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Description
FIELD OF THE INVENTION

[0001] The presentinvention is in the field of rapid de-
tection of microbial contamination. In particular, the
present invention relates to a system for rapid detection
of microbial contamination in fluid samples, in particular
microbial contamination originating from faeces. A sys-
tem ofthe invention comprises a device for concentrating
bacteria from a fluid sample as part of a kit for detecting
microbial contamination and a method for detecting mi-
crobial contamination in water specimens using the in-
ventive device.

BACKGROUND OF THE INVENTION

[0002] In developing countries many millions of people
fall victim to waterborne diseases each year. Yearly
about 250 million new cases of waterborne infections are
reported world-wide, resulting in 1.8 million fatalities en-
suing from diarrhoeal diseases, of which 90% are chil-
dren under the age of 5. In India alone, yearly 320 thou-
sand children die from diarrhoea. Almost invariably this
is due to a lack of reliable and cost-effective water pro-
duction technology, sanitation and hygiene, resulting in
unsafe water or water of poor bacteriological quality.
Moreover, there is a lack of systems for assessing the
bacteriological quality of water. Use of safe drinking water
can reduce diarrhoeal morbidity by between 6 to 25%. If
water is unsafe, it can be treated. In fact, chlorination at
point of use can decrease diarrhoea by 3510 39%. There-
fore, there is a need for systems for assessing the bac-
teriological quality of water at the point of use, to deter-
mine whether treatment is necessary.

[0003] The most common cause of waterborne dis-
ease is faecal contamination. Most often, drinking water
is contaminated with animal and human excrement. Fae-
cal contamination of drinking water is usually not noticed
due to lack of affordable diagnostic methods. In order to
detectfaecal contamination use can be made of so-called
indicator organisms. An indicator organism to detect fae-
cal contamination: i) is universally present in large num-
bers in the faeces of humans and warm-blooded animals;
ii) readily detected by simple methods; iii) exhibits no
growth in natural waters; and iv) persists in water and
can be removed by water treatment similar to waterborne
pathogens. A very suitable faecal indicator organism, and
the one designated by the World Health Organization
(WHO) for that purpose, is Escherichia coli. More pre-
cisely, an indication of faecal contamination can be ob-
tained by the determination of the number per 100 ml of
water of coliforms (facultatively-anaerobic, rod-shaped,
Gram-negative, non-sporulating bacteria that ferment
lactose; including for instance species of the genera Es-
cherichia, Enterobacter, Kebsiella and Citrobacter) and
especially the thermotolerant coliform Escherichia coli.
[0004] With respect to the test system for detecting
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Escherichia coli, the WHO has introduced the acronym
ASSURED to describe the ideal properties and criteria
of a diagnostic test which stands for: Affordable (forthose
at risk of infection); Sensitive (few false negatives); Spe-
cific (few false positives); User-friendly (simple to perform
and requiring minimal training); Rapid (to enable treat-
ment at first visit) and robust (does not require refriger-
ated storage); Equipment-free; and Deliverable to devel-
oping countries. Numerous methods have been used for
the detection of coliforms and E. coli in water. These
detection methods can be based on for instance cultiva-
tion, enzyme reaction, and immunological or genetic de-
tection. Currently there are more than 30 alternative as-
says commercially available to detect coliforms and E.
coli. Most of these tests do not comply withthe ASSURED
criteria for speed and sensitivity, or for not being equip-
ment free. In fact, most require a dedicated laboratory in
order to meet the most essential test criteria for being
sensitive and specific. It should be understood, however,
that a rapid field test for faecal contamination that is less
sensitive than the laboratory tests may result in a signif-
icant reduction of sick people and save lives. Thus, a
sensitive laboratory test is not always more useful than
aless-sensitive, but rapid and specific field test that does
the job, i.e. that tells the user that the water is unsafe to
drink.

[0005] Thus,thereisaneedforasimple,cheap, robust
and fast test method for on site detection of faecal con-
tamination in water. Such a method will be used more
frequently, at more places by more people and can warn
people earlier, and as a consequence, save lives.

SUMMARY OF THE INVENTION

[0006] The present inventors have now discovered
that a diagnostic test system can be developed that is
capable of detecting coliforms and E. coliand that is sim-
ple, cheap, robust and fast and suitable for on site de-
tection of faecal contamination of water specimens. The
diagnostic test system combines solid phase adsorption
of microbial cells with specific growth and enzymatic de-
tection of adsorbed cells.

[0007] In afirst aspect, the present invention provides
a device for concentrating micro-organisms from a liquid
specimen, comprising:

(i) a filter housing comprising:

a) a liquid inlet through which said liquid speci-
men can enter the filter housing and adapted for
engaging with said liquid specimen,

b) a liquid outlet through which said liquid spec-
imen can leave the filter housing and adapted
for sealably engaging with a hypobaric chamber,
and

¢) a liquid-permeable bed of an adsorbent ma-
terial housed in the filter housing between said
liquid inlet and liquid outlet and capable of ad-
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sorbing micro-organisms, whereby when a pres-
sure differential is applied across the filter hous-
ing the liquid specimen is drawn into the filter
housing via the liquid inlet and passes through
said liquid-permeable bed of an adsorbent ma-
terial before leaving via said liquid outlet;

ii) @ hypobaric chamber having a liquid inlet adapted
for sealably engaging with the liquid outlet of said
filter housing andfurther having an air outlet for evac-
uating air from said hypobaric chamber; and
ii) a vacuum pump adapted for sealably engaging
with the air outlet of said hypobaric chamber.

[0008] In a preferred embodiment of a device of the
invention the filter housing is essentially cylindrical and
translucent at the position of the bed of an adsorbent
material, and wherein said housing preferably has an in-
ner volume of between 1 and 10 ml.

[0009] Inanother preferred embodiment of a device of
the invention the adsorbent material has a positively
charged surface and is selected from the group consist-
ing of insoluble metal hydroxides, lectins on a support
material, carbodiimides on a support material, cationic
polymers on a support material, anion exchange resins,
and positively charged electrodes.

