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Abstract
Elizabethkingia sp. is an opportunistic nosocomially acquired Gram-negative bacterium usually implicated in isolated cases of meningitis,

pneumonia, bacteraemia and sepsis. It is a sturdy pathogen, resistant to most of the first-line antibiotics routinely used in laboratories for

other Gram-negative pathogens. The current study was planned to assess the demographic profile, clinical picture, sensitivity patterns and

species identification of various Elizabethkingia isolates, as well as to follow up cases of infection. All clinical samples of blood,

cerebrospinal fluid and respiratory specimens positive for Elizabethkingia during a 2-year period were included in the study. The isolates

were first identified with a Vitek-2 GN card system and further confirmed by matrix-assisted laser desorption/ionization time-of-flight

mass spectrometry. Follow-up visits of the patients with their demographic records, morbidities and treatment outcomes were also

planned and studied. Over a period of 2 years, samples from 27 individuals showed positive growth of Elizabethkingia spp. Among these

27 individuals, 19 were adults and 8 were neonates. Blood samples yielded most isolates (52.6%; n = 10); followed by tracheal aspirate,

bronchoalveolar lavage fluid, and cerebrospinal fluid. Eleven out of 27 patients (40.7%) showed concomitant growth of other pathogens

along with Elizabethkingia spp.; predominantly Gram-negative organisms. Both species of Elizabethkingia showed 100% susceptibility to

drugs such as minocycline and piperacillin-tazobactam. A favourable outcome was seen in 76.9% of the individuals with timely institution

of antibiotics and proper diagnosis. Bloodstream infections and meningitis were identified as the most common clinical conditions

associated with mortality. Infections due to Elizabethkingia are on the rise in developing countries like India. As a result there is an urgent

need to study this pathogen in greater detail to understand its pathogenesis, clinical implications and treatment outcomes, especially in

hospital settings such as intensive care units.
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Introduction
Elizabethkingia is a ubiquitous organism that is widely distributed
in the environment [1]. The most commonly isolated species is

Elizabethkingia meningoseptica, which was formerly known by
the names Flavobacterium meningosepticum and Chryseobacterium
This is an open access arti
meningosepticum. It was discovered in 1959 by an American

bacteriologist, Elizabeth O. King, and was later identified as the
cause of neonatal septicaemia [2]. It is a Gram-negative rod and
is non-motile, a non-fermenter, and oxidase and catalase posi-

tive. It is implicated in a wide range of infections in both neo-
nates and adults. In neonates, it is known to cause meningitis,

pneumonia, bacteraemia and sepsis [3]. The meningitis caused
by E. meningoseptica is known to have a mortality rate of c.57%,

and hydrocephalus, deafness and developmental delay are seen
as late sequelae of the infection. It is pathogenic in both

immunocompetent and immunocompromised adult patients,
and the infection is usually nosocomially acquired. Pneumonia,

endocarditis, postoperative bacteraemia, abdominal infections,
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FIG. 1. Blood agar and MacConkey agar plates showing growth of Elizabethkingia species.
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bronchitis and meningitis are the most commonly encountered
manifestations [3,4]. Some of the common risk factors associ-

ated with this infection are long-term immunosuppression with
drugs, underlying co-morbidities, prolonged hospital stay, pre-

vious use of higher antibiotics (Third generation cephalosporins
and carbapenems), indwelling central venous catheter and
other invasive devices [4].

Elizabethkingia shows a unique sensitivity pattern and is
sensitive to only a few routinely used antibiotics, such as

piperacillin-tazobactam and minocycline [5,6]. It shows resis-
tance to most of the routinely used antimicrobials, including

aminoglycosides, β-lactam antibiotics, tetracyclines and carba-
penems. The mechanism of resistance to most of the β-lactam

antibiotics is through production of extended-spectrum β-lac-
tamases and carbapenem hydrolysing metallo-β-lactamases. The
SENTRY antimicrobial surveillance programme conducted from

1997 to 2001 showed that quinolones, rifampin, trimethoprim-
sulfamethoxazole and piperacillin-tazobactam were the most

active agents against E. meningoseptica [5,6].
The other named species of the Elizabethkingia genus, which are

less commonly reported in neonatal infections, are Elizabethkingia
anophelis, Elizabethkingia endophytica and Elizabethkingia miricola.

