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(57) ABSTRACT 

The objective of the present invention is the detection/ 
monitoring of microorganisms present in the air, Water or 
foodstuffs through the use of a ?ber optic biosensor With an 
evanescent-?eld. A ?rst concretiZation of the present inven 
tion concerns a method for detection of contamination by 
speci?c microorganisms through the use of the evanescent 
?eld of a sensitive ?ber optic characterized by stages of: a) 
exposing the evanescent-?eld of the sensitive ?ber optic 
using an appropriate technique based on physical and chemi 
cal properties; (b) permitting immediate contact of the 
exposed evanescent-?eld obtained in the stage (a) With the 
sample to be examined, With the aforementioned sample 
having a form adequate so as to obtain the generation of an 
optical signal in response to the presence of microorganisms 
in the sample; and, (c) demodulating the optical signal 
generated in stage (b) and using this value to quantify the 
microorganisms through an appropriate method. In a second 
concretiZation, the invention is directed to a composition for 
use in the detection of microorganisms characterized by 
comprising a selective culture medium for microorganisms 
needing to be detected and reactants capable of altering the 
properties of the medium to favor the interaction of the 
system ?ber-microorganism interaction. In a third concreti 
Zation the invention refers to a device for surveying micro 
organisms through the insertion of a sensitive ?ber optic 
(11), With an adequately exposed evanescent-?eld, into a 
surface or volume of a biological culture medium (12) 
speci?c for the microorganism to be detected, comprising a 
demodulation system based on a ?ber optic circuit and 
related components. 

(14) 
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METHOD FOR THE DETECTION OF 
MICROORGANISMS BY FIBER OPTICS 

[0001] The present invention refers to a method and 
device for the detection of microorganisms using a combi 
nation of microbiological procedures With devices con 
structed With ?ber optics and related components. 

[0002] The microbiological procedures enable the micro 
organisms to be selectively cultivated and these, When in 
physical contact With a conveniently constructed ?ber optic 
circuit, permit the detection and monitoring of the microor 
ganisms in a fast and accurate Way. The device overall is 
physically consisted of three subsystems: 

BACKGROUND OF INVENTION 

[0003] Microorganisms are life forms that despite their 
micrometrical siZe scale signi?cantly affect human life. 
They may constitute viruses, bacteria, fungi, protoZoa and 
algae. They are present in solids, liquids and air; and in all 
cases it may be of vital interest or importance to detect the 
speci?c presence and/or to monitor, qualitatively or quanti 
tatively, the groWth over time of one or more of these 
microorganisms. Many of them are of use to various types 
of industries, such as food industries, breWery, viticulture, 
pharmaceutical, etc., for the catalysis of many biochemical 
reactions of commercial interest, amongst others. Other 
microorganisms do not seem to serve any other practical 
purpose, but are, in principle, harmless to human health. 
HoWever, some of these microorganisms may become dan 
gerous, for a series of reasons, after undergoing certain types 
of biological transmutations and Whereupon they are termed 
pathogenic. These pathogens may eXist and develop in 
various environments. Other types of microorganisms may 
be intrinsically dangerous, meaning that they are naturally 
constituted as noXious to human health. Overall, the pres 
ence and the concentration of some of the referred micro 
organisms directly affect: the quality (potability and 
suitability for bathing)of the Water for consumption in major 
urban centers and seaside resorts, possibly causing a series 
of diseases, such as diarrhea; (ii) the quality of food, Which 
may generically cause food poisoning, and, particularly, 
“hamburger disease” and (iii) the quality of air in clinics, 
outpatients and hospitals Where the presence of aerobiologi 
cal microorganisms constitutes, for eXample, an important 
vector for hospital infections. In any of these cases, it may 
be of great interest or vital importance to detect the presence 
of certain microorganisms in real time or almost immedi 
ately, and consequently to monitor their evolution over time 
aiming to infer some useful information. At present, the 
conventional techniques for surveying microorganisms are 
closely linked to laboratory and outpatient procedures and 
based in selective biological culture and in the use of 
microscopy for direct visual observation. These techniques 
are reasonably complex, as they demand from the operator 
signi?cant intervention and skill in order to obtain depend 
able results, and typically require 1 to 10 days for comple 
tion. This means that the conventional techniques require an 
average of 72 h betWeen the capture of the microorganism, 
its isolation, identi?cation and consecutive monitoring of its 
evolution over time. The standard procedures concerning 
bacteriological tests are furnished by the American Public 
health Association All these procedures require 
incubation in a culture medium to produce an adequate 
supply of microorganisms for various analyses at the end of 
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the test. Apart from Which, the conventional techniques use 
equipment that is not particularly loW cost, making its 
employment dif?cult or unviable for Widespread surveying, 
in other Words, for detection/monitoring of microorganisms 
in more than one place simultaneously. 

[0004] There are other more modern procedures concern 
ing biological detection, such as: radiometry, electrochemi 
cals, chromatography, chemiluminescence, pulse ?eld elec 
trophoresis and ?uorescence. Concerning the techniques 
mentioned, there are some practical restrictions such as, for 
eXample, their success is highly dependent on the quantity of 
bacteria that can be concentrated in the test sample. This 
procedure, generally, requires a minimum of 104 bacteria. In 
molecular reactions, the test procedures are particularly 
liable to cross contamination by other molecules or molecu 
lar fractions. 

[0005] In addition, optical preventive techniques can be 
employed, aiming the elimination of pathogenic microor 
ganisms, highlighting, for eXample, the use of ultraviolet 
light as a germicide, avoiding the infection of a determined 
environment or a material medium. On the other hand, the 
medical knoWledge for ?ghting pathogenic microorganisms 
that had already infected the human body, especially those 
originating from hospital infection, food poisoning and 
Water contamination, is vast but incomplete. Such microor 
ganisms may also become resistant to any knoWn drug due 
to their possible biological mutations. Recently, some suc 
cess has been achieved With patients infected With these 
microorganisms using photochemical drugs activated by 
electroluminescent semiconductor diodes of high optical 
poWer With the correct Wave length, permitting the total 
elimination of these microorganisms, Without, in principle, 
harming the patient. This is the case, for instance, of the 
procedures recently developed and described by Pearce et al 
(H Pearce, M. Messager and J. Y. Maillard. “Effect of 
biocides commonly used in the hospital environment on the 
transfer of antibiotic-resistance genes in Staphylococcus 
aureus”. J.Hosp. Infect.43.2, pp.101-107, 1999). 

