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NOTICE

The invention disclosed in this document resulted from
research in aéronauticé1 and space activities performed under
programs of the National Aeronautics aﬂa Sp5ce Administration.
The invention isAéwnéd py NASA‘and-is, therefore, available
for licensing in accordance with the ﬁASA_?atenﬁ Licéhsing
Regulation’(14 éodé of Federal Regulatiéns 1245.2).

To ehcduragé commercial utilization of NASA-owned in?en4-
tions, it is NASA policy to grant licenses to commercial
concerns. Althouéh NASA encburéges,nonexCIuSive liCensing
to prbmgté coﬁpetiﬁion,and achievé_the widest poSsibLe utili-
-zation, NASA will consider the grah;idg of a.iimitéd'exclusive
}Liéense, pursuant to the NASA‘Patent LiCenéing Regulations,
when such a liéehse wili provide‘the neceSsaiy incentive to
the lidensee‘ﬁo'achieve early_praétical appliéétion of the
invention. |

Address inquiries.and all app;icétions for license fér
this invehtibn to NASA}Patehﬁ Cdunsél,'qudard Spéce Flight.
Center, Mail Code 204,'Greenbe1£, Maryland, 20771.  Approved
NASA forms for application for ﬁonexciusiVe.or'é2¢1usive

license are available from the above address.
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BACTERIA DETECTION INSTRUMENT AND METHOD

The instant invention 1s directed to method-
and apparatus for screening a sample of fluid for bac-
terial presence by monitoring a change in the concen-
tration of dissolved oxygen-in the fluid due to bacterial
ractivity. The monitoring is performed by measuring the
potential difference between a pair of electrodes which -
are inserted into the fluid.

The invention is useful for rapidly detecting
the presence of bacteria in bioclogical flulds such as
urine and cerebrospinal fluid and inother fluids charac-
terized as foods, e.g. water and milk. The invention is:
capable of detecting the presence of bacteria in initial-
concentrations of 1000 per milliliter in under 1% hours.
This rapid Time of detection as well as the simplicity
.and inexpensiveness of the instrument represents an impor-
tant advancement in the art. T '

The basic instrument is termed a "redox-monitoring"
cell, since it measures the reduction of oxygen concentration.
It is shown in Figure 1. Solution 4 contains the fluid sample
as well as a culture media if required. Electrode 6 is a test
electrode having a noble metal wire 10 which reacts with the

"oxygen dissolved in the fluid to give a half cell potential
which 1s a function of oxygen concentration. Reference elec-
trode 8 provides a constant half cell reaction and -is similar
to a silver-silver chloride electrode.

The novelty of the invention appears to lie in the
steps of monitoring the reduction of oxygen concentration in
-a fluid by electrode means over a period of time and compar-

ing the amount of said reduction to a detection criterion to
indicate whether bacteria are present.

INVENTORS: - William Renner and Robert D. Fealey

EMPLOYER: George Washington University
CELALEAEOR Wayrre=cien

Serial No; 305,013 -

Filing Date: 11/9/72



NASA CASE N2GSC 11,5331

* ROBERT D.FEALEY et al mv

SENSOR

HERTER,

 SHEET 10F 2
6= . 16
| 13
S/
~ <
NEENNNE NN
N\ E, N N\ NN\ 24
e/ | HE 0
14— | k
SRR
A 0 e—f | 112
ed—r-dl-20 H N F
L e | J
ittt | BOaba
. 4_ ___}-10-.
. /-,""Z. '
30/
f7G. 2
28 ;
TEMPERATURE i VOLTMETER -
CONTROLLER N D 50
|48 L— —
CELL SELECTOR SWITCH 44
41 fo— M2 4o [TH2 4o R
_/
/S |
45 RXTA revox (222N Repox 22N REDOX 24
NN CELL ANIYN CELL N CELL
\\:\\‘2: 3 \4 \\/\ 3 \ t
R 2 A 2 o ®
\:\\\‘;Q /\\‘ <<\ TS
31*;\\\\1\/\//////\ //// AN L7l
\\\\\\\: AR \\ \\ \\ \\\\\\\\\\\i\\ NN \\\\\\\\\




