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A blood processing method provides a red blood cell
product that is free of microorganisms like Yersinia enterocoli-
tica during storage periods over 24 hours. The red blood cell
product is collected in a first container (16), where it is refrige-
rating to cool the blood product to a temperature of about 3 to
5 degrees C. The refrigerated product is transferred from the
first container (16) into a storage container (34) through a pre-
scribed filter medium (44) that comprises a mass of synthetic
fibers having an average fiber diameter of about 10 microns or
less and a bulk density of about 0.7 gram per cubic centimeter
or less. The filtered product is retained in the storage container
(34) at a temperature of about 3 to 5 degrees C for a storage pe-
riod over 24 hours after filtration. Using the filter medium (44),
microorganisms like Yersinia enterocolitica present in the red
blood cell product at the time of collection are depleted. The
filtered blood product remains free of clinically significant
numbers of microorganisms throughout refrigerated storage up
to time of transfusion.
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METHODS FOR PROCESSING
RED BLOOD CELL PRODUCTS FOR LONG TERM STORAGE
FREE OF MICROORGANISMS

Field of the Invention:
The invention generally relates to blood

collection and processing methods. In a more particu-
lar sense, the invention relates to methods for remov-

ing microorganisms 1ike yersinia enterocolitica from

red blood cell products prior to long term storage.
Background of the Invention:

The published literature reports the pres-
ence of small numbers of microorganisms in donor blood
at the time of collection. As shown in Table 1, Myhre
et al. have detected the presence of from 1 to 8 bac~
terial strains at the time of phlebotomy, with .some
strains being present at conéentrations greater than
25 organisms per ml. Myhre et al., "Bacteriocidal

Properties of Platelet Concentrates," fTransfusion
14:116 (1974).

PCT/US92/03475
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Table 1
Organisms Isolated From the First 7 mL of
Donated Blood From Nine Normal Donors

Bacteria Occurrence Bacterial Con-
(N=9) "centration
1)

10 colonies/7ml
1-200+
1-200+

4
1-100+
1-100+
2=100+

b

Staph. epid.
Bacillus sp.
Micrococcus
Staph. aureus
Neisseria sp.
alpha. strep.
Staph. sp.

HDND®HWYOH

While there may be bacteria present at the
time of blood collection, the presence of clinically
significant numbers of bacteria at the time of trans-
fusion is rarely encountered. For many years, this
decline in the number of bacteria in donor blood be-
tween time of collection and the time of transfusion
has been attributed to a sterilizing activity of white
blood cells and plasma factors. See, for example,
Buchholz et al., "Bacteria Proliferation in Platelet
Products Stored at Room Temperature," NEJM 285:429
(1971); and Punsalang et al., "Growth of Gram-Positive
and Gram-Negative Bacteria in Platelet Concentrates,"
Transfusion 29:596 (1989)

The occurrence of transfusion-induced sepsis
is considered less likely with stored red blood cells
(which are refrigerated during storage at about 4 de-
grees C), compared to platelet concentrates (which are
stored at room temperature). Still, there have been
reports of sepsis caused by transfusions of refriger-
ated red blood cells with the organism Yersinia
enterocolitica (which will be referred to as
"Yersinia"). VYersinia is a human pathogen that can
multiple in blood even during refrigerated storage at
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4 degrees C. The occurrence of sepsis due to the
presence of Yersinia in stored blood products is very
rare, with only about twenty-three cases reported in
the United States in the last nine years. Still, it
would be desirable to completely eliminate its

occurrence altogether.

Summary of the Invention:
The invention provides blood processing

methods that significantly reduce the presence of mi-
croorganisms like Yersinia in stored red blood cell
products.

The method that embodies the features of the
invention collects a blood product containing red
blood cells in a first container that forms a part of
a sterile, closed blood collection system. The method
refrigerates the blood product in the first container
to cool the blood product to a temperature of about 3
to 5 degrees C. The refrigerated blood product is
transferred from the first container into a storage
container using a sterile, closed transfer system that
includes an inline filter medium comprising a mass of
synthetic fibers having an average fiber diameter of
about 10 microns or less and a bulk density of about
0.7 gram per cubic centimeter or less. The method
stores the filtered blood product in the storage con-
tainer at a temperature of about 3 to 5 degrees C for
at least twenty-four hours after filtration for subse-
quent transfusion.