[0006] The optical surveying of microorganisms, Which is 
the object of the invention herein, ?nds its place betWeen the 
preventive techniques for the reduction/elimination of 
microorganisms and the techniques that aim to eliminate 
pathogens that have already infected the patients. 

[0007] The essential characteristics of any biological sen 
sor are its selectivity, sensitivity, resolution and response 
time, characteriZed by reactive recognition based on the type 
of test and the choice of detection technique. At a second 
level, there must be a biological surveying technology 
available that is robust, practical and of loW cost, so that it 
may be employed in the ?eld. Presently, various techniques 
and correlated devices are available, many of these are still 
at laboratory level Whilst others are commercial, all aiming 
the detection and monitoring of microorganisms. 

[0008] Microscopy, as already mentioned, constitutes a 
fundamental analysis tool in microbiology, not only for the 
detection/monitoring of microorganisms, but also for the 
basic study of these. In the same Way, there is a method of 
surveying bacteria involved in processes of hospital infec 
tions presently in use, knoWn as pulsed ?eld electrophoresis 
in, Which is capable of tracking With precision the micro 
organisms involved, mapping and evaluating the level of 
environmental impact. HoWever, it presents the disadvan 



US 2004/0076358 A1 

tage of the analysis taking approximately 7 to 14 days, as 
described by Birron and Lai (B. Birron and E. Lai. “Pulsed 
?eld electrophoresis: a practical guide”. Academic Press, 
San Diego, 1993). 
[0009] With the aim of undertaking microbiological 
detecting and monitoring in an automatic and selective 
manner, the concept of the biosensor arises. Abiosensor may 
be understood as a discreet electrical and/or optical compo 
nent built based on the integration of biological materials 
With inorganic materials. A biosensor, in practice, is there 
fore capable of producing an analog electrical or optical 
signal When placed in contact With some speci?c subject, 
Whether by its presence or any chemical-biological alter 
ations occurring from it. Abiosensor may be considered as 
a biologically active element, hoWever, it requires connec 
tion, in some form, to a larger con?guration, so that the 
electrical or optical analog can be adequately demodulated. 
The set-up thus formed is called a biological sensor. Fiber 
optics, in a general manner, may be used in the construction 
of biosensors, Which means that through some appropriate 
technique, biological materials should be integrated to the 
sheath or core of the ?ber (generally of glass or plastic) 
composing, therefore, an optical biosensor. In this manner, 
the light propagating through the core of the ?ber can 
interact With the biological material (an antibody, for 
instance) integrated through a coupling by evanescent-?eld. 
The evanescent Wave biosensor can induce modulation of 
intensity, complete phase, Wave length or polariZation of the 
propagating optical signal, or a ?uorescent signal can be 
generated in function of a photo-biological reaction Where 
part of the energy of this signal propagates itself through the 
optical ?ber. Evanescent-?eld biosensors are described in 
the state of the art (J. S. SchultZ. “Biosensors”. Scient. Amer. 
pp.64-69, 1991.; J. P. Golden, G. P. Anderson, R. A. Ogert, 
K. A. Breslin and F. S. Ligler. “An evanescent Wave ?ber 
optic biosensor: Challenges for real World Sensing”. SPIE. 
1796. 1992. pp. 1-8; S. P. J. Higson and P. M. Vadgama. 
“Development 0 an evanescent Wave ?ber optic biosensor. 
Med.& Biol. Eng.& Comp. 32.1994. pp. 601-609). 
[0010] Biological sensors based on evanescent Wave are, 
in a general manner, dependent on a combination of various 
technologies of biological, physical and chemical natures. In 
this sense, the North-American patents US. Pat. No. 4,447, 
546 and US. Pat. No. 4,558,014 describe the techniques of 
spectroscopy by total re?ection (TRS), Where the use of 
evanescent Wave to eXcite a ?uorescently linked analytic 
and, consequently, detect the resultant ?uorescence is 
claimed. Other patents describe methods to improve mea 
surement precision. This is the case of patent US. Pat. No. 
5,631,170. The method involves marking the biosensor With 
?uorescent antibodies, in other Words, antibodies linked to 
dye molecules. Provided that the antibodies mentioned are 
not linked to the antigens (subject), the dye molecules Will 
not be eXcited by the evanescent-?eld. HoWever, When the 
biosensor is in the presence of the speci?c antigen to be 
detected, the propagating light Will be capable of inducing 
?uorescence in the dye molecules. Another method is that 
Which is described in patent US. Pat. No. 4,242,447, that 
bases itself on the detection and quanti?cation of bacteria in 
a liquid sample characteriZed by fact that this sample 
contains an agent capable of inducing the production of an 
enZyme in the bacteria. This enZyme shall be capable of 
reacting With a ?uorescent conjugate ingested by the bac 
teria, in such a manner as to release its ?uorescent part, and 
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this total ?uorescence is measured and compared to the total 
of bacteria present in the medium. 

[0011] HoWever, as previously mentioned, there is an 
urgent need for the development of a method for detecting 
microorganisms that is sensitive and has a quick response, 
Without the inconvenients already mentioned, such as: 
necessity of a minimum of 104 bacteria, cross contamination 
by other molecules or molecular fractions and minimum 
average time of 72 h betWeen capture of the microorganism 
and the monitoring of its evolution over time. 

[0012] Thus, aiming to achieve this objective, a strategy of 
combining biological procedures With a ?ber optic sensor 
With an evanescent-?eld Was used, capable of detecting the 
microorganisms 4 to 5 times faster than When employing 
conventional procedures. 

