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SPECTROPHOTOMETRIC APPARATUS FOR REDUCING FLUID CARRYOVER

An apparatus adapted to inspect reagent strips having
fluid samples, such as urine samples, disposed thereon and to
reduce the likelihood of contamination of one of the fluid
samples with another of the fluid samples is provided with a
reagent strip support (22) adapted to support a reagent strip
(14) having a plurality of reagent pads (26) disposed in a
longitudinal direction along the reagent strip (26), including
reagent pad which has a reagent sensitive to contamination.
The apparatus also includes a reagent strip mover (18 and/or
80) adapted to cause the reagent strip (14) to be moved in a
direction generally transverse to the longitudinal direction
from an 1initial reagent strip location to an inspection loca-
tion (120 or 122), a light emitter (64 or 68) adapted to illu-
minate the reagent strip (14) when the reagent strip (14) is
supported by the reagent strip support (18 and/or 80) at the
inspection location (120 or 122), and a detector (66 or 70)
adapted to receive light from the reagent strip (14) when the
reagent strip (14) 1s being illuminated by the light emitter
(64 or 68).
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SPECTROPHOTOMETRIC APPARATUS FOR REDUCING FLUID CARRYOVER

Background of the Invention

The present 1invention relates to an apparatus for per-
forming optical 1inspection tests on reagent strips having sam-
ples of body fluid thereon which reduces the 1likelihood of
carryover of body fluilid from one reagent strip to another.

Conventional spectrophotometers may be used to perform a

number of different urinalysis tests utilizing a reagent strip

on which a number of different reagent pads are disposed.

Each reagent pad may be provided with a different reagent

which causes a color change 1n response to the presence of a

gri—

certain type of constituent 1n wurine, such as leukocytes

(white blood cells) or ervyvthrocytes (red blood cells). The
color change 1is detected by the spectrophotometer by illumi-
nating the pad and taking a number of reflectance readings
from the pad, each having a magnitude relating to a different
wavelength of light. The color may then be determined based
upon the relative magnitudes of red, green and blue reflec-
tance signals, for example.

In a conventional spectrophotometer, the process of 1n-
specting a reagent strip 1s performed by dipping the reagent
strip in a urine sample, blotting excess urine from the rea-
gent strip, placing the reagent strip at a designated location
in the spectrophotometer, and pressing a start button which

causes the spectrophotometer to begin automatic processing and

inspection of the reagent strip.

Fig. 1A illustrates a prior art table 1 for supporting a

reagent strip. The support table 1 has a receiving area 2 on
which a reagent strip (not shown 1n Fig. 1A) 1s 1nitially
placed and an inspection area 3 to which the reagent strip 1s

moved for optical inspection. Reagent strips are moved, one

at a time, from the receiving area 2 to the 1nspection area 3
by a blotter arm 4, shown in Fig. 1B, which makes contact with

each reagent strip.
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The support table 1 has a plurality of upwardly extending

ribs 5 designed to support the reagent strips so that they are

held above the upper surfaces of the support table 1. The

support table 1 has a first raised platform 6, having the ap-

proximate shape of a reagent strip, on which a reagent strip

1s positioned when being read by a first readhead (not shown),
and a second ralsed platform 7 on which a reagent strip is po-

sitioned when being read by a second readhead (not shown) .

The blotter arm 4 shown 1in Fig. 1B was designed to ex-
tract or remove urine from a reagent strip when it makes con-

tact with the reagent strip so that significant amounts of

urine from one reagent strip will not contaminate, or be left

on, the portions of the support tray 1 with which subseqguent
reagent strips make contact. To that end, the surface of the
blotter arm 4 which makes contact with reagent strips is pro-
vided with small capillaries (not shown) which draw urine away
from the reagent strip due to capillary action.

Other prior art spectrophotometers have been designed to

extract urine from reagent strips to prevent fluid carry over
from one reagent strip to another. For example, in one prior
art spectrophotometer, reagent strips were moved through the
device on a paper web which 1s designed to absorb excess urine
from each of the reagent strips.

Conventional reagent strips used 1n the spectrophotometer
having the support table 1 shown 1in Fig. 1A have multiple rea-
gent pads which are provided with reagents to test for wvarious
conditions. One such reagent pad 1s designed to detect "oc-
cult blood" in urine. Such a reagent pad 1s 1mpregnated with

a conventional reagent which causes a blue color to be formed

in the presence of very small concentrations of blood 1in

urine.

Summary of the Invention

The present invention 1s directed to an apparatus adapted

A

to 1nspect reagent strips after having body fluid samples,

such as urilne samples, disposed thereon and to reduce the
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likelihood of contamination from one body fluid sample with

another body fluid sample. The apparatus 1s provided with a
reagent strip support, such as a support table, adapted to
support a reagent strip having a plurality of reagent pads

disposed 1n a longitudinal direction along the reagent strip,

including, for example, an occult blood reagent pad which has

a reagent that enables detection of occult bloocd. The appara-
tus also i1ncludes a reagent strip mover adapted to cause the

reagent strip to be moved 1n a direction generally transverse

to the longitudinal direction from an 1nitial reagent strip

location to an inspection location, a light emitter adapted to
illuminate the reagent strip when the reagent strip 1s sup-

ported by the reagent strip support at an inspection location,

and a detector adapted to receive light from the reagent strip
when the reagent strip 1s belng i1lluminated by the light emit-
Cer.

