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According to an aspect, the present description is related to
an apparatus for depositing on a substrate drops of a speci-
men sample including a liquid medium and living microor-
ganisms. The apparatus includes a tray for supporting the
substrate, a container, e.g. a syringe, configured to receive a
volume of the specimen sample and a drop deposition motor
configured to push the specimen sample out of the container
to form drops of a predetermined volume that detach by
gravity and fall on the substrate. The apparatus further
includes guiding motors configured for changing a relative
position of the tray and the container and a control unit
configured to synchronize the drop deposition motor and the
guiding motors in order to deposit drops on the substrate
according to a pattern.
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FIG.1B (PRIOR ART)
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METHODS FOR COUNTING THE NUMBER
OF LIVING MICROORGANISMS
CONTAINED IN A SPECIMEN SAMPLE AND
APPARATUSES FOR IMPLEMENTING SUCH
METHODS

PRIOR ART

Technical field

[0001] The present description relates to method for
counting the number of living microorganisms contained in
a specimen sample. The present description also relates to
apparatuses adapted for implementing such methods.

Prior art

[0002] Colony counting, also referred as CFU (“Colony
Forming Unit”) is a standard method of counting the number
of living microorganisms contained in a liquid sample
capable of growth on a specific medium. This very versatile
method is the standard technique to measure the number of
bacteria for example in water or milk to ensure public safety,
in medical samples such as urine or blood to determine the
degree of infection and select the antimicrobial agent to use,
in microbiology labs to control the outcome of nearly any
experiment.

[0003] This remarkable method, summarized in FIG. 1A,
was invented at the birth of microbiology by R. Koch , R. J.
Petri and F. Hesse in 1880°s [Ref. 1] and has been used
during the last 130 years with practically no modifications.
It is based on the isolation of individual colonies of micro-
organisms comprised in a microbiological liquid sample 20
to be analysed. The method comprises dispensing a liquid
drop 21 of the microbiological liquid sample onto the
surface of a growth culture medium 11, hereafter the “plate”,
such as agar in a Petri dish 10, followed by the use of a
hand-tool 30, called “spreader”, to manually spread the
liquid sample across the surface of the medium. Such
operation is often referred to as “streaking”. After incubation
for an appropriate amount of time, isolated bacteria on the
plate that have duplicated form visible colonies 22. The
bacterial concentration is then estimated as N/V, where N is
the number of colonies and V the volume of liquid sample
deposited on the surface of the growth culture medium.

[0004] The streaking appears to be highly repetitious and
usually conducted in very high volumes in many pathology
diagnostic microbiology laboratories, such as in volumes as
high as 1,000 to 15,000 plates per day. It is tedious and
laborious work that therefore is prone to error and inaccu-
racies. Further, the liquid drop deposited at the agar surface
is small, usually in the order of 100 L, and can hardly be
distinguished from the agar surface. The operator then exerts
various streaks in all directions to spread the drop as
uniformly as possible on the surface. If the operator does not
exert enough care, the result is a sub-optimal spreading with
colonies aggregating in some part of the Petri dish. The
sub-optimality increases the errors in the estimation of the
true number of living bacteria.

[0005] While it is relatively easy to spend some time and
to be careful when only few plates have to be prepared, it
becomes difficult to keep the quality of spreading for hun-
dreds of plates. FIG. 1B shows a typical sub-optimal plating
obtained by a manual method on an 85 mm Petry dish 10.
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[0006] Further, an often-neglected phenomenon is the
damage induced to some bacteria by the physical act of
spreading [Ref. 2]. It appears that the amount of damage
increases with the time it takes to spread the microorgan-
isms, which is often necessary for a good spreading.
[0007] For all the reasons stated above, there is a need for
either partial or full automation of such CFU counting
method.

[0008] Presently, there exists one such method known as
“spiral plating” developed by Gilchrist and Campbel [Ref.
3] in 1972, and various robotic setups of this technique are
commercially available. In this method, a tube dispenses
small amount of liquid sample containing microorganisms
from a reservoir on a rotating agar plate. The rotation of the
dish is coupled to the movement of the arm holding the tube,
resulting in a spiral deposition of liquid sample on the agar
surface. Such apparatus enables reaching nearly perfect
spreads and further enables automatic dilution on a single
Petri dish. However, the tube in contact with the agar plate
and configured to dispense the liquid sample from the
reservoir is a specific equipment that requires a complete
disinfection between two uses.

[0009] There are also much more sophisticated methods
for manipulating 96 pipette tips, aspirating liquid sample
from 96 well plates and depositing them on the surface of the
agar [Ref. 4]. However, these are very expensive and cum-
bersome robots.

[0010] The present invention provides an original method
for colony counting that enables a nearly perfect spread with
standard containers such as syringes, with therefore lower
disinfection requirements.

SUMMARY

[0011] In what follows, the term “comprise” is synonym
of (means the same as) “include” and “contain”, is inclusive
and open, and does not exclude other non-recited elements.
Moreover, in the present disclosure, when referring to a
numerical value, the terms “about” and “substantially” are
synonyms of (mean the same as) a range comprised between
80% and 120%, preferably between 90% and 110%, of the
numerical value.

