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Direct Demonstration of Staphylococcus Biofilm
in an External Ventricular Drain in a Patient with
a History of Recurrent Ventriculoperitoneal Shunt
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Abstract

External ventricular drains (EVD) are associated with a high
infection rate. Early detection of infection is frequently prob-
lematic due to a lack of clinical signs and the time period
required for culturing. Bacterial biofilms have been suggest-
ed to play an important role in the infection of EVD, but
direct evidence is as yet lacking. We report the case of a 17-
year-old male with Dandy-Walker malformation who pre-
sented with headache, nausea and drowsiness; a CT scan re-
vealed enlarged ventricles. The patient had a history of ven-
triculoperitoneal shunt revision 3 weeks prior to admission.
The shunt was removed on suspicion of infectionand an EVD
placed. Daily surveillance cultures through the EVD were
negative and the EVD was replaced on day 5. Examination of
the initial EVD by confocal microscopy demonstrated clear
intraluminal biofilm formation; molecular analysis by PCR
identified Staphylococcus aureus resident on the catheter. To
our knowledge, this is the first direct demonstration of an

intraluminal biofilm compromising an EVD. Despite the pres-
ence of biofilm on this catheter, the patient demonstrated
no clinical signs of infection, and the routine surveillance cul-
ture was negative. Undetected biofilm may pose a latent risk
on EVD and other neurosurgical catheters.

Copyright © 2010 S. Karger AG, Basel

Introduction

External ventricular drains (EVD) are employed for
temporary intracranial pressure monitoring and drain-
age of cerebrospinal fluid (CSF). A potentially life-threat-
ening complication of EVD placement is ventriculitis re-
sulting from microbial infection of these devices. Studies
have reported EVD-related infection rates ranging from
5 to 20%, with Staphylococcus epidermidis and Staphylo-
coccus aureus being the most common pathogens [1]. In
a prospective study of 1,333 patients with EVD or lumbar
drains, 26 patients (2%) developed meningitis, with coag-
ulase-negative staphylococci (CoNS) presenting as the
main pathogen (56%) followed by S. aureus (25%) [2]. A
retrospective study of 595 patients with ventricular cath-
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eters reported that the infection rate increased signifi-
cantly over the first 4 days before reaching a plateau with
an overall 8.6% incidence [3]. The early diagnosis of EVD-
related infection is confounded by the absence of a cor-
relation between clear clinical signs such as inflamma-
tion [1], fever and Glasgow Coma Scale score [4].

Bacterial Biofilms

Bacterial biofilms are communities of bacteria which
attach to and grow on the surface of abiotic materials as
well as host tissues [5, 6]. The bacteria live within an ex-
tracellular polymeric slime matrix which protects them
from phagocytic cells [7]. Biofilm infections are often dif-
ficult to detect using conventional culturing methods
and difficult to treat using conventional antibiotic thera-
py [8]. Bacterial biofilm formation is a recognized con-
tributor to multiple scenarios of chronic or recurrent in-
fection, particularly those associated with foreign bodies,
prompting several groups to hypothesize that the high
infection rate in neurosurgical devices might be biofilm-
related [9-13]. The reduction in infection rates from 9.4
to 1.3% when antibiotic-impregnated EVD catheters were
used [13] has been suggested to derive from an antibio-
film effect. Biofilm formation by CoNS to explain infec-
tions of ventriculoperitoneal (VP) shunts has been indi-
rectly inferred on isolates that were positive for slime for-
mation (by Congo red agar assay, PCR identification of
the icaA gene) and an ability to form biofilms in vitro [10,
11, 14]. Biofilms have been reported in other neurosurgi-
cal devices as well: Walsh et al. [15] used scanning elec-
tron microscopy (SEM) to identify a fungal biofilm
formed by Cryptococcus neoformans on a ventriculoatrial
shunt. Davis et al. [16] used confocal microscopy and
SEM to show a Coccidioides immitis fungal biofilm (iden-
tified by culture) in VP shunt tubing as the presumed
cause of persistent meningitis, and Fux et al. [17] used
SEM to demonstrate biofilms in VP shunts from 3 pa-
tients. In this last report, identification of bacterial spe-
cies in the biofilm was attempted by PCR and sequencing
of bacterial 16S rDNA. Although all 3 specimens were
culture positive, only 1 of the 3 was positive by PCR. The
authors attributed this to a possible interference due to
prior formalin fixation.

In vitro studies clearly demonstrated that biofilms can
form on neurosurgical materials [18]; however, there has
not as yet been any direct demonstration of biofilms on a
clinically explanted EVD. We have developed a combina-
tion of viability staining by confocal microscopy and RT-
PCR to demonstrate the presence of metabolically active
staphylococcal biofilms in orthopedic joint infections,
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eliminating the reliance on culture, and also to demon-
strate that otitis media with effusion is a biofilm disease
(6,19, 20]. In this report, we describe a case where we have
employed micrographic and molecular techniques to
identify a staphylococcal biofilm partially occluding the
lumen of an EVD from a patient suffering from Dandy-
Walker syndrome and with a long history of VP shunt
failure despite repeated negative cultures.

