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ABSTRACT

Background: Ralstonia mannitolilytica is a causative organism of nosocomial infections,
particularly associated with contaminated water, and resistant to various antibiotics,
including carbapenems. Several clusters of R. mannitolilytica infections appeared in children at
our institute from August 2018 to November 2019.

Methods: From March 2009 to March 2023, all patients admitted to Asan Medical

Center Children’s Hospital in Seoul, Korea, with culture-confirmed R. mannitolilytica and
corresponding clinical signs of infection were identified. Epidemiological and environmental
investigations were conducted. Polymerase chain reaction (PCR) was performed for the
genes of OXA-443 and OXA-444 on R. mannitolilytica isolates.

Results: A total of 18 patients with R. mannitolilytica infection were included in this study, with
94.4% (17/18) and 5.6% (1/18) being diagnosed with pneumonia and central line-associated
bloodstream infection, respectively. All-cause 30-day mortality rate was 61.1% (11/18), and
seven of the fatal cases were caused by R. mannitolilytica infection itself. The resistance rates
to meropenem and imipenem werew 94.4% (17/18) and 5.6% (1/18), respectively. Although
four out of nine meropenem-resistant R. mannitolilytica isolates had positive PCR results

for OXA-443 and OXA-444 genes, there were no significant differences in antimicrobial
susceptibility patterns. Environmental sampling identified R. mannitolylica at two sites: a
cold-water tap of a water purifier and an exhalation circuit of a patient mechanical ventilator.
After implementing and improving adherence to infection control policies, no additional R.
mannitolilytica infection cases have been reported since December 2019.

Conclusion: R. mannitolilytica can cause life-threatening infections with high mortality in
fragile pediatric populations. To prevent outbreaks, healthcare workers should be aware of R.
mannitolilytica infections and strive to comply with infection control policies.

Keywords: Ralstonia mannitolilytica; Outbreak; Infection Control; Children
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INTRODUCTION

Ralstonia spp. is a Gram-negative, non-fermentative, aerobic rod-shaped genus that includes
R. pickettii, R. insidiosa, R. solanacearum, and R. mannitolilytica, formerly known as Burkholderia
pickettii, B. solanacearum, Pseudomonas solanacearum, and P. thomasii.l This genus is commonly
found in water supplies, soil, and plants, and has the ability to survive in low-nutrient
conditions and even in the presence of disinfectants.2 Ralstonia spp. can produce biofilm,
allowing it to persist in the environment, evade the host’s immune responses, and cause
invasive diseases, particularly in immunocompromised patients, including those with
hematologic malignancies, solid organ or hematopoietic stem cell transplants,3,4 patients
in intensive care or with central venous catheters (CVCs),23,5,6 patients with cystic fibrosis,
and premature infants.3,57-9 R. mannitolilytica has been implicated in healthcare-associated
infections such as central line-associated infection, pneumonia, and meningitis3:4.6,10,11 and
is primarily derived from water; however, outbreaks have also been linked to contaminated
oxygen delivery devices or multi-dose bottles of saline.3,7 In addition to contaminated
solutions, contaminated disinfectants have also been considered as sources of R.
mannitolilytica infection.2

Ralstonia spp. is resistant to various antibiotics, including extended generation cephalosporins,
most aminoglycosides, fluoroquinolones, and carbapenems.2,5%12,13 Although there are
limited studies on the antibiotic resistance mechanisms of R. mannitolilytica, it has been
reported that this species contains class D beta-lactamases such as OXA-22 and OXA-60 in the
chromosome, which are linked to intrinsic resistance.1315 Whole-genome sequence analysis
has revealed that one strain of R. mannitolilytica carries OXA-443/0XA-22-like and OXA-444/
OXA-60-like B-lactamase.4 OXA-444/0XA-60-like B-lactamase is an extended-spectrum
oxacillinase with carbapenem-hydrolyzing properties.15

From August 2018 to November 2019, we detected several small clusters of mainly
meropenem-resistant R. mannitolilytica infections, some of which resulted in fatalities. The
objective of this study is to analyze the clinical characteristics of R. mannitolilytica infections
in pediatric patients admitted to Asan Medical Center Children’s Hospital and to present an
epidemiological investigation of the outbreak.

