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AUTOMATED METHOD AND SYSTEM FOR 
TESTING BLOOD SAMPLES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 
Ser. No. 08/779,052, ?led Jan. 6, 1997, (now abandoned) 
Which is a continuation-in-part of application Ser. No. 
08/683,784, ?led Jul. 16, 1996, (now US. Pat. No. 5,834, 
660) Which is a division of application Ser. No. 08/419,620, 
?led Apr. 10, 1995, (now US. Pat. No. 5,591,573) all the 
contents of Which are expressly incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention relates generally to systems and 
processes for preparing and analyzing samples taken from 
plasma donations to uniquely identify donations Which are 
virus contaminated. In particular, the invention relates to an 
apparatus and process for forming individual, separately 
sealed containers for holding samples of the same plasma as 
is contained in a donation. The invention also relates to an 
automated apparatus and process for forming initial screen 
ing test pools in a safe, cost effective manner. 

BACKGROUND OF THE INVENTION 

Blood, plasma, and biological ?uid donation programs are 
essential ?rst steps in the manufacture of pharmaceutical and 
blood products that improve the quality of life and that are 
used to save lives in a variety of traumatic situations. Such 
products are used for the treatment of immunologic 
disorders, for the treatment of hemophilia, and are also used 
in maintaining and restoring blood volume during surgical 
procedures and other treatment protocols. The therapeutic 
uses of blood, plasma, and biological ?uids require that 
donations of these materials be as free as possible from viral 
contamination. Typically, a serology test sample from each 
individual blood, plasma, or other ?uid donation is tested for 
various antibodies Which are elicited in response to speci?c 
viruses; particularly hepatitis C (HCV) and tWo forms of the 
human immunode?ciency virus (HIV-1 and HIV-2). In 
addition, the serology test sample may be tested for antigens 
designated for speci?c viruses such as hepatitis B (HBV), as 
Well as antibodies elicited in response to such viruses. If the 
sample is serology positive for the presence of either speci?c 
antibodies or antigens, the donation is excluded from further 
use. 

Whereas as an antigen test for certain viruses, such as 
hepatitis B, is thought to be closely correlated With 
infectivity, antibody tests may not be so closely correlated. 
It has long been knoWn that a blood plasma donor may, in 
fact, be infected With a virus While testing serology negative 
for antibodies related to that virus. For example, a WindoW 
exists betWeen the time that a donor may become infected 
With a virus and the appearance of antibodies elicited in 
response to that virus in the donor’s system. The time period 
betWeen the ?rst occurrence of a virus in the blood and the 
presence of detectable antibodies elicited in response to that 
virus is knoWn as the “WindoW period”. In the case of HIV, 
the average WindoW period is approximately 22 days, While 
for HCV, the average WindoW period has been estimated at 
approximately 98 days. Therefore, tests directed to the 
detection of antibodies may give a false indication for an 
infected donor if performed during the WindoW period, i.e., 
the period betWeen viral infection and the production of 
antibodies. Moreover, even though conventional serology 
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2 
testing for HBV includes tests for both antibodies and 
antigens, testing by more sensitive methods have con?rmed 
the presence of the HBV virus in samples Which Were 
negative in the HBV antigen test. 

In order to minimize the possibility of incipient viral 
contamination of blood, plasma or biological ?uid donations 
Which have passed available antibody and antigen tests, the 
donations are preferably tested by a polymerase chain reac 
tion (PCR) method. PCR is a highly sensitive method for 
detecting the presence of speci?c DNA or RNA sequences 
related to a virus of interest in a biological material by 
amplifying the viral genome. Because the PCR test is 
directed to detecting the presence of an essential component 
of the virus itself, its presence in a donor may be detected 
almost immediately after infection. There is, theoretically 
therefore, no WindoW period during Which a test may give a 
false indication of freedom of infectivity. A suitable descrip 
tion of the methodology and practical application of PCR 
testing is contained in US. Pat. No. 5,176,995, the disclo 
sure of Which is expressly incorporated herein by reference. 
PCR testing is, hoWever, very expensive and since the 

general donor population includes a relatively small number 
of donors infected With the viruses of interest, individual 
testing of each donation is not cost effective or economically 
feasible. Hence, an ef?cient and cost-effective method of 
testing large numbers of blood or plasma donations to 
eliminate units having a viral concentration above a pre 
determined level is required. 
One method of testing a large number of plasma donations 

is to take samples of a number of individual plasma dona 
tions and form them into a pool. The pool is then PCR tested 
and the individual donations comprising the pool are either 
retained or disposed of depending on the outcome of the 
PCR test. While reducing the number of PCR tests, and the 
costs associated thereWith, this method results in a substan 
tial Waste of a signi?cant number of virus free donations. 
Since only a single donation With a viral concentration 
above a pre-determined level Will cause a pool to test PCR 
positive, the remaining donations that contribute to a pool 
may Well be individually PCR negative. This result is highly 
probable given that a relatively small number of PCR 
positive donors exist in the general donor population. In the 
conventional pooling approach, all donations comprising the 
pool are disposed of upon a PCR positive result, including 
those donations that are individually PCR negative. 