In one aspect of the invention, the reagent strip support
and the reagent strip mover are designed not to remove excess
body fluid from the reagent strips.

In another aspect of the invention, the occult blood rea-
gent pad is located on the reagent strip at a reagent pad

area, and the reagent strip support 1s adapted to support the

reagent strip so that there 1s no significant physical contact
between the reagent strip support and the reagent pad area
when the reagent strip 1s located at the 1nspection location

and when the reagent strip 1s moved between the 1initial rea-

gent strip location and the 1nspection location.

In another aspect of the 1invention, the reagent strip

support 1is adapted to support the reagent strip so that there
is no physical contact between the reagent strip support and a

non-contact area when the reagent strip 1s located at the 1in-

spection location and when the reagent strip 1s moved between
the initial reagent strip location and the i1inspection loca-

tion, the no-contact area being defined as the combined area

of the reagent pad area, a first area extendling at least about

one-eighth of an inch from the reagent pad area 1n a first di-

rection parallel to the longitudinal axis of the reagent
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strip, and a second area extending at least about one-eighth
of an 1nch from the reagent pad area 1n a second direction
parallel to the longitudinal axis of the strip.

The reagent strip mover may be provided with a first por-

tion that makes physical contact with the reagent strip at a

first point along the reagent strip and a second portion that

makes physical contact with the reagent strip at a second
point along the reagent strip, and the reagent pad area of the
reagent strip may be disposed between the first and second
points along the reagent strip so that the reagent strip mover
does not make physical contact with the reagent pad area of
the reagent strip.

The reagent strip support may be provided with a first

upwardly extending elongated rib which makes physical contact

with the reagent strip at a first contact point between the

reagent pad area and a first end of the reagent strip and a
second upwardly extending elongated rib which makes physical
contact with the reagent strilip at a second contact point be-
tween the reagent pad area and a second end of the reagent
strip.

The apparatus may 1nclude a reagent strip pusher arm
which 1s adapted to push the reagent strip along the reagent
strip support while the reagent strip 1s being supported by
the reagent strip support, the reagent strip pusher arm being
shaped so that no portion of the reagent strip pusher arm
makes contact with the reagent pad area of the reagent strip.

The features and advantages of the present i1invention will

be apparent to those of ordinary skill 1n the art 1in view of

=—

the detailed description of the preferred embodiment, which 1is

gy

made with reference to the drawings, a brief description of

which 1s provided below.

Fig. 1A 1s a perspective view of a prior art reagent

strip support table;
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Fig. 1B 1s a perspective view of a prior art blotter arm
adapted to move a reagent strip which the reagent strip 1is
supported by the reagent strip support table shown in Fig. 1A;

Fig. 1 18 a perspective view of a spectrophotometer which

may be used to perform various tests of a body fluid sample

disposed on a reagent strip;

Fig. 2 1s a perspective view o0of an 1internal mechanical

portion of the spectrophotometer of Fig. 1;

Fig. 3 1s a perspective view of an internal mechanical

portion of the spectrophotometer of Fig. 1;

Fig. 4 1s a top view of a portion of a reagent strip sup-

port shown in Figs. 1, 7A and 7B;

Fig. 5 1s a perspective view of a reagent strip transfer
arm;

Fig. 6 1s a schematic view of a portion of the spectro-
photometer.

Figs. 7A and 7B 1illustrate a reagent strip support; and

Fig. 8 i1llustrates a no-contact area on a reagent strip.

Detailed Description of the Preferred Embodiments

Fig. 1 1llustrates a spectrophotometer 10 for performing
various tests, such as urilnalysis tests, on reagent strips.
The spectrophotometer 10 has a receilving area 12 at which a
reagent strip 14 may be placed and a reagent strip inspection
area ccvered by a housing portion 16. The reagent strip re-
celving area 12 1s located between a laterally movable trans-
fer arm 18 and the left side of the housing portion 16. The

F

reagent strip 14 1s supported by a number of relatively thin

upwardly extending ribs 20 formed 1in the left-hand side of a

reagent strip support table22.
To operate the spectrophotometer 10, the reagent strip 14

is placed in the receiving area 12. The spectrophotometer 10

may be designed to automatically detect the presence of the

reagent sStrip 14, and upon such detection, may cause the

transfer arm 18 to mover from left to right in Fig. 1, thus

automatically moving the reagent strip 14 from the receiliving
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area 12 to the inspection area located within the housing por-
tion 16. The spectrophotometer 10 1includes a visual display
23 for displaying varlous messages relating to the operation
of the spectrophotometer 10.

