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Abstract: Ralstonia spp. are low-virulent environmental Gram-negative bacteria that can cause serious
nosocomial infections in immunocompromised patients. We report the characteristics of a cluster of
R. insidiosa bacteremia cases occurring in our oncology day ward in Milan, Italy, between January
and March 2022. A case was defined as a cancer patient attending our day ward and whose blood
culture (performed because of bacteremia symptoms) led to the isolation of Ralstonia insidiosa. An
epidemiological investigation was conducted in order to seek the possible source of infection. Seven
adult patients received curative or palliative treatment via infusion through a Port-a-Cath (PAC). All
developed symptoms within 24 h of the infusion (three during the infusion itself). Ralstonia insidiosa
was isolated in the blood drawn from the PAC in all patients. All of the isolates were susceptible
to carbapenems, fluoroquinolones, and piperacillin/tazobactam but resistant to aminoglycosides
and cephalosporins. Systemic and/or lock antibiotic therapy led to stable symptom resolution
and negative blood cultures in five patients, whereas bacteremia recurred in two patients. An
epidemiological investigation suggested that extrinsic contamination of antiseptic solutions was
the possible cause of the R. insidiosa infections. Although R. insidiosa is not considered a virulent
pathogen, clinicians, microbiologists, and infection control teams should be aware about its potential
to cause outbreaks of nosocomial bloodstream infections, especially in immunocompromised patients
bearing central venous catheters.
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1. Introduction

Non-fermenting, Gram-negative bacilli (NFGNB) represent an increasing healthcare
problem since they can cause serious opportunistic infections in immunocompromised
patients [1]. This subtype of bacteria is ubiquitous, but they preferably live in soil and
water; however, the contamination of in-hospital environments poses a serious risk of
healthcare-related infections. Their inherent antibiotic resistance and capability to persist
after routine environmental sanitization due to their biofilm production might hamper the
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clinical management of NFGNB infections. These characteristics further contribute to their
success as nosocomial pathogens [1].

The NFGNB most frequently involved in severe nosocomial infections are Pseudomonas
spp., Acinetobacter spp., and Stenotrophomonas maltophilia, but other NFGNB, generally
considered of limited clinical significance, have been emerging as opportunistic pathogens
in recent years. In particular, a series of recent reports raised concerns about the pathogenic
potential of Ralstonia, a genus of NFGNB that was first described in 1995 [1]. Determined
genus members (R. pickettii, R. mannitolilytica and R. insidiosa, previously attributed to
the Burkholderia genus) were recently identified as a cause of opportunistic infection in
immunocompromised patients, including patients with cancer [1]. In addition, different
hospital outbreaks of Ralstonia spp. infections (mainly R. pickettii and R. mannitolilytica)
were caused by contaminated infusion-grade water, saline solutions, or pharmaceutical
preparations for intravenous infusion [2–5].

Previous studies reported that Ralstonia spp. can survive under a wide range of
conditions and can pass through the 0.2 µm filters that are commonly used to sterilize
medical products during their production [1].

We here describe the clinical and epidemiological characteristics of a cluster of R.
insidiosa bacteremia cases identified in patients attending an oncology day ward in Milan,
Italy, between January and March 2022.

2. Materials and Methods

Luigi Sacco Hospital is a university teaching hospital in Milan that admits an average
of 20,000 patients per year. It has nearly 500 licensed beds in 27 wards, including an
oncology ward for in- and outpatients. The oncology day ward is equipped with four
two-bedded treatment rooms and a room with six reclining armchairs for chemotherapy
infusions and is attended by an average of 35 patients per day. Between January and
March 2022, it was attended by nearly 400 patients for 2150 visits and, during this period,
a series of cases of R. insidiosa bacteremia occurred and were the subject of a subsequent
epidemiological investigation. The latter was conducted through the multidisciplinary
collaboration of oncologists, infectious disease specialists, microbiologists, and members
of our infection prevention and control team. A case was defined as a cancer patient
attending our day ward whose blood culture (performed because of the onset of fever
and/or chills) led to the isolation of Ralstonia insidiosa, and the clinical records of these
cases and their common medical procedures were reviewed in order to seek the possible
source of the infection. Verbal informed consent from patients was required. Blood
samples obtained from a central venous catheter (CVC) and/or a peripheral vein at the
time of the onset of symptoms were cultured by means of incubation in a BACT/ALERT®

VIRTUO® system (bioMérieux, Marcy-l’Étoile, France). All positive blood cultures were
routinely subjected to subculture on different solid media (blood agar, chocolate agar,
CNA agar, MacConkey agar, and Sabouraud dextrose agar) and Gram staining. Matrix-
assisted laser desorption–ionization time-of-flight mass spectrometry (MALDI-TOF MS,
BioMérieux, Marcy-l’Étoile, France) was used to identify bacterial isolates. According to the
manufacturer’s guidelines, a confidence value of 60% or more was considered acceptable to
determine the identification of an organism at the species level. For isolates with multiple
identifications with low discrimination, identification at the genus level was accepted if
all the identifications were from the same genus. Otherwise, the isolate was considered
unidentifiable. The susceptibility profiles of the isolates were tested using a Vitek2 system
(BioMèrieux, Marcy-l’Étoile, France). Antimicrobial susceptibility was evaluated according
to the breakpoint profile of similar species, including Pseudomonas spp. and Acinetobacter
spp., since the breakpoints of Ralstonia spp. were not specified in the latest European
Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines [6].
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3. Results

