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Diagnostic test element and process for its production

Technical Field

The invention generally concerns a process for producing a diagnostic test

glement suitable for analyzing a bedy fluid. The diagnostic test element has

a lancing membaer that can puncture a body part to obtain a body fluid

sample. The lancing memeber is provided with a capillary collecting
channel for body fluid obtained by the puncture. The test element also has

a sensor member for an optical or electrochemical measurement is

connected to the lancing member.

Background

Blood sugar self-monitoring s usually carred out several times daily as part
of an insulin treatment regimen to control diabstes. it is therefore desirable
to minimize the number of handling steps the patient is required to carry out
and to ensure a relatively painless and highly reliable blood sugar
measurament. Disposable measwement articles are used for hygienic
reasons. In conventional blood sugar measurements, samples are
generated by finger pricking with lanceis and the measurement is carried
put on separate detection elements. This requires a Jarge number of
handling steps by the patient which can result in errors. Further
disadvantages are blood volumes that are too large, non-robust sample
transfer procedures, and lack of integration that requires the patient to

organize and handle separate devices and disposable supplies.
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Summary

Taking this as a starting point, the object of the invention is to further
improve the test elements and processes for their production known in the
pricr art, and in particular o enable practicable mass production and use of
more highly integrated test elements that are cost-effective and at the same
time reliable, while also allowing relatively simple instrument technology.

The combination of features stated in the independent claims is proposed 1o
achigve this object. Advantageous embodiments and further developments
of the invention are derived from the dependent claims.

The dea behind the invention is to use test elements in which a small
volume sample ¢an be collected and reliably analyzed. A production
process is proposed for such test elements in which a lancing member that
can punciure a body part is provided with a collecting channel, preferably
exhibiting capillary action, for the body fluid obtained by the puncture, and a
sensor member for an oplical or electrochemical measurement is
connected to the lancing member. According 1o the invention the sensor
member and the lancing member are joined together as interlocking
connecting companents, such that a measuring slement of the sensor
member is inserted into the collecting channel through an insertion opening
in the lancing member. This permits the parts to be ssparataly produced in
optimized manufacturing steps at low production costs and subsequently
integrated into a compact configuralion by a simple interlocking connection.
In this configuration a small amount of sample in the collecting channet is
sufficient to reliably contact and wet the sensor located therein. This also
allows precise positioning tolerances in the test element production
process, thereby simplifving tolerance management on the instrument side.

in particular, it is not necessary to actively transfer the sample to a separate
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sensor that is not in the direct sample flow, thereby making possible reliable
measurements, even with very small samples of 100 nanolitres or less.
Reliable measurement is of special importance because automation of
handling steps by the system reduces the demand of ability of the patient to
monitor and control the progess.

The invention is described in mors detail in the following with reference to
the embodiment examples shown schematically in the drawing.

Brief Description of the Drawings

Fig. 1 shows a blood sugar measuring instrument with a diagnostic test
elemant used therein as a consumable unit in a diagrammatic

represenialion;

Fig. 2 shows an embodiment of the test element in a partial perspective
representation;

Fig.3 shows an exploded diagram of the test slemeant according to fig. 2
comprising a lancing member, a sensor based on wirg electrodes
and a holder;

Fig. 4  shows an embodiment of an opticatl test element in a perspective
vigw;

Figs. 5and 8 show various production steps for the test element
according to fig. 4,

Figs. Tand 8  show another embodiment of an slectrochemical test
slement in a representation corresponding ta figs. 2 and 3;
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Fig. @ shows the sensor member of the test element according to fig. 7 in

a partial side-view;

Figs. 1010 12  show another embodiment of an electrochemical test

element in a representation corresponding to figs. 710 &

Fig. 13 shows a device for the continuous manufacture of a light guide
compasite member of the test element;

Fig. 14 shows an enlarged section of fig. 13;

Fig. 15 shows the light guide composite member in 2 perspective view;

Fig. 16 shows a device for producing label-like measuring elements for the

test element in a side-view;

Figs. 17 and 18 show enlarged sections of fig. 16;

Fig. 18 shows & device for equipping test elements with lancing members in

a diagrammatic representation;

Fig. 20 shows a sectional top-view of the device according to fig. 19; and

Fig. 21 shows a device for hydrophilically coating the lancing members of
the test elements.
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Detailed Description

The test elements 10 shown in the drawing can be used as consumables
for blood sugar measurement i a hand-held device 12 designed for this
purpose wharein glucose can be detscted directly in the test element using
a minimal amount of sample. For this purpose the test elements 10
comprise a lancing member 14 having a slot-shaped collecting channel 16,
a sensor member 18 for an oplical or electrochemical measurement in the
collecting channetl 16, and a holder 20 for the lancing member and the

5ensor member.

