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Introduction

Ralstonia mannitolilytica is an aerobic, Gram-negative, nonfer-
menting bacterium that has been classified as one of the emerg-
ing opportunistic pathogens globally. It survives well in low-
nutrient conditions and is found commonly residing inwater and
soil.1 Infectionswith thisorganismareoftennosocomial (hospital
acquired), affectingmainly immunocompromised hosts.2 Ralsto-

nia spp is reported to cause serious infections such as sepsis,
meningitis, and pneumonia mainly in hospital setting.3–7 The
progression of infection is rapid and early identification of the
organismandtreatmentwithappropriate antibiotics is thekey to
prevent adverse outcome (►Table 1).

We report an outbreak of R. mannitolilytica infection in
our hemato-oncology unit with five patients testing positive
for this infection during the same time.
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Abstract Ralstonia mannitolilytica is a Gram-negative, nonfermentative, soil bacterium that is
reported to cause opportunistic infections in immunocompromised patients in
nosocomial settings. After extensive review of literature, it was found that this
is second outbreak reported from India. This study is a retrospective analysis of the
clinical features, outcome, and source identification of R. mannitolilytica infection
outbreak in a hemato-oncology unit of a tertiary care center of North India between
February 2020 and March 2020. We report an outbreak of R. mannitolilytica bacteremia
(with or without septic shock) in five patients admitted in hemato-oncology unit at a
tertiary care institute in North India for 1 month period. Four patients were cured after
administration of appropriate antibiotics as per sensitivity reports, while one patient
died of septicemia due to delayed diagnosis. Environmental cultures revealed multi-
dose saline bottles used for administration of drugs as the source of outbreak.
Following implementation of use of single dose diluents and flushing solutions in
patients with central venous catheter, no new case was reported. Clinicians and
microbiologists should keep high index of suspicion to identify these organisms as
timely diagnosis is the only key to improve outcomes.
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Materials and Methods

Patients
This study is a retrospective analysis of the clinical features,
outcome, and source identification of R. mannitolilytica infec-
tion outbreak in a hemato-oncology unit of a tertiary care
center ofNorth India between February 2020 andMarch2020.
A total of 268 patients were admitted during the study period
having febrile illness. All of them were included in this study.
Relevant demographical, clinical, and treatment details of the
patients as well as surveillance culture data of the haemato-
oncology unit during the study periodwere reviewed. Patients
with positive R. mannitolilytica culture reports were identi-
fied. The following data of such cases were collected from
medical records: demographical andclinical profile alongwith
laboratory work that included complete blood counts, coagu-
lation profile, urea and electrolytes, liver function tests, chest
X-ray, pro-calcitonin assay, both aerobic and anaerobic blood
cultures drawn under strict aseptic precautions (one set from
centralvenouscatheter (CVC) lineandsecondfromperiphery),
urine culture, and cultures from any probable infection sites.
All patients gave informed and written consent for the publi-
cation of data. The procedures followed were in accordance
with the ethical standards of the responsible committee on
human experimentation and with the Helsinki Declaration of
1964, as revised in 2013.

Microbiological Identification and Sensitivity Testing
Blood cultures were incubated in BD BACTEC system (BD
Diagnostic Systems, Sparks, Maryland, United States) at the
microbiology laboratory of our institute.

Positive blood cultures were subcultured on solid media
and incubated for 24 hours. Identification of the isolate as
Ralstonia was done using by Vitek 2 system (BioMeriuex,
Marcy l’Etoile, France) and confirmed by matrix-assisted
laser desorption ionization-time of flight mass spectrometry
(MALDI-TOF MS). Sensitivity testing was done by Kirby-
Bauer method according to Clinical and Laboratory Stand-
ards Institute guidelines.

Environmental Sampling and Source of Infection
An outbreak investigation was initiated by the hospital
infection control team when two successive R. mannitolily-
tica cases were reported.

