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In this study, 83 clinical isolates purified from biofilms colonizing 18 silicone gastrostomy devices (12
“buttons” and six tubes converted to skin level devices) were selected for subtype characterization utilizing
genetic analysis. The tubes, previously used for feeding, remained in place for 3 to 47 months (mean, 20.0
months) in children ranging in age from 6 months to 17 years. Classification of specific microbes using random
amplified polymorphic DNA (RAPD) analysis revealed genetic similarities and differences among isolates
belonging to the same genus. Both gram-positive and -negative bacteria were investigated, including 2 isolates
of Bacillus brevis, 4 isolates of Bacillus licheniformis, 2 isolates of Bacillus pumilus, 3 isolates of Enterococcus
durans, 19 isolates of Enterococcus faecalis, 8 isolates of Enterococcus faecium, 2 isolates of Enterococcus hirae,
7 isolates of Escherichia coli, 8 isolates of Lactobacillus plantarum, 19 isolates of Staphylococcus aureus, 2 isolates
of Staphylococcus epidermidis, and 7 isolates of Staphylococcus saprophyticus. Amplified DNA fragments (ampli-
cons) provided species-specific fingerprints for comparison by agarose gel electrophoresis. A total of 62 distinct
RAPD types were categorized from the five genera studied. Typing analysis suggested cross acquisition of E.
coli, E. faecalis, and S. aureus in three patient pairs. Genomic polymorphism detection proved efficient and
reliable for classifying bacterial subtypes isolated from biofilms adhering to various portions of commonly
employed enteral access tubes.

Long-term enteral access is a common practice associated
with modern medicine, especially for direct gastric access via
gastrostomy. Percutaneous endoscopic gastrostomy (PEG),
first described in 1980, has facilitated direct gastric access, and
skin level devices have removed many of the disadvantages
associated with long enteral catheters (11). It is estimated that
between 180,000 and 200,000 PEGs are performed annually in
the United States (10). However, problems associated with
microbial adhesion and related to patient health and device
failure require further investigation.

Several studies have looked at microbial attachment on
medical devices, such as catheters and prosthetic implants,
while other investigations have researched fungal contamina-
tion on silicone gastrostomy tubes. The following organisms
have been found associated with gastrostomy devices: Candida
tropicalis, Candida albicans, Torulopsis glabrata, Engyodontium
album, Wangiella dermatitidis, Pseudomonas aeruginosa, Can-
dida krusei, Escherichia coli, Enterobacter cloacae, alpha-hemo-
lytic streptococci, Lactobacillus sp., Bacteriodes sp., Bacillus
brevis, Bacillus licheniformis, Bacillus pumilus, Enterococcus du-
rans, Enterococcus faecalis, Enterococcus faecium, Enterococcus
hirae, Lactobacillus plantarum, Micrococcus sedentarius, Staph-
ylococcus aureus, Staphylococcus epidermidis, and Staphylococ-
cus saprophyticus (6, 13, 14, 16, 19). Tube deterioration in
association with attached fungi, as well as gastrostomy site
wound infections, were found related to these organisms.

Bacterial biofilms, defined as a structured community of
sessile bacterial cells enclosed in a self-produced extracellular
polysaccharide matrix adhering to inert or living surfaces, oc-
cur in a wide variety of environments (5). Biofilms preferen-
tially develop on inert surfaces or dead tissue, which is prob-
lematic in immunocompromised individuals requiring some
form of medical implant. In addition, biofilms produce local-
ized environments of corrosive molecules and/or protons in
excessive concentrations as well as enzymes in direct contact
with the substratum (4). Molecules are produced faster than
they can diffuse through the matrix, leading to device deterio-
ration. It has also been reported that species of the genera
Torulopsis, Candida, and Aspergillus can catabolize intermedi-
ate-chain-length hydrocarbons for cellular growth (7, 17).
Based on these findings, fungi in association with biofilm bac-
teria could enhance device destruction via the metabolism of
silicone components.

