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Elizabethkingia meningoseptica is regarded as an organism with 
low virulence in immunocompetent hosts. It is a non-fermenting, 
non-motile, oxidase-positive, Gram-negative bacillus.[1] Recent 
international data suggest that E.  meningoseptica is an emerging 
pathogen in adult intensive care settings and is associated with 
significant morbidity and mortality. A retrospective review of a 
22-month outbreak from an adult critical care unit in the United 
Kingdom showed monomicrobial E.  meningoseptica infections to 
have a morbidity rate of 54%.[2] Smaller outbreaks in intensive care 
units (ICUs) have been reported in recent years.[3-5] An outbreak 
of five cases in two ICUs in Singapore,[3] three outbreak clusters 
involving both neonatal and non-neonatal paediatric patients in 
Ankara, Turkey,[4] and a four-case cluster in a paediatric intensive 
care unit (PICU) in Kuwait[5] have been described. 

E.  meningoseptica infection is generally rare in children, 
and occurs mainly in the immunosuppressed child. A review 
of the clinical presentation of E.  meningoseptica infections in 
275 symptomatic children from 1944 to 2017[6] showed that 
approximately three-quarters (74%) of these patients presented 
with meningitis, 23.7% with sepsis, 7.1% with bacteraemia and 
6.7% with pneumonia. Risk factors for infection included an 
immunocompromised status, invasive procedures and prolonged 
hospitalisation, but the role of HIV infection or exposure has not 
been described. The bacterium’s diverse antimicrobial-resistance 
properties, including chromosomal metallo-β-lactamases,[7] result 

in the lack of effective antimicrobial therapy for the infection. 
In a case series of 99 children and adults in Taiwan, 18% of the 
E.  meningoseptica isolates were sensitive to gentamycin, 4% to 
imipenem and meropenem, and none to colistin.[8] Vancomycin, an 
antibiotic typically reserved for the management of Gram-positive 
infections, has been described as useful in the management 
of E.  meningoseptica-related sepsis and meningitis, although 
effectiveness of treatment is improved through the addition of 
ciprofloxacin, linezolid or rifampicin.[9] 

Cases of E. meningoseptica-related sepsis have emerged in children 
admitted to the PICU at Inkosi Albert Luthuli Central Hospital 
(IALCH), Durban, South Africa (SA) since 2017, including a cluster 
outbreak over an 11-week period in 2019. We describe the clinical 
presentation, risk factors for acquisition and management of these 
infections.

Methods
Study design and population
A retrospective observational analysis was conducted at a public 
hospital in Durban, SA, in response to a cluster of E. meningoseptica 
infections that occurred in the PICU between June and August 
2019. Existing microbiological records from 1 January 2017 to 
31 December 2019 were reviewed. We report on the institutional and 
provincial response to the outbreak, as well as the characteristics and 
outcomes of the affected patients. 
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Study setting 
The 14-bed PICU comprises six single-bed, negative-pressure 
isolation cubicles (each with a handwashing station) and an open-
plan unit of eight beds. The open-plan section has two handwashing 
stations. On average, 500 - 550 children are admitted to the PICU 
annually, and the case fatality rate is 15 - 18%. The nurse-to-patient 
ratio is maintained at 1:1, and the doctor-to-patient ratio is 1:6.

Routine care on admission
All admissions are routinely screened for bacterial, fungal and viral 
infection by a combination of blood, urine and endotracheal aspirate 
sampling after clinical assessment on the initial presentation. These 
samples are sent to the microbiology division of the National 
Health Laboratory Services (NHLS). Microbiologists conduct 
active surveillance, which includes daily monitoring of laboratory 
results, providing real-time microbiology advice and engaging with 
attending clinicians during daily ward visits.

Patients for whom positive E.  meningoseptica cultures were 
reported while admitted to the PICU during the study period were 
identified using the microbiology database provided by the NHLS. 
The hospital’s clinical records of these cases were accessed for data 
collection. Information collected included patient demographics, 
clinical course and physiological parameters, ICU interventions, 
details of the bacterial isolate, records of antimicrobial therapy, and 
outcomes at the time of discharge from the PICU.  

Primary outcome variables assessed were the clinical presentation, 
management and survival of patients who presented with 
E. meningoseptica infections in the PICU. Clinical syndromes, such 
as systemic inflammatory response syndrome (SIRS), ventilator-
associated pneumonia (VAP), healthcare-associated infections 
and risk factors for acquisition of infection, including central 
line-associated bloodstream infections (CLABSI), were recorded. 
All cases were assessed to ascertain whether they met the criteria for 
SIRS,[10] VAP[11] and CLABSI to assess clinicopathological correlates 
of infection.

