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Abstract

Introduction: Elizabethkingia meningoseptica (EM) is a non-fermenting Gram-negative bacterium that is a conditional pathogen
and easily causes infection in neonates and immunocompromised patients. The infection of the bacterium is prone to develop
multi-drug resistance, difficult to treat, and associated with a high mortality rate.
Case Presentation: A 28-year-old female was admitted to the intensive care unit (ICU) of our hospital due to fulminant myocarditis,
cardiogenic shock, acute heart failure, and multiple organ dysfunction syndrome (MODS) on 24 April 2019. The patient developed
a lung infection and sepsis after admission. Two sputum culture tests on 27 April and 4 May showed infection with Pseudomonas
aeruginosa and multi-drug resistance. The minimum inhibitory concentration (MIC) for imipenem was 4 mg/L and 8 mg/L, respec-
tively. Four blood cultures on 9 May suggested an EM infection and multi-drug resistance, the MIC for imipenem was≥ 16 mg/L. Due
to the serious condition of the patient, imipenem-resistant lung infection, and typical sepsis manifestations, we initiated a regimen
of polymyxin B combined with meropenem between 3 and 12 May. The infection was well-controlled and the patient was discharged
on 14 May.
Conclusions: A polymyxin B-based combinational regimen is effective in the treatment of sepsis due to EM and play an important
role in controlling EM-associated mixed infections.
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1. Introduction

Chryseobacterium meningosepticum, also known as EM,
is a non-fermenting Gram-negative bacterium that is
widely found in water, soil, and even food. This bacterium
can also be found in water pools in hospitals, nasal feeding
tubes, and various liquid-filled bottles (1, 2). EM is a con-
ditional pathogen and can cause infections in premature
infants, neonates, and immunocompromised patients, in-
cluding meningitis, sepsis, endocarditis, pulmonary infec-
tions, skin and soft tissue infections, and urinary tract in-
fections (1-4). Infections caused by EM are difficult to treat.
The mortality of neonatal meningitis caused by EM is as
high as 57% (1), while EM-caused hospital-acquired infec-
tions has a 41% mortality rate and the mortality rate of com-
munity EM infections is also as high as 9.1% (5). The high
mortality rate of EM-caused infections is associated with
multi-drug resistance of the bacterium. This bacterium
can produce metalβ-lactamase and extended-spectrumβ-

lactamase (6-8), and is resistant to β-lactam antibiotics,
imipenem, colistin, and aminoglycosides. EM is only sensi-
tive to quinolones, piperacillin tazobactam, cefoperazone
sulbactam, vancomycin, and tigecycline, therefore options
of treatment are limited (1, 2, 9, 10).

The ICU is one of the main departments for patients
with EM infections, accounting for approximately 60% of
total EM infections (11), while a proportion of ICU patients
have infections in multiple sites. When an EM infection is
complicated with other infections, treatment is more dif-
ficult and there are fewer drugs to choose. The patient
we report herein had EM sepsis complicated with a pul-
monary infection (P. aeruginosa multi-drug resistant infec-
tion, resistant to imipenem). Considering the serious con-
dition of the patient, multi-drug and imipenem resistance
revealed by the sputum culture test, we chose a regimen of
polymyxin B in combination with meropenem to treat the
patient from 3 to 12 May 2019. The patient’s temperature,
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white blood cell count, procalcitonin (PCT), and C-reactive
protein (CRP) level decreased significantly. The patient was
discharged to home on 14 May. Even though Dias et al. (12)
reported that EM was resistant to polymyxin B, this case
demonstrates that polymyxin B is effective in treating EM-
induced sepsis, and the treatment regimen used in this pa-
tient can provide a reference for similar cases.