Microbial typing is most accurately determined by genomic
fingerprinting methods (21). Several methodologies are com-
monly employed, including pulsed-field electrophoresis (15),
ribotyping (8), restriction endonuclease analysis (18), multilo-
cus enzyme electrophoresis (12), and PCR-based procedures
(9). Random amplified polymorphic DNA (RAPD) analysis
can be utilized to determine variations in DNA sequences
among closely related species, thus allowing subtype differen-
tiation (20). Single primers, usually 10 bases long, are used to
amplify random domains of purified DNA, producing finger-
prints characteristic of a particular strain. Single-base substi-
tutions, or insertions and deletions, will alter primer annealing,
causing differing RAPD profiles that can be used to estimate
nucleotide diversity and divergence (3). An advantage of
RAPD analysis is that it can be applied to any strain or species
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of a bacterial group without previous knowledge of that isolate
(26). In addition, much smaller quantities of DNA are re-
quired, which is especially important when dealing with gram-
positive species. PCR-based technologies of this type produce
high concentrations of DNA composing the amplicons, which
eliminates the need for expensive data-imaging software.
RAPD typing has been used successfully for the characteriza-
tion of numerous organisms, including P. aeruginosa (1, 21), S.
aureus, Staphylococcus intermedius (25), Streptococcus mutans,
Streptococcus sobrinus, Streptococcus rattus (22), Salmonella en-
terica subsp. enterica (2), Lactobacillus casei, Lactobacillus cur-
vatus, Lactobacillus fermentum, Lactobacillus halotolerans, Lac-
tobacillus pentosus, L. plantarum, Lactobacillus rhamnosus,
Lactobacillus sake (26), and E. coli (23).

RAPD analysis was used in this study to classify 83 isolates
into 62 distinct subtypes. RAPD analysis is inexpensive, effi-
cient, and well suited for investigations incorporating large
sample numbers (1). In the present study, isolates associated
with pediatric feeding tubes were compared to determine the
numerous subtypes capable of proliferating throughout the
biofilm as well as proliferation of single organisms throughout

multiple areas of PEG tubes. In addition, potentially common
organisms were studied in an effort to link a general localized
source of contamination leading to cross acquisition of species.

MATERIALS AND METHODS

Isolation and identification of biofilm microorganisms. Low-profile PEG
tubes, composed of silicone rubber, were collected from 18 pediatric patients
from The Children’s Hospital of Greenville Hospital System (Greenville, S.C.).
Areas of the gastrostomy tubes, including the inner and outer portions of the
internal stabilizer, the inner and outer portions of the shaft, and the valve, if
present, were scraped with a sterile scalpel to remove the viable biofilm (6). The
biofilm cells were placed in brain heart infusion broth (Difco, Detroit, Mich.)
with 0.01 g of cycloheximide (Sigma, St. Louis, Mo.)/ml (BHI-C). Aliquots were
also plated in duplicate on chocolate agar (Difco) plates containing 0.01 g of
cycloheximide/ml. One set of tubes and plates was incubated under 5% CO2 for
1 week at 37°C, and the other set was incubated in an anaerobic Gas-Pak 100 jar
(BBL Biological Systems, Cockeysville, Md.) for 1 week at 37°C. Colonies from
chocolate agar plates containing 0.01 g of cycloheximide/ml were inoculated into
BHI-C and incubated either aerobically or anaerobically as previously described.
Tubes of BHI-C from the initial biofilm inoculation were diluted (10�5) in
phosphate-buffered saline (pH 7.2) (Sigma), plated on brain heart infusion agar
(Difco) plates containing 0.01 g of cycloheximide/ml, and incubated aerobically
or anaerobically as previously described. Well-isolated, morphologically distinct
colonies from brain heart infusion agar plates containing 0.01 g of cyclohexi-
mide/ml were inoculated into BHI/C and cultured as described above. Genus and
species determinations were obtained with the BBL CRYSTAL identification
systems (Becton Dickinson, Sparks, Md.). Gram-positive isolates were identified
with a BBL CRYSTAL Gram-Positive identification kit (Becton Dickinson),
while gram-negative isolates were identified with a BBL CRYSTAL Enteric/
Nonfermenter identification kit (Becton Dickinson). Both types of panels were
inoculated according to the manufacturer’s specifications.

