
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0106737 A1 

Weichselbaum et al. 

US 2008O106737A1 

(43) Pub. Date: May 8, 2008 

(54) 

(76) 

(21) 

(22) 

(63) 

DETECTING AND COUNTING BACTERIA 
SUSPENDED IN BIOLOGICAL FLUIDS 

Inventors: Amnon Weichselbaum, Haifa (IL); 
Jaime De La Zerda, Haifa (IL); 
Issakhar Regev, Kibutz Eilon (IL) 

Correspondence Address: 
AVA KAFR 
22 SHOEROT CHEN ST. 
TELAVIV 64166 (IL) 

Appl. No.: 12/005,396 

Filed: Dec. 27, 2007 

Related U.S. Application Data 

Continuation-in-part of application No. 1 1/573,788, 
filed on Feb. 16, 2007, filed as 371 of international 
application No. PCT/IL05/00884, filed on Aug. 16, 
2005. 

12 

14 
1O 

14A 

- 

18 

Publication Classification 

(51) Int. Cl. 
GOIN 2L/00 (2006.01) 
GOIN I/O (2006.01) 

(52) U.S. Cl. ............................................ 356/341; 356/246 

(57) ABSTRACT 

System and method for detecting and counting bacteria Sus 
pended in a biological fluid by means of light scattering 
measurements is provided. In accordance with the method of 
the invention the level of signal to noise of the measured 
intensities of light scattered by a sample of the biological fluid 
is significantly enhanced for forwardly scattered light within 
a range of scattering angles which are Smaller compared to a 
predefined maximal scattering angle. The system of the 
invention includes a cuvette adapted to contain a sample of 
the biological fluid whose sidewalls and windows are suitably 
constructed and arranged to significantly reduce the level of 
reflected light obscuring the scattering patterns measured 
within the range of scattering angles considered. 
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DETECTING AND COUNTING BACTERIA 
SUSPENDED IN BIOLOGICAL FLUIDS 

REFERENCE TO PREVIOUS APPLICATIONS 

0001. The present application is a continuation-in-part of 
U.S. patent application Ser. No. 1 1/573,788, filed on Feb. 16, 
2007, which is a sctn. 371 filing of international patent appli 
cation Ser. No. PCT/IL05/000884, filed on Aug. 16, 2005, 
claiming the benefit of priority from US application for pro 
visional patent Ser. No. 60/601,664, filed on Aug. 16, 2004. 

FIELD OF THE INVENTION 

0002 The present invention relates in general to assaying 
a body fluid. In particular the present invention relates to 
optically testing urine, for the presence of bacteria at rela 
tively low bacterial concentrations and to light scattering 
measurementS. 

BACKGROUND OF THE INVENTION 

0003 Detecting and counting bacteria suspended in a bio 
logical fluid by means of light scattering measurements is 
known. In US patent application 20070211251A1, which is 
incorporated herein by reference, a system and method for 
detecting and measuring the concentration of bacteria Sus 
pended in biological fluids, such as urine, by means of light 
scattering measurements are disclosed. The disclosed system 
includes cuvettes whose windows have any of the following 
feature: their refractive index is homogeneous, such that 
deviations of its values do not exceed 10, the root mean 
square of the changes in the Surface roughness of the windows 
do not exceed 1 nanometer, the scratch/dig number associated 
with the surfaces of the windows does not exceed 40/20, 
and/or the widths of the windows do not exceed 500 
micrometer (Lm). The disclosed cuvettes are adapted to con 
tain a sample of the biological fluid to be tested for the 
presence of bacteria by means of collimated light beam. The 
intensity of the scattered light is associated with a scattering 
profile which is further compared to standard Scattering pro 
files serving as a calibration scale. A set of standard Scattering 
profiles comprises scattering profiles and linear combination 
of scattering profiles which were measured for suitable num 
bers of bacterial Suspensions whose concentrations are 
known and further ensemble averaged. 
0004 Light scattering measurements are prone to errors at 
low concentrations of scatterers, such as of 10" colony form 
ing units per milliliter (CFU/ml) or lower levels. Therefore 
any system and method providing for relatively high sensi 
tivity and specificity especially considering such low concen 
trations are beneficial. 