[0010] In the instance that the adsorbent material is
based on cationic polymers, such polymers are prefera-
bly selected from poly-L-lysine, polyethyleneimine and
combinations thereof.

[0011] In the instance that the adsorbent material is
based on insoluble metal hydroxides, such insoluble met-
al hydroxides are preferably selected from hydroxyapa-
tite, zirconium hydroxide, titanium hydroxide and hafnium
hydroxide. In a most preferred embodiment the adsorb-
ent material is hydroxyapatite.

[0012] The liquid from a specimen of which the micro-
organisms are concentrated using the device of the in-
stantinvention is preferably water, most preferably drink-
ing water.

[0013] The vacuum pump is preferably a hand vacuum
pump.

[0014] In another aspect, the present invention pro-
vides a system for detecting micro-organisms in a liquid
specimen, comprising:

i) a device for concentrating micro-organisms from
a liquid specimen according to the invention as de-
scribed above;

ii) a kit for the detection of said micro-organisms by
detecting enzymatic activity specific for said micro-
organism comprising a chromogenic and/or fluoro-
genic substrate and a liquid growth medium, said
substrate preferably being in the form of a supple-
ment for said growth medium; and optionally

iii) instructions for assembling, operating and disas-
sembling the device, and/or detecting micro-organ-
isms concentrated in said device by using said de-
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tection Kit.

[0015] In a preferred embodiment of a system of the
present invention, the kit is for the detection of coliforms
and/or E. coliby detecting enzymatic activity of B-D-ga-
lactosidase and/or B-D-glucuronidase, respectively.
[0016] Suitable chromogenic or fluorogenic substrate
for detection of B-D-glucuronidase and/or -D-galactos-
idase activity include, but are not limited to 4-methylum-
belliferyl-3-D-glucuronide (MUG); ortho-nitrophenyl 3-D-
glucuronide (ONPG); para-nitrophenyl -d-glucuronide
(PNPG); B-naphthalamide-B-D-glucuronide; 6-bromo-2-
naphthyl B-D-glucuronide; 5-bromo-4-chloro-3-indolyl B-
D-glucuronide (BCIG or X-glucuronide); a-napthol-B-D-
glucuronide; 4-methylumbelliferyl-3-D-galactopyrano-
side (MUGal), ortho-nitrophenyl-B-D-galactopyranoside
(ONPGal); para-nitrophenyl-p-D-galactopyranoside
(PNPGal);  6-chloro-3-indolyl-B-D-galactopyranoside
(Salmon-Gal), 5-bromo-4-chloro-3-indolyl B-D-galacto-
pyranoside (X-Gal); 4-nitrophenyl 1-thio-B-D-galacto-
pyranoside (NPSGal), 6-bromo-2-naphthyl-B-d-galacto-
pyranoside; 3,4-dinitrophenyl B-D-galactopyranoside
(DNPGal), functional derivatives, and combinations
thereof.

[0017] Preferably,the liquid growth mediumcomprises
allolactose, isopropyl-B-D-thiogalactopyranoside (IPTG)
and/or lactose, in order to induce the enzymes of which
the activity is to be detected (i.e. B-D-glucuronidase
and/or B-D-galactosidase).

[0018] Inyetanotheraspect,the presentinventionpro-
vides a method for detecting micro-organisms in a liquid
specimen, said method comprising the steps of:

a) engaging a liquid inlet of a filter housing with a
liquid specimen, wherein said filter housing has a
liquid outlet and houses a liquid-permeable bed of
an adsorbent material in between said liquid inlet
and said liquid outlet, wherein said adsorbent mate-
rial is capable of adsorbing micro-organisms;

b) placing the liquid outlet of said filter housing in
fluid communication with a liquid inlet of a hypobaric
chamber, by means of a sealed passageway there-
between; and

c) applying a pressure differential across the filter
housing that extends to the liquid specimen via the
liquid inlet of said filter housing to draw the liquid
specimen into the filter housing via said liquid inlet
and to pass through said liquid-permeable bed of an
adsorbent material before leaving the filter housing
via said liquid outlet, wherein said differential pres-
sure is applied by evacuating air from said hypobaric
chamber via an air outlet using a vacuum pump
thereby placing the filter housing under a relative
vacuum and adsorbing onto the liquid-permeable
bed of an adsorbent material said micro-organisms
present in said liquid specimen;

d) continue applying a pressure differential across
the filter housing until an effective amount of said
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liquid specimen has passed through said liquid-per-
meable bed of an adsorbent material;

e) incubating for an effective period of time at a pre-
ferredtemperature between 30 and 45°C, said liquid-
permeable bed of an adsorbent material (through
which said liquid specimen has passed) with a liquid
growth medium supplemented with a chromogenic
and/or fluorogenic substrate in order to detect enzy-
matic activity of micro-organisms; and

f) monitoring the development of a chromogenic or
fluorescent color to establish the presence or ab-
sence of micro-organisms adsorbed to adsorbent
material, wherein the presence of micro-organisms
adsorbed to said adsorbent material indicates the
presence of micro-organisms in said liquid speci-
men.

[0019] In a preferred embodiment of a method of the
invention the filter housing is essentially cylindrical and
translucent at the position of the bed of an adsorbent
material, and wherein said housing preferably has an in-
ner volume of between 1 and 10 ml.

[0020] In another preferred embodiment of a method
of the invention the adsorbent material has a positively
charged surface and is selected from the group consist-
ing of insoluble metal hydroxides, lectins on a support
material, carbodiimides on a support material, cationic
polymers on a support material, anion exchange resins,
and positively charged electrodes.

[0021] In the instance that the adsorbent material is
based on cationic polymers, such polymers are prefera-
bly selected from poly-L-lysine, polyethyleneimine and
combinations thereof.

[0022] In the instance that the adsorbent material is
based on insoluble metal hydroxides, such insoluble met-
al hydroxides are preferably selected from hydroxyapa-
tite, zirconium hydroxide, titanium hydroxide and hafnium
hydroxide. In a most preferred embodiment the adsorb-
ent material is hydroxyapatite.