All physiological parameters are automatically captured for all 
patients admitted to the unit at regular intervals after admission. 
Physiological parameters in the 72 hours before and 48 hours after 
the identification of the bacterial isolates were analysed, together 
with the attending clinician’s assessment, to determine the relevance 
of the isolates.

An on-site central sterilisation services department sterilises 
all procedural equipment. Laryngoscope blades, Magill forceps 
and face masks are disinfected in the unit (by soaking items in 
Endozime® AW Triple Plus, a multitiered enzymatic detergent 
with advanced proteolytic action). One of the professional nurses 
on duty is assigned to infection control. Two other professional 
nurses oversee infection control programmes and policy for the 
institution.

Microbiological investigation
All patient samples are processed at the microbiology laboratory on 
site at IALCH. Blood cultures are incubated using the BACTEC™ 
automated blood culture system (Becton Dickinson, USA). Both 
the identification of organisms and assessments of antimicrobial 
sensitivities are done using the VITEK® 2 microbial identification/
antibiotic susceptibility test system (BioMérieux, France). Pulse-field 
gel electrophoresis was used for genotyping of E.  meningoseptica 
samples. The NHLS microbiological database was also used to 
evaluate the presence of both antecedent positive isolates (bacterial, 
virological or fungal) and co-infections at the time of initial 
E. meningoseptica isolation. 

A register of antimicrobial agents and their duration of use during 
the period between admission and identification of infection was 
created from medication administration records.

Outbreak response
A cluster of cases satisfied the criteria for a nosocomial outbreak as 
outlined by the National Institute for Communicable Diseases.[12] 
Following identification of the seventh case, a support visit  and 
investigation was conducted by the provincial infection and 
prevention control team. Environmental samples were taken 
from ventilator circuits, medication vials, high-touch equipment 
(including computer keyboards), laryngoscopes and other 
respiratory  equipment used during resuscitation, and rinsing and 
handwashing areas. Swabs were also taken from the hands of 
attending clinical staff who had been in direct contact with the 
patients. Spatiotemporal relationships were defined to examine the 
pattern of spread within the unit. Viable E. meningoseptica isolates 
from the outbreak were sent for genotyping.

Data analysis 
Descriptive statistics were used to summarise the data. Frequencies 
of numeric data are described as medians and percentages, whereas 
data on clinical parameters were collected over time and are 
displayed as spaghetti plots. All data analyses were performed using 
Microsoft Excel 2010 (version 14.0) and spaghetti plots were created 
using the Prism program (version 8.0) developed by GraphPad 
(GraphPad Software, USA).

Ethical considerations
The research protocol was approved by the Biomedical Research 
Ethics Committee of the University of KwaZulu-Natal (ref. no. 
BREC/00001524/2020).

Results
General demographics 
A total of 11 patient records of positive microbiological cultures for 
E. meningoseptica were found over the three-year study period. Six 
patients were female. The median age at admission was 5 months 
(range: 0.4 - 18 months). The primary diagnoses of the 11 cases were 
respiratory disease (n=5), surgical conditions (n=4), and one case 
each of cardiac and neurological disease. Six patients had undergone 
a surgical procedure during their admission, of whom three had 
multiple surgeries. Seven cases occurred during an 11-week outbreak 
in June - August 2019. 

At the time of E. meningoseptica identification, all 11 patients had 
endotracheal and nasogastric tubes for a median duration of 5 days 
(range: 1 - 14  days) and 3.5  days (range: 1- 12  days), respectively. 
Ten patients had urinary catheters (median duration: 4 days; range: 
2 - 11 days) and peripheral arterial lines (median duration: 3 days; 
range: 2 - 13  days). Eight patients had central venous catheters 
(median duration: 4  days; range: 2 - 16  days) and peripheral 
intravenous cannulas (median duration: 2  days; range: 2 - 7  days) 
inserted. All patients were exposed to multiple broad-spectrum 
antimicrobials before specimens were collected for culture, with a 
median of five antibiotic treatments per patient (range: 2 - 8).

A summary of identified antecedent infections and their respective 
treatment outcomes for all 11 patients is given in Table 1. 

Isolation of E. meningoseptica
The median time at which specimens were collected that positively 
cultured E.  meningoseptica was 16  days after admission to the 
PICU (range: 2 - 21  days). All primary positive E.  meningoseptica 
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cultures were obtained from endotracheal aspirates. One patient had 
concurrent E. meningoseptica isolated from intraoperative peritoneal 
fluid. The antibiograms for the isolates consistently demonstrated 
resistance to carbapenems, aminoglycosides and colistin. All isolates 
were sensitive to vancomycin. Six patients had a monomicrobial 
E.  meningoseptica infection, while the remainder had various 
bacterial co-infections. Cerebrospinal fluid was collected in five 
cases prior to the initiation of targeted antimicrobial therapy; one 
patient had a biochemical profile suggestive of bacterial meningitis 
but no organism was cultured. 

