidime-avibactam 1 (25%)

Imipenem 2 (50%)

Meropenem 2 (50%)

Trimethoprim- sulfamethoxazole 3 (75%)
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report of OXA-48 among human Ralstonia spp (Table 2). This can impose a pending threat of hospital associated infections by 
the organism that are hard to treat since Ralstonia spp. have been implicated in nosocomial outbreaks.18,19

Conclusion
In conclusion, this case series highlights the challenges in the treatment of BSI caused by Ralstonia, and the difficulties that might 
be encountered by clinical microbiology laboratories in reporting this infrequently isolated species. Although their sources were 
not tracked, the occurrence of multiple cases over 2 years dictates stringent infection control measures. The tested β-lactams 
demonstrated an overall poor potency against the organism while fluoroquinolones and sulfonamides appear to be active in vitro 
against the pathogen. To our knowledge, this is the first reported series of BSI relating to Ralstonia during the COVID-19 
pandemic in which OXA-48 is detected. More clinical data are required to further determine the emerging role of Ralstonia in 
invasive infections and the management of BSI caused by the organism.

Ethical Approval
Informed consent to publish was obtained from all cases to publish their cases. No additional approval was needed for 
these observational, non-interventional case reports. The institution operates in accordance with the 1964 Helsinki 
declaration and its later amendments.

Acknowledgments
The author would like to thank the four patients of this case series. The author would also like to extend thanks to 
medical and technical staff members of the institutions, who were involved in the clinical management of the cases.

Funding
No funding was obtained for this routine diagnostic work.

Disclosure
The author reports no conflicts of interest in this work.

References
1. Santella B, Folliero V, Pirofalo GM, et al. Sepsis-A retrospective cohort study of bloodstream infections. Antibiotics. 2020;9(12):851. PMID: 

33260698. doi:10.3390/antibiotics9120851
2. Patolia S, Abate G, Patel N, Patolia S, Frey S. Risk factors and outcomes for multidrug-resistant Gram-negative bacilli bacteremia. Ther Adv Infect 

Dis. 2018;5(1):11–18. PMID: 29344356. doi:10.1177/2049936117727497
3. Kang CI, Kim SH, Park WB, et al. Bloodstream infections caused by antibiotic-resistant Gram-negative bacilli: risk factors for mortality and impact 

of inappropriate initial antimicrobial therapy on outcome. Antimicrob Agents Chemother. 2005;49(2):760–766. PMID: 15673761. doi:10.1128/ 
AAC.49.2.760-766.2005

4. Gikas A, Samonis G, Christidou A, et al. Gram-negative bacteremia in non-neutropenic patients: a 3-year review. Infection. 1998;26(3):155–159. 
PMID: 9646106. doi:10.1007/BF02771841

5. Basso M, Venditti C, Raponi G, et al. A case of persistent bacteraemia by Ralstonia mannitolilytica and Ralstonia pickettii in an intensive care unit. 
Infect Drug Resist. 2019;12:2391–2395. PMID: 31447567. doi:10.2147/IDR.S206492

6. Degand N, Carbonnelle E, Dauphin B, et al. Matrix-assisted laser desorption ionization-time of flight mass spectrometry for identification of 
nonfermenting Gram-negative bacilli isolated from cystic fibrosis patients. J Clin Microbiol. 2008;46(10):3361–3367. PMID: 18685005. 
doi:10.1128/JCM.00569-08

7. Liu J, Peters BM, Yang L, et al. Antimicrobial treatment on a catheter-related bloodstream infection (CRBSI) case due to transition of a multi-drug- 
resistant ralstonia mannitolilytica from commensal to pathogen during hospitalization. Antibiotics. 2022;11(10):1376. PMID: 36290034. 
doi:10.3390/antibiotics11101376

8. Said M, van Hougenhouck-Tulleken W, Naidoo R, Mbelle N, Ismail F. Outbreak of Ralstonia mannitolilytica bacteraemia in patients undergoing 
haemodialysis at a tertiary hospital in Pretoria, South Africa. Antimicrob Resist Infect Control. 2020;9(1):117. PMID: 32727576. doi:10.1186/ 
s13756-020-00778-7

9. Ryan MP, Adley CC. Ralstonia spp.: emerging global opportunistic pathogens. Eur J Clin Microbiol Infect Dis. 2014;33(3):291–304. PMID: 
24057141. doi:10.1007/s10096-013-1975-9

10. Kirkgöz E, Zer Y. Clonal comparison of Acinetobacter strains isolated from intensive care patients and the intensive care unit environment. Turk 
J Med Sci. 2014;44(4):643–648. PMID: 25551936. doi:10.3906/sag-1304-126

11. Church DL, Cerutti L, Gürtler A, Griener T, Zelazny A, Emler S. Performance and application of 16S rRNA gene cycle sequencing for routine 
identification of bacteria in the clinical microbiology laboratory. Clin Microbiol Rev. 2020;33(4):e00053–19. PMID: 32907806. doi:10.1128/ 
CMR.00053-19