[0023] The liquid in a specimen of which the micro-
organisms are detected using the method of the instant
invention is preferably water, most preferably drinking
water.

[0024] The vacuum pump is again preferably a hand
vacuum pump.
[0025] In further preferred embodiments of the inven-

tion, the liquid growth medium and the chromogenic
and/or fluorogenic substrate are for the detection of col-
iforms and/or E. coliby detecting enzymatic activity of B-
D-galactosidase and/or B-D-glucuronidase, respectively.
For that purpose, a method of the invention may very
suitably be performed by selecting a chromogenic or
fluorogenic substrate from the group consisting of 4-
methylumbelliferyl-3-D-glucuronide (MUG); ortho-nitro-
phenyl B-D-glucuronide (ONPG); para-nitrophenyl B-d-
glucuronide (PNPG); B-naphthalamide-B-D-glucuronide;
6-bromo-2-naphthyl B-D-glucuronide; 5-bromo-4-chloro-
3-indolyl B-D-glucuronide (BCIG or X-glucuronide); a-
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napthol-B-D-glucuronide; 4-methylumbelliferyl-B-D-ga-
lactopyranoside (MUGal), ortho-nitrophenyl-3-D-galact-
opyranoside (ONPGal); para-nitrophenyl-B-D-galacto-
pyranoside (PNPGal); 6-chloro-3-indolyl-B-D-galacto-
pyranoside (Salmon-Gal), 5-bromo-4-chloro-3-indolyl -
D-galactopyranoside (X-Gal); 4-nitrophenyl 1-thio-B-D-
galactopyranoside (NPSGal), 6-bromo-2-naphthyl-B-d-
galactopyranoside; 3,4-dinitropheny| B-D-galactopyran-
oside (DNPGal), functional derivatives, and combina-
tions thereof.

[0026] In a preferred embodiment of a method of the
invention, the liquid growth medium comprises allolac-
tose, isopropyl-B-D-thiogalactopyranoside (IPTG) and/or
lactose.

[0027] Inyetanother preferred embodiment, the pres-
ence of micro-organisms adsorbed to the adsorbent ma-
terial is indicative of a potential contamination of said
liquid specimen with faecal bacteria.

DESCRIPTION OF THE DRAWINGS
[0028]

Figure 1 illustrates a device according to the present
invention indicating the various elements: vacuum
pump (1), hypobaric chamber (2), filter housing (3),
connective tubing (4). A typical water sample is in-
dicated (5).

Figure 2 shows a photograph (left) and a schematic
drawing (right) of the filter housing of the present
invention, indicating the various elements in more
detail. Filter housing (1) (in this photograph a dispos-
able syringe), pre-filter (coarse) (2), bed of adsorbent
material (3), post-filter (fine) (4), liquid inlet (5), liquid
outlet (6). The direction of the flow of the liquid spec-
imen is indicated by an arrow.

Figure 3 shows a photograph of the filter housing (1)
(in this photograph a disposable syringe), pre-filter
(coarse) (2), bed of adsorbent material (3), post-filter
(fine) (4), liquid inlet (5), liquid outlet (6). The filter
was used to process 10 L of liquid specimen with E.
coli. A syringe plunger (7) was used to draw chro-
mogenic culture liquid (in this case Cohlert®) into
the filter housing through the liquid outlet in the di-
rection indicated by an arrow. After incubation for
several hours at 37°C the chromogenic liquid has
changed from a clear solution into a yellow coloured
solution due to metabolic conversion by de micro-
organism.

Figure 4 shows the total time from the start of sam-
pling until the observation of a positive test result (in
this case ayellow colour), depending on the concen-
tration of viable Escherichia coli strain K12 bacteria
in a liquid specimen (test sample). This total test time
includes the filtration of the 10 L liquid specimen and
incubation with a chromogenic solution (in this case
Colilet®) at 37°C. For this test the E. coli bacteria
were pre-grown in Tryptic Soy Broth medium (Oxoid)
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and diluted in a physiological salt solution (0.9% Na-
Cl) to the appropriate test concentrations.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0029] The term "micro-organism", as used herein re-
fers to a diverse group of minute, simple life forms that
include archeae, bacteria, yeast, algae, fungi, protozoa,
and viruses.

[0030] Theterm "insoluble metal hydroxides" includes
reference to hydroxyapatite.

[0031] Theterm "hydroxyapatite” and the abbreviation
"HA", as used herein, refer to a hydroxylated calcium
phosphate, in particular to the substance known as hy-
droxyapatite per se (Cao(PO,4)g(OH), or Cag(PO4);0H,
synonym: (penta)calcium triphosphate having a (stoichi-
ometric) Ca/P ratio of 1.67), but also to:

- calcium-deficient hydroxyapatite Cayq.,(HPO,4),
(PO4)6x(OH)o, (0 < x < 1) with Ca/P ratio varying
from 1.4 to 1.67;

- simulated, synthetic or precipitated hydroxyapatite
(PHA) having a Ca/P molar ratio of 1.4-1.8

- hydroxyapatite containing traces of fluor, chlorine
and/or carbonate

- mixtures of two or more of the above

- composites comprising one of the above

[0032] The terms "fluidly connected" and "fluid com-
munication®, as used herein, are equivalent and refer to
the presence of a passageway providing a sealed com-
munication that permits passage of liquids and/or gases
between items thus connected.

[0033] The present invention relates to a system for
detecting microbial contamination of a liquid specimen
comprising a device for concentrating micro-organisms
from a liquid specimen essentially as displayed in Figure
1 (the numbers indicate the reference numbers in Figure
1), consisting essentially of three separate parts that may
be interconnected and disconnected, or that may be as-
sembled and combined by integration into a single part.
These three parts include means for creating hypobaric
conditions in a hypobaric chamber (e.g. a vacuum pump)
(1), a hypobaric chamber (2) and a filter housing (3) com-
prising the liquid-permeable bed of an adsorbent mate-
rial. The device may in principle take any shape, form or
configuration suitable.

