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Staphylococcus epidermidis (S. epidermidis) often cause sepsis and related diseases by transfusion of con-
taminated platelet concentrates (PCs). The proliferation process of this bacterium in PCs has been unclear, thus,
bio-imaging system was applied for analyzing the dynamics of S. epidermidis in PCs. S. epidermidis were spiked
into PCs or Luria Bertani (LB) broth. These samples were collected at each sampling time during incubation (up
to 7 days), and colony-forming-units were counted. Bacterial number and their size distribution in each sample
were also determined with a new bio-imaging system. The morphological characters of S. epidermidis growing in
the samples were observed precisely by scanning electron microscopy (SEM). The numbers of S. epidermidis were
stable for 48 hr after the spiking as lag-phase, while the bio-imaging analysis also showed that aggregates prolifer-
ated during “lag-phase.” The aggregates were also observed in LB media, however, their sizes were much smaller
than those in PCs. SEM suggested that the aggregates were micro-colonies (MCs) of staphylococcal cells and cores
of the MCs are composed with platelets (PLTs). Out results suggested that S. epidermidis formed floating MCs in
PCs during “lag-phase.” Therefore, the term of lag phase of S. epidermidis in PCs should be called as “pseudo-lag
phase.” The initial processes of forming MCs in PCs are thought to be an interaction between bacterial cells and
PLTs. Floating MCs would be the source of biofilms on the inside of PC storage bags. New information obtained
in this study would be useful for understanding the dynamics of growing bacteria in PCs.
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INTRODUCTION

Sepsis and related diseases caused by bacteri-
ally contaminated platelet concentrates (PCs) con-
stitute a serious health risk,1) with several numbers
bacterially contaminated units being annually trans-
fused in the U.S.A.2–4) Staphylococcus epidermidis
(S. epidermidis) is a Gram-positive, non-motile, fac-
ultative anaerobic coccus. This bacterial species is
also part of the normal skin flora and it is most
frequently isolated from contaminated blood prod-
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ucts.3) Because S. epidermidis grows very slowly in
PCs5, 6) and form biofilms on the insides of PC stor-
age bags after storage for three days, it can escape
detection.7) Presently, inactivation techniques8, 9) as
well as rapid microbial detection methods1) are re-
quired to ensure the safety of PCs. To develop these
techniques, understanding of the proliferation pro-
cess of this pathogenic bacterium in PCs is impor-
tant.

Here, we analyzed the dynamics of S. epider-
midis in PCs by plate counting and by using a novel
bio-imaging system.
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MATERIALS AND METHODS

Bacterial Strains and Samples —— S. epider-
midis strains ATCC 12228 (biofilm-negative strain)
and ATCC 35984 (biofilm-positive strain), respec-
tively, were cultivated in Luria Bertani (LB) broth at
35◦C for 16 hr, diluted in phosphate buffered saline
(PBS[−]), and enumerated using a bio-imaging sys-
tem, µFinder (Asahi Breweries, Tokyo, Japan) as
described below. Storage bags (Terumo, Tokyo,
Japan) containing 100 ml of fresh PC (apheresis;
Platelet Concentrates Nisseki; Japanese Red Cross,
Tokyo, Japan) or LB broth were spiked with cul-
tured staphylococcal cells (1000 cells; counted by
the µFinder) by using syringes and then flat-shaken
at 22◦C (temperature for PC storage) for up to
168 hr (7 days).
Monitoring of Staphylococcal Growth in PC or
LB Broth —— Three ml of PCs or LB media in the
bags were sampled by using syringes at 24, 48, 72,
96, 120, 144 and 168 hr (1, 2, 3, 4, 5, 6 and 7 days)
after the spiking. Samples were spread onto Soy-
bean Casein Digest (SCD) plates and incubated aer-
obically at 35◦C for 72 hr. Formed colonies were
counted macroscopically.

Both samples at each sampling time were also
analyzed using the bio-imaging system, µFinder
(Asahi Breweries), as described by Motoyama et
al.10) This bio-imaging system consists of an epi-
fluorescence microscope equipped with an auto-
focusing unit, a Charge Coupled Device (CCD)
camera and a XY-motorized stage, which were con-
trolled by a personal computer. This system firstly
scans the defined area of the surface of a mem-
brane rapidly and automatically under blue light ir-
radiation at lower resolution. During scanning, all
detected fluorescently-stained cells were automati-
cally discriminated from other particles or platelet
debris based on their morphological characters and
fluorescence intensities. Real-time results were dis-
played on the computer screen showing the num-
ber of discriminated spots and their positions on
the scanned membrane, with each fluorescence im-
age. Subsequently, each fluorescent cell, which was
discriminated from other particles or platelet debris
at lower resolution, was re-analyzed automatically
at higher resolution using three different excitation
wavelengths for accurate discrimination of bacterial
cells from other particles.