Case Report

Presentation and Patient History

The patient was a 17-year-old white male who had suffered in-
traventricular hemorrhage as a premature infant and had been
diagnosed with Dandy-Walker malformation. The patient had al-
ready undergone 31 prior surgeries for VP shunt revisions or re-
placements, the most recent of which had occurred just 3 weeks
prior to his presentation. He now presented with headache, nau-
sea and drowsiness, and a CT scan revealed enlarged ventricles.
Although 5-day cultures of CSF performed at the time of his re-
cent VP revision were negative (no growth), an infectious etiology
for the shunt failure was suspected due to the temporal proximity
of the previous revision surgery. The VP shunt was accordingly
removed and an EVD placed for daily surveillance (with marked
improvement in the patient’s symptoms).

Over the ensuing 5 days, daily cultures of CSF collected via the
EVD showed no growth and the patient remained afebrile. No
antibiotics were administered at this time. The EVD was removed
on the 5th day and specimens were sterilely collected in the oper-
ating room; some material was sent for standard microbiological
culture, and the remaining sections of the EVD for micrographic
and molecular analysis were placed aseptically in sterile phos-
phate buffer salts (PBS) or sterile RN Alater® (Ambion) and main-
tained at 4°C. A portion of the tip and a subcutaneous (tunneled)
segment of the explanted catheter were positive for CoNS in broth
only after 5 days of culture. Minimal inhibitory concentrations
could not be determined due to the fastidious nature of the isolate.

At the time of explantation of the initial EVD, a second EVD
was placed to allow for continued drainage while awaiting final
culture results. When the positive broth culture results were dis-
covered, the patient was placed on intravenous nafcillin for 2
weeks. The CSF cultures from this second EVD taken on days 5,
6 and 22 were negative (no growth). The EVD was therefore re-
moved and another VP shunt device placed, which remained in
place for 9 months.

Specimens were collected and analyzed with the patient’s con-
sent and institutional review board approval.

Confocal Laser Scanning Microscopy and Viability Staining

A 3-mm-long section was cut from the midpart of the EVD
and placed on a 100-mm Petri dish using Lubriseal stopcock
grease (Thomas Scientific) for immobilization. The EVD was
stained using a BacLight Live/Dead kit (Molecular Probes, Eu-
gene, Oreg., USA) by drop-pipetting the stain directly into the
lumen at the manufacturer’s recommended concentration. The
Petri dish was closed and the specimens were incubated for 15 min
in the dark at room temperature. The sample was kept moist by
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the inclusion of a water-soaked tissue in the Petri dish during in-
cubation. After incubation, excess stain was rinsed away by flood-
ing the plate with PBS, then aspirated. Finally, the specimen was
submerged in PBS before microscopic examination using a Leica
DM RXE upright microscope attached to a TCS SP2 AOBS confo-
cal system (Leica Microsystem, Exton, Pa., USA); this allowed vi-
sualization of the specimen in a fully hydrated state. The speci-
men was examined using eithera X 10 air objective ora X63 long-
working-distance water immersion objective. The 488-nm line of
the Kr/AG laser was used as the excitation wavelength and the
detector wavelength windows set such that the ‘live’ stain (SYTO
9) appeared green and the ‘dead’ stain (propidium iodide) ap-
peared red. The wall of the catheter was visualized using trans-
mitted microscopy. There was a ‘deposit’ within the lumen of the
EVD which stained with both live and dead stains. The deposit
occluded approximately two thirds of the luminal cross-sectional
area in this section of the EVD (fig. 1A). Higher magnification
demonstrated that the deposit contained live clusters of cocci in
biofilm configuration, interspersed with host cells (fig. 1B-D).
Host nuclei and fibrous material were stained red with propidium
iodide. The distribution of biofilm was patchy, with some sites
displaying large bacterial aggregations, while other regions were
devoid of microorganisms.