In addition, plasma donations are often froZen soon after 
they are received. When samples of individual plasma 
donations are needed for pooling, each donation must be 
thaWed, an aliquot of the blood or plasma removed from the 
donation, and the donation must then be refroZen for pres 
ervation. Multiple freeZe-thaW cycles may adversely effect 
the recovery of the RNA or DNA of interest as Well as the 
proteins contained Within the plasma, thus adversely effect 
ing the integrity of the PCR test. Moreover, each time an 
aliquot of individual plasma donations is WithdraWn to form 
a pool, the donation is subject to contamination, both from 
the surrounding environment and from the apparatus used to 
WithdraW the aliquot. Further, if the donation contains a 
virus, it can contaminate other donations. In order to avoid 
introducing viral contaminants into an otherWise viral free 
donation, the sample taking apparatus must be either ster 
iliZed after each individual use or used for taking only a 
single aliquot from a single individual donation. A fresh, or 
steriliZed, sample taking apparatus must be used for taking 
an aliquot from a subsequent individual donation. Either of 
these methods involves considerable expense and is quite 
time consuming. 
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Recently, several advances have been disclosed in the 
prior art that relate to systems and methods for preparing 
pools of individual plasma donation samples for PCR test 
ing. In particular, US. Pat. No. 5,591,573 describes a 
cost-effective and ef?cient process for preparing and testing 
samples from a multiplicity of blood or plasma donations to 
uniquely identify donations Which are infected With the virus 
as Well as systems and devices for practicing the process. A 
?exible collection segment is connected to a blood or plasma 
donation collection container and is in ?uid communication 
With the inside of the container. The collection segment is 
?lled With blood or plasma from the container and a portion 
of the collection segment is heat sealed at both ends. The 
sealed portion of the collection segment is removed from the 
container and, either before or after the sealed collection 
segment portion is removed, spaced-apart heat seals are 
provided at regular intervals along the length of the segment 
betWeen the sealed ends. The segment portions in the 
intervals betWeen adjacent seals de?ne sample pouches 
Which each contains a plasma or blood sample. The tubing 
segment, Which has been converted into a series of pouches, 
has been disconnected from the plasma collection bottle and 
froZen until needed for testing. 

To begin the testing process, a ?rst pouch is removed from 
each of a group of segments and a portion of the contents of 
each ?rst pouch is WithdraWn and formed into a pool. 
Depending on the test results of an initial pool, aliquots may 
be taken from additional sample pouches of each of the 
plasma donations and formed into subpools. The process is 
iterated, With each viral positive pool being further subdi 
vided into successively smaller subgroups, With each of the 
successive subgroups comprising a fraction of the samples 
of the preceding positive subgroup, until the ?nal pouch 
corresponding to a single viral positive plasma donation is 
identi?ed. 

In order to form a generational pool, appropriate sample 
pouches, having the same generational index as the pool to 
be formed, are arranged on a titer plate and held in place by 
a cover Which contains access openings though Which 
sample pouches may be accessed by a cannula. Aportion of 
the contents of each sample pouch is WithdraWn and the 
contents formed into a pool in a pooling container. 

While relatively simple and cost effective, such a system 
of manual sample extraction is time consuming and requires 
a laboratory clinician to pay careful attention to each step of 
the process. In particular, care must be taken in order to 
prevent carry-over contamination, i.e., a clean or steriliZed 
cannula must be used to WithdraW samples for each genera 
tional pool. Accordingly, With a manual sample extraction 
system, used cannulas Which may be contaminated With 
HBV, HIV-1 or HIV-2 virus, must be removed from the 
sample extraction apparatus for either steriliZation or 
replacement. The dangers attendant With manual manipula 
tion of “sharps” of this type are signi?cant and Well knoWn. 

Accordingly, there exists a need for an automated system 
and method for preparing pools and subpools for PCR 
testing, Which enhances safety by minimizing the degree of 
manual intervention and manipulation. Such a system and 
method should be able to extract aliquots from blood and/or 
plasma donation samples in a manner Which minimiZes the 
potential for environmental contamination through “splash 
ing” or “out-gassing”, While also minimiZing the volume of 
potentially haZardous materials Which must be disposed of. 

SUMMARY OF THE INVENTION 

There is, therefore, provided in the practice of this 
invention, a cost-effective, ef?cient, automated system and 
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4 
process for pooling samples from a multiplicity of blood or 
plasma donations for subsequent testing to uniquely identify 
blood or plasma donations Which are infected With a par 
ticular virus. 

The process and system of the present invention results in 
blood and plasma products being substantially safer because 
one can quickly prepare pools from blood or plasma dona 
tions and can readily test for virus contamination in the 
blood or plasma supply directly. Cost-effective, high 
sensitivity testing can be performed immediately, and con 
taminated donations identi?ed, Without regard to the infec 
tivity WindoW period. In one embodiment of practice of the 
present invention, an autosampler needle is provided for 
direct insertion into a blood or plasma sample aliquot 
container in order to WithdraW an aliquot portion of the 
contents for formation With additional aliquot portions into 
a pool. The autosampler needle comprises a generally tubu 
lar piercing member having a holloW interior bore Which 
de?nes a ?uid communication path betWeen an ori?ce 
formed at a distal end, and aspiration tubing. The autosam 
pler needle further comprises a generally tubular shroud 
Which surrounds the piercing member and extends at least 
partially along its length in the direction of the ori?ce. The 
shroud is spaced-apart from the exterior peripheral surface 
of the piercing member so as to de?ne an annular chamber 
surrounding the piercing member. 
A vent chamber is coupled to the shroud and is in ?uid 

communication With the annular chamber. The piercing 
member extends through the vent chamber but is not in 
communication thereWith. The vent chamber includes a vent 
?tting Which provides a ?uid communication path betWeen 
the vent chamber and the surrounding environment in order 
to provide a pressure relief path for equaliZing pressure 
When the autosampler needle is inserted into a sample 
aliquot container and a blood or plasma sample is extracted 
therefrom by aspiration. 

In an additional aspect of the present invention, the vent 
?tting may be connected to a pressuriZed gas source, such as 
air or dry nitrogen, Which is forced into the vent chamber 
and the shroud’s annular chamber, thereby pressuriZing the 
sample aliquot container and causing an aliquot portion 
thereof to be forced into the piercing member through the 
ori?ce from Whence it is extracted to form a pool. 

In a more detailed embodiment of the present invention, 
the piercing member is constructed to terminate at a distal 
end in a de?ected, non-coring tip so as to be easily insertable 
into a ?exible holloW tubing segment or able to penetrate a 
septum formed in a branch leg of a medical Y-site. 

