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Purpose: Elizabethkingia is an emerging non-fermenting Gram-negative bacillus (NFGNB) causing bloodstream infections (BSI)
associated with high mortality. It demonstrates a unique antimicrobial profile in showing susceptibility to antimicrobials effective
against Gram-positive bacteria. This study was undertaken to determine the overall frequency of Elizabethkingia BSI, associated risk
factors, microbiological susceptibility, and clonal relationship of Elizabethkingia isolates using Enterobacterial Repetitive Intergenic
Consensus Polymerase Chain Reaction (ERIC-PCR).

Patients and Methods: Elizabethkingia isolates obtained from the blood culture of admitted patients (August 2020—December 2021)
were identified by the VITEK 2 system and subjected to an antimicrobial susceptibility test by standard procedures. Demographics, co-
morbidities, risk factors for survival, and outcome were summarized and analyzed by Chi-square test, Kaplan—-Meier curve, and Cox
regression. Clonal relatedness between Elizabethkingia isolates was analyzed using ERIC-PCR fingerprinting with the “PAST:
Paleontological statistics software package”.

Results: Of 13,747 blood samples received during the study period, 13.59% were culture positive, and 14.60% were NFGNBs. The frequency
of Elizabethkingia spp. among all NFGNBs in BSI was 29.30%, and the overall prevalence in BSI was 4.21%. In patients with Elizabethkingia
BSI, Foley’s catheter was present in 81.25% of the cases. 100% susceptibility was observed to linezolid, followed by vancomycin (98.75%) and
chloramphenicol (89.5%). The 30-day mortality rate in the patients of Elizabethkingia BSI was 26.25%. The Presence of COVID-19,
pneumonia, diabetes mellitus (DM), mechanical ventilation (MV), and prior antibiotics were significantly different (p<0.05) between the
survival and death groups. ERIC-PCR profile dendrogram of Elizabethkingia isolates showed ten major clusters indicating high genetic
diversity.

Conclusion: Elizabethkingia was responsible for one-third of NFGNB BSI in a single-center study, with approximately 26% of 30-
day all-cause mortality. Most isolates were susceptible to linezolid, vancomycin, and chloramphenicol. COVID-19 was the most
significant risk factor associated with mortality. ERIC-PCR of Elizabethkingia isolates exhibited high genetic diversity.
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Introduction
Elizabethkingia, a ubiquitous non-fermenting Gram-negative bacillus (NFGNB), is gradually emerging as a significant
pathogen in BSI, in addition to the traditional NFGNBs, eg, Acinetobacter, and Pseudomonas.

With conventional microbiological techniques, the genus and species level identification of Elizabethkingia is difficult. To
date, six species of Elizabethkingia have been identified- E. meningoseptica, E. miricola, E. anophelis, E. bruuniana,
E. ursingii, and E. occulta. E. anophelis/E. meningoseptica are the species most associated with BSI.> They have intrinsic

resistance to multiple classes of antibiotics, including colistin, thus leaving few therapeutic options.®’” Over usage of colistin
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has been hypothesized to be one of the reasons behind the emergence of this bacteria. Moreover, Elizabethkingia has the
unique ability to acquire multi-drug resistance and survive in disinfectants enabling transmission between patients through
human/inanimate reservoirs materials in the hospital environment.® Bacterial strain typing is vital for determining the source
of infection and establishment of its transmission dynamics in hospital settings. Considerable variation exists in local
epidemiology, antibiotic resistance, therapeutic approach and outcome of BSI due to Elizabethkingia spp. A high rate of
initial inappropriate therapy or less effective therapy may lead to poor clinical outcomes. Most of the earlier literature on
NFGNB BSI had focused on Acinetobacter baumannii and Pseudomonas aeruginosa. Other NFGNBs are relatively less
studied in India and abroad. Indian studies have not used molecular typing for NFGNB other than 4. baumannii and
P aeruginosa. Hence, the present study was designed to determine the overall frequency, risk factors, association with 30-
day mortality, and microbiological susceptibility of Elizabethkingia BSI, further to look for the clonal relationship of the
Elizabethkingia isolates using Enterobacterial Repetitive Intergenic Consensus Polymerase Chain Reaction (ERIC-PCR).

Materials and Methods

Study Setting and Sample Collection and Identification

The study was conducted at the Department of Microbiology of All India Institute of Medical Sciences, a tertiary healthcare
center in Bhubaneswar, Odisha, India, from August 2020 to December 2021. All non-duplicate consecutive positive blood
cultures performed in continuously monitoring blood culture/manual systems (showing GNB on Gram stain) were enrolled in
the study. Positive blood culture bottles yielding pure Gram-positive cocci/bacilli/mixed flora on Gram stain were excluded.