However, because of the lack of automated species detection
methods in the past, many cases reported as E. meningoseptica

were actually E. anophelis because these two species are indistin-
guishable by routine microbiological tests [7]. Infections due to
E. endophytica are still questionable and remain unidentified [8].

Literature searches reveal very few studies and case reports
on this rare opportunistic pathogen in health-care settings and

there is an urgent need to study this pathogen in greater detail
© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100798
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in a developing country like India. For this reason, we planned
this study with a time span of 2 years and included a consid-

erable number of these isolates in clinical specimens. We tried
to assess the demographic profile, clinical picture, sensitivity

patterns, species identification and follow up of the cases.
Materials and methods
Study setting
This study was an observational study, undertaken for a period of

2 years from June 2018 to June 2020 in our university hospital.

Inclusion criteria
All clinical samples positive for Elizabethkingia during this 2-year

period were included in the study. Patients were also catego-
rized according to their various clinical conditions: including

ventilator-associated pneumonia, defined as pneumonia occur-
ring more than 48 hours after patients have been intubated and

on mechanical ventilation, and bacteraemia, which was diag-
nosed as per the Pitt bacteraemia score. This score is widely

used in intensive care settings and ranges from 0 to 14 points,
with a score �4 commonly used as an indicator of critical
illness and increased mortality. Institutional ethics committee

permission was obtained before the study.

Sample processing
Respiratory, cerebrospinal fluid (CSF) and blood samples were
collected frompatients and sent to themicrobiology laboratory for

culture and identification of the pathogen. Quantitative culture
nses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/


TABLE 1. Clinical details and outcomes of adult patients (n [ 19) with Elizabethkingia isolates

No.
Age (yr)/
Sex Clinical diagnosis

Underlying illness/
co-morbidities

Sample taken/
collected

Elizabethkingia spp.
Isolated (by MALDI-
TOF)

Duration of
hospital
stay (days)

Days from
admission to
develop-ment of
infection

Antibiotics institute/
changed for
Elizabethkingia infection

Outcome/
follow up

1 47/M Sepsis AML Blood meningoseptica 34 22 Minocycline, piperacillin-
tazobactam

Recovered

2 53/M Sepsis UTI with strictures,
stones in ureter

Blood meningoseptica 42 19 Minocycline, piperacillin-
tazobactam

Recovered

3 62/F Sepsis Gallbladder cancer Blood meningoseptica 26 16 Minocycline, piperacillin-
tazobactam

Recovered

4 38/M LRTI ALL BAL meningoseptica 10 18 Minocycline, piperacillin-
tazobactam, vancomycin

Recovered

5 75/M Intracerebral
haemorrhage,
meningitis

HTN CSF anophelis 29 23 Minocycline, piperacillin-
tazobactam

Recovered

6 68/M Sepsis COPD BAL meningoseptica 31 14 Minocycline, piperacillin-
tazobactam, cotrimoxazole

Left against
medical advice

7 56/M Pneumothorax, VAP COPD BAL anophelis 28 25 Minocycline, piperacillin-
tazobactam, vancomycin

Recovered

8 63/M Sepsis Liver failure with
cirrhosis

Blood meningoseptica 39 17 Minocycline, piperacillin-
tazobactam, ticarcillin-
clavulunate

Expired

9 41/F Sepsis, meningitis ALL Blood, CSF anophelis 16 19 Minocycline, piperacillin-
tazobactam, vancomycin

Recovered

10 87/M LRTI DM, HTN Tracheal aspirate meningoseptica 44 16 Minocycline, piperacillin-
tazobactam