SUMMARY OF THE PRESENT INVENTION 

0005. It is an object of the present invention to provide a 
method for detecting and measuring the concentration of 
bacteria Suspended in a biological fluid. Such as urine, by 
means of light scattering measurements. Such detecting and 
measuring are accomplished by considering forward Scatter 
ing at Scattering angles which are lower compared to a pre 
defined maximal scattering angle, and Suspensions having 
relatively low bacterial concentration of 10 colony forming 
units per milliliter (CFU/ml) and/or lower. One bacterium is 
regarded hereinafter as one CFU. 
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0006. It is another object of the present invention to pro 
vide a system for detecting and measuring the concentration 
of bacteria Suspended in a biological fluid. 
0007. In accordance with the present invention there is 
provided a method for detecting bacteria Suspended in a bio 
logical fluid by spatially filtering the light beam for illumi 
nating the tested fluid, such that the level of the residual 
illuminating light received at a detecting segment disposed 
across the Surface of the light detector is significantly 
decreased. Furthermore, in accordance with the present 
invention there is provided a method for reducing the level of 
light reflected towards the detecting segment disposed across 
the surface of the light detector by which the intensity of light 
scattered by the tested fluid is measured. Such reduction is 
accomplished by inclining the windows and skewing the side 
wall, or sidewalls, of a cuvette adapted to contain a sample of 
the tested fluid. 

0008 Additionally in accordance with a preferred 
embodiment of the present invention there is provided a 
method for Substantially canceling out components of the 
measured speckle images which are stationary in time 
thereby enhancing the signal to noise and/or signal to clatter 
ratios of the measured intensities of light scattered by the 
tested fluid. Scatterers, such as bacteria, which are moving at 
least in a Brownian motion, induce scattering patterns which 
are time dependent. Therefore, by Successively mapping the 
instantaneous intensities of light received by the light detector 
within a predefined exposure time to generate pairs of speckle 
images; and by respectively subtracting one speckle image of 
a pair from the other, to form difference plots, most of the 
features related to the dynamics of the suspended bacteria are 
retained, whereas the features related to stationary back 
ground signals are Substantially canceled out. 
0009. In accordance with the present invention there is 
provided a system for detecting, and measuring the concen 
tration of bacteria Suspended in a biological fluid. The system 
of the invention has a spatial filter including two apertures the 
lengths of their respective diameters are predefined. Theaper 
tures are spaced apart by a predefined distance. The system of 
the invention further has a cuvette the sidewall or sidewalls of 
which are skewed. The windows of the cuvette are inclined by 
respective predefined tilting angles relative to the normal of 
the axis of the collimated beam. The system of the invention 
further comprises a light obscuring means for shading the 
face of an integral light detector. Additionally the system has 
a detecting segment associated with a predefined maximal 
scattering angle, for receiving scattered light its intensity is to 
be measured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a scheme of a system for measuring the 
intensity of light scattered from a suspension contained in a 
cuvette in accordance with the present invention; 
0011 FIG. 2 is a schematic presentation of features of the 
illuminating beam according to a preferred embodiment of 
the present invention; 
0012 FIG. 3 is a scheme of a system for measuring the 
intensity of light scattered from a fluid contained in a cuvette 
considering light reflected from a window of the cuvette; 
0013 FIG. 4 is a scheme of the system shown in FIG.3 in 
which a cuvette in accordance with the present invention is 
incorporated; 
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0014 FIG. 5 schematically describes a segment of the 
system shown in FIG. 4; 
0.015 FIG. 6 is a graph comparing between computed and 
measured angular beam profiles corresponding to an exem 
plary aperture; 
0016 FIG. 7 is a graph comparing between measured and 
computed angular beam profiles corresponding to another 
aperture different than the aperture considered in FIG. 6; 
0017 FIG. 8 is a graph of beam-widths as a function of the 
diameter of the aperture computed for two exemplary points 
respectively disposed at 100 mm and 200 mm away off the 
aperture; 