The inventors have discovered that, by fol-
lowing the prescribed method, clinically significant
amounts of microorganisms like Yersinia that can be
present in the red blood cell product at the time of
collection can be virtually eliminated. The pre-
scribed method provides a red blood cell product that
is free of clinically significant amounts of microor-

PCT/US92/03475



10

15

20

25

30

35

WO 92/19355 PCT/US92/03475

ganisms at the beginning of the storage period. The
microorganism-depleted condition persists throughout
the storage period up to the time of transfusion.

The discovery is surprising and unexpected.
At the présent time, the inventors do not know exactly
why or how the invention achieves the benefits it
does.

Tt is known that the filter medium used in
the prescribed processing method serves to remove es-
sentially all the leukocytes from the whole blood and
red blood cell products. Since leukocytes are thought
to scavenge microorganisms present in stored blood
products, conventional wisdom would expect an increase
in the number of microorganisms in the filtered,
leuko-depleted red blood cell product during storage
for over twenty-four hours. Surprisingly, the inven-
tors have found the reverse to be true. The filtered
red blood cell product remains free of clinically sig-
nificant amounts of microorganisms for storage periods
well in excess of twenty-four hours, despite also be-
ing in a leuko-depleted condition.

Oother features and advantages of the inven-
tion will become apparent upon review of the following

description, drawings, and appended claims.

Brief Description of the Drawings:

Fig. 1 is a schematic view of a blood col-
lection system that includes a blood processing assem-
bly and a blood transfer assembly that embody the fea-

tures of the invention;
Fig. 2 is a schematic view of the system

shown in Fig. 1, with the blood transfer assembly at-
tached to the blood processing assembly for the pur-
pose of removing undesired matter from the blood

cells;
Fig. 3 is a schematic view of the system
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shown in Fig. 1, with the blood cells, now substan-
tially free of undesired matter, ready for long term

storage; and
Fig. 4 is an enlarged side sectional view of

the sterile connection devices associated -with the
system shown in Fig. 1.

Description of the Preferred Embodiments:
A blood collection system 10 is shown in

Fig. 1. The system 10 comprises a blood collection,
processing and storage assembly 12 and a transfer as-
sembly 14.

In the illustrated and preferred embodiment
shown in Fig. 1, the transfer assembly 14 comprises an
initially separate subassembly not joined to the blood
processing assembly 12. It should be appreciated,
however, that the transfer assembly 14 can be made as
an integral part of the processing assembly 12.

The blood collection assembly 12 comprises
a multiple blood bag system having a primary bag or
container 16 and one or more integrally attached
transfer bags or containers 18 and 20. In use, the
primary bag 16 (which is typically also called a donor
bag) receives whole blood from a donor through inte-
grally attached donor tubing 22 that carries an phle-
botomy needle 24. A suitable anticoagulant A is con-
tained in the primary bag 16.

A satellite bag 26 is attached to the prima-
ry bag 16 by integrally attached tubing 28. The sat-
ellite bag 26 contains a suitable storage solution S
for red blood cells. One such solution is disclosed
in Grode et al U.S. Patent 4,267,269.

The transfer bags 18 and 20 are attached to
the primary bag 16 by integrally attached transfer
tubing 30 and 32. The transfer bags 18 and 20 are in-
tended to receive the platelet and plasma blood compo-

PCT/US92/03475



10

15

20

25

30

35

WO 92/19355 PCT/US92/03475

nents for processing. The first transfer bag 18 ulti-
mately serves as the storage container for the plate-
let concentrate, and the second transfer bag 20 ulti-
mately serves as the storage container for the plate-
let-poor plasma.

All of the bags and tubing associated with
the processing assembly 12 can be made from conven-
tional approved medical grade plastic materials, such
as polyvinyl chloride plasticized with di-2-
ethylhexylphthalate (DEHP). Alternatively, the first
transfer container 18, which is intended to store the
platelet concentrate, can be made of polyolefin mate-
rial (as disclosed in Gajewski et al U.S. Patent
4,140,162) or a polyvinyl chloride material
plasticized with tri-2-ethylhexyl trimellitate
(TEHTH) . These materials, when compared to DEHP-
plasticized polyvinyl chloride materials, have greater
gas permeability that is beneficial for platelet stor-
age.