ee-

 NASA CASE N2GSC 11,533~
ROBERT D. FEALEY etal, INv.
SHEET 2 OF 2

"PREPARE
TEST VIAL

MONITOR
REDOX
POTENTIAL

BACTERIAN YES

G, A4 o
INOCULATE INCUBATE
PLATE 24 VRS,
READ PLATE

N *



| WASA Case -GSC 11,533-1

- APPLICATION FOR LETTERS PATENT OF THE UNITED STATES

fTo ALL WHOM IT MAY CONCERN

_. ‘ BE IT KNOWN THAT WE, ROBERT D FEALEY AND WILLIAM
YRENNER both 01tlzens of the Unlted States of America and
..re31dents of the States of New York and Ohlo, respectlvely,
have 1nvented certaln new and useful 1mprovements in -

|+ BACTERIA DETECTION INSTRUMENT AND METHOD of Whlch ‘the

follow1ng is a spec1f1catlon

NASA FORM 1026 . | : : :
: NOV 63 6P O 926.2%




ABSTRACT OF - THE DISCLOSURE

Method.and apparatus for screenlng a sample fluld for,"
'bacterlal presence are dlsclosed whereln the fluld sample
is mlxed w1th culture medla of suff1c1ent quantlty to
"permlt bacterlal growth 1n order to obtaln a test solutlon,
.The concentratlon of oxygen dlssolved in the test solutlon.::’
‘:1s then monltored us1ng the potentlal dlfference between aA
'reference electrode and a noble metal electrode whlch are T
in contact w1th the test solutlon The change in oxygen
_concentratlon whlch occurs durlng a perlod of tlme as 1nd1-_
cated by the electrode potentlal dlfference is compared w1th
a detectlon crlterlon whlch exceeds the change Wthh would

occur absent bacteria.

NASA FORM 1026 NOV 63 .GP O 926.2%
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- ORIGIN OF THE INVENTION

The 1nventlon descrlbed hereln was made ‘in the performance

~of work under a NASA contract and 1s subJect to the prov151ons

of Sectlon 305 of the Natlonal Aeronautlcs and Space Act of

-1958 Publlc Law 85 568 (72 Stat 435, 42 U 5.C. 2957)

BACKGROUND OF THE INVENTION

. The 1nventlon relates to technlques for the detectlon of

.bacterlal presence,ln flulds and more partlcularly to bacterlal

| detectlon 1n blologlcal flulds and foods

The 1nc1dence of bacterlal 1nfectlons 1n human blologlcal[

fluld 1s enormous. Commonly sampled blologlcal flulds 1nclude'yj”>

;the blood urlne, cerebrosplnal fluld and serlous effus1ons of-- .

the chest abdomen and JOlnts. o

' Laboratory testlng for bacterlal 1nfectlons may be logl—:t’

:cally d1v1ded 1nto two dlstlnct determlnatlons The»flrst is
-a screenlng step 1nvolv1ng the determlnatlon of whether an
fabnormally large number of bacterla are’ present in a sampled

blologlcal fluld If 1t 1s found that 1n fact an abnormal j"

amount of, bacterla are present then a second step’ of deter--

.mlnlng the type and perhaps the quantlty of bacterla is normally

‘requlred

" In bacterlologlcal laboratorles today, the method»of'

"eculture growth and observatlon commonly prov1des both deter—'-"’

'mlnatlons ' Results from thlS method are avallable no .sooner

than 18 to 24 hours. A method of rapldly performlng the flfSt»

”determlnatlon by screenlng for the presence of bacterla in a

sample of blologlcal fluld could make valuable 1nformatlon

_ avallable to the phy31c1an earller than 1n thev culture growth'
.and observatlon :technique' Such a method has a potentlal of -

' substantlally reduc1ng the costs of bacterlologlcal testlng

R
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since the overwhelmlng maJorlty of samples prove to be
negatlve Only 1n the mlnorlty of 1nstances where screenlng

shows a sample to be pos1t1ve would 1t be necessary to

'determlne the type or types of bacterla present typlcally l

by culture growth and observatlon

| Varlous technlques ex1st for the screenlng of blologlcal"

fluid for bacterlal presence These-may be d1v1ded broadly'

1nto chemlcal and non- chemlcal technlques. Some of the avall-'-

.able chemlcal technlques have been automated Thus, a radlo-.>

'1sotope apparatus ex1sts whereln labelled Cll'L 1n glucose 1s

.added to a blologlcal fluld sample in an 1ncubatlon medla

The bacterla ox1dlze the C14 to 002 and thls gas 1s detected
ThlS apparatus, ‘gives. results 1n four hours |
: Another automated chemlcal reactlon dev1ce utlllzes a -

blolumlnescence assay for Adenos1ne Trlsphospate (ATP) Thls

fdev1ce is descrlbed in a copendlng appllcatlon of the as51gnee,

Serlal # 137 094 flled Aprll 3O 1971 and 1nvented by Burton
N. Kelbaugh et al.