0018 FIG. 9 is a graph comparing among angular profiles 
of three different beams computed or measured across the 
face of the light detector; 
0.019 FIG. 10 is a graph comparing among the intensity of 
light received at the light detector considering two different 
beams and computed scattering profiles considering various 
concentrations of scatterers; 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0020. In accordance with the present invention a system 
and method for detecting and counting bacteria Suspended in 
a biological fluid by means of light scattering measurements 
is provided. The system of the invention provides a collimated 
light beam for illuminating a sample of biological fluid to be 
tested for the presence of bacteria and for measuring the 
bacterial concentration. The illuminating beam is such struc 
tured and arranged according to the present invention that by 
means of a light obscuring means, which is integral to the 
system of the invention, the level of residual illuminating light 
impinging on the active Surface of an integral light detector is 
significantly decreased. A sample of filtered fluid to exclude 
particles larger than the bacteria is filled into a cuvette. A 
cuvette of the invention has skewed sidewall or sidewalls and 
inclined windows, such structured and arranged to signifi 
cantly decrease the level of reflected light that might interfere 
with the scattered light its intensity is to be measured. Mea 
Sured intensities of the scattered light are associated with 
scattering profiles which are compared to a calibration scale. 
In accordance with a preferred embodiment of the present 
invention Successively measured speckle images, which are 
instantaneous mappings of the intensities of scattered light 
measured within a predefined range of Scattering angles, are 
subtracted to generate difference plots. The difference plots 
are further associated with scattering profiles to be compared 
to a respective calibration scale, as further described infra. 
The biological fluids considered, the measurement process 
and the preparation of calibration scales are further described 
in details in the referenced US patent application 
US20070211251A1. The system and method of the present 
invention are especially Suited for assaying biological fluids 
having relatively low bacterial concentrations, such as of 
10,000 (10) CFU/ml and/or below. 
0021 Reference is first made to FIGS. 1-2. In FIG. 1 a 
scheme of a system providing for measuring the intensity of 
light scattered from a sample of fluid in accordance with the 
method of the present invention is shown. In FIG. 2, features 
of the spatial filter providing for collimating the illuminating 
light beam and the light obscuring means, which are in accor 
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dance with a preferred embodiment of the present invention, 
are schematically shown. (Same parts are indicated in FIGS. 
1-2 by the same numbers.) Light emitted from light source 10 
propagates through spatial filter 12 having two diaphragms 14 
and 16, on which apertures 14A and 16A are coaxially dis 
posed respectively. In accordance with the method of the 
present invention the diaphragms are separated by a pre 
defined distance designated by double arrow 18. Further 
more, the respective magnitudes of the diameters of apertures 
14A and 16A are predefined. Exemplary light source accord 
ing to the invention is a laser having a predefined wavelength. 
Illuminating light beam 19 emerges off the spatial filter 12 
and penetrates window 20 to illuminate a portion of the fluid 
contained within cuvette 22 along its way through window 24 
towards the light detector. Most of illuminating beam 19 is 
blocked by light obscuring means 26 and therefore cannot 
reach the light detector. Some of the forwardly scattered light, 
such as ray 27, is blocked by light obscuring means 26 as well. 
A portion of the scattered light, Such as ray 28, impinges on 
the surface of light detector 30. The signal received at a 
specific point disposed at the surface of detector 30 is con 
sidered as the intensity of light scattered at a given scattering 
angle, as known. Some of the illuminating light, such as ray 
32, which is scattered from a surface of window 20, or illu 
minating ray 34, which is reflected by window 22 and again 
by window 20, may get to the active surface of detector 30 and 
interfere with the scattered light, thereby obscuring its level. 
0022 Diminishing Interferences Caused by Residual Illu 
minating 
0023 Spatially filtering and/or collimating of the illumi 
nating light beam according to the present invention, Such as 
by means of spatial filter 12, provides for significantly 
decreasing the level of the residual illuminating beam faced 
by the light detector. The diameter of aperture 14A is selected 
by considering the radius and/or the cone angle of the illumi 
nating beam, as known. This aperture provides for a well 
defined diffraction pattern symbolically presented by pattern 
40 which represents the Bessel function of the first kind 
associated with the beam emerging off aperture 14A. Typi 
cally the diameter of aperture 14A ranges from 50 to 500 
microns. The lower limit of such diameter is derived in con 
sideration with the detection limit of the light detector 
employed. Smaller diameters cannot provide the desired level 
of illumination namely, the level of the scattered light imping 
ing on the light detector is too low to be detected. On the other 
hand, apertures that are too large produce side lobes having 
intensities and spatial features that make them practically 
difficult to be screened out. The level of the residual illumi 
nating light faced by the light detector is determined in accor 
dance with a preferred embodiment of the present invention 
by selecting the radius of aperture 16A to comply with a Zero 
of the Bessel function of the first kind associated with the 
angular profile. Such as pattern 40, of the beam emerging off 
aperture 14A. The radius of aperture 16A is determined by the 
angle corresponding to the selected Zero 41 and the magni 
tude of the distance 18 Separating between diaphragms 14 and 
16. The angular profile of the beam emerging off aperture 
16A symbolically presented by pattern 42, has side-lobes the 
levels of which are substantially lower compared to the level 
of the side-lobes of pattern 40. Theoretically, by extending 
distance 18 and by employing sharp apertures one can sig 
nificantly reduce the level of the side-lobes of pattern 42. 
However such target is difficult to practically achieve. There 
fore in accordance with the method of the present invention a 
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light obscuring means, such as light obscuring means 26, is 
disposed such that it totally blocks most of this beam. The 
edge of light obscuring means 26, which determines a rim of 
the detecting segment, which is the region across the active 
face of the light detector in which the intensity of the scattered 
light is measured, produces additional diffraction pattern 
across the face of the detector, designated by pattern 43. 
0024 Diminishing Interferences Caused by Reflected 
Light 