In a further aspect of the present invention, a regular 
linear array of vented autosampler needles is connected 
along the length of a pooling manifold so as to enable an 
apparatus of the present invention to extract aliquot portions 
from a multiplicity of sample aliquot containers in a single 
operation. The pooling manifold is a holloW, generally 
cylindrical tube to Which a vacuum source may be connected 
for aspiration aliquot portions of a blood or plasma sample 
through each of the attached vented autosampler needles. 
The needles are each separated by a pre-determined distance 
Which is the same as the distance separating sample aliquot 
container receptacles formed on a sample plate, such that the 
pooling manifold, autosampler needle and sample plate, in 
combination, form a “ganged” sample extraction system. 

In a further exemplary embodiment of the present 
invention, an automated system is described for preparing a 
plasma pool from a multiplicity of separate plasma dona 
tions. The automated system suitably comprises a rotatable 
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sample-containing carousel Which includes a regular array 
of sample aliquot container receptacles and Which is con 
tained Within a closed container. Acover is disposed over the 
carousel, and includes at least one gasketed opening, such 
that the cover and closed container de?ne a sealed environ 
ment Which encloses the carousel. The vented autosampler 
needle is connected to the distal end of a movable arm Which 
is cantilevered over the carousel cover. The arm is movable 
along the carousel cover so as to position the autosampler 
needle over the gasketed opening. The arm is further mov 
able in the vertical direction to enable the arm to insert the 
autosampler needle through the gasketed opening and place 
the needle into contact With a selected one of the sample 
aliquot containers arranged in the carousel. The autosampler 
needle WithdraWs a portion of the contents of the sample 
aliquot container and is raised by the arm from communi 
cation With the container. The carousel is rotatably indexed 
to place a next sample aliquot container beneath the gas 
keted opening and the vented autosampler needle is again 
inserted into communication With the container. 

In a more detailed embodiment of the invention, a mul 
tiplicity of gasketed openings are provided in the carousel 
cover and a pooling manifold including a multiplicity of 
vented autosampler needles is connected to the distal end of 
the movable arm. As sample aliquot containers are indexed 
past the roW of gasketed openings, the movable arm loWers 
the array of autosampler needles into communication With 
the containers, so as to WithdraW aliquot portions from a 
multiplicity of containers in a single operation. Aliquot 
portions from a multiplicity of blood or plasma samples are 
thus safely and cost-effectively collected in accordance With 
the present invention and formed into pools for testing. All 
samples in each carousel are collected and formed into one 
pool. Therefore, a single needle may be used for extracting 
sample aliquot portions Without regard to cross 
contamination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects, and advantages of the 
present invention Will be more fully understood When con 
sidered With respect to the folloWing detailed description, 
appended claims, and accompanying draWings, Wherein: 

FIG. 1 is a semi-schematic perspective vieW of one 
example of a plasma donation bottle and sample container 
attached by a tubing segment useful in the practice of the 
present invention; 

FIG. 2 is a semi-schematic perspective vieW of a tubing 
segment connected betWeen a plasma donation bottle and a 
sample container and divided into pouches in accordance 
With the present invention; 

FIG. 2a is a semi-schematic perspective vieW of a tubing 
segment connected betWeen a plasma donation bottle and 
sample container and including a series of linked-together 
Y-sites in accordance With the present invention; 

FIG. 3a is an enlarged top plan vieW of a portion of the 
tubing segment shoWn in FIG. 2 shoWing additional details 
of the seals Which separate the pouches; 

FIG. 3b is a semi-schematic cross-sectional vieW of a 
tubing segment seal; 

FIG. 4 is a semi-schematic perspective vieW of a device 
provided in accordance With practice of the present inven 
tion for sealing a tubing segment into individual pouches; 

FIG. 4a is a semi-schematic perspective vieW of top and 
bottom platens of a heat sealing devices provided in accor 
dance With practice of the present invention for mounting on 
to a commercially available heat sealer; 
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6 
FIG. 5. is a semi-schematic perspective vieW of a sam 

pling plate and cover provided in accordance With the 
present invention; 

FIG. 6 is a semi-schematic partial cross-sectional vieW of 
a plasma pouch contained in a sampling plate sample Well 
provided in accordance With the present invention; 

FIG. 7 is a semi-schematic vieW of an embodiment of a 
vented autosampler needle provided in accordance With the 
present invention; 

FIG. 8 is a semi-schematic partial cross-sectional vieW of 
the vented autosampler needle of FIG. 7 inserted into an 
autosampler vial in accordance With the present invention; 

FIG. 9 is a semi-schematic perspective vieW of a linear 
array of the autosampler needles of FIG. 7 connected to a 
pooling manifold in accordance With the present invention; 

FIG. 10 is a semi-schematic vieW of a robotic automated 
sampling and pooling apparatus provided in accordance With 
the present invention. 

DETAILED DESCRIPTION 

The present invention relates to systems, processes and 
devices useful for testing blood or plasma donations to 
detect those speci?c donations Which are contaminated With 
a viral concentration above a pre-determined level. Such 
contaminated donations are then disposed of to thereby 
prevent their incorporation into the raW material stream for 
pharmaceutical products or their transfusion into human 
patients. The viral detection tests used in accordance With 
practice of the present invention can be any that directly 
detect a virus instead of antibodies elicited in response to the 
virus. The tests preferably include polymerase chain reac 
tion (PCR) tests, but other tests Which are suf?ciently 
sensitive to directly detect a virus even after pooling samples 
from multiple donations are Within the contemplation of the 
present invention. 