Surveillanceculturesweresent fromseveralputativesources
of infection like sterile swabs from furniture, medical equip-
ment,medicine trolleys, water coolers, contaminated solutions,
including water for injection, saline solutions, respiratory sol-
utions, sterile drug solutions, O2 humidifiers, and tap water
were also sent for culturing. All the surveillance cultures were
done on routine bacteriological media and incubated for mini-
mum 48hours. Bacterial isolates were first detected by routine
morphological tests and confirmed by MALDI-TOF MS.

Results

Of the 45 hemato-oncology cases admitted during the study
period, 5 cases were identified to be positive for R.Ta
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mannitolilytica infection. The clinical characteristics of these
cases are summarized in ►Table 2. The detailed clinical
profile of these cases is mentioned below.

Case 1
A 36-year-old female was diagnosed as a case of acute
myeloid leukemia (AML), Eastern Cooperative Oncology
Group performance status-02 and was started on induction
chemotherapy with cytarabine and daunorubicin (3þ7)
regimen in our hematology isolation ward. On day 18, post
chemotherapy, she developed high-grade fever accompanied
by rapidly worsening respiratory distress and severe head-
ache. On physical examination, she had fever (temperature
¼103§F), tachycardia (pulse rate¼158/minute), and tachyp-
neic (respiratory rate¼26/minute). She was also hypoten-
sive (blood pressure¼ 82/48mm Hg) and respiratory system
examination revealed B/L fine basal crepitation.

Her complete blood count revealed pancytopenia with
hemoglobin (Hb)—8 g/dL, total leucocyte count (TLC)—200
cells/mm3, and platelet count—11,000/mm3 (►Table 2). Kid-
ney and liver function tests showed no abnormality; serum
lactate concentrationwas found to be 24mmol/L. Two sets of
blood cultureswere sent for testing fromperiphery aswell as
the central line through which the chemotherapy was ad-
ministered. Workup for tropical fever was negative.

Chest X-ray revealed nonspecific bilateral perihilar opac-
ities. Electrocardiogram showed that sinus tachycardia and
two-dimensional echocardiography was within normal
limit.

She was resuscitated for her septic shock with fluid bolus
at 30mL/kg along with initiation of noradrenaline infusion
as an inotropic agent.

Immediately, she was started on meropenem and teico-
planin empirically as per the institutional antibiotic policy
for unstable febrile neutropenia.

However, due to persistent fever spikes, even after
48 hours of antibiotic treatment and for underlying profound
neutropenia, the antifungal drug liposomal amphotericin B
was also administered.

Blood culture (BACTEC)wasflagged positive on day 2with
sensitivity pattern as shown in ►Table 2. The patient’s anti-
biotics were changed to levofloxacin and cotrimoxazole and
she responded in the form of resolution of fever and tachyp-
noea and hypotension. She was eventually weaned off ino-
tropic support and discharged after neutrophil recovery on
day 28.

Case 2
A 4-year-old male child, a known case of thalassemia major
on regular hypertransfusion therapy from 6 months of age
was admitted for matched sibling donor allogenic stem cell
transplant. Patient was admitted to high-efficiency particu-
late air-filtered bone marrow transplant unit and condition-
ing regimen comprising of chemotherapy drugs fludarabine,
busulfan, cyclophosphamide, and rabbit antithymocyte
globulin was initiated. On day 7 of transplant conditioning,
patient developed high-grade fever with chills and anorexia.
On examination, he was febrile with a temperature of 102°F

associated with tachycardia (hazard ratio [HR]¼130/min.
His respiratory rate and BP were normal. Rest of the systemic
examination was also within normal limits.

Laboratory investigations are documented in ►Table 2.
Kidney and liver function tests showed no abnormality.
Blood cultures were sent from periphery as well as the
central line through which the chemotherapy was adminis-
tered. Chest X-ray result was normal.

Patient was empirically treated with cefoperazone–sul-
bactam that was upgraded after 24 hours tomeropenem and
teicoplanin due to nonresolution of fever. Hickman line blood
cultureflagged positive on day 2 and isolatewas identified as
R. mannitolilytica.On day 3, post submission tomicrobiology
and sensitivity pattern was as depicted in ►Table 2. Anti-
biotics were altered as per sensitivity pattern of the isolate
and fever subsided within 48hours. He received further
conditioning regimen under antibiotic treatment. Hickman
catheter was retained and subsequent cultures from the
same were negative. Patient was engrafted successfully on
day 22 without any further complications.