METHODS

Patients with culture-confirmed R. mannitolilytica infection and consistent signs of infection
who were admitted to Asan Medical Center Children’s Hospital, in Seoul, South Korea from
March 2009 to March 2023 were included in this study. Our center is a 270-bed tertiary
referral center consisting of three general pediatric wards, one pediatric hemato-oncology
(PHO) ward with 41 beds, three neonatal intensive care units (NICUs) with 58 beds, and
two pediatric intensive care units (PICUs) with a total of 25 beds (including medical and
surgical PICUs). Patients admitted to the hospital included those with hematopoietric stem
cell transplants, solid organ transplants, as well as surgical conditions such as cardiac,
neurosurgical, and orthopedic conditions. Clinical and demographic data were abstracted
from electronic medical records, including age, sex, clinical diagnosis, underlying medical
conditions, R. mannitolilytica acquisition ward, duration of hospitalization before the initial
positive culture, use of antibiotics, need for mechanical ventilation, use of inhaled medicine,
and all-cause 30-day mortality. Clinical diagnoses such as ventilator-associated pneumonia
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(VAP), non-ventilator-associated pneumonia, and central line-associated bloodstream
infections (CLABSIs) were categorized according to CDC definitions.16:17 Strains were
considered to have been acquired at ward A if patients were infected within 48 hours of
transferring from ward A to ward B.

Species identification and antibiotics susceptibility

Species identification and antimicrobial susceptibilitiy tests were performed using the
MicroScan WalkAway 96 plus system and Neg Combo Panel Type 72 (Beckman Coulter, Brea,
CA, USA).

The antibiotic susceptibility tests for Ralstonia spp. included amikacin, aztreonam,
ceftazidime, cefotaxime, ciprofloxacin, cefepime, gentamicin, imipenem, levofloxacin,
meropenem, piperacillin/tazobactam, trimethoprim/sulfamethoxazole, tetracycline,
ticarcillin/clavulanate, and tobramycin. The results were interpreted using Clinical and
Laboratory Standards Institute (CLSI) criteria for Pseudomonas aeruginosa ATCC® 27853, as
there are no CLSI susceptibility breakpoints available for Ralstonia spp.18

Polymerase chain reaction (PCR) for 0XA-443/0XA-444 genes

R. mannitolilytica isolates stored at <70°C were thawed and subcultured for PCR to detect

the OXA-443 and OXA-444 genes. The following primers were used: OXA-443 Forward
5'-ATGACGAAACTCCGCCA-3'/0XA-443, Reverse 5'-AGGTGGGCTCGATCTTG-3/,

and OXA-444 Forward 5'-ATGTTCTCTCGTTGGTC-3'/ OXA-444 Reverse

5" TGCGGGTCGGACGGAGA-3'. A 20 pL reaction mixture comprising distilled water 12.2 pL,
10x PCR buffer 2 pL (containing Mg 2+), primer set 0.5 pL each, 2.5 mM dNTP mixture 1.6
UL, 5U/uL Taq DNA polymerase 0.2 pL, and 3 pL of DNA extract were used for bacterial PCR
amplifications. After placing reaction tubes within the GeneAmp PCR System 9700 (Applied
Biosystems, Foster, CA, USA), amplification began with an initial denaturation at 95°C for 5
minutes, 35 cycles of 95°C for 1 minute, 55°C for 30 seconds, and 72°C for 1 minute, followed
by a final extension at 72°C for 5 minutes. Distilled water was used as a negative control.