[0012] According to a first aspect, the present description
relates to a method for counting the number of living
microorganisms contained in a specimen sample comprising
said living microorganisms in a liquid medium, wherein the
method comprises:

[0013] providing at least a first substrate;

[0014] filling a container with a volume of said speci-
men sample;

[0015] pushing the specimen sample out of the con-
tainer to produce drops of a predetermined volume that
detach by gravity and fall on said at least first substrate;

[0016] moving the container relatively to said at least
first substrate synchronously with pushing the speci-
men sample out of the container to drop at least a first
plurality of said drops on said at least first substrate;

[0017] after a predetermined incubation period, deter-
mining an initial concentration of living microorgan-
isms in the specimen sample from the colonies of living
microorganisms developed on said at least first sub-
strate.

[0018] Compared to methods of the prior art, in the
method for counting the number of living microorganisms
according to the present description, the deposition of the
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specimen sample on the substate is contactless meaning that
no contact is required between the container and the sub-
strate and can be performed using standard containers as
syringes. Further, by dropping drops of a predetermined
volume of the specimen sample synchronously with the
relative displacement of the container and the substrate, a
perfect control of the deposition of the specimen sample on
the substrate can be achieved.

[0019] In the present description, a syringe is understood
as a container for a fluid, liquid or gas, and generally
comprises a vessel in which the quantity of the fluid is
precisely controlled and a needle at an end of the vessel. The
fluid in the vessel can be taken in or expelled from by
different mechanisms such as the action of a fitted piston or
the action of a pump controlling the pressure inside the
vessel.

[0020] According to one or further embodiments:

[0021] the liquid medium of the specimen sample com-
prises a nourishing medium adapted to develop colo-
nies of living microorganisms from said living micro-
organisms comprised in the specimen sample;

[0022] said at least first substrate is a non-wetting solid
substrate so that the drops of said first plurality of drops
produce a pattern of at least a first plurality of isolated
drops on said at least first substrate; and

[0023] said initial concentration of living microorgan-
isms in the specimen sample is determined from a ratio
between the number of empty drops in which no colony
was developed and the total number of said first plu-
rality isolated drops on said at least first substrate.

[0024] In this method, determination of the initial concen-
tration of living microorganisms in the specimen sample is
no longer made by determining the number of colonies but
is made by determining the number of empty drops, i.e. the
drops in which no colony developed. This is made possible
by producing isolated drops on the substrate instead of a
continuous flow of liquid as in the methods of the prior art.
Producing isolated drops is possible by nourishing the
specimen sample prior to its deposition on the substrate and
using a non-wetting solid substrate, while in the methods
according to the prior art, an agar plate is used, which
prevents the possibility of depositing isolated drops.
[0025] The non-wetting solid substrate may comprise
glass or plastic. It may be made for example of a so-called
Petri dish but with no growth culture medium such as agar
in it.

[0026] According to one or further embodiments, a mini-
mal edge-to-edge distance between two drops is determined
such that fusion between adjacent drops is prevented. For
example, a minimal edge-to-edge distance between two
drops is about 1 mm, more advantageously about 2 mm.
[0027] According to one or further embodiments, said first
plurality of drops comprise a minimum number of around 50
drops, advantageously a minimum number of around 150
drops, to enable a better accuracy in the counting of the
empty drops.

[0028] In some embodiments, the first plurality of drops
may be dropped on a plurality of non-wetting solid sub-
strates, thus enabling a higher number of drops and a better
accuracy.

[0029] According to one or further embodiments, said
pattern is a regular two-dimensional pattern. Such regular
two-dimensional pattern enables a better accuracy in the
counting of the empty drops. For example, the drops may be
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located at the nodes of a two-dimensional regular grid.
However, other patterns are possible.

[0030] According to one or further embodiments, the
method further comprises dropping a plurality of drops at a
same location of the pattern to increase the volume of said
isolated drops of said first plurality of isolated drops, pro-
duced on said at least first substrate.

[0031] According to one or further embodiments, said first
plurality of isolated drops are produced on a first area of said
at least first substrate and the method further comprises
producing at least a second plurality of isolated drops on a
second non-wetting solid substrate or on a different area of
said at least first substrate, wherein the isolated drops of the
first plurality of isolated drops and the isolated drops of the
second plurality of isolated drops have different volumes.
[0032] It is thus possible to determine the initial concen-
tration of the living microorganisms in the specimen sample
from different pluralities of isolated drops having different
volumes. Especially when said initial concentration is not
known, such method enables a better accuracy in the esti-
mation of the initial concentration.

[0033] According to one or further embodiments, the
method further comprises, after incubation, illuminating the
substrate with a UV light. The vast majority of microorgan-
isms, such as bacteria, produce fluorescent molecules (pro-
cess known as “auto-fluorescence”). This property may be
used in the method according to the present description to
facilitate the counting of the empty drops (or the counting of
non-empty drops).

[0034] According to one or further developments, the
method further comprises, after incubation, illuminating the
substrate with a lateral illumination, such as a light ring.
When observed from above, drops with bacteria will be seen
as light, while drops without bacteria will be seen as dark.
Such technique is akin to Dark Field imaging.

[0035] According to one or further embodiments, the
method further comprises drying the substrate after deter-
mining the initial concentration of living microorganisms to
preserve the microorganisms. Drying is made during a
predetermined drying period, for example a drying period
larger than about 2 hours. Microorganisms can be preserved
in a natural bio-membrane, which is made possible in the
aforementioned method since the substrate is a solid sub-
strate. The micro-organisms can be revived later by addition
of liquid medium into the dried trace of at least one or a
plurality of drops.