Chromosomal DNA preparation. For chromosomal DNA preparations, a
1.5-ml sample of the desired strain was grown in brain heart infusion broth
(Difco), pelleted with a microcentrifuge (Eppendorf model 5415C; Brinkmann
Instruments, Westbury, N.Y.) at 14,000 rpm for 2 to 3 min, and extracted using
methods described by Ulrich and Hughes (24). The preparations were analyzed
on a 1% agarose gel containing 0.5 �g of ethidium bromide/ml.

RAPD analysis. RAPD reactions were performed in duplicate using Ready-
to-Go RAPD analysis beads (Amersham Pharmacia Biotech, Piscataway, N.J.).
Multiple primers were tested for the capacity to amplify the target DNA from

FIG. 1. RAPD fingerprints of Bacillus isolates. Lanes 1 and 10,
DirectLoad wide-range DNA markers ranging from 50 to 10,000 bp
(D7058; Sigma); lanes 2 to 9, B. brevis, B. licheniformis, and B. pumilus
isolates.

FIG. 2. RAPD fingerprints of E. coli isolates. Lanes 1 and 9, Di-
rectLoad wide-range DNA markers ranging from 50 to 10,000 bp
(D7058; Sigma); lanes 2 to 8, E. coli isolates.

TABLE 1. IOS for B. licheniformis

Isolate
IOS

Bl11OIS Bl11OS Bl16OIS

Bl4OIS 0.600 0.222 0.000
Bl11OIS 0.000 0.000
Bl11OS 0.800
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each isolate. A single primer (5�-GTTTCGCTCC-3�) was chosen for its ability to
produce a distinguishable RAPD profile with a limited number of amplicons
visible under UV light. Reactions were performed by combining 2 �l (15 pmol/
�l) of primer, 1 �l of template DNA (approximately 50 ng), and 22 �l of sterile
distilled water with the reaction beads for a total volume of 25 �l. Amplification
was performed in a Genius thermal cycler (Techne Ltd., Cambridge, United
Kingdom) programmed for one cycle of 5 min at 95°C followed by 45 cycles of
1 min at 95°C, 1 min at 36°C, and 2 min at 72°C. The amplicons were analyzed
on a 1.5% agarose gel containing 0.5 �g of ethidium bromide/ml at 200 V for 1 h
and 30 min.

RAPD data analysis. The RAPD patterns of individual strains were compared
based on the index of similarity (IOS) between samples (2). The following
formula was used for calculations: Fxy � 2nxy/(nx � ny), where nxy is the number
of RAPD bands both samples share and nx and ny are the number of RAPD
bands in each sample. The IOS provides a mathematical model to study genetic
variation, especially with difficult or closely related RAPD patterns. Computa-
tional analysis of this type allows for direct comparisons without the need to
count bands, which is especially important after loss of resolution resulting from
manuscript duplication via photocopying.

RESULTS

Eighty-three isolates from 15 patients were classified into 62
subtypes as determined by unique banding patterns obtained
from RAPD analysis and IOS. The patients ranged in age from
6 months to 17 years (mean, 93.4 months), and the implanta-
tion time ranged from 3 to 47 months (mean, 20.0 months). All
RAPD reactions were performed in duplicate to determine the
consistency and reproducibility of the RAPD methodology. No
deviations in RAPD patterns between the duplicate reactions
were encountered using the selected primer discussed in Ma-
terials and Methods. Isolate codes were based on organism
classification, patient number, and location of the tube (IIS,
inner portion of the internal stabilizer; OIS, outer portion of
the internal stabilizer; IS, inner portion of the shaft; OS, outer
portion of the shaft; and V, valve) and were designated with a
number if multiple isolates were found in the same location.
IOS values were determined by comparing two isolates and
ranged from 0.000 (showing no similarity) to 1.000 (indicating
identical subtypes).

Two B. brevis (Bb), four B. licheniformis (Bl), and one B.
pumilus (Bp) subtypes were discerned based on unique band-
ing patterns (Fig. 1) and IOS analysis of each isolate. The IOS
for the B. brevis isolates, Bb9IIS and Bb9OS, was 0.308. A
comparison of B. licheniformis isolates can be seen in Table 1.
None of the B. licheniformis isolates were genetically identical,
and the largest IOS value was between isolates Bl11OS and
Bl16OIS. The B. pumilus isolates, Bp1IS and Bp1OIS, had an
IOS of 1.000.