Nucleic Acid Isolation and PCR

Two sections of explanted EVD were transferred to sterile mi-
crofuge tubes containing RNAlater and stored at 4°C prior to ex-
traction. Isolation of nucleic acids from these specimens was car-
ried out using a hot phenol extraction protocol as previously de-
scribed [19, 20]. To identify S. aureus, we used the Sau327/Saul645
primer set for 23S rDNA [21] and the Sau562/Saull55 primer set
for the hutH housekeeping gene. PCR reactions were performed
as described [19, 20]. Amplimer products were visualized on 1%
agarose gels stained with ethidium bromide (fig. 2). PCR analysis
of the nucleic acids demonstrated the presence of S. aureus DNA
in 1 of the 2 sections assayed. Amplimers of the expected molecu-
lar weight were detected, using both 23S rDNA and hutH primer
sets, in catheter section 1 but not in section 2 (fig. 2), signifying
that S. aureus bacteria were present in the former but not the lat-
ter. These results are congruent with the patchy and inconsistent
nature of the biofilm observed by confocal laser scanning micros-
copy. S. epidermidis-specific primers tested against the same
catheter-extracted DNA resulted in no amplification, signifying
the absence of S. epidermidis in these samples (not shown).

Discussion

To our knowledge, this case represents the first dem-
onstration thatan EVD can provide an abiotic surface for
biofilm formation, that a substantial biofilm can develop
even in the lumen of the device and, importantly, that the
presence of a biofilm infection can remain undetected by
standard surveillance culture of CSF drawn via the EVD
device. In this case, routine surveillance cultures per-
formed daily were uniformly negative, and only the final
broth culture on the explanted EVD was positive at 5
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days. In fact, the organism isolated by broth culture
(CoNS) was not consistent with the organisms identified
by PCR within the catheter (S. aureus), and it is not cer-
tain whether the CoNS was indeed present on the cathe-
ter or may represent an artifactual or contaminating
finding. Given the direct micrographic and molecular
evidence for the presence of S. aureus within the catheter,
this case highlights the inadequacy of the routine culture
of sampled CSF as a reliable surveillance tool. There are
multiple possible reasons for the culture insensitivity of
biofilm bacteria. Although CSF withdrawn from the
EVD was necessarily passing over the biofilm, sufficient
bacteria may not have been detaching from the biofilm
foci so as to reach the level of detectability by culture. It
is also possible that the biofilm in this case was producing
slow-growing ‘small colony variants’. In orthopedic in-
fections, the presence of such staphylococcal small colony
variants has been identified as a possible explanation for
the high rate of false negatives associated with conven-
tional culture techniques [22].

It remains unclear whether the explanted VP shunt
that necessitated the placement of this EVD was itself in-
fected since it was not retained for confocal or molecular
evaluation. It is possible that bacteria shed from the VP
shunt colonized and propagated within the EVD; indeed,
given that no other cause for the shunt failure was imme-
diately apparent, this would seem to be the most parsimo-
nious explanation, but direct evidence is lacking. The ab-
sence of culture positivity from the explanted VP shunt
does not exclude a biofilm resident on the shunt, which
would echo the culture negativity of the EVD despite a
clearly demonstrable biofilm therein.

In this patient, fortuitously, a positive late culture find-
ing at the time of EVD removal (even though it may have
been artifactual) prompted treatment with intravenous
nafcillin prior to placement of yet another VP shunt (dur-
ing which time a replacement EVD was in place). This
new VP shunt remained in place and functional for some
9 months. Itappears, therefore, that the antibiosis admin-
istered may have been effective in inhibiting transmis-
sion of the biofilm bacteria to the new foreign body. Any
biofilm that had formed on the (replacement) EVD may
have been removed with the drain, and any bacteria shed
in the CSF may have proven more susceptible to antibiot-
ics in planktonic form.

Our findings in this case largely fulfill the Parsek-
Singh criteria for the diagnosis of biofilm infection. Brief-
ly, these include: (1) the presence of pathogenic bacteria
associated with a surface, (2) the presence of bacteria ag-
gregated in cell clusters, and (3) the infection being local-
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Fig. 1. Confocal images of the catheter lumen stained by Live/
Dead kit. A Low-power image showing occlusion of the lumen.
Dashed gray circle, blue circle online: approximate circumference
of the catheter lumen. A1 Transmitted image. A2 SYTO 9 ‘live’
green staining. A3 Propidium iodide red staining. A4 Overlay.
B Higher magnification showing that the material occluding the
catheter consisted of biofilm cell clusters of live cocci (white ar-
rows) interspersed with host cells (gray arrow, red arrow online:
representative cell). It should be noted that the BacLight Live/
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Dead kit cannot be used as an indicator of the viability of human
cells since even viable human cells rapidly take up propidium io-
dide and the nuclei turn from green to red within minutes of
staining. C Even higher magnification showing clumps of single
cocci and clumps of cocci (arrow). D Plane view (main panel) and
sagittal sections through a biofilm cluster (panel left; panel be-
low). The cocci were presumed to be held together by the extracel-
lular polymeric slime matrix, which was not stained by nucleic
acids and thus was invisible in these micrographs.
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ized, with dissemination being a rare event [5, 8]. Given
that the patient exhibited no meningeal signs while the
infected EVD was in place, the infection can be consid-
ered to have remained localized to the EVD and clini-
cally silent although the potential for acute exacerbation
and dissemination was present. A fourth criterion, that
the biofilm infection may be impossible to eradicate by
antibiosis, is untested in this case since the foreign body
hosting the biofilm (the infected EVD) was explanted,
thereby physically removing the nidus of infection, while
any planktonic bacteria shed by the biofilm would likely
prove more susceptible to antibiosis. Both micrographic
and molecular analyses in this instance showed that a
clinical biofilm need not be uniform; thus, failure to de-
tect bacteria from clinical specimens may be due to sam-
pling error as well as other factors (e.g. simple physical
dislodgment of an attached biofilm in the process of re-
moving the device or tissue).