[0036] According to one or further embodiments:

[0037] said at least first substrate comprises a nourish-
ing medium adapted to develop colonies of living
microorganisms from said living microorganisms;

[0038] the determining of an initial concentration of
living microorganisms in the specimen sample com-
prises counting the number of colonies developed on
said at least first substrate.

[0039] In the above method, a traditional agar plate may
be used as the substrate. However, due to the contactless
deposition of the specimen sample on the substrate by
dropping drops of a predetermined volume, a nearly perfect
spread can be achieved in a method that doesn’t need
specific containers and thus have low disinfection require-
ments.

[0040] According to one or further embodiments, the
method according to the first aspect further comprises at
least a first dilution step of the specimen sample, thus
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enabling the determination of the concentration of the living
microorganisms in at least a second specimen sample whose
concentration in living microorganisms differs from that of
the initial specimen sample. Such dilution step enables
increasing the accuracy of the determination of the concen-
tration of the living microorganisms in the specimen sample,
especially when an order of magnitude of the concentration
is not known. A plurality of dilution steps may be performed.

[0041] For example, according to one or further embodi-
ments:
[0042] the container is filled with a first volume of the

specimen sample and the volume of the plurality of
drops dropped on said first substrate is smaller than said
first volume; the method further comprising:

[0043] after dropping the plurality of drops on said first
substrate, filling the container with a volume of liquid
medium to produce a second specimen sample of said
first volume with a smaller concentration of living
microorganisms;

[0044] dropping a plurality of drops of said second
specimen sample on a second substrate or on a second
area of said first substrate to determine the concentra-
tion of living microorganisms in said second specimen
sample.

[0045] According to a second aspect, the present descrip-
tion relates to an apparatus adapted for implementing meth-
ods according to the first aspect.

[0046] More particularly, the present description relates to
an apparatus for counting the number of living microorgan-
isms contained in a specimen sample comprising said living
microorganisms in a liquid medium, the apparatus compris-
ing:

[0047] a tray for supporting at least a first substrate;

[0048] a container configured to receive a volume of a
specimen sample;

[0049] a drop deposition motor configured to push the
specimen sample out of the container to form drops of
a predetermined volume that detach by gravity and fall
on said at least first substrate;

[0050] at least one guiding motor configured for chang-
ing a relative position of the tray and the container;

[0051] a control unit configured to synchronize the drop
deposition motor and the at least one guiding motor in
order to deposit drops on said at least first substrate
according to a pattern.

[0052] According to one or further embodiments, the
container is a syringe and the specimen sample may be
pushed out from the container by the action of a piston or by
the action of a pump.

[0053] According to one or further embodiments, the at
least one guiding motor comprises a plurality of guiding
motors, configured for changing a relative position of the
tray and the container in a plurality of directions. For
example, three guiding motors are used for changing a
relative position of the tray and the container in the three
axes of an orthonormal coordinate system.

[0054] According to one or further embodiments, the
apparatus further comprises a drop detachment detector
configured to detect the detachment of a drop from said
container.

[0055] For example, the drop detachment detector com-
prises a light emitting device and a photodetector, wherein
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the photodetector is configured to detect a variation of a light
beam emitted by the light emitting device when a drop
detaches.
[0056] Using the apparatus of the second aspect, an initial
concentration of living microorganisms in the specimen
sample can be determined, after a predetermined incubation
period, from the colonies of living microorganisms devel-
oped on said at least first substrate. Said determination can
be made according to any embodiment of the method
according to the first aspect.
[0057] More particularly, a number of empty drops in
which no colony was developed or a number of colonies
developed on said at least first substrate can be counted. The
counting can be made with the naked eye or using a camera
configured to acquire images of the substrate. Said camera
may or may not be part of the apparatus.
[0058] According to one or further embodiments, the
apparatus further comprises:
[0059] a camera configured to acquire images of the
substrate after a predetermined incubation period;
[0060] a processing unit configured to determine from
said images, an initial concentration of living microor-
ganisms in the specimen sample from the colonies of
living microorganisms developed on said at least first
substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] Other advantages and features of the invention will
become apparent on reading the description, which is illus-
trated by the following figures:

[0062] FIGS. 1A, 1B (already described) illustrate the
principle of a CFU counting method according to the prior
art implementing a manual plating step and an image of a
plating obtained by such manual method.

[0063] FIG. 2A illustrates steps of a counting method
according to the present description.

[0064] FIG. 2B illustrates embodiments of a syringe that
may be used as a container in the method according to the
present description.

[0065] FIG. 3 shows two experimental images of plates
after the incubation period, with natural light and under UV
illumination.

[0066] FIGS. 4A and 4B illustrate respectively an esti-
mated value of the mean number of microorganisms per
drop and its relative error, as a function of the relative
number of empty drops.

[0067] FIG. 5 is a schematic of an apparatus adapted for
implementing steps of the method according to the present
description.

[0068] FIG. 6A, 6B illustrate a scheme of another count-
ing method implemented using an apparatus shown in FIG.
5 and an image of a plating obtained by such manual
method.

[0069] FIGS. 7A to 7C show schemes illustrating dilution
steps in methods according to the present description.

