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57 ABSTRACT

A system for quickly determining antibiotic sensitivity of a
microorganism comprising a triangular-shaped plate and
cover for culturing, recovering, and re-suspending recovered
microbial colonies and a second triangular-shaped plate
comprising a non-liquid medium cut with concentric
trenches over which the re-suspended microbial colonies are
distributed by centrifugation and contacted with antimicro-
bial strips or disks.

LLP/’”\ ( //‘100

178

/



Patent Application Publication  Dec. 9, 2021 Sheet 1 of 11 US 2021/0380926 A1

100
/

116

106

110 3 104
102
FIG. 1
4100
114
108
118 118

FIG. 2



Patent Application Publication  Dec. 9, 2021 Sheet 2 of 11 US 2021/0380926 A1

114 108

106

104

102

114 108

106

104

102



Patent Application Publication  Dec. 9, 2021 Sheet 3 of 11 US 2021/0380926 A1

120
/’

Area 1
130



Patent Application Publication  Dec. 9, 2021 Sheet 4 of 11 US 2021/0380926 A1

132 /-120

132 120

Area 1
130

Area 2
130




Patent Application Publication  Dec. 9, 2021 Sheet 5 of 11 US 2021/0380926 A1

100 104
/200
100 100
104 104
A
100
104
FIG. 9




Patent Application Publication  Dec. 9, 2021 Sheet 6 of 11 US 2021/0380926 A1

100
108 /




Patent Application Publication  Dec. 9, 2021 Sheet 7 of 11 US 2021/0380926 A1

152

150 108
y v

FIG. 12A

152

150
/‘

FIG. 12B



Patent Application Publication  Dec. 9, 2021 Sheet 8 of 11 US 2021/0380926 A1

Area 1
130

Area 2
130

Area 3




Patent Application Publication  Dec. 9, 2021 Sheet 9 of 11 US 2021/0380926 A1

114 108

106
176

110

‘5

102 104

FIG. 14A

106

178

FIG. 14B



Patent Application Publication  Dec. 9, 2021 Sheet 10 of 11  US 2021/0380926 A1

114 108

176

106

110
‘> 104

102

FIG. 14C



Patent Application Publication  Dec. 9, 2021 Sheet 11 of 11  US 2021/0380926 A1

200
/

202
204 202
TN
I TN
N1
202" 202"
N
N’
FIG. 15

212 —" |

214~//<ED
218—1 |() 216

AN

1

210

T N_-202

FIG. 16



US 2021/0380926 Al

METHOD, SYSTEM, AND APPARATUS
USING CENTRIFUGATION TO
ACCUMULATE AND COLLECT

BIOLOGICAL SAMPLES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention falls within the field of medical
diagnostics. It involves a trianguloid plate microbial cultur-
ing and centrifuging system and a method for using the
system to gather and accumulate biological samples thus
simplifying and accelerating the detection of antibiotic sen-
sitivity of a microbe.

Description of Related Art

[0002] Conventional antibiotic testing for bacteria is slow
and time consuming. It often takes days to determine to
whether, or to which antibiotic an infectious bacterium or
other microorganism is sensitive. According, a patient is
usually only empirically administered an antibiotic until
antibiotic sensitivity results are available at which time a
better selection of an antibiotic can be made.

[0003] Conventional antibiotic resistance testing typically
involves the collection of a sample of a microbe, typically a
body fluid sample from an infected patient, which is then
subjected to series of laboratory procedures to determine the
antibiotic sensitivity of the microbe. Once antibiotic sensi-
tivity is determined a physician can rationally administer the
most effective antibiotic to treat the patient’s infection.

[0004] Conventional methods for determining antibiotic
sensitivity include the broth dilution method and the disk
diffusion method.

[0005] The broth dilution method involves subjecting the
sample to a series of concentrations or serial dilutions of an
antimicrobial agent in a culture broth. The lowest concen-
tration at which growth or viability the isolate is completely
inhibited, as evidenced by the absence of visible bacterial
growth in the culture broth, is recorded as the minimal
inhibitory concentration or MIC. The MIC is the minimum
concentration of the antibiotic that will inhibit a particular
microbial isolate. This method may compare the results
obtained from a clinical isolate with those of a negative
control not inoculated with a microbe and/or positive con-
trol, inoculated with a known microbe. Such a test may be
validated when the positive control shows growth and the
negative control shows no growth.

[0006] In the disk diffusion method a solid growth
medium, usually Mueller-Hinton agar, is evenly seeded with
the isolate of interest. Typically the isolate is dispersed or
precultured in a broth medium, diluted to a standard con-
centration, for example, approximately 1 to 2x10® colony
forming units per ml, and then evenly distributed over the
gel (e.g., agar) or solid growth medium.

[0007] Once the microbe-seeded gel or solid medium
plates have been prepared, one or more antibiotic impreg-
nated disks or strips are applied to the surface of the gel or
solid medium. The test antibiotics diffuse outward from the
strips or disks, creating a gradient of antibiotic concentra-
tions in the non-liquid, gel or solid medium such that the
highest concentration is found close to the disk with decreas-
ing concentrations further away from the disk.
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[0008] After an overnight period of incubation, the micro-
bial growth around each disk is observed. If the microbe in
the test isolate is susceptible to a particular antibiotic, a clear
area of “no growth” or zone of inhibition will be observed
around that particular disk. The zone around an antibiotic
disk that has no growth is referred to as the zone of inhibition
since this approximates the minimum antibiotic concentra-
tion sufficient to prevent growth of the test isolate. This zone
can be measured in mm and compared to a standard inter-
pretation chart used to qualitatively categorize the microbe
(or microorganism) in the isolate as a susceptible, interme-
diately susceptible, or resistant microbe.

[0009] Methods based on culturing microorganism
microbe in a petri dish containing a solid medium, such as
an agar-based medium or in Mueller-Hinton agar are time-
consuming and delay the selection of an antibiotic effective
to treat the patient’s infection. For example, such methods
generally require culture in a fluid medium, gram staining
the cultured microbe, culture in a petri dish to collect
microbial colonies, resuspension of the colonies at a proper
optical density and followed by swabbing a sample of the
suspension on Muller-Hinton agar along with antibiotic
disks or strips to determine antibiotic sensitivity.

[0010] The delays caused by these steps increase the risk
of an empirical selection of an ineffective antibiotic and
progression of the infection, require a longer period of
medical observation, and often a result in a prolonged stay
in the hospital.

[0011] Moreover, many of the conventional steps involve
open containers containing infectious bacteria and risk con-
tamination of a sample with exogenous microbes or risk
transmission of infectious microbes to laboratory workers
doing the testing.

[0012] In view of the limitations of conventional methods
for rapidly culturing microbes for antibiotic testing and in
view of the prolonged time requires to acquire a result from
conventional antibiotic testing methods, the inventor sought
to develop a simple and quick method for culturing microbes
and for determining microbial antibiotic sensitivity using a
trianguloid dish system.

BRIEF SUMMARY OF THE INVENTION

[0013] The foregoing paragraphs have been provided by
way of general introduction, and are not intended to limit the
scope of the following claims. The described embodiments,
together with further advantages, will be best understood by
reference to the following detailed description taken in
conjunction with the accompanying drawings.

[0014] One aspect of the invention is a “centrifugation
accumulated colonies triangular agar technology” or “CAC-
TAT” system which is employed for rapid culturing, har-
vesting and collection of microbe colonies. This system
comprises a triangular shaped culture plate shaped like a
slice of pie that permits aggregation and collection of
microbe colonies at its apex by centrifuging the plate, a
growth medium for a microbe, a holder or adaptor to fit a
triangular plate into a centrifuge and a centrifuge. It also
comprises a type 1 cover having an injectable septum
through which a microbial sample can be aseptically applied
to medium in the trianguloid plate and optionally a type 2
cover to facilitate removal and collection of microbe colo-
nies.

[0015] A related aspect is a method for using the CAC-
TAT system to rapidly grow, harvest and collect by centrifu-
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gation microbial colonies. Once collected, the colonies can
be resuspended in a suitable buffer for further use, for
example, in a method for determining which antibiotics the
microbes are sensitive to.

[0016] Another aspect of the invention involves a system
for determining antibiotic sensitivity. This system comprises
a triangular shaped culture plate shaped like a slice of pie
that permits distribution of a suspension of by centrifuging
the plate, a plate cover, a nonliquid growth medium, anti-
biotic strips or disks, a holder or adaptor to fit a triangular
plate into a centrifuge and a centrifuge. In some embodi-
ments, the medium is precut or cast concentric trenches and
can have a type 1 cover with a septum. In other embodi-
ments, the plate is fitted with a type 3 cover for producing
concentric trenches which may also have an injectable
septum or which can be replaced after trenching the non-
liquid medium with a type 1 cover. This system distributes
the aggregated and resuspended microbe colonies grown,
detached, aggregated by centrifugation, and resuspended as
described above.

