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Abstract Background: Ralstonia pickettii is an opportunistic waterborne microbe which can
survive in many kinds of solutions. Contamination of these solutions may result as outbreaks,
which can be mortal for immuncompromised patients. Herein we report an outbreak of R. pick-
ettii related to contaminated saline infusion in our center.
Methods: This study was conducted in Ankara Pediatric City Hospital. An outbreak occured in
Pediatric Hematology and Oncology Unit between August 28, 2019 and September 13, 2019.
When the outbreak occured, infection control team began an investigation. Environmental
samples were collected in order to find the source of the outbreak.
Results: A total of 11 patients with catheter related blood stream infection caused by R. pick-
ettii who were diagnosed with leukemia were affected. None of the patients infected with R.
pickettii died during the outbreak. A total of seventy environmental samples were cultured
with the purpose of finding the source of outbreak. R. pickettii grew in normal saline solution
culture and all isolates had the same clone of R. pickettii. The outbreak lasted two weeks and
was controlled by stopping the usage and sending back the saline solutions belonging to the
same manufacturing batch.
Conclusions: We reported an outbreak of R. pickettii BSIs in highly immunocompromised pa-
tients due to contaminated intravascular solution, which was rapidly controlled by infection
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control measures. Vigilant surveillance by hospital infection control teams and prompt inves-
tigation to identify the source of nosocomial infections are crucial to stop an outbreak.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Ralstonia pickettii is a nonfermentative gram-negative
bacillus and an opportunistic pathogen in both the hospi-
tal setting and in the environment.1 It is a waterborne
microorganism that can survive in any kind of water source
and can contaminate intravenous drugs, blood culture
bottles, distilled water, saline solutions, and other solu-
tions used for patient care in hospitals.2e5 Moreover, R.
pickettii tends to form and maintain biofilms in plastic in-
dustrial water piping.6 The pathogenicity of the microor-
ganism is not high; however, it is more virulent in
immunosuppressed patients.7

The contamination of solutions may result in outbreaks
of bloodstream infections (BSIs).8,9 Such contamination is
generally introduced during manufacture.8,9 Solutions
contaminated during manufacture have been associated
with outbreaks of BSIs or catheter-related infections.2

Here we report an outbreak of catheter-related BSI due
to R. pickettii that was related to contaminated saline
infusion at our center.

Materials and methods

Clinical setting

The present study was conducted at Ankara Pediatric City
Hospital. An outbreak occurred in the Pediatric
Hematology-Oncology Unit and Hematopoietic Stem Cell
Transplantation (HSCT) between August 28, 2019 and
September 13, 2019. All patients who were culture positive
for R. pickettii between these dates were eligible for the
study. A total of 11 patients who were diagnosed with
leukemia and were culture positive for R. pickettii were
included in the study. Inclusion criteria was based on BSI
definitions in guidelines of Infectious Diseases Society of
America (IDSA).10 A definitive diagnosis of catheter related
BSI required that the same organism grew from at least 1
percutaneous blood culture and from a culture of the
catheter tip.10 Patients whose blood culture through cen-
tral venous catheters was positive for R. pickettii but pe-
ripheral blood culture was not were excluded from the
study. In addition, patients who had a positive blood cul-
ture but no clinical findings were excluded from the study.
All the patients had a central venous catheter (Hickman or
Port-a-Cath). The patients were hospitalized in the hema-
tology ward during the study period. They had minimum
one blood culture through the central venous catheter and
one blood culture through the peripheral vein concurrently
positive for R. pickettii. All the patients had neutropenia
for at least five days.
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Surveillance data

When the outbreak occurred, the infection control team
began an investigation. For the identification of source and
transmission process of this infection outbreak field visits
were organized. Environmental samples, including samples
of tap water, saline, hand soap, total parenteral nutrition
fluids, intravenous fluids, sterile distilled water used for
respiratory therapy, antiseptic and antibiotic solutions, and
sodium heparin solutions, and samples from water tanks
were collected to determine the source of the outbreak.
These samples were incubated for 24 h in enriched media
and cultured in 5% sheep blood agar and eosin methylene
blue lactose sucrose agar. After 72 h of incubation, bacte-
rial growth was assessed.