0.025 The windows of the cuvettes employed in accor 
dance with the present invention are such constructed and 
arranged to decrease the level of the reflected light faced by 
the light detector. Reference is now made to FIGS. 3-4. In a 
case in which a window of a cuvette, such as window 50, is 
perpendicular to the axis of the illuminating beam, as shown 
in FIG.3, multiple reflections occurring between the window 
and the face of light source 52 and/or diaphragm 54, such as 
ray 56, may result in a signal detected by light detector 58. 
Therefore the window adjacent to the light source is inclined 
relative to the beam normal by a predefined tilting angle as is 
shown in FIG. 4. Window 60 is shown clockwise tilted by a 
predefined angle relative to beam normal 62. Typical tilting 
angles in accordance with the present invention are in the 
range of 2-15°. Preferable are tilting angles not exceeding 
10°. Most of the light reflected by window 60 in such cases is 
directed such that it cannot be detected by the light detector, 
similarly to ray 66 that cannot be reflected back into the 
cuvette and further propagate towards the light detector. Win 
dow 68, which is adjacent to the light detector, is further tilted 
in the same direction in which window 60 is tilted. Since the 
reflectance of the sidewall is significantly increased as the 
angle of incidence approaches 90°, the angle by which win 
dow 68 is further rotated relative to window 60 need not be too 
large, as the angle of incidence of a reflected ray with sidewall 
70, such as ray 71, respectively increases by such rotations. In 
accordance with a preferred embodiment of the present 
invention the second window is inclined in the same direction 
by a tilting angle which is larger by about 8 compared to the 
tilting angle of window 60. 
0026 Furthermore, opposing surfaces of the sidewall or 
sidewalls of the cuvette, such as walls 70 and 72 are not 
parallel, but are mutually inclined, such that their tangential 
plans intersect each other at the side of the cuvette where the 
light source is disposed. The geometrical shape of a cuvette in 
accordance with a preferred embodiment of the present 
invention is of a truncated cone. The windows of such cuvette 
respectively constitute the Small and large bases of the trun 
cated cone. The windows are respectively tilted relative to the 
cone’s axis towards the same direction by tilting angles as 
described above. The conical cuvettes are placed within the 
system such that their large bases are adjacent to the light 
detector. Such or similarly inclined sidewall or sidewalls, are 
individually or collectively referred hereinafter as skewed 
sidewall. Light reflected by such skewed sidewall normally 
diverges and therefore hardly reach a predefined segment of 
the active face of the light detector. Namely, the chances for 
multiple reflections induced by a skewed sidewall and/or 
windows such inclined, to impinge on a predefined segment 
of the surface of light detector 74 are significantly decreased. 
Therefore such decreasing of the level of reflected light as 
described above, provides for improving the signal to noise 
ratio of the system of the invention and for enhancing its 
sensitivity. Further coating the respective surfaces of the win 
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dows, sidewalls, and of the diaphragms of a spatial filter with 
Suitable anti-reflecting and/or absorbing layers, as known, is 
in accordance with the present invention. 
0027 Maximal Scattering Angle 
0028 Reference is now made to FIG. 5 in which a segment 
of a system for detecting and counting bacteria according to 
