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ABSTRACT

Objectives: To describe the epidemiological, clinical, 
and outcome data of patients infected or colonized 
with Chryseobacterium/Elizabethkingia spp including 
antibiotic susceptibility patterns. 

Methods: This retrospective study was conducted at Prince 
Sultan Military Medical City, Riyadh,  Saudi Arabia. 
All patients infected or colonized by Chryseobacterium 
/Elizabethkingia spp who were admitted between June 
2013 and May 2019 were included. Data were extracted 
from patient electronic medical records. 

Results: We enrolled 27 patients (13 males and 14 
females) with a mean age of 35.6 years. Chryseobacterium/
Elizabethkingia spp were isolated from blood cultures 
(n=13, 48%) and tracheal aspirations (n=11, 41%). 
The most frequent species isolated was Elizabethkingia 
meningoseptica (n=22). Although 6 patients were 
considered colonized, the remaining 21 patients 
presented with ventilator associated pneumonia (n=9), 
central line associated bloodstream infection (n=4), 
septic shock (n=4), or isolated bacteremia (n=4). In 
25 cases the infections were health-care related. Three 
patients (11%) died within 28 days. Twenty-six isolates 
(96.5%) were resistant to carbapenems. Moxifloxacin 
and cotrimoxazole were the most active antibiotics. 

Conclusion: Chryseobacterium/Elizabethkingia spp 
infection is rare, but can be responsible for severe hospital 
acquired infections. Cotrimoxazole and fluoroquinolone 
are the most effective antibiotic treatments.
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Chryseobacterium/Elizabethkingia species 
are rod-shaped Gram-negative bacteria. 

Chryseobacterium genus consist of 6 species that were 
previously classified as Flavobacterium.  Elizabethkingia 
meningoseptica and Chryseobacterium indologenes are 

2 species commonly isolated from clinical specimens; 
Elizabethkingia meningoseptica is reported as the most 
virulence member of the genus. This ubiquitous 
bacterium inhabits natural and hospital environments.1  

It has been reported to colonizing hospital water supplies, 
sink basins, saline solution and taps, leading to increase 
the risk of infection inside hospital environments. In 
addition to that isolation of the bacteria from medical 
devices such as feeding tubes, respirators, syringes and 
arterial catheters has been also documented. Infections 
with Chryseobacterium/Elizabethkingia spp are usually 
associated with indwelling devices and often affect 
neonates and immunocompromised patients.2,3 There is 
limited data about antimicrobial susceptibility testing 
for Chryseobacterium/Elizabethkingia spp because the 
isolation of these pathogens from clinical specimens are 
uncommon. In addition, susceptibility testing results 
vary depending on the method used. Chryseobacterium/
Elizabethkingia spp are intrinsically resistant to a 
wide range of different antibiotics.4 However, the 
organisms have been shown to have sensitivity to 
some fluoroquinolones.5 Thus, the aim of the current 
study is to describe the clinical, epidemiology, and 
outcome data of patients colonized and infected with 
Chryseobacterium/Elizabethkingia spp, as well as outline 
the antibiotic susceptibility patterns.

Methods. All patients infected or colonized by 
Chryseobacterium/Elizabethkingia at Prince Sultan 
Military Medical City (PSMMC), Riyadh, Saudi 
Arabia during the 6-year period between June 2013 and 
May 2019 were included in this study. Demographic 
characteristics, clinical data, outcome of patients and 
antimicrobial susceptibility of bacterial isolates were 
extracted from electronic medical records as well as 
infection control surveillance data. Identification of 
Chryseobacterium/Elizabethkingia spp was relied on 
conventional culture techniques of clinical samples. The 
isolated colonies were further identified using manual 
or automated phenotypic methods. These included 
manual biochemical reactions using the API 20 NE 
identification system (bioMérieux, Marcy l’Etoile, 
France) for non-fastidious, non-enteric Gram-negative 
rods and the automated MicroScan WalkAway system 
(Beckman Coulter, South Kraemer Boulevard Brea, 
California) using the conventional dried Gram-negative 
identification panel Neg Breakpoint Combo 50. For 
all bacteremic patients and patients admitted to the 
ICU both methods were used and discrepancies were 
sent for verification of identification by MALDI-TOF 
MS system.  Antimicrobial susceptibility testing of the 
isolates was carried out according to the guidelines of 
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the Clinical and Laboratory Standards Institute (CLSI)4 
to determine either the breakpoint or the minimum 
inhibitory concentration (MIC) of all antibiotics. 
Breakpoints were identified using the MicroScan 
WalkAway Neg Breakpoint Combo-50 panel and MIC 
was determined using E test strips (bioMérieux, Marcy 
l’Etoile, France). Statistical Package for  Social Sciences® 
Version 20 (Armonk, NY: IBM Corp.) was used for 
data analysis.