Epidemiological investigation and environmental sampling

Between August and September 2019, an epidemiological investigation was conducted

to determine the source of R. mannitolilytica infections in the PICU and to prevent further
outbreaks, following the second outbreak that occurred in July 2019. Environmental sampling
was performed in the PICU using sterile cotton swabs (DAE-HAN cotton tip, South Korea)
to collect samples from ventilator circuits, bed railings, monitor surfaces, basins, and
water purifiers. The cotton swabs were soaked in distilled water and rubbed across the
environment, and the collected samples were inoculated into meropenem disc-inoculated
selective tryptic soy broth medium. After cultivation, the medium was inoculated into
McConkey agar once it became cloudy to begin subculture. After the bacteria were isolated,
matrix-assisted laser desoroption/ionization time-of-flight (MALDI-TOF) was performed to
identify them.

Ethics statement

The present study protocol was reviewed and approved by the Institutional Review Board of
Asan Medical Center (approval No. 2020-1142). A waiver of prior consent was granted, given
the retrospective nature of the study.
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RESULTS

Demographic data and clinical outcomes

During the study period from March 2009 to March 2023, a total of 21 patients with R.
mannitolilytica confirmed by culture study were identified. Excluding three patients who were
culture-positive in an endotracheal sputum sample but did not have clinical evidence of lower
respiratory tract infection, a total of 18 patients with R. mannitolilytica infection were included
in this study.

Demographic data and clinical outcomes of the 18 patients are presented in Table 1. The
median age was 4.7 years (range, 1 month—20.7 years), and all patients had underlying
diseases. Most R. mannitolilytica infections were detected in the PICU (77.7%, 14/18), followed
by the PHO ward (n = 3), and the NICU (n =1). All cases were nosocomial infections, and

the median time from admission to the first positive culture was 61.5 days (range, 8-379
days). The most frequent specimen with R. mannitolilytica infection was endotracheal sputum
or bronchoalveolar lavage (n =15, 83.3%), followed by blood (n =9, 50%). The initial
diagnosis was pneumonia in 94.4% (17/18) of cases, and only one patient was diagnosed with

Table 1. Demographics and clinical outcomes of the study population (N =18)

Characteristics No. (%)
Median age, month (range) 56.5 (1-248)
Male 12 (66.7)
Acquisition ward?
PICU 14 (77.8)
Hemato-oncology ward 3(16.7)
NICU 1(5.6)
Presence of underlying disease
Hematopoietic stem cell transplantation 10 (55.6)
Combined liver transplantation 1(5.6)
Congenital heart disease 3(16.7)
Interstitial lung disease 2(11.1)
Chronic neurologic disease 1(5.6)
Hemato-malignancy 1(5.6)
Extremely preterm birth 1(5.6)
Use of inhaled medicine within 14 days® 11 (61.1)
Intubation within 7 days® 14 (77.8)
Nasogastric tube feeding within 7 days® 9 (50.0)
Carbapenem use within 14 days® 16 (88.9)
Length of hospital stay before initial culture positive, median days (range) 61.5(8-379)
Specimen
Blood® 9 (50.0)
Endotracheal sputum or BAL 15(83.3)
Pleural fluid or lung tissue® 3(16.7)
Initial clinical diagnosis
Ventilator-associated pneumonia 14 (77.7)
Non-ventilator-associated pneumonia 3(16.7)
CLABSI 1(5.6)
Duration of use of in vitro susceptible antibiotics until negative culture, median days (range) 9 (1-178)
All-cause 30-day mortality 11(61.1)
Mortality caused by R. mannitolilytica 7 (38.9)

PICU = pediatric intensive care unit, NICU = neonatal intensive care unit, BAL = bronchoalveolar lavage, CLABSI =
central line-associated bloodstream infection.

2lf the patient was infected within 2 days of moving from ward A to ward B, the strain was considered to have
been acquired at ward A.

°Each factor occurred before R. mannitoliytica culture positivity.

Blood culture positivity concurrent with endotracheal sputum culture positivity.