an embodiment of the present invention is schematically 
shown. Light obscuring means 80 illuminated by light beam 
81 is such disposed according to the present invention that it 
blocks most of the illuminating beam on its way towards the 
surface of the light detector. Embodiment variants in which 
the light obscuring means is placed within the cuvette, and/or 
attached to any of the surfaces of the window adjacent to the 
light detector, and/or positioned behind the said window, are 
in accordance with the present invention. For the sake of 
simple explanation an exemplary configuration of the system 
is hereby described in which light obscuring means 80 is 
disposed between window 82 and light detector 84. Light 
obscuring means shades the Surface of light detector 84. Such 
that a fully shaded region is disposed above dashed line 86 in 
the plane of FIG. 5 (in the same direction in which arrow 87 
points). Detecting segment 88, which is the segment of the 
active surface of the light detector providing for measuring 
the intensity of scattered light in accordance with the present 
invention, is disposed below dashed line 86 (in the opposite 
direction to which arrow 87 points). The lower end of this 
range of scattering angles is limited by the projection of the 
respective segment of the edge of light obscuring means 
across the detector's face, which is the rim of the fully shad 
owed region across the surface of light detector 84. The other 
end at a given azimuthal angle (in consideration with a coor 
dinate system whose Z axis coincides with the axis of the 
illuminating beam) is predefined in accordance with the 
method of the present invention. Exemplary reflected light 
ray 90 emerges off light obscuring means from a point cir 
cumferential to the illuminated area across the face of light 
obscuring means 80. Ray 90 perpendicularly impinges on the 
surface of window 82 (at a zero angle of incidence). Therefore 
this ray 90, is reflected back to propagate along the line 
coinciding with the track of the original ray 90. Another 
exemplary reflected ray 92 whose angle of incidence with 
window 82 is larger compared to the angle of incidence of ray 
90 is reflected back to impinge on light obscuring means 80. 
Only rays reflected at angles that are not smaller than angle 94 
can be reflected from window 82 to impinge on the surface of 
detector 84 at points external to detecting segment 88. There 
fore limiting the scattering angle in which the intensity of 
scattered light is measured to an upper threshold, which is the 
maximal scattering angle according to the present invention, 
the value of which closely equals the magnitude of angle 94. 
provides for lowering the level of reflected light and dimin 
ishing the level of noise obscuring the level of scattered light. 
0029 Experiments concerning the sensitivity of a system 
for detecting and counting bacteria according to a preferred 
embodiment of the present invention are described in the 
examples below with reference to FIGS. 6-10. The system 
considered comprises: a laser; a collimator having two dia 
phragms separated accordingly whose respective apertures 
are of suitable diameters; a cuvette having tilted windows and 
a skewed sidewall, which is conically shaped; a circular light 
obscuring means placed between the cuvette and the light 
detector, which is implemented by a monolithic two dimen 
sional detector array, and a processor for controlling the mea 
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Surements process and carrying out the computational tasks 
involved, as further described infra and detailed in US patent 
application US20070211251A1, incorporated herein by ref 
CCC. 