In one embodiment of practice of the present invention, a 
plurality of separate blood or plasma donations are provided. 
Ablood or plasma sample is draWn from each donation into 
a corresponding ?exible, holloW tubing segment. Aplurality 
of spaced-apart seals are provided at intervals along the 
length of the tubing segment, so that segment portions in the 
intervals betWeen seals de?ne pouches Which each contain a 
blood or plasma sample. As is discussed beloW in greater 
detail, an automated apparatus is provided in accordance 
With the present invention for forming plasma samples from 
the pouches into pools. Subsequently, the pools are tested in 
accordance With one of a multiplicity of unique methodolo 
gies to thereby ef?ciently and affectively detect and isolate 
any blood or plasma donation Which is contaminated With 
the virus. 

Turning to FIG. 1, an exemplary embodiment of a system 
provided in accordance With practice of the present inven 
tion for effecting the sampling and pooling process is shoWn. 
The system includes a standard plasma donation container 
20, constructed of a non-reactive material such as polyvinyl 
chloride (PVC). Accessed to the donation container 20 as 
provided through a cap 22 Which includes tWo holloW elboW 
shaped ?ttings 23 and 24, respectively, provided on the top 
surface thereof. The ?ttings communicate With the interior 
of the donation container 20 through ori?ces provided in cap 
22 for such purpose. A ?exible holloW ?ller tube 26, 
constructed of a biologically neutral material, such as PVC 
plastic, connects at one end to the elboW ?tting 23 and 
connects at the other end to, for example, a needle or 
catheter Which is inserted into a donor in order to procure a 
donation. An illustrated embodiment, a test container 28, is 
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also provided for collecting a sample from the donation 
Which is to be used for serology testing. The test container 
28 is generally test-tube shaped and is also constructed of a 
biologically non-reactive material. The test container 28 
includes an integral cap member 30 through Which ori?ces 
are provided in order to communicate With the interior of the 
test container. 

Connection betWeen the cap member 30 of the test 
container 28 and the holloW elboW ?tting 24 of the plasma 
donation container cap is made by a ?exible holloW tubing 
segment 32, constructed as a biologically non-reactive plas 
tic material. The tubing segment 32 is coupled to the cap 
member 30 in a manner such that ?uid passing through the 
tubing segment Will enter the test container 28 through an 
ori?ce provided in the cap member 30 for that purpose. The 
tubing segment 32 may be friction ?t into said ori?ce, 
sonically Welded thereto, or otherWise coupled in a coaxial 
relationship With the ori?ce by techniques Well understood 
by those skilled in the art. Additionally, a second ori?ce may 
be provided in the cap member 30, to Which a vent tube 34 
is coupled in a manner similar to the tubing segment 32. The 
vent tube 34 is typically no more than one to tWo inches 
length, and is typically terminated With an inserted, friction 
?t bacteria exclusion ?lter 36. 

In the exemplary embodiment, a blood or plasma dona 
tion is WithdraWn from a donor and collected in the plasma 
donation container 20 for subsequent storage until needed. 
In the case of a plasma donation, blood is commonly 
WithdraWn from a donor and passed through a continuous 
centrifuge apparatus, Wherein red blood cells are centrifuged 
out from the supporting plasma ?uid and returned to the 
donor. The plasma is subsequently collected in the donation 
container 20. 

After a blood or plasma donation is taken from a donor 
and the donation container 20 is ?lled, the donation con 
tainer is tilted in order to raise the ?uid level over the elboW 
?tting 24 connected to the tubing segment 32. Blood or 
plasma then enters the tubing segment, ?oWs through the 
tubing segment and into the test container 28. During ?lling, 
air trapped Within the test container 28 escapes through the 
vent tube 34, alloWing the test container to be completely 
?lled. The bacteria exclusion ?lter 36 functions to ?lter out 
any bacteria in the return air ?oW, thus preventing contami 
nation of the sample by the surrounding environment. After 
the test container is ?lled, the donation container remains 
tilted in order to alloW blood or plasma from the donation to 
be decanted into the tubing segment 32 until the tubing 
segment is ?lled. 

Turning noW to FIG. 2, after the blood or plasma sample 
from the donation is decanted into the tubing segment 32, 
the tubing segment is sealed by a heat Weld 38 or other 
suitable sealing means such as a sonic Weld, at a location 
proximate to the tubing segment’s connection to the plasma 
donation container 20. Afurther heat seal 40 is applied to the 
tubing segment at a location proximate to the segment’s 
connection to the test container 28. An elongated holloW 
tube, closed off at both ends, and containing a quantity of the 
blood or plasma donation is thus formed. 

The ?lled portion of the tubing segment 32 is removed 
from the plasma donation and test containers (20 and 28 
respectively) by cutting the tubing segment through the 
center of the seals 38 and 40, thus removing the tubing 
segment 32 from the containers While maintaining all of the 
?uid carrying components in a sealed-off condition. The 
separated blood or plasma donation container 20 is then 
removed for freeZing and storage, While the separated test 
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container 28 is transferred to a clinical laboratory for serol 
ogy testing. Typically, the contents of the test container are 
evaluated for the presence of various antibodies Which are 
elicited in response to speci?c viruses, such as hepatitis C 
(HCV), or HIV-1 and HIV-2. 

FolloWing removal of the tubing segment 32 from the 
containers, additional seals 42 are subsequently provided at 
spaced-apart intervals along the length of the tubing 
segment, to de?ne sequential, individual and connected 
sample pouches each of Which suitably comprises a holloW 
tubing segment portion 44. Each such segment portion 44 
contains a pre-determined quantity of blood or plasma 
de?ned as the particular quantity needed for the speci?c 
generation pool Which is to be formed. For example, With 
regard to PCR testing, pouches are formed With an interior 
volume adequate to contain approximately 0.02 to 0.5 
milliliters of a blood or plasma sample from the host 
donation. 
The length of the tubing segment 32 and the distance 