[0034] The liquid specimen may be any type of liquid,
but is preferably water.

[0035] The system of the invention can be operated
using very simple methods. The three parts of the device
must be functionally interconnected. This can be
achieved by connecting both the air inlet of the vacuum
pump (1) and the liquid outlet of the filter housing (3) via
a suitable conduit, such as a flexible tubing (4), to sepa-
rate ports of the hypobaric chamber (2). The device of
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the present invention may thus be easily assembled and
disassembled. For operation, the filter housing is then
brought into contact with a suitable liquid source (5), and
hypobaric conditions are created in the hypobaric cham-
ber (2) by activating the means (1).

[0036] The filter housing of the present invention is
preferably provided in a sterile (aseptic) packaging,
which allows transport and storage without premature
contamination of the filter housing. For assembly of the
device of the present invention, the sterile filter housing
is preferably removed aseptically from the sterile pack-
aging and connected aseptically to the remainder of the
device.

[0037] The device of the present invention comprises
afilter housing. The filter housing may be of any suitable
rigid material such as glass, metal, polystyrene, polyacr-
yl, polyamide, polyethylene, polypropylene, acrylate
butadiene styrene (ABS), polyvinylchloride (PVC), nylon,
ethylene-vinylacetate (EVA), polyethylene terephthalate
(PET) and combinations thereof. The material may for
be all clear, white, black or transparent or light-blocking
and may in principle be of any colour. The filter housing
is preferably essentially cylindrical and translucent at an
area between 1 to 5 cm surrounding the position of the
bed of adsorbent material, enabling (visual) monitoring
of the chromogenic reaction. The filter housing needs not
be very large, in fact a conventional syringe is very suit-
able for use as the filter housing. Such a syringe can
have an inner volume of between 1 and 100 ml. Gener-
ally, an inner volume of between 1 and 10 ml may be
sufficient to house an amount of adsorbent material ca-
pable of adsorbing the micro-organisms form as much
of 20 litres of water.

[0038] The filter housing is provided with a liquid inlet
through which said liquid specimen can enter the filter
housing and adapted for engaging with said liquid spec-
imen. Such an adaptation may include a tip or a port
connected to a tubing that can be submerged below the
liquid surface. It should be noted that due to this adap-
tation, systems and methods of the invention as de-
scribed herein below in more detail, do not require the
provision of asample. In fact, the device canbe contacted
directly with the water body of which the potential faecal
contamination is to be determined. This increases the
reliability of the systems and methods.

[0039] Thefilter housingisfurther provided with aliquid
outlet through which said liquid specimen can leave the
filter housing. The liquid outlet is adapted for sealably
engaging with a hypobaric chamber. Such an adaptation
may comprise a port for the connection of tubing. The
filter housing may be made heavier than waterto promote
submersion in liquid.

[0040] The filter housing is further provided with a lig-
uid-permeable bed of an adsorbent material. In order to
be liquid-permeable, the adsorbent material may be po-
rous or may take the form of a granulate wherein the
liquid can flow through the space between the granules.
Pores will suitably have a size of between 5 pm and 1
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mm. Also the granules may have a size of between 5 pm
and 1 mm. The adsorbent material is preferably housed
in the filter housing in the form of a bed through which
the liquid must pass. The term bed merely refers to the
fact that the liquid cannot flow next to the absorbent ma-
terial, but that it will flow through the intra- and/or extra-
granular pores and comes into contact with the surface
of the absorbent material, while flowing from the inlet to
the outlet. Practically, the bed may be housed in the cy-
lindrical housing in the form of a disk having a thickness
of 0.1-10 cm, and a diameter equal to the inner diameter
of the filter housing.

[0041] The adsorbent material is capable of adsorbing
micro-organisms. Any material, of which it is known that
micro-organisms can adsorb to it, can be used. Prefera-
bly, the micro-organisms are adsorbed by means of elec-
trostatic interaction, i.e., by charge difference. To that
effect, the adsorbent material may suitably be based on
insoluble metal hydroxides such as hydroxyapatite, zir-
conium hydroxide, titanium hydroxide and hafnium hy-
droxide; lectins on a support material; carbodiimides cov-
alently conjugated to a support material, preferably par-
ticulate material with a size of between 5 pmand 1 mm;
cationic polymers on a support material such as poly-L-
lysine, polyethyleneimine and combinations thereof; an-
ion exchange resins; and positively charged electrodes.
Alternatively, positively charged adsorbent materials
which may be used are materials comprising metal ox-
ides wherein the metal is selected from aluminium, cal-
cium, cerium and zirconium. These materials may be pro-
duced cost-effectively in large amounts as inorganic na-
noparticles using flame-spray synthesis technology and
are known to effectively adsorb and remove DNA and
viruses from water (Link et al., 2007, Inorganic nanopar-
ticles for transfection of mammalian cells and removal of
viruses from aqueous solutions. Biotechnology and Bio-
engineering 98(5)1083-1093). The highly adsorbent na-
noparticles may have a specific surface area between
50 and 250 m2 ¢! and a particle size between 5 and 50
nm and filtration and micro-organism removal may be
most effective when they are deposited on a suppott ma-
terial (Boccaccini and Zhitomirski, 2002, Application of
electrophoretic and electrolytic deposition techniques in
ceramics processing. Current Opinion in Solid State and
Materials Science 6:251-260; Dierstein et al., 2001, Elec-
trochemical deposition under oxidizing conditions
(EDOC): a new synthesis for nanocrystalline metal ox-
ides. Scripta mater. 44:2209-2212; Ding et al., 2004, Pol-
ymer-Monomer pairs as a reaction system for the syn-
thesis of magnetic Fe304-Polymer hybrid hollow nano-
spheres. Angew. Chem. Int. Ed. 43:6369-6372).

[0042] In a most preferred embodiment the adsorbent
material is hydroxyapatite. Suitable forms of hydroxyap-
atite are crystalline or ceramic granular or particulate hy-
droxyapatite, typically having a (spherical) particle size
of between 5 pm and 1 mm. The hydroxyapatite may be
in a macroporous form, wherein a pore size of between
5 pmand 1 mm is suitable. Particle sizes and pore sizes
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of the adsorbent (and/or support) material may be ad-
justed to control the flow of liquid through the bed of ad-
sorbent material.