Case 3
A 5-year-old male child, who was a diagnosed case of
refractory acute lymphoblastic leukemia, was admitted in
our hematology isolation ward for intensive salvage chemo-
therapy (Fludarabine, Cytosine Arabinoside, Granulocyte –

colony stimulating factor [G-CSF]-idarubicin). On day 10
post chemotherapy, he developed high-grade fever and
chills. On examination, patient had fever (temp ¼102.2 ° F)
along with tachycardia (HR¼126/min). Systemic examina-
tion was unremarkable.

Laboratory investigations are summarized in ►Table 2.
Two sets of blood cultures were drawn, one from chemo port
and the other from peripheral blood and sent to microbiolo-
gy laboratory for testing and culturing.

Patient was empirically started on piperacillin–tazobac-
tam, but the fever persisted. Blood cultures drawn on day 10
did not reveal any growth. In view of persistent high-grade
fever, repeat blood cultures were sent and antibiotics
upgraded to meropenem along with antifungal agent lipo-
somal amphotericin B in view of prolonged neutropenia
observed in the patient. Repeat blood cultures showed
growth of R. mannitolilytica after 24 hours and it was discov-
ered to be resistant to carbapenems, sensitive to levofloxacin
and moderately sensitive to piperacillin–tazobactam. Anti-
biotics were altered as per the sensitivity pattern and
patient’s condition gradually improved with the fever sub-
siding within 48 hours.

Case 4
A 67-year-old elderly male, diagnosed as a case of low-
grade B cell Non-Hodgkin Lymphoma was started on ritux-
imab, cyclophosphamide, vincristine, prednisone, and
Adriamycin chemotherapy. On day 7 post chemotherapy,
he developed high-grade fever along with altered sensori-
um. On physical examination, patient was found to be
febrile (temp ¼103° F), and drowsy, responding only to
painful stimulus.

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 2/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

Ralstonia Outbreak at a Tertiary Care Hemato-Oncology Center Chauhan et al.204



Ta
b
le

2
C
lin

ic
al

ch
ar
ac

te
ri
st
ic
s
of

ca
se
s
pr
es
en

ti
ng

w
it
h
Ra

ls
to
ni
a
m
an

ni
to
lil
yt
ic
a
in
fe
ct
io
n

Pa
ti
en

t
1

Pa
ti
en

t
2

Pa
ti
en

t
3

Pa
ti
en

t
4

Pa
ti
en

t
5

A
g
e(
y)