EXAMPLE1 

0030. In FIGS. 6 and 7 graphs comparing between calcu 
lated and measured angular beam profiles generated by 
means of apertures having different diameters are respec 
tively shown. Plots 100 and 102 respectively correspond to 
the calculated and measured profiles when employing aper 
ture having a diameter of 150 Lum. Similarly plots 110 and 112 
respectively correspond to calculated and measured intensi 
ties when employing aperture of 500 um. The intensity of 
light at a diffraction angle 0 I(0), is given according to dif 
fraction theory by equation (1): 

J1 (ka8) (1) 
kae 

2 

, where 

0031 J is the Bessel function of the first kind, a is the 
aperture radius, and k is the wave-number. The calculated 
and measured intensities shown in a logarithmic scale are 
measured in arbitrary units (A.U.); the angles are measured in 
degrees. 

0032 The width of a beam emerging off an aperture of 
radius a w(a), is given by equation (2): 

2. (2) 
Go = 2a -- - - L., where 

0033 N is the wavelength, a is the radius and L-des 
ignates the distance along which the beam has propagated. 
0034. In FIG. 8 a graph comparing between beam widths 
respectively calculated for L = 100 millimeters (mm)-plot 
120 and L =200 mm-plot 122 are shown as a function of the 
diameter of the aperture generating the beam. The widths of 
the beams and the diameters are measured in millimeters 
(mm). As the illuminated Volume containing the scatterers is 
dependent on the value of the beam-width, it is desired to 
select for the second aperture disposed closer to the cuvette 
the maximal diameter in consideration with the Zeros of the 
Bessel function associated with the first aperture, which is 
adjacent to the laser. Respectively selecting diameters of 300 
microns (Lm) and 500 um for the second aperture, which is 
adjacent to the cuvette, results in a beam having a width of 
about 0.6 mm. Naturally, larger apertures are preferable as 
they are capable for transmitting higher illuminating intensi 
ties. Therefore it is preferable according to the present inven 
tion to select a Zero of the Bessel function of the first aperture 
which corresponds to a point disposed on the respective plot 
above its minimum. The level of the side-lobes of the beam 
emerging off the second aperture decreases as the separation 
L increases (due to better spatial separation between adjacent 
Zeros), therefore L =200 mm in this example is preferable to 
L = 100 mm. 

EXAMPLE 2 

0035. In FIG.9 a graph comparing between the intensities 
of the residual illuminating light received at the detector as a 
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function of the scattering angle, with and without the light 
obscuring means disposed in its place is respectively shown. 
The intensities shown are measured in arbitrary units (A.U.) 
employing logarithmic scale. Plot 130 presents the computed 
beam profile considering the first aperture, which is adjacent 
to the laser. Dashed line 132 presents the scattering angle 
corresponding to the diameter of the second apertures which 
complies with the first zero of the respective Bessel function. 
Plot 134 presents the intensity of the illuminating beam 
emerging off the second aperture as a function of the scatter 
ing angle when the light obscuring means is avoided. Plot 136 
presents the intensity of the residual illuminating light 
received by the light detector when the light obscuring means 
is positioned in its place. Dashed line 138 presents the scat 
tering angle corresponding to the edge of the light obscuring 
means. In cases in which the dynamic range of the light 
detector namely, its sensitivity provides for measuring inten 
sities within a range of 107-1, the system incorporating a 
light obscuring means provide for measuring the desired scat 
tering profiles within a range of angles staring around 0.8 up 
to the angle corresponding to the detection limit of the detec 
tOr. 