[0017] Another aspect of the invention is a method for
determining antibiotic sensitivity using the system disclosed
herein. Once grown and aggregated microbe colonies are
resuspended at a suitable concentration they are distributed
by centrifugation over the several surface areas defined by
trenches cut into the surface of the growth medium (see
FIGS. 5 and 6). Typically, a sample of the resuspended
microbe colonies is applied to the outermost area (Area 1)
and then distributed by centrifuging the plate to produce a
gradient of different concentrations of microbe in the
remaining areas, such as Areas 2, 3, 4, and 5 shown in FIGS.
5 and 6. Antibiotic test strips or disks are then applied to the
areas comprising the distributed microbes and zones of
microbial inhibition are measured around the strips or dis-
ease after growth of the bacteria. The size of a zone of
inhibition indicates the degree of sensitivity of the distrib-
uted microbe to that antibiotic in the strip or disk.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more complete appreciation of the disclosure and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings below.
[0019] FIG. 1 depicts an embodiment of trianguloid cul-
turing and centrifuging system 100. The system comprises a
plate 102 having a bottom surface 110 and walls 112; a cover
108 having an injectable septum 114 near its basal end 106
through which a sample may be aseptically injected into the
plate using a syringe 116. The trianguloid plate and its cover
have an apical tip 104 and a broader basal end 106.
[0020] FIG. 2 shows a top view of the trianguloid cultur-
ing and centrifuging system 100 including cover 108 (type
1 cover) having an injectable septum 114 and clips 118
which secure the cover to the plate.

[0021] FIG. 3 shows side view of the trianguloid culturing
and centrifuging system 100 having apical tip 104 and basal
end 106. In this embodiment, the bottom surface of the plate
110 comprises anchors or ridges 122 which extend upward
and which secure nonliquid medium 120 in the plate 110.
[0022] FIG. 4 shows a side view of the trianguloid cul-
turing and centrifuging system 100 similar to that described
by FIG. 3 except that the non-liquid medium comprises a
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most distal (from apical tip) trench 124 and narrower more
proximal trenches 126 in the solid medium 120.

[0023] FIG. 5 provides a top view of a plate 120 contain-
ing non-liquid medium with a wide distal trench 124 and
three narrower proximal trenches (to the apical tip) 126
defining concentric surface areas 130.

[0024] FIG. 6 depicts the plate of FIG. 5 with a sample 132
applied to the most distal concentric area 130. When a 21
gauge needle is used to apply the sample, 1-9 drops, pref-
erably 6 drops, is applied.

[0025] FIG. 7 shows a spread of the sample 132 on the
most distal concentric area 130. In some embodiments,
spreading is accomplished by tilting the plate to both sides.
[0026] FIG. 8 shows microbial colonies growing on more
proximal (to apical tip) concentric areas 130 after centrifu-
gation of the plate as shown by FIG. 7. In some embodi-
ments, the microbial colonies are incubated at 37° C. for
4-12 hours.

[0027] FIGS. 9 and 10 depict the orientations of four
trianguloid culture and centrifuge systems 100 in a centri-
fuge 200 where the apical tips 104 are pointed outward from
the rotational axis of the centrifuge.

[0028] FIG. 11 depicts an exploded diagram of the cover
108 and hinges 118 and the lower plate 112 portion which
indicates the length, width and height dimensions as well as
the angle, a, of the apical tip. The walls 112 and bottom of
the plate 110 form a compartment 140 which can accom-
modate a non-liquid medium.

[0029] FIG. 12A depicts an embodiment of the system that
includes a cover (cover 3) having a blades applicator holder
152 and blades applicator 150 which comprises large blade
156 and narrow blades 158 for forming trenches in a
non-liquid medium contained within the plate. In this
embodiment, cover 108 contains opening 154 through which
the blades applicator 152 fits.

[0030] FIG. 12B depicts the blades applicator 150 with
holder 152 and blades 156 and 158.

[0031] FIG. 13 depicts a plate having wide distal trench
124 and 5 more proximal narrow trenches 126 which define
seven concentric surface areas 130 on the non-liquid
medium. Antibiotic disks or strips 160 have been applied to
the three lower (closest to apical tip) areas and are sur-
rounded by areas 162 with no or inhibited microbial growth.
[0032] FIGS. 14A-14C illustrate an embodiment of the
trianguloid culturing and centrifuging system 100 having a
drainage tip at apical end 104. The drainage tip 170, drain-
age filter 172, opening at apical tip 174 and drainage pipe
176 are depicted at the apical end 104 of the system.
[0033] FIG. 14B depicts container 178. FIG. 14C provides
an exploded view of the embodiment of the system having
drainage tip built into the cover (cover 2).

[0034] FIG. 15 depicts a centrifuge tube case 202 and the
axis of rotation 204 for the centrifuge 200.

[0035] FIG. 16 depicts an adaptor to hold trianguloid
culturing and centrifuging system 100 during centrifugation.
As shown, expanding bar to adjust the plate vertically 212,
knob to adjust the plate vertically 214, expanding bar to
adjust the horizontal angle 216 and knob to adjust the
horizontal angle 218.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] One aspect of the invention is a “centrifugation
accumulated colonies technology” or “CAC-TAT” system
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which is employed for rapid culturing, harvesting and col-
lection of microbe colonies. This system comprises a trian-
gular shaped culture plate shaped like, much like a slice of
a pie that permits collection and aggregation of microbial
colonies by centrifuging the plate and recovering aggregated
microbial colonies at the apex of the trianguloid plate.
[0037] In this system, the trianguloid plate holds a culture
medium for growing colonies of a microbe. The system has
a type 1 cover (FIGS. 1 and 2) which covers the space
containing the non-liquid culture medium, but which has an
injectable septum through which a sample containing a
microbe to be cultured can be aseptically applied to a
predetermined position on the surface of the solid medium
in the plate and from there spread over the surface of the
medium, for example, by tipping the plate back-and-forth.
After that the drops are further distributed to cover the whole
plate by centrifugation the plates. Then the plate incubated
at 37° C. to allow for the microbial growth.

[0038] Typically, the microbes grown on the medium
represent a mixed flora in a clinical sample and are cultured
for later use for evaluating their antibiotic sensitivity. The
non-liquid medium may be a rich growth medium that
supports the growth of different types of microbes or a
selective medium that permits only the growth of particular
types of microbes. In some embodiments, the aggregated
microbe colonies may be used for other procedures requiring
a suspension of microbes obtained or isolated from a clinical
sample, for example, for further phenotypic (e.g., toxin
expression, capsule type, etc.) or genetic characterization
(e.g., Western blot analysis or DNA sequencing) or for
cloning or comparison to microbes in other clinical samples.
This culture system can grow the same types of microbes as
grown in conventional broth culture, but the microbe colo-
nies that it grows on medium appear faster and in a form
which can be conveniently aggregated by soaking, rinsing
and/or curettage and then centrifugation.

[0039] Once colonies appear on the surface of the medium
in the plate they are prepared for removal by soaking, rinsing
and/or curettage and then for collection by centrifuging the
plates to collect the loosened or curettaged colonies at the
apex of the triangular plate.

[0040] Once microbe colonies are grown and appear on
the surface of the non-liquid medium in the trianguloid plate,
they may be loosened by soaking or rinsing (e.g. in a saline
solution) and/or curretaged to facilitate their collection at the
apical tip of the plate by centrifugation. To facilitate removal
and collection of the colonies, the type 1 plate cover which
permitted aseptic injection of the clinical sample and pro-
tected the medium from contamination while the microbe
colonies grew, may be replaced by a type 2 plate cover
which has a drainage tip (FIGS. 14A-14C) and filter which
facilitates removal and collection of the colonies grown on
the medium.

[0041] In some embodiments, all the colonies grown on
the medium are removed (for example, when a clinical
sample contains substantially only one type of pathogenic
microbe), in other embodiments colonies conforming to a
particular phenotype (colony texture, color, texture or mor-
phology) are selectively removed by soaking, rinsing and/or
curettage prior to centrifugal collection of the loosened or
removed colonies at the apical tip of the trianguloid plate.
[0042] After collection of the loosened or curretaged colo-
nies and aggregation and collection by centrifuging the
plate, the aggregated microbe colonies can be resuspended
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at a desired concentration or turbidity and used to determine
antibiotic sensitivity of the microbe. A concentration of
resuspended microbes may be selected by one skilled in the
art to provide an appropriate gradient of microbes for testing
antibiotic sensitivity of a particular microbe or for a par-
ticular antibiotic. In one embodiment, the microbes are
re-suspended to a McFarland density concentration (turbid-
ity) ranging from 0.5, 1, 2, 3 to 4, preferably about 0.5. The
0.5 McFarland turbidity standard provides an optical density
comparable to the density of a bacterial suspension 1.5x10%
colony forming units (CFU/ml). McFarland turbidity stan-
dards are commercially available.

[0043] Another aspect of the invention involves a system
for determining antibiotic sensitivity. This system uses the
aggregated and resuspended microbe colonies grown,
detached, aggregated by centrifugation, and resuspended as
described above. Once these aggregated microbes are resus-
pended at a suitable concentration they are distributed by
centrifugation over the several surface areas (FIGS. 5 and 6),
defined by trenches cut into the surface of the non-liquid
growth medium. Typically, a sample of the resuspended
microbe colonies is applied to the outermost area (Area 1)
and then distributed by centrifuging the plate to produce a
gradient of different concentrations of microbe in the
remaining areas, such as Areas 2, 3, 4, and 5 shown in FIGS.
5 and 6.

[0044] In some embodiments, the growth medium in the
plate is precast or precut with concentric trenches which
define the surface areas, such as Areas 1-5, on the surface of
the growth medium. Such a plate can be covered with a type
1 cover which permits aseptic application of a resuspended
microbe and protects the medium from outside contamina-
tion during antibiotic sensitivity testing.

[0045] In other embodiments, a type 3 plate cover (FIG.
12A) equipped with a blades applicator (FIG. 12B) is used
to produce the trenches and can replace the type 1 or type 2
plate covers used during growth and collection of microbe
colonies. In some embodiments, once a type 3 cover is used
to make trenches in the growth medium, it can be replaced
with a type 1 cover.