betWeen individual seals 42 are chosen such that from 5 to 
15 individual and connected pouches may be obtained from 
a tubing segment. Sealing, to de?ne the individual pouches, 
may be performed after the tubing segment has been 
removed from betWeen the plasma donation container 20 
and the serology test container 28 but preferably, is per 
formed While the tubing segment is still attached to the 
plasma donation container, in order to avoid hydrostatic 
pressure build-up. The pouch de?ning seals may be made by 
any one of a number of knoWn methods, such as thermal 
compression sealing (heat sealing), sonic Welding or the 
like, so long as the length of the tubing region Which is 
compressed and sealed is suf?cient to permit the connected 
pouches to be separated from one another by cutting though 
the center of the seal, Without violating the integrity of the 
pouch on either side, as is indicated more clearly in FIGS. 
3a and 3b. 
A second embodiment of a tubing segment adapted to be 

subdivided into blood or plasma sample-containing aliquot 
portions is depicted in FIG. 2a. This illustration is a semi 
schematic perspective vieW of an additional embodiment of 
a collection tubing segment 50 coupled betWeen a blood or 
plasma donation container 20 and serology test container 28, 
and Which is divided into aliquot-containing sample portions 
in accordance With the present invention. 
As Was the case With the preceding embodiment, the 

collection tubing segment 50 is coupled betWeen the cap 
member 30 of the test container 28 and the holloW elboW 
?tting 24 of the blood or plasma donation container cap 22. 
In the embodiment illustrated in FIG. 2a, the tubing segment 
50 suitably comprises a plurality of Y-sites 51 connected 
together in series fashion by ?exible, holloW, medical-grade 
plastic tubing segments 52. The Y-sites 51 are generally 
commercially available from a variety of sources and are of 
the type commonly adapted for connection to an intravenous 
infusion set. The Y-sites 51 typically comprise a cylindrical 
body portion 53 With a ?oW path de?ned therethrough and 
include an outlet 54 at one end of the ?oW path and an access 
site 55 at the other end. The access site 55 may comprise a 
pierceable, generally self-sealing membrane Which stretches 
over the exterior of the cylindrical body portion 53, thus 
closing-off the ?oW path or alternatively, may comprise a 
generally disc-shaped, self-sealing septum adapted to be 
pierced by a “sharps” or penetrated by a blunt cannula 
through a pre-formed slit. Abranch port 56 is provided along 
the body 53 of the Y-site betWeen the outlet end 54 of the 
?oW path and the access site 55. Branch port 56 extends 
aWay from the body 53 at approximately a 45° angle and 
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includes a ?uid path provided therethrough Which is in 
communication With the ?uid path between the access site 
55 and the outlet 54. 
A multiplicity of Y-sites are connected to one another by 

solvent bonding a ?exible, holloW, medical-grade plastic 
tube 52 betWeen the outlet port 54 of one Y-site to the branch 
port 56 of the next Y-site comprising the series. Subsequent 
Y-sites are connected in outlet-port-to-branch-port fashion 
to thereby form a repeating series of linked Y-sites 51 and 
tubing segments 52. To begin the series, an initial holloW 
entry tube 57 is solvent bonded to the branch port of the 
initial Y-site of the series. The initial entry tube 57 is 
connected, in turn, to the elboW ?tting 24 of the blood or 
plasma donation container cap 22. Connection may be made 
by friction-?tting the entry tube 57 onto the elboW ?tting 24, 
sonically Welding the tube thereto, or otherWise attaching 
the entry tube in a coaxial relationship With the ?tting, by 
techniques Well understood by those skilled in the art. 
Moreover, the initial entry tube 57 may terminate in a 
standard luer-type ?tting 58 Which Would alloW the series 
connected Y-sites 51 to be removably coupled to a donation 
container Which Was provided With a mating luer-type 
connector at the end of the elboW ?tting 24. 

In like manner, the terminal Y-site of the series is ?tted 
With a ?exible, holloW terminal exit tube 59 Which is 
solid-bonded to the terminal Y-site at its outlet port. The exit 
tube 59 is connected, in turn, to the cap member 30 of the 
serology test container 28. As described above, connection 
may be made by friction-?tting the exit tube 59 into the cap 
member 30, sonically Welding the tube thereto, or the like. 
Moreover, the exit tube 59 may also be connected to a 
standard luer-type ?tting at its distal end Which Would alloW 
connection to a serology test container 28 Which Was pro 
vided With a mating luer-type connector. 

In a manner similar to that described in connection the 
preceding embodiment, after a blood or plasma donation is 
WithdraWn from a donor and the donation container 20 is 
?lled, the donation container is tiled so as to raise the ?uid 
level over the elboW ?tting 24 connected to the entry tube 
segment 57. As decanting proceeds, plasma enters the tubing 
segment and ?oWs through the series-connected Y-sites, 
entering each sequential Y-site through its branch port 56 
and ?oWing into the next Y-site from the preceding Y-site’s 
outlet port 54. Blood or plasma is decanted until the test 
container 28 is ?lled, folloWing Which the blood or plasma 
donation is further decanted until the series-connected 
Y-sites comprising the tubing segment 50 are also ?lled. It 
should be noted that there Will be some un?lled volume or 
“head space” in each Y-site, in the region betWeen the 
intersection of the branch port 56 With the body 53 and the 
access site 55. It Will be understood by those having skill in 
the art that this “head space” volume is rather small and 
moreover, Will be uniform from Y-site to Y-site, thus having 
minimal to no impact on the uniformity of sample volumes 
contained in each Y-site. 