The blood collection assembly 12, once ster-
ilized, constitutes a sterile, uclosed" system, as
judged by the applicable standards in the United
States.

Whole blood is collected and then separated
into its various therapeutic components within the
assembly 12. These therapeutic components are typi-
cally red blood cells, plasma, and platelets. In use,
the collected whole blood is centrifugally separated
within the primary bag 16 into red blood cells and
platelet-rich plasma. The platelet-rich plasma is
transferred by conventional techniques into the first
transfer bag 30, leaving the red blood cells in the
primary bag. The transfer bags 18 and 20 are detached
in a sterile fashion using a conventional heat sealing
device (for example, the Hematron® dielectric sealer
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sold by Baxter Healthcare Corporation), which forms a
hermetic, snap-apart seal in the tubing 30 (this seal
is schematically shown by an "x" in Figs. 2 and 3).

The red blood cell storage solution S is
transferréd into the primary container 16, - and the
satellite bag 26 is then disconnected using the snap-
apart seal "x" (as shown in Fig. 2). The donor tubing
22 is also sealed and disconnected in the same fashion
(as also shown in Fig. 2).

The platelet-rich plasma can undergo subse-
quent centrifugal separation within the first transfer
bag 18 into platelet concentrate and platelet-poor
plasma. The platelet-poor plasma is transferred into
the second transfer bag 20, leaving the platelet con-
centrate in the first transfer bag 18. The transfer
bags 18 and 20 are then separated by the snap-apart
seals "x" in the tubing 32 (as shown in Fig. 2) for
subsequent storage of the collected components.

The transfer assembly 14 includes a storage
container 34 and an associated fluid flow path 36. An
optional air vent path 38 is also provided (shown in
phantom lines in Fig. 1 to 3). The transfer assembly
14 includes a conventional roller clamp 46 associated
with the flow path 36. The transfer assembly 14 also
includes a conventional roller clamp 47 associated
with the optional air vent path 38.

The transfer container 34 and fluid paths 36
and 38 are all made of low cost medical grade plastic
materials, such as polyvinyl chloride plasticized with
DEHP.

The fluid path 36 includes an inline filtra-
tion device 40 for separating undesired matter from
refrigerated whole blood and other refrigerated blood
products that contain red blood cells.

In the illustrated embodiment, the filtra-

PCT/US92/03475
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tion device 40 includes a ﬁousing 42 containing a fil-
tration medium 44. The filtration medium 44 comprises
a mass of synthetic fibers having a average fiber di-
ameter of about 10 microns or less and a bulk density
of about 0.7 gram per cubic centimeter or less. Fil-
tration mediums of this type are described in Takenaka
et al. U.S. Patent 4,330,410 and Watanabe et al U.S.
Patent 4,701,267, both of which are incorporated here-
in by reference. Filters having filter mediums of
this type are also commercially available and sold by
the Fenwal Division of Baxter Healthcare Corporation
under the tradename Sepacell R-500 Leukodepletion Fil-
ters.

In the illustrated and preferred embodiment,
a connection assembly 48 is associated with the ini-
tially separate blood collection and transfer assem-
blies 12 and 14. The connection assembly 48 permits
selective attachment of the transfer assembly 14 to
the blood collection assembly 12. Once attached with
the flow control device 46 opened (and optional flow
control device 47 closed) (as shown in Fig. 2), red
blood cells can be conveyed from the primary container
16 through the flow path 36 and filtration device 40
into the storage container 34.

While the two assemblies 12 and 14 are still
attached together, the flow control device 46 can be
closed and optional flow control device 47 opened to
vent entrapped air from the storage container 34
through the vent path 38 into the primary container
16.

The storage container 34 is then detached
from the transfer assembly 14, as shown in Fig. 3.
The filtered red blood cell blood product is stored in

the separated container 34.
In the illustrated and preferred embodiment,

PCT/US92/03475
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the filtration assembly 14, cice sterilized, comprises
a sterile, "closed" system (like the processing and
storage assembly 12), as judged by the applicable
United States standards. In this arrangement, the
connection assembly 48 serves to attach and detach the
collection and filtration assembly in a manner that
preserves the sterile integrity of the closed systems
12 and 14.