Recovered

11 61/M LRTI, VAP COPD BAL, tracheal aspirate meningoseptica 36 11 Minocycline, piperacillin-
tazobactam

Recovered

12 89/M Inter-trochanteric
fracture of femur

DM, HTN Blood anophelis 25 13 Minocycline, piperacillin-
tazobactam, cefoperazone-
sulbactam, vancomycin

Recovered

13 65/F Pneumothorax with
sepsis

Ovarian cancer BAL, blood meningoseptica 29 18 Minocycline, piperacillin-
tazobactam

Recovered

14 86/M LRTI DM, HTN Tracheal aspirate meningoseptica 33 16 Minocycline, vancomycin Recovered
15 66/M Sepsis Renal failure Blood anophelis 19 19 Minocycline, piperacillin-

tazobactam
Recovered

16 49/F Myocardial ischaemia HTN, DM Blood meningoseptica 22 13 Minocycline, piperacillin-
tazobactam

Expired

17 79/M Stroke with
intracerebral
haemorrhage

HTN CSF anophelis 42 24 Minocycline, piperacillin-
tazobactam, cefoperazone-
sulbactam, vancomycin

Expired

18 73/M Sepsis Lung cancer Blood meningoseptica 45 18 Minocycline, piperacillin-
tazobactam

Recovered

19 62/M LRTI NHL BAL meningoseptica 12 10 Minocycline, piperacillin-
tazobactam

Recovered

Abbreviations: ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; BAL, bronchoalveolar lavage; COPD, chronic obstructive pulmonary disease; CSF, cerebrospinal fluid; DM, diabetes mellitus; F, female; HTN, hypertension; LRTI,
lower respiratory tract infection; M, male; MALDI-TOF, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; NHL, non-Hodgkin lymphoma; UTI, urinary tract infection; VAP, ventilator-associated pneumonia.
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TABLE 2. Clinical details and outcome of neonates (n [ 8) with Elizabethkingia isolates

No.
Age
(days)/Sex

Clinical
diagnosis

Underlying
illness/co-morbidities

Sample
taken/collected

Elizabethkingia spp.
isolated (by
MALDI-TOF)

Duration of
hospital
stay (days)

Days from
admission to
develop-ment
of infection

Antibiotics instituted/
changed for Elizabethkingia
infection

Outcome/
follow-up

1 6/F Meningitis Anaemia, jaundice Blood, CSF meningoseptica 25 11 Minocycline, piperacillin-
tazobactam

Expired

2 9/M Meningitis None Blood, CSF meningoseptica 29 9 Minocycline, piperacillin-
tazobactam

Recovered

3 12/M Sepsis Premature Blood, CSF anophelis 34 15 Minocycline, piperacillin-
tazobactam

Recovered

4 7/M Meningitis Anaemia, jaundice Blood, CSF anophelis 16 17 Minocycline, piperacillin-
tazobactam, vancomycin

Recovered

5 21/M Meningitis Premature Blood, CSF, meningoseptica 42 8 Minocycline, vancomycin Recovered
6 8/F Sepsis Premature Blood, CSF meningoseptica 19 10 Minocycline, piperacillin-

tazobactam
Expired

7 19/F Meningitis None Blood, CSF, anophelis 11 13 Minocycline, piperacillin-
tazobactam,vancomycin

Recovered

8 24/M Meningitis Premature Blood, CSF meningoseptica 28 21 Minocycline, piperacillin-
tazobactam

Expired

Abbreviations: CSF, cerebrospinal fluid; F, female; M, male; MALDI-TOF, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry.
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was performed on MacConkey agar and sheep blood agar for
respiratory samples with incubation at 37°C. The cut-off point of

105 CFU/mL was considered significant for tracheal aspirate
samples to indicate an infection; and for bronchoalveolar lavage