The direct documentation of infection within the
catheter despite culture negativity has important clinical
implications and especially highlights the need for more
reliable diagnostic measures that can offer better clinical
guidance. Confocal microscopy is unlikely to become a
standard diagnostic in its present format: the preparation
and examination of specimens are labor-intensive and
can only be performed after a shunt or drain has been
removed. However, the PCR-based detection of nucleic
acids from pathogens in the CSF offers the ability to de-
tect minute quantities of biofilm bacteria despite their
low cultivability and deserves further evaluation. One re-
port comparing PCR detection of bacterial DNA with
cultural results in CSF from shunt/ventriculostomy pa-
tients with clinically suspected infection has demonstrat-
ed that PCR significantly increases the number of pa-
tients found to have evidence of bacteria in the CSF [23].

Our data support the hypothesis by Stevens et al. [11]
that a major contributor to infection associated with EVD
may be biofilm formation. Hayhurst et al. [24] reported
that, of 27 pediatric patients with EVD, 4 EVD were in-
fected (by clinical signs and apparent response to treat-
ment) even though all patients had sterile CSF through-
out surveillance. Occult infection has also been associ-
ated with peritoneal catheters: Gorman et al. [25]
examined 32 peritoneal catheters from patients with a
history of peritonitis by electron and confocal micros-
copy. Bacteria were cultured after removal by sonication
and vortexing. Biofilms were found in 4 of 4 catheters re-
moved for peritonitis, but were also observed in 17 of 21
catheters removed for renal transplant from patients with
no diagnosis of clinical infection; 41% of the infected
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Fig. 2. Agarose gel electrophoresis of PCR amplimers. Lanes 2 and
6 were from DNA extracted directly from 1 catheter section (sec-
tion 1);lanes 3 and 7 were extracted from a second section (section
2) taken from the same catheter. Lanes 2, 3,4 and 5 are amplimers
from the S. aureus hutH primer set Sau562/Saull55; lanes 6, 7 and
8 are from the S. aureus 23S Sau327/Saul645 primer set. Parallel
black lines: expected amplicon size for the 2 primer sets. Catheter
section 1 demonstrated amplimers of the expected molecular
weight for both primer sets, indicating a positive identification for
S. aureus. However, catheter section 2 was negative. Lanes 4 and
8 were the positive controls from DNA extracted from S. aureus
ATCC No. 25923. DNA extracted from S. epidermidis ATCC No.
35984 was used as a negative control against the hutH primer set
in lane 5; the absence of any amplimer demonstrates that the
primer set tested is actually S. aureus-specific. Lane 1 is a ladder
of molecular weight markers using the Track-It"™ 1 Kb Plus DNA
Ladder (Invitrogen, Carlsbad, Calif., USA).

catheters had mixed biofilms of CONS and S. aureus. Bio-
film formation in the intraluminal compartment might
also explain the absence of early clinical signs of infec-
tion. In the early stages of biofilm formation, an intralu-
minal biofilm would be sequestered from the host, which
might explain the limited inflammation associated with
EVD-related infections [1].

The recognition of a biofilm involvement has signifi-
cance for the design of devices specifically designed to
prevent shunt (or EVD) infection (and presumably bio-
film formation). Several studies have examined whether
antibiotic-impregnated shunts can reduce the rate of in-
fection with somewhat encouraging results. Hayhurst et
al. [24] and Parker et al. [26] reported that antibiotic-im-
pregnated shunts reduced the incidence of CSF infection
in pediatric patients. However, it was noted that when S.
aureus was cultured from patients with antibiotic-im-
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pregnated shunts, the strains were more likely to be ox-

acillin-resistant than from patients with conventional

shunts [26], illustrating the potential danger of select-
ing for antibiotic resistance by this strategy. Lastly, it has
been noted that the simple placement of an EVD, wheth-
er culture-positive or -negative, is itself a risk factor for
the infection even of a subsequent antibiotic-impregnat-
ed shunt [25]. These results again suggest that a culture-

Human Services.

negative EVD may still host a hard-to-detect biofilm in-
fection which may transfer to a subsequent device, again
reinforcing the need for better methods for the detection
and combat of biofilm.

—
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