Infection and Drug Resistance 2023:16                                                                                             https://doi.org/10.2147/IDR.S403830                                                                                                                                                                                                                       

DovePress                                                                                                                       
1343

Dovepress                                                                                                                                                                 Alnimr

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3390/antibiotics9120851
https://doi.org/10.1177/2049936117727497
https://doi.org/10.1128/AAC.49.2.760-766.2005
https://doi.org/10.1128/AAC.49.2.760-766.2005
https://doi.org/10.1007/BF02771841
https://doi.org/10.2147/IDR.S206492
https://doi.org/10.1128/JCM.00569-08
https://doi.org/10.3390/antibiotics11101376
https://doi.org/10.1186/s13756-020-00778-7
https://doi.org/10.1186/s13756-020-00778-7
https://doi.org/10.1007/s10096-013-1975-9
https://doi.org/10.3906/sag-1304-126
https://doi.org/10.1128/CMR.00053-19
https://doi.org/10.1128/CMR.00053-19
https://www.dovepress.com
https://www.dovepress.com


12. Coenye T, Vandamme P, LiPuma JJ. Infection by ralstonia species in cystic fibrosis patients: identification of r. pickettii and r. mannitolilytica by 
polymerase chain reaction. Emerg Infect Dis. 2002;8(7):692–696. PMID: 12095436. doi:10.3201/eid0807.010472

13. Fernández-Olmos A, García-Castillo M, Morosini MI, Lamas A, Máiz L, Cantón R. MALDI-TOF MS improves routine identification of 
non-fermenting Gram negative isolates from cystic fibrosis patients. J Cyst Fibros. 2012;11(1):59–62. PMID: 21968086. doi:10.1016/j. 
jcf.2011.09.001

14. Gales AC, Jones RN, Andrade SS, Sader HS. Antimicrobial susceptibility patterns of unusual nonfermentative Gram-negative bacilli isolated from 
Latin America: report from the SENTRY Antimicrobial Surveillance Program (1997–2002). Mem Inst Oswaldo Cruz. 2005;100(6):571–577. PMID: 
16302068. doi:10.1590/s0074-02762005000600011

15. Sader HS, Jones RN. Antimicrobial susceptibility of uncommonly isolated non-enteric Gram-negative bacilli. Int J Antimicrob Agents. 2005;25 
(2):95–109. PMID: 15664479. doi:10.1016/j.ijantimicag.2004.10.002

16. Girlich D, Naas T, Nordmann P. OXA-60, a chromosomal, inducible, and imipenem-hydrolyzing class D β-lactamase from Ralstonia pickettii. 
Antimicrob Agents Chemother. 2004;48(11):4217–4225. PMID: 15504844. doi:10.1128/AAC.48.11.4217-4225.2004

17. Batarilo I, Maravic-Vlahovicek G, Bedenic B, et al. Oxacillinases and antimicrobial susceptibility of Ralstonia pickettii from pharmaceutical water 
systems in Croatia. Lett Appl Microbiol. 2022;75(1):103–113. PMID: 35352370. doi:10.1111/lam.13711

18. Labarca JA, Trick WE, Peterson CL, et al. A multistate nosocomial outbreak of Ralstonia pickettii colonization associated with an intrinsically 
contaminated respiratory care solution. Clin Infect Dis. 1999;29(5):1281–1286. PMID: 10524976. doi:10.1086/313458

19. Thet M, Pelobello MLF, Das M, et al. Outbreak of nonfermentative Gram-negative bacteria (Ralstonia pickettii and Stenotrophomonas maltophilia) 
in a hemodialysis center. Hemodial Int. 2019;23(3):E83–E89. PMID: 30746829. doi:10.1111/hdi.12722

Infection and Drug Resistance                                                                                                          Dovepress 

Publish your work in this journal 
Infection and Drug Resistance is an international, peer-reviewed open-access journal that focuses on the optimal treatment of infection (bacterial, 
fungal and viral) and the development and institution of preventive strategies to minimize the development and spread of resistance. The journal is 
specifically concerned with the epidemiology of antibiotic resistance and the mechanisms of resistance development and diffusion in both hospitals and 
the community. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. 
Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/infection-and-drug-resistance-journal

DovePress                                                                                                                    Infection and Drug Resistance 2023:16 1344

Alnimr                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3201/eid0807.010472
https://doi.org/10.1016/j.jcf.2011.09.001
https://doi.org/10.1016/j.jcf.2011.09.001
https://doi.org/10.1590/s0074-02762005000600011
https://doi.org/10.1016/j.ijantimicag.2004.10.002
https://doi.org/10.1128/AAC.48.11.4217-4225.2004
https://doi.org/10.1111/lam.13711
https://doi.org/10.1086/313458
https://doi.org/10.1111/hdi.12722
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Case Series
	Discussion
	Conclusion
	Ethical Approval
	Acknowledgments
	Funding
	Disclosure