As illustrated in fig. 1 a plurality of test elements 10 in, for example, a drum-
like magazine 22 can be moved successively into an active working position
with respect fo a ring-shaped support 24 with a puncture opening for a

finger tip 26 of a user. A lancing drive 28 which engages into the magazine

22 enables a reciprocating lancing movement of the test element 10 along a

lancing axis 30. In this connection the tip of the lancing member 14 points in
the distal direction fowards the body part while a coupling end 32 of the test
element is coupled to a suitable gripper member 34 of the lancing drive 28
for mechanical drive and signal coupling. The body fluid (blood or tissue
fluid) which is taken up in the collecting channel 16 by the lancing process,
can be directly optically or electrochemically analyzed by the sensor
meinber 18, The signal analysis takes place in an evaluation unit 38 in the
instrument, This also enables the result of the measurement {o be displayed
to the user so that the blood sugar can be checked on the spot without

complicated handling steps.

As shown in figs, 2 and 3 the shafi-like elongate lancing member 14 has a
transverse continuous longitudinal slot forming the collecting channs! 18.
This enables, optionally by means of capillary action, the transferof a
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micrascopic amount of liquid into the proximal measuring zone 38. The
elongate shit opening on both sides ensurgs an effective liguid uptake
without the risk of blockage by cell components: In order fo collest blood as
gently and pain-free as possiblg, the collecting channsl 16 is designed to

have a volume of only a few tens of nanolitres.

According to fig. 3 the sensor member 18 has several parallel electrode
wires 40 in order 10 achieve a high degree of measurement reliability
through redundant detection of measured vaiues. The electrode wires are
gither continuocusly coated with 3 test reagent, or only coated at the ends in
arder {o enable slectrochemical detection ofthe analyte in the body fluid.
For this purpose the coated ends of the wire protrude in a self-supporting
manner into the intemal cross-section of the collecting channel 16 in the
area of the measuring zone 38. In this manner the wire ends form a
measuring element 42 which is electrically insulated inside the channel from
the channel wall by a free space, and body fluid can flow against and wet
the front of the measuring slement. In this arrangement a few nanolitres of
blood are sufficient for an inlegrated detection of measured values in the
test element 10.

Same specific methods for manufacturing test elements 10 configured in
this manner arg described in the following. In general the sensor member
18 and the lancing member 14 are joined in an intedocking manner
whareby the measuring element 42 is inserted into the collecting channel
18,

in the emboediment according o figs. 2 and 3 the electrode wires 40 are
clamped between two halves 207, 20" of the longitudinally divided holder 20
whereby grooves that are not shown ensure well-defined positioning of the

wires. Then the forksshaped end of the lancing member 14 which is
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prefabricated from a metallic wire material by a combination of grinding and

laser cutting processes or siching is mounted axially on the receiving

grooves 44 of the holder 20. in this process the measuring element 42 of

the sensor member 18 is inserted via the proximal slot opening 46 into the
collecting channel 16 and moved into the specified position.

Fig. 4 shows another variant of a fest elemant 10 which is equipped with
opticatl light guides and a reagent pad 48 as a measuring element 42 for a
reflection-photometric measurement. The signal is coupled out by an end-
face contact with light guides 850 on the instrument side which have a

suitable diameter for a religble signal transmission.

As shown in fig. 5 a composite element 54 consisting of three parallel light

guides 52 and a plastic holder 20 is manufactured by coextrusion and then
subsequent division into sections. The distal front end of the composite part
54 prefabricated in this manner is then provided with a reagent pad 48

which is dispensed from a tape 58 like a seif-adhesive label and glued onto

the free ends of the light guides {arrow 58).