(BAL) samples the cut-off was taken as 104 CFU/mL after 48 hours
of incubation. TheCSF samplewas subjected todirectmicroscopic

examination, and was also cultured on chocolate agar and inocu-
lated in brain–heart infusion broth for subculture to look for
fastidious organisms. CSF samples were incubated for 72 hours

before reporting the samples as sterile or showing positive growth.
Blood cultures were performed with the help of automated blood

culture systems (Bact/Alert, bioMérieux, Marcy l’Étoile, France)
and were subcultured on MacConkey agar and sheep blood agar

after the bottlewas flagged positive by thismachine. All the culture
media used were obtained from HIMEDIA laboratories (Mumbai,

India).
The bacterial isolates were first identified using the routine

staining and biochemical tests used in our laboratory [9]. The

biochemical reactions for this Gram-negative bacillus revealed the
results as follows: catalase-positive, oxidase-positive, non-motile,

non-fermenting, mannitol-negative, weakly indole-positive, triple
sugar iron, agar-K/K (alkaline/alkaline) and urease-negative. It

hydrolysed esculin and gelatin, didnot use citrate as the sole source
of carbon, and nitrate was not reduced (Fig. 1).

For the automated methods, the identity of bacteria was first
tested with a Vitek 2 GN card system (bioMérieux), an auto-

mated identification and susceptibility testing system, and finally
was confirmed by matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS). MALDI-

TOF is one of the most advanced techniques in a microbi-
ology laboratory and can identify routine isolates to species

level in only a couple of hours. Identification by MALDI-TOF
MS was based on a SARAMIS database amended with Eliz-

abethkingia spp. spectra provided to bioMérieux and hence, the
© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100798
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice
results of this updated MALDI-TOF MS were taken as confir-
matory and final in the case of disconcordance of results be-

tween the two systems.

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed by the

Kirby–Bauer disc diffusion method on Müller–Hinton agar and
by Vitek-2 (bioMérieux) system [10]. The MICs of the antibi-

otics tested by Kirby–Bauer disc diffusion method were
interpreted using the CLSI guidelines for other non-Enterobac-

teriaceae because there are no clear guidelines for sensitivity
interpretation of Elizabethkingia isolates [11].

Patient follow up
Culture, sensitivity and other study parameters were kept in a
computer database along with patient profile. Information on

underlying diseases and other co-morbidities during the
episode, type of infection, use of invasive procedures, duration

of hospital stay and outcomes was obtained and analysed.
Follow-up visits of the patient were recorded from the

outpatient department for the treatment outcomes.

Statistical analysis
Statistical tests were performed using Social Sciences software for

Windows Version 14.0 (SPSS Inc., Chicago, IL, USA) for descrip-
tive statistics. Categorical data were described using numbers and

percentages. Values of p < 0.05 were taken as significant.
Results
Over a period of 2 years, Elizabethkingia spp. were isolated

from 27 patients (19 adults and eight neonates). The adults
comprised 15 men (78.9%) and 4 (21.0%) women; among the
nses/by-nc-nd/4.0/).
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neonates five were male and three were females. The average

age of the adult patients was 67.2 years and the range varied
from 38 to 89 years. Approximately 68% of the patients

belonged to the lower strata for socio-economic status and
were from rural areas.

Co-morbidities were associated with all 19 adult cases of
Elizabethkingia infection. Hypertension and diabetes mellitus
were present in 31.5% (n = 6), haematological malignancies in

21% (n = 4), other malignancies (e.g. ovarian, gallbladder) in
15.7% (n = 3), lung diseases and chronic obstructive pulmonary

disease in 15.7 % (n = 3) and one case (5.2%) each of renal
failure, liver failure/cirrhosis and complicated urinary tract

infection. Among the eight neonates, two were diagnosed with
anaemia and neonatal jaundice, four were premature and the

other two were normal (Tables 1 and 2).
Regarding sample categorization, most isolates were

cultured from blood (52.6%; n = 10), followed by tracheal

aspirate and BAL fluid (42.1%; n = 8) and the remainder
from CSF (15.8%; n = 3) (Tables 1 and 2). Subsequently,

bacteraemia and sepsis were finally diagnosed in 47.3%
(n = 9), ventilator-associated pneumonia and lower respira-