FIG. 3. RAPD fingerprints of Enterococcus isolates. Lanes 1 and 15, DirectLoad wide-range DNA markers ranging from 50 to 10,000 bp
(D7058; Sigma); lanes 2 to 14, E. durans, E. faecium, and E. hirae isolates.

TABLE 2. IOS for E. coli

Isolate
IOS

Ec9IIS1 Ec9IIS2 Ec9IS Ec9OIS1 Ec9OIS2 Ec9OS

Ec3OS 0.571 1.000 0.800 1.000 1.000 1.000
Ec9IIS1 0.571 0.500 0.571 0.571 0.571
Ec9IIS2 0.800 1.000 1.000 1.000
Ec9IS 0.800 0.800 0.800
Ec9OIS1 1.000 1.000
Ec9OIS2 1.000
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Three E. coli (Ec) types were also distinguished and catego-
rized as seen in Fig. 2 and Table 2. Isolates Ec3OS, Ec9IIS2,
Ec9OIS1, Ec9OIS2, and Ec9OS produced identical amplicon
patterns and IOS values. The least related isolates based on
amplified DNA were Ec9IIS1 and Ec9IS, with an IOS of 0.500.

Three E. durans (Ed), seven E. faecium (Efm), and two E.
hirae (Eh) subtypes were also grouped using RAPD profiles
(Fig. 3) and IOS values. The IOS for the E. durans isolates
Ed10V and Ed10OS was 0.727, that for Ed10V and Ed15IIS
was 0.546, and that for Ed10OS and Ed15IIS was 0.800. E.
faecium IOS results are reported in Table 3. Isolates Efm15IS
and Efm15OIS1 produced homologous RAPD patterns. The
IOS for the E. hirae isolates, Eh15IIS1 and Eh15IIS2, was
0.833.

Twelve E. faecalis (Ef) types were differentiated and classi-
fied as reported in Fig. 4 and Table 4. Isolates Ef2OS2 and
Ef5OS3 were identical in amplicon patterns and IOS values.
Also, isolates Ef2OS3, Ef5IS1, Ef5IS2, and Ef5IS3; Ef5OIS
and Ef5OS1; and Ef7IS1, Ef7IS2, and Ef7V were identical.

Eight L. plantarum (Lp) types were also distinguished (Fig.
5) and categorized (Table 5). None of the isolates had identical
banding patterns; however, Lp20IS2 and Lp20OS had the
highest IOS value of 0.875, while Lp20IIS2 and Lp20OS did
not share any common amplicons.

Twelve S. aureus (Sa) types were determined based on band-

ing patterns (Fig. 6) and IOS (Table 6). The identical isolates
were as follows: Sa1IS1, Sa1OIS1, Sa1OIS2, and Sa1OS1;
Sa1OS2 and Sa9IIS2; Sa7IIS1 and Sa7IIS2; and Sa9IIS1,
Sa9IS1, and Sa9OIS1. The two S. epidermidis species analyzed
produced the same RAPD profile (Fig. 7). Seven S. saprophy-
ticus types were classified and produced different RAPD fin-
gerprints (Fig. 7) and IOS values (Table 7).

In several species, all isolates tested shared major amplicons.
The two B. brevis isolates shared one band, the seven tested E.
coli strains shared two amplicons, three common bands were
found in the three E. durans isolates, one amplicon was shared
by all eight E. faecium samples, and the two isolated E. hirae
strains shared four bands.