DETAILED DESCRIPTION

[0070] In the detailed description which follows, only
some embodiments are described in detail in order to ensure
clarity of the description, but these examples are not
intended to limit the general scope of the principles that
emerge from the present description.
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[0071] The various embodiments and aspects described in
the present description may be combined or simplified in
multiple ways. In particular, the steps of the various methods
may be repeated, reversed, or performed in parallel, unless
otherwise specified.

[0072] When, in the present description, reference is made
to calculating or processing steps for the implementation in
particular of method steps, it is understood that each calcu-
lating or processing step may be implemented by software,
hardware, firmware, microcode or any appropriate combi-
nation of these technologies. When software is used, each
calculating or processing step may be implemented by
computer program instructions or software code. These
instructions may be stored in or transmitted to a storage
medium that is readable by a computer (or computing unit)
and/or be executed by a computer (or computing unit) in
order to implement these calculating or processing steps.

[0073] In the figures, identical elements are indicated by
the same references.

[0074] FIG. 2A and 2B illustrate steps of a counting
method of living microorganisms contained in a specimen
sample according to a first embodiment of the present
description.

[0075] In the method according to said first embodiment,
the specimen sample comprises said living microorganisms
in a liquid medium, wherein the liquid medium comprises a
nourishing medium adapted to develop colonies of living
microorganisms from said living microorganisms.

[0076] The method then comprises providing at least a
first solid substrate 210, filling a container with a volume of
said specimen sample, for example a syringe 230 as it will
be described in greater details with reference to FI1G. 2B, and
pushing the specimen sample out of the container (FIG. 2B)
to produce drops 221 of a predetermined volume that detach
by gravity and fall on said substrate 210.

[0077] The method further comprises moving the con-
tainer relatively to said at least first substrate synchronously
with pushing the specimen sample out of the container to
produce at least a first plurality of said drops on said at least
first substrate according to a pattern. In the method shown in
FIG. 2A, the substrate is a non-wetting solid substrate so that
the drops of the first plurality of drops form a pattern of
isolated drops 221 on the substrate, i.e. drops that don’t fuse.

[0078] Although FIG. 2A shows a single substrate, said
first plurality of isolated drops mays be produced on a
plurality of non-wetting solid substrates, especially if the
number of drops is too high for a single substrate.

[0079] The method according to said first embodiment
then comprises, after a predetermined incubation period,
determining an initial concentration of living microorgan-
isms in the specimen sample from the colonies of living
microorganisms developed on said at least first substrate. As
shown in FIG. 2A, after such incubation period, drops
separate in “non-empty drops” 222, in which colonies devel-
oped and “empty drops” 224, in which no colony was
developed. In the method shown in FIG. 2A, the determining
of the initial concentration of living microorganisms in the
specimen sample may comprise more specifically counting
the number of non-empty drops 222 or the number of empty
drops 224 in which no colony was developed, to determine
the ratio between the number of empty drops and the total
number of isolated drops, as it will be explained in greater
details below.
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[0080] Compared to methods of the prior art, in the
methods for counting the number of living microorganisms
according to the present description, by dropping drops of a
predetermined volume of the specimen sample synchro-
nously with the relative displacement of the container and
the substrate, a perfect control of the deposition of the
specimen sample on the substrate can be achieved. Further,
in the exemplary method of FIG. 2A, producing isolated
drops is made possible by nourishing the specimen sample
prior to its deposition on the substrate and using a non-
wetting solid substrate.

[0081] Further, the deposition of the specimen sample on
the substate is contactless meaning that no contact is
required between the container and the substrate and can be
performed using standard containers as syringes.

[0082] FIG. 2B shows examples of syringes 230 that may
be used in methods according to the present description. The
syringe 230 is a container for a fluid, liquid or gas, and
generally comprises a vessel 231 with a controlled quantity
of fluid 220 and a needle 232 at an end of the vessel. The
fluid in the vessel can be taken in or expelled from, by
different mechanisms such as the action of a fitted piston 233
(left figure) or the action of a pump 236 controlling the
pressure inside the vessel delimited by a fixed plug 235
(right figure). When the liquid is controlled by a piston 233,
the movement of the latter controls the level of the liquid in
the syringe. When a pump 236 is used, increasing the
internal pressure P beyond the atmospheric pressure expels
the liquid out of the syringe. Such syringes are standard
equipments that can be replaced or disinfected easily.

[0083] Determining the initial concentration of living
microorganisms in the specimen sample from the number of
empty drops 224 is now described in more details.

[0084] As previously explained in reference to FIG. 2A,
isolated drops 221 are deposited on the non-wetting solid
substrate 210, for example the solid surface of a Petri dish,
wherein said drops already contain the nourishing media. As
the drops fall on a solid surface, their contact angle is strictly
superior to 0° so that they remain isolated from one another.
The contact angle is for example superior than about 30°,
typically comprised between about 60° and about 70°. After
the appropriate incubation period, drops 222 that initially
contained more than zero microorganism will be filled with
a high concentration of bacteria and change their visual
aspect. On the other hand, drops 224 that contained no
microorganisms will remain the same and not change their
aspect.

[0085] FIG. 3 shows a typical realization of such plating,
using a square grid pattern on a 150 mm Petri dish. Distance
between two lines is 5.5 mm and images are ~80x80 cm.
Drops can either be visualized by direct observation (301) or
by autofluorescence (302) under a standard UV transillumi-
nator with an orange filter.