99 specimens; pleural fluid, 1 specimen; lung tissue cultured biopsy for lobectomy.

eOnly in 11 patients with negative culture after using in vitro susceptible antibiotics.
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CLABSI. Within 14 days of diagnosis of R. mannitolilytica infection, 61.1% (11/18) of patients
received inhalation medication such as iloprost, salbutamol, acetylcysteine, budesonide,
and hypertonic saline. In addition, 77.8% (14/18) of patients were on invasive mechanical
ventilation, and 88.9% (16/18) recieved carbapenem within 14 days.

Excluding two patients who died before the use of in vitro susceptible antibiotics, the
remaining 16 patients received standard treatment with in vitro susceptible antibiotics.
Piperacillin/tazobactam was the most commonly prescribed antibiotic (n =5), followed by
levofloxacin (n = 3), sulfamethoxazole/trimethoprim (n = 3), cefepime (n = 2), imipenem (n
=1), meropenem (n = 1), and the combination of piperacillin/tazobactam and levofloxacin
(n=1). The median duration from the first antibiotic administration until the first negative
culture was 9 days (range, 1-178 days). The all-cause 30-day mortality rate was 61.1% (11/18). R.
mannitolilytica infection contributed to death in 7 patients, of whom 5 experienced persistent
R. mannitolilytica infection until death despite in vitro susceptible antibiotics. One patient with
CLABSI did not have the CVC removed and died despite using susceptible antibiotics.

Antibiotic susceptibility

The antibiotic susceptibility results of R. mannitolilytica isolates are presented in Table 2.

All isolates were susceptible to cefotaxime, piperacillin/tazobactam, quinolone, and
trimethoprim/sulfamethoxazole. The susceptibility rates for cefepime and ticarcillin/
clavulanate were 94.4% and 88.9%, respectively. However, all isolates were resistant to
ceftazidime, aztreonam, and aminoglycosides. The resistance rate to meropenem was 94.4%,
while imipenem resistance was observed in only 5.6% of the isolates.

OXA-443]0XA-444 gene PCR

Among the 16 R. mannitolilytica isolates kept at -70°C, 9 were successfully subcultured and
subjected to PCR analysis for the specified OXA-443 and OXA-444 genes. Four isolates (serial
No. 3, 4, 8, 16) tested positive for both genes by PCR (Table 2). All four isolates with OXA-

Table 2. Antibiotics susceptibility patterns and PCR results for OXA-443 and OXA-444 genes

Serial  Detection MIC range, ug/mL (% of resistant isolates) PCR results
No. time AMI  ATM CAZ CTX CIP FEP GM IPM LVX MEM TZP  SXT TET TIM TOB  OXA-443 OXA-444
100% 100% 100% 0% 0% 5.60% 100% 5.60% 0% 94.40% 0% 0% 0% 88.90% 100% - -

1 Jun/2016 >32 >16 16 8 <1 8 >8 4 <2 >8 <16 <2/38 <4 > 64 >8 Negative Negative
2 Dec/2016 >32 >16 6 2 <1 <2 >8 <1 <2 8 <16 <2/38 <4 > 64 >8 Negative Negative
3 Feb/2017 >32 >16 >16 2 <1 8 >8 <1 <2 >8 <16 <2/38 <4 > 64 >8 Positive  Positive
4 Feb/2017 >32 >16 6 2 <1 <2 >8 <1 <2 >8 <16 <2/38 <4 > 64 >8 Positive  Positive
5] Oct/2017 >32 >16 >16 2 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8 N.A. N.A.

6 Dec/2017 >32 >16 6 2 <1 <2 >8 <1 <2 >8 <16 <2/38 <4 > 64 >8 Negative Negative
7/ Aug/2018 >32 >16 16 2 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8 N.A. N.A.