After the blood or plasma sample from a donation is 
decanted into the tubing segment 50, the terminal exit tubing 
segment 59 is closed off by a heat seal 40a or other suitable 
sealing means such as a sonic Weld or the like, at a suitable 
location along its length proximate to the terminal exit 
tubing segment’s connection to the serology test container 
28. The serology test container 28 is removed from the ?lled 
tubing segment 50 by cutting the terminal exit tubing 
segment 59 aWay from the test container through the center 
of the seal 40a. Alternatively, if the exit tubing segment 59 
terminates in a luer-type connector, the tubing segment 59 is 
merely decoupled from the test container 28 by disconnect 
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ing the luer. A second heat seal 38a is applied to the initial 
entry tubing segment 57 at a location along its length 
proximate to the segment’s connection to the elboW ?tting 
24 of the donation container 20. The series connected Y-sites 
comprising the ?lled portion of the tubing segment 50, are 
removed from the blood or plasma donation by cutting the 
initial entry segment 57 aWay through the center of the seal 
38a, or by disconnecting a luer-type ?tting 58, if such is 
provided. An elongated, holloW, articulated tube, comprising 
alternating rigid holloW Y-sites and ?exible holloW plastic 
tubing segments, linked together in series and closed-off at 
both ends, is thus provided. Each of the linked-together 
Y-sites contains a sample aliquot of the blood or plasma 
donation. 
As Will be described in greater detail beloW, additional 

heat seals 42a are formed in each tubing segment Which 
connects a preceding Y-site’s outlet port to a subsequent 
Y-site’s branch port. The heat seals 42a thus isolate the 
Y-sites from one another to de?ne sequential, individual, and 
connected sample aliquots, each of Which suitably comprise 
an individual Y-site. Each such Y-site contains a predeter 
mined quantity of blood or plasma the particular quantity 
being determined by the amount needed for a speci?c 
generation pool to be formed. Sealing, to isolate one Y-site 
from another, may be performed either after the tubing 
segment 50 has been removed from the plasma donation 
container 20 or alternatively, may be performed While the 
tubing segment 50 is still attached. Preferably, the Y-site 
isolation seals 42a are formed While the tubing segment 50 
is still attached to the blood or plasma donation container 20 
so that the volumetric reduction caused by ?attening a 
portion of the tubing during the sealing process does not 
cause a build-up in the internal hydrostatic pressure of the 
sample. When the tubing segment 50 remains connected to 
the plasma donation container, excess ?uid under pressure 
caused by the volumetric reduction of the tubing created by 
the heat seals, is alloWed to be expressed back into the 
donation container. Excess hydrostatic pressure, Which may 
lead to dangerous “spurting” or “outgassing” during sample 
extraction, is thus safely relieved. 

Sealing may be performed by any one of a variety of 
knoWn methods, such as thermal-compression sealing (heat 
sealing), sonic Welding or the like, so long as the length of 
the region Which is compressed and sealed is suf?cient to 
permit the connected Y-sites to be separated from one 
another by cutting through the center of the seal Without 
violating the integrity of the tubing segment on either side of 
the seal. 

Turning noW to FIGS. 3a and 3b in a preferred 
embodiment, the seal betWeen pouches (42 of FIG. 2) and/or 
Y-sites (51 of FIG. 2a) is formed to comprise a ?at pad area 
46, Which may include a narroW central portion or neck 47 
through Which the seal may be cut or torn in order to separate 
the connected pouches or Y-sites from one another. Cutting 
the seal is performed through the central portion or neck in 
order to ensure that each separated pouch retains a substan 
tial seal at compressed pad portions 48 Which remain at 
either end of a pouch folloWing seal separation at the neck 
47. The length of the seal pad 46 may be made greater or 
smaller, depending on the precision of the chosen separation 
method. Although the reduced cross section of the neck 47 
alloWs the pouches to be torn-aWay from one another, pouch 
separation may be more safely performed by using a scalpel, 
a guillotine cutter, or even a simple pair of scissors. 

It should be noted, that although the illustrated embodi 
ment of FIGS. 3a and 3b has been described in connection 
With sample pouches (42 of FIG. 2), the seals 46 may be 
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formed With equal facility along the ?exible tubing segments 
(52 of FIG. 2a) Which link together the series-connected 
Y-sites 51 of FIG. 2a. 

Turning noW to FIG. 4, there is illustrated an exemplary 
embodiment of a sealing device 60 Which is useful for 
forming heat seals along the length of either a uniform 
tubing segment (32 of FIG. 1) or an articulated tubing 
segment (50 of FIG. 2a). The sealing device 60 is adapted 
to form heat seals Which separate a uniform tubing segment 
into sample-containing pouches of speci?c desired siZes, or 
to seal off the ?exible tubing segments betWeen series 
connected Y-sites and thus form sample aliquot containers 
therefrom. The sealing device 60 suitably comprises 
opposed ?rst and second platens 61 and 62, respectively, 
each of Which includes a plurality of raised seal head 
portions 63, disposed in a spaced-apart relationship on the 
opposing surfaces of the platens. The sealing device 60 is 
preferably constructed such that the raised seal head portions 
63 are movable along their respective platens so that the 
spacing from one raised seal head portion to another may be 
continuously varied. The raised seal heads 63 may be 
arranged along the platen such that the distance betWeen 
successive seal heads is made progressively smaller so that 
sealing is performed along the length of the tubing segment 
at progressively closer spaced intervals. Thus, sample 
pouches of progressively smaller siZe, and, therefore, pro 
gressively smaller volume content may be formed by mov 
ing pairs of opposed seal heads along their respective platens 
to a desired location. It Will be understood, hoWever, that this 
particular feature may not be desirable When a series of 
linked-together Y-sites are to be separated by heat sealing. 
Because each Y-site is the same as any other in the series, the 
?exible tubing segments connecting the Y-sites Will be 
understood to have a periodic linear relationship. 
Accordingly, When heat sealing a series of Y-sites, the seal 
heads 63 Will preferably be disposed at uniform intervals 
along the length of their respective platens. 