In another manufacturing step ilustrated in fig. 6 the composite part 64 is
subsequently clipped or latched onto the lancing member 14 in the direction
of the arrow 80. In this process the reagent pad 48 is also inserted
transversealy into the collecting channel 16 via the longitudinal slit opening
62 to obtain the configuration shown in fig. 4. The holder 20 embraces the
shaft 84 of the lancing member 14 which is slotted and elongated on the
rear side, in a shell-shaped manner. Thig facilitates low-cost production
because holder 20 can be combined with the lancing member 14 by a fast
snap-on process. When used for measurement the central fiber of the three
fibers comprising light guide 82 enables irradiation of the measuring light

whiich is reflected from the rear side of the reagent pad 48 and is detected
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via the two outer fibers of light guide 52 for a duplicate pholomelric
measurement,

ft is also conceivable that the light guides or the reagent pad 48 are
provided with a fluorescent indicator as describad in the patent application
WO 03/08785% and to which explicit reference is herewith made.
Specifically, a liguid polymerizable composition comprising a detection
reagent can be gpplied. After application of the sample to the front side of
such a sensor, exciting light, e.g. UV light, is beamed in through a light
guide. The fluorescence, e.g. bluelight, generated through the reaction of
the analyte with the delection reagent in the polymer laver is detected via
the light guide with a detector. Praferably, the polymer tayer has a thickness
of about 50 microns or less, which allows for comparably short reaction
times for generating the fluorescence light when the analyle is detected. In
ihis way, the reaction or measurament time can be shorter than 2s,
preferably shorter than 1s, thereby enabling a measurement while the
lancing member is still in the skin of the body part. It has been found that
ieaving the lancing member inserted for such a short time interval is fully
acceptable for most users.

The smbodiment shown in figs. 7 to 9 differs from the example of figs. 2
and 3 essentially in that instead of coated electrode wires, a printed circuit
board 66 is used as a prefabricated sensor member 18. The distal end of
the printed circuit board 66 is provided with two electrically connectad
reagent fields 68 which protrude freely into the measuring zone 3810 form a
measuring element 42. Also in this case it is manufactured by first clamping
thie printed circuit board 86 into the two-part holder 20 and then axially
mounting the lancing member 14 so that the fork-shaped ends of the

lancing member 14 engage in the grooves 44 and the measwing element

42 is positioned in the channel cross-gection,
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Fig. 8 shows the electnical connection of tha reagent fields 68 via in this
case two conductor paths 70 on the printed circuit board 86. Each of the
conductor paths 70 branch over one conductor bridge 72 info a primary
conductor path 70" and a secondary conductor path 70" in order to thus be
5 able to carry out an electrical continuity test at least up 10 the conductor
bridge 72 and to dstect any inlerruptions of the conductor paths. This, in
addition to the redundant double measurement, further increases the

functional reliability,

A similar embodimant to figs. 7 to 8 is shown in figs. 10 to 12. However,

10 instead of the printed circuit beard 86, a test strip 74 which is folded
transversely is provided as a sensor element 18 It is again assembled as
described above by clamping the test strip 74 into the holder 20 and axially
mounting the lancing membaer 14,

As also Hustrated in fig. 12, the concept of the folded test strip 74 has

153 various advantages. The manufacture can start with a planar structure in
the form of a thin flexible foil strip. This ts provided with conductor paths 70
and with reagent fields 68 at'their contact ends while still in an unfolded
form. Subsequently the equipped foll strips are folded up in the middle so
that the strip halves 76, 76" can be glued together. The reagent fields 68

20 then protrude freely from the front face in the area of the rounded bending
site so that Hguid can flow against and wel the reagent fields in the channel

16.

Special process steps are llustrated in figs. 13 {0 21 which allow an

advantageous continuous mass production through different stations.

25 Firstly acscording to fig. 13 three parallel light guides 52 in the form of
polymer fibers are fed from resls and laminated between the foll strips 78 to
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form a composite strand 80. in a subseguent embossing station the outer
contour of the composite strand 80 is shaped by embossing rollers 82. As
shown in fig. 14 this enables both the receiving grooves 44 and a coupling
structure 84 for a positive locking grippsr coupling to be created. The
reshaped composite strand 80 is subsequently severed at the cutting lines
86 to thus obtain the composite parts 54 shown in fig, 15.