8 Sep/2018 >32 >16 16 8 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8 Positive  Positive
9 Nov/2018 »>32 >16 16 8 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8 N.A. N.A.
10 Nov/2018 >32 >16 16 2 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8  Negative Negative
11 Nov/2018 >32 >16 16 8 <1 8 >8 4 <2 >8 <16 <2/38 <4 > 64 >8 N.A. N.A.
12 Dec/2018 »>32 >16 16 8 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8 N.A. N.A.
13 Jan/2019 »>32 >16 16 8 <1 >16 >8 8 <2 >8 <16 <2/38 8 <16 >8 N.A. N.A.
14 Jul/2019 >32 >16 16 2 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8 N.A. N.A.
15 Jul/2019  >32 >16 6 2 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8 Negative Negative
16 Aug/2019 >32 >16 6 2 <1 8 >8 2 <2 >8 <16 <2/38 <4 > 64 >8 Positive  Positive
17 Sep/2019 >32 >16 16 2 <1 <2 >8 <1 <2 2 <16 <2/38 <4 <16 >8 N.A. N.A.
18 Dec/2019 »>32 >16 16 8 <1 8 >8 4 <2 >8 <16 <2/38 <4 > 64 >8 N.A. N.A.

AMI = amikacin, ATM = aztreonam, CAZ = ceftazidime, CTX = cefotaxime, CIP = ciprofloxacin, FEP = cefepime, GM = gentamicin, IPM = imipenem, LVX =

levofloxacin, MEM = meropenem, TZP = piperacillin/tazobactam, SXT = trimethoprim/sulfamethoxazole, TET = tetracycline, TIM = ticarcillin/clavulanate, TOB =

tobramycin, MIC = minimal inhibitory concentration, N.A. = not applicable.
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remaining five isolates were also resistant to meropenem; however, only one isolate had
intermediate resistance to imipenem.

Epidemiologic investigation and environmental sampling

R. mannitolilytica had not been previously detected at our institute before May 2016. In June
2016, the first case of R. mannitolilytica infection was reported, followed by several sporadic
cluster cases (Fig. 1). While no cases were detected in the adult ward, there were several cases
in the children" s hospital, particulary in the PICU. From August 2018 to January 2019, seven
patients contracted R. mannitolytica infections in the medical PICUs (n = 6) and PHO wards
(n=1), and five of them died. After a 5-month no-case period, a second outbreak occurred
from July 2019 to November 2019, comprising 5 patients in the medical PICU (n = 3), PHO
ward (n =1), and NICU (n =1). Epidemiological investigations were conducted between
August to September 2019 to prevent further outbreaks. Environmental sampling, including
ventilator circuits, bed railings, monitor surfaces, basins, and water purifiers, was performed
throughout the PICU (Table 3). Water soap and chlorohexidine gluconate bathing supplies
were also sampled and cultured. R. mannitolylica was identified at two sites: a cold-water tap
of'a water purifier in the pantry, frequently used for drinking water for PICU patients, and an
exhalation circuit of a mechanical ventilator used for patient 16.

The epidemiological investigation led to the removal of the pantry water purifier from the
PICU and the provision of bottled water to patients as necessary. Although there were no
specific changes made to the infection control policies, enhanced monitoring and education
on healthcare workers’ hand washing, environmental cleaning, and disinfection according to
our institute’s protocol were emphasized. No further cases of R. mannitolylica infection were
reported until March 2023.

W Medical PICU ® PHOward ™ NICU ¢ Death

4 -
3 Start investigation
®
(2]
S
5 21 ° ,
o)
z
i <> I ‘ ‘ <> ‘ I <>
0 L L L T 1T L L T T T 1T LI T T LI 1T T T LI