SUMMARY OF INVENTION 

[0013] The aim of the present invention is the detection/ 
monitoring of microorganisms found in air, Water or food 
stuffs, through the use of a ?ber optic biosensor With an 
evanescent-?eld. 

[0014] A ?rst concretiZation of the present invention con 
cerns a method for the detection of speci?c microorganisms 
through the application of an evanescent-?eld of a sensitive 
optical ?ber, characteriZed by the stages: 

[0015] (a) eXposing the evanescent-?eld of the sen 
sitive ?ber optic using an appropriate technique 
based on physical and chemical properties; 

[0016] (b) permitting immediate contact of the 
eXposed evanescent-?eld obtained in the stage (a) 
With the sample to be examined, With the aforemen 
tioned sample having a form adequate so as to obtain 
the generation of an optical signal in response to the 
presence of microorganisms in the sample; 

[0017] (c) demodulating the optical signal generated 
in stage (b) and using this value to quantify the 
microorganisms through an appropriate method. 

[0018] In a second concretiZation, the invention is directed 
to a composition for use in the detection of microorganisms 
characteriZed by incorporating a selective culture medium 
for microorganisms needing to be detected and reactants 
capable of altering the properties of the medium in a manner 
as to favor the interaction of the system ?ber-microorgan 
ism. 

[0019] In a third concretiZation the invention refers to a 
device for surveying microorganisms through the insertion 
of a sensitive ?ber optic (11), With an adequately eXposed 
evanescent-?eld, into a surface or volume of a biological 
culture medium (12) speci?c for the microorganism to be 
detected, comprising a demodulation system based on a ?ber 
optic circuit and related components. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] FIG. 1: ShoWs the preferential assembly of the 
device for the detection of microorganisms through ?ber 
optics employed in the present invention. 

[0021] FIG. 2: ShoWs the eXit signals of the optical sensor 
With Staphylococcus aureus resistant to methicillin. Lines 1, 
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2 and 3 represent the exit signal and line 4 concerns the 
estimated number of bacteria. 

[0022] FIG. 3: Shows the exit signals of the optical sensor 
With S. pneumoniae. Lines 1, 2 and 3 represent the exit 
signal and line 4 concerns the estimated number of bacteria. 

[0023] FIG. 4: Presents data for the temporal optical 
response of the biosensor With E. coli 0157:H7. 

[0024] FIG. 5: ShoWs the time of remaining in the Lag 
phase versus the initial number of bacteria E. coli 0157:H7. 

[0025] FIG. 6: ShoWs data for the sensitivity of the 
biosensor during the Lag phase. 

[0026] FIG. 7: ShoWs a photograph obtained by electronic 
microscopy of E. coli 0157:H7 (Lag phase) in physical 
contact With the optical ?ber. 

[0027] FIG. 8: ShoWs a photograph obtained by optical 
microscopy by phase contrast of E. coli 0157:H7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] With the purpose of resolving the existing incon 
veniencies in the state of the art the present invention Was 
developed, that consists in a sensor for microorganisms 
based on a technology composed of microbiological proce 
dures combined With a ?ber optic device. 

[0029] The microbiological procedures consist in permit 
ting the groWth of a selective culture of a determined 
microorganism in an adequate support such as, for example, 
0 Petri dish or a slide Where the medium is composed of 
nutrients appropriate to the groWth and viability of the 
microorganism and their quantity, pH and temperature are 
precisely controlled. The choice of the selective culture 
medium Will depend on the microorganisms to be monitored 
being, hoWever, of common knoWledge to experts in the 
?eld. The optimiZation of the culture medium shall be 
undertaken With speci?c nutrients, such as: substance(s) 
source(s) of nitrogen, for instance industrial residues rich in 
protein, soya protein, urea, yeast extract; (ii) substance(s) 
source(s) of carbon, for instance manitol, dextrose, 
sacharose; and substance(s) source(s) of micronutrients, 
selected from, for instance, mixtures of salts involving 
MgSO4, MnSO4, ZnSO4, FeSO4 and CaCl2. As an option, it 
is possible to use reactants that are capable of altering the 
properties of the culture medium in a manner as to permit 
that the index of refraction of the subject is better detected. 
In other Words, these reactants Will favor the ?ber-micro 
organism interaction. In this manner, it is possible to have a 
composition containing selective culture medium for the 
microorganism chosen for detection and reactants capable of 
altering the culture medium so as to permit that the index of 
refraction of the subject is better detected. 

[0030] On the surface or inserted in a volume of the 
aforementioned biological culture medium is a segment of 
optical ?ber termed sensitive ?ber optic that is then in direct 
physical contact With the subject. 

[0031] The basic geometric structure of an optical ?ber 
consists of a concentrically cylindrical core and sheath. 
Light is propagated through the core, being almost entirely 
spatially combined there, Which characteriZes one or more 
means of transversal optical propagation. Basically, What 
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ensures the con?nement and the propagation of light in an 
optical ?ber is the fact that its core possesses an index of 
refraction that is superior to the sheath, as it permits the 
occurrence of the total internal re?ection phenomena. An 
optical ?ber may support the propagation of only one mode 
(monomode ?ber) or tWo or more modes (multimode ?ber). 
In either of the cases a part of the propagating luminous 
energy alWays extends beyond the sheath decreasing in 
amplitude in an exponential manner along the radial co 
ordinates. This part of light that extends beyond the sheath 
is termed evanescent-?eld. The sheath of an optical ?ber 
may already be suf?ciently thin, or have its thickness 
decreased in such a manner, that the evanescent-?eld 
becomes exposed externally, in other Words, in a manner that 
permits that the light suffers the phenomena of optic tun 
neling through the sheath and can interact With the outside 
environment. 