Positively flagged bottles showing GNB on Gram stain were subcultured on 5% sheep Blood agar and Mac-Conkey agar (Hi-
Media), incubated overnight at 37°C aerobically and were examined the next day. Non-lactose fermenting translucent colonies
showing oxidase-positive, non-fermentative O-F-test, K/K on TSI agar and resistance to colistin were suspected to be
Elizabethkingia and were subjected to provisional identification by VITEK 2 compact system GN card (BioMérieux).’ Isolates
provisionally identified as Elizabethkingia by VITEK 2 system were sent for final species identification by matrix-assisted laser
desorption ionization-time-of-flight mass spectrometry (MALDI-TOF MS) [BioMérieux] at AIIMS, New Delhi.

Antibacterial susceptibility test (AST) was performed by the Kirby Bauer disc diffusion (DD) method. The recom-
mended antimicrobial discs and the zone of inhibition for Acinetobacter baumannii were taken as interpretative criteria as
there are no standard guidelines for reporting AST for Elizabethkingia in the Clinical and Laboratory Standards Institute
(CLSI) M100, 2020. As per available literature, susceptibility testing of vancomycin, linezolid, and chloramphenicol was

also performed by the DD method and interpreted according to CLSI standards for Enterococcus species."®

Demographic and Clinical Characteristics of the Patients

Patient-related demographic details, underlying co-morbidity, risk factors (indwelling devices, prior antibiotic usage,
etc.), and outcome (discharge, ICU stay, 30-day mortality) were collected from clinical records. Prior antibiotic use was
defined as any antibiotic treatment for >24 h within 1 month before the episode of infection.'' Thirty-day mortality was
defined as the time from the diagnosis of Elizabethkingia bacteremia to in-hospital death within 30 days.'?

ERIC PCR Analysis

DNA extraction from pure colonies was carried out using a Spin Column Qiagen miniprep kit. ERIC-PCR was performed using
the primers ERIC-IR:5’-ATGTAAGCTCCTGGGGAATCAC-3’ (F) and ERIC-2:5-AAGTAAGTGACTGGGGTGAGCG-3’
(R)."* The PCR amplicons (5uL with loading dye) were subjected to gel run using 1.5% agarose gel electrophoresis and visualized
by ultraviolet transilluminator (Syngene, Germany). Clonal relatedness between the isolates of Elizabethkingia was analyzed
using ERIC PCR fingerprinting with the Paleontological Statistics (PAST) software package. Normalization steps were included
to analyze the DNA polymorphism patterns produced by ERIC PCR fingerprinting to ensure an adequate gel-to-gel banding
pattern comparison. Band scoring was used to identify bands in each lane and to make the fingerprint. Dendrograms were
generated for the ERIC PCR gels using the Dice similarity coefficient and interpreted using arithmetic averages with 1%
optimization and 1% position tolerance. Elizabethkingia isolates with a similarity exceeding 60% were considered to be clonally
related.”
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Statistical Analysis

Continuous variables were described as mean, median (Student’s ¢-test), and categorical variables as frequency counts/
percentages (Chi-square test/Fisher’s exact test). The risk factors were estimated using the Chi-square test and Kaplan—
Meier survival analysis to screen possible factors related to 30-day mortality or survival. Statistically significant variables
(p< 0.10) in the univariate analyses were used to construct the multivariate model (Cox regression analysis). A two-sided
p-value < 0.05 was considered to be statistically significant.

Results

A total of 13,747 blood culture samples were processed during the study period, of which 13.59% (1869/13747) were culture
positive and 14.60% (273/1869) were NFGNB. The frequency of Elizabethkingia spp. among all NFGNB in BSI was 29.30%
(80/273) and the overall prevalence in BSI was 4.21% (80/1896). All 80 Elizabethkingia isolates were identified as
E. meningoseptica in VITEK-2 compact system; however, in MALDI-TOF MS, all were identified as E. anophelis.

Demographic Details, Risk Factor Analysis, and 30-Day Mortality

The mean age of patients who developed Elizabethkingia BSI was 47 years; maximum isolates were obtained from the
age group 60—69 years — 20.00% (16/80) and more from males (61.25%, 49/80) as compared to females (38.75%, 31/80).
Elizabethkingia isolates were equally obtained from ICU & non-ICU settings (40/80, 50% each). Among the ICUs, the
majority were from COVID ICU (16/40, 40%) and among wards, the majority were from Medicine wards (12/40, 30%).
The 30-day mortality rate in the patients of Elizabethkingia BSI was 26.25% (21/80).