Some chemlcal reactlon technlques are not sultable for .

'all types of bacterla | For example, another w1dely used

technlque, the nltrlte nltrate method falls 1n some. casest

because certaln bacteria do not have the proper metabollte 1n &

thelr cell wall to 1n1t1ate the characterlstlc reactlon

Non chemlcal technlques,:lnvolve the use of various types

of automated partlcle counters Such technlques, at present

cannot thoroughly dlscrlmlnate between bacterla and other par-"‘

ticles. In addltlon, partlcle counters are qulte expen51ve

- The need- ex1sts for a s1mple, rellable and 1nexpen51ve

technlque for rapldly screenlng a sample of blologlcal fluld

Afor the presence of bacterla

* NASA FORM 1026 'NOV 63: o - S B S epo 92620
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-'The danger of bacterial contaminatiOn of food‘products;'
partlcularly in. packaged food contlnually is present in our:'

natlon leen a rapld 1nexpen31ve and rellable technlque

.for the detectlon of an 1nord1nate amount of bacterla, it

would be economlcally fea51ble to test s1gn1f1cantly more»i'

,food samples than at present Thefresult'would’be an~even

hlgher level of confldence 1n the purlty of our food Thus
a further need exists. for a s1mple, rellable and 1nexpensiVe

technlque for the screenlng of other flulds such as foOd

.. products, for the presence of bacterla ‘as: well as for the

_screenlng of blologlcal fluld samples

' It is an obJect of the present 1nventlon to satlsfy both
the need for screenlng blologlcal fluld samples as well as forf7

screenlng other flulds In partlcular it is an obgect of ther

1nventlon to prov1de apparatus for rapldly screenlng a plural—1

1ty of samples of fluld for bacterlal presence

That the above obJects and other inherent obJects of the

'1nventlon are satlsfled w1ll become apparent from the follow1ng

brief summary of the 1nventlon and the subsequent detalled “

Adescrlptlon in congunctlon w1th the accompanylng draw1ngs

| Accordlng to thls 1nventlon, a vial: contalnlng a test_

_solutlon 1s prepared whereln a sample of' blologlcal fluld or

other‘fluld to be.tested,.ls_placed 1n.the v1al;along'w1th a-

culture medlum A sterilized“noble-metal'sensing electrode

| fand a sterlllzed reference electrode are then placed in rela-d

tion to the test. vial so as to form a type of electrolytlc
cell compr1s1ng the electrodes and the test solutlon The .
potentlal dlfference between the. electrodes is then monltored.-

‘The noble metal electrode exhlblts a half cell potentlal

‘which varies wlth‘the-concentratlon of dlssolved,oxygen as 1is

\ -fu'-f
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taught by patent #3,272,725, while the'reference_electrode’ S

merely.provides a.half cell reaction*of stable'potential

If bacterla are present 1n the blologlcal fluld they reduce -
‘the concentratlon of” oxygen dlssolved 1n the test fluld as a
'consequence of both thelr metabollc act1v1ty and thelr multl—

.pllcatlon Thus the potentlal dlfference between the test and_'

reference electrodes w1ll contlnually change 1f bacterlal are;
present in the sample of . blologlcal fluld but w1ll remalnb |
essentlally constant 1f they are not present The term ' redoxéf
monltorlng has been c01ned by the 1nventors to descrlbe thls EA'
technlque of determlnlng whether bacterla are present in a.‘ -

test solutlon by the ex1stence of act1v1ty leadlng to reductlon

of oxygen

‘The 1nventlon wlll be further understood by those skllled f’

in the art from the follow1ng detalled descrlptlon of" the

”annexed draw1ngs, whlch by ‘way of preferred example only,

1llustrate several embodlments of the 1nvent10n

FIGURE l 1s ‘& Ccross- sectlonal v1ew of a v1al contalnlng a

-test solutlon in Whlch electrodes are placed SO. as to form a.