As shown 1n Figs. 4 and 6, the reagent strips 14 used 1in
the spectrophotometer 10 have a thin, non-reactive substrate
24 on which a number of reagent pads 26 are fixed. Each rea-
gent pad 26 may be composed of a relatively absorbent material
impregnated with a respective reagent, each reagent and rea-

gent pad 26 peing assoclated with a particular test to be per-

formed. When urinalysis tests are performed, they may in-

clude, for example, a test for leukocytes in the urine, a test

e
e

of the pH of the urine, a test for blood 1n the urine, etc.

When each reagent pad 26 comes 1nto contact with a urine sam-
ple, the pad may change color over a time period, depending on
the reagent used and the characteristics of the urine sample.
The reagent strip 14 may be, for example, a Multistix® reagent
strip commercially available from Bayer Corporation.

One of the reagent pads 26 1s 1impregnated with a reagent

P

that causes a color to form in the presence of "occult blood, "

which as 1is well known 1n the art, 1s defined as relatively
small concentrations of blood which are not visible to the na-
ked eye. As used herein, the reference to "occult blood rea-
gent pad" means a reagent pad which 1s designed to detect oc-
cult blocod.

Fig. 2 1s a perspective view of one embodiment of the in-
terior mechanical structure of the spectrophotometer 10. Re -

ferring to Fig. 2, the spectrophotometer 10 may 1nclude a

light emitting apparatus 30, whilich may be provided 1in the form

of five light-emitting diodes (LEDs) 30a-30e, which may be in

the form of narrow angle, high output LEDs commercially avail-
able from Hewlett Packard. The LEDs 30a-30e may be spaced

P

apart so that each of them 1lluminates a separate portion of

the reagent strip receliving area 12. The spectrophotometer 10
may include a detecting apparatus 32, which may be in the form
of four light detectors 32a-32d, each of which i1is disposed be-
tween two of the LEDs 30a-30e. The detectors 32a-32d are po-

Al e AT AT TR A4V PO OP IO U o 32 T2 A e T e o ctosasopam
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sitioned so that they detect light which is received from por-

tions o©of the receiving area 12 which are illuminated by the

LEDs 30a-30e so that the presence of a reagent strip 14 in the

recelving area 12 may be automatically detected (based on the

.~

differentiation of a lightly colored reagent strip 14 from the

darker color of the spectrophotometer 10).

Alternatively, 1nstead of providing the 1light emitting

apparatus 30 and the light detecting apparatus 32 to automati-
cally detect a reagent strip 14 and move the transfer arm 18

1n response thereto, the movement of the transfer arm 18 could

be manually initiated by pressing a button (not shown).

As shown in the left-hand portion of Fig. 2, the spectro-
photometer 10 1includes a pilvot arm 34 having a central portion
which 1s connected to a rotatable shaft 36, which i1s control-

lably driven by a motor (not shown). The end of the pivot arm

34 1s slidably disposed 1n a vertical shaft formed i1in the back

of a transfer arm support member 38 to which the transfer arm

18 (Fig. 1) 1s connected. The transfer arm support member 38,

which has a receptacle 40 1n which an end of the transfer arm
18 1s disposed, 1s slidably supported by a horizontally dis-
posed cylindrical rod 42. The horizontal position and move-
ment of the transfer arm 18 are controlled by selectively
causing the pivot arm 34 to rotate about the central shaft 36
to change the lateral position of the end of the pivot arm 34,
and thus the lateral position of the transfer arm support mem-
ber 38.

As shown 1in the right-hand portion of Fig. 2, the spec-

trophotometer 10 has a movable carriage 50 that 1s fixed to

Y

one side of a positioning belt 52 supported by a pair of

toothed gears 54,56. The gear 56 1s fixed to a rotatable

drive shaft (not shown) that 1s controllably driven by a motor
(not shown) to precisely move and position the movable car-
riage 50 1n a direction parallel to the length of the reagent
strip 14 (Fig. 1).

The movable carriage 50 has a pailr of readheads 60, 62.

As shown i1n Fig. 6, the readhead 60 includes a light source 1in

the form of an 1ncandescent lamp 64 and a detector 66, which




CA 02281168 1999-08-25

may be 1n the form of four light detectors 66a-66d, each of

which is adapted to detect light of a different wavelength,
such as red, blue, green and infrared light, for example. The
readhead 62 1includes a light source in the form of an incan-
descent lamp 68 and a detector 70, which may be in the form of

pr—-

four light detectors 70a-70d, each of which is also adapted to

e

detect light of a different wavelength. Aithough the read-

heads 60, 62 could be designed as disclosed in U.S. Patent No.

5,661,563 tco Howard, et al., which 1is incorporated by refer-
ence herelin, no particular design of the readheads 60, 62 is
consldered necessary to the invention. Alternatively, only a
single readhead could be used to optically inspect reagent
strips. Any type of detectors 66, 70 could be used, including
detectors that detect only a single wavelength of light.