Based on the RAPD fingerprints and the calculated IOS
values, 62 distinct types were discerned among the 83 total
isolates investigated in this study. Isolates with the same am-
plicon pattern were observed in multiple patients as follows:
one E. coli type was seen in isolates Ec3OS, Ec9IIS2, Ec9OIS1,
Ec9OIS2, and Ec9OS; one S. aureus profile was seen in isolates
Sa1OS2 and Sa9IIS2; and two E. faecalis profiles were seen,
one in strains Ef2OS2 and Ef5OS3 and the other in strains
Ef2OS3, Ef5IS2, and Ef5IS3. Patients 3 and 9 had identical E.
coli RAPD profiles and were seen in the hospital for tube
removal 1 month and 25 days apart. RAPD profiles in patients
2 and 5 showed identical E. faecalis types, and these patients

TABLE 3. IOS for E. faecium

Isolate
IOS

Efm15IS Efm15OIS1 Efm15OIS2 Efm15OIS3 Efm15OS1 Efm15OS2 Efm15OS3

Efm15IIS 0.667 0.667 0.600 0.750 0.500 0.400 0.444
Efm15IS 1.000 0.364 0.444 0.444 0.364 0.400
Efm15OIS1 0.182 0.222 0.444 0.546 0.400
Efm15OIS2 0.800 0.400 0.333 0.546
Efm15OIS3 0.500 0.400 0.667
Efm15OS1 0.600 0.667
Efm15OS2 0.909

FIG. 4. RAPD fingerprints of E. faecalis isolates. Lanes 1 and 21, DirectLoad wide-range DNA markers ranging from 50 to 10,000 bp (D7058;
Sigma); lanes 2 to 20, E. faecalis isolates.
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were seen 28 days apart for device replacement. The third pair,
patients 1 and 9, seen 2 months and 20 days apart, shared the
same S. aureus type.

DISCUSSION

It has been shown that RAPD fingerprints produced from
arbitrarily primed PCR can be used to compare bacterial
strains (27). In the present study, RAPD analysis was applied
to clinical isolates for subtype differentiation and to possibly
link common isolates to specific patients. The results showed
that this methodology could be used to distinguish different
subtypes based on the numerous fingerprints generated within
a microbial genus and species group. Not only did the RAPD
profiles allow for type distinction, the degree of relatedness
between isolates was calculated based on band similarities.
This was apparent with B. brevis, E. coli, E. durans, E. faecium,
E. hirae, and S. epidermidis, all of which had at least one band
in common within each species, indicating a potential species-
specific probe for strain identification.

RAPD profiles from the genus Bacillus led to several inter-
pretations. None of the isolates from the three species B.
brevis, B. licheniformis, and B. pumilus showed identical RAPD
profiles. The B. brevis isolates were purified from two specific
locations on the same tube from one patient, the inner portion
of the internal stabilizer and the outer portion of the shaft. A
hypothesis, supported by several reports (1, 22), can be drawn
that the isolates came from different environmental sources
and were not from one organism proliferating through various
locations of the tube. B. licheniformis was found in biofilms
isolated from three different patients, and all of the RAPD
profiles were different, leading to the hypothesis that each
patient encountered different environmental sources of the
contaminant that produced biofilm proliferation. Patient 11
had two different B. licheniformis types in two different areas of
the tube, reinforcing the conclusion that multiple sources of
bacterial contamination exist. In addition to these observa-
tions, the two B. pumilus isolates had identical RAPD profiles
and were found on two areas of the same patient’s device,
implying a second characteristic related to biofilm prolifera-

tion. Based on this fact, it is also possible for microorganisms
to spread to multiple areas of the tube from a single source.

Of the seven E. coli isolates, five had the same amplicon
distribution but were not from the same patient. One was from
patient 3, while the other four were from patient 9. A finding
of this nature could show cross acquisition between patients
via direct patient-to-patient interaction or contact with a com-
mon environmental source. Accessible records indicate that 1
month and 25 days elapsed between office visits and a different
doctor cared for each patient. This information provides in-
sight into a potential source, but further testing was restricted,
so a definitive source linking the two could not be determined.

Comparisons of enterococcus profiles support the previously

FIG. 5. RAPD fingerprints of L. plantarum isolates. Lanes 1 and
10, DirectLoad wide-range DNA markers ranging from 50 to 10,000 bp
(D7058; Sigma); lanes 2 to 9, L. plantarum isolates.