2. Case Presentation

A 28-year-old female was admitted to the ICU of our hos-
pital (the First Affiliated Hospital of Bengbu Medical Col-
lege, Bengbu, China) on 24 April 2019 because of “palpita-
tions and fatigue for 7 days, and aggravation for 1 day”. The
patient’s condition worsened 15 hours before admission,
when she experienced peri-oral cyanosis, facial pallor, in-
stability when standing, and blurred vision. Routine blood
testing at the time of admission showed white blood cell
count 14.27 × 109/L, neutrophil count 10.05 × 109/L. Blood
biochemistry revealed that creatinine was 194µmol/L, urea
22.28 mmol/L, uric acid 719 µmol/, alanine aminotrans-
ferase199 U/L; aspartate aminotransferase 258 U/L, albu-
min 39.5 g/L, creatine kinase isoenzyme MB (CKMB) 88
µmol/L, troponin 12.56 µg/mL, and brain natriuretic pep-
tide (BNP) 782 µg/mL. The coagulation profile was normal.
The patient was previously healthy and had no history of
food or drug allergies. The physical examination at the
time of admission revealed that her body temperature was
36°C, pulse 129/min, respirations 37/min, blood pressure
85/65 mmHg, and SPO2 80%. The patient was conscious
and had a poor spirit. Other symptoms included orthop-
nea, shortness of breath, sweating, and anemia. The pa-
tient was normally developed and responded to questions
properly. Auscultation revealed coarse breath sounds and
moist rales were extensively distributed in the bilateral up-
per and lower lungs. Limb ends were cold and the nail
beds were cyanotic. The patient was clinically diagnosed
with fulminant myocarditis, acute heart failure, cardio-
genic shock, ventricular tachycardia, and multiple organ
dysfunction (acute respiratory failure, acute liver injury,
and acute kidney injury). After the patient was admitted,
efforts were directed to improving the circulation, stabi-
lizing the cardiomyocytes, use of cardiotonic agents, anti-
arrhythmics, and anti-virals, hepatoprotection, and con-
tinuous renal replacement therapy (CRRT). On the second
day of admission (25 April), the patient had a high fever
(the highest recorded temperature was 40.6°C). Routine
blood testing showed white blood cell count 24.82× 109/L,
neutrophil count 22.41 × 109/L, and BNP > 35,000 pg/mL.
Considering the patient’s serious condition and lung in-
fection, we adjusted the anti-infective regimen. The mox-
ifloxacin sodium chloride injection was terminated and

replaced with imipenem cilastatin sodium (1 g q6h) com-
bined with vancomycin (1 g q6h). The patient’s temper-
ature was slightly decreased after the treatment. On 28
April (the 5th day in the ICU), the highest temperature
was 38.1°C and laboratory tests showed CRP 130.9 mg/L, PCT
70.68 ng/mL, white blood cell count 35.04× 109/L and neu-
trophil count 27.49 × 109/L. On 2 May (day 9 in the ICU),
the patient developed recurrent hyperthermia. The high-
est body temperature was 39.7°C. The PCT level decreased
to 32.36 ng/mL, but was still high. On 3 May, white blood
cell count was 12.34× 109/L, neutrophil count 11.82× 109/L,
and CRP 88.5 mg/L. The infection was not well-controlled
and a bloodstream infection could not be ruled out con-
sidering the symptoms and signs. The patient had been
in the ICU for 10 days and had undergone multiple inva-
sive procedures. Three indwelling catheters were placed
in the right subclavian vein catheter (for infusions), right
femoral vein catheter (for CRRT), and left subclavian vein
catheter (for a temporary cardiac pacemaker). The patient
was at high-risk for a bloodstream infection. In addition,
there existed multi-drug resistant colonizing bacteria in
the ICU ward. The anti-infection regimen was thereby ad-
justed to polymyxin B (50 mg q12h) plus meropenem (1g
q8h via an infusion pump for 3 h) between 3 and 12 May. Fol-
lowing treatment, the temperature, PCT, CRP, white blood
cell count and neutrophil count all decreased significantly
(Figure 1).