Fig. 3 1s a perspective view of a portion of the spectro-
photometer 10 which shows a reagent strip advancing tray 80.
The advancing tray 80 has a palir of upwardly extending walls,

82, 84. The upper portion of the wall 82 has a plurality of

pegs 86 extending therefrom, and the upper portion of the wall

84 has a plurality of pegs 88 extending therefrom. The pegs
86, 88 are spaced apart by a distance slightly greater than
the width of the reagent strips 14 so that the space between

each adjacent pair of pegs 86, 88 can accommodate one of the

"

reagent strips 14. Referring to Fig. 4, the pegs 86, 88 of
the advancing tray 80 extend upwardly through a pair of slots
90, 92 formed 1n the reagent strip support table 22.

The reagent strip advancing tray 80 .is supported by a po-
sitioning mechanism 100 which is shown in Figs. 2 and 3. The

positioning mechanism 100 has a support table 102 which sup-

ports the reagent strip advancing tray 80 and a mechanism for
moving the support table 102 in a generally circular path
which 1ncludes a vertical member 104 having a pair of oblong

slots 106, 108 formed therein and a palr of motor-driven ac-

tuators 110,112 disposed within the slots 106, 108. Rotation

of the actuators 110, 112 causes the vertical member 104 and

the support table 102 to move 1n a circular path, as disclosed
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1in U.S. Patent No. 4,689,202, which is incorporated by refer-
ence hereiln.

The movement of the support table 102 causes the advanc-
ing tray 80 to move in a circular path, which in turn moves
the pegs 86, 88 to cause the reagent strips 14 disposed be-
tween them to be periodically moved or indexed rightward

through the spectrophotometer 10, so that a reagent strip 14

1s disposed at a first reagent strip inspection position be-
neath the readhead 60, and then is disposed at a second rea-
gent strilip i1nspectilion position beneath the readhead 62.

Referring to Fig. 4, when the advancing tray 80 moves in

a single cilircular path, the pegs 86, 88 move from left to

right while they extend upwardly through the reagent strip

support table 22, thus moving each of the reagent strips 14
one reagent strip position to the right. During the latter
half of the cilrcular motion, the pegs 86, 88 are downwardly
retracted so that thelr upper ends are disposed beneath the
upper surtface of the support table 22, so that they can be

moved from right to left without moving the reagent strip 14.

The particular design of the system for conveying the reagent

strip 14 from the receiving area 12 to the inspection area

within the housing portion 16 and for conveying the reagent
strip 14 within the inspection area is not considered neces-
sary to the i1invention, and other types of conveyor systems
could be utilized.

Fi1g. 7A 1s a top view of the reagent strip support table

22 shown 1n Filig. 1, and Fig. 7B is a perspective view of the

support table 22. Referring to Figs. 7A and 7B, the support
table 22 has a first 1nspection position 120 at which a rea-

gent strip 14 (Fig. 4) 1s disposed when being optically in-

spected by the readhead (Fig. 6) and a second inspection posi-
tion 122 at which a reagent strip 14 is disposed when being
optlically inspected by the readhead 62 (Fig. 6).

When a reagent strip 14 1s pushed from the receiving area

12 (by the transfer arm 18) towards the first inspection posi-

tion 120, the reagent strip 14 makes physical contact with,

and 1s supported above the upper surface of the support table
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22 by the ribs 20 and an elongate guide rail 124. The guide
rail 124 may be used to maintain the transverse position of

reagent strips 14 as they are moved across the support table

22, which position may be maintailined due to the fact that the

gy

lower surface of the reagent strip substrate 24, which 1i1s damp

or wet due to the body fluilid sample, tends to adhere to the
upper surface of the guide rail 124, thus 1nhibiting movement
transverse to the direction of movement (parallel to the ribs

126) of the reagent strip 14.

When the reagent strip 14 1s positioned at the first in-

spection location 120, the reagent strip 14 makes physical
contact with, and 1s supported above the upper surface of the
support takle 22 by, the ribs 20, the guilide rail 124, a pailr
of outer ribs 126, and an inner rib 128. When the reagent
strip 14 is positioned at the second 1inspection location 122,
the reagent strip 14 makes physical contact with, and 1s sup-
ported above the upper surface of the support table 22 by, the
outer ribs 126, the guide rail 124, and an inner rib 130.

The reagent strip support table 22 1s specially designed
to prevent or minimize carryover of body fluid from one rea-
gent strip 14 to the next. That 1s accomplished 1n part by
minimizing the areas of the support table 22 that come 1into
physical contact with the portions of the reagent strip 14 ad-

jacent a reagent pad 26.