The distal front end 86 of the composite part 54 is equipped with measuring

slements in the rotary station 88 shown in fig. 18. The reagent pads 84

provided for this should have an adeguate homogeneily in the required
small dimernsions — for example 200 x 400 um. For this purpose a test
chemistry is firstly knife-coated over a large area of a wide test tape 90,
Then the test tape 20 is reduced v 2 narow central strip by paralled culting
rollers 82, As shown in fig. 17, the desired reagent pads 48 can be cut out
of the central strip by a punching device 94. The reagent pads 48 are finally
applied to the compaosite parts 54 at another rofary position of the rotary
station 88. For this purpose a transfer device 98 is provided in which a

plurality of composite parls 54 are stacked. The transfer takes place by

means of a pneumatic unit 98 which successively brings the composite

parts 54 into an end face contact with the self-adhesive reagent pads 48 by

imeans of a blast of air.

The composite parts 54 prepared in this manner are provided with lancing
members 74 in the assembly station shown in figs. 19 and 20. The
prefabricated lancing members 14 can in this process be conveyed {o the
transfer device 86 in depressions 100 of a blister tape 102. The test
glement storage in the depressions 100 in a blister tape 102 sealed by
cover foils 104 also enables a separate sterdlization of the lancing membaers
14, for example by irradiation, without damaging the test chemistry. The
axial gliding assembly motion of the lancing members 14 onto the
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composite parts 84 is in turnt effected by means of a blast of air by a
pneumatic unit 106,

The metallic lancing members 14 can be provided with a hydrophilic layerin
order to support the uptake of bady fluid in the collscting chamnnel 18. For
this purpose the lancing members 14, either before or after thay are
mounted on the finally packaged test elements 10, can be brought into
contact with an absorbent application ring 110 at the application station 108
shown in fig, 21, the ring being impregnated with a suitable hydrophilic
coating substance, The amount of substance applied to the lancing member

14 g¢an then be accurately controlled by means of the contact time.

A further possibility to produce the light fiber structure is to generate the
fibers in'situ on or within an embossed part of a tape or foil-like carrier. In
this process a thin layer of Jow refractive index fransparent polymer, for

example spoxy, is deposited onto a structural substrate to form a base

laver. This is then over-coated by a thin layer of photosensitive high
refractive index transparent polymer. This layer is processed by UV
photolithography to selectively remove material, leaving the light guides as
generally paraligl strips of high refractive index polymer bonded to the low
refractive index base layer. Finally, a laver of low refraclive index polymaer is
flow-coated over the light guides and polyimerized to form a solid layer. The
result is that high refractive index light guides are surrcunded on all sides by
fower refractive index transparent polymer, forming functional independent
light guides, Suitable materials are available cormmercially, for example,
under the tradenames EpoCore and EpoClad epoxy polymer resins
supplied by the German company Micro Resist Technology. Particular
advaniages of such photolithographic processes for manufacturing the
parallsl light guides include fow cost volume production and the ability to
vary the geomelry of the lighl guides along theilr length. For example, the
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targer oplical interface with the measwing instrument.
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Claims

What is claimed is;

1. Process for producing a diagnostic test element for analyzing a body

fluid in which a lancing member that can puncture a body part is

tF

provided with a preferably capillary collecting channel for body fluid
obtained by the puncture and a sensor member for an opticat or
slectrochemical measurament is connacted to the lancing mamber,
characterized in that the sensor member and the lancing member
can be joined together as inferlocking connecting components

1o wherain a measwring element of the sensor member is inserted into
the collecting channel through an insertion opening of the lancing

member,

2. Process according 1o claim 1, characterized in that the sensor

member and the lancing member can be joined together along a

,_.
L

connecting axis running in the longitudinal direction of the collecting

channeal.

3. Process according to claim 1 or 2, characierized in that the
collecting channeal is formed as a preferably transverse continuous
slot in the lancing member, said slof being open at a proximal

20 aperture, and that the sensor member is inserted into the slod

through the proximal aperture.

4. Process according to claim 1, characterized in that the sensor
member is insarted fransversely into the collecting channst which has
an opan longitudinal side.
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. Process according to one of the claims 1 to 4, characterized in that

the measurning element in the interior of the collecting channel is
arranged such that it is galvanically separated from the channel wall,

. Process according to onea of the claims 1 to 5, characterized in that

the measuring element protrudes in a self-supporting manner into the

internal cross-saction of the collecting channel.