[0032] Alternatively, the sheath of the optic ?ber may be 
completely removed so as to directly expose its core. In this 
last case, the external medium alone assumes the role of the 
sheath. In either of the tWo cases, light may to a greater or 
lesser degree interact With the subject (external medium)and 
this phenomena is termed evanescent-?eld coupling. A sen 
sitive ?ber consists therefore of a segment of optical ?ber 
Which is placed in contact With the surface of a biological 
medium, Where the evanescent-?eld may be accessed exter 
nally and the propagating light interacts With this biological 
medium. The presence, groWth and/or reproduction of 
microorganisms in the culture medium dynamically alter its 
optical constants. This means that from the moment that the 
microorganisms are inoculated in culture medium it starts, in 
a general manner, to have its coef?cient of attenuation and 
index of refraction varying With time and the surface or 
volume of the biological mass. The evanescent-?eld extends 
in signi?cant amplitude Which characteriZes a volume of 
light-microorganism interaction. 

[0033] In the light-microorganism interaction, the optical 
signal through its evanescent-?eld shall, in a general man 
ner, experience a temporal variation of the average index of 
refraction (component DC) and the attenuation coef?cient 
due to the intrinsic absorption of the medium and spreading 
(Mie) because of spatial ?uctuations (component AC) of the 
index of refraction generated by the presence of each micro 
organism. 

[0034] As such, When the microorganism starts its groWth 
along the length of the optical ?ber tWo effects may occur: 
(i) during the lag phase, due to the metabolism of the 
microorganism (for instance, bacteria) enZymes are released 
that cause an alteration of the index of refraction and/or (ii) 
due to an increase in the number of microorganisms in 
contact With the optical ?ber, during the log phase, the 
medium turns opaque With time. In this manner, the intrinsic 
absorption also suffers alterations. Therefore, the reduction 
of the optical poWer is intimately related With the number of 
microorganisms present in the volume occupied by the 
evanescent-?eld around the ?ber. 

[0035] Therefore, the light propagated through the sensi 
tive ?ber simultaneously interacts With the microorganisms 
present and/or in evolution that are Within the volume of 
interaction by coupling of the evanescent-?eld. In this 
manner, the actual mechanism of surveying occurs, Where 
the optical signal is modulated in function of the temporal 
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variations of the optical constants. Therefore, the presence 
and/or evolution of the microorganisms affects some char 
acteristics of the light guided through the sensitive optical 
?ber. The characteristics of light that may be affected 
individually or in a combined manner are: amplitude (inten 
sity), complete phase, Wavelength or polariZation. As can be 
seen in FIG. 1, the sensitive ?ber is inserted continuously 
(in-line) in an adequately constructed ?ber optic circuit 
Where the optical signal bearing information from the sub 
ject can be demodulated during the course of the biological 
culture. Some possible optical circuits are shoWn in FIG. 1 
and can demodulate signals that have been modulated at the 
propagation by the sensitive optical ?ber by: average optical 
poWer (amplitude or intensity), complete phase (advance or 
delay of the phase), re?ected and/or transmitted spectrum 
(Wave-length), polariZation and shape/temporal or spectral 
parameterisation of optical pulses. In this manner, it is 
possible to indirectly detect the presence of and/or tempo 
rally monitor the microorganisms, eventually inferring addi 
tional information such as, for instance, the initial concen 
tration of microorganisms, in the case of the sensor being 
calibrated beforehand. 

[0036] The present invention consists, preferably, of an 
available material medium Where possibly microorganisms 
may exist and/or be cultivated selectively. This material 
medium may constituted of a biological gel Within a Petri 
dish in a manner as to permit that microorganisms be 
cultivated on the surface of the aforementioned gel. Prefer 
ably, an agent may be added to the culture medium that 
permits the maintenance of the residual humidity favoring 
thus, a better interaction betWeen the microorganisms and 
the sensitive area. More preferably, this agent is glycerol in 
an appropriate concentration. 

[0037] This material medium may also be constituted of 
?uids of a corporal nature such as Water, blood, urine, etc. In 
this last case, microorganisms may be present and reproduce 
throughout the volume of the ?uid. The segment of sensitive 
optical ?ber should be conveniently placed on the surface or 
inserted in the volume of the biological culture medium. 
Beforehand, hoWever, this ?ber shall have an area of its 
primary covering removed and Will undergo a treatment 
employing an appropriate technique based on chemical and 
physical properties. This treatment aims to expose the eva 
nescent-?eld of the optical ?ber through etching, for 
instance, using, preferably, strong acids, such as hydro?uo 
ric, hydrochloric, sulfuric acids, for instance. It is necessary 
that the treatment lasts for the time necessary to etch the 
sheath of the optic ?ber to an approximate thickness of 0.5 
to 1 pm from the core. In this Way, it is possible to expose 
approximately 80% of the evanescent-?eld. The etching is 
interrupted by the immersion of the ?ber in deionised Water 
and, afterWards, in a pH stable solution for an adequate time 
to remove any residue of Water. Thus, it is possible to couple 
the evanescent-?eld of the means of guided propagation to 
the material medium containing the subject (microorgan 
isms). The sensitive ?ber optic, in turn, is inserted continu 
ously in a larger ?ber optic circuit, having a particular 
assembly With the aim of demodulating the optical signal 
modulated by the subject. These characteristics confer to the 
invention operational advantages of biological selectivity, 
sensitivity, resolution, response velocity, stability, possibil 
ity of miniaturiZation, ease of operation and easy incorpo 
ration into larger and more complex optical circuits that are 
destined to compose a survey netWork (overall survey) in a 
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manner that microorganisms may be detected/monitored in 
various places simultaneously. The sensor technology 
described here should be employed preferably for biological 
detection/monitoring in a qualitative and/or quantitative 
manner having a speci?c microorganism as subject. 

[0038] The present invention may be employed, for 
instance, in the detection/monitoring of aerobiological 
pathogens encountered in hospital, outpatients and clinic 
environments, in the bacteriological veri?cation of food 
stuffs in general, and in samples intended for veri?cation of 
Water quality. 