"redox- monltorlng cell
FIGURE 2 is a schematlc embodlment of apparatus for moni-

torlng a plurallty of the redox- cells of Flgure l

FIGURE 3 shows schematlcally apparatus for comparlng the ’”-_

change of potentlal of the redox-monltorlng «cell quElgureil‘
with a deteection- crlterlon | - _ | _ »: _ o

FIGURE 4 is a flow chart 1nd1cat1ng the process1ng of a
sample of blologlcal fluld by a bacterlologlcal laboratory
u51ng screenlng by ! redox—monltorlng .

In Figure 1 is shown a ”redox—monitoring”Fcell. It,come>

prises a test'Vial 2 of_a’type,commonlygavailable in chemical

._~'5_
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laboratories, in which'is-placed a-test1501ution 4 'A'test'

tube of 5/8 of an 1nch dlameter is very sultable for the v1al

é,' The solutlon may contaln, for example, a sample of blOlO—‘

“glcal fluld such as urlne, cerebrOSplnal fluld or a. serlous z-'7
'effus1on of the chest abdomen, or JOlntS. At the present:

time, the presence of.hemoglobin»in.blood'cells makes somemhat,f*

more difficUlt'thectechniQue;of-determining'that bacteria are L

present‘by their'reduction'of"oxygen'"HoWever, the blood may'

be centrlfuged to obtaln plasma whlch may then be used as the,

blologlcal fluld sample The dlfflculty of applylng the tech--
nlque to blood is the exceptlon rather than the rule and 1n‘ -
fact the technlque of redox monltorlng may be applled advan;f

tageously to most. common flulds For example the fluld to be-:

utested may belong to the general class of food products Us1ngl

the 1nventlon,_water or-mllk may be testedvfor-bacterlal_-

presence

The test solutlon must ordlnarlly contaln a culture medlumﬁ”'
.along with the fluld to be tested unless the fluid is 1tself

an-adequate culture medlum, as may be the case for food-products;

Sultable culture medla are those whlch are commonly avallable

'1n mlcroblology laboratorles, for example, Bacto NUtrlent Broth

Bacto Eugon Broth or- tryptlcase soy broth
In the case of blologlcal fluid testlng, the fluld sample

should be in the range of 57 to '30% by volume of the test solu—

'tlon, the remalnder belng the culture medlum Whlle in the case-

of food product testlng, the amount of culture medlum, if any,;

-to be added for optlmum results depends ‘on the- characterlstlcs .

of the food product _ Thus,.ln the case of food products, the

amount of culture medla to be added must be determlned w1th

‘ reference to a crlterlon as to the suff1c1ency of nutrlent to

allow bacterlal growth

NASA FORM 1026 NOV 63 o o S ' - g R . GPO0 926.2%



A sens1ng electrode 6 and a reference electrode 8 are
1nserted into the test vial. 2 so that they communlcate w1th
the test solutlon 4 generally 1n the manner. shown 1n Flgure l
"The test electrode comprlses a wire. lO formed from a noble -
5 metal such as platlnum, gold or palladlum or- other 81mllar
- metals whlch are 1nert and compatlble w1th the test solutlon
.ThlS electrode prov1des a half cell reactlon whose potentlal
is- proportlonal to the oxygen content 1n the fluld _ Care musta".
bextakenbto;control the~exposure to»oxygen of.that part*of the:
"lQ '5f | ‘wlre'lb which is not in the.test.solutionuﬁ Thus an envelOPeI?-:

l2, preferably of glass, 1n comblnatlon w1th a res1llant plug

-l3, seals the upper part of the w1re lO 1n a constant- env1ron—_f.
:ment ‘ | Vv

‘ The reference electrode 8 may be any well known cell
i_l5d 'h 1 de81gned to yleld a- constant half cell potentlal for example,

a colomel or a 51lver s1lver chlorlde electrode The reference .

electrode preferably used comprlses a 51lver w1re 14 the lower
Hpart of Wthh (below the llne 15) has ‘been electrolyzed in onel
molar HCL for 45 mlnutes ‘at lO m1lllamperes later placed iniil
: éoh h." 05 molar HCL for lO hours and then placed in dlstllled waterafib
' for L hours whereby a s1lver chlorlde coatlng 1f formed Theﬁj
silver w1re'l4 is 1nserted 1nto a tube 8 Wthh is plugged at‘
both ends. The upper end 16 of " the 51lver w1re, whlch has no:
silVer chlorlde coatlng, passes through the‘top plug 18 ThlS
H'25 . Areference electrode contalns a solutlon 20 whlch is a. source
sof Chlorlde 1ons, for example potass1um chlorlde -The optlmum-'
‘electrode solutlon has been found to be a saturated solutlon
'of potas51um chloride and silver chlorlde 1n ethylene glycol
vcontalnlng 5 per cent water The bottom plug 22 Wthh is porous,