Referring to Fig. 4, as a reagent strip 14 1s pushed so

that it slides across the support table 22 from left to right

in Fig. 4, body fluid on the reagent strip substrate 24 (see

Fig. 6) may be left behind on top of the guide rail 124 and
the ribs 126, 128, 130. When a subsequent reagent strip 14
follows the same path, the body fluid left behind by the pre-
ceding reagent strip 14 may come 1into contact with the leading
(right-hand) side edge of the substrate 24 of the subsequent

reagent strip 14, and may build up on the subsequent reagent

strip 14 so that the body fluid comes 1nto contact with one or
more of the reagent pads 26 on the subsequent reagent strip
14 .
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The reagent pads 26 disposed on a reagent strip 14 are

r
p—

not uniformly a:

fected by carryover of body fluid from one

reagent gtrip 14 to another. Since the occult blood reagent

pad 1s particularly sensitive to such body fluid carryover,
the reagent strip support table 22 1s designed so that the
area on the reagent strip 14 adjacent the occult blood reagent
pad does not come into physical contact with the support table
22 . Consequently, the likelihood that the portion of a rea-
gent strip 14 which carries the occult blood reagent pad 26
will come into contact with body fluid left by a previously
inspected reagent strip 14, as described above, 1s minimilzed
or eliminated.

Referring to Fig. 4, ten possible positions 26a-261 are
shown for an occult blood reagent pad 26 (there 1s typically
one occult blood reagent pad per reagent strip 14). It 1s
considered undesirable for the occult bloocd reagent pad 26 to
occupy the positions 26a, 26b, 26g, and 261 since the reagent
strip substrate 24 underneath those positions would come 1nto
contact with the rib 126, the pegs 88, the guide rail 124, and
the pegs 86, respectively. For example, 1f the occult blood

reagent pad were located in position 26a, body fluld left on

g

top of the rib 126 from a previously 1inspected reagent strip

14 could contact the leading side edge of the next reagent

strip substrate 24 and "climb" onto, or be absorbed into,

through the substrate 24, the occult blood reagent pad at that

location 26a, thus contaminating the occult blood reagent pad.

gorem

Fig. 8 i1llustrates a plurality of redefined areas of a

reagent strip 14. Referring to Fig. 8, the reagent strip 14
has a reagent pad area 140 which 1s defined as the area on the
reagent strip substrate 24 bounded by the perimeter 142 of an

occult blood reagent pad. The reagent pad area 140 has a

first area 144 adijacent to 1t which extends for a predeter-
mined distance, such as about one-fourth or about one-eighth

of an inch, from the reagent pad area 140 1in a first direction

parallel to the longitudinal directilion 146 1n which the rea-

—

gent pads 26 of the reagent strip 14 are disposed and a second

area 148 adjacent to the reagent pad area 140 which extends

T
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for a predetermined distance, such as about one-fourth or

about one-eighth of an inch, from the reagent pad area 140 in
a second direction parallel to the longitudinal 146 of the
reagent strip 14. The combined areas 140, 144, 148 may be re-

ferred to as a no-contact area 150.

Preferably, during movement of a reagent strip 14 along

the reagent strip support 22, to minimize or eliminate body

fluid carryover from one reagent strip 14 to another, there is

no signlificant physical contact between the reagent pad area

140 and the reagent strip support 22. This would be the case,

for example, where the occult blood reagent pad 26 1s located
in one of the positions 26c, 26d, 26e, 26f, or 26h.

Alternatively, there may be no physical contact between
the no-contact area 150 and the reagent strip support 22.
This would be the case (depending on the size of areas 144,
148 of the no-contact area 150) where the occult blood reagent
prad 1s located in the position 26c.

The width of the ribs 126, 128, 130 that support the rea-

gent strips 14 1s preferably minimized so as the minimize the
likelihood cof physical contact between the ribs 126, 128, 130
with either the reagent pad area 140 or the no-contact area
150. The width of the ribs 126, 128, 130 could be, for exam-

y—

ple, no greater than about one-half the distance between adja-

cent reagent pads 26.

As shown 1in Figs. 4, 7A and 7B, the ribs 128, 130 only
extend part way across the reagent strip support 22. That 1is
to further reduce the likelihood of physical contact between
" the ribs 128, 130 and the reagent pad area 140 and the no-
contact area 150. For example, 1f the occult blood reagent

pad 1s located in the position 26d shown 1n Fig. 4, there

would be no physical contact with the ribs 128, 130 1if the
reagent strip 14 1s properly aligned parallel to 1ts longitu-
dinal axis, as shown in Fig. 4 (because the ribs 128, 130 only

contact the area between the adjacent positions 26d and 26e) .

1)

However, there can be some movement or misalignment o:
reagent strips 14 1n a direction parallel to their longitudi-

nal axis. For example, due to such misalignment, a reagent



CA 02281168 1999-08-25

13

strip 14 could be positioned so that the reagent pad area 140

slightly overlaps the ribs 128, 130 (which 1s not considered

to be significant physical contact). In such a case, the fact

that the ribs 128, 130 do not extend all the way across the

reagent strip support 22 minimizes the likelihood that such

strip misalignment will result 1n significant body fluid car-

P

ryover. Depending upon the stiffness of the reagent strips
14, 1t may be preferable that the ribs 128, 130 not be elimi-

nated altogether since they provide support to the center of
the reagent strips 14 at the first and second 1nspection loca-

tions 120, 122, and since 1t may be deslrable to have all the

reagent pads 26 of a reagent strip 14 spaced equally from the
readheads 60, 62.