Results. Twenty-seven patients were identified 
as infected or colonized by Chryseobacterium/
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Table 1 -	Demographical, epidemiological, clinical data and outcomes of patients with positive culture for Chryseobacterium/
Elizabethkingia spp at Prince Sultan Military Medical City, Riyadh, Saudi Arabia.

Variables Pediatrics Adults Total  

Gender  

Female
Male

9 (56.2)
7 (43.8)

5 (45.5)
6 (54.5)

14 (51.8)
13 (48.2)

Age
Mean±SD (years)
Min - Max 
≤1 year

1.5 ± 0.516 
12 days - 12 years

8 (50.0)

69.7 ± 27.4
15 - 102 years    

35.6 
 12 days - 102 years

Chryseobacterium species
Elizabethkingia meningoseptica
Chryseobacterium indologenes
Other C. spp.

12 (75.0)
3 (18.8)
1 (6.3)

10 (90.9)
1 (9.1)

0 (0)

22 (81.5)
4 (14.8)
1 (3.7)

Mean time between admission and positive culture   

Min - Max
164.3 day

 9-841 
355.6 day 

  16 - 1045
240.8 days

9-1045
Clinical presentation   

Colonization
Infection

5 (18.5)
11 (40.7)

1   (3.0)
10 (37.0)

6  (22.2)
21  (77.0)

Type of infection   

CLABSI
VAP
Septic shock
Bacteremia

1 (4.7)
8 (38)
1 (4.7)
1 (4.7)

3 (30.0)
1 (10.0)
3 (30.0)
3 (30.0)

4 (19.0)
9 (43.0)
4 (19.0)
4 (19.0)

Origin of infection/ colonization   

Hospital acquired
Community acquired 

15 (93.8)
1† (6.2)

10  (90.9)
1   (9.1)

25 (92.5)
2   (7.5)

Sites of positive culture   

Blood culture
Tracheal aspiration
Others*

4 (25.0)
9 (56.2)
3 (18.8)

9 (81.8)
2 (18.2)

0 (0)

13 (48.2)
11 (40.8)
  3 (11.0)

Risk factors for MDROs  

Receiving antibiotic within the last 90 days
Previous hospitalization within the last 90 days
Having a prolonged  hospital stay (≥5 days)
Previous colonization or infection by MDROs
ICU admission
Indwelling devices (urinary catheter, central line, ventilator, 
dialysis)
Recent surgery or trauma

28-day death   

Total

   
12 (75.0)
6 (37.5)

14 (87.5) 
8 (50.0) 

15 (93.8) 
15 (93.8) 

7 (43.8) 
1   (6.3)

16 (59.3)

10 (90.9) 
3 (27.3) 

10 (90.9)
6 (54.5) 
5 (45.4)

10 (90.9) 

0 (0)
2 (18.2)
11(40.7)

22 (81.5)
9 (33.3)

24 (88.8)
14 (51.8) 
20 (74.0) 
25 (92.5) 

7 (26.0) 
3 (11.0)
27 (100)

 *eye secretion, biliary drain, and nasopharyngeal aspirate, †hemodialysis patient, CLABSI: central line associated blood stream 
infection, VAP: ventilator associated pneumonia, MDROs: multi-drug resistant organisms, 