EXAMPLE 3 

0036. In FIG. 10 a graph comparing among the intensities 
of the residual illuminating light received at the detector and 
exemplary scattering profiles computed for various bacterial 
concentrations is shown. Plot 140 presents the intensity of 
light received at the light detector as a function of the scat 
tering angle when the light obscuring means is avoided. Plot 
144 presents the angular profile of the residual illumination 
when the light obscuring means is positioned in place. Plots 
146, 148, 150, 152 present scattering profiles computed 
according to the Mie theory for bacterial concentrations of 
10, 10, 10, 10 respectively. The bacterial model employed 
consists of spheres evenly suspended in a liquid, having radii 
of 1.5 um whose refracting index equals 1.35, whereas the 
refracting index of the liquid equals 1.33. For practical pur 
poses and by considering the dynamic ranges of detectors 
available in the marketplace the maximal scattering angle 
need not according to the present invention exceed 2 and 
preferably be equal or lower than 1.5°. In a case in which a 
detector whose dynamic range is higher is available, the 
maximal scattering angle can be extended up to the value 
similarly derived from the respective detection limit. 
0037 Detecting and Counting Bacteria Suspended in a 
Biological Fluid. 
0038. The signals induced along a predefined exposure 
time by the light impinging across the detecting segment of 
the light detector provide for generating a speckle image. 
Such speckle images vary in time due to at least the Brownian 
motion of the scatterers. However the components of these 
speckle images, such as signals induced by residual illumi 
nating light, multiple reflections and or impurities of the 
illuminating beam, impurities or defects located on the Sur 
faces of, or embedded within, the cuvettes windows, are 
stationary in time. Therefore by Subtracting Successively 
measured speckle images the stationary components are Sub 
stantially canceled out, whereas the time dependent compo 
nents such as of the scattering patterns induced by the moving 
scatterers are retained. In turn the sensitivity of the system of 
the invention in measuring relatively low bacterial concentra 
tions is significantly enhanced. 
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0039. In accordance with a preferred embodiment of the 
present invention first the signals received across the detect 
ing segment of the light detector within predefined exposure 
times, such as of 10 milliseconds (ms), is repeatedly sampled 
at predefined repetition rates, such as 100 Hertz (Hz), to 
generate Successively measured speckle images. Then pairs 
of successively measured speckle images are selected and one 
speckle image of a selected pair is subtracted from the other 
speckle image of this pair to form a respective difference plot 
by considering the absolute values of the respective differ 
CCCS. 

0040 Optionally a number of difference plots are further 
averaged, as known, to generate averaged difference plots. 
Scattering profiles are associated with selected difference 
plots or with the averaged difference plots. The scattering 
profiles are further compared to a calibration scale which 
includes standard Scattering profile selected from a set of 
pre-stored scattering profiles. A set of standard Scattering 
profiles includes according to the present invention scattering 
profiles and linear combinations of scattering profiles simi 
larly measured for Suspensions having given bacterial con 
centrations. The exposure times and the repetition rates are 
selected according to the present invention in consideration 
with the velocity distribution associated with the Brownian 
motion at a given temperature. Too long exposure times may 
smear the difference plot due to the scatteres' motion. In 
addition, low repetition rates do not allow for differentiating 
between Brownian motion and the relatively faster motion of 
motile bacteria. Therefore at a given temperature a minimal 
repetition rate is selected considering the changes in the scat 
tering angles that might occur due to the Brownian motion 
along the respective cycle times involved. 
0041 Alternatively, scattering profiles are associated with 
the measured intensities of the scattered light, Such as by 
means of curve fitting as known. Optionally these scattering 
profiles are averaged in time and/or across a range of azi 
muthal angles, as known. These scattering profiles and/or 
respective averaged scattering profiles are further compared 
to calibration scale as detailed in the referenced patent appli 
cation US20070211251A1. 