[0046] When the re-suspended sample is centrifuged the
trenches act in conjunction with centrifugation of the plate
to sequentially dilute the number of microorganisms in each
subsequent downsteam area of the surface of the medium
between trenches. Antibiotic disks or strips are applied to the
areas proximal to the apex of the triangular plate and
antibiotic sensitivity is measured based on the size of the
zone of inhibition of microbial growth around each antibi-
otic disk or strip.

[0047] The system and method disclosed herein accelerate
the determination of antibiotic sensitivity of a microorgan-
ism, for example, from 1-3 days to about 4-12 hours. This is
accomplished in part by use of irrigation, curettage, rinsing
and centrifugal force to mobilize microbe colonies from the
agar toward the apex of the plate where they are aggregated.
Thus, it is unnecessary to wait for individual colonies to
grow to a large size suitable for conventional collection.
[0048] Moreover, the systems disclosed herein obtain a
higher concentration of microbes than conventional methods
that cultivate the microorganism without harvesting and
aggregating the colonies by centrifugation. Using the
microbes grown and collected by centrifugation, makes it
possible to distribute a suspension of the microbes over
different areas of a plate forming a gradient of different
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microbial concentrations in different concentric areas of the
same plate and to have at least one area having the proper
concentration of microorganisms for application of the anti-
biotic strips or disks. Thus, the system described herein
requires only a short incubation period to reach the appro-
priate microbial density to conduct an antibiotic sensitivity
test and does not require a prolonged incubation period
characteristic of conventional methods.

[0049] In contrast, conventional methods for determining
antibiotic sensitivity of a microbe range from two to seven
days, including about 1-3 days to obtain sufficient microbial
colonies and another 1-3 days to determining antibiotic
sensitivity.

[0050] The accelerated determination of microbial antibi-
otic sensitivity responds to increasing demands by hospitals
and doctors and reduces the risk of empirical treatment with
antibiotics prior to determination of microbial antibiotic
sensitivity. The system can be operated manually or can be
automated and provides a way to standardize culture con-
ditions and determination of antibiotic sensitivity among
different laboratories. The system disclosed herein provides
a variety of economic benefits including reductions in the
time a patient spends in a hospital and corresponding cost
and labor economies in performing antibiotic sensitivity
determinations.

[0051] Another advantage of the trianguloid-plate systems
disclosed herein is that they are closed plate systems which
reduce the risk of microbial contamination by medical
technicians and personnel and which reduce the risk of
contamination of a clinical sample being tested.

[0052] Various elements of the system are described
below.
[0053] A trianguloid plate or dish refers to a container that

can hold a non-liquid, solid or semi-solid (e.g., gel) micro-
bial medium, such as an gel- or agar-based bacterial culture
medium, and which from a top or bottom view has a
piece-of-pie-shape, or which forms a sector or segment of a
circle, e.g., a segment with boundaries defined by radial
extensions from the center point of the circle and an arc
defined by the circumference of the circle and/or a line
connecting the radii at the circumference of the circle.
Preferably the plate is substantially shaped like an isosceles
triangle with an apex and two base points. The base com-
prises the two base points and may be linear or non-linear,
for example, it may form a continuous convex arch between
the two base points of the triangle. The angle under the apex
of the trianguloid ranges from 5, 10, 20, 30, 40, 50, 60, 70,
80 or 90 degrees, but preferably ranges from about 15 to 45
degrees. The plate has substantially perpendicular walls
around the periphery of its bottom surface. The plate essen-
tially has three walls, a basal wall opposite the apical tip and
two lateral, side walls which typically have identical lengths
and form a triangle or trianguloid form with the basal side.

[0054] Samples include fluids obtained from patients,
including fluidized solid samples. Liquid or liquefied
samples can be obtained or prepared from clinical samples,
such as from blood, plasma, serum, CSF, synovial fluid,
saliva, mucus, respiratory fluids, bile, urine, feces, or other
biological fluids or tissues. In some cases, such samples are
obtained from water, including drinking water, reservoir
water, riparian or sea water, food or drink, animal feeds,
sewage, medical wastes, or from other environmental
sources. In some embodiments, a sample is harvested, for
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example, with a swab, lavage, or biopsy, and then suspended
in a fluid such as a growth medium prior to application to the
system disclosed herein.

[0055] A microbe or microorganism includes colony-
forming culturable bacteria, fungi and other eukaryotes for
which it is desired to determine sensitivity to an antibiotic.
These include, but are not limited to, bacteria causing
serious human or animal diseases including both Gram
positive and Gram negative bacteria. Examples of such
bacteria are described by, and incorporated by reference to
hypertext transfer protocol secure://en.wikipedia.org/wiki/
List_of_clinically_important_bacteria (last accessed Mar.
25, 2020).

[0056] In some embodiments of the invention the antibi-
otic sensitivity of Haemophilus influenzae, Pseudomonas
aeruginosa, Streptococcus preumoniae, Staphylococcus
aureus, or Escherichia coli is determined. Other antibiotic
resistant bacteria may be evaluated such as methicillin-
resistant Staphylococcus aureus (MRSA), vancomycin-re-
sistant Enterococcus (VRE), multi-drug-resistant Mycobac-
terium tuberculosis (MDR-TB), and carbapenem-resistant
Enterobacteriaceae (CRE) gut bacteria. These may be tested
for on selective media containing one or more antibiotics to
which the microbe may be resistant.

[0057] A sample or culture of a microorganism may be a
fresh biological sample, a sample that has been cultured in
broth or another culture medium, such as a selective growth
medium for a particular microbe, or a clonal sample of a
microorganism isolated away from other microorganisms.
This method is generally applicable to microbes including
bacteria and fungi which can be cultured on a non-liquid,
solid or semisolid medium

[0058] The term “medium” includes non-liquid, solid and
semi-solid media, including gel-based or agar-based media
such as Mueller-Hinton medium. A “non-liquid” medium
may contain liquids, for example, as part of a gel, but
maintains its structure under low speed centrifugation as
disclosed herein. In an alternative embodiment, a highly
viscous medium that may be technically considered a liquid
medium may be used as long as it maintains its structure
under low speed centrifugation so that microbe colonies can
be collected and/or so that its surface can be trenched as
disclosed herein.

[0059] Microbe culture media are often based on a gel and
are usually commercially available. Examples include blood
gel medium often used in petri dishes or Muller-Hinton gel
medium for often used in Muller-Hinton dishes. Other
commercially available microbe culture media can be used
or media can be produced from their ingredients for example
when a specialized medium for a particular microbe or
particular culturing protocol is required.

[0060] Typically a medium will permit the growth of a
microbe into colonies and permit the colonies to be sepa-
rated and collected by low speed centrifugation (e.g. a speed
that does not substantially separate medium from the plate or
a speed which does not substantially damage the medium in
the plate). A g force is selected based on a force that does not
separate the medium from the plate or damage it. Advanta-
geously a g force may be selected ranging from 30, 40, 50,
60, 70, 80, 90, 100, 120, 150 to 200 g (or any intermediate
value within this range).

[0061] In one embodiment, a specifically designed centri-
fuge having a radius of about 300 mm, which can accom-
modated the trianguloid plates is employed. Approximate
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rpms for this centrifuge corresponding to the g force pro-
duced as shown by the table below. Those skilled in the art
may select an appropriate rpm value to provide a low g force
based on the radius of the centrifuge and its speed.