E: Elizabethkingia, C: Chryseobacterium

Elizabethkingia spp. These infections represented 0.32% 
of all reported multi-drug resistant organism (MDRO) 
cases (8420 total) during the same period. No cluster 
cases or outbreaks were noted. The most frequent 
species isolated were Elizabethkingia meningoseptica 
(n=22) and C. indologenes (n=4). The source of the 
infection was within the hospital for 25 cases (92.5%), 
with the majority acquired in ICUs (n=20). The average 
time between admission and positive culture was 240.8 
days. Risk factors for MDROs and mortality rate are 
summarized in Table 1. Regarding the susceptibility 
of Chryseobacterium/Elizabethkingia spp to antibiotics, 
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Moxifloxacin and cotrimoxazole were the most active 
antibiotics. Vancomycin was tested for only one 
isolate and showed resistance with minimum inhibitor 
concentration (MIC)  E-test= 12 mg. Antibiotic 
sensitivity rates for our series are shown in Figure 1.

Discussion. Although, Chryseobacterium/
Elizabethkingia spp are generally low virulence, they may 
occasionally be involved in severe infections. Because 
infections with these pathogens are relatively rare, limited 
studies are available. During a worldwide surveillance 
including 119 sentinel hospitals and laboratories 
between 1997 to 2001 only 50 Chryseobacterium/
Elizabethkingia spp were isolated out of 155,811 clinical 
bacterial isolates from several sites. Only 0.10% of 
Chryseobacterium/Elizabethkingia spp were isolated 
from respiratory tract and 0.03% were isolated from 
blood.6 A previous study was performed at King Khalid 
Hospital, south of Saudi Arabia showed that among 
125 non-duplicating, non-fermenting, Gram-negative 
bacilli, nosocomial strains that were isolated, only 5 
cases were Chryseobacterium indologenes.7 At PSMMC, 
a teaching hospital with a 1350 bed capacity, 27 

patients presented with infection or were colonized by 
Chryseobacterium /Elizabethkingia spp. This represented 
0.32% of all MDROs reported to the infection control 
department during a 6-year span. The rarity of this 
pathogen as a cause of infection is probably related 
to its reduced degree of pathogenicity. Some studies 
showed that the immune system of healthy human can 
rule out the Chryseobacterium/Elizabethkingia spp when 
introduced into the bloodstream or respiratory tract.8 

In this study, many patients cleared their bacteremia 
despite the inappropriate antibiotic regimens prescribed 
for them. In addition, one patient on hemodialysis had 
persistent Elizabethkingia meningoseptica bacteremia for 
6 days without any antibiotic treatment, yet remained 
clinically stable apart from spikes of fever. This study 
includes a significant number of Chryseobacterium/
Elizabethkingia spp isolated from clinical specimens in 
Arabian Peninsula countries. Infections are commonly 
nosocomial and often associated with indwelling 
devices. Patients often infected with Chryseobacterium/
Elizabethkingia spp when they usually exposed to 
contaminated medical devices such as catheters, 
humidifiers, feeding tubes, respirators and syringes.2 

Long term use of antibiotics is also considered as 
important risk factor.6  In our study, 92.5% of cases were 
hospital-acquired, with a long mean time span between 
admission and the date of first positive culture (240.8 
days). The majority of patients (25/27) had at least one 
device. These were predominantly endotracheal tubes 
in 20 patients. Previous studies2,3 have reported that 
Chryseobacterium/Elizabethkingia spp can grow in water 
supplies treated with chlorine, and often colonizing 
sink basins, saline solution and taps, leading to increase 
the risk of infection inside hospital environments. In 
addition to that isolation of the bacteria from medical 
devices such as feeding tubes, respirators, syringes and 
arterial catheters and surgical implanted devices has 
been also documented. Although Chryseobacterium/
Elizabethkingia spp infections are known to be noted on 
small outbreaks, especially among neonates, in our study 
all cases were sporadic and occurred in different hospital 
areas (mostly ICUs), and majority of our patients were 
adults or infants. Only one neonatal case was noted. 

