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(57) Abstract

A ribbon-like flat web (16) having a plurality of side by side
depressions (17) is fed through a horizontal slot having a downward
facing surface (28) having an aperture (36) communicating with a
reservoir of reagent containing solution. The web (16) is urged
against the downward facing surface (28) to provide sealing as
the solution is fed into the upward facing depressions (17). The
aperture (36) communicating with the reservoir is profiled as a
parallelogram having a leading edge (37) which is oblique to
the direction of movement. After emerging from the dispensing
apparatus (20) the exposed solution is dried in hot air, followed
by spray application of a second solution, further drying in hot air,
and application of a backing (18) to form capillary chambers. The
method is especially useful for manufacturing coagulation assays
having magnetic particles and thromboplastin.
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APPARATUS AND CONTINUOUS PROCESS FOR MAKING COAGULATION ASSAY
DEVICE

Backaround of the Invention

The iﬁ&ention relates to a method for manufacturing a
coagulation assay device by a continuous process, and to an
apparatus for dispensing a reagent containing solution into a
plurality of side by side depressions in a ribbon-like flat web.

U.S. Patent No. 4,849,380 discloses a device for performing
an assay by using capillary action to draw a pPredeternined volume
©of a liquid sample into a reaction chamber charged with a reagent,
where the reaction between the liquid sample and the reagent is
monitored. The device includes a base, a spacer having an aperture
therethrough laminated against the base, and a cover having a pair
of aperfures therethrough laminated against the cover to form a
chamber having an application port and a vent. After treatment to
make the chamber hydrophillic, reagent supplied to the application
port by pipette is drawﬁ into the chamber by capillary action and
tnen freeze dried or air dried at room temperature. The thickness
of the spacer is critical in order to assure capillary action, and
to assure that the chamber has a predetérmined volume so that the

reagent therein has a predetermined concentration.
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The device of U.S. Patent No. 4,849,380 is especially
suitable for a coagulation assay wherein the reaction chamber
contains a coagulation reagent such as thromboplastin and inert
magnetic particles such as magnetite suspended in the reagent.
When a sample of blood or plasma is introduced into the chamber,
the dry reagent is solubilized, the magnetic particles are
suspended, and a coagulation reaction is initiated. When an
alternating magnetic field is applied, the orientation of
magnetic particles changes synchronously with the field; this
effect can be monitored optically by changes in intensity of
reflected light (flickering). Peak to peak values of light
intensity fall off when a clot has started to form, providing a
convenient assay for coagulation. Refinements in the method for
menitoring the clotting time are disclosed in U.S. Patent No.
5,110,727 and PCT Ipternational Publication No. WO 92/01065.

The processes used to manufacture the known assay device are
batch processes which require wetting the reaction chamber with
detergent, blowing it out, applying an agqueous reagent solution
to the application hole with a pipette, then lyophilizing, i.e.,
rapid freezing followed by dehydration in the frozen state under
high vacuun. This is especially time consuming. However, the
possibility of a continuous strip process has not been suggested
due to the problem of drying reagent solution in the reaction
chambers. Further, magnetic particles must be uniformly
dispersed in the reaction chamber to facilitate optical
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monitoring of the fluctuations between bright and dim reflected
light. This is rendered difficult by the tendency of the
magnetic particles to settle out prior to application, and
further by their tendency to aggregate toward the vent hole when
solubilized in the sample. This tendency also mitigates against
applying the magnetic particles and the thromboplastin in a two
step process.

U.S. Serial No. 08/114,579, filed August 31, 1993 and
incorporated herein by reference discloses an improved carrier
solution for the magnetic particles. This solution lends itself
especially to air drying and is resoluble as readily as freeze
dried materials. At the same time, the aforementioned tendency
of the magnetic particles to aggregate in the sample is avoided.
However an efficient method of applying the particle containing
solution to the assay devices in a continuous process is not

disclosed.

umma of e Invention

The present invention relates to a process for manufacturing
a coagulation assay device in continuous strip form by feeding a
two part laminate having side by side depressions through a
dispensing station where a first solution containing magnetic
particles fills the depressions, then passing the open

depressions through a first drying station where the first
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solution is dried with hot air. Following this a second reagent
solution containing thromboplastin is selectively sprayed in the
depressions 80 as to be confined to a desired reaction area, then
the open depressions are passed through a second drying station.

According to a preferred method, the application hole and
the vent hole are punched through the laminate at opposite ends
of each depression after the drying steps. Finally, a
transparent cover in strip form is laminated over the two part
laminate having first and second dried reagents in the side by
side depressions, and the assembly is severed between each pair
of reaction chambers so formed to complete the individual assay
devices.