TABLE 4. IOS for E. faecalis

Isolate
IOS

Ef2OS2 Ef2OS3 Ef5IS1 Ef5IS2 Ef5IS3 Ef5V Ef5OIS Ef5OS1 Ef5OS2 Ef5OS3 Ef7IS1 Ef7IS2 Ef7V Ef7OS Ef14OS Ef14IIS Ef15IS Ef15OS

Ef2OS1 0.333 0.400 0.400 0.400 0.400 0.667 0.500 0.500 0.667 0.333 0.000 0.000 0.000 0.000 0.400 0.400 0.333 0.500
Ef2OS2 0.667 0.667 0.667 0.667 0.571 0.500 0.500 0.571 1.000 0.800 0.800 0.800 0.200 0.889 0.667 0.800 0.500
Ef2OS3 1.000 1.000 1.000 0.667 0.857 0.857 0.667 0.667 0.667 0.667 0.667 0.222 0.500 0.500 0.444 0.571
Ef5IS1 1.000 1.000 0.667 0.857 0.857 0.667 0.667 0.667 0.667 0.667 0.222 0.500 0.500 0.444 0.571
Ef5IS2 1.000 0.667 0.857 0.857 0.667 0.667 0.667 0.667 0.667 0.222 0.500 0.500 0.444 0.571
Ef5IS3 0.667 0.857 0.857 0.667 0.667 0.667 0.667 0.667 0.222 0.500 0.500 0.444 0.571
Ef5V 0.800 0.800 0.500 0.571 0.286 0.286 0.286 0.000 0.667 0.667 0.571 0.800
Ef5OIS 1.000 0.400 0.500 0.500 0.500 0.500 0.000 0.571 0.571 0.500 0.667
Ef5OS1 0.400 0.500 0.500 0.500 0.500 0.000 0.571 0.571 0.500 0.667
Ef5OS2 0.571 0.286 0.286 0.286 0.286 0.333 0.333 0.286 0.400
Ef5OS3 0.600 0.600 0.600 0.200 0.889 0.667 0.600 0.500
Ef7IS1 1.000 1.000 0.200 0.444 0.444 0.400 0.250
Ef7IS2 1.000 0.200 0.444 0.444 0.400 0.250
Ef7V 0.200 0.444 0.444 0.400 0.250
Ef7OS 0.000 0.000 0.000 0.000
Ef14OS 0.750 0.889 0.571
Ef14IIS 0.667 0.857
Ef15IS 0.750
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stated findings that biofilm formation occurs due to multiple
sources as well as proliferation from a single contaminant. The
two E. durans isolates Ed10V and Ed10OS were from the same
patient’s tube but different locations. Two E. faecium isolates
from the inner portion of the shaft and the outer portion of the
internal stabilizer from the same patient produced the same
pattern by RAPD analysis, supporting the finding of biofilm
proliferation from a single bacterium. All other isolates
(Efm15IIS, Efm15OIS2, Efm15OIS3, Efm15OS1, Efm15OS2,
and Efm15OS3) from the same patient were genetically differ-
ent, showing that numerous microorganisms were involved in
the formation of the biofilm. Two E. hirae isolates from the
same location were genetically different, supporting the previ-
ously stated finding. E. faecalis was found in five patients, but
two of them showed multiple RAPD types with an IOS of
1.000. Samples Ef2OS2 and Ef5OS3 were identical, further
supporting the statement that cross acquisition between pa-
tients could occur. Interestingly, these two patients shared an-
other subtype seen in Ef2OS3, Ef5IS2, and Ef5IS3.

L. plantarum was found in only two patients, but all eight of
the isolates were genetically different based on RAPD profiles.
Many of the samples were similar (Lp20IIS1 and Lp20IIS2,
Lp20IS1 and Lp20IS2, and Lp20OIS2 and Lp20OS), but one
or two bands that were present in one were absent in the other
(Fig. 5), indicating similarity in the genetic template due to the

amplicons produced in each sample while the missing bands
show the isolates were not identical. Interestingly, Lp20IIS2
and Lp20OS did not share any amplicons.