Among the species of Chryseobacterium/
Elizabethkingia, Chryseobacterium indologenes is the 
most well-known bacterium and is most commonly 
isolated from clinical specimens. It is generally isolated 
in immunocompromised patients and therefore its 
clinical significance has been questioned.3,9 In contrast, 
Elizabethkingia meningoseptica is the most pathogenic 
species, and has been found to be responsible for 
many human infections and outbreaks.10,11 According 
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Figure 1 -	Chryseobacterium/Elizabethkingia spp sensitivity rate to 
selected antibiotics at Prince Sultan Military Medical City, 
Riyadh, Saudi Arabia
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to SENTRY Antimicrobial Surveillance Program 
contacted between 1997 to 2001, 50 Chryseobacterium 
/Elizabethkingia spp were isolated, mostly among elderly 
patients. The majority of the isolates was Elizabethkingia 
meningoseptica (E. meningoseptica) (48%), following 
by C. indologenes (40%), and C. gleum (4%).6 In the 
current study, the majority of species isolated were 
E. meningoseptica (n=22), and most of these involved 
infant and elderly patients; we did not note any 
meningitis cases among neonates or infants. Most 
C. indologenes cases were reported in adult patients; 
few were reported in children.13 In our series, among 4 
cases of  C. indologenes, 3 were noted in children. Adults 
with Chryseobacterium/Elizabethkingia spp infections 
may present with pneumonia, septicemia, meningitis, 
endocarditis, or infections after surgeries or burn. 
Gunnarsson et al13 reported a case of septic arthritis 
due to E. meningoseptica in an immunocompetent 
patient, despite the fact that infections usually occur in 
immunosuppressed patients.  

Many studies showed that Chryseobacterium/
Elizabethkingia spp are resistance to many different 
types of antimicrobials especially antibiotics used to 
treat Gram-negative bacteria. However, they showed 
susceptibility to agents used to treat Gram-positive 
infections. Chryseobacterium/Elizabethkingia spp have 
shown resistance to erythromycin, chloramphenicol, 
erythromycin, clindamycin, tetracycline and 
teicoplanin, and susceptibility to some fluoroquinolone 
antibiotics.4,14,15 Rifampin is shown activity in vitro 
against Chryseobacterium/Elizabethkingia spp and 
usually used as combination with vancomycin to treat 
the infection.6 However, the use of vancomycin to 
treat Chryseobacterium/Elizabethkingia spp infection is 
limited.4 Thus, there is no evidence base to define the 
optimal treatment for Chryseobacterium/Elizabethkingia 
spp infections and the choice of antibiotics has to be 
based on antimicrobial susceptibility testing results. 
According to SENTRY Antimicrobial Surveillance 
Program contacted between 1997 to 2001, levofloxacin, 
garenoxacin and gatifloxacin showed high antimicrobial 
activity against Chryseobacterium/Elizabethkingia spp. In 
addition to that rifampin, sulfamethoxazole, piperacillin-
tazobactam and ciprofloxacin, also exhibited good 
activity, and aminoglycosides and carbapenems showed 
poor susceptibility with 14% and 12% respectably. The 
vancomycin reported to show poor activity.6 In our 
series, moxifloxacin and cotrimoxazole were the most 
active antibiotics. Vancomycin was tested for only one 
isolate and showed resistance with MIC E-test = 12 mg. 
Rifampicin was not tested.

Study limitations. This was a retrospective case series 
study, and the accuracy and availability of data might 
have concealed potential risk factors that were not 
documented in the medical records. 

In conclusion, Chryseobacterium/Elizabethkingia spp 
at PSMMC are rare emergent pathogens responsible for 
health care associated infections. These are mainly seen 
in patients with long hospital stays and/or indwelling 
devices (especially endotracheal tubes), and in patients 
who received antibiotics within the last 3 months.

Elizabethkingia meningoseptica was the most 
frequent species isolated, and the majority of patients 
infected by this bacterium presented with blood stream 
infections and/or ventilator associated pneumonia. The 
most effective antibiotics against this organism were 
cotrimoxazole and fluoroquinolone. 
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