During the hospitalization, two sputum cultures (on 27
April and 4 May) and four blood cultures (on 9 May) were
detected. The sputum and blood cultures were collected by
strictly following relevant guidelines. Blood cultures were
collected as two sets from two separate sites, each set con-
sists of one aerobic bottle and one anaerobic bottle. The au-
tomated BACT/ALERT® 3D 480 system (BioMérieux, France)
was used to detect the presence or absence of microorgan-
isms in the blood samples. Positive blood cultures and the
sputum cultures were transferred to the blood and choco-
late agar plates for further inoculation at 35°C for 18 - 24
h. The automated VITEK® 2 compact system (BioMerieux,
France) was then used for bacterial identification and sus-
ceptibility testing. For this patient, the sputum cultures
showed multi-drug resistant P. aeruginosa, and the MIC for
imipenem was 4 mg/L and 8 mg/L, respectively. Four blood
cultures on 9 May were positive for multi-drug resistant EM
infections, the MIC for imipenem was ≥ 16 mg/L (Table 1).
Only piperacillin tazobactam, levofloxacin, ciprofloxacin,
and compound sulfamethoxazole were sensitive (Figure 2
and Table 1), confirming that the patient had a lung in-
fection complicated by sepsis. On 14 May, the vital signs
were stable and the patient was discharged. On 16 May, two
blood cultures were negative. Follow-up evaluations on 19
June and 1 July were normal and the patient had no discom-
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Figure 1. Changes in body temperature, white blood cell count, neutrophil count, PCT, and CRP during hospitalization. A, Changes in temperature from 24 April to 13 May;
B, changes in PCT from 24 April to 6 May; C, changes in CRP from 24 April to 10 May; D, changes in white blood cell and neutrophil counts from 24 April to 11 May. The X axis
represents the date.

fort.
Finally, even though Dias et al. (12) reported that clini-

cal isolates of EM were resistant to polymyxin B, our study
indeed first confirmed that a polymyxin B-based combina-
tion regimen effectively controls EM-induced severe infec-
tion (Table 2). Previous reports showed that quinolones,
vancomycin, and piperacillin/Tazobactam are effective for
EM infections (Table 2), but most of them are mild and
moderate infections, so this report provides new insight
for the pharmacotherapy of severe infection caused by EM.

3. Discussion

Elizabethkingia meningoseptica infections are difficult
to treat, especially in the ICU. It has been reported that
quinolones and vancomycin may be good choices for the
treatment of EM infections (12-17). Our study first con-
firmed that a polymyxin B-based combination regimen
effectively controls sepsis caused by EM complicated by
multi-drug resistant P. aeruginosa-associated lung infec-
tions, providing new insight for the pharmacotherapy of
EM infections, especially mixed infections.

Although quinolones and vancomycin are effective for
EM infections (12-17), and EM is also sensitive to cefopera-
zone sulbactam, piperacillin sulbactam, and tigecycline,
however, patients in the ICU often have multiple infec-
tions. For example, the patient reported here had EM sep-
sis complicated by a lung infection caused by multi-drug
resistant P. aeruginosa. In 2018, the China CHINET Monitor-
ing Data Network showed that resistance rates of Acineto-
bacter baumannii to ciprofloxacin, imipenem, piperacillin
tazobactam, cefoperazone sulbactam, amikacin, tigecy-
cline, and polymyxin B were 80.1%, 73.2%, 74.4%, 49.7%,
54.4%, 5%, and 0.7%, respectively, and the resistance rates
of Klebsiella pneumoniae to the same seven antibiotics
were 37.6%, 25%, 28.7%, 32.1%, 17.1%, 3.4%, and 0.9%, respec-
tively. The resistance rates of P. aeruginosa to ciprofloxacin,
imipenem, piperacillin tazobactam, cefoperazone sulbac-
tam, amikacin, and polymyxin B were 18.9%, 30.7%, 16.7%,
17.1%, 6.2%, and 1.2%, respectively. A. baumannii, P. aeruginosa,
and K. pneumoniae are three most common pathogens in
the ICU and are multi-drug resistant in many cases (19, 20).
The above data indicate that when EM infections are com-
bined with infections of other bacteria, although EM is sen-
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Figure 2. Results of blood cultures on 9 May (the results of four blood cultures on 9 May were consistent, and two times of results were showed here). The results suggested
an infection with multi-drug resistant EM. The imipenem MIC was ≥ 16 mg/L, with sensitivity to piperacillin tazobactam, levofloxacin, ciprofloxacin, and trimethoprim-
sulfamethoxazole.