In order to form multiple heat seals along the length of 
either a plastic tubing segment or the length of series 
connected Y-sites, ?lled With the blood or plasma sample, 
the tubing segment or Y-sites are placed Within the sealing 
device 60 betWeen the upper and loWer sealing platens 61 
and 62, respectively. The opposed platens are brought into 
proximity With one another and heat and pressure are 
applied, thus compressing and sealing the ?exible material 
of the plastic tube. As depicted in FIG. 4, the plurality of 
spaced-apart, extended or raised seal head portions 63 along 
the length of each platen are separated by alternating 
recesses 64. As the opposed platens are moved together to 
form heat seals, on those regions of a plastic tubing segment 
Which is compressed betWeen the seal heads, the opposed 
alternating recesses 64 form chambers Which accommodate 
those portions of the sample aliquot container Which are not 
be compressed. Accordingly, chambers formed by opposing 
recesses 64 de?ne pouches on the one hand, or alternatively, 
provide a convenient pocket in Which to house the rigid 
material of a Y-site as its ?exible connective tubing is 
compressed and sealed. Thus, each chamber de?ned by each 
closed pair of recesses is con?gured to house either a pouch 
or a Y-site. 

Aheating element 65 is con?gured to heat each of the seal 
head portions of the platen such that a heat seal is formed 
When the platens of the sealing device are closed together 
and pressure is applied. The heating element 65 may be any 
one of a variety of Well knoWn heater types such as formed 
Wire resistance heaters, induction heaters, radiant heaters or 
the like. Heating element 65 is preferably connected directly 
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to each of the raised seal heads 63 to thereby form a heat seal 
only in the region of the heads and Without unduly heating 
the recesses. If desired, Te?on® tape insulation can be 
applied over the surface of, for example a resistive Wire, to 
reduce heat transfer betWeen the heating element 65 and the 
adjacent recesses. In the exemplary embodiment, a cooling 
device 66, such as cooling or radiator ?ns, a moving air ?oW, 
a cold ?nger, or the like, may also be connected to the 
sealing device 60. A cooling device 66 is connected directly 
to each of the recesses 64 so that the chambers de?ned When 
opposing recessed portions move together are maintained at 
a loW temperature. Blood or plasma samples held in sample 
aliquot containers formed Within the chamber during the seal 
process are thus protected from the high heat seal 
temperatures, Which might otherWise damage or thermally 
degrade the blood or plasma sample. 
The narroW neck area, (47 of FIG. 3b) through approxi 

mately the center of the seal may be formed by an elongated, 
generally triangular ridge structure 67 Which is provided 
doWn the center of the extended seal head portion 64 of the 
seal platens. As a tubing segment is squeeZed betWeen the 
upper and loWer sealing heads, the ridge 67 forces an 
indentation on the top and bottom surface of the seal. The 
indentations narroW the plastic material comprising the 
center of the seal thus forming a reduced cross-section 
tear-strip for easy separation. 

In one embodiment of the invention, the ridge 67 may be 
serrated in order to provide perforations along the length of 
the ridge, i.e., in a direction orthogonal to the major axis of 
the tubing segments. The perforations Would alloW indi 
vidual sample aliquot containers to be removed from one 
another Without the danger inherent With cutting With a 
sharp objection, violating the integrity of the pouch by 
inadvertently cutting through to the sample containing area. 
Perforations are preferably provided during the seal process 
by providing the seal heads With serrated ridges. 
Alternatively, perforations may be provided shortly after the 
heat seal by means of a separate perforating jig or dye. 
Means 68 are also provided to open and close the sealing 

device 60 in order to compress seal platens together and thus 
form periodic seals along the length of a sample aliquot 
container. Such means are Well knoWn in the art and may 
suitably comprise a manual apparatus such as a lever handle 
coupled to the top platen 61 and Which moves the top platen 
against, for example, a hinge to open and close the appara 
tus. Other suitable arrangements may include vertical 
guides, springs, or a hydraulically operated piston press, or 
other common mechanical, electrical, or hydraulic presses 
Well knoWn to those skilled in the art. 

Turning noW to FIG. 4a there is depicted in semi 
schematic vieW, a speci?c embodiment of a sealing device 
70, Which is useful for providing thermal-compression heat 
seals at uniform spaced-apart intervals, so as to form 
pouches of speci?c desired siZes, or to isolate linked 
together Y-sites into individual sample-containing aliquots. 
The sealing device 70 suitably comprises top and bottom 
platens 71 and 72, respectively, adapted to be mounted along 
the pressure lever end seal band, respectively, of a commer 
cially available impulse heat sealer, Such as one of the 
ALINE M-series impulse sealers, manufactured and sold by 
the ALINE Company of Santa Fe Springs, Calif. The spe 
ci?c embodiment illustrated in FIG. 4a is a tWo-part heat 
sealing head adapted to be attached to an ALINE MC-15 
impulse heat sealer as an after market modi?cation and is 
adapted to alloW the MC-15 to produce pre-?lled sample 
aliquot containers of blood or plasma for further processing 
in accordance With the system and method of the present 
invention. 
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The bottom platen 72 of the heat sealing head 70 is 
constructed of a suitable rigid, heat resistant material such as 
a glass ?ber phenolic material manufactured and sold by 
many various commercial manufacturers. In the illustrated 
embodiment, the bottom platen 72 is preferably about 15 
inches in length in order to ?t on the mounting surface of the 
MC-15 impulse heat sealer. The bottom platen 72 is shaped 
to de?ne a longitudinal slot 73 Which is centrally disposed 
and runs along the entire length of the bottom platen 72. The 
Width of the longitudinal slot 73 is approximately 0.2 inches 
in order to accommodate standard, ?exible, plastic medical 
tubing Which typically is constructed With an outer diameter 
of approximately 0.1875 (3/16) inches, in nested fashion 
along the length of the slot. 

Aplurality of transverse slots 74 are disposed at spaced 
apart intervals along the length of the bottom platen 72 and 
are oriented in a direction orthogonal to that of the central 
longitudinal slot 73. The transfer slots 74 are constructed 
With a Width of approximately 0.5 inches and are located on 
1.125 (11/8) inch centers. Each transverse slot is, therefore, 
separated from its neighbors by a residual block of platen 
material Which is about 0.625 (5/8) inches in Width and Which 
includes a central channel de?ned by the central longitudinal 
slot 73. 