Bacterial identification

Each blood culture bottle was placed in the BacT/Alert 3D
automated blood culture system (bioMerieux, France) and
incubated for five days or until bacterial growth was
observed.11 Blood samples were cultured in 5% sheep blood
agar plates (RTA, Turkey) and incubated at 37 �C under 5%
CO2 for 24 h (maximum, 72 h), according to the national
laboratory guidelines. The microorganisms were identified
using the VITEK MS system (bioMerieux, France). Antibiotic
susceptibility tests [for assessing the minimum inhibitory
concentration (MIC) and detecting the presence of
extended-spectrum beta-lactamases (ESBLs) and carbape-
nem resistance] were performed for each isolate using the
VITEK 2 system (bioMerieux, France), according to the
manufacturer’s instructions and the criteria of the Euro-
pean Committee of Antimicrobial Susceptibility Testing.12

All the bacterial isolates were identified by matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry (Bruker MALDI Biotyper; Bruker Daltonics,
Bremen, Germany).

Genomic DNA typing by pulsed-field gel
electrophoresis (PFGE)

PFGE was performed as described previously.13 In brief,
bacterial cells embedded in 1% low-melting-point agarose
(Bio-Rad Lab, Hercules, CA, USA) plugs were lysed with
lysozyme and proteinase K. Following this, chromosomal
DNA was digested with SpeI (Thermo Scientific-Fermantas
Corporation, Vilnius, Lithuania). Fragmented DNA samples
were electrophoresed in 1% pulsed field certified agarose
(Bio-Rad Lab, Hercules, CA, USA) using a CHEF-DR III system
(Bio-Rad Lab, Nazareth, Belgium) with a pulse time of
5e70 s for 18 h at 14 �C at 6 V cm�2. The gel was stained
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Table 1 Patient demographics and clinical characteristics

Number of
patients

Percentage

Sex
Male 4 36.3
Female 7 63.7

Age (years)
Mean � standart
deviation

6.36 (�3.5)

Median (range) 6.5 (2e14)
Main diagnosis
Pre B cell ALL 5 45.4
AML M2 1 9.15
B cell ALL 4 36.3
T cell ALL 1 9.15

Department
Pediatric Hematology
Department

10 90.9

HSCT Unit 1 9.1
Intravascular device
Hickman catheter 2 18.2
Port-a-Cath 9 81.8

Treatment
Meropenem 4 36.4
Piperacillin-tazobactam 3 27.2
Cefepime 2 18.2
Ciprofloxacin 2 18.2

Fever 11 100
Shaking chill 11 100
C-reactive protein (mg/L)
Mean � standart
deviation

69.72 � 59.11

Median (range) 64.0 (6e192.00)
Absolute neutrophil count

(/microL)
Mean � standart
deviation

224.5 � 267.6

Median (range) 100 (10e690)

ALL: Acute lymphoblastic leukemia, AML M2: Acute myelo-
blastic leukemia, HSCT: Hematopoietic stem cell
transplantation.
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with ethidium bromide (5 mg mL�1), visualized under UV
light, and photographed using the ChemiDoc MP Imaging
System (Bio-Rad Company, United Kingdom). PFGE patterns
were analyzed using BioNumerics software, version 7.5
(AppliedMaths, Saint-Matins-Latem, Belgium) and
compared using the Dice coefficient with a tolerance of
1.5% and an optimization of 1%.14 Isolates with identical
patterns were considered genotypically indistinguishable,
those that differed by one to three bands were considered
closely related, those that differed by four to six bands
were considered possibly related, and those that differed
by more than seven bands were considered unrelated or
different.15