[0086] The method according to said first embodiment of
the present description consists of counting the relative
number P, of unfilled drops after incubation and from this
quantity, compute the actual concentration of microorgan-
isms in the liquid. It is thus referred to as “P, method” in the
present description. The method is akin to transforming the
“analog” method of spread counting known in the prior art
into a “digital” method of counting zeros and ones.

[0087] The mathematical principle of this method is now
described.
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[0088] Consider N isolated drops of a liquid containing
microorganisms at concentration C (number/mL) on a solid
substrate. Each drop has a volume V. Defining

A=CxV 1

as the mean number of organisms per drop, the probability
that initially a drop contained n organisms is Poisson dis-
tributed:

] @
" n!

where n!=1x2X . . . xn. The probability that a drop contains
no organism is therefore

Po=e™ 3)

[0089] The P, method therefore consists of counting the
number of drops Ny that after incubation have stayed the
same and determine:

N 4
Py = e
N

[0090] Relation (3) is then used to estimate directly the
mean number of organisms per drop:

A=—1n(P;) &)
where “In ( )" is the natural logarithm function.

[0091] This leads in turn to the value of microorganisms’
concentration in the original liquid:

—In(Po) ©®
=

A
c===
v

[0092] As explained above, compared to methods of the
prior art, the method according to the first embodiment does
not necessitate prior preparation of a substrate.

[0093] Further, the total amount of liquid deposited on the
surface is of order of 1 mL. After the incubation and
counting period, the Petri dish can be easily washed for
future use, circumventing waste management.

[0094] Drops may be deposited on nodes of a regular grid
pattern, as shown in FIG. 3. Therefore, only the filled/
unfilled (1/0) information is used, making the counting
extremely fast and easily automated.

[0095] Determining the drops that remain empty after
incubation can be achieved by different measurements. One
can directly observe the drops that are filled (i.e. non-empty
drops) and develop a milky halo or spots inside (FIG. 3,
301). On the other hand, most bacteria produce fluorescent
by-products [Ref. 5] that usually are a hindrance for inves-
tigators. Here, this hindrance can be put to use to observe
drops in which growth has occurred under a standard
laboratory transilluminator (FIG. 3, 302). Using fluorescent
by-products of bacteria would not be possible in known
methods of the prior art due to the fluorescence of agar in
traditional Petri dishes. Finally, after the incubation period,
Petri dishes can be allowed to dry. Upon drying, filled drops
leave very characteristic traces that can be readily identified.
The dried Petri dishes can be stored for long periods (>1
month) and living bacteria can be easily retrieved from them
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if needed. All these methods lead to the same determination
of P, within an error less than about 1%.

[0096] As shown in the non-limitative example of FIG. 3,
65 drops over 195 ones are not filled, leading to P,=0.29.
Drop volumes are V=10.5 pL, leading to C=117.2 Bact/mL.
[0097] The error estimate for the P, method is now
described. Contrary to counting methods according to the
prior art, the collisions between colonies and competition for
resources has no importance because there are no microor-
ganisms in the unfilled drops 224.

[0098] The statistical error can be estimated as follow.
[0099] We suppose that from a specimen sample compris-
ing living microorganisms at concentration C, a plurality of
N isolated drops of volume V, have been deposited. The
value of the mean number of microorganisms per drop
(equation 1 above) is A;=CV,,. The random variable X: “a
drop contains at least one microbe” is a binary variable: X=0
with probability p=e™ and X=1 with probability 1—p. This
is a Bernoulli random variable with an average value p=N
(1-p) and a standard deviation value o=\ p(1—p). The stan-
dard error o, is therefore 6 =vp(I—p)/N.

[0100] From the number N, of unfilled drops, we can
determine an estimated value p, of p and its standard error

dp.:

N @)
Pe= WO and 6p. =  pe(l = p)IN

From this estimation, we can determine an estimated value
A, of the mean number of microorganisms per drop: A =—In
(p.) and its error:

Ope 8
Ae +6Ae = —In(p. +6p.) = —In(p.) —
D

e

and therefore, the relative error R in estimation of the mean
number of microorganisms per drop is:

|0 o1 T ¥
el pelnpe) AN fp, lin(p.)l

[0101] FIGS. 4A, 4B illustrate respectively an estimated
value A, of the mean number of microorganisms per drop
and its relative error R as defined in equation (8) above, as
a function of the relative number of empty drops P,. As a
matter of example, for N=400, when the proportion of
unfilled drops is 1%, the relative error in estimation of A is
R=10%. On the other hand, when 80% of drops are empty,
R=11%. The dynamic range of the P, method is therefore
around 80, about one order of magnitude larger than the
spread method.

[0102] FIGS. 4A and 4B represent curves showing respec-
tively estimation of mean number A of bacteria per drop and
its relative error R=8A/A as a function of the proportion P,
of counted unfilled drops (equation 9 above). The theory
(curve 403) is confirmed by numerical simulations (dots
402). The number of deposited drops in this computation is
N=400.

[0103] Inthe example of FIG. 3, drops of equal volume are
arranged in the nodes of a two-dimensional regular square.
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However, drops could be arranged in the nodes of any
rectangular grid or hexagonal grid for example.