tory tract infection with pneumothorax in 36.8% (n = 7),
meningitis with intracerebral haemorrhage in 15.7% (n = 3)

and a few presented with fractures and myocardial ischaemia.
All the patients with underlying haematological malignancies

developed the infection after the induction dose of chemo-
therapy. Seven patients required mechanical ventilation after
clinical deterioration in their symptoms and nine had a his-

tory of central or peripheral line insertion at the time of
development of sepsis/bacteraemia. Diabetes as a co-

morbidity was seen in 89% of the Elizabethkingia-positive
patients with bloodstream infections and hypertension was

found in 67% of the individuals with ventilator-associated
pneumonia and colonization by Elizabethkingia sp. Among

the eight neonates, six had neonatal meningitis whereas the
other two had neonatal sepsis. Blood and CSF were
collected from all the neonates (100%) and positive growth

was seen in all the samples with a good clinical correlation.
The average duration of hospital stay was 28 days (range

10–45 days) and the mean time of development of infection
after hospitalization was 16.2 days.
TABLE 3. Comparison of Elizabethkingia species identified by MAL

No. of Elizabethkingia
isolates

MALDI-TOF MSa

(no. of isolates)
Identification s
of MALDI TOF

E. meningoseptica (n = 18) E. meningoseptica (n = 18) 100%
E. anophelis (n = 9) E. anophelis (n = 9) 100%

aIdentification was based on a SARAMIS database amended with Elizabethkingia spp. spectra

This is an open access artic
Eleven out of 27 patients (40.7%) showed concomitant

growth of other pathogens along with Elizabethkingia spp.
Gram-negative bacilli were the predominant isolates, followed

by Gram-positive cocci in a minority of cases. Further
speciation was performed on a VITEK-2 GN card system and

was confirmed by MALDI-TOF MS. It revealed
E. meningoseptica in most cases (66.7%; n = 18), followed by
E. anophelis (33.3%; n = 9). Both VITEK 2 and MALDI-TOF MS

were able to identify all 18 cases of E. meningoseptica, whereas
VITEK 2 misidentified all nine E. anophelis isolates, which were

correctly identified by MALDI-TOF MS. Detailed species
identification and scores have been listed in Table 3. Eliz-

abethkingia meningoseptica was isolated from 12 blood sam-
ples, five BAL samples, three tracheal aspirates and five CSF

samples; whereas E. anophelis was isolated from six blood
samples, six CSF samples and one BAL sample. Detailed
samplewise categorization of Elizabethkingia isolates in posi-

tive patients is given in Tables 1 and 2. No isolates were
identified of E. miricola or E. endophytica.

The antibiotic sensitivity testing of these isolates revealed
in vitro resistance to the fluoroquinolone antibiotics ciproflox-

acin and levofloxacin, which are used to treat Gram-negative
pathogens. All the isolates of Elizabethkingia showed almost

100% resistance to levofloxacin and ciprofloxacin. The overall
susceptibilities of the Elizabethkingia isolates to cotrimoxazole,

cefoperazone-sulbactam and ticarcillin-clavulanic acid were
found to be 33.4%, 38.3% and 48.5%, respectively. Drugs such
as minocycline and piperacillin-tazobactam showed 100% sus-

ceptibility in both the species of Elizabethkingia. Detailed anti-
biotic susceptibilities of E. meningoseptica and E. anophelis

isolates are listed in Figs. 2 and 3. Vancomycin was also tested
by E-test and showed 27.8 % sensitivity in E. meningoseptica and

32.6% in E. anophelis.
Six of the 26 patients died during their hospital stay; the

other 20 were discharged in good health with advice for
routine follow up in the outpatient department depending on
the medical condition. One adult patient left the hospital

against medical advice, so the follow-up report could not be
assessed. Hence, favourable outcome was seen in 76.9% of the

individuals with timely institution of antibiotics and proper
diagnosis.
DI-TOF MS system and the Vitek 2 GN card system

core
MS

Vitek 2 with GN card
system (no. of isolates)

Identification score
of Vitek 2 system

E. meningoseptica (n = 18) 100%
E. meningoseptica (n = 8)
Chryseobacterium indologenes (n = 1)

0%

provided to bioMérieux.

© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100798
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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FIG. 2. Antibiotic sensitivity profile of Elizabethkingia meningoseptica isolates.
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Discussion
Infection with Elizabethkingia spp. is an uncommon phenome-
non; however, they are clinically significant because the path-

ogen shows intrinsic resistance to a wide range of antibiotics
used routinely in hospital settings to treat Gram-negative

pathogens. A variety of cases have been reported with Eliz-
abethkingia spp. and these include pneumonia, meningitis,

catheter-related bloodstream infections, biliary sepsis, osteo-
myelitis and keratitis [12] Elizabethkingia meningoseptica is said

to survive in chlorine-treated municipal water supplies, so it
FIG. 3. Antibiotic sensitivity profile of Elizabethkingia anophelis isolates.

© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100798
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice
often colonizes sink basins and taps inside hospital settings.

These act as reservoirs inside hospital environments and
colonize the patients via contaminated medical devices involving
fluids, such as respirators, intubation tubes, mist tents and

humidifiers [12]. In neonates the colonization of incubators, ice
chests and syringes has been documented in some studies [13].

As highlighted by various previous studies, E. anophelis was
often misidentified as E. meningoseptica, so remained under-

reported in most clinical studies. Elizabethkingia anopheles was
first discovered in Anopheles mosquito gut, hence, its name—

anophelis. However, it was later shown that mosquitoes were
nses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
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unlikely to be the route of transmission in E. anopheles-associ-

ated infections. More detailed research and work further clar-
ified the point and speculated that contaminated hospital

environments, like infected catheters and intravenous infusions
and fluids acted as reservoirs for such infections [14].

Infections due to Elizabethkingia species are on the rise in
different parts of the world. This is indicated by a recent report
from Taiwan that reported a number of cases of

E. meningoseptica [6]. Our study also reported a significant
number of patients with infections caused by both

E. meningoseptica and E. anophelis.
Elizabethkingia were isolated from a total of 27 individuals, 19

adults and eight neonates. Our study showed a strong prefer-
ence for extremes of age as the average age of the adult patients

was 67.2 years (range 38–89 years). This was supported by a
study conducted in Central Taiwan, where the mean age of
patients was 72.2 years [15]. Male patients showed a higher rate

of infection (78.9%) compared with female patients, which was
also seen in other similar studies [15].

Most cultures that were positive for Elizabethkingia isolates in
our study were from blood samples (52.6%), followed by

tracheal aspirates and BAL fluid, then CSF. This finding showed
perfect correlation with a similar study by Chang et al., who

identified blood as the predominant specimen for the isolation
of Elizabethkingia species (48.7%) followed by sputum (41%)

[15]. In another study conducted at AIIMS in New Delhi, the
authors recorded maximum positivity in BAL samples (70%),
followed by blood and CSF [16].

Elizabethkingia species are known to cause meningitis, sepsis,
bacteraemia, lower respiratory tract infection, pneumonia,

pneumothorax, endocarditis, cellulitis, endophthalmitis, kera-
titis, wound infection after bone fractures and urinary tract

infections [17–19]. In our study, bacteraemia and sepsis were
diagnosed most often (47.3%), followed by ventilator-associated

pneumonia and lower respiratory tract infection with pneu-
mothorax, meningitis and a few wound infections after bone
fractures.