More particularly, the connection assembly
48 comprises two mating sterile connection devices
(designated 66a and 66b). The devices 66a and 66b
(see also Fig. 4) are described in Granzow et al U.S.
Patents 4,157,723 and 4,265,280, which are incorporat-
ed herein by reference. One device 66a is carried by
tubing 68 attached to the primary bag 16. The other
device 66b is carried at the end 54 of the flow path
36 of the transfer assembly 14.

As shown in Fig. 4, the sterile connection
devices 66a and 66b each generally includes a housing
70 having a normally closed, meltable wall 72 made of
a radiant energy absorbing material. The housings 70
are joined together with mating bayonet-type couplers
74a and 74b, with the walls 72 placed in facing con-
tact. When connected and exposed to radiant energy,
the walls 72 melt at temperatures that result in the
destruction of bacteria, while at the same time open-
ing a fluid path between the connected housings 70.

The devices 66a and 66b normally close the
associated assemblies 12 and 14 from communication
with the atmosphere and are opened in conjunction with
an active sterilization step which serves to sterilize
the regions adjacent to the interconnecting fluid path
as the fluid path is being formed. These devices 66a
and 66b also hermetically seal the interconnecting
fluid path at the time it is formed. The use of these

PCT/US92/03475
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sterile connection devices 66a and 66b assures a prob-
ability of non-sterility that exceeds one in a mil-
lion. The devices 66a and 66b thus serve to connect
the two assemblies 12 and 14 without compromising the
sterile integrity of either.

Alternately, the connection assembly 48 can
comprise the sterile connecting system disclosed in
Spencer U.S. Patent 4,412,835 (not shown). 1In this
arrangement, this system forms a molten seal between
the transfer tubing 30 of the primary bag 16 with the
tubing end portion 54 of the filtration assembly 14.
Oonce cooled, a sterile weld is formed.

It is known that the just described filtra-
tion medium 44 is suited for the removal of white
blood cells and platelets from refrigerated whole
blood and red blood cells. The inventors have discov-
ered that the filtration medium 44 also removes micro-
organisms like Yersinia from refrigerated red blood
cell products prior to long term storage. This
microorganism-depleted condition the invention pro-
vides persists during long term storage of red blood
cell products at temperatures of about 3 to 5 degrees
for periods well over twenty-four hours.

In use, whole blood is collected in the do-
nor bag 16, which forms a part of the blood collection
assembly 12. After removal of the platelet-rich plas-
ma and detachment of the transfer bags (see Fig. 2),
the red blood cells remain in the donor bag 16. The
storage solution S is conveyed from the bag 26 into
the donor bag 16, and the bag 26 is disconnected. The
resulting red blood cell product is refrigerated in
the donor bag 16 to cool the product to a temperature
of about 3 to 5 degrees C.

Following refrigeration, the donor bag 16 is
attached to the transfer assembly 14 using the associ-

PCT/US92/03475



10

15

20

25

30

35

WO 92/19355

- 1] -

ated sterile connection devices 66a and 66b. The
roller clamp 46 is opened, and the roller clamp 47 is
closed. 7

As shown in Fig. 2, the donor bag 16 is
lifted above the storage bag 34, and the refrigerated
red blood cells are conveyed by gravity flow from the
donor bag 16 through the fluid path 36 and filtration
device 40 and into the storage bag 34. Microorganisms
are removed from the red blood cells by the filtration
device 40. Leukocytes are also removed in the pro-
cess.

Should air be trapped in the storage bag 34,
it may be necessary to transfer the air through the
vent path 38 into the donor bag 16 in the manner pre-
viously described.

The storage bag 34 is then separated from
the transfer assembly 14. This is accomplished by
forming snap-apart seals "x" in the tubing 36 of the
transfer assembly 14 (as Fig. 3 shows).

The leukocyte-depleted red blood cell prod-
uct, now substantially free of microofganisms like
Yersinia, is stored in the storage bag 34 at
temperatures of from 3 to 5 degrees C for a period
over twenty-four hours before transfusing.

The following example demonstrates the sur-
prising and unexpected results of the invention.