7. Process according to one of the claims 1 {0 8, characterized in that

the measuring element is arranged as a Tlow obstacle onto which the
body fluid can flow in a proximal flow cross-section of the collecting
channel.

8. Process according to one of the ¢laims 1 to 7, characterized in that

the sensor member is connected o the lancing member by a clip,

snap or latched connection.

. Process according to one of the claims 1 to 7, characterized in that

the lancing member and the sensor member are connacted togethear
by & plug connection in which a proximal section of the lancing

member is plugged info a recelving opening of the sensor mamber,

10. Process according to one of the claims 1 10 8, characterized in that

the sensor member is provided with a light guide in order {o optically

couple it to the measuring element.

11. Frocess according to one of the claims 1 {0 10, characterized in

that a plurality of light guides are infegrated into corresponding

sections of a preferably embossed support fape or subsirate, and
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that sach section of tape or substrate is connected to a lancing
slement.

12. Process according to claim 11, characterized in that the light guides
are build during the integration step in situ by a photolithographic
Process.

t#y

13. Process according to one of the claims 10:to 12, characterized in

that the light guides have a variable cross-section over their length.

14. Frocess according to claim 10, characterized in that the light guide
that is fad from a reel and preferably comprises a polymer fibre, is

10 continuously combined with foll strips to form a composite.

15.Process according to claim 10, characterizad in that the light guide
is combined with a surrounding holding structure to form a composite
part by means of a co-extrusion process,

18, Process according to one of the claims 10 fo 15, characterized in
15 that the outer contour of the continuous light guide composite is
formed by embossing or embossing-cutting processes in order to
receive the lancing element at its distal end and to enable a drive
couphing and/or signhal coupling at &s proximal end,

17 . Process according o one of the claims 10 to 18, characterized in
20 that individual structural units are cut to length from the continuous

ight guide composite by laser culling or mechanical cutting means.
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18. Process according fo one of the claims 1 to 17, characterized in
that the measuring element is provided as a section of reagent tape

by dividing a reagent tape provided with test chemistry into pleces.

19. Process according to one of the claims 1 to 18, characterized in
5 that the measuring element is applied to an end face of the sansor
member pointing towards the collecting channel in the ¢onnected
stale.

20. Process according to one of the claims 1 {o 19, characterized in
that the measuring slement is applied {o the sensor member by a
18 label application method in which measuring elements provided on
the front sidg with the test reagent and on the rear side with an
adhesive layer are preparaed in the form of seif-adhesive labels by

dividing a tape intp places,

21, Process according to one of the claims 1 1o 9, characterized in that
the measuring elsment is formed by an end section of at lgast one
electrode wire that is preferably continuously coated with a test
reagent.

22 Frocess according 1o one of the claims 110 9, characterized in that
the sensor member is formed by an electrochemical test stip, said
20 test strip being provided with electrical conductor paths and at jeast
one reagent field contacted by the conductor paths as a measwring

aslement,

23.Process according to claim 22, characterized in that the test strip
provided with longitudinal conductor paths is folded centrally and
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transversely whereby ai least one measuring element is contacted
with the conductor paths at the bending site.

24 Process according to claim 22 or 23, characterized in that primary
conductor paths for an analyte detection and secondary conductor
paths for an slactrical continuity test of the primary conductor paths
are applied to the test strips.

25 Process according to one of the claims 1 to 24, characterized in
that the at least two measuring slements that are in particular
designed as reagent figlds, are arrangad in a measuring fone of the

sensor mamber for a redundant duplicate measurement,

286, Process according o one of the claims 1 {o 25, characterized in

that the sensor member is provided with a holder that carries the
measwing element and can be comnectad o the lancing member.

27 .Process according to.one of the claims 1 {o 26, characterized in
that the measuring element is attached to the holder such that it
overhangs distally and extends into the collecting channe! whers the

overhang is more than 50um.

28.Process according 1o claim 26 or 27, characterized in that a guide

means for insenting the lancing member is incorperated into the

holder and is in particular in the form of a groove.

28 Procass according to one of the claims 26 (o 28, characterized in
that at least two parls of the holder are connected together while

enclosing optical or electrical signal conductors, the holder parts
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being optionally provided with recesses for the defined positioning of

the signal conductors,

30.Process according to one of the claims 1 1o 29, characterized in
that the lancing member is formed as a round or flat lancet by a
K cutting process and in particular by laser cutting or by an.efching

Drocass.