Results

Fifty patients were hospitalized in our hospital’s Pediatric
Hematology-Oncology-HSCT Unit during the period of the
outbreak. The infection rate was 22%. Moreover, the
catheter-related infection rate in the hospital was 2.7%.
Eleven patients who had positive cultures for R. pickettii
were included in the study. Of these, seven patients were
male and four were female. The patients’ median age was
6.5 years (range, 2e14 years). Five of these patients were
diagnosed with pre-B-cell acute lymphoblastic leukemia,
one was diagnosed with acute myeloid leukemia, one was
diagnosed with T-cell leukemia, and four were diagnosed
with B-cell leukemia. All the patients were hospitalized
with febrile neutropenia and treated with at least one
antibiotic. The patients had at least one of the following
findings on the day of culture, in addition to fever (>38 �C):
chills, hypotension, tachycardia, and altered conscious-
ness. These signs and symptoms and positive laboratory
results were not related to an infection at another site. The
primary diagnosis and main characteristics of the patients
are shown in Table 1. None of the patients infected with R.
pickettii died during the outbreak. R. pickettii was the sole
microorganism isolated from all the positive clinical speci-
mens. Positive blood cultures were obtained through Port-
a-Cath in 81.8% of the patients and Hickman catheters in
18.2% of the patients. The central venous catheter had to
be removed because of clinical deterioration and sepsis and
repetitive positive cultures in four patients.

The median absolute neutrophil count of the patients
was 100/mL (range, 10e690/mL). The C-reactive protein
level was elevated in 90.9% of the patients, with a median
of 64 mg/L (range, 6e192 mg/L).

The results of antimicrobial susceptibility tests revealed
that all R. pickettii isolates were susceptible to ceftazi-
dime, ciprofloxacin, imipenem, and meropenem and resis-
tant to aztreonam, cefepime, gentamicin, amikacin, and
piperacillinetazobactam.

The antibiotic chosen for therapy was meropenem in
four patients, piperacillinetazobactam in three patients,
cefepime in two patients, and ciprofloxacin in two patients.
Fever resolved in median of 1.5 days. No complications
were observed in patients who were empirically treated
with piperacillinetazobactam and cefepime.

Ten samples were characterized by PFGE. The results
revealed that all isolates belonged to the same clone of R.
pickettii (Fig. 1). One sample could not be characterized.
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The time course of infection and characteristics of R.
pickettii isolates are shown in Table 2. A total of 60 envi-
ronmental samples, including those obtained from un-
opened bottles containing medications (n Z 9), aqueous
and alcoholic solutions in use for skin hygiene before
venous punctures (n Z 9), bottles of water for injection
(n Z 8), glucose solution (n Z 10), tap water (n Z 8),
water tanks (n Z 8), and pipelines (n Z 8), were cultured
to identify the source of the outbreak. R. pickettii was
found to grow in normal saline solution. Ten bottles of
normal saline were sampled; R. pickettii grew in one of
these samples. The product with the same lot number was
collected by the company due to contamination warning.
PFGE showed that the R. pickettii clones isolated from the
saline solution and blood culture were the same. The same
saline solution was used in other pediatric units. However,
no other infectious complication occurred in these units.



Figure 1. Pulsed-field Gel Electrophoresis Results of Ralstonia pickettii isolate. Pulse field gel electrophoresis (PFGE) profiles of
SpeI-digested chromosomal DNA and dendrogram resulting from Bionumerics 7.5 software analysis of the profiles shown in a and
b, Ralstonia pickettii isolates. PFGE lanes 1, 7, 13 molecular size markers (Salmonella enterica subsp. enterica serovar
Braenderup (ATCC BAA664)).

Table 2 Characteristics of Ralstonia pickettii isolates related to the nosocomial outbreak of bloodstream infections.