1. A method for detecting bacteria Suspended in a biologi 
cal fluid comprising 

a. Spatially filtering a light beam having an axis for illumi 
nating a portion of said biological fluid, 

b. measuring the intensity of light scattered by said bio 
logical fluid at least at one point; 

c. comparing said measured intensities to a calibration 
Scale, and 

wherein said at least one point is spaced apart from said 
axis, and 

wherein said at least one point is associated with a scatter 
ing angle not exceeding a predefined maximal scattering 
angle. 

2. A method as in claim 1, wherein said maximal angle does 
not exceed 5 degrees. 

3. A method as in claim 1, wherein said spatially filtering 
is accomplished by means of an aperture, which is the 
first aperture, wherein said first aperture has a predefined 
diameter. 
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4. A method as in claim 2, further comprising positioning a 
second aperture spaced apart from said first aperture by a 
predefined distance. 

5. A method as in claim 3, wherein the diameter of said 
second aperture complies with a Zero of a Bessel function of 
the first kind associated with a beam of light emerging off said 
first aperture. 

6. A method as in claim 1 further comprising measuring the 
intensity of light scattered by said biological fluid at a second 
point spaced apart from said axis, wherein said second point 
is different than said at least one point. 

7. A method as in claim 5 further comprising associating a 
scattering profile with said measured intensities. 

8. A method as in claim 6, further comprising matching to 
said associated Scattering profile any item selected from a 
group of items consisting of pre-stored calibrated Scattering 
profiles and linear combinations of pre-stored calibrated scat 
tering profiles. 

9. A method as in claim 1, further comprising 
I. Successively measuring said intensity of scattered light at 

least twice, wherein said measuring is accomplished at a 
rate not lower compared to a predefined minimal repeti 
tion rate, and 

II. associating a difference plot with said Successively mea 
Sured intensities, and 

wherein said Successively measuring is accomplished at 
the said at least one point. 

10. A method as in claim 8, further comprising 

A. measuring the intensity of light scattered by said bio 
logical fluid at a second point spaced apart from said 
axis, wherein said second point is different than said at 
least one point; 

B. associating scattering profile to said difference plot, and 

C. matching to said associated Scattering profile any item 
Selected from a group of items consisting of pre-stored 
calibrated Scattering profiles and linear combinations of 
pre-stored calibrated Scattering profiles. 

11. A system for detecting bacteria Suspended in a biologi 
cal fluid having a light source and a light detector, said system 
comprising a cuvette having windows adapted to contain a 
sample of said biological fluid, wherein said cuvette com 
prises a skewed sidewall. 

12. A system as in claim 11, further comprising a spatial 
filter disposed adjacent to said light Source, wherein said 
spatial filter comprises 

a first aperture disposed adjacent to said light source: 

a second aperture coaxial with the first aperture spaced 
apart from said first aperture by a predefined distance, 
and 

wherein one of said windows, which is the first of said 
windows, is inclined relative to the normal of said axis 
by a first predefined angle, and wherein the second of 
said windows is inclined relative to the normal of said 
axis by a second predefined angle which is different than 
the first predefined angle, and wherein said first pre 
defined angle and said second predefined angles corre 
spond to rotations at the same direction. 
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13. A system as in claim 12, wherein the diameter of said 
second aperture complies with a Zero of the Bessel function of 
the first kind associated with a beam of light emerging off said 
first aperture. 

14. A system as in claim 12, further comprising a light 
obscuring means for shading a segment across the face of said 
light detector. 

15. A system as in claim 12, further comprising a detecting 
segment disposed across a Surface of said light detector, 
wherein said detecting segment associated with a maximal 
Scattering angle. 
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16. A system as in claim 12, wherein the magnitude of said 
first predefined angle is in the range of 2-15°. 

17. A system as in claim 16, wherein the second predefined 
angle is larger compared to the magnitude of said first pre 
defined angle. 

18. A system as in claim 16, wherein the magnitude of the 
second predefined angle is larger by 8' compared to the 
magnitude of said first predefined angle. 