EXAMPLE

Units of whole blood were collected from
different donors in separate sterile, closed multiple
blood bag systems, like that shown in Fig. 1. Within
thirty minutes of collection, test units were prepared
using aseptic conditions. Each test unit was made by
pooling two units of ABO-compatible whole blood from
two different donors. These test units are identified
as Pools A through L in the Result Tables 2 to 5 be-

PCT/US92/03475
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low.
The Pools of whole blood were inoculated

with Yersinia at four different inoculation levels: at
about 1 organism per ml (Pools A, B, and C); at about
2 to 3 organisms per ml (Pools D, E, and F); at about
30 organisms per ml (Pools G, H, and I); and at about
135 organisms per ml (Pools J, K, and L). Each

inoculated pooled test unit was mixed well.
It is believed that the inoculation levels

of below 10 organisms per ml. represent amounts of
Yersinia that could be present in the blood of an
asymptomatic or otherwise apparently healthy prospec-
tive donor. Due to the lack of atypical symptoms,
these persons would be permitted to join the pool of
prospective blood donors. Therefore, it is possible
that blood containing Yersinia at these asymptomatic

levels could be collected.
Tt is believed that the higher inoculation

jevels of more than 10 organisms per ml represent
amounts of Yersinia that, if present in the blood of
a prospective donor, would manifest itself as fever or
other atypical physical symptoms. The atypical symp-
toms would be detected during routine pre-collection
examination, eliminating these symptomatic persons
from the pool of prospective blood donors. Therefore,
it is unlikely that blood containing Yersinia at these
high, symptomatic levels would be collected.

After mixing, each inoculated Pool of whole
blood was broken into single unit pairs (referred to
as Units 2 and B in the Result Tables below). Each
unit pair was sampled for gquantitative culture (as
shown in the "Pre-Hold" column of the Results Table).
The inoculated Unit pairs for Pool were held for seven
hours at room temperature and again sampled for quan-
titative culture (as shown in the "Pst-Hold" column of

PCT/US92/03475
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the Results Table).

Each inoculated Unit pair of whole blood was
processed into platelet-rich plasma and red blood
cells in the manner described in this Specification.
The red blood cell storage solution described in Grode
et al U.S. Patent 4,267,269 was added to the red blood
cells in each Unit pair.

The resulting red blood cell product for
each inoculated Unit pair were refrigerated for 18 to
24 hours to a temperature of 4 degrees C. The red
blood cells for each inoculated Unit pair where then
sampled for quantitative culture (as shown in the
"PreFilt Day 1" column of the Results Table).

Unit A of each red blood cell product pair
was transferred into another storage container via the
inline filtration device described above. Red blood
cell product Unit A were sampled after filtration for
quantitative culture (as shown in the "PstFilt Day 1"
column of the Results Table). The Units A were then
stored at 3 to 5 degrees C. Quantitative cultures
were obtained at the end of 7, 14, 21, 28, 35, and 42
days of storage (as shown in the Day columns in the
Results Table).

Unit B of each red blood cell product pair
was stored as a control without undergoing filtration
at 3 to 5 degrees C. Quantitative cultures were ob-
tained at the end of 7, 14, 21, 28, 35, and 42 days of
storage (as shown in the Day columns in the Result
Tables) .

The results of the study are summarized in
the following Results Tables 2 to 5.

PCT/US92/03475



PCT/US92/03475

WO 92/19355

= 0°0 0°0 €EL" q
0°0 0°0 uV¥au ITUN e
PIOH-3Sd PTIOH-9Xd (qu/b6ao) Tdaax
(Tw/bao) TOYINOD
qoo1d ATOHM H1O0¥dg |

]
LSy
yof

qu/HIo T Inoqe - TAAFT onacqooozH_

¢ °TIqelL — IINSdy LSHIL



PCT/US92/03475

WO 92/19355

15 -

__ 0°0 0°0 wfs 3TUN
__ 0°0 0°0 TvL” o O Tood
0°0 0°0 geL” q
0°0 w¥a 3TUn
0°0
0°0 paIaj3ITIun
0°0 0°0 wfa 3FTUN
0°0 0°0 a Tood
{i 0°0 00
0°0 w¥a 3TUN
0°0 o
0°0 paIxe3TTIun
0°0 0°0 w€a 3TUN
0°0 0°0 L o ¥ Tood