GG AR R e e i A\ SR R RS A N AR SR S AR A R
N N Q N \S N N N N N N
Year-Month

Fig. 1. Epidemic curve of Ralstonia mannitolilytica infection in children’s hospital from June 2016 to September 2019.
PICU = pediatric intensive care unit, PHO = pediatric hemato-oncology, NICU = neonatal intensive care unit.
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Table 3. Environmental sampling at the pediatric intensive care unit, including ventilator circuit, bed railing,

monitor surface, basin, and water purifier

Sampling sites Ralstonia spp. CRGNB
Isolation room 2
Bed frame Not isolated
Suction table Not isolated
Patient monitor Not isolated
Flogard surface Not isolated
Pole Not isolated
Ceil pole Not isolated
Medical area Not isolated
Basin Not isolated
Emergency bed 1
Bed frame Not isolated
Suction table Not isolated
Patient monitor Not isolated
Flogard surface Not isolated
Pole Not isolated
Ceil pole Not isolated
Medical area Not isolated
Isolation room 11
Bed frame Not isolated
Suction table Not isolated
Patient monitor Not isolated
Flogard surface Not isolated
Pole Not isolated
Ceil pole Not isolated
Medical area Not isolated
Basin
Sink plumbing Not isolated Isolated
Isolation room 12
Bed frame Not isolated
Suction table Not isolated
Patient monitor Not isolated
Flogard surface Not isolated
Pole Not isolated
Ceil pole Not isolated
Medical area Not isolated
Basin
Sink plumbing Not isolated Isolated
Patient No. 17
Bed frame Not isolated
Suction table Not isolated
Patient monitor Not isolated
Flogard surface Not isolated
Pole Not isolated
Ceil pole Not isolated
Medical area Not isolated
Mechanical ventilator
Monitor, button Not isolated
Inhalation circuit Not isolated
Exhalation circuit Isolated
Pantry
Water purifier
Water tap inside (cold) Isolated
Water tap inside (hot) Not isolated
Button (cold) Not isolated
Button (hot) Not isolated
Water drip container Not isolated
Water soap Not isolated
(continued to the next page)
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Table 3. (Continued) Environmental sampling at the pediatric intensive care unit, including ventilator circuit, bed
railing, monitor surface, basin, and water purifier

Sampling sites Ralstonia spp. CRGNB

Chlorohexidine bathing
CHG Not isolated
Distilled water Not isolated
CHG bottle Not isolated
Distilled water bottle Not isolated

Medical area

Open bed 5 basins
Sink plumbing Not isolated Isolated
Water tap Not isolated Isolated
Lateral surface Not isolated Isolated

Open bed 6 basins
Sink plumbing Not isolated Isolated
Water tap Not isolated Isolated
Lateral surface Not isolated

Open bed 9 basins
Sink plumbing Not isolated Isolated
Water tap Not isolated
Lateral surface Not isolated

Open bed 10 basins
Sink plumbing Not isolated Isolated
Water tap Not isolated Isolated
Lateral surface Not isolated

CRGNB = carbapenem-resistant gram-negative bacteria.

DISCUSSION

Since June 2016, when the first case of R. mannitolilytica infection was detected at our hospital,
we have recorded a total of 18 pediatric cases with R. mannitolilytica infections. The 30-day
all-cause mortality rate was as high as 61%, most of the cases were resistant to meropenem.
Most patients were diagnosed with pneumonia, occurring as outbreaks in a medical PICU.
Epidemiological investigations suggested that water purifiers might be the possible source of
the outbreak.

Ralstonia spp. has emerged as an opportunistic pathogen in nosocomial settings.5,%9,11,19-21
While Ralstonia spp. can cause invasive disease, most reports have shown a good prognosis
and low mortality. For instance, during an outbreak in an oncology day ward, 22 patients

with CVC developed bacteremia, which was suspected to be caused by flushing the CVCs with
contaminated saline; however, symptoms improved in call cases after the removal of their
CVCs.3 Another report from a hemodialysis unit at a tertiary hospital recorded 16 cases of
bacteremia outbreaks, with a high probability of dialysis water being the source. The mortality
rate was 6%, and all cases were treated with antibiotics, including carbapenems, while dialysis
catheters were changed except for one patient, who had their dialysis catheter locked with
imipenem.2! However, patients with cystic fibrosis may become chronically infected with this
species, associated with severe respiratory infections and a mortality of up to 86%.19,22,23