Between 14 January and 9 March 2022, seven patients attending our day ward devel-
oped R. insidiosa bacteremia (attack rate 1.75%). In the same period, no other R. insidiosa
bacteremia cases were recorded in the rest of our hospital. Table 1 summarizes the clinical
characteristics of the cases: six females with breast cancer and one male with urothelial
cell carcinoma whose median age was 60 years (min–max 50–76). One woman was being
treated with intravenous (i.v.) paclitaxel alone, two with i.v. paclitaxel plus trastuzumab,
one with i.v. trastuzumab alone, and two with iv trastuzumab plus pertuzumab; the man
was being treated with i.v. pembrolizumab. All of these drugs were diluted in a saline
solution, under aseptic conditions, and administered immediately after being prepared.

Therapies were infused through an implanted CVC (Port-a-Cath, PAC), placed a
median of 17 months (min–max 3–24) before. According to our standard protocols, the
skin over the port was disinfected using a multi-dose bottle of commercial chlorhexidine
2% that was applied for a time ranging from 10 to 15 seconds. Then, the catheters were
routinely flushed with a single-use isotonic sodium chloride solution before and after use.

All developed symptoms of bacteremia (fever, shaking chills, malaise and/or arthral-
gia) within 24 h from PAC flushing or usage for chemotherapy infusion (three during the
course of the infusion itself). None of the patients presented signs of infection of the skin
above the PAC or evidence of any other source of infection. The symptoms spontaneously
subsided within 24 h in all of the patients, except one, whose symptoms persisted for three
consecutive days.

Blood samples for microbiological examination were drawn from both a peripheral
vein and the PAC in five cases, in the remaining two, peripheral veins were unobtainable.
Blood cultures grew Gram-negative bacteria and subcultures showed the growth of the
pathogen on blood agar, chocolate agar, and MacConkey agar (Figure 1).
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Isolates were identified through MALDI-TOF MS as R. insidiosa, with a confidence
value of 99.9% in all of the cases. All of the isolates had the same antibiotic suscepti-
bility profile: they were susceptible to cefepime, ciprofloxacin, imipenem, meropenem,
and piperacillin/tazobactam, and resistant to amikacin, gentamicin, cefotaxime, and cef-
tazidime.

Two of the patients were treated with oral ciprofloxacin for 10 days, and five under-
went lock therapy with piperacillin–tazobactam because of suspected PAC colonization.
Treatment led to stable symptom resolution and negative blood culture in five patients. In
the remaining two, symptomatic bacteremia recurred after PAC usage, but both resolved
immediately after PAC removal. Cultures of the CVC tips were negative in both cases.
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Table 1. Clinical characteristics of patients with R. insidiosa bacteremia.

Case Sex Age Cancer Type
Ongoing
Anti-Cancer
Treatment

Time from PAC
Placement to
Bacteremia
(Months)

Date of First
Positive Blood
Culture

Associated
Symptoms

MALDI-TOF MS
Identification
(% Confidence
Value)

Antibiotic
Treatment

Recurrence of
Bacteremia with
Use of PAC

Outcomeome

1 F 50 Breast cancer Trastuzumab-
paclitaxel 4

14 January 2022:
blood drawn from
peripheral vein
and PAC

Shaking chills,
rash, scapular
arthralgia for 3
days after
infusion

Ralstonia insidiosa
(99.9)

Ciprofloxacin;
lock-therapy
with
piperacillin/
tazobactam

Yes

Symptoms: no
recurrence after
lock therapy;
Bacteremia:
resolved only after
PAC removal

2 F 53 Breast cancer Trastuzumab 12

21 January 2022:
blood drawn from
peripheral vein
and PAC

Fever (40 ◦C),
headache,
arthralgia only
during
infusion

Ralstonia insidiosa
(99.9) Levofloxacin Yes

Symptoms: no
recurrence after
antibiotic therapy;
Bacteremia:
resolved only after
PAC removal

3 F 54 Breast cancer Trastuzumab-
paclitaxel 4

15 February 2022:
blood drawn from
PAC

Fever (38 ◦C),
chills only
during
infusion

Ralstonia insidiosa
(99.9)

Lock-therapy
with
piperacillin/
tazobactam

No
Symptoms and
bacteremia
resolved

4 F 53 Breast cancer Paclitaxel 3

17 February 2022:
blood drawn from
peripheral vein
and PAC

Fever (38 ◦C)
and shaking
chills only
during
infusion

Ralstonia insidiosa
(99.9) Ciprofloxacin No Recovered

5 F 68 Breast cancer Trastuzumab-
pertuzumab 46

4 March 2022:
blood drawn from
peripheral vein
and PAC

Shaking chills
and malaise on
the day of
infusion

Ralstonia insidiosa
(99.9)