In the above description, the possible placement o:

F
p—

arll

occult blood reagent pad in one of a number of possible posi-
tions 26a-261 has been described. However, 1t should be noted
that the design of the reagent strip support 22, 1including
where the ribs 126, 128, 130 and the guilde rail 124 (1f pres-
ent) are placed, may be done 1in the context of a number of

ﬂ

In particular, there may

preexisting reagent strip designs.

be (for example) four different types of reagent strips 14 1in-

tended to be used in the spectrophotometer 10, with each type
of reagent strip 14 having the occult blood reagent pad 1n a
different one of the locations 26a-261. In that case, the
guide rail 124 and the ribs 126, 128, 130 could be placed to

minimize fluid carryover. For example, the guide rail 124

should be positioned so that it never overlaps the position of
an occult blood reagent pad and the ribs 126, 128, 130 should
be placed so that they are positioned within the spaces be-
tween adjacent reagent pads 26.

Fig. 5 is a perspective view of the transfer arm 18 shown

in Fig. 1. Referring to Fig. 5, the transfer arm 18 has a
pair of pusher members 160, 162 which extend laterally from a
bottom portion of the transfer arm 18 to make contact with the

trailing elongate side edge of each of the reagent strips 14

- |

“rom the

when the transfer arm 18 pushes the reagent strips 14

receiving location 12 of the reagent strip support 22 towards
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the 1nspection location 120 of the reagent strip support 22.
Each of the pusher members 160, 162 makes contact with the
side edges of the reagent strips 14 at the ends of the reagent
strips 14 so that the occult blood reagent pad 26 on each of
the reagent strips 14 1s disposed between the pusher members
160, 162 and so that neither of the pusher members 160, 162
makes contact with the portion of the reagent strip 14 at
which the occult blood reagent pad i1is located or with the no-

contact area 150. The transfer arm 18 has on capillaries or

other features that are adapted or designed to extract or re-
move body fluid from the reagent strips 14.
It should be appreciated that the approach to avoiding

A

carryover of body fluid from one reagent strip 14 to another
1n accordance with the 1invention 1s based on minimizing or
eliminating physical contact between the reagent pad area 140
and the reagent strip support 22, while not attempting to re-
move or extract body fluid from the reagent strips 14. In
particular, the reagent strip support 22, the pegs 86, 88, the
transtfer arm 18, and other features of the spectrophotometer
10 are adapted or designed to not remove body fluid from the

reagent strips 14. This approach 1is contrary to prior art ap-

proaches which are designed to remove excess body fluid from

the reagent strips 14.

Numerous modifications and alternative embodiments of the

invention will be apparent to those skilled in the art in view

——
p—

of the foregoing description. This description 1is to be con-

.

strued as 1llustrative only, and 1s for the purpose of teach-

1ng those skilled 1n the art the best mode of carrying out the
invention. The details of the structure and method may be
varied substantially without departing from the spirit of the
invention, and the exclusive use of all modifications which

come within the scope of the appended claims 1s reserved.
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What 1s claimed and sought to be secured by Letters Patent is:

1. An apparatus adapted to 1nspect reagent strips having

liguid samples disposed thereon and to reduce contamination of

P

one of said liquid samples with another of said ligquid sam-

ples, said apparatus comprising:

a reagent strip support (22) adapted to support a reagent
strip (14) having a plurality of reagent pads (26) disposed in
a longitudinal direction along sailid reagent strip (14), one of

sald reagent pads (26) having a reagent sensitive to contami-

nation, said one reagent pad (26) being located at a reagent
pad area (140) on said reagent strip (14), said reagent pad
area (140) being defined by a perimeter of said one reagent
pad (26) ;

a reagent strip mover (18 and/or 80) adapted to cause
salid reagent strip (14) to be moved in a direction generally
transverse to sailid longitudinal direction from an initial rea-
gent strip location to an inspectilion location (120 or 122);

a light emitter (64 or 68) adapted to 1i1lluminate said
reagent strip (14) when sailid reagent strip (14) 1s supported
by said reagent strip support (22) at saild inspection location
(120 oxr 122); and

a detector (66 or 70) adapted to receive light from said

reagent strip (14) when said reagent strip (14) 1is being illu-

minated by said light emitter (64 or 68),

sald reagent strip support (22) being adapted to support
sald reagent strip (14) so that there 1s no significant physi-
cal contact between sald reagent strip support (22) and said

reagent pad area (140) of sailid reagent strip (14) when said

reagent strip (14) 1s located at said 1nspection location (120
or 122) and when said reagent strip (14) 1s moved between said
initial reagent strip location and sailid inspection location
(120 or 122) to reduce the 1likelihood of carryover of liquid

sample from one reagent strip (14) to another.