31. Process according o one of the claims 1 to 30, characterized in
that a hydrophilic layer is applied to the metallic tancing member.

32.Process according to one of the claims 1 to 31, characterized in
10 that the lancing member is provided with a hydrophilic layer before
being connected to the sensor member preferably in an immersion

bath or subsequently thereto prefarably by spraying.

33. Process according to ong of the claims 1 to 32, characterized in

that a plurality of test elements manufaciured in a8 continuous

[ 4]

pracess are preferably packaged in a sterile manner as single-use

articles in a magazine.

34, Diagnostic test element as a single-use article for analyzing a body
fiuid comprising a lancing member that ¢an puncture a body parl, a
preferably slot-shaped collecting channel formed thertgon for body

20 fluid obtained by the punclure as well as a sensor member designed

to optically or electrochemically detect an analyte in the body fluid,

characterized in that the sensor member and the lancing member
are joinad together as interlocking connscting components whereby

a measuring element of the sensor member engages into the

collecting channel vig an insertion opening in the lancing member.
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35 Test slement according to claim 34, characterized in that the
collecting channel is formed as a preferably transverse slot passing
through the lancing member, said slot being open at a proximal
aperturs,

36. Test element according to claim 34 or 35, charactarized in that the
measwring element n the interior of the collecting channal is
arranged such that it is galvanically separated from the channel wall.

37. Test element according to one of the claims 34 to 38, characierized
in that the measuring element protrudes inte the intemal cross-

saction of the collecting channel,

38. Test element according to ona of the claims 34 to 37, characterized
in that the measwing elemant is arranged as a flow obstacle onto
which the body fluid can flow in a flow cross-section of the collecting
channel,

39, Test glement according to one of the claims 34 to 38, characterized
ity that the sensor member is connected 1o the lancing member by a

clip-, snap- or latched-connection.

40. Test element according to one of the claims 34 o 38, characterized
in that the lancing member and the sensor member are connected
together by a plug connection in which a proximal section of the

lancing member is plugged into a retainer of the sensor member.

41 Test element according to one of the claims 34 to 40, chavacterized
inn that the sensor member is provided with a light guide for an
optical connection of the measuring slement.
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42. Test element according {6 ong of the claims 34 to 41, characterized
in that the measuring element is provided as a section of a reagent
tape provided with test chemistry.

43. Test element according {0 one of the claims 34 to 42, characterized
in that the measuring element is applied to an end face of the
sensor member peinting towards the collecting channel in the

connectad siats.

44, Test element according {o ong of the claims 34 to 40, characterized
in that the measuring elemant is formed by an end section of at least
one electrode wire that is preferably continuously coated with a test

reagsnt.

45 Test element according to one of the claims 34 to 40, characterized
in that the sensor member is formed by an electrochemical test strip,
said {est sirip being provided with electiical conductor paths and at
least one reagent field contacted by the conductor paths as a

measuring element.

46. Test element according to claim 45, characterized in that the test
sirips are provided with primary conductor paths for an analyte
detection and secondary conductor paths for an electrical continuity

test of the primary conductor paths,

47. Test element according to one of the claims 34 to 46, charactarized
in that at least two measuring elements that are in particular
designed as reagent fields, are arranged in a measuring zoneg of the
sensor member for a redundant duplicate measurement.
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48, Test element according to one of the claims 34 {047, gharacierized
in that the sensor member is provided with a holder that carries the
measuring slement and can be connected to the lancing member.

49, Test glement according to claim 48, chavacterized in that the
measuring element is attached to the holder such that it overhangs
distally and extends into the collecting channel wheare the overhang is

more than 50um.

50. Test element according to claim 48 or 49, characterized in that a
guide means for inserling the lancing member is incorporated into
the holder and is in paricular in the form of a groove.

51.Test element according to one of the claims 48 to 50, characterized
ins that at least two parls of the holder are connectiaed together while
enclosing optical or electrical signal conductors, the holder parts
being oplionally provided with recesses for the defined positioning of

the signal conductors.

52.Test element according to one of the claims 34 to 51, characterized
in that a hydrophilic layer is applied o the metallic lancing member.

53. Test element according to one of the claims 34 to 82, characterized
in that the volume of the collecting channet for taking up body fluid is
iss than 1 i, preferably less than 100 ol
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