[0104] On the other hand, grids with different drop vol-
umes and/or different spacings could be imprinted on the
same or different substrates, allowing the extension of the
dynamic range of measurements.

[0105] More particularly, providing pluralities of isolated
drops of different volumes may be achieved using the
method according to said first embodiment by dropping on
a first area of the substrate a first plurality of drops of a first
predetermined volume and on another area of the substrate,
or on a different substrate, a second plurality of drops of a
second predetermined volume, for example larger than the
first volume. The second predetermined volume is for
example obtained by dropping a plurality of drops at a same
location of the pattern, thus increasing the volume of the
drops produced on the substrate.

[0106] FIG. 5 is a schematic of an apparatus 500 config-
ured for implementing steps of methods according to the
present description. In particular, such apparatus is config-
ured for depositing on a substrate 510 drops of a specimen
sample comprising a liquid medium and living microorgan-
isms.

[0107] As shown in the example of FIG. 5, the apparatus
comprises a tray 560 for supporting the substrate 510, a
container 530 configured to receive a volume of the speci-
men sample and a drop deposition motor 535 configured to
push the specimen sample out of the container to form drops
of a predetermined volume that detach by gravity and fall on
the substrate.

[0108] The apparatus 500 further comprises at least one
guiding motor configured for changing a relative position of
the tray and the container. In the exemplary apparatus of
FIG. 5, the apparatus 500 comprises the guiding motors 541,
542 and 543 for changing the relative position of the tray and
the container respectively in the directions x, y and z,
wherein x and y are two perpendicular directions contained
in the plane of the tray 560 and z is a direction perpendicular
to the plane of the tray 560. The tray 560 is for example
mobile in the y direction, while the container is for example
mobile in the x direction. Obviously, the tray and/or the
container could be mobile in at least one of the directions x,
y Or Z.

[0109] The apparatus 500 further comprises a control unit
(not shown in FIG. 5) configured to synchronize the drop
deposition motor and the at least one guiding motor in order
to deposit drops on the substrate according to a pattern. The
substrate 510 may be a Petri dish or a glass plate for
example. The tray 560 may support the substrate 510 and,
optionally, other containers for example for automatic filling
of the container 530.

[0110] The container 530 is for example a syringe, for
example as shown in FIG. 2B, configured for receiving the
specimen sample. The drop deposition motor 535 may be a
syringe driver as in the example of FIG. 5, or a pump, or any
similar device.

[0111] In operation, the substrate 510, e.g. a Petri dish, is
positioned on the tray 560 and is moved sequentially in x
and y directions relative to the container 530, e.g. a syringe,
containing the specimen sample with the living microorgan-
isms. Individual drops are formed by pushing down the
specimen sample using the motor 535, configured for either
driving a piston, or activating a pump or any similar method.
When drops reach a critical volume V, depending on the
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needle size of the syringe, they detach by gravity and fall on
the substrate 510. Synchronizing the speed of xy scan and
the motor 535 results in a perfect spread. The substrate may
be a neutral one, such as the plastic bottom of the Petri Dish
for microbial growth in isolated drops as described in the
first embodiment of the method according to the present
description. The substrate may be a classic nourishing one
such as an appropriate agarose gel, as it will be described in
reference with FIG. 6A, 6B, in a method according to a
second embodiment of the present description.

[0112] The apparatus 500 may further comprise a drop
detachment detector 570 configured to count and/or to
enhance accuracy of drop positioning on the substrate. The
drop detachment detector 570 comprises for example an
optical system, with a light emitting device, such as for
example a light-emitting diode (LED) and a photodetector
facing the light-emitting device. Due to the absorbance of
the specimen sample, the photodetector may detect a varia-
tion in a light beam emitted by the light emitting device
when a drop detaches and passes through the light beam. In
some embodiments, the container may be continuously
moving in the x direction and the drop detachment detector
570 detects the drop, thus enabling an accurate knowledge
of the position of the drop on the substrate. In some other
embodiments, the container may be moved only when a drop
is detected, thus also enabling a control of the position of the
drop on the substrate. Such drop detachment detector may
also be an electrical detector, for example an accelerometer
or force detector connected to the substrate to detect a
change of mass.

[0113] The apparatus 500 may further comprise a camera
(not shown in FIG. 5) configured to acquire images of the
substrate after a predetermined incubation period. The appa-
ratus 500 may further comprise a processing unit configured
to determine from said images, an initial concentration of
living microorganisms in the specimen sample from the
colonies of living microorganisms developed on the sub-
strate. It is thus possible to automate the counting of the
concentration of living microorganisms in the specimen
sample.

[0114] FIG. 6A illustrates a scheme of a counting method
according to a second embodiment of the present descrip-
tion. Said method may be implemented using an apparatus
as shown in FIG. 5. FIG. 6B illustrates an image of a plating
obtained by such method.

[0115] In the method according to the second embodi-
ment, the substrate 610 comprises a nourishing medium 611
(such as agarose) adapted to develop colonies of living
microorganisms from said living microorganisms. The sub-
strate may be a Petri dish filled with such nourishing
medium, as in methods according to the prior art.