Results from the genus Staphylococcus RAPD analysis sup-
ported all three findings stated so far: that multiple sources
contribute to biofilm composition, proliferation of a specific
organism occurs, and patient cross acquisition is possible. A
single S. aureus type was found associated with two patients
seen in the same office 2 months and 20 days apart, indicating
the possibility of direct patient-to-patient contact or the pres-
ence of a common environmental source. In patient 1, 4 of the
S. aureus isolates were identical, showing proliferation of one
type over the surface of the device, as did 2 of the 3 isolates in
patient 7 and 3 of the 10 S. aureus strains in patient 9. The
remaining isolates of S. aureus as well as S. saprophyticus spe-
cies were genetically different based on RAPD profiles.

RAPD profiles, using the primer described in Materials and
Methods, produced a limited number of bands, which facili-
tated fingerprint analysis without the need for computer inter-
vention. In addition, the relative prevalence of microbial col-
onization throughout various locations of the device and
potential cross acquisition among patients was determined.
Identical isolates, based on RAPD profiles, were found on
multiple areas of the tube, suggesting the spread of the biofilm
from the initial point of attachment. In addition, numerous

TABLE 5. IOS for L. plantarum

Isolate
IOS

Lp20IIS1 Lp20IIS2 Lp20IS1 Lp20IS2 Lp20OIS1 Lp20OIS2 Lp20OS

Lp18IS 0.667 0.615 0.444 0.471 0.700 0.400 0.588
Lp20IIS1 0.800 0.533 0.571 0.471 0.333 0.286
Lp20IIS2 0.308 0.167 0.400 0.200 0.000
Lp20IS1 0.824 0.700 0.800 0.706
Lp20IS2 0.737 0.857 0.875
Lp20OIS1 0.706 0.737
Lp20OIS2 0.857

FIG. 6. RAPD fingerprints of S. aureus isolates. Lanes 1 and 21, DirectLoad wide-range DNA markers ranging from 50 to 10,000 bp (D7058;
Sigma); lanes 2 to 20, S. aureus isolates.
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subtypes were found associated with a single tube, leading to
the observation that multiple bacterial subtypes are involved in
the formation of gastrostomy tube-associated biofilms. Identi-
cal RAPD fingerprints for E. coli, E. faecalis, and S. aureus
were identified in three patient pairs, suggesting a potential
transfer of microorganisms from patient to patient via direct
interaction or contact with a common source.

Investigations of large numbers of isolates by RAPD would
benefit from computer-assisted discrimination by generating a
database of patterns for the comparison of present and future
isolates, including antibiotic sensitivity and resistance, isolate
source, and patient-associated disease. Additional studies are
using plasmid analysis to investigate the transfer of antibiotic
resistance genes in order to link RAPD fingerprints to antibi-
otic resistance and sensitivity. This investigation supports pre-
vious reports that RAPD analysis is efficient, reproducible, and
capable of detecting genomic polymorphisms among various
microbial species without previous knowledge of the nucleo-
tide sequence on the target DNA (22), and the technique has
been shown to be valuable in studies dealing with biofilm
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FIG. 7. RAPD fingerprints of Staphylococcus isolates. Lanes 1 and
11, DirectLoad wide-range DNA markers ranging from 50 to 10,000 bp
(D7058; Sigma); lanes 2 to 10, S. epidermidis and S. saprophyticus iso-
lates.

TABLE 7. IOS for S. saprophyticus

Isolate
IOS

Ss9IS1 Ss9IS2 Ss9OIS1 Ss9OIS2 Ss9OS1 Ss9OS2

Ss9IIS 0.154 0.667 0.250 0.546 0.222 0.546
Ss9IS1 0.143 0.286 0.600 0.500 0.400
Ss9IS2 0.000 0.333 0.000 0.500
Ss9OIS1 0.400 0.667 0.400
Ss9OIS2 0.667 0.750
Ss9OS1 0.667
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formation on enteral access tubes. RAPD technology is an
inexpensive way to type organisms without specialized equip-
ment not readily available to general molecular microbiology
laboratories. Although RAPD is sensitive to annealing tem-
peratures, reproducibility has been achieved previously as
well as in this study (22, 25). RAPD is also preferable for
gram-positive species, where chromosomal preparations are
difficult and low concentrations of nucleic acid are achieved.
RAPD typing has proved to be efficient and cost-effective while
maintaining reproducible and accurate results for analyzing
large numbers of gram-positive organisms.
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