RPM G FORCE

1000 200
800 150
500 75

[0062] Insomeembodiments, the medium will support the
production of trenches on its surface. A suitable microbe
culture medium may be selected by one skilled in the art
based on the type of microorganism to be isolated or grown
culture media for use as media in the system disclosed herein
include Mueller-Hinton agar as well as media based on those
described by, and incorporated by reference to, hypertext
transfer protocol. secure://microbeonline.com/culture-me-
dia/(last accessed Apr. 6, 2020). Medium may also be
produced, for example, by addition of agar, from a culture
medium such as those described by and incorporated by
reference to hypertext transfer medium secure://en.wikipe-
dia.org/wiki/Growth_medium (last accessed May 19, 2020).
[0063] Culture conditions. A microbe is typically grown at
its optimal pH, atmospheric composition, and temperature.
These vary and may be selected based on the microorganism
to be isolated, grown and tested. A non-liquid, solid, semi-
solid medium or gel-based medium may be a minimal or
enriched culture medium, a selective medium, or a differ-
ential medium. Examples of media include Mueller-Hinton
medium, LB medium, plate count agar, nutrient agar, tryp-
ticase soy agar, L.owenstein-Jensen medium, or a medium
containing a carbon source, a nitrogen source or amino acids
(e.g., yeast or beef extracts), and salts and minerals.
[0064] In the present application the terms antibiotic and
antimicrobial are used interchangeably to define a chemical
compound that inhibits or abolishes the growth of a micro-
organism and/or kills the microorganism, such as bacteria or
fungi that is, a chemical compound with anti-bacterial or
anti-fungal, activity. The term includes antibiotic or antimi-
crobial compounds produced and isolated from living organ-
isms, for example, the penicillin-class produced by fungi in
the genus Penicillium or streptomycin from bacteria of the
genus Streptomyces. The term also includes antibiotic or
antimicrobial compounds obtained by chemical synthesis,
such as sulfonamide drugs or antimicrobial compounds
made by chemical modification of a naturally occurring
compound. The term in particular includes anti-bacterial
antibiotics, which are antibiotics that do not have activity
against viruses, fungi and other non-bacterial microbes.
[0065] The anti-bacterial antibiotics include bactericidal
antibiotics, which destroy bacteria, and bacteriostatic anti-
biotics which prevent bacteria from multiplying. The anti-
bacterial antibiotics further include “narrow-spectrum” anti-
biotics which target particular types of bacteria, such as
Gram negative or Gram-positive bacteria, and broad spec-
trum antibiotics which affect a wide range of bacteria.
Likewise, the anti-bacterial antibiotics include antibiotics
for ingestion as well as antibiotics for intravenous admin-
istration which are often used to treat serious infections such
as deep-seeded systemic infections, and antibiotics for topi-
cal administration. The anti-bacterial antibiotics comprise
antibiotics within the following presently recognized
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classes: Aminoglycosides, Ansamycins, Beta-lactam antibi-
otics, (including the carbacephem, carbapenems, cepha-
losporins (first, second, third and fourth generations), mono-
bactams and penicillins) Glycopeptides, Macrolides,
lincosamides, Polypeptides, Quinolones, Sulphonamides,
Tetracyclines, Cyclic lipopeptides, Glycyleyclines, Oxazo-
lidinones, diaminopyrimidines, Nitrofurans, Rifamycins,
antibiotic peptides, amphenicols, nitroimidazoles, strepto-
gramins and phosphomycins. Specific classes of and indi-
vidual antibiotics are described by, and incorporated by
reference to, hypertext transfer protocol secure://en.wikipe-
dia.org/wiki/List_of_antibiotics (last accessed Apr. 6, 2020).
Antifungal compounds are described by, and incorporated
by reference to, hypertext transfer protocol secure://en.
wikipedia.org/wiki/Antifungal (last accessed Apr. 6, 2020).
[0066] Antimicrobial strips or disks (discs. wafers) are
commercially available and may be selected by those skilled
in the art. These include antimicrobial susceptibility test
disks, strips, grids and cartridges. One type of disk is 9 mm
in diameter and color coded for safe identification. Addi-
tional description of such disks or strips is available at, and
incorporated by reference to hypertext transfer protocol
secure://www.sciencedirect.com/topics/immunology-and-
microbiology/antibiotic-disc (last accessed Apr. 6, 2020) or
at hypertext transfer protocol secure://www.creative-diag-
nostics.com/Antimicrobial-Susceptibility-Test-Kits.htm
(last accessed Apr. 6, 2020).

[0067] Minimal Inhibitory Concentration (MIC) is defined
by the lowest concentration of a drug in which no visible
growth occurs. The tested microorganism will be classified
as clinically susceptible, intermediate or resistant to the
tested drug. The interpretative standards for these classifi-
cations have been published by Clinical and Laboratory
Standards Institute (CLSI) in the USA and the European
Committee on Antimicrobial Susceptibility Testing (EU-
CAST). MIC test is the gold standard for in vitro detection
of antibiotic resistance.

[0068] The methods disclosed herein may be performed
manually or automated. Automation can provide a higher
degree of standardization between laboratories performing
the same method when machines are suitably calibrated. The
methods disclosed herein may be fully or partially auto-
mated. For example, a machine can hold a trianguloid plate
of the invention and dispense drops of a sample on the agar
or gel-based medium in the plate; it can tilt the plate so as
to distribute a sample on the medium, can hold and centri-
fuge a plate, and can incubate a plate. Once colonies appear
the processes of rinsing and curretage and collection can
also be automatically performed. Moreover, a digital camera
linked to a processor can evaluate the size of zones around
antibiotic test strips or disks as well as the sizes and
morphologies of the microbial colonies.

[0069] Controls. A positive or negative control may be
used in conjunction with the method disclosed herein. A
control may constitute a strain of a microorganism having a
known degree of sensitivity to one or more antimicrobial or
antibiotic compounds. For example, presence of zone of
inhibition in an area of the medium in the trianguloid plate
as disclosed herein is not necessarily automatically inter-
preted as susceptibility to the antibiotic. Rather, the zone
width can be measured and compared against a reference
standard which contains measurement ranges and their
equivalent qualitative categories of susceptible, intermedi-
ately susceptible or resistant microorganisms
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[0070] Plate construction. The plate and its cover are
preferably produced from a thermoplastic resin, such as
acrylic resin, polylactide resin, polyglycolic acid resin, sty-
rene resin, acrylic-styrene copolymer (MS resin), polycar-
bonate resin, polyester resin, polyvinyl alcohol resin, ethyl-
ene-vinyl alcohol copolymer, thermoplastic elastomer, vinyl
chloride resin, silicone resin, and combinations thereof. In
some cases, they may comprise glass, ceramic or metal.
[0071] Plate covers. As apparent from their descriptions
above, there are three types of plate covers that may be used
to cover a trianguloid plate. The first type (type 1 cover) has
a rubber septum and is used to apply drops of a microbial
suspension. The second type (type 2 cover) has a rubber
septum, drainage tip and a filter and is used to rinse and to
collect the microbe colonies. The third type (type 3 cover)
has a blades applicator which can cut trenches into the
surface of the medium when plates with pre-cut trenches are
not used or commercially available.

[0072] Embodiments of the subject matter disclosed
herein include but are not limited to the following.

[0073] One embodiment of the invention is a trianguloid
plate, culture plate, or dish comprising an apical tip and a
broader basal end, wherein said plate comprises a bottom
surface substantially having a shape of an isosceles triangle
having an apex at one end and a base comprising the other
two points of the triangle at the other end, and walls around,
and substantially perpendicular to, the bottom surface defin-
ing an enclosed trianguloid compartment suitable for con-
taining a microbe medium. Preferably, the trianguloid plate,
its cover, clips and other elements are integrated into a
trianguloid culturing and centrifuging system, such as that
depicted by the figures, e.g., a centrifugation accumulated
colonies triangular agar technology (CAC-TAT) plate or
system.

[0074] The plate may be formed from a thermoplastic
resin in an integrated manner and equipped with a cover that
is also so formed. The thermoplastic resin may be at least
one material selected from the group consisting of acrylic
resin, polylactide resin, polyglycolic acid resin, styrene
resin, acrylic-styrene copolymer (MS resin), polycarbonate
resin, polyester resin, polyvinyl alcohol resin, ethylene-vinyl
alcohol copolymer, thermoplastic elastomer, vinyl chloride
resin, silicone resin, and combinations thereof.

[0075] In some embodiments, the base of the trianguloid
plate, which is opposite the apical tip, comprises a convex
arc between the two points and the plate substantially has the
shape of a segment, sector, or pie-slice of a circle.

[0076] In some embodiments, the angle o at the apical tip
of the plate or cover ranges from 15, 20, 25, 30, 35 or 45
degrees or any intermediate angle.

[0077] In some embodiments, the plate has a length mea-
sured from its apical tip to a midpoint of the basal side of the
plate ranging from 5, 10, 15, 20 or 25 cm, preferably about
10 to 20 cm, and a width at its base ranging from 5, 10, 15,
20, 25, 30, 35, to 40 cm, preferably about 5 to 30 cm,
wherein the walls have a height ranging from 0.25, 0.5, 1.0,
1.25, 1.5, 1.75, t0 2.0, 3.0, 4.0, to 5.0 cm, preferably about
1 to 3 cm. or any intermediate value within these ranges.
[0078] In some embodiments, the bottom surface further
comprises anchors or ridges which extend from the bottom
surface into the trianguloid compartment and which are
substantially perpendicular to the bottom surface. Prefer-
ably, these anchors or ridges are integrally formed with the
plates. These anchors or ridges may extend from about 10,
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20, 30, 40, 50, 60, 70, 80, 90 or >90% of the height of the
plate, preferably about 30 to 50% of the height of the plate
walls. Preferably, these anchors or ridges do not penetrate
the surface of the medium or the bottoms of trenches in the
medium. The number and distribution of these anchors or
ridges may be selected based on the type and viscosity or gel
strength of a medium and on the speed of centrifugation so
as to stabilize the medium in the plate during centrifugation.
In some embodiments the stabilizing ridges or anchors will
be spaced about 1, 2, 3,4, 5, 6, 7, 8, 9, or 10% the length
and/or width of the plate. Preferably, the level of medium fill
in the plate covers these ridges or anchors. In a preferred
embodiment, the fill of the medium does not exceed 70-80%
of the wall height of the plate and, when anchors or ridges
are present, the fill covers them to another 20, 25, 30, or 35%
of wall height.

[0079] Another aspect of the invention is a trianguloid
plate as disclosed herein in combination with a cover that fits
over the walls of the plate and, optionally, one or more clips
or other attachments configured for securing the cover to the
walls. Thus, a trianguloid plate can further comprise a cover
that fits on, in and/or over the walls of the plate, which cover
further comprises a septum area, e.g., made of rubber or
other preferably resealable polymer such as a silicone rubber
or non-porous membrane material through which a liquid
sample may be injected into the compartment. The septum
area is preferably configured to permit injections by punc-
ture without permitting the ingress or egress of material into
the trianguloid plate other than the material being injected.
The cover may be made out of a same or different material
than the plate and preferably is transparent to permit obser-
vation of microbial growth on medium in the plate without
having to remove the cover and risk contamination.