2. An apparatus as defined 1n claim 1 wherein said reagent

strip mover (18 and/or 80) has a first portion that makes

A T OV LV S A ST o5 S o e s Rt e
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physical contact with said reagent strip (14) at a first point
along said reagent strip (14), wherein said reagent strip
mover (18 and/or 80) has a second portion that makes physical
contact with said reagent strip (14) at a second point along
sald reagent strip (14), and wherein said reagent pad area

(140) of said reagent strip (14) 1s disposed between said

first and second points along said reagent strip (14) .
3. An apparatus as defined in claim 1 wherein said reagent
strip mover (18 and/or 80) does not make physical contact with

aid reagent pad area (140) of said reagent strip (14).

4 . An apparatus as defined in claim 1 wherein said reagent

strip support (22) has a first upwardly extending elongated
rib (126, 128 or 130) which makes physical contact with said
reagent strip (14) at a first contact point between said rea-
gent pad area (140) and a first end of said reagent strip (14)
and a second upwardly extending elongate rib (126, 128 or 130)
which makes physical contact with said reagent strip (14) at a
second contact point between said reagent pad area (140) and a

second end of said reagent strip (1i4).

5. An apparatus as defined in claim 1 additionally compris-

1ng a reagent strip pusher arm (18) which 1s adapted to push

salid reagent strip (14) along sald reagent strip support (22)
while saild reagent strip (14) 1s being supported by said rea-

gent strip support (22), sald reagent strip pusher arm (18)

being adapted so that no portion of said reagent strip pusher
arm (18) makes contact with said reagent pad area (140) of

sald reagent strip (14).

6 . An apparatus adapted to 1nspect reagent strips having
body fluid samples disposed thereon and to reduce contamina-
tion of one of said body fluid samples with another of said

body fluid samples, said apparatus comprising:

a reagent strip support (22) adapted to support a reagent

strip (14) having a plurality of reagent pads (26) disposed in
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a longitudinal directilion along said reagent strip (14), one of
sald reagent pads (26) being located at a reagent pad area

(140) on said reagent strip (14), said reagent pad area (140)

being defined by a perimeter of said one reagent pad (26) ;
a reagent strip mover (18 and/or 80) adapted to cause
sald reagent strip (14) to be moved in a direction generally

transverse to said longitudinal direction from an initial rea-

gent strip location to an inspection location (120 or 122) :

a Jlight emitter (64 or 68) adapted to illuminate said
reagent strip (14) when sailid reagent strip (14) is supported
by said reagent strip support (22) at said inspection location
(120 oxr 122): and

a detector (66 or 70) adapted to receive light from said
reagent strip (14) when said reagent strip (14) is being i1llu-
minated by saza light emitter (64 or 68),

sald reagent strip support (22) being adapted to support

sald reagent strip (14) so that there is no physical contact

between sailid reagent strip support (22) and a no-contact area
(150) when said reagent strip (14) 1s located at said inspec-
tion location (120 or 122) and when said reagent strip (14) is

moved between said 1initial reagent strip location and said in-

spection location (120 or 122), sald no-contact area (150) be-

P

1ing defined as the comblined area of said reagent pad area

(140), a first area (144) extending at least about one-eighth
of an inch from said reagent pad area (140) 1in a first direc-

tion parallel to said longitudinal direction, and a second

area (148) extending at least about one-eighth of an inch from
sald reagent pad area (140) in a second direction parallel to
sald longitudinal direction, said second direction being oppo-

slte saild first direction.

7 . An apparatus as defined 1n claim 6 wherein said reagent

strip mover (18 and/or 80) has a first portion that makes

physical contact with sald reagent strip (14) at a first point

along said reagent strip (14), wherein sailid reagent strip

mover has a second portion that makes physical contact with

sald reagent strip (14) at a second point along said reagent
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strip (14), and wherein said no-contact area (150) of said
reagent strip (14) 1s disposed between said first and second

points along said reagent strip (14).

8 . An apparatus as defined 1n claim 6 wherein said reagent
strip mover (18 and/or 80) does not make physical contact with

salid no-contact area (150) of said reagent strip (14).

9. An apparatus as defined 1n claim 6 wherein said reagent

strip support (22) has a first upwardly extending elongate rib

(126, 126 or 130) which makes physical contact with said rea-
gent strip (14) at a first contact point between said no-
contact area (150) and a first end of said reagent strip (14)
and a second upwardly extending elongate rib (126, 128 or 130)

which makes physical contact with said reagent strip (14) at a

second contact point between said no-contact area (150) and a

second end of sailid reagent strip (14).

10. An apparatus as defined 1n claim 6 additionally compris-
ing a reagent strip pusher arm (18) which is adapted to push
sald reagent strip (14) along said reagent strip support (22)
while said reagent strip (14) 1is being supported by said rea-
gent strip support (22), salid reagent strip pusher arm (18)

being shaped so that no portion of said reagent strip pusher

arm (18) makes contact with said no-contact area (150) of said

reagent strip (14).