The process according to the invention employs a specially
designed apparatus for dispensing the first solution into the
side by side depressions in the two part laminate. This device
includes a base having a downward facing surface, a reservoir
mounted above the base, and a pad of resilient material which
loads the laminate against the downward facing surface. An
aperture between the reservoir and the downward facing surface
dispenses the first solution into the upward facing depressions
as the laminate is moved past the aperture, the resilient paad
providing sealing. An aperture shaped as a parallelogram having
two sides parallel to the direction of movement and two sides at
80 degrees to the direction of movement has been found to be
especially effective. The pad is preferably mounted on a rigid
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plate mounted parallel to the downward facing surface at an
adjustable distance. Agitation means such as a high speed blade-
type mixer is provided in the reservoir to assure uniform
dispersion of magnetic particles.

The invention offers the advantage of high production rates
not possible in the batch process of the prior art.

A further advantage is the uniform dispersion of magnetic
particles in the reaction chamber.

An important advantage is the ability to achieve localized
concentrations of the thromboplastin in the reaction chamber
without affecting the uniform dispersion of the magnetic

particles.
escripti wi

Figure 1 is a perspective of the webs for the cover,
spacer, and backing;

Figure 2 is a schematic of the manufacturing apparatus;

Figure 3 is a side elevation view of the reagent dispensing
apparatus with strip passing therethrough;'

Figure 4 is a plan view of the dispensing apparatus.
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Detajled Description of the Preferred Embodiment

Figure 1 is a perspective of the components used to
manufacture the assay device according to the method of the
present invention. The ribbon-like spacer 10 is a five-part
laminate including a translucent central layer of MELANEX, a
trademark of ICI for a biaxially stable polyester films, layers
of adhesive on opposed surfaces, and protective liners over the
adhesive layers. Such a five layer composite is available from
Adhesive Research, Inc. Keyhole shaped apertures 11 are punched
five at a time through the spacer 10, simultaneously with
indexing holes 12 along the margins. One of the protective
liners is then removed and the spacer 10 is adhered to
transparent cover 13, which is printed with indicia of origin on
the same surface which is adhered to the spacer 10. After
joining the spacer 10 to cover 13, the web so formed is subjected
to a corona treatment to improve the hydrophilic properties of
the cover surface exposed through the apertures, and the web is
wound on a2 spool for use in the process of Figure 2.

Referring to Figure 2, the spool 2 holds the lamina;ed web
16 formed by joining the spacer 10 and cover 13. This web is fed
between pinch rollers 4 to a dispensing apparatus 20 where a
first solution containing magnetite particles is dispensed into
upward facing depressions formed by apertures 11, thence to
driers 50 and 51 where the solution is evaporated by hot air as
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the web 16 moves continuously therethrough. At dispenser 52 a
second solution containing thromboplastin is sprayed into the
depressions over the wide end of the keyholes, the spraying being
done stepwise according to optical indexing using holes 12.
Recall that spacer 10 is translucent, and cover 13 is
transparent. The second solution is then evaporated at hot air
driers 60 and 61, and the semifinished laminate is drawn through
pinch rollers 6 and wound onto spool 8.

When the spool 8 of Figure 2 is full, it is removed to
another line where the web 16 is unwound for punching the
application holes 14 and vents 15 shown in Figure 1. Following
this, the marginal portions containing the indexing holes 12 are
trimmed off, and the remaining liner on the exposed surface of
the spacer 10 is removed, The transparent backing 18 is then
applied to the exposed adhesive to enclose the depressions 17,
thereby forming the reaction chambers of the finished assay
devices. The finished web is then sheared along parallel lines
between the reaction chambers to form the finished assay devices,
the rectangular vents 15 being used for optical indexing for this
final shearing step.

Figures 3 and 4 show the reagent dispehsing apparatus 20 in
greater detail. The base 21 is preferably made of Delrin, a
trademark for a linear polyoxymethylane-type acetal resin. the
base 21 is machined to form an inset surface 23, and a counter
sunk annular sealing surface 24 which receives tube 26
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thereagainst to form a reservoir. a drag plate 40 is held
parallel to a downward facing surface 28 of the base by four
screws 45 and associated washers 46. The screw shanks are
received through unthreaded bores 47 in the drag plate and
threaded bores 49 in the base, whereby the distance between the
drag plate 40 and the base 21 can be adjusted. Coil springs 48
concentric to the screw shanks load the drag plate away from the
base 21, and a resilient pad 41 fixed to the drag plate loads the
web 16 toward the downward facing surface 28. This provides a
sealing action as the first reagent containing solution is
dispensed through aperture 36 into upward facing depressions 17
in the web 16. The pad 16 is preferably foam rubber with a
Teflon coated surface to reduce friction. The dispenser 20 is
supported by pegs 44 on the bottom of the drag plate 40.