Clinical presentation 
All patients were on mechanical ventilation from the time of 
admission to when E. meningoseptica was identified. Eight patients’ 
clinical condition deteriorated in the 72 hours preceding the 
positive bacterial culture and five had accompanying radiological 
deterioration evident from serial chest radiographs. Of the three 
patients whose condition did not deteriorate, two were clinically 
stable and the other was improving. Monomicrobial infection with 
E.  meningoseptica was demonstrated in five of the eight patients 
whose clinical condition deteriorated. 

Fig. 1 provides a summary of clinical and laboratory parameters 
used to determine the incidence of attributable illness during the 
72 hours preceding E. meningoseptica isolation and the subsequent 
48 hours, for all 11 patients. Criteria for SIRS or VAP were met in 
five cases. Of the six patients with monomicrobial E. meningoseptica 
infection, criteria for SIRS and VAP were met in two cases. Among 
patients with bacterial co-infection (n=5), three met the criteria for 
VAP and two met the criteria for SIRS.

Treatment 
Nine patients with E.  meningoseptica infection received targeted 
antimicrobial therapy with vancomycin for a median duration of 
7 days (range: 7 - 21 days). Of the remaining two patients, one died 
before the release of the culture result and the other was noted to 
have shown clinical improvement and antimicrobial therapy was not 

instituted. Eight of the nine treated cases had a poor clinical response 
to antimicrobial therapy and further microbiological screening was 
performed. Six of these patients demonstrated persistent positive 
E.  meningoseptica culture from endotracheal aspirate specimens, 
while no growth was found in the samples from the remaining 
two patients. Repeated endotracheal aspirates were obtained at 
various intervals from the six patients with persistent positive 
E. meningoseptica cultures. The median time between the first and 
last positive cultures in these patients was 7 days (range: 5 - 17 days). 

All five patients who showed bacterial co-infection at the time 
E.  meningoseptica was isolated received targeted antimicrobial 
therapy. 

Outcomes
Three patients died, but the remaining eight children were 
successfully discharged from the unit (mortality rate: 27%). The 
median age of children who died was 15 months, compared 
with an age of 6 months in those who survived (Table  2). In two 
of the children who died, E.  meningoseptica infection persisted 
despite treatment with vancomycin. The other patient died before 
treatment could commence. Seven of the eight survivors received 
treatment, with clearance of E. meningoseptica shown in four, while 
clinical improvement was observed in the remaining three, without 
repeat cultures being required. The median duration of persistent 
E. meningoseptica infection was longer in patients who died (13.5 v. 
7 days).

The overall median duration of invasive ventilation (conventional 
mechanical ventilation and high-frequency oscillation ventilation) 
was 26 days (range: 12 - 58 days) while the median length of stay in 
the PICU was 32 days (range: 15 - 58 days). The median duration 
of ventilation (37  days) and length of stay (37  days) were longer 
in children who died than in survivors (23.5  days and 29  days, 
respectively) (Table 2).

Six patients were HIV exposed, of whom four were HIV positive. 
Two HIV-positive patients were on long-term antiretroviral therapy 
without virological suppression (HIV viral loads of 10  ×  107 and 

Table 1. Antecedent infections and their respective treatment outcomes

Patient

Antecedent infection

Bacterial
Treated 
(Y/N) Fungal

Treated
(Y/N) Viral

Treated
(Y/N)

1 Enterobacter cloacae subsp. dissolvens Y - - Adenovirus N
2 Enterococcus faecium 

Staphylococcus species 
N
N

Candida species N Influenza A N

3 - - Candida species Y - -
4 Staphylococcus pseudointermedius 

Staphylococcus aureus
N
Y

- - - -

5 Staphylococcus epidermidis
Klebsiella pneumoniae

N
Y

Candida species Y Influenza A Y

6 - - - - - -
7 Acinetobacter baumannii

Klebsiella pneumoniae
Streptococcus pneumoniae

Y
Y
Y

- - Cytomegalovirus Y

8 Citrobacter freundii Y Candida species Y - -
9 Enterococcus faecium 

Escherichia coli 
Acinetobacter baumannii 
Stenotrophomonas maltophilia 

Y
Y
Y
Y

Candida parapsilosis Y - -

10 - - - - Cytomegalovirus adenovirus Y
N

11 Stenotrophomas maltophilia N Candida species N - -
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7.1  ×  104 copies/mL, respectively). The two other HIV-positive 
patients were started on antiretroviral therapy during their stay in 
the PICU.