[0116] As in the method according to the first embodi-
ment, the method according to the second embodiment
comprises filling a container with a volume of a specimen
sample 620 comprising the living microorganisms in a liquid
medium. The container is for example a syringe 230, as
illustrated in FIG. 2B. The method then comprises pushing
the specimen sample out of the container to produce drops
621 of a predetermined volume that detach by gravity and
fall on the substrate 610. The method further comprises
moving the container relatively to the substrate synchro-
nously with pushing the specimen out of the container to
drop a plurality of said drops on the substrate according to
a pattern and, after a predetermined incubation period,
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determining an initial concentration of living microorgan-
isms in the specimen sample from the colonies of living
microorganisms developed on the substrate.

[0117] In the method according to the second embodi-
ment, however, since the substrate already comprises a
nourishing medium, the drops, when falling on the substrate,
spread and fuse as in the counting method according to the
prior art. The initial concentration of living microorganisms
in the specimen sample is thus determined by counting the
number of colonies 622 developed on the substrate after an
incubation period, as in the CFU method according to the
prior art.

[0118] However, and contrary to the manual method
according to the prior art and illustrated in FIGS. 1A, 1B, the
method according to the second embodiment enables reli-
able, reproducible and perfect dispersion of microorganisms
on the substrate, as shown in FIG. 6B. An example of a
plating of bacteria on a 150 mm Petri dish, achieved using
an apparatus as shown in FIG. 5 and implementing the
method according to the second embodiment is shown in
FIG. 6B.

[0119] Inventors have shown that the quality of spreading
can be evaluated by a “Coefficient of Variation method”, as
described in [Ref. 6]. According to this method, the area of
the Petri dish is divided into M squares. The numbers n, of
colonies in each square are counted and the average | and
variance V, of these numbers are computed. A perfect spread
corresponds to a coefficient of variation C,=Vr /u~1, while
for a sub-optimal spreading, C,>1. While it is relatively easy
to spend some time and to be careful when only few plates
have to be made, it becomes difficult to keep the quality of
spreading when hundred plates have to be made.

[0120] FIG. 1B shows a typical sub-optimal plating
obtained by a manual method on a 85 mm Petry dish
(C,=3.8 in this example). The quality of the spreading, as
measured by the spatial coefficient of variation, is C,=1.1 in
the example of FIG. 6B, which is close to the theoretical
limit.

[0121] Obviously, the apparatus shown in FIG. 5 may be
used both to implement methods according to the first
embodiment and methods according to the second embodi-
ment, using for example different substrates specifically
adapted to each method, positioned on the tray.

[0122] FIG. 7A-7C shows schemes illustrating dilution
steps in methods according to the present description. Such
dilution steps, although illustrated in a method according to
the first embodiment (FIG. 2A, 2B), may be implemented as
well in a method according to the second embodiment (FIG.
6A).

[0123] In a first step (FIG. 7A), a volume V, of the
specimen sample containing living microorganisms at con-
centration C, is loaded into the container 230, e.g., a syringe.
Isolated drops 220 of a predetermined volume are deposited
on the surface of the Petri dish 210 and a total volume V, of
the specimen sample is pushed out of the container and. At
the end of this step, the container contains a volume V,=V -
V, of the original specimen sample.

[0124] After the end of the deposition stage shown in FIG.
7A, the container is partially emptied such that only a
volume V, of the specimen sample remains in the container
(FIG. 7B). for example, combining the linear motion of
motors X, y, z of the apparatus 500 shown in FIG. 5, the
container 230 is moved to the side of the tray at a position
X0, Yo Where an additional volume V,, of specimen sample
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into a waste vessel. At the end of this step, the container 230
contains a volume V,=V -V of the original fluid.

[0125] After the end of the step shown in FIG. 7B, the
container is filled with a volume of dilution liquid with no
microorganisms in it (FIG. 7C), so that the volume of the
new specimen sample in the container is back to V. For
example, by combining the linear motion of motors y, z, the
container 230 is moved to a side of the tray at a position X,
y, where a vessel containing the dilution liquid without
microorganisms is positioned. Reversing the direction of
motor (e), a volume V=V +V_ is loaded into the container
230. At the end of this stage, the container 230 contains
again a volume V,, of liquid with microorganisms at con-
centration C,, where

C=(V/V5)Co (10)

[0126] Therefore, a dilution factor of (V2/V0) has been
achieved. The device is now ready to deposit drops into a
new Petri dish. Of course, the steps shown in FIGS. 7A-7C
may be reproduced to provide a plurality of dilutions.
[0127] Although described by way of a number of detailed
example embodiments, the methods and apparatuses accord-
ing to the present description comprise various variants,
modifications and improvements that will be obvious to
those skilled in the art, it being understood that these various
variants, modifications and improvements fall within the
scope of the invention such as defined by the following
claims.
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Listing of claims:
1. A method for counting the number of living microor-
ganisms contained in a specimen sample comprising said

living microorganisms in a liquid medium, wherein the
method comprises:

providing at least a first substrate;
filling a container with a volume of said specimen sample;

pushing the specimen sample out of the container to
produce drops of a predetermined volume that detach
by gravity and fall on said at least first substrate;
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moving the container relatively to the substrate synchro-
nously with pushing the specimen out of the container
to produce at least a first plurality of said drops on said
at least first substrate; and

after a predetermined incubation period, determining an

initial concentration (C) of living microorganisms in
the specimen sample from the colonies of living micro-
organisms developed on said at least first substrate.