[0043] As a support material use can be made of hy-
droxyapatite spheres, or any other mineral particles of
the appropriate size. Suitable particles include particles
prepared from inorganic materials, such as silicates,
glass, metal, ceramics, and clay minerals; and particles
of organic materials, such as paper, wood, latex or syn-
thetic polymers (e.g. plastics). The particles should have
an approximate size between 5 pm and 1 mm. The par-
ticles may be solid or porous.

[0044] Alternatively, as a support material, an open-
cell foam or wadding (a soft mass or sheet of fibres) of
synthetic material, with pore sizes between 5 pm and 1
mm, may be used, such as stone wadding, polyurethane,
neoprene, polyolefin or paper.

[0045] Inorderto preventclogging of the liquid-perme-
able bed of adsorbent material and to keep the bed in
place, a pre-filter may be placed in front of the adsorbent
matetrial (that is in the direction of the liquid inlet). Such
a pre-filter may for instance be made of porous poly-
urethane (open cell) foam, porous neoprene, porous
polyolefin or stone wadding.

[0046] In order to prevent inadvertent removal of the
adsorbent material from the bed as a result of the liquid
flow, especially when the adsorbent material is provided
in granular form, a post-filter may be placed at the back
of the adsorbent material (that is in the direction of the
liquid outlet). Such a post-filter may for instance be made
of porous polyurethane (open cell) foam, porous neo-
prene, porous polyolefin or stone wadding.

[0047] Suitable pre- and post-filters have a surface
size so as to essentially cover the bed of adsorbent ma-
terial on either side. The thickness of the pre-and post-
filters may be 0.1 to 10 cm or more.

[0048] The device ofthe presentinvention furthercom-
prises a hypobaric chamber. The term refers to a hollow
space in which a relative vacuum can be established.
The chamber is an essentially closed element of any
shape. Very suitably, the chamber is formed by the inte-
rior of a housing having an essentially cylindrical side
wall (hypobaric chamber wall) and having a closed top
and bottom end, but other shapes are equally suitable.
The liquid inlet and air outlet may in principle be posi-
tioned in the wall, top or bottom end of the chamber, but
are preferably provided in the top end of the chamber.
The purpose of the hypobaric chamber is to provide a
relative vacuum extending via the liquid outlet of the filter
housing, via the liquid-permeable filter bed to the liquid
inlet of the filter housing to draw the liquid specimen into
thefilter housing. The purpose of the hypobaric chamber
is further to provide a relative vacuum of essentially con-
stant level in order to provide for a constant flow of liquid
through the liquid-permeable bed of adsorbent material.
[0049] Since generally an amount of several litres of
liquid will be drawn towards the source of the relative
vacuum and to flow through the bed of an adsorbent ma-
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terial in order to concentrate sufficient numbers of micro-
organisms on the adsorbent material for subsequent de-
tection, this liquid will initially fill the filter housing (which
has aninternal volume of generally not more than 1-1000
mL) and upon continuation of the application of a relative
vacuum in the hypobaric chamber and the ensuing a
pressure differential across the filter housing, the filtered
liquid will start to flow out of the filter housing via the liquid
outlet through the sealed passageway (between the filter
housing and the hypobaric chamber) and eventually into
the hypobaric chamber. As a consequence, the hypobar-
ic conditions in said chamber will deteriorate due to the
entry of liquid. To that end, the hypobaric chamber will
comprise a liquid collection moiety. Very suitable, the lig-
uid collection moiety may be comprised by the lowest
part of the chamber (effectively that part where thefiltered
liquid is collected). In orderto prevent deterioration of the
hypobaric conditions in the chamber, the filtered liquid
may be evacuated from the hypobaric chamber, for in-
stance via a liquid-permeable and airimpermeable mem-
brane or by a gravity-valve, preventing the entry of air
into the hypobaric chamber, but allowing the release or
discharge of liquid from the chamber. In a further alter-
native embodiment, the liquid can be removed before
entry into the hypobaric chamber, for instance by provid-
ing discharge or storage or collection means in or at the
location of the passageway between the filter housing
and the hypobaric chamber. In a preferred embodiment
the hypobaric chamber is formed by the internal space
of a storage or collection vessel, by evacuating air from
that vessel, and the deterioration of the hypobaric con-
ditions is remedied by further evacuation of air from the
chamber using the vacuum pump.

[0050] The hypobaric chamber may be prepared from
any suitable material that can withstand a slight hypo-
baric condition without collapsing in itself. The chamber
may be of any suitable rigid material such as glass, metal,
polystyrene, polyacryl, polyamide, polyethylene, poly-
propylene, acrylate butadiene styrene (ABS), polyvi-
nylchloride (PVC), nylon, ethylene-vinyl acetate (EVA),
polyethylene terephthalate (PET) and combinations
thereof. The material may for instance be all clear, white,
black ortransparent or light-blocking and may in principle
be of any colour.

[0051] Itshould be noted thatthe liquid collected in the
liquid collection moiety of the hypobaric chamber is low
in micro-organisms, because most micro-organisms will
have been removed from the liquid through adsorption
to the liquid-permeable bed of adsorbent material. In
casethe liquidis water, this water will be microbiologically
saferthanthe original water specimen tested for contam-
ination. Thus, the device of the present invention may
also be used to reduce the microbial load of liquids.
[0052] The device ofthe presentinvention furthercom-
prises means for creating hypobatric conditions in the hy-
pobaric chamber. The means for creating hypobatic con-
ditions in a hypobaric chamber, generally referred to
herein as the vacuum pump but certainly not limited to
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the commercially available devices known by that name,
should provide for the possibility of generating a relative
vacuum in the filter housing to allow liquid to be drawn
into the filter housing and through the liquid-permeable
bed of an adsorbent material. Ultimately, the liquid will
enter into the hypobaric chamber. The vacuum pump
may thus in principle be a piston that is in sealing and
sliding contact with the walls of the hypobaric chamber.
A small pressure differential across the filter housing
(where the pressure at the location of the liquid inlet will
be essentially atmospheric, and where the pressure at
the location of the liquid outlet is essentially below at-
mospheric) will usually be sufficient to obtain the required
result of drawing the liquid specimen through the liquid-
permeable bed of an adsorbent material. A pressure dif-
ferential across the filter housing may be in the order of
760 to 76 torr (wherein 760 torr equals 760 mm Hg @
0°C or 1 atm abs or ca. 1013 mbarA or 101.325 kPa),
preferably Vacuum pressures between 760 and 228 torr
work well.