The median duration of invasive ventilation was generally longer 
in HIV-positive patients (35 days; range: 18 - 44 days) than in the two 
HIV-exposed but uninfected patients (ventilated for 20 and 21 days, 
respectively) and HIV-negative children (median: 26  days; range 
13 - 58 days). HIV-positive children also stayed in the PICU longer 
(median: 39 days; range: 21 - 45 days) compared with HIV-exposed 
but uninfected children (20  days and 26  days, respectively) and 
HIV-negative children (median: 32 days; range: 15 - 58 days). 

At least one other antecedent viral infection was noted for all 
the HIV-positive patients (adenovirus: n=2; cytomegalovirus: n=2; 
influenza A: n=1), whereas only one HIV-exposed but uninfected 
patient had had a viral infection in the antecedent period (influenza 
A). No antecedent viral infections were noted for HIV-unexposed 
patients. One patient died in each category of HIV status. 

An outbreak investigation was conducted in response to the seven 
cases of E. meningoseptica infections that occurred in June - August 
2019. The key characteristics of this outbreak are summarised 
in Table  3. The index patient was a 5-month-old HIV-positive, 
virologically unsuppressed female baby, who was admitted with 
severe pneumonia. E.  meningoseptica was first identified from 
an endotracheal aspirate collected on  day 14 of her PICU stay. 

Table 2. Comparison between survivors and non-survivors 
in patients with Elizabethkingia meningoseptica infection 

Characteristic

Non-
survivors 
(N=3)

Survivors 
(N=8)

Female, n 2 4
Age at admission (months), 
median (range)

15 (2 - 18) 6 (0.4 - 18)

HIV status, n
Positive 1 3
Exposed but uninfected 1 1
Unexposed 1 4

Length of stay (days), 
median (range)

37 (20 - 58) 29 (15 - 56)

Duration of invasive ventilation 
(days), median (range) 

37 (20 - 58) 23.5 (13 - 42)

New chest X-ray changes 2 3 
Bacterial co-infection at index 
isolation, n

2 3

Received treatment, n 2 7
Vancomycin >7 days, n 2 2

Persistent infection >10 days, n 2 3

ETA = endotracheal aspirate.
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Fig. 1 Clinical parameters in patients for the period immediately preceding and following isolation of Elizabethkingia meningoseptica.
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E.  cloacae had been cultured from a 
previous endotracheal aspirate, which was 
successfully treated with meropenem. The 
spatiotemporal relationship of the sequence 
of case identification is summarised in 
Fig. 2. 

Infection control interventions
None of the samples obtained from the 
environment and attending healthcare workers 
during the outbreak yielded any growth. 
The outbreak response team noted several 
observations related to poor hand hygiene 
practices by clinical staff, unavailability of 
appropriate hand sanitising agents in certain 
areas of the ward and absent labelling of 
disinfectant solutions for sterilising equipment 
at their initial visit. Patients from whom 
E. meningoseptica was cultured were relocated 
to a dedicated area in the PICU and measures 
to limit cross-contamination, including 
educating staff on hand hygiene, prohibiting 
sharing of equipment, and optimising cleaning 
of equipment and high-touch surfaces, 
were implemented. No further cases were 
subsequently identified.

Discussion
This study provides new evidence of the role 
of E.  meningoseptica infections as a cause 
of nosocomial pneumonia in children with 
prolonged PICU stays in a lower middle-
income setting. Respiratory illness is an 
unusual presentation of E.  meningoseptica 
infection in the paediatric population, 
accounting for only 6.7% of symptomatic 
cases in recent literature spanning 73  years.[6] 
This finding is supported by the majority 
of patients having monomicrobial 
E.  meningoseptica infections identified 
from an endotracheal aspirate, clinical 
deterioration in the 72 hours preceding 
identification, and presenting with at least 
two criteria for VAP. In adult studies, 
E.  meningoseptica infections have been 
associated with nosocomial pneumonia.[2] 
Patients in our study were evaluated for 
meningitis, the usual clinical presentation of 
infection,[7] but only one case had this as a 
possible diagnosis. 