Firstly, platelets (PLTs) and leucocytes were se-
lectively lysed with trypsin and polyoxyethylene
(23) lauryl ether (PC lysis reagent; Asahi Brew-

eries). After filtration through by metalized filters
(pore size, 0.4 µm; Asahi Breweries), bacterial cells
remaining on the filters were stained with the es-
terase indicator, carboxyfluorescein diacetate11–13)

(CFDA; Invitrogen, Carlsbad, CA, U.S.A.) in GAN
buffer (phosphate buffer for CFDA-staining of
staphylococcal cells; Asahi Breweries) to detect vi-
able S. epidermidis. The bio-imaging system au-
tomatically discriminated bacterial cells from other
noise particles in the sample and enumerated them
rapidly. The sizes of bacterial cells and aggregates
in each sample were determined by this bio-imaging
system.

These experiments were repeated several times.
Scanning Electron Microscopy (SEM) —— Cells
in stationary phase were fixed in 4% (w/v) paraf-
ormaldehyde for 16 hr at 4◦C and passed through
polycarbonate (pore size, 0.2 µm) or polypropy-
lene (pore size, 10 µm) filters (ADVANTEC, Tokyo,
Japan) and washed with PBS. The filters were
placed on a SEM pore holder (JEOL Datum, Tokyo,
Japan) connected to a cooling holder (JEOL Datum)
and incubated with 50 µl of t-butyl alcohol at room
temperature for 10 min. The holder was covered
with a cooling cap (JEOL Datum) and chilled with
liquid nitrogen for 30 s. After the cooling cap was
removed, the holder was immediately placed in the
specimen chamber of the scanning electron micro-
scope (JSM 5610L; JEOL Datum). The samples
were then sputter-coated with evaporated gold for
2 min using Quick Coater (Sanyu Denshi, Tokyo,
Japan) and observed by SEM.

RESULTS

CFU and Bio-imaging Analysis
Monitoring the growth of S. epidermidis in PCs

showed that the CFU remained stable during a
48-hr lag phase after spiking, and the number of
S. epidermidis reached 1× 107 CFU/ml in PCs
by 144-hr (Fig. 1A). Direct observation using the
µFinder showed similar results (Fig. 1B). Monitor-
ing the growth in LB media showed similar dy-
namics while the number of S. epidermidis reached
> 1× 108 CFU/ml (Fig. 1C) or counts/ml (Fig. 1D;
determined by the µFinder).

From direct observations using the µFinder, not
only single bacterial cells but also various sizes of
aggregates were observed in PC when spiked with
S. epidermidis. Figure 2 shows representative im-
ages of aggregates in PCs spiked with ATCC35984
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Fig. 1. Growth Curves of S. epidermidis in Platelet Concentrates (A and B) and LB Media (C and D)
A and C: Bacterial number determined as CFU by plate counting. B and D: Bacterial number determined by µFinder analysis.

Fig. 2. Representative Images and Sizes of Growing Staphylococcal Micro-colonies (Strain ATCC 35984 Cultured in PCs) Detected
by µFinder Analysis

strain, detected by the µFinder. Similar aggregates
were observed when examining PCs contaminated
with the ATCC 12228 strain. Figure 3 shows that
the size distribution of the aggregates spiked with S.
epidermidis strains; those distributions were com-
pletely different between in PCs and LB media.
The sizes of the aggregates in PCs increased dur-
ing the lag phase and finally reached > 3000 µm2

at the end of the lag phase (48 hr; Fig. 3A and B),
while aggregates in LB media were much smaller
than those in PCs (less than 300 µm2 as shown in
Fig. 3C and D). The maximum sizes of aggregates
in PCs and LB reached > 10000 and 300 µm2, re-

spectively. The sizes of the aggregates, particularly
these of ATCC12228, decreased after the end of the
lag phase (Fig. 3A).

These experiments were repeated several times
with different PCs, and similar results were ob-
tained. The standard deviation of data was 1.0–
27% (average 9.7%) in Fig. 1 and 3.0–25% (average
11%) in Fig. 3.

