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Burkholderia cepacia infection in the neonatal unit: a cautionary
tale of contaminated EEG skin preparation
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Abstract

Burkholderia cepacia isolated from a scalp wound of a neonate prompted investigation to identify potential
sources. The same organism was isolated from numerous batches of gel used to prepare skin prior to electro-
encephalography (EEG), prompting a recall of this product. This case highlights the potential for contamina-

tion of equipment and products used for EEG.
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neonate developed a large shallow wound at
Athe site of a previous subgaleal haematoma.
This occurred following several investigations,
including cerebral function monitoring, head ultrasound
and electroencephalograms (EEGs). A pure growth of a
non-lactose fermenting Gram negative bacillus was
cultured. The isolate was further identified as Burkholderia
cepacia complex (BCC) by MALDI-TOF (Matrix-Assisted
Laser Desorption/Ionization-Time of Flight Mass
spectrometry) using the Bruker Biotyper system (Bruker
Daltonik, Germany). The isolated tested susceptible to
meropenem, ceftazidime, cotrimoxazole, ciprofloxacin
and minocycline. Additional samples referred for
non-selective bacterial culture, fungal and mycobacteria
culture excluded infections with other pathogens.
Isolation of this uncommon pathogen prompted
environmental screening and a review of the equipment
used. All equipment in direct contact with the neo-
nates scalp were microbiologically screened, including
ultrasound probes, EEG electrodes, hydrogel sensors and
surgical skin markers. Topical preparations were also
screened including water wipes, Coban bandage adhesive
(3M, USA), chlorhexidine ointment, QV moisturising
cream (Ego), Bactroban ointment, OptiLube ultrasound
gel (Optimum Medical Limited), Elefix paste (Nihon
Kohden), Nuprep Skin (Weaver and Co, USA) and
Lemonprep EEG Skin (Mavidon, USA) preparation.

Moistened swabs in sterile water were used to sample
surfaces. Swabs and both partially used and unopened
gels/preparations were inoculated on Burkholderia cepacia
selective media (PathWest Media, Australia).

Numerous isolates of the same complex and antibiogram
were identified from LemonPrep (Mavidon, USA; LN29824
[expiry; 09/2019; used on patient]; LN30236 [expiry: 09/2004];
LN30006 [expiry 12/2019] and LN30145 [03/2020]). All pos-
itive LemonPrep products were referred to the pharmaceuti-
cal laboratory at PathWest, to determine the total viable
aerobic bacteria count. The product was neutralised with
Dey/Engley neutralising broth prior inoculating to Tryptic
Soy agar and SABC plates (PathWest Media, Australia).
BCC cultured from all products were identified with
MALDI-TOF mass spectrometry and quantified (ranging
from LIN29824: 64 colony forming units (CFU)/g to
LN30236: 6.3 X 103 CFU/g). The alternative product offered
by the same company; PediaPrep (LN 31130 Expiry 01/2022)
also cultured >104 CFU/g of BCC.

The clinical isolate and isolates from LemonPrep
(LN 29824, 30145 and 30236) and Pediaprep (LN31130)
were referred for whole genome sequencing (WGS) and
characterisation. BCC DNA was extracted using the
Presto Mini gDNA Bacteria kit (Geneaid Biotech 1td).
Library preparation was performed with the Nextera XT
DNA library prep and sequenced using the Miseq
Reagent V3 kit 2 X 300 cycles. Sequence assembly and
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core genome single nucleotide polymorphism (cgSNP)
analysis were carried out using the Nullarbor pipeline
(https://github.com/tseeman/nullarbor). A sample from
this investigation was assembled using Unicycler (https://
github.com/rrwick/Unicycler) and used as the reference
sequence for the pipeline. The whole genome analysis
identified these isolates as Burkholderia contaminans/
lata MLST Sequence Type 535 within the Taxon K
Burkholderia cepacia complex. The cgSNP analysis
showed the clinical isolate and the three LemonPrep iso-
lates to be 0—1 SNP apart, indicating that these isolates
are highly likely to be related. The Pediaprep isolate was
11-12 SNPs from the clinical isolate and LemonPrep
isolates.

No other cases were identified in the hospital as a result
of this contamination.