The risk factors of Elizabethkingia BSI are listed in Table 1. Among the risk factors, COVID-19, pneumonia, prior
antibiotic intake, MV & DM differed significantly between the survival and death groups. According to the Kaplan—
Meier survival analysis for univariate analysis (Figure 1), pneumonia was significantly associated with the survival rate.
Further, multivariate Cox regression analysis showed that those having pneumonia had 7.7 times more risk of death
within 30 days of culture positivity (Table 2).

Table | Risk Factors Related to 30-Day Mortality of Elizabethkingia BSI

Risk Factors Association (n=80) Death (%) Survived (%) p Odds Ratio (95% CI)

DM (20) 9(11.25) 11(13.75) 0.010 4.091 (1.345-12.441)

HTN (14) 5(6.25) 9(11.25) 0.247 2.063 (0.596-7.147)

Wounds/trauma (1) 0.00(0.00) 1(1.25) 0.574 -

Recent Surgeryl/instrumentation (16) 3(3.75) 13(16.25) 0.599 0.692 (0.175-2.744)

Steroid (1) 0.00(0.00) 1(1.25) 0.574 -

Malignancy (6) 0.00(0.00) 6(7.5) 0.155 -

Cardiac disease (12) 2(2.5) 10(12.5) 0.532 0.600 (0.119-3.015)

Liver disease (5) 0.00(0.00) 5(6.25) 0.197 -

Lung disease (5) 1(1.25) 4(5) 0.839 0.792 (0.083-7.545)

Kidney disease (6) 2(2.5) 4(5) 0.566 1.676 (0.282-9.958)

CNS (7) 2(2.5) 5(6.25) 0.754 1.318 (0.234-7.412)

Burns (1) 0.00(0.00) 1.00(1.25) 0.574 -

COVID-19 (27) 13(16.25) 14(17.5) <0.001 7.274 (2.334-22.666)

Pneumonia (29) 14(17.5) 15(18.5) <0.001 8.587 (2.650-27.825)
(Continued)
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Table 1 (Continued).

Risk Factors Association (n=80) Death (%) Survived (%) P Odds Ratio (95% CI)
Prior antibiotic intake (33) 12(15.00) 21(26.5) 0.026 3.265 (1.118-9.533)
Coagulopathy (1) 0.00(0.00) 1(1.25) 0.574 -

Gastric anomaly (12) 2(2.5) 10(12.5) 0.532 0.600 (0.119-3.015)
Autoimmune disease (1) 1(1.25) 0.00(0.00) 0.071 -

MV (35) 13(16.25) 22(27.5) 0.013 3.841 (1.279-11.533)
CVC (10) 3(3.75) 7(8.5) 0.620 1.446 (0.335-6.247)
Foley’s catheter (65) 18(22.5) 47(58.75) 0.085 5.362 (0.656—43.795)

Antibacterial Susceptibility Results
Susceptibility to linezolid was 100%, vancomycin 98.75%, and chloramphenicol 89.5%. All the isolates of

Elizabethkingia were MDR, and more than 75% were resistant to carbapenems, aminoglycosides, and third- and fourth-

generation cephalosporins (Table 3).

ERIC PCR Typing Results

The timeline for the isolation of Elizabethkingia spp. from BSI has been depicted in Figure 2. From the fingerprints

obtained from ERIC typing (Figure 3), 10 major clusters were identified (Figure 4). Among those, cluster A had the

majority of the isolates (35 strains), and 10 out of them were retrieved from COVID ICU intermittently throughout
the year from August 6, 2020 to August 1, 2021, 8 were from Central ICU (CICU) [from September 9, 2020 to
September 21, 2021]. The majority of the isolates analyzed in our study were genetically diverse. Few strains have

similar ERIC profiles.
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Figure | Kaplan-Meier curve comparing the survival rate between patients with and without pneumonia.
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Table 2 Multivariate Cox Regression Model Analysis

Variable

30-Day Survival Coefficient

Hazard Ratio

Cl for HR

p-value

Pneumonia

2.042

7.703

2.527-23.475

<0.001

Table 3 Susceptibility Pattern of 80 Tested Elizabethkingia Isolates (n=80)