SEM Analysis
Figure 4 shows the SEM findings of aggre-

gates growing in PCs (Fig. 4A, B and C) and LB
(Fig. 4D). Staphylococcal cells formed aggregate in
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Fig. 3. Changes in Size Distribution of Staphylococcal Micro-colonies during Incubation in Platelet Concentrates (A and B) or LB
Media (C and D)

A and C, ATCC 12228; B and D, ATCC 35984.

Fig. 4. SEM of Micro-colonies of S. epidermidis
A and B: Micro-colony of S. epidermidis ATCC 12228 (biofilm-negative strain) in platelet concentrates observed without (A) or after (B) selective

lysis of platelets. C: Micro-colony of S. epidermidis ATCC 35984 (biofilm-positive strain) in platelet concentrates without selective platelet lysis. D:
Micro-colony of S. epidermidis ATCC 35984 in LB medium.

PC as shown in Fig. 4A, while several gaps in the
aggregate appeared after selective PLT lysis with
enzyme and detergent (Fig. 4B, white arrow).

The surface of the aggregates formed by the
biofilm-positive strain in PC seemed to be covered
with more of a secretion product (Fig. 4C), than
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either the biofilm-negative strain growing in PC
(Fig. 4A) or the biofilm-positive strain growing in
LB (Fig. 4D).

DISCUSSION

The growth kinetics of staphylococcal cells
(Fig. 1) and the µFinder results (Fig. 3) showed that
the sizes of the micro-colonies (MCs) in PCs in-
creased and finally reached > 3000 µm2 at the end
of the lag phase. Thereafter, MCs became degraded
(Fig. 3A and B) and result in increased numbers of
bacteria (Fig. 1A and B). That is, over time reduc-
tion of larger aggregates may be a consequence of
the increasing number of growing bacterial cells.

Large aggregates were observed in PC after the
spiking of staphylococcal cells (Fig. 2, Fig. 3A and
3B), while only few or no aggregates were observed
in PC without the bacterial inoculation (data not
shown). Furthermore, the counts of the aggregates
obtained by the µFinder analysis were almost as
same as CFU (Fig. 1A and 1B). Those results indi-
cate that the aggregates were not noise particles but
bacterial MCs. SEM analysis strongly supported
this fact (Fig. 4). Therefore, it was suggested that S.
epidermidis proliferated by forming floating-MCs
in PC suspension during “lag phase.” From these
results, we propose the proliferation process of S.
epidermidis in PCs at early stage should be called
as “pseudo-lag phase.”

Furthermore, SEM analysis showed that sev-
eral gaps in the aggregates appeared after the selec-
tive PLT lysis (Fig. 4B). This might mean that PLTs
were cores of staphylococcal MCs in PCs. In fact,
pathogenic bacteria do interact with PLTs, which
can result in PLT activation and subsequent aggre-
gation.14) Therefore, the initial process of MC for-
mation might be assisted by these mechanisms.

Greco et al. showed that S. epidermidis form
biofilms on the insides of PC storage bags at 3–
5 days after inoculation,7, 15) while dynamics of this
bacterium in short storage term (within 3 days) was
not precisely determined. We confirmed that this
bacterium formed floating MCs in PC suspension,
which reached to the maximum sizes at 1–3 days
after inoculation. From these observations, it was
strongly suggested that floating MCs would be the
source of the biofilms on PC storage bags.

In addition, the secretion products of the
biofilm-positive strain (ATCC 35984) were par-
ticularly obvious in PC (Fig. 4C), rather than

the biofilm-negative strain (ATCC12228) (Fig. 4A).
Some strains of S. epidermidis produce mucus that
encases the cells and aids in their adherence to and
accumulation on smooth surfaces of medical de-
vices.16) Greco et al. indicated that both biofilm-
positive and -negative strains of this bacterium
form biofilms on the insides of PC storage bags.7)

Our results also indicated that both biofilm-positive
and -negative strains formed aggregates not in LB
media but in PCs. Therefore, it was speculated
that floating MCs play an important role in form-
ing biofilms on PC storage bags, rather than by pro-
ducing secretions. Biofilms are resistant to disinfec-
tants due to having slime layers.15) Therefore, fur-
ther studies on the growth kinetics of floating MC-
forming bacteria in PCs should be important to im-
prove transfusion medicines.
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