[0039] The preferred arrangement for the invention 
described herein, acting as a sensor for microorganisms, 
may be constituted in various possible assembly as illus 
trated in FIG. 1. The preferred arrangement does not 
exclude the possibility that the sensitive ?ber optic apart 
from the core and sheath, may have incorporated to it one or 
more concentric layers of dielectric, metallic, semiconductor 
or superconductor materials With the end of altering the 
transversal spatial distribution of the evanescent-?eld and 
therefore optimiZing the coupling With the biological 
medium and thus the performance of the sensor. More 
preferably, the interaction bacteria-?ber may be favored 
coating the ?ber With a polymer ?lm such as, for instance, 
polyvinyl chloride, polyurethanes, polyureas, and polyes 
ters. In addition, the sensitive optical ?ber may contain the 
engraving of a Bragg grating that Works like a spectral ?lter. 
The Bragg gratings engraved in optical ?bers are Well 
described in Kashyap (Raman Kashyap. “Fiber Bragg Grat 
ings”. Academic Press, 1999) and are constituted by an axial 
modulation in the index of refraction of the core in lengths 
of, typically, millimeters or centimeters. Thus, part of the 
spectrum entering the Bragg grating shall be re?ected by the 
?ber Whilst the remaining spectrum shall be transmitted. 
Modulation of the Wave length Will be generated When 
changes in the index of refraction experienced by the 
propagating light in the sensitive ?ber optic occurs. One 
means of obtaining this is Well described by Ribeiro et al (R. 
M. Ribeiro et al. “All-optical control of Bragg grating in 
semiconductor coated D-shaped ?ber”. Optics Letters. 24.7. 
pp.111-113, 1999) Where the light interacts simultaneously 
With the Bragg grating and some material medium Whose 
index of refraction suffers changes. The sensitive optical 
?ber may also be constituted as a ?ber With a high birefrin 
gency (HiBi) such as, for instance, a ?ber maintaining 
polariZation. In this manner, the propagating light experi 
ences tWo different indexes of refraction in directions 
orthogonal to each other. In the case of the index of 
refraction of the subject as experienced by the evanescent 
?eld suffers changes, light polariZation shall be modulated. 
The sensitive optical ?ber, as Well as being of the polariZa 
tion maintaining type, may also contain an engraved Bragg 
grating. In this case, it Will be possible to obtain the 
modulation in the Wave length and the polariZation simul 
taneously. The preferred arrangement also does not exclude 
the possibility that the sensitive optical ?ber may be inserted 
in some other type of assembly (?ber optic circuit for 
demodulation) not described by this patent. The optical 
?ber(s) used Whether for the construction of the optical 
circuit for demodulation or for the making of the sensitive 
?ber may be manufactured using as raW material silica 
(SiO2) and other glass in general, plastics of various types 
(polymers) or any other material medium With a suf?cient 
optical transparency. 
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[0040] FIG. 1 shows the diagram of the preferred assem 
bly of the present invention, in other Words, the implemen 
tation of survey technology for microorganisms by ?ber 
optics. An optical source (1) that may be constituted by an 
electrical luminescent diode (LED) or a semiconductor laser 
(LD), possesses the function of generating light in a con 
tinuous mode, modulating or pulsing, that shall be used in 
the circuit of the microorganism survey. The light produced 
by the optical source is applied to the circuit through a ?ber 
optic coupling of the 2x1 type (2), also called a WDM 
coupling. The other source of entry (3) of the 2x1 coupling 
is constituted, in reality, by an exit, so that the light pro 
cessed by the survey device may be detected by the photo 
detector This photodetector is preferably constituted by 
a semiconductor of the photodiode or phototransistor type, 
Which functions in the electrical domain Whereby light is 
transformed into a photocurrent. The coupling (2) is linked 
by fusion or mechanical connection to another 2x2 coupling 
to the optical ?ber (5), also termed bi-directional coupler. 
The other source of entry (6) of the 2x2 coupling is 
constituted, in reality, by an exit, so that the light processed 
by the survey device may be detected by the photodetector 
(7). This photodetector is preferably constituted by a semi 
conductor of the photodiode or phototransistor type. The exit 
of the coupling (5) is linked by fusion or mechanical 
connection to the tWo extensions of optical ?ber, one is 
termed sensitive extension (8) and the other is termed 
reference extension Part of the optical ?ber of the 
sensitive extension (8) may be coiled around a certain 
number of rings of a certain diameter, so as to constitute a 
polariZation controller (10) of the propagating light. The 
sensitive optical ?ber (11) is linked by fusion or mechanical 
connection in a manner as to provide continuity to the 
sensitive extension (8) of the optical circuit for survey. This 
?ber permits that the evanescent-?eld be accessed When put 
in direct physical contact With some biological medium (12). 
The sensitive optical ?ber may be connected at extremities 
(13) and (14) to the rest of the optical circuit, termed 
demodulation circuit. The exit (15) of the sensitive extension 
(8) alloWs the light processed by the device to be detected by 
the photodetector (11). This photodetector Will be consti 
tuted, preferably, of a semiconductor of the photodiode or 
phototransistor type. The other exit of the coupling (5) shall 
be linked by physical or mechanical connection to the 
reference extension (9), Where part of the optical ?ber that 
constitutes it is coiled around another polariZation controller 
(17). The exit (18) of the reference extension (9) alloWs the 
reference light of the device to be detected by the photode 
tector (19). This photodetector Will be constituted, prefer 
ably, of a semiconductor of the photodiode or phototrans 
istor type. The light processed by the survey device emerges 
from the exit (15) and is detected by the photodetector (16). 
This photodetector Will be constituted, preferably, of a 
semiconductor of the photodiode or phototransmitor type. 
The reference light emerges from the exit (18) and is 
detected by photodetector 19. In this manner, the device 
functions based on the modulation of the intensity (ampli 
tude) of light. The 2x2 ?ber optic coupling (20) possesses 
tWo entries (21) and (22). The exit (15) of the sensitive 
extension (8) may be directly linked or mechanically con 
nected to the exit (18) of the reference extension In this 
case, the device formed shall be a Sagnac ?ber optic 
interferometer Where the photodetector (4) detects the 
re?ected optical signal Whilst the photodetector (7) detects 
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the optical signal transmitted by the device. If the exits (15) 
and (18) Were to be re?ective in a manner that light Were at 
both extremities, the device formed Will be a Michelson ?ber 
optic interferometer Where the photodetectors (4) and (7) 
Will detect the processed optical signal. The links (13) and 
(14) can merely be done through the use of mechanical 
connections. In this case, the cleaved extremities of the 
sensitive optical ?ber (11) may be semi-re?ective, so that a 
fraction of the light may undergo multiple re?ections in the 
sensitive optical ?ber (11). In this manner, the device form 
shall be a Fabry-Perot ?ber optic interferometer, Where the 
signals shall be detected by photodetector (16) e (19). The 
exits (15) and (18) may be linked by fusion or mechanical 
connection to the entries (21) and (22), respectively, of the 
coupling (20). In this case, the device formed shall be a 
Mach-Zehnder ?ber optic interferometer, Where the signals 
shall be detected by photodetectors (23) and (24) after 
emerging from extremities (25) and (26) of the optical ?ber. 