Although there are few reports of R. mannitolitytica infection in pediatric patients, an outbreak
of R. mannitolilytica bacteremia has been reported in neonates admitted to the NICU; however,
the primary source of the outbreak was unknown.? Outbreaks associated with using a
contaminated oxygen delivery device in pediatric patients have also been reported, leading

to a national outbreak in the United States in 2005 and an outbreak in Israel in 2011.%20
Patients presented with respiratory infection and bacteremia, and all but one recovered. The
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one patient who did not recover was considered to have died of complicating underlying lung
disease and not of Ralstonia infection.

In our study, all cases of R. mannitolilytica infection occurred in pediatric patients with
underlying serious medical conditions such as congenital heart disease, interstitial lung
disease, chronic neurologic disease, hematopoietic stem cell transplantation recipients, and
extremely preterm infants. In addition, 88.2% of cases occurred while staying in intensive
care units. Our report suggests that pediatric patients with significant comorbidities who are
infected with R. mannitolilytica infections may result in high mortality despite being treated
with antibiotics that are susceptible in vitro. It is not clear why R. mannitolilytica infections
have occurred only in pediatric patients and not in adult wards. However, considering that the
first case of R. mannitolilytica infection in our hospital occurred in a child receiving long-term
treatment in a PICU or PHO ward, it is believed that the strain responsible is not one that
spreads widely. Nevertheless, continuous infection management and monitoring is crucial in
preventing the spread of infections caused by this strain.

R. mannitolilytica has been found to modulate biofilm in plastic water pipes, and contaminated
water supplies such as respiratory gas humidification devices and multi-dose saline bottles
could be sources of R. mannitolilytica infection.3%12 R. mannitolilytica could not be easily
eradicated using disinfection protocols due to its ability to form biofilm structures that
provide increased protection against external stress, such as disinfectants, and the ability to
slow bacterial growth within the biofilm.24

In this study, although environmental investigations were not conducted in locations other
than the PICU, R. mannitolilytica was isolated from a water purifier in the pantry that was
frequently used for drinking water for patients in the PICU. In addition, R. mannitolilytica
was detected in the exhalation circuit of the ventilator but not in the inhalation circuit for
one patient in the PICU, which suggest that it would be crucial to meticulously manage the
exhalation circuit in patients receiving mechanical ventilation to minimize the potential
spread of this pathogen.

Since 2018, our institute has utilized only single-dose bottles for inhaled medication, and
there was no evidence indicating that the R. mannitolilytica outbreak in 2019 was due to
contaminated water used for inhaled medication or a contaminated circuit in the ventilator.
A matched case-control study revealed that recovery of R. mannitolilytica was not significantly
associated with exposure to mechanical ventilation, nasogastric tube feeding, or inhaled
medications. However, R. mannitolilytica was isolated from the surface swabs of humidifier.”
The exact source of the R. mannitolilytica outbreak in 2019 could not be determined since
pulsed-field gel electrophoresis or multilocus sequence typing was not performed on

the strains isolated from the clinical specimens and environments, and the antibiotic
susceptibility of R. mannitolilytica isolates from environmental sampling, identified by MALDI-
TOF, was not evaluated. Nevertheless, following a comprehensive approach that involved
switching from a water purifier to bottled water, improving compliance with the VAP bundle,
and emphasizing the importance of environmental cleanliness and hand hygiene, there were
no further cases of R. mannitolilytica infection reported until March 2023.