Antimicrobial Agent Susceptible (%) Intermediate (%) Resistant (%)
Amikacin (AK) 45(56.25) 3(3.75) 32(40.00)
Gentamicin (GEN) 52(65.00) 1(1.25) 27(33.75)
Ampicillin (AMP) 2(2.50) 0(0.00) 78(97.50)
Meropenem (MRP) 3(3.75) 0(0.00) 77(96.25)
Imipenem (IMI) 4(5.00) 0(0.00) 76(95.00)
Ceftriaxone (CTR) 3(3.75) 0(0.00) 77(96.25)
Ceftazidime (CAZ) 2(2.50) 0(0.00) 78(97.50)
Cefepime (CPM) 9(11.25) 0(0.00) 71(88.75)
Cotrimoxazole (COT) 60(75.00) 1(1.25) 19(23.75)
Cefoperazone—sulbactam (CFS) 63(78.75) 12(15.00) 5(6.25)
Ciprofloxacin (CIP) 70(87.50) 5(6.25) 5(6.25)
Vancomycin (VA) 78(97.50) 1(1.25) 1(1.25)
Linezolid (LZ) 80(100.00) 0(0.00) 0(0.00)
Chloramphenicol (C) 73(91.25) 0(0.00) 7(8.75)

Discussion
Since the last decade, NFGNBs other than P. aeruginosa and A. baumannii have emerged as pathogens responsible for
BSI in healthcare settings. Previously, these bacteria isolated from clinical samples were regarded as colonizers rather
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Figure 2 Timeline for isolates of Elizabethkingia spp. from BSI.
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Figure 3 ERIC-PCR generated DNA fingerprints of Elizabethkingia isolates.
Notes: Marker: 100bp DNA ladder, Lanes 1-12: Elizabethkingia isolates.

than pathogens. In the present cross-sectional laboratory-based study, 80 Elizabethkingia BSI cases were reviewed from
August 2020 to December 2021 in a tertiary care hospital in Eastern Odisha. The prevalence of NFGNB in BSI during
the study period was 14.39% (273/1896). Sarwat et al reported the prevalence of NFGNB to be 16.6% (176/1041) from
a tertiary care center in Uttar Pradesh, India.'* Gautam et al, in a study from Chandigarh, India, had reported a low
prevalence of NFGNB (0.9%, 113/12331) in BSL.'® The institutional variation of NFGNB prevalence in BSI may be due
to different patient profiles and laboratory practices.

The frequency of Elizabethkingia spp. among all NFGNB BSI in our study was 29.30% (80/273) and the overall
prevalence of Elizabethkingia spp. among all BSI was 4.21% (80/1896). In a study by Singh et al. Elizabethkingia spp.
were mostly isolated from blood samples (52.6%, 10/19) from an ICU in North India."®

As highlighted by previous studies, the species-level identification of Elizabethkingia by commercially available
identification systems such as VITEK 2 remains suboptimal. In our study, all the isolates (80) of Elizabethkingia
meningoseptica identified by the VITEK 2 compact system were confirmed to be E. anophelis by MALDI-TOF MS
(BioM¢érieux). E. anophelis is often misidentified as E. meningoseptica and remains underreported in most clinical
studies.'® In a multicentre study from Taiwan, they could discriminate three major species of Elizabethkingia using the
amended database of the MALDI-TOF VITEK MS system.® Elizabethkingia anophelis was first discovered in the gut of
the Anopheles mosquito; hence, its name is anophelis. However, it was later shown that mosquitoes were unlikely to be
the vector of transmission in E. anophelis-associated infections. Further research and work postulated that contaminated
hospital environments, infected catheters, and intravenous infusions and fluids acted as reservoirs for E. anophelis.'” As
per a study from Taiwan, 92 isolates of Elizabethkingia spp. (E. menigoseptica — 20, E. anophelis — 72) were identified
from various clinical samples between January 2005 and June 2018. They observed that the frequency of isolation of
E. meningoseptica (2/20) from CSF was significantly (p 0.045) more as compared to E. anophelis (0/72). When the
susceptibility of each species was compared, E. meningoseptica exhibited significantly lower susceptibility rates to
piperacillin-tazobactam (p = 0.02), minocycline (p < 0.001), and levofloxacin (p = 0.025) and had a higher rate of a target
gene mutation for fluoroquinolone as compared to E. anophelis.” Because of this, empirical antimicrobial therapy
of E. meningoseptica should be more rigorous.