[0080] The septum portion of the cover is typically posi-
tioned over a central portion of the distal, basal portion of the
cover opposite the apical tip near the basal portion of the
cover so as to permit deposit of a sample on to a medium
near the basal portion of the plate. In a plate having areas
defined by concentric troughs, it may be positioned over
Area 1 of a plate to the basal end of the plate. The septum
may be of any shape that permits injection of a sample
through it into the plate or on to medium in the plate, while
maintaining the integrity of the cover and plate so as to
exclude contaminants. In some embodiments it will be a
rectanguloid slot concentric with the basal end of the cover
or plate, for example, having a length of about 0.25t0 0.5 cm
as measured along the length of the cover from apical tip to
basal end and a width of about 0.5, 1, 2, 3, 4, to 5 cm as
measured between the lateral sides of the cover. In other
embodiments, the septum may be round, ovoid, square,
rectangular, or triangular. In some embodiments, the area of
the septum is not more than 0.5, 1, 2, 3, 4, or 5% of the total
area of the cover.

[0081] Preferably, from the viewpoint of stabilizing and
retaining a medium within the plate during centrifugation,
the bottom surface of the plate further comprises substan-
tially perpendicular anchors or ridges which extend from the
bottom surface into the interior compartment formed by the
bottom surface of the plate and the walls of the plate.
[0082] In some embodiments, the apical tip of the plate
further comprises an opening through which liquid can pass,
which is, optionally, operatively connected to a filter that
retains colonies of the microorganisms. Preferably, the open-
ing and filter will pass spent washing liquid, such as water
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or a saline rinse solution, but retain microbial colonies or
microbes, thereby accumulating and concentrating micro-
bial colonies at the apical tip of the system after centrifu-
gation or rinsing.

[0083] Typically, during use the trianguloid compartment
of the plate further comprises a non-liquid medium which
covers the bottom surface of the plate. In some embodi-
ments, the medium will fill to at least 10, 20, 30, 40, 50, 60,
70, 80, or 90% of the height of the plate. When anchors or
ridges attached to or integrally formed with the bottom of the
plate are present, which help stabilize the non-liquid
medium during centrifugation, the fill volume or height of
gel or other solid or non-liquid medium preferably exceeds
their height by at least 10, 20, or 30% of the height of the
plate.

[0084] The non-liquid medium in the compartment
formed by the bottom surface and walls of the plate may be
scored with one or more trenches which typically are arced
from one side of the plate to the other. The most distal (from
the apical tip) trench may be wider than other trenches closes
to the apical tip. In some embodiments, the medium in the
compartment of the plate comprises 4 to 6 concentric
trenches between equilateral positions on the side walls of
the plate which trenches demark 5 to 7 separate concentric
areas on the surface of the medium. In one embodiment the
first trench which is most distal from the apical tip is about
3-5 mm wide, preferably about 4 mm, and about 0.8 to 1.2
mm, preferably about 1 mm, deep and the other 3 to 5
trenches are about 0.8 to 1.2 mm, preferably about 1 mm,
wide and deep.

[0085] The trenches scored in the non-liquid medium in
the plate can be spaced at approximately equal intervals
along the distance between the apical tip and the midpoint of
the base of the trianguloid plate. Typically, the trenches are
spaced at approximately equal distances from one another,
though the spacing can be varied to attain a particular
distribution of a microbial sample over the various areas in
the plate.

[0086] Insome embodiments, the cover of the plate, or the
basal edge of the plate, may be modified to contain a blades
applicator which can be manipulated to form the trenches on
the surface of a non-liquid medium in the plate as shown by
FIGS. 12A and 12B.

[0087] Another embodiment of the invention is directed to
a kit comprising the plate and cover, and/or at least one of
a sample containing a microorganism in suspension, a
syringe suitable for applying the sample of the microorgan-
ism to the medium in the plate, a centrifuge configured to
rotate the plate with its apical point oriented outward from
the axis of the centrifuge and the area of rubber or other
material through which a liquid sample may be injected
proximal to the axis of rotation of the centrifuge, or an
adaptor to securely fit the trianguloid culturing and centri-
fuging system into a centrifuge and orient the apical tips of
the plates outward from an axis of rotation of the centrifuge.
The kit may further comprise an adaptor such as that shown
by FIGS. 15 and 16 to facilitate loading, positioning, and
centrifugation of the culture plates. In one embodiment, the
adaptor securely fits the trianguloid culturing and centrifug-
ing system disclosed herein into a centrifuge so as to keep
the system substantially flat with respect to the ground and
so as to orient the apical tip of the system outward at a 90
degree angle from the axis of rotation of the centrifuge rotor,
wherein said adaptor comprises a plate or other holder that

Dec. 9, 2021

securely clips or otherwise attaches to the exterior bottom of
the system, said plate being attached to a hinge which
attaches to the centrifuge rotor and which is adjustable so as
to keep the system flat during centrifugation, said hinge
being optionally attached to the centrifuge rotor via blank
centrifuge tube which fits into a tube holder or tube case of
a centrifuge.

[0088] Another embodiment of the invention involves a
method for preparing a sample containing a microorganism
for antibiotic sensitivity testing comprising applying an
amount of said sample sufficient to cover a culture area
between the basal end of the plate and the at least one trench;
culturing the sample under conditions suitable for formation
of microbial colonies; loosening the resulting microbial
colonies and consolidating the colonies by centrifuging the
plate with the apical end of the plate oriented next to the axis
of' the centrifuge; collecting the colonies from the apical end
of the plate; and resuspending the collected colonies in
medium that maintains their viability.

[0089] In some embodiments of this method, microbial
colonies are loosened by irrigation in a saline solution
followed by curettage of the colonies to remove them from
the medium. In another embodiment, the colonies growing
on the plate are loosened by irrigation with a saline solution
followed by rinsing with a saline solution to detach the
colonies from the medium.

[0090] Another embodiment of this method comprises
applying at least one drop of a broth culture containing the
microbe to an area of the non-liquid medium at the basal side
of'the trianguloid plate, or when trenches are present, to Area
1 of the medium between the basal side of the plate and the
first trench, securing the cover to the plate with the clips on
each lateral side of the cover, centrifuging the plate with its
apex oriented away from the axis of centrifugation for a time
and at a force sufficient to distribute the at least one drop of
the broth culture on the surface of the medium, incubating
the distributed sample for 4-12 hours at 37° C., and observ-
ing microbial colonies on the surface of the non-liquid
culture medium. This method may further comprise inject-
ing a saline solution through the septum in the cover to
loosen the microbial colonies and curretaging the microbial
colonies to remove them from the surface of the medium
while removing excess fluid via a drainage tip at the apical
tip of the plate or cover, and centrifuging the covered plate
with its apex oriented away from the axis of centrifugation
for a time and at a force sufficient to collect the loosened and
curretaged colonies at the apical tip of the plate. It may also
further comprise producing a suspension of the colonies
collected at the apical tip by centrifugation. This can be
performed by applying a continuous rinsing and removing
excess fluid via a drainage tip at the apical tip of the plate or
cover (cover 2) and harvesting the colonies from the triangle
tip as the filter is keeping it from removing with excess fluid
via drainage tip at the apical tip of the plate.

[0091] This method may further comprise testing the
resuspended microbial colonies for antibiotic sensitivity by
applying the resuspended microorganism to a culture area
between the basal end of the plate and the first trench most
distal from the apical end (e.g. Area 1), wherein said plate
comprises at least four trenches which demarks at least five
concentric areas on the surface of the culture medium and
centrifuging the plate to distribute the microorganism over
each area; applying an antibiotic disk, strip or other depot to
at least one area other than the first area where the sample
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was applied; culturing the microorganism for a time and
under conditions sufficient to detect bacterial growth; and
selecting an antibiotic sensitive microorganism when there
is a clear or no-growth area around the antibiotic disk, strip,
wafer, or other depot.

[0092] Another embodiment of this method for determin-
ing sensitivity of a microbe to an antibiotic comprises
applying at least one drop of a broth culture containing the
microbe to an Area 1 of non-liquid culture medium in a
covered trianguloid plate, where the surface of the medium
comprises at least five concentric trenches defining Areas 1,
2, 3, 4, 5 and 6, wherein the cover may be secured to the
plate via a clamp on each lateral side of the cover, and
wherein the at least one drop is aseptically injected through
a septum in the cover of the plate onto the Area 1, centri-
fuging the plate with its apex oriented away from the axis of
centrifugation for a time and at a force sufficient to distribute
the at least one drop of the broth culture on the surfaces of
Areas 1, 2, 3, 4, 5 and 6 of the non-liquid medium, applying
at least one antibiotic disk or strip to at least one of Areas 2,
3, 4, 5 or 6 of the medium, incubating the covered plate
containing distributed sample for 4-12 hours at 37° C.,
measuring a zone of inhibition around the one or more
antibiotic disks or strips, and selecting a microbe that is
sensitive to the antibiotic on the disk or strip when a zone of
inhibition is observed.

[0093] In another embodiment of this method a microbe
suspension having a McFarland density strength (turbidity)
of 0.5 is produced from a large microbial colony or from
centrifugally aggregated and harvested microbes by using a
triangular-plate as disclosed herein. For example, the micro-
bial colonies may be grown, detached, and curretaged using
a saline soak and/or rinse (e.g., 0.25, 0.5 up to 1.0 normal
saline) and resuspended in a suitable solution that maintains
microbial viability, such as in half normal saline. This
suspension is distributed over different areas of the medium
in a triangular plate which forms a lawn or microbial
background of suitable density for assessing antibiotic sen-
sitivity to antibiotic strips or disks placed on it.