[0053] The term "system" as used herein refers to an
arrangement of materials optionally in combination with
aparticular method of use of thatarrangement to achieve
the objective. A system for detecting micro-organisms in
aliquid specimen accordingto the presentinvention com-
prises the device as described above and a kit for the
detection of said micro-organisms. The term "kit", as used
herein, refers to a multitude of components or any com-
bination of elements or interrelated parts, provided to-
getherin any form, preferably by providingthem in acom-
mon package or alternatively by providing at least one
component with usage instructions, preferably in printed
form, referring to at least one other component, neces-
sary for detecting enzymatic activity specific for the mi-
cro-organism that is to be detected.

[0054] The kit will generally comprise a chromogenic
and/or fluorogenic substrate, suitably incorporated into
asuitable growth medium, for supporting the proliferation
of the microorganism, and optionally instructions for as-
sembling, operating and disassembling the device,
and/or detecting microorganisms concentrated in said
device by using the detection kit. In order to induce the
expression of the enzyme that is to be detected, specific
inducers may be added to the growth medium (herein
referred to as enzyme inducing agents). In the case of
coliforms and E.coli wherein the detection of the lactose-
converting enzymes is tested, the liquid growth medium
may suitably comprise such inducers as allolactose, iso-
propyl-B-D-thiogalactopyranoside (IPTG) and/or lactose.
[0055] Kits forthe detection of micro-organisms based
on a chromogenic and/or fluorogenic substrate are well
known in the art, and use can be made of any of several
commercial kits available from various suppliers. A very
suitable kit for the detection of thermotolerant coliforms
and E. coliis the Colilert ® Testkit (IDEXX Laboratories,
Inc., Westbrook, Maine, USA). More information about
Colilert ® Tests can be found in US patents 4,925,789;
5,429,933; 5,518,892; 5,610,029; 5,620,865; 5,620,895;
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5,690,825; 5,700,655; 5,753,456, 5,780,259; 5,985,594,
6,287,797, 6,329,166; 6,387,650; 6,472,167, 6,509,168;
6,730.496; and 6,783.950. Other chromogenic kits that
work well are Colilert, Colisure (IDEXX, USA); ColiCom-
plete (Biocontrol, USA); Fluorocult LMX, Readycult col-
iforms (Merck, Germany); E. colite (Charm Sci., USA)
and Coliquick, m-Coliblue (Hach, USA) (Manfani, 2000,
New developments in chromogenic and fluorogenic cul-
ture media. International Journal of Food Microbiology
60:205-218).

[0056] The instructions for use of the device and the
detection kit may comprise the general outline of the
method of the present invention for detecting micro-or-
ganisms in a liquid specimen as described herein.
[0057] A method of the invention for detecting micro-
organisms in a liquid specimen preferably makes use of
a device of the invention. The device is assembled by
fluidly connecting the separate elements of the device.
The method commences with engaging the liquid inlet of
the filter housing with the liquid specimen and evacuating
air from said hypobaric chamber via an air outlet using a
vacuum pump in any order.

[0058] Correct assembly of the device and generation
of the hypobaric conditions in the hypobaric chamber will
result in a relative vacuum extending to the liquid inlet of
the filter housing, which will then draw in the liquid. When
the liquid has filled the filter housing, the hypobaric con-
ditions in the hypobaric chamber are maintained and a
pressure differential across the filter housing will result
that extends to the liquid specimen via the liquid inlet
thereby drawing into the filter housing yet more liquid.
The liquid that has passed through the bed of adsorbent
material will leave the filter housing via said liquid outlet
and will be collected in the collection moiety. The pres-
sure differential across the filter housing and the contact
between the liquid and the inlet of the filter housing is
maintained until sufficient liquid has passed through the
bed of adsorbent material.

[0059] As used herein, the skilled person will under-
stand that the effective amount of the liquid specimen
that needs to be filtered depends largely on the load in
the liquid specimen of the micro-organism that is to be
detected. Small loads (low contamination levels) will re-
quire concentration of the micro-organisms from large
volumes of liquid in order to obtain a number of adsorbed
micro-organisms that can be detected using minimal in-
cubation periods for growth of the micro-organism. Alter-
natively, when long incubation periods for growth of the
micro-organism are not problematic, a small number of
adsorbed micro-organisms can still result in a positive
detection result, even when small volumes of liquid have
been analyzed.

[0060] In a method of the invention it is preferred that
the volume of liquid that is analysed (passed through the
bed of adsorbent material) is large (1-100 litres) in order
to minimize the time required for additional cultivation of
the adsorbed micro-organisms.

[0061] The relative vacuum generated in the hypobaric
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chamber is preferably such that the flow through the bed
of adsorbent material is about 50 to 150 m/h. Generally
a flow of 100 m/h (calculated as the amount of liquid
pumped through the filer bed (the granular bed of ad-
sorbent material) per unit of time (in L/h) times the surface
area of the filter bed through which the liquid passes (e.g.
a filter bed positioned in a cylindrical housing having a
radius of 0.69 cm having a surface area of the nr2 = 1,5
cm?) is low enough to achieve an adsorption efficiency
of micro-organisms on the adsorbent that exceeds 80%,
while rapid enough to allow the filtration of 1-100 litres,
preferably about 10-50, most preferably about 5-15 litres
of liquid, typically in less than 30 minutes.