ponuijuo) ¢ 9[qel — LI0SHd LSIL




PCT/US92/03475

WO 92/19355

16 -

afqeotTTddy JON - VUN

yamoah jusnijuod - Juod

3UNOO 03 SnoJawnu 003} - D3Uul

0°0

paxaj3TTiun

panurluo) g 91qey — LINSHY LSIAL



PCT/ US92/ 03475

WO 92/19355

- 17

__ 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0
2y Leq se Aeq g8z Aeq TZ Keq vT Keq L Keq T Keqg T &eqg _
(Tu/6x0) ITd3Isd 3TdLad
STT®0 pPay

panuijuo) 7 91qel — LINSAY LSHL



PCT/US92/03475

WO 92/19355

18 -

__

0°0 ¥N 0°0
0°0 0°0 0°0 0°0 0°0 00 0°0 0°0
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0
0°0 0°0 0°0 o°o 0°0 0°0 0°0 0°0
= -
Juod Juoo Juod o3uly 8¢ 0°0 VN 0°0
Juood FJuodo FUoO o3ul 0€ 0°T ¥N 0°0
Fuoo JFuod Juood o3ul} cc 0°0 VN 0°0
0°0 0°0 0°0 0°0 0o°0 0°0 0°0 0°0
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°o0
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0
Fuoo Juod Juoo Juod cEL 0°T N 0°0
JFuoo Fuod Juod FJuod 8ty o°¢ YN 0°0 |
Fuoo JFuod Juod Juod LSS 0°0 N 0°0
0°0 0°0 0°0 o°o0 0°0 0°0 0°o0 o°o0

panuijuo) g ayqey, ~ LINSHY ISAL




PCT/US92/03475

WO 92/19355

19 -

0°0

VN

0°0

0°0

VN

0°0

penutluo) ¢ 9T7qeL ~ LINSHd LSAL




PCT/US92/03475

WO 92/19355

PTOH-3ad

awlday JTUn

(Mu/H6ao)

(Tu/bx0)

Toaj3uod

pooTd 9TOouM

yjoad

mw/bI1o ¢-z 3noqe - TIATT NOILILVINDONI

__

£ 91qel —~ L'INSHd LSAL



PCT/US92/03475

WO 92/19355

21 -

0°0 0°0 wtda JTUN
0°0 0°0 g°¢ o d4 Tood
0°0 0°0 ‘€ q
0°0 0°0 aYy 3TUN
—_ |
0°0
I
0°0 paI93TTun
0°0 0°0 afa 3TUN
0°0 0°0 d Tood
0°0 0°0
_ 0°0 0°0 aV¥dy 3TUN
0°0
0°0 paasjIrIun
0°0 0°0 nfy 3ITUN
0°0 0°0 Gg*°¢ o a Tood

penurjuo) ¢ I91qelL — LINSId ISIL




PCT/US92/03475

WO 92/19355

22 ©

9TqenTTddy 30N - ¥N

Yjmoaxh jusnyjuoo - Juoco

JUNOOD 03 snoJsunu 003 - DO3U3

0°0

paI93TTIUN

panugjuo) ¢ 9Iqel - LINSIY LSAL



PCT/US92/03475

WO 92/19355

- 23

2y Keq se Keq gz AKeq 12 Keq vT Aea L Keq 1 Kea T Aeq
(Tu/6x0) 3Td3ISd 3Td9ad =
STT®0 pay

panupjuo) ¢ ITqeL — LINSHY ISHL



PCT/US92/03475

WO 92/19355

0°0 Fuod oj3ujy Y6t 0°¢ 0°0 ¥N 0°0 __
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0
0°0 0°0 0°o0 0°0 0°0 0°0 0°0 0°0
__ Juoo Juoo Juoo Juoo oju3l o'V ¥N 0°0
__ Juoo Juoo Juoo Juoo oj3u3 0°S ¥N 0°0
__ Juoo Juoo Juoo Juoo ojuj) 0o°L VN 0°0
= 0°0 0°0 0°o 0°0 0°0 0°0 0°0 oV
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°‘0 |
Juoo Juoo JuoDO Juoo ojul 0°S ¥N 0°0
Juoo Juoo Juoo Juoo oju3l 0°T ¥N 0°0
__ Juoo Juoo Juoo Juoo oju3l o'V N 0°0
= 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0

panufiuo) ¢ I[qel -

LINSdd LSAL



PCT/US92/03475

WO 92/19355

- 25

Juoo

o3ul

9LE

0°0

YN

0°0

Juoo

o3ul

ove

0°0

VN

0°0

ponupjuo) € I7qeL — LISTd LSAL




PCT/US92/03475

WO 92/19355

26 -

__ 0°0 0°0 q 9°0¢ q
0°0 0°0 e ¥ 3TUN Z2°62 e
PIOH-3Isd PTOH-2ad 1dax (Tu/bao) Tdax
(Tu/Hxo) T0a3uod
pooTd STouMm yjoag

quw/bro 0€ 3Inoqe - TAAAT

NOIIVINDONI

]