[0041] The present invention is described in detail by the 
examples presented beloW. It is necessary to mention that the 
invention is not limited to these examples, but also includes 
variations and modi?cations Within the limits of Which it 
Works. 

EXAMPLE 1 

Exposure of the Evanescent-Field 

[0042] So as to alloW the exposure of the evanescent-?eld, 
20 cm of a multimode optical ?ber, of graded-index, With a 
diameter of 625/125 pm is attacked by a hydro?uoric acid 
solution at 38%, during 11 minutes. In this manner, the 
etching of the ?ber optic sheath occurs to an approximate 
thickness of 0.5 to 1 pm from the core. After this period, the 
chemical reaction is interrupted by immersion in deionised 
Water and, afterWards, in a phosphate buffered saline solu 
tion, pH 7.4, for 15 minutes. This ?ber shall be, then, placed 
in the support containing the medium in Which the micro 
organisms are groWing. 

EXAMPLE 2 

Obtaining an Air Sample 

[0043] An air sample is collected through the technique 
knoWn to experts in the ?eld as impaction-on-a-gel employ 
ing Merck MAS-100 equipment. In this manner, a sample of 
the ambient air Was aspirated, through perforated plates, 
With the aid of a vacuum pump (With a volumetric ?oW rate 
of 100 litres per minute) for 30 seconds. The resulting air 
stream that carries particles With diameters inferior to 10 pm, 
Was directed to the agar surface of a Petri dish. Eighteen 
collections Were undertaken, during six random days, three 
collections per day, during tWo Weeks. During the three ?rst 
days, a speci?c culture medium for Staphylococcus aureus 
Was used, and during the three remaining days, a speci?c 
medium for S. pneumoniae Was used. 

EXAMPLE 3 

GroWth of Microorganisms in a Selective Culture 
Medium 

[0044] The culture medium used for Staphylococcus 
aureus resistant to methicillin (MRSA) obtained in Example 
2 Was the Baird-Parker Agar (Difco Laboratories-Difco 
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0768-17-3) at an incubation temperature of 35° C. For S. 
pneumoniae, the culture medium used Was Trypticase soya 
agar (Difco Laboratories, Detroit, Mich.—Difco 0026-17-1) 
supplemented With sheep blood at 5% at an incubation 
temperature of 35° C. In both the culture media glycerol at 
0,2% Was added, so as to avoid drying out the culture during 
the tests. For the groWth of E. coli 0157:H7, the selective 
culture medium employed Was the MacConkey sorbitol agar 
base (Difco Laboratories-Difco 0079-17-7), at an incubation 
temperature of 35° C. 

[0045] Many tests Were performed so as to calibrate the 
biosensor for its selectivity, using different initial values of 
bacteria (No). E. coli 0157:H7 available commercially in 
lyophiliZed form Was reconstituted With 1.0 mml of phos 
phate buffer saline solution , pH 7.4, and inoculated in 
various Petri dishes containing MacConkey sorbitol agar 
base, supplemented With glycerol at 0.2%. The incubation 
Was at 35° C. for a period of 24 hours. After this period, the 
purity of the material Was con?rmed and the Petri dishes 
Were stocked at 4° C., for later dilution. For obtaining the 
dilutions With NO=10, 20, 30, 40, 50, 60, 70 and 80 micro 
organisms used 100 ul of phosphate buffer saline solution 
(pH 7.4) and for values of NO 90, 100, 200, 400 and 800 
microorganisms, the volume used Was 500 pl of phosphate 
buffer saline solution (pH 7.4). For each sample the cells 
Were counted using a Coulter (Beckman) counter that per 
mits an accuracy of 11%. Finally, the sensitive probe of 
Example 1 Was inserted in the Petri dishes containing the 
media described above, in a dilution With a knoWn number 
of microorganisms and the measurement of points Was 
initiated With the use of systems adequate for the measure 
ment/acquisition of data knoWn to experts in the ?eld. 

EXAMPLE 4 

Correlation of the GroWth With the Estimated 
Number of Bacteria 

[0046] FIGS. 2 and 3 present, respectively, the optical 
signal of the sensor for Staphylococcus aureus resistant to 
methicillin and S. pneumoniae. Lines 1, 2 and 3 represent the 
output signal for samples 1, 2 and 3, respectively. Line 4 
correlates the groWth With the estimated number of bacteria, 
in accordance With the folloWing formula: 

[0047] Where t is the time in minutes, N is the total number 
of bacteria in the time t, NO is the initial number of bacteria 
(equal to 94 for Staphylococcus aureus resistant to methi 
cillin (MRSA) and 91 for S. pneumoniae) and GT is the time 
of generation (equal to 30 minutes for MRSA and 48 
minutes for S. pneumoniae). 