[0094] In this embodiment, an amount of the microbe
suspension corresponding to 1, 2, 3, 4, 5 to 6 of the
suspension equivalent in volume to drops dispensed by a 21
gauge needle is deposited on an Area 1 of the medium in a
covered CAC-TAT plate with trenches, where the surface of
the medium comprises at least five concentric trenches
defining Areas 1, 2, 3, 4, 5 and 6, wherein the cover may be
secured to the plate via a clamp on each lateral side of the
cover, and wherein the at least one drop is aseptically
injected through a septum in the cover of the plate. One
skilled in the art may select an appropriate amount of
microbe suspension to provide a gradient of microbes on
different areas of the plate, for example, a volume equivalent
to a particular number of drops from a 21 gauge needle, to
apply to Area 1 based on factors including the size of the
plate and Area 1, the depth and width of trenches, the g force
applied by centrifugation, the type or dryness of the medium
in the plate and the type of microbe being cultured on the
medium.

[0095] Next the plate containing the drops of microbe
suspension in Area 1 is tip side-to-side to spread the drop(s)
over Area 1.

[0096] Subsequently, the plate with the drops distributed
over Area 1 is centrifuged at 400-800 rpm for 5-10 minutes
to provide a graduated spread the microbial suspension in
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Area 1 over all the trenches into Areas 2, 3, 4, 5 and 6 of the
plate. The plate is centrifuged with its apex oriented away
from the axis of centrifugation for a time and at a force
sufficient to distribute the drops of the colony suspension on
the surfaces of Areas 1, 2, 3, 4, 5 and 6 of the gel or solid
medium.

[0097] After the graduated distribution of the microbe
suspension over the areas of the medium defined by the
concentric trenches, an antibiotic strip or disk is applied to
areas on the medium, such as the last 2 or 3 areas, and the
plates are incubated for 4 to 12 hours.

[0098] After this period of incubation the zones of inhi-
bition formed around the antibiotic strips or disks are
observed. Advantageously, this method permits the forma-
tion of zones of inhibition within a few hours and not days.

EXAMPLES
Validation Data and Challenges for CAC-TAT

Example 1: Effect of Centrifugation on Spreading
of the Cells Suspension

[0099] To test the effects of centrifugation on spreading of
a cell suspension, six drops of a microbial suspension at a
McFarland concentration density of 0.5 injected from a 21
gauge needle through the septum onto non-liquid medium in
Area 1 of a trenched as described in FIGS. 5-7. The plates
were then centrifuged at 200, 500, 800 or 1,000 rpm for 10
minutes. The amount of the microbial suspension spread to
the triangular apex of each plate was measured and the
percentage of medium in the plate destroyed by centrifuga-
tion were determined and shown in the table below.

Centrifugation % of spread Problem %
speed to triangular apex of gel destruction
200 RPM 30% 11%
500 RPM 88% 34%
800 RPM 91% 81%
1000 RPM 95% 100%

Example 2: Gel Stability Test after Adding
Obstacles

[0100] As shown by FIGS. 3 and 4, wall-shaped obstacles
about 3 mm in height were attached to the bottom of the
plates over which gel was embedded. Covers were placed on
the plates. The stability of the gel in the plates to centrifu-
gation was determined after the plates were centrifuged at
different speeds with their pointed ends extended outward as
shown in the table. As shown, the obstacles made it possible
to stabilize 100% of the gel in the plates at speeds less than
800 rpm. However, over 90% of unsecured covers floated on
top of the plates

Centrifuging % of plates
speed stabilized its gel Other problems
200 RPM(round per minutes) 100% Cover float in 90%
500 RPM 100% Cover float in 100%
800 RPM 92% Cover float in 100%
1500 RPM 61% Cover float in 100%
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Example 3: Plate Cover Stabilization

[0101] The effect on cover float of securing the plate
covers on each lateral side of the plates was determined
under conditions identical to those in EXAMPLE 2 above.
As also shown by FIGS. 1 and 2, covers of plates that were
clipped at each side of the plate were stable during centrifu-
gation even in high speeds:

Centrifuging % of cover
speed stabilized (not floating)
200 RPM 100%
500 RPM 100%
800 RPM 100%
1500 RPM 100%

Example 4: Evaluation of Plate Shape on Spread of
Cell Suspension

[0102] A variety of different shaped plates as described in
the table below were tested to determine the extent of
spreading of 6 drops of a microbe suspension from gauge 21
needle of a cell suspension after centrifugation at 800 rpm
for 10 minutes.

Plate shape Spread of suspension after centrifuging

circular (petri dish) Peripheral spread, no points of collections.

rectangular Peripheral spread, no points of collections
square Peripheral spread, no points of collections
pentagon Uneven spread, more collection at angles tips.
trapeze Uneven spread, more collection at angles tips.
hexagon Uneven spread, more collection at angles tips.
semicircle Peripheral spread, no points of collections
crescent Peripheral spread, more collections at angles tips.
cross Peripheral spread, no points of collections

heart Uneven spread, more collection at angles tips.
rhombus Uneven spread, more collection at angles tips.
scalene Peripheral spread, more collection at angles tips.
Right angle Peripheral spread, more collection at angles tips.

star Peripheral spread, more collection at angles tips.
triangle Peripheral spread, more collection at angles tips.

[0103] These results showed that a cellular suspension
collects at tips of angular plates.

Example 5: Effect of Centrifuging Triangular Plate
with Base Near Axis of Centrifuge

[0104] Six drops of a cellular suspension were placed in a
slot in gel near the base of a trianguloid plate. The base of
the plate was attached near the axis of the centrifuge with the
apex of the triangular plate facing outward. The plates were
spun at 800 rpm for 10 minutes and the spread of the cellular
suspension on the gel was determined, see FIGS. 7-10. As
shown, this procedure spread the cellular suspension toward
the apex of each triangular plate.

Example 6: Effect of Gel Trenches

[0105] Six drops of a cellular suspension were placed in a
slot in gel near the base of the triangular plate with a 21
gauge needle. The gel had concentric trenches (1 mm
widex] mm deep) as shown in FIGS. 5-8. The base of the
plate was attached near the axis of the centrifuge with the
apex of the triangular plate facing outward. The plates were
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spun at 200, 500 and 800 rpm for 10 minutes and the effects
of the gel trenches on spread of the cellular suspension on
the gel were determined and are shown below.

Centrifuging
speed Effects of trenches Problems
200 RPM The suspension hardly The density of the
passes the second trench. suspension is thick
in both areas.
500 RPM The suspension pass all The density of the
trenches suspension is less
in last area.
800 RPM The suspension pass all The density of the
trenches suspension is less
in last area.
[0106] It was found that centrifuging speeds of 500 and

800 RPM for 10 minutes were appropriate to perform spread
of suspension to all areas and that gel trenches progressive
reduced the density of the suspension for areas behind each
additional trench.

Example 7: Effect of 4 Trenches Vs 6 Trenches
Using a 4 mm Width Initial Trench

[0107] Spreading of 6 drops of cellular suspension using a
needle of gage 21 as described above was performed except
that the initial trench (closest to the axis of the centrifuge)
was widened to 4 mm and had a depth of 1 mm. As shown
in the table below and by FIGS. 7, 8 and 13, the wider
peripheral trench reduced suspension density in zones when
4, and 6 gel trenches were used.

4 trenches triangle 6 trenches triangle

1st area: Dense suspension. Dense suspension.

prior to 1° trench.

279 area: Reduction in density Reduction in density

after the 1% trench. by about 30% by vision. by about 30% by vision.

39 area: Further reduction in Further reduction in

after 27 trench. density by about 10% density by about 10%
by vision. by vision

4% grea:
after 3" trench.

5% area:
after 47 trench.

Further reduction in
density by about 10%
by vision.

Further reduction in
density by about 10%
by vision.

Further reduction in
density by about 10%
by vision

Further reduction in
density by about 10%
by vision

Further reduction in
density by about 10%
by vision

Further reduction in
density by about 10%
by vision

6 area:
after 5 trench.

7% area:
after 67 trench.

[0108] These data show that areas having lower density of
cells suspension can be obtained using the trench orienta-
tions described above. Diminishing concentrations of cells
were observed in both plates having six trenches and of four
trenches. These results show that plates having multiple
trenches can provide a gradient distribution of microbes over
different surface areas of a plate using centrifugation.

Example 8: Evaluation of Plates with Applied
Antibiotic Strips

[0109] Six drops of suspension of bacteria colonies at a
McFarland density of 0.5 were applied to trianguloid or
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wedge-shaped plates. The plates were centrifuged as
described above and antibiotic strips (disks) were applied to
zones near the apex of the wedge-shaped plates as shown by
FIG. 13. The plates were incubated at 37 degrees centigrade
for 4-12 hours and efficacy of the antibiotic strips evaluated
in different areas of the trianguloid plates having different
concentrations of bacteria. Results are shown below.

Triangle areas 4 trenches triangle 67 trenches triangle
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gated for 30 mins with distilled water, half normal saline, or
normal saline solution (0.9% NaCl). The colonies were then
mobilized by curettage, Results appear in the table below:

% of colonies

Fluid type mobilized by curettage
Distilled water 50%
Half normal saline 90%
Normal saline 90%

1% area:

prior to 1° trench.

27 area: Not working

after the 1% trench.

377 area Not working

4% area Not working Not working

5% area The sensitive antibiotic A zone of inhibition

is working and showing is detected around

a hollow of clearness the antibiotic strips

around the strip. showing efficacy of
placing the strip in
the 57 area.
A zone of inhibition
is detected around
the antibiotic strips
showing efficacy of
placing the strip in
the 67 area
A zone of inhibition
is detected around
the antibiotic strips
showing efficacy of
placing the strip in
the 7% area

Not working Not working

Not working

Not working

67 area

7% area

[0110] These data show that antibiotic strips inhibit bac-
terial growth when applied in an area having a moderate
concentration of the microbial suspension in contrast to
areas having higher concentrations of bacteria.