Yy 9Tqel — I'INSHdY LSHL




PCT/US92/03475

WO 92/19355

27 -

0°'T wda 3ITUN
0°T 0°¢ L°VE o I Tood
0°0 0°2 9-0¢ a
0°0 0°s w¥au z2 62 e
0°0 0°T
0°0 0°0 paIaj3TTIun
0°0 0°¢ wdu 3ITUN
L°VE o] H Tood
9°0¢ q
w¥y 3ITUN g 6¢ e
p2I93TTIUn —
0°0 0°0 w8 3ITUN __
0°0 0°0 = L °VE = O Tood

penurjuo) ¥ Ifqel -

LINSTd ISHAL




PCT/US92/03475

WO 92/19355

28 -

aTqeoT1ddy 30N - ¥UN |

yamoxh jusnijuood -~ JUuoo

3UNOOD 03 sSnoJauWnu 0ol - o3U3l

0°T

paxa3TTIUn

panuijuo) 4 a1qel — LINSHA LSHL



PCT/US92/03475

WO 92/19355

__ | 0°0 0°0 0°0 0°0 0°0 0°0
_ 0°0 0°0 0°0 0°'T 0°0 0°0
_ ¢y Keq ce Keq g8z AKeg 12 Keq vT Leq L Keq T Keq T Kedg
(Tu/bx0) 3Td3ISd 3Td91d
: STT20 pad

panurjuo) $ Siqel — LINSId LSAL




PCT/US92/03475

WO 92/19355

30

Juoo ojuy ¥N 0°€
0°0 0°0 0°0 0°0 0°0 0°'T
0°0 0°0 0°0 0°0 0°0 o°1t
0°0 0°0 0°0 0°0 0°0 0°9 _
Fuod Juoo oj3uly LCT N 0°0 _
Juod FUoo ojul] voT YN 0°T __
JFuood Fuod ojul €8 ¥N 0°T __
0°0 0°0 0°0 0°0 0°0 0°T __
0°0 0°0 0°0 0°0 0°0 0°0
0°0 0°0 0°0 0°0 0°0 0°T

ir

Fuod Juoo E€STT (VI 4 VN 0°0 _
Juoo Juod 692T 0°¢€ N 0°0 __
Juoo Fuood 096 0°9 YN 0°0 __
0°0 0°0 0°0 0°T 0°0 0°0 —_

pPanuYIuo) 4 S[qel - YIASHY ISIL



PCT/US92/03475

WO 92/19355

= 31

FUuod

Juod

Fuod

o3uj

N

0°T

Juoo

FJuod

Juoo

o3ujy

UN

0°tT

panutiuo) % a7qel - ILINSTA ISAL




WO 92/19355

PCT/US92/03475

32 -

__ 0°0 0°0 L €E€T q
_ 0°0 0°T w¥u 3TUN
PTOH~3Sd PTOH~3ad (Tu/H6z0) ]
(Tu/bao) TOoa3u0d
#t pooTd STouMm yyoag

i

qu/bI0 00T IDA0 ~ THAFT

NOILVINDONI

__

S 21qeL -

L'INSdd LSHL



PCT/US92/03475

WO 92/19355

33

0°S 0°T afu 3ITUN)
0°2 0°2 veveET o T Tood
0-2 0°9 L EET q
‘ 0°¢ 0°¢ wV¥a JITUN e
A
0°0 0°0
__ 0°0 0°0 paaa3TTIuUNn
0°T 0°¢ wda 3ITUN (
0°0 0°¢ A Tood
0°0 oV
0°0 0°¢ aVu 3TUN
0°0 0°0
0°1 0°T paxaj3TTIun
0°0 0°0 afa 3TUN
= 0°0 0°T v VET o r Tood