[0048] Observing FIGS. 2 and 3, one notes the presence 
of three distinct phases: the ?rst is a plateau Where no 
response is detected (Lag phase). The result for Staphylo 
coccus aureus resistant to methicillin and S. pneumoniae 
demonstrate a lag phase of, approximately, 6 and 13 hours 
respectively. This different is due to the different times of 
generation for each microorganism, in other Words, 30 
minutes for Staphylococcus aureus resistant to methicillin 
and 48 minutes for S. pneumoniae. The second region 
presents a negative inclination. This is the phase of expo 
nential groWth of the bacteria. The third phase is character 
iZed by a saturation of the volume that occurs around the 
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sensitive ?ber. This is not yet the stationary phase of the 
culture, since it continues to groW for a total period of 48 
hours. 

EXAMPLE 5 

CharacteriZation of the Sensitivity of the Biosensor 

[0049] Various measurements Were performed With the 
aim of to characteriZing the sensitivity of the biosensor, each 
one during an interval of 24 hours (1440 minutes) employ 
ing 13 different values of colony forming units (CPU) or 
initial number of bacteria (NO). These values vary from 10 
to 800 for samples ofE. coli 0157: H7. FIG. 4 plots the data 
of the temporal optical response, I(Out)(t) (in arbitrary units) 
of three of these measurements (NO=10, 80 and 800). The 
results of the optical measurements are reproducible. The 
reproduction is also observed in all the measurements cor 
responding to the different values of NO (Lag phase, Log 
phase and stationary phase). In the ?rst phase of bacterial 
groWth, a level DC I(Out)(t)=ILag is observed With approxi 
mately the same temporal variation. The level 1mg is related 
to the response of the biosensor, in Which E. coli 0157: H7 
remains in its lag phase during the time of the AtLag decrease. 

[0050] FIG. 5 shoWs a plot, for all the measurements of 
the AtLag data versus NO. The linear ratio With practically no 
angular coef?cient Was ?eld out With an average of 27014 
minutes or, approximately 4.5 hours, represents a reproduc 
ibility of about 1.5%. AtLag is attributed to the temporal 
variation that E. coli 0157: H7 consumes in its Lag phase 
independent of its initial number, NO. 

[0051] The optical attenuation AIout (in dB) for each NO 
signi?es the difference betWeen the variation of time AtLog 
(in hours) of the Log phase, for each NO. The derivative of 
the time [31mg of IOut(t), in the Log phase, varies With NO and 
can be calculated by the folloWing formula: 

BLog (NU)EAIOHl/AtLOg' 
[0052] FIG. 6 demonstrates the sensitivity of the biosen 
sor [3mg (dB/hour), during the Log phase, When the initial 
number of bacteria varies from N0=10 to NO=400. The linear 
correlation coef?cient of 0.985 provides a straight line for 
the calibration curve: [3LOg(NO)=(A[3LOg/ANO)NO. The calcu 
lated angular coef?cient is ABLOg/ANO=(0,016:0,001) (dB/ 
hour)/bacteria. Thus, the response speed of the biosensor 
during the Log phase increases in 0.016 dB/hour, for each E. 
coli 0157:H7 inoculated in the Petri dish. For NO=800, the 
angular coefficient [3LOg(800)zdB/h. Therefore, it is possible 
to infer from the output signal the initial number of bacteria 
measuring the angular coef?cient of the Log phase. The 
number of colony forming units is directly related to the 
degree of contamination of the sample. FIGS. 7 and 8 shoW 
photographs obtained by electronic microscopy of E. coli 
0157:H7 (Log phase) in physical contact With an optical 
?ber and With a phase contrast optical microscopy of E. coli 
0157:H7, respectively. 

1. Method for detection of contamination by speci?c 
microorganisms through the application of the evanescent 
?eld of a sensitive ?ber optic characteriZed by the stages of: 

(a) exposing the evanescent-?eld of the sensitive ?ber 
optic using an appropriate technique based on physical 
and chemical properties; 
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(b) permitting the immediate contact of the exposed 
evanescent-?eld obtained in the stage (a) With the 
sample to be examined, With the aforementioned 
sample having a form adequate so as to obtain the 
generation of an optical signal in response to the 
presence of microorganisms in the sample: 

(c) demodulating the optical signal generated in stage (b) 
and using this value to quantify the microorganisms 
through an appropriate method. 

2. Method in accordance With claim 1 Wherein the appro 
priate technique for stage (a) is chemical etching performed 
With a strong acid. 

3. Method in accordance With claim 2 Wherein the strong 
acid is hydro?uoric acid. 

4. Method in accordance With claim 3 Wherein the time of 
treatment and the concentration of the hydro?uoric acid 
solution is adjusted in a manner to permit the etching of the 
sheath of the ?ber optic until it approaches a thickness of 0.5 
a 1 pm from the core. 

5. Method in accordance With claim 4 Wherein the time of 
treatment is 11 minutes and the concentration of the acid is 
38%. 

6. Method in accordance With claim 1 Wherein the sample 
to be examined is in a support containing the culture medium 
appropriate to permit the groWth of microorganisms. 

7. Method in accordance With claim 6 Wherein the support 
is a Petri dish containing Agar medium and speci?c nutri 
ents. 

8. Method in accordance With claim 6 Wherein reactants 
are incorporated to the culture medium capable of altering 
the properties of the culture medium in a manner as to permit 
a better detection of the index of refraction of the microor 
ganisms. 

9. Method in accordance With claim 1 Wherein the sen 
sitive ?ber has integrated to itself one or more concentric 
layers of a material selected from the group consisting of 
dielectricals, metallics, superconductors or semiconductors 
in a manner so as to alter the transversal spatial distribution 
of the evanescent-?eld and thus optimiZing the contact With 
the medium containing the speci?c microorganism. 

10. Method in accordance With claim 9 Wherein the 
material is a polymer selected from a group consisting of 
polyvinyl chloride, polyurethanes, polyureas and polyesters. 