36
4

5
67

5

G
en

de
r

Fe
m
al
e

M
al
e

M
al
e

M
al
e

Fe
m
al
e

U
nd

er
ly
in
g
di
se
as
e

A
M
L

Th
al
as
se
m
ia

un
de

rg
oi
ng

M
SD

al
lo
ge

ni
c
SC

T
Re

fr
ac

to
ry

A
LL

B
ce
ll
N
H
L

A
M
L

Pr
io
r
ch

em
ot
he

ra
py

D
au

no
ru
b
ic
in
þ

cy
ta
ra
bi
ne

Bu
þ

Cy
þ

Fl
uþ

AT
G

ba
se
d

co
nd

it
io
ni
ng

FL
A
G
-ID

A
Re

g
im

en
R-
C
H
O
P
re
gi
m
en

A
IE

C
lin

ic
al

fe
at
ur
es

Re
sp

ir
at
or
y
di
st
re
ss
,f
ev

er
H
ig
h-
gr
ad

e
fe
ve

r
H
ig
h-
gr
ad

e
fe
ve

r
H
ig
h-
gr
ad

e
fe
ve

r,
al
te
re
d
se
ns

or
iu
m

H
ig
h-
gr
ad

e
fe
ve

r

V
as
cu

la
r
ac
ce

ss
PI
C
C
lin

e
H
ic
km

an
n
ca
th
et
er

Po
rt
-a
-c
at
h

PI
C
C
lin

e
Po

rt
-a
-c
at
h

D
ay
s
fr
om

C
V
P
in
se
rt
io
n

28
8

94
15

7

Po
si
ti
ve

cu
lt
ur
e
si
te

Pe
ri
p
he

ra
l

C
V
C

Pe
ri
ph

er
al

PI
C
C
lin

e
Po

rt
-a
-c
at
h

H
b
g/
dL

8.
0

8.
2

9
8.
9

8.
4

TL
C
/A

N
C
/µ
l

20
0

11
00

/6
00

14
00

/3
40

18
,3
50

/1
2,
00

0
23

00
/1
25

0

Pl
at
el
et
s/
m
m

3
11

,0
00

90
,0
00

69
,0
00

10
,4
00

0
1,
14

,0
00

Pr
oc

al
ci
to
ni
n
ng

/m
L

16
0.
4

5.
6

56
1.
2

A
nt
ib
io
ti
c
se
ns

it
iv
it
y

D
ox

yc
yc
lin

e,
le
vo

fl
ox

ac
in
,

co
-t
ri
m
ox

az
ol
e,

ce
fo
p
er
az
on

e–
su

lb
ac

ta
m

C
ef
ta
zi
di
m
e,

pi
pe

ra
ci
lli
n–

ta
zo

ba
ct
am

,
do

xy
cy
cl
in
e,

le
vo

fl
ox

ac
in
,c

o-
tr
im

ox
az
ol
e,

ce
fo
p
er
az
on

e—
su

lb
ac

ta
m

C
ef
ta
zi
di
m
e,

do
xy
cy
cl
in
e,

le
vo

fl
ox

ac
in
,
co

-t
ri
m
ox

az
ol
e,

ce
fo
p
er
az
on

e–
su
lb
ac

ta
m

Pi
pe

ra
ci
lli
n
ta
zo

ba
c-

ta
m
,

do
xy
cy
cl
in
e,

le
vo

fl
ox

a-
ci
n,

co
-t
ri
m
ox

az
ol
e,

ce
fo
-

pe
ra
zo

ne
–

su
lb
ac

ta
m

D
ox

yc
yc
lin

e,
le
vo

fl
ox

-
ac

in
,
co

-t
ri
m
ox

az
ol
e

Th
er
ap

eu
ti
c
an

ti
b
io
ti
c

Le
vo

fl
ox

ac
in
,
co

-t
ri
m
ox

az
ol
e

Le
vo

fl
ox

ac
in

þ
ce

fo
pe

ra
zo

ne
—
su

lb
ac

ta
m

Le
vo

fl
ox

ac
in

N
A

Le
vo

fl
ox

ac
in

O
ut
co

m
e

C
ur
ed

C
ur
ed

C
ur
ed

D
ea

th
C
ur
ed

A
b
br
ev

ia
ti
on

s:
A
IE
-A
ra
-c
,i
da

ru
bi
ci
n,

et
op

os
id
e;

A
LL
,a

cu
te

ly
m
ph

ob
la
st
ic
le
uk

em
ia
;A

M
L,
ac
u
te

m
ye
lo
id

le
uk

em
ia
;A

TG
,a
nt
it
hy

m
oc

yt
e
gl
ob

ul
in
;B

u,
Bu

su
lfa

n;
C
V
C
,c
en

tr
al
ve

no
us

ca
th
et
er
;C

y,
cy
cl
op

ho
sp

ha
m
id
e;

FL
A
G
,
fl
ud

ar
ab

in
e,

A
ra
-c
,
G
-C
SF

;
Fl
u,

fl
ud

ar
ab

in
e;

M
SD

,
m
at
ch

ed
si
b
lin

g
do

no
r;
N
H
L,

no
n-
H
od

gk
in
’s

ly
m
p
ho

m
a;

PI
C
C
,
pe

ri
p
he

ra
li
ns
er
te
d
ce

nt
ra
ll
in
e;

R-
C
H
O
P,

ri
tu
xi
m
ab

,c
yc
lo
p
ho

sp
ha

m
id
e,

vi
nc

ri
st
in
e,

A
d
ri
am

yc
in
,
pr
ed

ni
so

ne
;
SC

T,
st
em

ce
ll
tr
an

sp
la
nt
.