Although there is some variation in antibiotic resistance patterns among R. mannitolilytica

isolates in other studies, the species is known to be resistant to many different types of
antibiotics; most isolates were resistant to gentamycin, tobramycin, colistin, aztreonam,
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meropenem or imipenem.25,%13 R. mannitolilytica isolates exhibited high MICs against
meropenem compared with imipenem.%13 In this study, the resistance rate to meropenem
and MIC against meropenem was also higher than imipenem. These findings may be partially
explained by higher meropenem exposure, as overall meropenem usage accounted for a large
pergentage of 96.5% of carbapenem use in our institute,25 and most patients had a recent
history of meropenem exposure in our study.

Although data on the mechanism of B-lactam, including carbapenem resistance in Ralstonia
spp. is limited, the presence of OXA B-lactamase is suspected to be the primary mechanism.
Two chromosomally encoded class D B-lactamases, OXA-443 and OXA-444 (similar to
OXA-22 and OXA-60, respectively, with 86.0% and 90.3% amino acid identities), have been
reported as the primary mechanism for R. mannitolilytica resistance.314 OXA-22 is a narrow-
spectrum oxacillinase, not an inducible carbapenemase, whereas OXA-60 is an inducible
carbapenemase expressed only after #-lactam induction (imipenem as a B-lactam inducer)
and has imipenem-hydrolyzing properties.1> The resistance genes extracted from the
whole genome sequencing data showed that R. mannitolilytica carried the resident narrow-
spectrum oxacillinase blaoxa 2, gene and intrinsically species-specific class D oxacillinase
blaoxa as3 and blaogy 444 genes, as well as the serin-hydrolase class C family f-lactamase.5
However, R. mannitolilytica did not carry carbapenemase genes (blagpc, blaxpy, blaoxa.ss, and
blavyy), according to RT-PCR (GeneXpert, Cepheid, USA).5 The presence of OXA-444 and
the serin-hydrolase class C -lactamase, in association with different mechanisms such

as porin deficiency or over-expression of efflux pumps, may confer resistance to multiple
classes of antibiotics of R. mannitolilytica.3 In this study, all 18 R. mannitolilytica isolates were
susceptible to cefotaxime and piperacillin/tazobactam, suggesting that they did not carry
class C B-lactamase. Although only a small portion of isolates kept at ~70°C and successfully
subcultured could be used for the PCR of OXA-443 and OXA-444, there was no difference
in antibiotic resistance patterns regardless of the presence of OXA-443 and OXA-444 genes.
Further investigation focused on class D oxacillinase outside of OXA-443 and OXA-444

is required to elucidate the resistance mechanisms. The antimicrobial treatment of R.
mannitolilytica infection is challenging because Ralstonia species are resistant to various
antimicrobial agents, including carbapenems. Considering the antibiotic susceptibility

of R. mannitolilytica, initial empirical antibiotics should include piperacillin/tazobactam,
quinolone, or trimethoprim/sulbactam, according to the clinical situation.

Our study has several limitations. Firstly, we could not accurately determine the souce of the
R. mannitolilytica outbreaks due to the time lag to start environmental investigation from the
first case. In addition, we did not evaluate molecular analysis including PFGE and antibiotic
susceptibility in isolates obtained from environmental sampling, making it impossible to
determine their consistency with patient isolates. Secondly, we only performed PCR on
successfully sub-cultured strains and did not analyze genes other than OXA-443and OXA-444
present in R. mannitolilytica. As a next study, whole genome analysis could thoroughly evaluate
the genetic background of antibioitcs resistance of R. mannitolilytica. However, in this study,
we reported clinical characteristics of the largest outbreak of R. mannitolilytica infections in
Korean children and identified problems with the water supply as a potential soure. This
finding highlights the significance of our study.

We reported an outbreak of R. mannitolilytica infection primarily presenting as pneumonia in

children with underlying comorbidities. R. mannitolilytica can cause life-threatening infections
with high mortality in vulnerable pediatric populations. To prevent these outbreaks, it is
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necessary to raise awareness about the significance of R. mannitolilytica infection and to

comply with infection control policies, such as environmental cleaning and hand hygiene.
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