11. Method in accordance With claim 1 Wherein the 
monitoring of the environment is to occur in real time. 

12. Composition for the use in the detection of microor 
ganisms characteriZed by comprising a selective culture 
medium for the microorganism to be detected and reactants 
capable of altering the properties of the medium in a manner 
as to favor the interaction of the system ?ber-microorgan 
ism. 

13. Composition in accordance With claim 12 Wherein the 
alteraction is in the index of refraction of the system. 

14. Device for the survey of microorganisms through the 
insertion of a sensitive ?ber optic (11), With an adequately 
exposed evanescent-?eld, into a surface or volume of a 
biological culture medium (12) speci?c for the microorgan 
ism to be detected, characteriZed by comprising the folloW 
ing system for demodulation based on a ?ber optic circuit 
and related components: 

optical source (1), coupling to an optical ?ber of the 2x1 
type (2), coupling to an optical ?ber of the 2x2 type (5), 
an optical ?ber extension (8) termed sensitive element 
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containing a polariZation controller (10), a segment of 
sensitive optical ?ber (11) With the exposed evanes 
cent-?eld being in direct physical contact With the 
biological culture medium (12), an extremity (15) from 
Which exits the light that enters the photodetector (16), 
another extension of optical ?ber (9) termed reference 
element containing a polariZation controller (17), an 
extremity (18) from Which exits the light that enters the 
photodetector (19) in a manner as to compose a device 
that functions based on the modulation of the intensity 
(or amplitude) of light. 

15. Device for the survey of microorganisms through the 
insertion of a sensitive ?ber optic (11), With an adequately 
exposed evanescent-?eld, into a surface or volume of a 
biological culture medium (12) speci?c for the microorgan 
ism to be detected, characteriZed by comprising the folloW 
ing system for demodulation based on a ?ber optic circuit 
and related components: 

i) optical source (1), coupling to an optical ?ber of the 2x1 
type (2), coupling to an optical ?ber of the 2x2 type (5), 
an optical ?ber extension (8) termed sensitive element 
containing a polariZation controller (10), tWo connec 
tion links (13) and (14), a segment of sensitive optical 
?ber (11) With the exposed evanescent-?eld being in 
direct physical contact With the biological culture 
medium (12) and having both semi-re?ective extremi 
ties localiZed at points (13) and (14), an extremity (15) 
from Which exits the light that enters the photodetector 
(16), another extension of optical ?ber (9) termed 
reference element containing a polarization controller 
(17), an extremity (18) from Which exits the light that 
enters the photodetector (19) in a manner as to compose 
a device that functions based on the modulation of the 
complete phase of light of the Fabry-Perot type inter 
ferometer. 

16. Device for the survey of microorganisms through the 
insertion of a sensitive ?ber optic (11), With an adequately 
exposed evanescent-?eld, into a surface or volume of a 
biological culture medium (12) speci?c for the microorgan 
ism to be detected, characteriZed by comprising the folloW 
ing system for demodulation based on a ?ber optic circuit 
and related components: 

optical source (1), coupling to an optical ?ber of the 2x1 
type (2), coupling to an optical ?ber of the 2x2 type (5), 
an optical ?ber extension (8) termed sensitive element 
containing a polariZation controller (10), a segment of 
sensitive optical ?ber (11) With the exposed evanes 
cent-?eld being in direct physical contact With the 
biological culture medium (12), an extremity of re?ec 
tive optical ?ber (15), another extension of optical ?ber 
(9) termed reference element containing a polariZation 
controller (17) and a extremity of re?ective optical ?ber 
(18), an extremity of optical ?ber (3) from Which exits 
the light that enters the photodetector (4) and an 
extremity of optical ?ber (6) from Which exits the light 
that enters the photodetector (7) in a manner as to 
compose a device that functions based on the modula 
tion of the complete light phase of the Michelson type 
interferometer. 

17. Device for the survey of microorganisms through the 
insertion of a sensitive ?ber optic (11), With an adequately 
exposed evanescent-?eld, into a surface or volume of a 
biological culture medium (12) speci?c for the microorgan 
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ism to be detected, characterized by comprising the folloW 
ing system for demodulation based on a ?ber optic circuit 
and related components: 

optical source (1), coupling to an optical ?ber of the 2x1 
type (2), coupling to an optical ?ber of the 2x2 type (5), 
an optical ?ber extension (8) termed sensitive element 
containing a polariZation controller (10), a segment of 
sensitive optical ?ber (11) With the exposed evanes 
cent-?eld being in direct physical contact With the 
biological culture medium (12), an extremity of optical 
?ber (15) directly linked to the extremity of optical 
?ber (21) belonging to the coupling of the optical ?ber 
of the 2x2 type (20), an extremity of optical ?ber (25) 
from Which exits the light that enters the photodetector 
(23), another extension of optical ?ber (9) termed 
reference element containing a polariZation controller 
(17), an extremity of optical ?ber (18) directly linked to 
the extremity of optical ?ber (22) and an extremity of 
optical ?ber (26) from Which exits the light that enters 
the detector (24) in a manner as to compose a device 
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that functions based on the modulation of the complete 
light phase of the Mach-Zehnder type interferometer. 

18. Device in accordance With claim 14 Wherein the 
sensitive optical ?ber (11) contains a Bragg grating engraved 
Within its core in a manner as to compose a device that 

functions based on the modulation of the length of the light 
Wave. 

19. Device in accordance With claim 14 Wherein the 
sensitive optical ?ber (11) consists of a high birefringency 
?ber of the type that maintains polariZation in such a manner 
as to compose a device that functions based on the modu 
lation of the polariZation of light. 

20. Device in accordance With claim 14 Wherein the 
sensitive optical ?ber (11) consists of a high birefringency 
?ber of the type that maintains polariZation containing a 
Bragg grating engraved Within its core in a manner as to 
compose a device that functions based on the modulation of 
the length of the light Wave and/or light polariZation. 

* * * * * 