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 2/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

Ralstonia Outbreak at a Tertiary Care Hemato-Oncology Center Chauhan et al. 205



Rest of the neurological examination was unremarkable.
Laboratory investigations revealed Hb as 8.9 g/dL, TLC as
18350/µL, and platelet count as 1,79,000/mm3. Renal func-
tion test revealed blood urea as 58mg/dL, serum creatinine
as 1.8mg/dL, serum sodium as 118meq/L, and other serum
electrolytes were normal. Liver function tests and coagula-
tion profile were also observed to be within normal limits.
Blood cultures were drawn consisting of two sets, one from
CVC line and other from peripheral blood that was sterile.
Patient was empirically treated with cefoperazone–sulbac-
tam antibiotics that was later upgraded to meropenem and
teicoplanin due to nonresolution of fever after 24 hours. In
view of hyponatremia and altered sensorium, 3% hypertonic
saline was administered that led to marked improvement in
patient’s sensorium. In view of persistence of fever, blood
and urine cultures were repeated thrice to detect any infec-
tive foci along with lumbar puncture and cerebrospinal fluid
examination. All the culture reports were normal. Two-
dimensional echocardiography was done to rule out any
vegetation and it was found out to be normal. Peripherally
inserted central catheter (PICC) linewas removed, and the tip
was sent for culturing. The patient’s condition progressively
deteriorated, and he developed septic shock refractory to
inotropes. The patient finally succumbed on the 10th day
post his admission to the hospital. Posthumously, his last
blood culture from PICC line revealed growth of R. mannito-
lilytica with a sensitivity pattern as shown in ►Table 2.

Case 5
A5-year-old femalepatient, a knowncaseofAML,was admitted
for first consolidation chemotherapy with cytarabine and idar-
ubicin. Patient completed her chemotherapy without any ad-
verse events. On day 8 post chemotherapy, patient developed
high-grade fever (Tmax¼102.4° F). Laboratory investigations
are documented in►Table 2. Patientwas empirically started on
intravenous meropenem in view of neutropenia. However, the
fever spikes persisted. Twenty-four hours after fever onset,
BACTEC culture from the central line blood culture sample
flagged positive for nonfermentative Gram-negative bacilli. It
was later identified as R. mannitolilytica. Patient was started on
levofloxacin as per the previous cases and their sensitivity
pattern. The resolution of fever occurred in 36hours.

Surveillance cultures: Surveillance cultures of the hem-
ato-oncology unit were sent from several different sources
like sterile swabs from furniture, medical equipment, medi-
cine trolleys, water coolers, contaminated solutions, includ-
ing water for injection, saline solutions, respiratory
solutions, sterile drug solutions, O2 humidifiers, and tap
water. The culture of fluid from the multidose saline bottles
being used for central line flushing by the nursing staff came
out to be positive for R. mannitolilytica, thereby proving to be
the source of infection for this outbreak.

Discussion

We report an outbreak of R. mannitolilytica infection in our
hemato-oncology unit through a series of five cases occur-
ring almost at the same time point. Extensive review of

literature showed that this is the second reported outbreak
of R. mannitolilytica from India.8 Our cases highlight the
importance of identifying this rare emerging opportunistic
pathogen in our clinical practice as delay in detection is
associated with high mortality. One of our patients suc-
cumbed due to this infection due to delayed diagnosis.