Lock-therapy
with
piperacillin/
tazobactam

No Recovered

6 F 68 Breast cancer Trastuzumab-
pertuzumab 21

9 March 2022:
blood drawn from
PAC

Shaking chills
and malaise on
the day of
infusion

Ralstonia insidiosa
(99.9)

Lock-therapy
with
piperacillin/
tazobactam

No Recovered

7 M 76 Urothelial
carcinoma Pembrolizumab 30

9 March 2022
Blood drawn from
PAC

Shaking chills
and malaise
only during
infusion

Ralstonia insidiosa
(99.9)

Lock-therapy
with
piperacillin/
tazobactam

No Recovered
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The samples of disinfectants and solutions used to prepare and administer chemother-
apy in this series were no longer available at the time of the study, and further epidemiolog-
ical or microbiological investigations were no longer performable. On the other hand, all of
the hygiene and infection control procedures (particularly those regarding the preparation
of therapeutic infusions and PAC management) were reviewed and actively monitored,
and all antiseptic dispensers were changed to touch-free dispensers in order to prevent
manual contamination of the bottles.

There have since been no other cases of R. insidiosa infection in the day ward after the
application of the recommended preventive measures.

4. Discussion

We here describe a cluster of seven cases of R. insidiosa bacteremia in cancer patients
being treated at an Italian oncology day ward. Similar outbreaks of Ralstonia spp. bac-
teremia have been described in other oncology healthcare settings. Lucarelli et al. reported
a cluster of R. mannitolityca infections involving 22 patients attending an oncology ward
in Rome, Italy [7], and although the authors could not identify the origin of the infections,
the flushing of CVCs with extrinsically contaminated saline solutions contained in multi-
use vials was considered the most likely source. Similarly, Ramani et al. have described
an outbreak of R. mannitolilytica infection involving 17 patients admitted to an oncology
care center in southern India that was also possibly due to contaminated bottles of saline
solution [2]. Environmental contamination has also been hypothesized as the possible
cause of an outbreak of R. pickettii bacteremia reported in an Italian hematopoietic stem cell
transplant unit by Mikulska et al. [8].

Contaminated saline solutions or antiseptics may have caused PAC colonization and
consequent bacteremia in our patients. We could not confirm this hypothesis for the late
identification of the cluster, since R. insidiosa was not among the alert agents routinely
sought by our laboratory-based infection control system. Nonetheless, Gram-negative and
biofilm-producing bacteria are capable of surviving on the surface of the chlorhexidine
bottles used for routine antisepsis, as previously reported [9–11].

Notably, three patients developed symptoms of bacteremia (including fever and
shaking chills) during the chemotherapy administration itself. Similar situations can
mimic drug hypersensitivity reactions. Therefore, clinicians should consider and promptly
investigate potential bacteremia correlated to PAC colonization in these cases to avoid
inappropriate chemotherapy discontinuation.

In all cases, R. insidiosa was identified via MALDI-TOF MS with a confidence value of
99.9%. While polymerase chain reaction (PCR) is the gold standard, previous studies have
shown that MALDI-TOF has a similar predictive power to identify Ralstonia at the species
level in a more cost-effective manner [12–14].

Ralstonia spp. can produce various enzymes that confer resistance to a wide range of
antibiotics, but previous studies showed a considerable heterogeneity in the prevalence of
resistance [1]. Our antibiotic susceptibility tests revealed resistance to amikacin, gentam-
icin, cefotaxime, and ceftazidime and no resistance to cefepime, ciprofloxacin, imipenem,
meropenem, or piperacillin/tazobactam. The patients were subsequently treated with
ciprofoxacin and/or lock therapy with piperacillin/tazobactam.

As reported in previous studies of Ralstonia spp. outbreaks conducted in hemato-
oncology units [2,4,5,7,8], the final outcomes of our cases of R. insidiosa bacteremia were
favorable, although two patients required the removal of their PAC because of symptoms
and positive blood culture recurrence, despite previous treatment with systemic antibiotics
and/or lock therapy, suggesting a microbial PAC colonization.

Removing a CVC could be detrimental and distressing in patients with cancer, since
this can lead to treatment delays and an impaired dose intensity. Moreover, CVC removal
can be complicated by bleeding and air embolisms [15,16].

Although R. insidiosa is not considered as a major pathogen, clinicians, microbiol-
ogists, and infection control teams should be aware of the possibility of outbreaks of
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bloodstream infections, especially in immunocompromised patients bearing central venous
catheters [17–20]. Our findings suggest that, in the absence of an evident source of infec-
tion during an R. insidiosa outbreak, reinforcement and monitoring of all the hygiene and
infection control practices are mandatory, and extrinsic contamination of antiseptics needs
particular attention.

In conclusion, in patients with solid cancer, CVC hygiene is fundamental to prevent
bloodstream infections, even for low-virulent environmental bacteria such as Ralstonia spp.
This becomes even more critical for patients treated for curable diseases, as bloodstream
infections could impair the dose intensity of anti-cancer treatment and could lead to
symptoms mistaken for a drug hypersensitivity reaction.
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