Patient Age (year) Isolate
identification

Isolate source Date of isolation Strain Code

Case 1 7 R. pickettii Port-a-cath þ peripheral blood 26.08.2019 1e5
Case 2 7 R. pickettii Port-a-cath þ peripheral blood 04.09.2019 2e3
Case 3 8 R. pickettii Port-a-cath þ peripheral blood 26.08.2019 2e4
Case 4 6.5 R. pickettii Hickman catheter þ peripheral blood 02.09.2019 4e17
Case 5 10.5 R. pickettii Port-a-cath þ peripheral blood 03.09.2019 5e5
Case 6 2.5 R. pickettii Port-a-cath þ peripheral blood 31.08.2019 7e1
Case 7 4.5 R. pickettii Port-a-cath þ peripheral blood 31.08.2019 7e2
Case 8 4 R. pickettii Port-a-cath þ peripheral blood 03.09.2019 non-typable
Case 9 4 R. pickettii Hickman catheter þ peripheral blood 29.08.2019 7e3
Case 10 14 R. pickettii Port-a-cath þ peripheral blood 04.09.2019 8e5
Case 11 2 R. pickettii Port-a-cath þ peripheral blood 03.09.2019 8e6
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The outbreak lasted two weeks and was controlled by
stopping the usage and sending back the saline solutions
belonging to the same manufacturing batch of the phar-
maceutical company with the same serial code.

Discussion

A highly unusual outbreak of R. pickettii BSIs occurred
among 11 patients with leukemia at Ankara Pediatric City
Hospital during AugusteSeptember 2019. All the clinical
isolates were suggested to have a common source due to
their identical PFGE pattern. We believe that this is the first
outbreak reported in pediatric patients with leukemia.

R. pickettii is verified to be associated with nosocomial
infections; however, it is thought to be less virulent and is not
considered a major pathogen. Because of its low virulence,
clinicians should suspect the contamination of intravascu-
larly administered commercially distributed solutions in the
event of an outbreak of R. pickettii bacteremia.16

Multiple nosocomial outbreaks have been caused by
commercial solutions intrinsically contaminated with R.
pickettii.1,2,16 This microorganism can contaminate sterile
solutions because of its ability to grow in a wide range of
temperatures (15 �Ce42 �C) and in saline solution.17 In
addition, it can pass through both 0.45-mm and 0.2-mm
filters, which are used for the terminal sterilization of
several medicinal products.17 Chen et al. have reported a
case series of BSIs due to catheter flushing with contami-
nated normal saline.18 We have presented 11 cases of R.
pickettii due to contaminated saline solutions. Our findings
are consistent with previous findings. We think that R.
pickettii may have colonized the normal saline solution
used in our clinic because of its ability to pass through fil-
ters used for terminal sterilization.

It is well known that R. pickettii can form biofilms inside
plastic catheters, making it more resistant to biocidal
agents and more difficult to eradicate.19 This makes R.
pickettii a more important and serious agent responsible
for catheter-related BSIs. In addition, R. pickettii may
cause prolonged febrile reactions in patients with tempo-
rary dialysis catheters, possibly because of early biofilm
development.20 In the study by Chen et al., 18 Port-a-Caths
had to be removed, and the catheter tips of 50% of these
were culture positive.18 In our study, catheter removal was
needed in four patients (i.e., 36.3% of the affected pa-
tients). Only one patient had repetitive culture positivity
for R. pickettii under treatment, which was accepted as
colonization.

Because of its low virulence, R. pickettii infection is
rarely fatal.21,22 In accordance with this finding, although
our patient group was immunocompromised and fragile, no
death occurred during the outbreak. However, the
chemotherapy of these patients could be delayed because
of the infection. In addition, catheter removal is a dis-
tressing process. Further, the patients were exposed to
anesthesia and surgery, and there was an overuse of anti-
biotics. Although the healing of these patients is a positive
outcome, these disadvantages cannot be ignored.

We have reported the rapid control of an outbreak of R.
pickettii BSIs in highly immunocompromised patients by
initiating antibiotic therapy and by improving infection
84
control practices in a short period of around two weeks.
The limitation of our study is that although our findings
suggest that the source of the outbreak was the saline so-
lution, solid evidence was missing. Ongoing surveillance by
hospital infection control teams and prompt and robust
investigation to identify the source of nosocomial infections
are crucial to stop an outbreak.16 It is important for clini-
cians to be aware of the possibility of contamination of
intravascular solutions with R. pickettii. Moreover, infec-
tion control practices should involve direct sampling of
these fluids in order to prevent further contamination and
new cases.
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