penurluo) ¢ 97qe], — LINSAd ILSHL



PCT/US92/03475

WO 92/19355

3% -

aTqeoTTddy 30N - ¥N __

Yyamoxh jusnijuod -~ JUoO =

|
3UNcoO 03 snoJaunu 003 - D3Ul

paxa3TTIuUNn

penuEijuo) ¢ Ifqel - LINSTY LSIUL



PCT/US92/03475

WO 92/19355

_ﬁ ) 0°0 0°0 0°0 "0°0 0°0
_ 0°0 0°0 0°0 0°0 0°2
ey Leq ce Keq g8z Aeq 12 Aeq ¥T Aeq L Keq T Kea T Keq
(Tu/Bx0) 3Td3sd 3Td9ad
__ sSTT®D payd

penurluo) ¢ 97qeL — LINSdd

LSAL



PCT/US92/03475

WO 92/19355

Juoo

ojuly 66 YN 0°T
ojul 188 0°¢ 0°0 0°L ﬂ_
o3uly vos 0°1T 0°0 0°e
ojuly L86 0°¢ 0°0 0°¢ P
- |
| Juod o3ul 34 N 0°0 %
__ Juod ojul 144 N 0°T
=4 Juoo ojuly 89 N 0°0
s08 €911 0°s 0°0 o°¥v
88L 0CTT 0°0 0°0 0°0
SLL STCT 0o°1 0°0 0°¢
o3uj3o oL 0°0 UN 0°0
o3uly 69 0°0 YN 0°0
ojuly SL 0°¢ VN 0°T
= 0°0 0°0 0°0 0°0 0o°o

panufjuo) ¢ 97qe], ~ IINSHd LSIL



PCT/US92/03475

WO 92/19355

Juod

ojuly

901

¥N

*

Juoo

ojul

1T

¥N

0°¢

penurluo) ¢ I3[qel — ILINSAd ISIL




10

15

20

25

WO 92/19355 PCT/US92/03475

The foregoing Results Tables demonstrate
that clinically significant amounts of microorganisms
like Yersinia present in the red blood cell product at
the time of collection can be either eliminated or
significantly reduced by filtration in accordance with
the invention.

At inoculation 1levels representative of
asymptomatic or otherwise apparently healthy donors
(see Results Tables 2 and 3), the microorganism-de-
pleted condition created in accordance with the inven-
tion at the outset of the storage period persists for
extended storage intervals of at least 42 days. Even
at a higher symptomatic inoculation level of about 30
organisms per ml. (Results Table 4), the microorgan-
ism-depleted condition is observed after 28 days of
post-filtration storage. At these inoculation levels,
red blood cell products that were not filtered in
accordance with the invention exhibited clinically
significant amounts of Yersinia organisms by about the
seventh day of storage and confluent growths of
Yersinia organisms by the twenty-first day of storage.

Even at Yersinia inoculation levels that are
more than 10 times that would be present in
asymptomatic or otherwise apparently healthy donors
(see Result Table 5), the beneficial results of the
invention are observed during storage periods of at
least seven days.

Various features of fhe invention are set

forth in the following claims.
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We Claim:

1. A method of processing a blood product
containing red blood cells to remove microorganisms
prior to long term storage, the method comprising the
steps of: ’

collecting the blood product containing red
blood cells in a first container that forms a part of
a sterile, closed blood collection system,

refrigerating the blood product in the first
container to cool the blood product to a temperature
of about 3 to 5 degrees C,

opening communication between the first con-
tainer and a sterile, closed transfer system that in-
cludes a storage container and a fluid path that leads
into the storage container and that includes an inline
filter medium comprising a mass of synthetic fibers
having an average fiber diameter of about 10 microns
or less and a bulk density of about 0.7 gram per cubic
centimeter or less,

conveying the refrigerated blood product
from the first container into the storage container
through the filter medium to remove microorganisms
from the blood product, and

storing the filtered, microorganism-depleted
blood product in the storage container at a tempera-
ture of about 3 to 5 degrees C for a period that ex-
ceeds twenty-four hours after filtration.

2. A method according to claim 1

wherein the step of opening communication
with the transfer system includes the step of attach-
ing the transfer system to the blood collection system
employing a sterile connecting assembly that is asso-
ciated with the separation and blood collection sys-
tems.

3. A method according to claim 1

PCT/US92/03475
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and further including the step of
transfusing the filtered, microorganism-depleted blood
product at the end of the storage period.
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