Discussion

BCC is ubiquitous and can survive in nutritionally poor
aqueous environments (1). The isolation of BCC from
clinical specimens from non-cystic fibrosis patients usu-
ally suggests an environmental source of infection.
Approximately three-quarters of healthcare-associated
Burkholderia cepacia (BCC) outbreaks can be traced back
to an identifiable source, and more than half of them have
been linked to contaminated medical products (2, 3).
Surveys by the US Food and Drug Administration (FDA)
and European commission indicate BCC as one of the
leading causes of pharmaceutical and non-food product
recalls (4, 5). Healthcare-associated outbreaks have been
described from many pharmaceutical products, including
ultrasound gels, mouth wash, saline flush syringes
and chlorhexidine solutions (2, 3). Other common
bacteria associated with commercial and pharmaceutical
product contamination include Pseudomonas species,
Enterobacteriaceae and Ralstonia (4, 5).

Neonate intensive care unit (NICU) patients are often
premature, requiring ventilatory support and susceptible
to infections. Two NICU outbreaks off BCC blood stream
infections in India and Malaysia reported a mortality rate
of 16 and 6%, respectively (6, 7). Risk factors associated
with BCC BSI were associated with the use of long lines.
Infections caused by this organism are difficult to treat as
they are intrinsically resistant to first line antibiotics,
including penicillins, first and second generation cephalo-
sporins, aminoglycosides and polymyxin (2). Definite
source-in for the outbreak in Malaysia could not be deter-
mined but was likely associated with ventilator water
traps, and the outbreak in India was traced back to multi-
use intravenous 5% dextrose and normal saline for venti-
lator humidifier (6, 7). A NICU outbreak in Paris
identified the upper surface of capped rubber stoppers of
a commercial lipid emulsion used for parental nutrition
as the source (8). Outbreaks ceased with removal of the
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source and infection control intervention like single use
intravenous fluids and cleaning of ventilatory circuits.

There are 20 species within the BCC, and closely related
species in the BCC are difficult to identify using conven-
tional biochemical and phenotypic methods. A combina-
tion of phenotypic and genotypic test is required to
identify BCC species accurately. The MALDI-TOF
MS can identify BCC from other gram negative
non-fermenters, but BCC species identification requires
further evaluation (1, 9). Currently, in our laboratory, the
identification of BCC by MALDI-TOF spectrometry is
supplemented by a Rec A gene analysis. The Rec A gene,
which is 1,040 bp length, shows 94-95% similarity between
different BCC species and 98-99% similarity within BCC
species. RecA phylogeny analysis demonstrated that these
isolates belong to Taxon K Burkholderia cepacia complex.
The Rec A gene sequence is not enough to differentiate
between the species of BCC in taxon K (1).

Pulse field gel electrophoresis has been the most com-
mon typing method used to characterise previous BCC
outbreaks (2). In this case, WGS with cgSNP analysis has
been utilised to demonstrate the relationship of the BCC
isolate of the product with the patient. The isolates from
LemonPrep chosen for WGS were representative of the
BCC used on patient’s head (LN29824), multi-stock con-
tamination (LN30145) and the historical presence of the
contamination (LN30236). BCC isolates from the three
different batches of LemonPrep and the patient were
highly related by cgSNP analysis, which confirmed that
the BCC from the patient and product was identical and is
likely secondary to a contamination at the point of manu-
facture. The Pediaprep was also likely related to the
LemonPreps by cgSNP analysis.

The Therapeutic Goods Administration (TGA,
Australia’s regulatory authority for therapeutic goods)
and the company were notified of the product contamina-
tion. An official worldwide product recall was initiated on
26th September 2019 of LemonPrep tubes and single use
cups (10). The FDA published on 8 January 2020 that the
contamination extended to additional Mavidon product
including Cardio Prep and Wave Prep (11).

A number of issues were identified as a result of this
investigation highlighting the potential of future risk. The
LemonPrep product is used as an abrasive skin prepara-
tion lotion containing pumice intended to lower skin
impedance and enhance the signal quality at the electrode
site. The product specification sheet cautions the use of it
in neonates, yet use of such preparations is common in
practice (12). LemonPrep (and many other similar prod-
ucts) was produced in multi-use 4 oz (113 g) tubes as well
as single use cups. The use of multi-use tubes of skin
preparation increases the risk of further contamination
once opened and the potential for cross transmission of
infecting pathogens between patients. Reusable EEG
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electrodes and wires are used despite challenges with
reprocessing and high-level disinfection (REF). Single use
EEG electrodes and vials of skin preparation should be
recommended, particularly in critically unwell or suscep-
tible individuals including neonates.

This study highlights the importance of recognising
Burkholderia cepacia as an unusual cause of infections
in neonates. This case also serves as a reminder of how
potential breakdowns in production and quality of
medical products can become a cause for infections and
the need for stricter regulation. Appropriately and
timely investigation and interventions identified EEG
skin preparation as the source of infection. Despite the
recall of contaminated preparations, a high degree of
awareness and single-use products are recommended.
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