2. The method according to claim 1, wherein:

the liquid medium comprises a nourishing medium

adapted to develop colonies of living microorganisms
from said living microorganisms comprised in the
specimen sample;

said at least first substrate is a non-wetting solid substrate

so that the drops of said first plurality of drops produce
a pattern of at least a first plurality of isolated drops on
said at least first substrate; and

said initial concentration C of living microorganisms in

the specimen sample is determined from a ratio P,
between the number N, of empty drops in which no
colony was developed and the total number N of said
first plurality of isolated drops on said at least first
substrate.

3. The method according to claim 2, wherein a minimal
edge-to edge distance (d) between two drops is about 1 mm.

4. The method according to claim 2, wherein said pattern
is a regular two-dimensional pattern.

5. The method according to claim 2, further comprising
dropping a plurality of drops at a same location of the pattern
to increase the volume of said isolated drops of said first
plurality of isolated drops produced on said at least first
substrate.

6. The method according to claim 2, wherein said first
plurality of isolated drops are produced on a first area of said
at least first substrate and the method further comprises
producing at least a second plurality of isolated drops on a
second non-wetting solid substrate or on a different area of
said at least first substrate, wherein the isolated drops of the
first plurality of isolated drops and the isolated drops of the
second plurality of isolated drops have different volumes.

7. The method according to claim 2, further comprising,
after incubation, illuminating the substrate with a UV light.

8. The method according to claim 1, wherein:

said at least first substrate comprises a nourishing medium

adapted to develop colonies of living microorganisms
from said living microorganisms;

the determining of an initial concentration (C) of living

microorganisms in the specimen sample comprises
counting the number of colonies developed on said at
least first substrate.

9. The method according to claim 1, wherein the container
is filled with a first volume (V) of the specimen sample and
the volume (V) of the plurality of drops dropped on the first
substrate is smaller than said first volume; the method
further comprising:

after dropping the plurality of drops on the substrate,

filling the container with a volume of liquid medium to
produce a second specimen sample of said first volume
(V,) with a smaller concentration (C,) of living micro-
organisms;

dropping a plurality of drops of said second specimen

sample on a second substrate or on a second area of said
first substrate to determine the concentration of living
microorganisms in said second specimen sample.
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10. An apparatus for counting the number of living
microorganisms contained in a specimen sample comprising
said living microorganisms in a liquid medium, the appara-
tus comprising:

a tray for supporting at least a first substrate;

a container configured to receive a volume of said speci-

men sample;

a drop deposition motor configured to push the specimen
sample out of the container to form drops of a prede-
termined volume that detach by gravity and fall on said
at least first substrate;

at least one guiding motor configured for changing a
relative position of the tray and the container; and

a control unit configured to synchronize the drop depo-
sition motor and the at least one guiding motor in order
to deposit drops on said at least first substrate according
to a pattern.

11. The apparatus according to claim 10, wherein the

container is a syringe.

12. The apparatus according to claim 10, further com-
prising a drop detachment detector configured to detect the
detachment of a drop from said container.

13. The apparatus according to claim 12, wherein the drop
detachment detector comprises a light emitting device and a
photodetector, wherein the photodetector is configured to
detect a variation of a light beam emitted by the light
emitting device when a drop detaches.

14. The apparatus according to claim 10, further com-
prising:

a camera configured to acquire images of the at least first

substrate after a predetermined incubation period; and

a processing unit configured to determine from said
images, an initial concentration of living microorgan-
isms in the specimen sample from the colonies of living
microorganisms developed on the at least first sub-
strate.

15. The method according to claim 2, wherein a minimal

edge-to edge distance (d) between two drops is about 2 mm.

16. A method for counting the number of living micro-
organisms contained in a specimen sample comprising said
living microorganisms in a liquid medium, wherein the
method comprises:

filling a container with a volume of said specimen sample;

pushing the specimen sample out of the container to
produce drops of a predetermined volume that detach
by gravity and fall on at least a first substrate;

moving the container relatively to the substrate synchro-
nously with pushing the specimen out of the container
to produce at least a first plurality of said drops on said
at least first substrate; and

after a predetermined incubation period, determining an
initial concentration (C) of living microorganisms in
the specimen sample from the colonies of living micro-
organisms developed on said at least first substrate.

17. The method according to claim 16, wherein:

the liquid medium comprises a nourishing medium
adapted to develop colonies of living microorganisms
from said living microorganisms comprised in the
specimen sample;

said at least first substrate is a non-wetting solid substrate
so that the drops of said first plurality of drops produce
a pattern of at least a first plurality of isolated drops on
said at least first substrate; and
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said initial concentration C of living microorganisms in
the specimen sample is determined from a ratio P,
between the number N, of empty drops in which no
colony was developed and the total number N of said
first plurality of isolated drops on said at least first
substrate.

18. The method according to claim 17, wherein a minimal
edge-to edge distance (d) between two drops is about 1 mm.

19. The method according to claim 17, further compris-
ing:

dropping a plurality of drops at a same location of the

pattern to increase the volume of said isolated drops of
said first plurality of isolated drops produced on said at
least first substrate.

20. The method according to claim 17, wherein said first
plurality of isolated drops are produced on a first area of said
at least first substrate and the method further comprises
producing at least a second plurality of isolated drops on a
second non-wetting solid substrate or on a different area of
said at least first substrate, wherein the isolated drops of the
first and second plurality of isolated drops have different
volumes.
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