Species-level identification of Elizabethkingia by traditional methods is a challenge. For precise identification of
species, tools such as MALDI-TOF MS and whole-genome sequencing are required, which are not available in most
hospital laboratories. Thus, difficulties in species-level identification of Elizabethkingia by traditional methods have
hampered the understanding of the spectrum of infections by this genus in humans. Moreover, the misidentification
of Elizabethkingia spp. could underestimate the number of cases attributed to the bacterium. In Southeast Asian
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Figure 4 Phylogenetic relationships among the Elizabethkingia BSI isolates derived from analysis of ERIC PCR profiles.

countries, E. meningoseptica has usually been ascribed to hospital outbreaks, whereas E. anophelis was reported to be the
main Elizabethkingia spp. associated with hospital settings in Singapore.'®

The mean age of patients with E. anophelis BSI in our study was 47 years, with the majority being male (61.25%).
The demographic profile of the patients enrolled in our study matches the report by Ghafur et al where the mean age of
the patients developing FElizabethkingia BSI was 48.4 years. In their study population of 11 immunocompromised
patients, seven were males (63.63%), and four were females (36.36%).'? Elizabethkingia isolates were equally obtained
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from patients admitted to ICU & non-ICU (40/80, 50% each) of our hospital. Among the ICUs, the majority were from
COVID ICU (16/40 40%) and among wards, the majority were from Medicine wards (12/40 30%).

In the current study, most patients developing Elizabethkingia BSI (65/80, 81.25%) had more than one underlying disease.
The most frequently encountered diseases leading to BSI were pneumonia (COVID & non-COVID) (29/80, 36.25%) followed
by COVID-19 (COVID-19 positive status) (27/80, 33.75%) and malignancies (6/80, 7.5%). The most common underlying co-
morbidities associated with Elizabethkingia BSI were DM (20/80, 25%), hypertension (14/80, 17.5%), cardiovascular diseases
(12/80, 15%), diseases involving the central nervous system (7/80, 8.75%) and digestive tract (12/80, 15%). In a similar study by
Seong et al from South Korea, most subjects who contracted Elizabethkingia infection had pneumonia (n = 186) and malignancy
(n = 100) as the most common underlying disease among the 210-study population. The non-survivors presented a higher
percentage with regard to previous ICU admission [40 (75.5%) vs 89 (56.7%), p = 0.015], central venous catheter use [48
(90.6%) vs 121 (77.1%), p = 0.032], and immunocompromised status [24 (45.3%) vs 42 (26.8%), p = 0.012].%°

In the present study, the all-cause mortality (within 30 days) from BSI caused by NFGNB was 27.67% (57/206), and
mortality due to Elizabethkingia spp. alone was 26.25% (21/80). This was in agreement with the studies from Hong Kong
and Korea, where the overall 30-day mortality due to bacteremia and pneumonia was 23.5% and 25.2% (53/210),
respectively.'*! Univariate analysis of risk factors showed that the odds of individuals having pneumonia, COVID-19,
DM, MV, and prior antibiotic intake were higher in the mortality group with Elizabethkingia BSI than in the survival
group. Those having pneumonia had 7.7 times more risk of death within 30 days of culture positivity (Table 2).

However, a high mortality rate, almost twice (41.6%,10/24) of the aforementioned studies, has been reported from
China.** They have justified inadequate empirical antimicrobial therapy as an independent risk factor for mortality by
multivariate analysis model. Although the exact cause for the mortality observed in our study could not be explained, it is
assumed that the coexistence of COVID-19 may be a significant contributing factor. BSI pathogens and resistance
profiles differ in patients with COVID-19. Moreover, severe COVID-19 is associated with increased pro-inflammatory
markers leading to increased susceptibility to bacterial and fungal infections.*?

Elizabethkingia isolates showed very good in-vitro susceptibility to linezolid (80/80, 100%), vancomycin (79/80, 98.75%),
chloramphenicol (73/80, 89.5%), ciprofloxacin (70/80, 87.50%), cefoperazone-sulbactam (63/80, 78.75%) and cotrimoxazole
(60/80, 75%). Poor susceptibility was noted for gentamicin (52/80, 65.00%), amikacin (45/80, 56.25%), cefepime (9/80,
11.25%), imipenem (4/80, 5.00%), meropenem (3/80,3.75%), ceftriaxone (3/80, 3.75%), ampicillin (2/80, 2.50%) and
ceftazidime (2/80, 2.50%). Several countries have reported the antimicrobial susceptibility of E. anophelis to exhibit resistance
to most of the B-lactams, B-lactam combination agents, aminoglycosides, quinolones, and carbapenems irrespective of the
testing techniques — Hong Kong (21/21, 100%), China (100% MDR and 20 were extensively drug-resistant, n=197), Taiwan
(ciprofloxacin — 89%, cotrimoxazole — 96%) and Lucknow, India (100% resistance to levofloxacin and ciprofloxacin).®'%!7->*