"_30.*4‘~' 'prov1des a brldge for 1onlc flow between the solutlon 20 in. the

NASA FORM 1026 'NOV 63 'GP O 926.220
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.reference-eleCtrodetand”thertest solutionvﬁ The porOSity

gof the bottom plug must be such that ions can pass through -

.the bottom plus 22 should be apprOXimately 40 angstroms

rit has been found that the lack of sealing doesn't affect its7
5rmonitoring of oxygen concentration, aerobic bacteria would
‘*_enter-the-cell if it were not sealed Thus,'reSilient cover?

'24 through which the upper ends of the electrodes pass seals -

impedance of 5 x 105 ohms. It has been found in further test-_'

"cell to most voltmeters

it while complex molecules can not The optimum porOSity of

In order to monitor a test solution for bacterial pre—,‘_

sence the- redox-monitoring cell should be sealed ' Although',

off the redox monitoring cell from the external atmosphere.;t

The upper ends of the: wires of each of the electrodes, l6 andf”*

26 protrude from the electrodes so that shielded cables

’

-(not shown) for connecting them to a voltmeter suitable for -ﬁé

.monitoring their potential difference may be there attached

Instruments for measuring the potential difference between _

‘the . electrodes are commerCially available but must be carefully

chosen The electrodes described have impedances of somewhat

_ less than lO5 ohms, while the test solution typically has ‘an

ing that a 1 millivolt sensitivity is required,of’the'measuras
ing.instrument ;Therefore, a suitable voltmeter must have an.,
input impedance of at least lO to 50 megohms and be senSitive'
to-a l millivolt change- Most commerCially available electro-f
meters are suitable deVices T Furthermore, some integrated
Circuit operational amplifiers of the field effect tranSistor_‘ft 1i§
type also are suitable for interfaCing the redox-monitoring e
It has also been found that to assure- optimum and repeat— e

able results, the redox monitoring cell must be placed in a L

t_28'i':'.", L o B B o

NASA FORM 1026 NOV 63 I - : o ' GP O 926.2%
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dnearly constant temperature environment, typically athhumanr”“

body temperature.- This must beddoneisince.fhe'half:cell

' reaction potentials:of;the electrodes.areISensitive to_

temperature‘and»also that'thefmaintenance of body'temperature o

is crltlcal to the growth of certaln bacterla

 Best results are obtalned within a three degree centlgrade;v”

dev1atlon from 37 degrees centlgrade For this reason the cellh"‘

should be placed 1n a 37 degree centlgrade heatlng block or j[,

jother temperature controlled dev1ce

Varlous tests have been performed whlch 1ndlcate the work—

3ablllty of the 1nventlon for the detectlon of bacterla in

blologlcal flulds In one test a- control solutlon and a con- -

:tamlnated solutlon were prepared - Bach’ solutlon was_a_m;xture B L

of 14 ml tryptlcase soy broth and 4 ml. urine. .The urine ln:"

the control solutlon was sterlllzed whlle the urine in the

.contamlnated solutlon contalned approx1mately l/2 mllllon

1

‘bacteria. Each solutlon was placed in 1ts own redox monltorlng C

“cell and the two were placed in ‘an oven at &OOC It ‘was

found that the potential dlfference of the control redox-
monltorlng cell dropped - .05 mllllvolts in 5 mlnutes whlle that

of the " redox in which bacterla were present llnearly dropped

'40 mllllVOltS in 5 minutes. Thus,'ln-approx1mately 15'seconds»

1t would have been p0551ble to ascertaln the presence of the-"