Example 9: Mobilizing Visible Bacterial Colonies
to Plate Tip (Apex)

[0111] Six drops from broth culture suspension of bacteria
were applied to wedge-shaped plates using a 21 gauge
needle as described above. The plates were then centrifuged
to distribute the bacteria and after centrifugation were incu-
bated as described above at 37 degrees centigrade for 4-12
hours. Numbers of bacterial colonies moved to the tip (apex)
of the plate were determined.

Speed of % of colonies
centrifuging mobilized

200 RPM 0%

500 RPM 0%

800 RPM 4%

[0112] These data show the adhesiveness of bacterial
colonies to the gel and that centrifugation of the plate is
insufficient to mobilize these colonies.

Example 10: Reduction of Bacterial Colony
Adhesiveness and Harvesting (Irrigation and
Curettage Method)

[0113] A microbial suspension was applied to trianguloid
wedge-shaped plates and colonies grown on the plates as
described for EXAMPLE 9. Once grown, plates were irri-

[0114] These data show that the adhesiveness of microbial
colonies can be reduced by irrigation with sterile saline
fluids and that colonies can be easily detached by curettage
after irrigation with saline solutions.

Example 11: Effects of Post Irrigation Rinsing
(Irrigation and Rinsing Method

[0115] Bacteria were applied to plates as disclosed above
for EXAMPLE 10 and plates were irrigated and incubated
for 30 minutes in water or saline solutions to reduce adhe-
siveness of colonies. Subsequently, the media in the plates
were rinsed by saline fluids to test colonies mobilization; see
FIG. 14. The results were as follows:

% of colonies

Fluid used mobilized  problems

Sterile water 50% Rinsing fluid splash to outside.
Half normal saline 70% Rinsing fluid splash to outside.
Normal saline 70% Rinsing fluid splash to outside.
[0116] These data show that rinsing, especially with saline

solutions, after irrigation and incubation for 30 minutes is
another effective method to reduce the adhesiveness of
bacterial colonies to the gel. These results lead of design on
a type 2 plate cover which comprises a drainage system with
a filter which can prevent fluid splashing and remove waste
products, such as rinsing solution, but which will retain
microbe colonies.

Example 12: Effects of Post Irrigation Rinsing
Using a Type 2 Cover

[0117] The effect of incorporating a type 2 cover on to the
trianguloid wedge-shaped plates was evaluated; see FIG. 14.

% of colonies

Fluid used mobilized % of splash
65% 0%
75% 0%
75% 0%
[0118] These data show a more effective rinsing is

achieved by using a type 2 cover which prevents splashing
as shown by FIG. 14. The type 2 cover allowed proper
drainage of waste fluids used for rinsing. At the same time
colonies were retained because of the presence of the filter.
As shown by the table below, while both methods were
effective in obtaining colonies at the apex or tip of the plate,
the irrigation and washing method was less effective than the
irrigation and curettage method
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Irrigation Trrigation
and curettage and rinsing
% of colonies collected 85% 75%

to triangle tip

Dec. 9, 2021

Example 13: Comparison of Conventional Methods
with the Method Disclosed Herein

[0119]

The table below provides a general side-by-side

comparison of conventional petri-dish agar and Mueller-
Hinton agar methods with an embodiment of the CAC-TAT
method disclosed herein.

Comparison table between the current methods and CAC-TAT

Conventional Conventional CAC-TAT (invention
Point of comparison Petri-dish agar Mueller-Hinton agar  embodiment)
Objectives To obtain a culture of To determine Both

microbes. antibiotic sensitivity.
Duration 2-7 days 2-3 days About 4-12 hours for

Speed in meeting
clinical demand
Risk of
contamination
Risks of infection to
staff

Empirical
administration of
antibiotics while
testing is performed
Automation

Standardization

Cost
Economy

methods comparison

Time consuming

High because the
system is open.
High because the
system is open.

yes

Difficult or not
feasible to automate
as methods require
significant human
manipulation.

Not feasible because
of human variability.

cheap

1-immerse sterile
cotton stick in
positive broth fluid
culture media.
2-apply the
immersed cotton
stick on the Petri dish
agar media.
3--incubate the Petri
dish agar at 37° C. for
2-7 days.

4-daily check for
the appearance of
microbes colonies
5-once the microbe
colonies becomes
apparent, choose a
large colony and use
it to produce a
microbe suspension
of 0.5 McFarland
density strength for
use in determining
the antibiotic
sensitivity

Time consuming

High because the
system is open.
High because the
system is open.

yes

Difficult or not
feasible to automate
as methods require
significant human
manipulation.

Not feasible because
of human variability.

moderate

1--obtain a microbes
colony when
becomes apparent in
petri dish, choose a
large one and use it
to produce microbe
suspension of 0.5
McFarland density
strength to use it for
the antibiotic
sensitivity.

2-a swab from the
microbe suspension
obtained using sterile
cotton stick swabs.
3-spread microbe
obtained on the
cotton stick all over
in Mueller-Hinton
agar then apply the
antibiotic disks or
strips.

4--incubate the agar

at 37° C. for 2-7 days.

5-daily check for
microbial growth and
appearance of zone
of inhibition.

culture and another 4-
12 hours for
determining antibiotic
sensitivity. For a total
of about 8-24 hrs.
Quick, same day
results.

Safer, as it is a closed
system.

Safer as it is a closed
system.

Usually not needed as
testing is rapid.

May be performed
manually or
automated.

Standardization
feasible especially for
automated methods
with calibrated
machine components.
Cheap, both systems
are used in one.
Reduces costs by
giving rapid results.
For colonies culture
method:

1- apply 6 drops
positive broth culture
using needle gage 21
to Area 1 prior to the
wide first trench in
CAC-TAT agar.
2-mobilize the
drop/drops by moving
the drop/drops from
side to side to spread
maximum in area 1.
3-incubate for 4-12
hours at 37° C. Then
small bacterial
colonies will be
visible.

4-irrigate:

Inject half normal
saline through the
injection rubber using
syringe and needle,
and incubate for30
minutes to make the
colonies less sticky.
Then allow the fluid
to discard as wastage
through drainage
system of cover 2.
5-curretage:
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Comparison table between the current methods and CAC-TAT

Conventional
Mueller-Hinton agar

Conventional
Point of comparison Petri-dish agar

CAC-TAT (invention
embodiment)

Curettage all colonies
using curate or knife.
6-apply centrifuging
using 400-800 RPM
for 5-10 minutes to
collect all curettage
colonies to the tip of
the triangle to form
single large colony
within few hours
7-alternatively:
Rinsing can be used
to push colonies
toward the triangle tip
instead of curettage
method but it is less
effective.
For Antibiotic
sensitivity method:
1--obtain microbe
colony when it
becomes apparent
from previous method
or even from petri
dish, choose a large
one and use it to
produce microbe
suspension of 0.5
McFarland density
strength to use it for
the antibiotic sensitivity
2-apply 6 drops using
21 gauge needle from
the prepared microbe
suspension to area 1.
3-spread the drops to
Area 1 as before.
4-centrifuge at 400-
800 RPM for 5-10
minutes to allow for
graduated spread of
the suspension to all
areas and passing
through all trenches.
S-apply the antibiotic
strip to the last 2 or3
areas then incubate

for 4-12 hours.
6-Observe the zone of
inhibition of microbial
growth around the
antibiotic strip within
few hours and not days.

[0120] Terminology. Terminology used herein is for the
purpose of describing particular embodiments only and is
not intended to be limiting of the invention.

[0121] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items and may be abbreviated as “/”.

[0122] As used herein in the specification and claims,
including as used in the examples and unless otherwise
expressly specified, all numbers may be read as if prefaced
by the word “substantially”, “about™ or “approximately,”
even if the term does not expressly appear. The phrase
“about” or “approximately” may be used when describing
magnitude and/or position to indicate that the value and/or

position described is within a reasonable expected range of
values and/or positions. For example, a numeric value may
have a value that is +/-0.1% of the stated value (or range of
values), +/-1% of the stated value (or range of values),
+/=2% of the stated value (or range of values), +/-5% of the
stated value (or range of values), +/-10% of the stated value
(or range of values), +/-15% of the stated value (or range of
values), +/-20% of the stated value (or range of values), etc.
Any numerical range recited herein is intended to include all
sub-ranges subsumed therein.

[0123] Disclosure of values and ranges of values for
specific parameters (such as temperatures, molecular
weights, weight percentages, etc.) are not exclusive of other
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values and ranges of values useful herein. It is envisioned
that two or more specific exemplified values for a given
parameter may define endpoints for a range of values that
may be claimed for the parameter. For example, if Parameter
X is exemplified herein to have value A and also exemplified
to have value Z, it is envisioned that parameter X may have
a range of values from about A to about Z. Similarly, it is
envisioned that disclosure of two or more ranges of values
for a parameter (whether such ranges are nested, overlapping
or distinct) subsume all possible combination of ranges for
the value that might be claimed using endpoints of the
disclosed ranges. For example, if parameter X is exemplified
herein to have values in the range of 1-10 it also describes
subranges for Parameter X including 1-9, 1-8, 1-7, 2-9, 2-8,
2-7,3-9,3-8,3-7,2-8,3-7,4-6, 0or 7-10, 8-10 or 9-10 as mere
examples. A range encompasses its endpoints as well as
values inside of an endpoint, for example, the range 0-5
includes 0, >0, 1, 2, 3, 4, <5 and 5.