The widespread resistance to various f-lactams could be due to the production of metallo-p-lactamases (coded by Bla
B and Bla (GOB) genes).25 Few studies have reported the correlation between biofilm formation and antibiotic resistance
in Elizabethkingia species from humans.*®*’ Singh et al from India reported 100% susceptibility to minocycline and
piperacillin-tazobactam, but the susceptibility to vancomycin was very poor (32.6%).'° Inconsistent AST results were
reported for some antibiotics, possibly due to insufficient sample size and/or origin of the strains from different
geographic regions. Hence, its performance in comparison to the recommended method (broth/agar dilution) for non-
Enterobacterales needs to be evaluated. However, the advantage of linezolid and vancomycin therapy over conventional
Gram-negative agents for Elizabethkingia BSI must be explored.

In our study, 10 unique clusters of ERIC were observed among the 80 Elizabethkingia isolates exhibiting genetic
heterogeneity. Before 2020, we had sporadic isolation of Elizabethkingia from BSI cases. Over the study period, there
was a continuous common source type of clustering of isolates during the initial 6 months, followed by a decline, which
peaked in the later months, followed by a sharp decline (Figure 2). However, extensive environmental investigation of all
water sources, moist environmental sources, IV fluids, and disinfectants could not point toward any source. However,
some isolates had similar ERIC profiles and showed a genetically homogeneous pattern, but no correlation was found
between the clonally similar strains and their antibiotic susceptibility pattern. Only a few isolates showed a conserved
banding profile based on ERIC analyses, which indicated the rapid dissemination of similar clonal groups. Three unique
clusters of ERIC in 13 isolates of E. meningoseptica were reported from an outbreak in the neonatal and pediatric unit of
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a hospital in Turkey by Ceyhan et al. As per their report, all the three clusters were caused by an epidemiologically
related strain, and the index case identified from the NICU was assigned to be temporarily responsible for the clonal
outbreak.”®

The occurrence of a few clonally similar groups among our isolates could be due to the spread of antibiotic resistance
through the dissemination of different B-lactamases or clonal transmission. However, the lack of association of these
clonally similar isolates with their respective antibiotic sensitivity pattern in our study rules out the above possibility.
Antibiotic selection pressure could be one of the significant reasons which need to be validated further.

PFGE is known as the “gold standard” among all the commonly used molecular typing methods worldwide.
However, it has some drawbacks, like the requirement of comparatively large DNA quantities, high-cost specific
equipment, and is time-consuming. On the other hand, the ERIC-PCR method is sensitive, rapid, low cost, repeatable,
resolving, reliable, and easy to handle. Therefore, this typing method has been broadly applied to the genotypic typing
of microbes.”

Strengths of This Study

NFGNBs, except A. baumannii and P. aeruginosa in BSIs, are less studied in India and abroad. To our knowledge, this is
the first study from Eastern India (Odisha) to look for their prevalence, risk-factor association and clonal relationship
using ERIC-PCR.

Limitations in Our Study

The sample size of the present study was small. A multicentric research with a larger sample size may help better
establish the genetic diversity among the Elizabethkingia BSI isolates from this region. Moreover, since there are no
interpretative standards for Elizabethkingia spp., AST with DD method was adopted, which may not be reliable in
determining susceptibility and guiding therapy.

Conclusion

The overall prevalence of Elizabethkingia BSI in our study was 4.21%, with a 30-day mortality rate of 26.25%.
Significant risk factors were COVID-19, pneumonia, prior antibiotic intake, mechanical ventilation and DM. For the
speciation of Elizabethkingia isolates, MALDI-TOF MS has shown promising results. High in vitro susceptibility was
shown to linezolid, vancomycin, and chloramphenicol, and there was a continuous common source type of clustering of
isolates during the initial 6 months. Thus, healthcare professionals (HCPs) need to heighten awareness about
Elizabethkingia as an emerging pathogen for BSI among hospitalized patients. Stringent infection control measures of
the hospital environment and hand hygiene compliance of HCPs are necessary to prevent the potential threat of
Elizabethkingia outbreaks in ICUs.

Ethics Approval and Informed Consent

We conducted the study in accordance with the amended Declaration of Helsinki. Written informed consent was obtained
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