The mixer 30 includes mixing blades 31, a surrounding screen
32, support struts 33, and a drive shaft 34. This assures that
magnetite particles are uniformly dispersed in the solution even
when a low viscosity solvent is used.

Referring especially to Figure 4, the aperture 36 is
preferably configured as a parallelogram which converges from the
inset surface 23 toward the downward facing surface 28, whefe the
web 16 is exposed with keyhole shaped troughs 17 facing upward.
The leading edge 37 and trailing edge 38 of the aperture 36
extend obligquely to the direction of movement of the wedb 36,
while the side edges 39 are parallel to the movement. Disposing
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the edges 37, 38 at eighty degrees to the direction of movement
assures a smooth transition of the depressions 17 from the
reserveoir, thus preventing turbulence which could cause the
magnetite particles to settle in a non-uniform array in the
depressions. Likewise, the provision of a trailing edge 22 on the
base 21 at an oblique angle to the direction of movement assures
a smooth and non-turbulent emergence of the depressions from the
sealing area. The pooled first reagent céntaining solution thus
enters the drier 50 in a homogenous state, and the solvent is
evaporated with the iron containing particles uniformly
dispersed.

The foregoing is exemplary and not intended to limit the

scope of the claims which follow.
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CLAINMB

1. Process for manufacturing an assay device, comprising

the following steps:

feeding a ribbon-like flat web having a plurality
of upward facing side-by-side depressions in a direction of
movement through a horizontal slot having a downward facing
surface,

dispensing a first reagent-containing solution
into said depressions through an aperture between said downward
facing surface and a reservoir containing said first solution,
and

drying said first solution with hot air while said
strip is in said horizontal plane, after said strip emerges from

said slot.

2. Process as in claim 1 further comprising agitating
said first solution in said reservoir, whereby a suspended
reagent is uniformly distributed in said first solution.

3. Process as in claim 1 further comprising loading
said strip against said downward facing surface, thereby

providing a sealing action around said aperture.

- 10 -
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4. Process as in clairm 1 further comprising
adhering a ribbon~like flat backing to said strip
over said depressions, thereby forming a ribbon-like assembly
having a plurality of capillary spaces containing dried reagent,
providing a pair of spaced apart holes
communicating with each capillary space, and
severing said assembly between said capillary

spaces to form a plurality of assay devices.

5. Process as in claim 4 wherein said pair of spaced
apart holes are provided by forming said holes through said strip
in each depression after drying said first solution but before

adhering said backing.
6. Process as in claim 1 further comprising
dispensing a second reagent containing solution
into said depressions after said first solution is dried, and

drying said second sclution with hot air.

7. Process as in claim 6 wherein said second solution

is dispensed by spraying.

e 1] -
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8. Process as in claim 1 wherein a ribbon-like cover
and a ribbon-like spacer having a plurality of side-by-side
apertures therethrough are adhered together to form said ribbon-

like flat strip.

9. Apparatus for dispensing a reagent containing
solution into a plurality of side-by-side depressions in a
ribbon-like flat strip, comprising

a base having a downward facing surface,

a means for loading a ribbon-like web against said
downward facing surface, thereby providing a sealing action
around said aperture,

a reservoir holding a first reagent containing
solution over said base, and

an aperture between said reservoir and said
downward facing surface, whereby said solution may be dispensed
into upward facing depressions in said web as said web is moved

past said aperture in a direction of travel.

10. Apparatus as in claim 9 wherein said means for
loading said ribbon-like web against said downward facing surface
conprises a rigid plate parallel to said downward facing surface,
and a pad of resilient material fixed to said rigid plate between

said rigid plate and said downward facing surface, thereby
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SUBSTITUTE SHEET (RULE 26)



WO 96/03318 PCT/US95/09170

forming a horizontal slot between said resilient material and

said downward facing surface.

11. Apparatus as in claim 9 further comprising

solution agitation means in said reservoir.

12. Apparatus as in claim 9 wherein said aperturg is
profiled with a leading edge and a trailing edge running
transverse to said direction of travel, said leading edge being
substantially straight and not perpendicular to said direction of

travel.

13. Apparatus as in claim 12 wherein said leading edge

is oriented at 80 degrees to said direction of travel.

14. Apparatus as in claim 12 wherein said aperture is

profiled as a parallelogram.

15. Apparatus as in claim 14 wherein said
parallelogram has two sides which parallel said direction of

travel.
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SUBSTITUTE SHEET (RULE 26)



WO 96/03318 1 / 4 PCT/US95/09170

SUBSTITUTE SHEET (RULE 26)



WO 96/03318

2 / 4 PCT/US95/09170

FIG. 2
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