Table 1. Results of Blood Cultures on 9 May 2019, Elizabethkingia meningoseptica

Antibiotics MIC value, mg/L Sensitivity

Cefozolin ≥ 64 Resistant

Ceftazidime ≥ 64 Resistant

Ampicillin ≥ 32 Resistant

Ampicillin sulbactam ≥ 32 Resistant

Aztreonam ≥ 64 Resistant

Ciprofloxacin 0.5 Sensitive

Cefatriaxone ≥ 64 Resistant

Cefepime ≥ 64 Resistant

Nitrofurantoin ≥ 512 Resistant

Gentamicin ≥ 16 Resistant

Cefotetan ≥ 64 Resistant

Levofloxacin 2.0 Sensitive

Compound
trimethoprim

40.0 Sensitive

Imipenem ≥ 16 Resistant

Amikacin ≥ 64 Resistant

Tobramycin ≥ 16 Resistant

Piperacillin tazobactam 8.0 Sensitive

sitive to quinolones, piperacillin tazobactam, and cefoper-
azone sulbactam, other common pathogens are often re-
sistant to these antibiotics, especially A. baumannii, which
shows sensitivity only to tigecycline and polymyxin B. Ac-
cording to the report by Yang et al. (18), a 66-year-old male
patient was blood culture-positive for EM. After treatment

with vancomycin, the temperature was normal and blood
culture-negative, but after 11 days the patient developed a
secondary infection with A. baumannii and died (18). The
case confirms the effectiveness of vancomycin in treating
EM infections, however, when complicated by a mixed in-
fection with A. baumannii, vancomycin may not be the best
choice.

The use of polymyxin B has gradually increased since
its launch in China, which is related to the prevalence
of carbapenem-resistant enterobacteriaceae infections.
In the present case, in addition to polymyxin B, be-
cause our hospital does not have piperacillin tazobactam,
meropenem was also included in the regimen. Hsu et al.
(11) suggested that the choice of proper antibiotics is the
key to decrease the mortality rate associated with EM infec-
tions. The authors also showed the 14-day mortality rate of
patients using carbapenems was higher than other antibi-
otics (11). The rationale behind the use of meropenem in
this patient, and whether or not meropenem can achieve
satisfactory pharmacokinetic needs further study. The re-
sistance rate of P. aeruginosa to levofloxacin is 28.5% in our
hospital. Moreover, the lung infection in this patient was
caused by multi-drug resistant P. aeruginosa. In such a
situation, a combined regimen is required. Levofloxacin
injection could be added to the polymyxin B based reg-
imen (multiple blood culture results in this patient all
indicated an infection with multi-drug resistant EM that
was only sensitive to piperacillin tazobactam, levofloxacin,
ciprofloxacin, and compound sulfamethoxazole). The effi-
cacy of the combined regimen, consisting of piperacillin
tazobactam, cefoperazone sulbactam, quinolones, and
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Table 2. Our Study and Previous Reported Studies

Clinical Diagnosis Main Drugs Clinical Outcome Reference or Our
Study

Case 1: Bacteremia caused by EM Case 1: vancomycin and ceftazidime Case 1: cured

(12)Case 2: EM bacteremia with meningitis Case 2: piperacillin/tazobactam and
ciprofloxacin

Case 2: cured

Case 3: Urine infection caused by EM Case 3: ciprofloxacin Case 3: cured

Vertebral osteomyelitis Ciprofloxacin Cured (13)

Bacteremia caused by EM Vancomycin Cured (14)

Meningitis caused by EM Vancomycin Cured (15)

Bullous pneumonia caused by EM Vancomycin, trimethoprim/sulfamethoxazole
and ciprofloxacin

Cured (16)

EM sepsis with meningitis Ciprofloxacin plus vancomycin or
piperacillin-tazobactam

Cured (17)

EM and Acinetobacter baumannii septemia Vancomycin Died (18)

EM sepsis and pulmonary infection (caused by
Pseudomonas aeruginosa, multi-drug resistant
bacteria )

Polymyxin B plus meropenem Cured Our study

Abbreviation: EM, Elizabethkingia meningoseptica.

even carbapenems, warrants further study.
In conclusion, our study first confirmed the feasibility

of a polymyxin B-based regimen in EM sepsis with a lung
infection due to P. aeruginosa. The study provides evidence
for pharmacotherapy against EM-associated mixed infec-
tions in the ICU. The role of a tigecycline and/or polymyxin
B combined regimen in the treatment of EM mixed infec-
tions will be further investigated.
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