4

:bacterlal if the voltage drop of the contamlnated "redox" cell

were perlodlcally compared with a detectlon crlterlon of 2

mllllvolts It-should be noted that the above’ measurements

were made after an. 1ncubatlon perlod of MB mlnutes at 4o degrees

centlgrade

There are ten dlfferent strains of bacterla commonly

:found in urlne samples Of these a representatlve group havel,f-

been tested agalnst controls in the above manner. It has been -

-9 -
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found that after an 1ncubatlon perlod of 45 mlnutes to l

hour, E. C011 (105/ml) produced a drop of 8 mllllvolts 1n-

_5 mlnutes, Entercoccus produced a drop of 6 mllllVOltS

in less. than 8 mlnutes and Pseudomonas produced a drop of

4 mllllvolts in 95 mlnutes whlle 1n all cases the controlf

remained constant w1th1n 05 mllllvolts l Thus,ﬂw1th a- detec-ﬂi”

;tlon crlterlon of a.2 mllllvolt drop in .redox potentlal

detectlon occurs for most stralns 1n a matter of mlnutes in

addltlon to the 1ncubatlon tlme A pre—warmlng or 1ncubatlonjttf=

'perlod 1s partlcularly necessary 1n the case of Pseudomonas,_;;

whlch appear to exhlblt an 1n1t1al growth lag

: A similar test was done w1th cerebrosplnal fluld whlch f:

pwas mlxed with tryptlcase SOy broth medlum, the total haV1ng
1 a volume;of 10 ml.; Staphylococcus bacterla in the range of .

400 to 800 organisms per mllllllter were_lngected 1nto.the_

solution'  The result was that the_ redOX” potential dropped

"38 mllllvolts 1n 30 mlnutes In that test the sample was. pre-'

'warmed prlor to testlng, for a perlod of one hour glVlng a.

-

total detectlon time . of under one and one half hours

In v1ew of the testlng done, the presence of any bacterlal .
straln 1n 1n1t1al concentratlons of 500 to lOOO organlsms per H

mllllllter or greater should be detectable 1n a-blologlcal

Afluld w1th1n one . and a half hours after the fluld sample has

4

been obtalned

Flgure 2 shows schematlcally apparatus for screenlng.a :
plurallty of samples of fluid for bacterlal presence It com-."'”
prlses a base 32 whlch has been drllled for holdlng a plurallty

of the »redox-monltorlng cells 30 of Flgure l The base 32 is

1 preferably alumlnum - The upper part of the base has a heaterif‘

34 and thermal sensor 36 whereby the redox cells may be heated

S -10 -
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ﬂand.thelr.temperature'may'be-sensed. .Theithermal.sensor'
'lwhich is:preferrably_implemented as a temperature sensitiwefl
resistor placed'lnto an.electrical_bridge configuration,wf'
}prouides'a signalt4l-tO"thertemperature controller 38 whlch’
'ejbae l ] in turn controls the power 43 1n the heater in order to |

o H.amalntaln ‘the temperature of the redox cells at approx1mately e
"body temperature , The heater 34 may be 1mplemented as a. |
"_sheet or sheets of res1st1ve materlal or as c01ls of re81s— .
'tance wire to whlch alternatlng current is applled The:‘
'_le_‘, “ ltemperature controller 38 may control thls current us1ng well
- -known sw1tch1ng technlques 1ncorporat1ng s1llcon control

Aprectlflers, trlacs and the llke as should be clear to those

skilled in the art A commerc1ally avallable item, a 37 degree_ : -

.

lcentlgrade heatlng block may used 1n lleu of a base spe01allyfy

nplB L adapted to hold the test v1als._ Shlelded cables 40 and 42 aref
attached to each electrode of the redox-monltorlng cells and f
'to shlelded-cell'selector sw1tch 44 y ThlS sw1tch selects

Wthh cell's output is- carrled by the cell selector sw1tch
output shlelded cables 46 and 48, The'sw1tch’outputs are

20 S connected to a voltmeter 50 whose 1nput 1mpedance and sens1—'*h

t1v1ty are as prev1ously dlscussed An 1ntegrated c1rcu1t
operatlonal ampllfler may also be. used to 1nterface the redoxéfl

monltorlng cells to a voltmeter

s

The use of thls embodlment by a bacterlologlcal labora-.

125 . | : tory would proceed as. follows As samples of blologlcal or-'

. other fluid are obtalned they would be mlxed in a v1al w1th
culture medla of sufflclent quantlty to allow growth of bacterla |
Vials. contalnlng the mlxture would be placed for . a perlod of

about 20 minutes. to l hour in a heatlng block or other dev1ce

5"30".' - for stablllzlng thelr temperature at approx1mately body temper- ,‘} =

ature - The stablllzed v1als would then be loaded 1nto the base .