Ralstonia spp. is aerobic, Gram-negative, non-fermenta-
tive rod that is usually found in water and soil.1 Ralstonia
pickettii is themost commonmember of this genus known to
cause serious infections in immunocompromised hosts.
Ralstonia insidiosa and R. mannitolilytica are other two
species of clinical importance.1,2 The type of infections
caused by Ralstonia spp. is myriad ranging from osteomyeli-
tis, meningitis, pneumonia, peritonitis, bacteremia followed
by severe sepsis in nosocomial settings as highlighted
in ►Table 1. In the present case series, we documented a
life-threatening infection caused by R. mannitolilytica in our
neutropenic patients. Immunocompromised patients, for
example, those with hematological malignancies, patients
in intensive care, cystic fibrosis patients, patients with
indwelling devices such as CVC, ventriculoatrial drains for
hydrocephalous and neonates (►Table 1), are at increased
risk of infection with these bacteria. This bacterium has a
unique ability to produce biofilm (usually around CVC) that
in turn adds to their virulence by evading the host’s immune
response and their frequent antibiotic resistance.2,3 In the
present case series, the CVC was removed only in one case,
while in all the other cases CVC was retained as the patients
showed improvement on antibiotic therapy. Boattini et al3 in
their literature review suggested that CVC should be re-
moved in CVC-related bacteremia while it may be retained
in CVC associated bacteremia if the patient responds to
antibiotic therapy, as in the present case series.

Additionally, on investigating the cause for this outbreak, we
noticed a recent change in our nursing infection control protocol
of repeatedly using multidose saline bottles for administering
medicinesthroughthecentralvenouslinesof thepatients.Similar
outbreak of R. mannitolilytica has previously been described by
Lucarelli et al9 in 22 oncology patients possibly due toflushing of
the CVC by contaminated saline solutions. Another national
outbreak was reported by Jhung et al10 in United States using
contaminated oxygen delivery devices in pediatric patients. An
extensive review of literature of R. mannitolilytica infections
reported to date with epidemiological, clinical, and prognostic
features has been summarized in ►Table 1.

The appropriate antimicrobial treatment and manage-
ment of Ralstonia spp. infections is difficult, first because
of the difficulty in identifying and differentiating between
various Ralstonia spp. members using routine biochemical
methods. However, with the advent of new automated
identification systems like Vitek 2 and molecular techniques
like polymerase chain reaction amplification of housekeep-
ing genes, especially 16S rRNA gene, and MALDI-TOF MS, the
accurate identification of pathogens is often possible.2,3,6 In
the present case series, the species identification of Ralstonia
was done using Vitek 2 and confirmed by MALDI-TOF MS.

Second, literature review has revealed a notably high
percentage of antibiotic resistance especially with
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carbapenems and aminoglycosides in Ralstonia spp. which is
critical to know for the primary care physician managing
febrile neutropenic patients with this infection (►Table 1).
However, local antibiogram should be taken into consider-
ation for the treatment of these cases. In our case series, we
noticed that all our cases of R. mannitolilyticawere sensitive
to cephalosporins, fluoroquinolones, and doxycycline while
uniformly resistant to carbapenems as shown in ►Table 2.

To summarize the similarities between this case series
and available literature, Ralstonia causes infectionsmostly in
immunocompromised patients of any age group. Indwelling
devices usually catheters are a frequent site of infection. In
contrast with available literature, all the cases in this series
were carbapenem resistant, source of infectionwas detected
to be the multidose saline bottles, and CVCs were salvaged in
four of our cases.

Thus, despite Ralstonia spp. being recognized as emerging
pathogens, their biofilm formation potential, multidrug re-
sistance, and ability to survive in the environment make this
pathogen virulent especially in an immunocompromised
host. Clinicians and microbiologists should keep high index
of suspicion to identify these organisms as a timely diagnosis
is the only key to improved outcomes in these patients.

Conclusion

Prompt microbiological identification, early appropriate an-
tibiotic therapy with good supportive care, remains the
cornerstone of management of such severe opportunistic
infections. Proper environmental cleaning and infection
control is the key to the management of an outbreak. In
our setup, no further outbreaks were reported after starting
the use of single-use flushing solutions for central venous
lines. Four of our patients’ central venous lineswere salvaged
and were used for prescribing further chemotherapy.

Future studies on phenotypic and genotypic differentia-
tion of R. mannitolilytica strains will throwmore light on the
differences in the presentation, sites involved, and severity of
infection by the same species in different patients.
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