Both the longitudinal and transverse slots 73 and 74, 
respectively, are cut only partially through the material of 
the bottom platen 72, and are cut to the same depth, thereby 
forming a substantially ?at bed 75 Which de?nes the bottom 
surface of both the longitudinal and transverse slots. When 
the apparatus is used to form heat seals, a length of 0.1875 
(3/16) diameter standard medical tubing is nested in position 
along the longitudinal slot 73 and rests on the bed 75 of the 
bottom platen Which functions as a pressure bearing surface 
When the apparatus is operative to form heat seals. 
A heating element 76, such as nickel-chromium (NiCr) 

resistive Wire, is disposed lengthWise along each transverse 
slot comprising the bottom platen and is threaded along the 
platen in a snake-fashion from slot to slot in about the center 
of each slot. Where the heating element 76 traverses the 
center of each transverse slot 74, the NiCr Wire is protected 
from contacting the thermal-sensitive plastic tubing by cov 
ering the Wire With a piece of, for example, Te?on® tape. 
Blood or plasma samples contained in the aliquot containers 
formed in the sealing device during the seal process are thus 
protected from the high temperatures of the heat seal and 
thermal degradation of the samples is minimiZed. 

In the illustrated embodiment of FIG. 4a, the top platen 71 
is also approximately 15 inches in length and is coupled to 
the pressure lever of the MC-15 heat sealer. The spatial 
orientation of the pressure lever suspends the top platen 71 
over the bottom platen 72 in a ?xed geometrical relationship. 
The top platen 71 is constructed from a heat-resistant plastic 
material such as a milled glass ?ber phenolic material and 
comprises a set of equidistant spaced-apart, generally rect 
angular teeth protruding from its bottom surface and Which 
extend in a direction pointing toWard the bottom platen. 
Each of the teeth 77 are about 0.5 inches in length and are 
spaced-apart on 1.125 (11/8) inch centers. Accordingly, it can 
be seen that each of the teeth 77 is dimensioned to ?t in to 
the cavity de?ned by the transverse slots 74 of the bottom 
platen 72. Each of the teeth 77 of the top platen 71 is 
positioned to be suspended over a corresponding intersec 
tion of a respective transverse slot 74 and the longitudinal 
slot 73 of the bottom platen 72. Thus, each tooth 77 is 
con?gured to ?t into the cavity thus de?ned When the heat 
sealed platens are closed together by operation of the MC-15 
device. 
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After a sample aliquot container is placed Within the 

longitudinal slot 73, the top platen 71 is forced into contact 
With the bottom platen 72, by loWering the lid of the MC-15 
heat seal apparatus. As the lid is loWered, the teeth 77 of the 
top platen 71 enter the cavity de?ned by the transverse slots 
74 of the bottom platen 72. Each tooth contacts that portion 
of a tubing segment Which lies exposed on the bed 75 at the 
intersection of each transverse slot 74 With the central 
longitudinal slot 73. A direct current is provided to the 
nickel-chromium resistive heating Wire Which causes the 
Wire to heat-up, in turn causing the plastic material of the 
tubing segment to soften. At the same time, the top platen 71 
is compressed onto the bottom platen thus applying pressure 
to the plastic material being softened by the heating element 
76. 

After heat sealing, the sample aliquot container is labeled 
on at least one end With a unique identi?er that identi?es and 
corresponds to the original blood or plasma donation. Label 
ing may be achieved by, for example, af?xing a label onto 
the segment or by imprinting a bar coded emblem directly on 
to the tubing material. In accordance With the invention, a 
prepared recess 78 is suitably provided on the heat sealer 70 
for receiving, holding and aligning a pre-printed bar code 
identi?er tag. Such a tag is formed from a suitable heat 
sealable material and is heat sealed to an appropriate tubing 
segment of the sample aliquot container at the ?rst heat seal 
position for identi?cation purposes. The sample aliquot 
container, Whether in the form of pouches or linked-together 
Y-sites, is then froZen for preservation. 

Returning to FIGS. 3a, 3b, and 4, it may be desirable for 
each individual sample aliquot container along a segment to 
be identi?ed by an alpha or numeric code Which identi?es 
the position of the container along the length of the original 
segment. Such a code may be imprinted, for example, on the 
compressed portion of the seal pad located betWeen adjacent 
containers by use of a stamping dye. Such a stamping dye 
may comprise an integral part of the sealing device as 
depicted in FIG. 4, so that sealing, forming containers of 
various siZes, and providing narroW or perforated areas for 
easy separation, as Well as identi?cation indicia, are all 
accomplished in a single ef?cient step. Alternatively, the 
alpha or numeric identi?er could comprise part of a perfo 
rating jig or dye. Stamping dyes are Well knoWn commodi 
ties many of Which include means for advancing the alpha 
or numeric character to a next sequential one such that 
sequential containers in the tubing segment are each iden 
ti?ed by a corresponding sequential string of alpha (a, b, 
c, . . . ) or numeric (1, 2, 3, . . . ) characters. 

Therefore, if a ?rst generational testing pool is to be 
prepared from sample pouches or Y-sites from several 
donations, the quality control check may be performed by 
con?rming that all pouches or Y-sites to be pooled from each 
tubing segment have the same location code, for example, 
number 1. Likewise, When preparing a second generational 
testing pool from samples of the same donations, a quality 
control check may be performed by con?rming that all 
pouches or Y-sites to be pooled from each tubing segment 
have, for example, the numeral 2 imprinted at some point on 
the compressed portion of each corresponding ?exible tub 
ing segment. 
Pool Formation 

In order to effect ef?cient PCR testing of a donation, the 
serology test sample taken from each individual donation in 
the test container (28 of FIG. 1) is ?rst tested for various 
knoWn antigens and/or antibodies Which are designated for 
speci?c viruses. If a sample tests positive for one or more 
knoWn antigens or antibodies, the individual donation and 
