-"1»1 -
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' 32 and the test and reference electrodes after belng

sterlllzed would be lowered 1nto the vials, Alternatlvely,

electrodes could be placed in the vials 1n1t1ally and the

entlre redox cell could be temperature stablllzed prlor to

belng loaded 1nto the base 32 As still another alternatlve,f

the v1als could 1n1t1ally be temperture stablllzed rlght in -

the base 32 prior to redox monltorlng In elther event

cables 40 and b2 would then be connected to the‘ redox—monla‘;f

torlng cells 30. The temperature controller would maintain

_the temperature of the redox cells whlle the selector switch

is. elther manually or automatlcally, as for example - 1f the

selector sw1tch were a motor drlven commutator, caused to
sample each cell : The voltmeter 1nd1catlon for eachv'redox"'

cell would then_be'in'some manner recorded,either.by an opera-

tor or automatically in an associated recording instrument

| or memory system.” The recorded data :for -each "redox-monitor-

ing" cell would then be examined.to determine if the. éhange
of potentlal of any cell exceeded an amount equal to a: detec—
tlon_crrterlon. This comparlson between recorded data and a
detection criterlon could be carrled out in hardware, soft— |
ware or by an operator as should be apparent to those skllled
in the art of 1nstrumentatlon

In Flgure 3 an 1llustrat1ve embodlment of hardware 1s

'schematlcally shown for carrylng out the comparison of "redox"

cell potential change w1th a detectlon crlterlon The~output'

40 of the redox monltorlng cell 30 1s grounded while- output'
42 is connected to the non- inverting 1nput of . dlfferentlal _“
ampllfler 52 Res1stors R2 and Rl set the gain of the ampll—
fler which equals l+R2/Rl The output 54 of the dlfferentlal,

ampllfler is applled to voltmeter 50 at voltmeter termlnal 56.

- 12 -
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’_The‘other voltmeter terminal 58 is grounded. dThe meter

thus‘meaSureS'an amplifiedj”redox”“cell'potential difference.

.Potentiometer Ru'in series with‘resiStors-Ré provides'a‘

means . for initially zer01ng the voltage at - the output of the

-dlfferentlal ampllfler as 1nd1cated by the voltmeter _TThe

re51stance of R3 and RA should be selected to be small com-

.pared to Rl’- The voltage 6O appearlng on the arm’ of the

‘potentlometer R4 1s reflected to the output 54 of the ampll—

fler through a galn factor of R2/R1 The range of the

Apotentlometer should be chosen so that the output may be

blased-from - 5 to 5 volts to allow an adequate range for
zer01ng the 1n1t1al readlng. Indlcatlng needle 61 of the-“*
voltmeter comprlses a part of a meter relay That 1s, it is’
capable of electrlcally contactlng pln 62 whlch 1s adgustably

set on the meter scale 64. The locatlon of pln 62 w1th respect i

'to the zero locatlon (needle p01nt1ng vertlcally) on_the meter;'

' scale-constltutesva>detectlon-cr1terlon. Oncepthe "redox-

monltorlng potentlal after being“initially zeroed eXceeds .

thls crlterlon, contact 1s made between the meter needle 61 o

~and,the-p1n:62 whlch-completes,a 01rcu1t'that:causes-lamp 66
| to 11ent. »The-lighting of the lamp is a physical indication

'that the detectlon crlterlon has ‘been exceeded and that there ppl

1s bacterla‘present in the redox monltorlng cell 30.

Flgure 4 is. a flow chart. 1nd1cat1ng how samples of blOlO—

glcal fluid’ should be processed by a bacterlologlcal laboratory o

us1ng the 1nventlon As shown, flrst a test v1al 1s prepared

by m1x1ng the blologlcal fluld w1th a culture medla and 1ncu—

'batlng the vial in order to 1n1t1ate bacterlal growth Next

the test v1al is screened us1ng the redox—monltorlng technlque;

If bacterla are found not to be present whlch would occur for

13-
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.the magorlty of samples, a report to the phy51c1an is made

On the other hand 1f bacterla are. found to be present

.plate is 1nnoculated w1th the sample and 1t 1s 1ncubated for

'24'hrs.[ The plate is then read to determlne the type of

bacterla present after whlch a report is made to the phy51c1an

Although several embodlments of thls 1nventlon have been

-flcatlon is poss1ble w1thout departlng from 1ts splrlt and -

SCOpe.

'ﬂ, .
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