[0124] Spatially relative terms, such as “under”, “below”,
“lower”, “over”, “upper”, “in front of” or “behind” and the
like, may be used herein for ease of description to describe
one element or feature’s relationship to another element(s)
or feature(s) as illustrated in the figures. It will be under-
stood that the spatially relative terms are intended to encom-
pass different orientations of the device in use or operation
in addition to the orientation depicted in the figures. For
example, if a device in the figures is inverted, elements
described as “under” or “beneath” other elements or features
would then be oriented “over” the other elements or features.
Thus, the exemplary term “under” can encompass both an
orientation of over and under. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein interpreted accord-
ingly. Similarly, the terms “upwardly”, “downwardly”, “ver-
tical”, “horizontal” and the like are used herein for the
purpose of explanation only unless specifically indicated
otherwise.

[0125] The description and specific examples, while indi-
cating embodiments of the technology, are intended for
purposes of illustration only and are not intended to limit the
scope of the technology. Moreover, recitation of multiple
embodiments having stated features is not intended to
exclude other embodiments having additional features, or
other embodiments incorporating different combinations of
the stated features. Specific examples are provided for
illustrative purposes of how to make and use the composi-
tions and methods of this technology and, unless explicitly
stated otherwise, are not intended to be a representation that
given embodiments of this technology have, or have not,
been made or tested.

[0126] All publications and patent applications mentioned
in this specification are herein incorporated by reference in
their entirety to the same extent as if each individual
publication or patent application was specifically and indi-
vidually indicated to be incorporated by reference, espe-
cially referenced is disclosure appearing in the same sen-
tence, paragraph, page or section of the specification in
which the incorporation by reference appears.

[0127] The citation of references herein does not consti-
tute an admission that those references are prior art or have
any relevance to the patentability of the technology dis-
closed herein. Any discussion of the content of references
cited is intended merely to provide a general summary of

s

Dec. 9, 2021

assertions made by the authors of the references, and does
not constitute an admission as to the accuracy of the content
of such references.

1. A trianguloid culture and centrifuge system, compris-
ing:

at least one plate having an apical tip and a broader basal

end, and

at least one cover for the plate(s),

wherein said plate comprises:

a bottom surface substantially having a shape of an
isosceles triangle having an apex at one end and a
base comprising the other two points of the triangle
at the other end, and

walls around, and substantially perpendicular to, the
bottom surface defining an enclosed trianguloid
compartment suitable for containing a non-liquid
medium; and

wherein said cover fits over or in the enclosed trianguloid

compartment to form a sealed trianguloid space, and

further wherein the cover comprises an injectable sep-

tum proximal to the basal end of the plate and/or a

blades application that can produce concentric trenches

in a gel or solid medium in the plate(s).

2. The trianguloid culturing and centrifuging system of
claim 1, wherein the plate and the cover are formed from at
least one thermoplastic resin selected from the group con-
sisting of acrylic resin, polylactide resin, polyglycolic acid
resin, styrene resin, acrylic-styrene copolymer (MS resin),
polycarbonate resin, polyester resin, polyvinyl alcohol resin,
ethylene-vinyl alcohol copolymer, thermoplastic elastomer,
vinyl chloride resin, and silicone resin.

3. The trianguloid culturing and centrifuging system of
claim 1, wherein the basal end of the plate comprises a
convex arc and wherein the system substantially has the
shape of a segment, sector, or pie-slice of a circle.

4. The trianguloid culturing and centrifuging system of
claim 1, wherein the angle at the apical tip ranges from 15
to 90 degrees.

5. The trianguloid culturing and centrifuging system of
claim 1, wherein the plate has a length measured from its
apical tip to a midpoint of its base ranging from 10 to 20 cm,
and a width at its basal end ranging from 5 to 30 cm, wherein
the walls have a height ranging from 1 to 3 cm.

6. The trianguloid culturing and centrifuging system of
claim 1, wherein the bottom surface of the plate further
comprises anchors or ridges which extend from the bottom
surface into the trianguloid compartment and which are
substantially perpendicular to the bottom surface; wherein
the height of the anchors or ridges ranges from about 30 to
50% of the height of the walls of the plate.

7. The trianguloid culturing and centrifuging system of
claim 1, wherein the cover is configured to be secured to the
plate.

8. The trianguloid culturing and centrifuging system of
claim 1, wherein the cover further comprises at least one clip
on each lateral or non-basal side configured to securing to
the plate.

9. The trianguloid culturing and centrifuging system of
claim 1, wherein the cover further comprises a blades
applicator for producing concentric trenches on the surface
of a non-liquid medium contained in the plate.

10. The trianguloid culturing and centrifuging system of
claim 1, wherein the apical tip further comprises an opening
that has a filter through which a washing liquid can pass but
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which retains detached microbial colonies, thereby accumu-
lating and concentrating microbial colonies at the apical tip.

11. The trianguloid culturing and centrifuging system of
claim 1, wherein said trianguloid compartment in the plate
further comprises a non-liquid medium which covers the
bottom surface of the plate to a height of no more than 80%
of the wall height, and, when anchors or ridges are present,
to a height of at least 30% of the height of the walls of the
plate above the height of the anchors or ridges

12. The trianguloid culturing and centrifuging system of
claim 11, wherein the non-liquid medium comprises at least
one concentric trench between equilateral positions on the
lateral side walls of the plate which trench demarks at least
one distal concentric area (to the apical tip) and one proxi-
mal concentric area on the surface of the non-liquid medium.

13. The trianguloid culturing and centrifuging system of
claim 11, wherein the non-liquid medium comprises 4 to 6
concentric trenches between equilateral positions on the side
walls of the plate which trenches demark 5 to 7 separate
concentric areas on the surface of the non-liquid medium.

14. The trianguloid culturing and centrifuging system of
claim 13, wherein a first trench which is most distal from the
apical tip is about 3-5 mm wide and about 0.8 to 1.2 mm
deep and the other 3 to 5 trenches are about 0.8 to 1.2 mm
wide and deep.

15. The trianguloid culturing and centrifuging system of
claim 13, wherein the concentric trenches are spaced at
approximately equal distances from each other along the
distance between the apical tip and a midpoint of the base of
the trianguloid plate.

16. A kit comprising the trianguloid culturing and centri-
fuging system of claim 11, and/or at least one of a sample
containing a microorganism in suspension, a syringe suit-
able for applying the sample of the microorganism to the
non-liquid medium in the plate, a centrifuge configured to
rotate the plate with its apical point oriented outward from
the axis of rotation of the centrifuge, or an adaptor to
securely fit the trianguloid culturing and centrifuging system
into a centrifuge and orient the apical tips of the plates
outward from an axis of centrifugation

17. A method for preparing microbial colonies compris-
ing:

at least one drop of a broth culture containing the microbe

to an area of a non-liquid medium at the basal side of
the trianguloid plate without trenches,

securing the cover to the plate with the clips on each

lateral side of the cover,

centrifuging the plate with its apex oriented away from

the axis of centrifugation for a time and at a force
sufficient to distribute the at least one drop on the
surface of the non-liquid medium,

incubating the distributed sample for 4-12 hours at37° C.,

and
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observing microbial colonies on the surface of the gel or
solid culture medium,
18. The method of claim 17, further comprising
injecting a saline solution through the septum in the cover
to loosen the microbial colonies and curretaging the
microbial colonies to remove them from the surface of
the non-liquid medium while removing excess fluid via
a drainage tip at the apical tip of the plate or cover, and
centrifuging the covered plate with its apex oriented away
from the axis of centrifugation for a time and at a force
sufficient to collect the loosened and curettage colonies
at the apical tip of the plate.
19. The method of claim 17, further comprising producing
a suspension of the colonies collected at the apical tip by
centrifugation.
20. A method for determining sensitivity of a microbe to
an antibiotic comprising:
applying at least one drop of a broth culture containing the
microbe to an Area 1 of gel non-liquid medium in a
covered trianguloid plate, where the surface of the
non-liquid medium comprises at least five concentric
trenches defining Areas 1, 2, 3, 4, 5 and 6, wherein the
cover may be secured to the plate via a clamp on each
lateral side of the cover, and wherein the at least one
drop is aseptically injected through a septum in the
cover of the plate onto the Area 1,
centrifuging the plate with its apex oriented away from
the axis of centrifugation for a time and at a force
sufficient to distribute the at least one drop of the broth
culture on the surfaces of Areas 1,2, 3, 4,5 and 6 of the
non-liquid medium,
applying at least one antibiotic disk or strip to at least one
of Areas 2, 3, 4, 5 or 6 of the non-liquid medium,
incubating the covered plate containing distributed
sample for 4 to 8 hours at 37° C.,
measuring a zone of inhibition around the one or more
antibiotic disks or strips, and
selecting a microbe that is sensitive to the antibiotic on the
disk or strip when a zone of inhibition is observed.
21. An adaptor to securely fit the trianguloid culturing and
centrifuging system of claim 1 into a centrifuge so as to keep
the system substantially flat with respect to the ground and
s0 as to orient the apical tip of the system outward at a 90
degree angle from the axis of rotation of the centrifuge rotor,
wherein said adaptor comprises a plate or other holder that
securely clips or otherwise attaches to the exterior bottom of
the system, said plate being attached to a hinge which
attaches to the centrifuge rotor and which is adjustable so as
to keep the system flat during centrifugation, said hinge
being optionally attached to the centrifuge rotor via blank
centrifuge tube which fits into a tube holder or tube case of
a centrifuge.