A second major finding of the study 
was the emergence of an outbreak of 
E.  meningoseptica in children admitted to 

the PICU. Despite limited data regarding 
E.  meningoseptica outbreaks in PICUs,[1,4,5] 
recent evidence suggests that the bacterium 
is an emerging pathogen in adult ICU 
settings.[2,3,13] The clonal relationship 
between isolates during the outbreak period 
was confirmed from genotypic analysis. 
The pattern of spatiotemporal spread in 
the first four cases of the cluster favours an 
environmental point source.[2] Poor hand 
hygiene of healthcare workers may have 
contributed to the subsequent spread to two 
other quadrants of the PICU. Unfortunately, 
samples from the environment and clinical 
staff, which were negative, were obtained 
only after infection control measures had 
been implemented. 

Several risk factors may have predisposed 
patients to the acquisition of nosocomial 
E.  meningoseptica infection. Prolonged 
ventilation, ICU stay and antecedent 
antimicrobial therapy, together with 
a high number of antibiotics, were seen 
in a recent outbreak in a cardiothoracic 
PICU.[5] The prolonged poly-antimicrobial 
use seen in our study may have provided 
sufficient antibiotic pressure for this 
multidrug-resistant organism to dominate. 
No indwelling devices exceeded intervals 
outlined in established infection control 
guidelines (see Klompas et al.,[14] Marschall 
et  al.[15] and Gould et  al.[16]). The limited 
sample size of HIV-infected or exposed 
patients did not allow for meaningful 
conclusions to be reached with regard to the 
impact of HIV status on E.  meningoseptica 
infection.

Treatments were guided by sensitivities. 
The prolonged duration of persistent 
infection in several cases where vancomycin 
monotherapy was used may point to the use 
of a combination of antimicrobials being 
more effective in clearing the organism, 
as has been previously suggested,[9] 
although no established guidelines exist. 
The finding also suggests that even 
though E.  meningoseptica has long been 
regarded as an organism of low virulence 
in immunocompetent patients, it may be 

Table 3. Key characteristics of Elizabethkingia meningoseptica outbreak cluster, June - August 2019

Case Age (mo) Sex
Admission  
diagnosis

Epidemiological 
week 

Time of first positive 
specimen (days) Source 

Treatment 
duration Outcome 

1 5 F Severe pneumonia 1 14 ETA Vancomycin, 7 days Discharged
2 18 M Severe pneumonia 8 16 ETA - Died
3 16 F Severe pneumonia 8 21 ETA Vancomycin, 7 days Discharged
4 0.5 F Heterotaxy syndrome 8 17 ETA Vancomycin, 7 days Discharged
5 9 M Severe pneumonia 9 23 ETA Vancomycin, 7 days Discharged
6 0.4 M Tracheo-esophageal 

fistula
10 3 ETA Vancomycin, 7 days Discharged

7 3 F Severe pneumonia 11 35 ETA - Discharged

Isolation 6 Isolation 7 Isolation 8 Isolation 9 Isolation 10 Isolation 11

7 (11)6 (10)

5 (9)
Si

nk

Sink Doctor's station

Bed A Bed H

Bed B Bed C Bed D Bed E Bed F Bed G

1 (1), 3 (8) 2 (8) 4 (8)

Fig. 2. Spatiotemporal relationship of Elizabethkingia meningoseptica infections in the paediatric intensive 
care unit. Numbers in red in the annotations represent the order in which cases were identified. Numbers 
in blue denote the epidemiological week of bacterial isolation. Five viable E. meningoseptica isolates were 
retrospectively sent for genotype analysis which confirmed speciation and relatedness. 



6        SAJCH     MARCH 2022    Vol. 16    No. 1

RESEARCH

highly virulent in critically ill children. The overall mortality 
rate of 27% seen in this analysis is in keeping with that in other 
published studies.[5] Factors associated with a higher mortality 
risk  included patients being older, antecedent viral infection, 
prolonged ventilation and ICU stay, and bacterial co-infection. 
A prolonged time to proven clearance of infection also contributed 
to mortality, as a median duration of 15.5 days of antibiotic use was 
noted in two of the three patients who died. 

Study limitations
The small sample size of this study may call into question the 
generalisablity of the findings. This is unavoidable as the prevalence 
of E. meningoseptica remains relatively low in literature. As the study 
was retrospective in design, the analysis was limited by the quality 
of the recorded data. However, the electronic database used by the 
institution minimises the possibility of data loss, and all identified 
cases were analysed. 

Conclusion
E. meningoseptica infection in the critically ill child is emerging as 
a potential cause of nosocomial infection, especially pneumonia. 
Prolonged and excessive antimicrobial use is a likely risk factor 
for acquisition. Outbreaks of E.  meningoseptica infections are 
associated with significant case fatality rates. Effective infection 
control measures remain a cornerstone of limiting the occurrence of 
nosocomial infections.
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