11. An apparatus adapted to 1inspect reagent strips having

body fluilid samples disposed thereon and to reduce contamina-

tion of one of said body fluid samples with another of said
body fluid samples, sailid apparatus comprising:

a reagent strip support (22) adapted to support a reagent
strip (14) having a plurality of reagent pads (26) disposed in

a longitudinal direction along said reagent strip (14), said

reagent strip (14) having a body fluid disposed thereon;

a reagent strip mover (18 and/or 80) adapted to cause

sald reagent strip (14) to be moved in a direction generally
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transverse to sald longitudinal direction from an initial rea-

gent strip location to an inspection location (120 or 122) ;

a light emitter (64 or 68) adapted to illuminate said

reagent strip (14) when said reagent strip (14) is supported
by sailid reagent strip support (22) at said inspection location
(120 or 122); and

a detector (66 or 70) adapted to receive light from said
reagent strip (14) when said reagent strip (14) is being illu-
minated by said light emitter (64 or 68),

sald reagent strip support (22) and said reagent strip
mover (18 and/or 80) being adapted to not remove said body

fluid from said reagent strip (14).

12. An apparatus as defined in claim 11 wherein one of said
reagent pads (26) 1s lccated at a reagent pad area (140) on
sald reagent strip (14), wherein said reagent pad area (140)
1s defined by a perimeter of said one reagent pad (26), and
wherein sald reagent strip support (22) is adapted to support
said reagent strip (14) so that there is no significant physi-
cal contact between said reagent sgtrip support (22) and a no-
contact area (150) when said reagent strip (14) is located at
said 1nspection location (120 or 122) and when said reagent
strip (14) 1s moved between said initial reagent strip loca-
tion and said inspection location (120 or 122), said no-
contact area (150) being defined as the combined area of said
reagent pad area (140,, a first area (144) extending at least

about one-eighth of an inch from said reagent pad area (140)

in a first direction parallel to said longitudinal direction,

and a gecond area (140) extending at least about one-eighth of

an inch from said reagent pad area (140) in a second direction
parallel to sald longitudinal direction, said second direction

being opposite said first direction.

13. An apparatus as defined 1in clailm 12 wherein said reagent

strip mover (18 and/or 80) has a first portion that makes

physical contact with sailid reagent strip (14) at a first point

along sald reagent strip (14), wherein said reagent strip
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mover (18 and/or 80) has a second portion that makes physical
contact with said reagent strip (14) at a second point along
sald reagent strip (14), and wherein said no-contact area

(150) of said reagent strip (14) is disposed between said

first and second points along said reagent strip (14).

14. An apparatus as defined 1n claim 12 wherein said reagent
strip mover (18 and/or 80) does not make physical contact with

sald no-contact area (150) of said reagent strip (14).

1>5. An apparatus as defined 1n claim 12 wherein said reagent
strip support (22) has a first upwardly extending elongate rib
(126, 128 or 130) which makes physical contact with said rea-
gent strip (14) at a first contact point between said no-
contact area (150) and a first end of said reagent strip (14)
and a second upwardly extending elongate rib (126, 128 or 130)
which makes physical contact with said reagent strip (14) at a
second contact point between said no-contact area (150) and a

second end of sailid reagent strip (14).

16. An apparatus as defined 1n claim 12 additionally compris-
ing a reagent strip pusher arm (18) which is adapted to push
sald reagent strip (14) along said reagent strip support (22)
while saild reagent strip (14) is being supported by said rea-
gent strip support (22), said reagent strip pusher arm (18)
being shaped so that no portion of said reagent strip pusher
arm (18) makes contact with said no-contact area (150) of said

reagent strip (14).

17. An apparatus adapted to 1nspect reagent strips having

body fluid samples disposes thereon and to reduce contamina-

p—

tion of one of said body fluid samples with another of said

body fluid samples, said apparatus comprising:

a reagent strip support (22) adapted to support a reagent
strip (14) having a plurality of reagent pads (26) disposed in
a longitudinal direction along said reagent strip (14), one of

sald reagent pads (26) having a reagent which enables detec-
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tion of occult blood and being located at a reagent pad area
(140) on sailid reagent strip (14), said reagent strip (14) hav-
1ng a body fluid disposed thereon;

a reagent strip mover (18 and/or 80) adapted to cause
sald reagent strip (14) to be moved in a direction generally
transverse to said longitudinal direction from a first inspec-
tion location (120) to a second inspection location (122) ;

a light emitter (64 or 68) adapted to illuminate said

reagent strip (14) when sald reagent strip (14) 1is supported
by saila reagent strip support (22) at one of said inspection
locations (120 or 122);: and

a detector (66 or 70) adapted to receive light from said
reagent strip (14) when sald reagent strip (14) is being illu-
minated by said light emitter (64 or 68),

sald reagent strip support (22) being adapted to support
said reagent strip (14) so that there 1s no significant physi-
cal contact between said reagent strip support (22) and said

reagent pad area (140) when saild reagent strip (14) is located

between saild first 1inspection location (120) and said second

inspection location (122).

18. An apparatus as defined i1n claim 17 wherein said reagent

strip support (22) and sailid reagent strip mover (18 and/or 80)

are adapted to not remove saild body fluid from said reagent

strip (14).
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