[0062] Once the desired amount of liquid has been
passed through the bed of adsorbent material, the bed
of an adsorbent material with the micro-organisms ad-
sorbed thereto is incubated with a liquid growth medium
supplemented with a chromogenic and/or fluorogenic
substrate. Alternatively, the chromogenic and/or fluoro-
genic substrate may be covalently bound to the filter bed
material.

[0063] For this step suitable use is made of the liquid
growth medium supplemented with a chromogenic
and/orfluorogenic substrate as provided by acommercial
kit as described above. The incubation commences by
contacting the adsorbent material with the supplemented
growth medium. This may for instance be achieved by
disconnectingthe filter housing fromthe hypobaric cham-
ber, draining the filter housing of residual liquid from said
liquid specimen and adding supplemented growth medi-
um to the bed of adsorbent material the, for instance by
using a needle and syringe. Alternatively, vacuum can
be used to draw the supplemented growth medium into
the filter housing to soak the adsorbent material with sup-
plemented growth medium.

[0064] The incubation, which is preferably performed
at about 30-45, most preferably around 37°C to deter-
mine total coliform and/or E. coli bacteria, is performed
for an effective period of time. A temperature of 44-45°C
is preferred to determine thermotolerant coliforms and/or
E. coli. The skilled person will readily understand that
the duration of said effective period of time depends
largely onthe load on the adsorbent material of the micro-
organism that is to be detected. Suitable periods may be
determined by routine experimentation. Generally, a pe-
riod of about 1-8 hours, typically 2-6, most typically 3-4
hours is an effective period in order to detect enzymatic
activity of micro-organisms.

[0065] Animportantadvantage ofthe device and meth-
od of the present invention is that after concentration of
the micro-organisms in the filter housing and addition of
the liquid growth medium, the entire filter housing may
for instance be placed under the armpit of a human to
provide forthe required incubation temperature of around
37°C (i.e. 36-38°C).

[0066] During the incubation period, wherein the mi-
cro-organisms are allowed to grow and metabolise the
chromogenic and/or fluorogenic substrate, the process
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of colour orfluorescence development can be monitored,
either visually using suitable illumination, or by using suit-
able fluorescence detection equipment. The develop-
ment of a colour in the filter housing at and/or around the
area of the bed of adsorbent material indicates the pres-
ence of micro-organisms adsorbed to adsorbent materi-
al, derived from said liquid specimen.

[0067] A method of the invention may be performed
multiple times onthe same liquid specimen. Reliable test-
ing requires representative sampling. The recommended
minimal number of microbiological analyses depends on
the population supplied with water from a specific drink-
ingwatersource. WHO guidelines require roughly 1 anal-
ysis per month per 5,000 individuals using the water.
[0068] The invention will now be described in more de-
tail in the following non limiting Examples.

Claims

1. A device for concentrating micro-organisms from a
liquid specimen, comprising:

- a filter housing comprising:

a liquid inlet through which said liquid spec-
imen can enter the filter housing and adapt-
ed for engaging with said liquid specimen,
a liquid outlet through which said liquid
specimen can leave the filter housing and
adapted for sealably engaging with a hypo-
baric chamber, and

aliquid-permeable bed of an adsorbent ma-
terial housed in the filter housing between
said liquidinletand liquid outlet and capable
of adsorbing micro-organisms, whereby
when a pressure differential is applied
across thefilter housing the liquid specimen
is drawn into the filter housing via the liquid
inlet and passes through said liquid-perme-
able bed of an adsorbent material before
leaving via said liquid outlet;

- a hypobaric chamber having a liquid inlet
adapted for sealably engaging with the liquid
outlet of said filter housing and further having an
air outlet for evacuating air from said hypobaric
chamber; and

-avacuum pump adapted for sealably engaging
with the air outlet of said hypobaric chamber.

2. Device according to claim 1, wherein saidfilter hous-
ing is essentially cylindrical and translucent at the
position of the bed of an adsorbent material, and
wherein said housing preferably has aninnervolume
of between 1 and 10 ml.

3. Device according to claim 1 or 2, wherein said ad-
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sorbent material has a positively charged surface
and s selected from the group consisting of insoluble
metal hydroxides, lectins on a support material, car-
bodiimides on a support material, cationic polymers
on a support material, anion exchange resins, and
positively charged electrodes.

4. Device according to claim 3, wherein said cationic
polymers are selected from poly-L-lysine, polyethyl-
eneimine and combinations thereof.

5. Device according to claim 3, wherein said insoluble
metal hydroxides are selected from hydroxyapatite,
zirconium hydroxide, titanium hydroxide and hafni-
um hydroxide.

6. Device according to claim 1 or 2, wherein said ad-
sorbent material comprises metal oxide nanoparti-
cles on a support material, wherein said metal is se-
lected from aluminium, calcium, cerium, or zirconi-
um.

7. Device accordingto claim 5, wherein said adsorbent
material is hydroxyapatite.

8. Device accordingto any one ofthe preceding claims,
wherein said liquid is water.

9. Device accordingto any one ofthe preceding claims,
wherein said vacuum pump is a hand vacuum pump.

10. A system for detecting micro-organisms in a liquid
specimen, comptising:

- a device for concentrating micro-organisms
from a liquid specimen according to any one of
claims 1-9;

- a kit for the detection of said micro-organisms
by detecting enzymatic activity specific for said
micro-organism comprising:

a chromogenic and/or fluorogenic sub-
strate,
a liquid growth medium;

and

- optionally instructions for assembling, operat-
ing and disassemblingthe device, and/or detect-
ing micro-organisms concentrated in said de-
vice by using said detection kit.

11. System according to claim 10, wherein said kit is for
the detection of coliforms and/or E. coliby detecting
enzymatic activity of B-D-galactosidase and/or B-D-
glucuronidase, respectively.