In our study, 40.7% of the patients showed concomitant
growth of other pathogens along with Elizabethkingia spp. with

Gram-negative bacilli being the predominant pathogens. This is
supported by a similar finding from a study conducted by

Venkatesh et al., which recorded Pseudomonas aeruginosa,
Klebsiella pneumoniae, Acinetobacter baumannii and Proteus mir-

abilis as common species [20]. Hence, accurate identification is
of utmost importance in understanding the exact pathogenesis

and clinical implications of Elizabethkingia spp. in cultured
specimens. Automated culture and identification systems like
VITEK and MALDI-TOF play a crucial role in discriminating the

Elizabethkingia isolates from these concomitantly growing
organisms.
This is an open access artic
The average duration of hospital stay in our study was 28

days (range 10–45 days). Our findings were consistent with
other similar studies by Lin et al., where the mean duration of

hospital stay was 32 days (range 13–99 days) [1] and by Moore
et al., where the mean duration of hospital stay was 17 days

(range 4–35 days) [21].
Infection by Elizabethkingia spp. is usually associated with the

presence of a central venous line infection, inappropriate use of

antibiotics, prolonged hospital stay, or a prolonged course of
chemotherapy [16,22]. Seven patients in our study required

mechanical ventilation after clinical deterioration in their
symptoms and nine patients had a history of central or pe-

ripheral line insertion at the time of development of sepsis/
bacteraemia. Induction of chemotherapy was also present in

patients with haematological malignancies [22]. This fact is also
supported by a survey conducted by Rastogi et al., wherein all
the patients were on broad-spectrum antibiotics before

developing the Elizabethkingia infection [16].
Elizabethkingia is a sturdy pathogen showing resistance to a

wide variety of drugs, including most of the β-lactam antibiotics
including carbapenems and aztreonam, the aminoglycoside

group of drugs and chloramphenicol. A previous literature
search indicates the susceptibility of Elizabethkingia to cotri-

moxazole, fluoroquinolones, minocycline, ticarcillin-
clavulunate, piperacillin and piperacillin-tazobactam [23–27].

This widespread resistance to a variety of β-lactams is due to its
production of metallo-β-lactamases coded by BlaB and Bla
(GOB) genes, conferring the ability to degrade most of the

β-lactam antibiotics [25]. Minocycline and piperacillin-
tazobactam proved to be the most effective drugs in our

study, showing 100% sensitivity. Many past reports have also
studied minocycline and piperacillin as 100% effective towards

Elizabethkingia infection [15,27]. Vancomycin was also tested in
our study by E-test strip, showing almost 30% sensitivity in the

Elizabethkingia isolates, and was started as therapy in a large
number of patients (Table 1). There are reports of successful
outcomes on initiation of vancomycin as therapy for Eliz-

abethkingia infections [28–30]. The current study did not notice
any significant difference in antibiotic sensitivities among the

two isolated species of Elizabethkingia.
Mortality due to Elizabethkingia infections ranges from 21% to

52% as described in previous studies [6]. In a study by Venkatesh
et al., the mortality was 30.8%, and 69.2% of the patients

recovered from their infection [20]. Another study, by Lin et al.
estimated mortality rate to be around 41% [31]. Our study

showed favourable outcome in 76.9% of the cases and mortality
in the remaining 23.1%. On stratifying the mortality according to
the clinical condition of the patients, most mortality was due to

bloodstream infections (96%) among the adult population and via
meningitis (89%)in the paediatric group of patients.
© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100798
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Conclusion
Elizabethkingia is emerging as an important cause of nosoco-

mially acquired bacteraemia/sepsis and meningitis in developing
countries like India. Multiple risk factors, including indwelling
catheters, venous line insertion, irrational and prolonged use of

broad-spectrum antibiotics, pre-existing co-morbidities, have
led to increasing numbers of cases. Microbiologists as well as

clinicians have to play an active and enthusiastic role for the
timely identification and treatment of this multidrug-resistant

pathogen. Very few studies and isolated case reports have
been published on infections caused by this organism. Hence,

the current study of a large number of isolates over a 2-year
period is an effort to study and assess the clinical as well as

demographic profiles of patients with infections caused by
various Elizabethkingia isolates. Detailed studies and research
work are required to understand the pathogenesis of this

opportunistic pathogen as well as its impact in health-care
settings.
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