12. System according to claim 11, wherein said B-D-glu-
curonidase and/or B-D-galactosidase activity is de-
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tected by using a chromogenic or fluorogenic sub-
strate selected from the group consisting of 4-meth-
ylumbelliferyl-B-D-glucuronide (MUG); ortho-nitro-
phenyl B-D-glucuronide (ONPG); para-nitrophenyl
B-d-glucuronide (PNPG); B-naphthalamide-3-D-glu-
curonide; 6-bromo-2-naphthyl B-D-glucuronide; 5-
bromo-4-chloro-3-indolyl B-D-glucuronide (BCIG or
X-glucuronide); a-napthol-B-D-glucuronide; 4-meth-
ylumbelliferyl-3-D-galactopyranoside (MUGal), or-
tho-nitrophenyl-B-D-galactopyranoside (ONPGal);
para-nitrophenyl-3-D-galactopyranoside (PNPGal);
6-chloro-3-indolyl-B-D-galactopyranoside (Salmon-
Gal), 5-bromo-4-chloro-3-indolyl §-D-galactopyran-
oside (X-Gal); 4-nitrophenyl 1-thio-B-D-galactopyra-
noside (NPSGal), 6-bromo-2-naphthyl-B-d-galacto-
pyranoside; 3,4-dinitrophenyl B-D-galactopyrano-
side (DNPGal), functional derivatives, and combina-
tions thereof.

System according to claim 11 or 12, wherein said
liquid growth medium comprises allolactose, isopro-
pyl-B-D-thiogalactopyranoside (IPTG) and/or lac-
tose.

A method for detecting micro-organisms in a liquid
specimen, said method comprising the steps of:

- engaging a liquid inlet of a filter housing with a
liquid specimen, wherein said filter housing has
a liquid outlet and houses a liquid-permeable
bed of an adsorbent material in between said
liquid inlet and said liquid outlet, wherein said
adsorbent material is capable of adsorbing mi-
cro-organisms;

- placing the liquid outlet of said filter housing in
fluid communication with a liquid inlet of a hypo-
baric chamber, by means of a sealed passage-
way therebetween; and

- applying a pressure differential across the filter
housing that extends to the liquid specimen via
the liquid inlet of said filter housing to draw the
liquid specimen into the filter housing via said
liquid inlet and to pass through said liquid-per-
meable bed of an adsorbent material before
leaving the filter housing via said liquid outlet,
wherein said differential pressure is applied by
evacuating air from said hypobaric chamber via
an air outlet using a vacuum pump thereby plac-
ing the filter housing under a relative vacuum
and adsorbing onto the liquid-permeable bed of
an adsorbent material said micro-organisms
present in said liquid specimen;

- continue applying a pressure differential
across the filter housing until a effective amount
of said liquid specimen has passed through said
liquid-permeable bed of an adsorbent material;
- incubating for an effective period of time said
liquid-permeable bed of an adsorbent material
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with a liquid growth medium supplemented with
a chromogenic and/or fluorogenic substrate in
order to detect enzymatic activity of micro-or-
ganisms;

- monitoring the development of a chromogenic
or fluorescent color to establish the presence or
absence of micro-organisms adsorbed to ad-
sorbentmaterial, whereinthe presence of micro-
organisms adsorbed to said adsorbent material
indicates the presence of micro-organisms in
said liquid specimen.

Method according to claim 14, wherein said adsorb-
ent material is selected from the group consisting of
insoluble metal hydroxides, lectins on a support ma-
terial, carbodiimides on a support material, cationic
polymers on a support material, anion exchange res-
ins, and positively charged electrodes.

Method according to claim 14, wherein said cationic
polymers are selected from poly-L-lysine, polyethyl-
eneimine and combinations thereof.

Method accordingto claim 15, wherein said insoluble
metal hydroxides are selected from hydroxyapatite,
zirconium hydroxide, titanium hydroxide and hafni-
um hydroxide.

Method according to claim 14, wherein said adsorb-
ent material comprises metal oxide nanoparticles on
a support material, wherein said metal is selected
from aluminium, calcium, cerium, or zirconium.

Method according to claim 14, wherein said adsorb-
ent material is hydroxyapatite.

Method according to any one of claims 14-19, where-
in said liquid is water.

Method according to any one of claims 14-20, where-
in said vacuum pump is a hand vacuum pump.

Method according to any one of claims 14-21, where-
in said liquid growth medium and said chromogenic
and/or fluorogenic substrate are for the detection of
coliforms and/or E. coli by detecting enzymatic ac-
tivity of B-D-galactosidase and/or B-D-glucuroni-
dase.

Method according claim 22, wherein said chromog-
enic and/or fluorogenic substrate is selected from
the group consisting of 4-methylumbelliferyl-B-D-
glucuronide (MUG); ortho-nitrophenyl B-D-glucuro-
nide (ONPG); para-nitrophenyl B-d-glucuronide
(PNPG); B-naphthalamide-B-D-glucuronide; 6-bro-
mo-2-naphthyl B-D-glucuronide; 5-bromo-4-chloro-
3-indolyl B-D-glucuronide (BCIG or X-glucuronide);
a-napthol-B-D-glucuronide; 4-methylumbelliferyl-B-
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D-galactopyranoside (MUGal), ortho-nitrophenyl-3-
D-galactopyranoside (ONPGal); para-nitrophenyl-
B-D-galactopyranoside (PNPGal); 6-chloro-3-in-
dolyl-B-D-galactopyranoside (Salmon-Gal), 5-bro-
mo-4-chloro-3-indolyl B-D-galactopyranoside (X-
Gal); 4-nitrophenyl 1-thio-B-D-galactopyranoside
(NPSGal), 6-bromo-2-naphthyl-p-d-galactopyrano-
side; 3,4-dinitrophenyl -D-galactopyranoside (DN-
PGal), functional derivatives, and combinations
thereof.

Method according to claim 22 or 23, wherein said
liquid growth medium comprises enzyme inducing
agents such as allolactose, isopropyl-B-D-thioga-
lactopyranoside (IPTG) and/or lactose.

Method accordingto any one of claims 22-24, where-
inthe presence of micro-organisms adsorbedto said
adsorbent material is indicative of a potential con-
tamination of said liquid specimen with faecal bac-
teria.
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