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TESTING DEVICE FOR DETERMINING THE SUSCEPTIBILITY OF
MICROORGANISMS TO INHIBITORY AGENTS

Field of the Invention

The present invention is directed generally to an improved means for assessing the
susceptibility of microorganisms to inhibitory agents in g

pecimen samples, e.g,,
biological fluids. More specifically,

the present invention combines semi-quantita-
tive detection of microorganisms and their susceptibility to an inhibitory agent(s)
into a single, simple reagent strip test.

Background of the Invention

Assays of liquid specimens for the presence of microorganisms are commonly per-
formed in medicine, industry and by governmental agencies to determine the
degree and type of microbiological contamination in various sample specimens. In
many assays of this type, the presence of microorganisms is frequently of se-
condary importance or already known. Of paramount concern is the susceptibility

of the microorganism or microorganisms in the specimen to agents intended for
their control / eradication.

For example, early and accurate treatment with a suitable antibiotic in cases of
infection, e.g., bacteriuria or mastitis, can prevent the development of more serious

conditions, e.g., pyelonephritis or udder necrosis. Likewise, effective disinfection

in the case of contaminated systems, e.g., water supply can reduce disease and

economic losses. Hence, there is a need for a simple, reliable and inexpensive

procedure for rapid determination of an agent's efficacy in combating micro-

organisms, which procedure avoids the problems presented with

known pro-
cedures.

Presently, the most conventional test for the determination of the susceptibility of
microorganisms to various antibiotics is a two-step test. First, a sample containing
the pathogen is incubated in a conventional culture medium and allowed to grow.
Next, the antibiotic susceptibility of the pathogen is measured by placing multiple
small paper discs impregnated with various antibiotics, or alternatively various
concentrations of antibiotic, on the culture medium containing the pathogen. After
a second incubation period with the discs, antibiotics efficacy is indicated by the

degree of growth inhibition found around the discs. Depending upon the absolute
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are classified as being either:

1) sensitive
2) intermediately sensitive or

3) resistant to the antibiotic jn the disc,

and interpreting the test is
step test than can be performed quickly
Prepare and/or store at < 4°C culture

Ericcson (U.S. Patent No. 5,028,529) teaches a variation on the two.-

step disc test.
Ericcson's test uses a single-rectangular carri

treatment,

Though Ericcson's test uses a single strip, the test itself consists of multiple

components and requires independent culturing of the microorganisms prior to

testing for antibjotic efficacy.
Another method (Blume, U.S. Paten

efficacy against microorganisms, j

incubated. Bacterig] colonies growi
determined which antibiotics best
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While the latter method may be considered an improvement over the first
described method because only one incubation period is required, the testing
process still requires wet media, sterilized equipment, and greater technical skill

than a one-step dry test would require. Also, the equipment must be cleaned and
resterilized before each use.

Determination of potential resistance of microorganisms to disinfectants, e.g,, on
inanimate surfaces, has also conventionally relied on inoculation of wet media,
where efficacy is demonstrated by comparing samples collected before and after
application of the agent. In addition to the aforementioned disadvantages, improper

physical application of an otherwise effective agent could lead to incorrect
conclusions on its inherent suitability in any given case.

Given the limitations of the prior known art, there is clearly a need for a sim-
plified, dry media, single step test which will identify both the presence of
microorganisms and their susceptibility to inhibitory agent(s).

Summary of the Invention

The testing device of this invention provides a bibulous matrix impregnated with a
nutrient medium containing test reagents, an inhibitory agent or several inhibitory
agents immobilized in distinct areas within the matrix, and a culture-fixing agent.
A substrate and container may be provided to form an integral test device. In use,
the impregnated matrix is dipped momentarily into, or otherwise saturated with,
liquid to inoculate the matrix which absorbs a known volume of sample. The
inoculated device is then incubated in a sealable container for a period of up to
forty-eight hours. Microorganisms present on the matrix will be inhibited from
propagating and forming distinct colonies if the test agent in
effective against those microorganisms. Efficacy is measured by co.
formation within impregnated regions against a control matrix or
containing no inhibitory agent.

the matrix is
mparing colony
region of matrix

This unitized system consisting of both growth medium and inhibitory agent co-
existing in a single phase allows testing fluids not only for the presence of
microorganisms, but also to detect efficacy of an inhibitory agent against said
microorganisms for the purposes of their control / eradication. Furthermore, the
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present invention provides a simple and inex

pensive test that is Jegg generative of
waste as compared to currently utilized proce

dures.

Brief Descrigtion of the Drawings

Fig. 1 is an elevational view of a test devic
container,

Description of the Preferred Embodiment

Referring to the drawings, and particularly to Fig. 1, the test device 4of this

invention is indicated generally by the numera] 10. The test device 10

generally
includes absorbent contro| and test matri

atrices 1lc & 11t, both attached to 3
substrate 12 enclosable within a sealable container 13.
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detection of its (their) efficacy, so crucial for treatment of disease or for effective
disinfection.

The matrices 11c & 11t are formed from a flat bibulous material, such as
absorbent filter paper or the like, impregnated with a suitable nutrient medium, a
reagent, and a culture-fixing agent. The impregnation mixture for matrix 11t
includes an inhibitory agent(s) as well. The matrices are adapted to be inoculated
by dipping them into the sample specimen to be assayed and absorbing a portion
thereof, thereby obviating the necessity to measure and/or dilute the sample. It is
necessary for the matrix to have a known constant absorption capacity for
purposes of semi-quantitative determinations, Thus, if each matrix is known to
absorb a known volume of the sample, i.e, 0.1 milliliter, the concentration of
microorganisms in the sample and their susceptibility to the inhibitory agent(s) at
a particular concentration can be easily determined, as hereinafter described.

It should be understood that upon rehydrating the bibulous matrices in a liquid
sample, specific and equal volumes of the sample are absorbed by each matrix and
any microorganisms present in the absorbed sample are likewise absorbed by the
matrices. In this manner the matrices are inoculated. When the inoculated
matrices, impregnated with suitable nutrient media, are incubated, the microorga-

nisms are cultured and form colonies, unless inhibited by agent(s) present in the
matrix, if any.

For the purpose of this disclosure, the term "microorganisms" refers to the general
class of microorganism comprising yeast, other fungi, bateria, protozoa, etc.
present in the sample to be analysed. The term "colony" refers to the "micro-
organisms" subsequent to culturing. The expression "colony location" indicates the

site of a colony as observed on the matrices and is synonymous, for the purpose
of this disclosure, with the term colony.

The nutrient medium can be any conventional medium, or modification thereof,
known to provide a suitable environmental for the selected test. For semi-quantita-
tive testing, a general nutrient medium such as Bacto Brain Heart Infusion, com-
mercially available from Difco Laboratories, Detroits, Michigan, USA is preferred.

This type of medium is considered a general medium and is capable of culturing
most microorganisms.
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The reagent preferably includes an indicator capable of providing a color change

ring of microorganisms. The reagent
may comprise a simple PH indicator
€ a reduction-oxidation type indicator
pounds, i.e., 2,3,5-triphenyltetrazolium
educed to a formazan, j

such as phenol red or the reagent may includ
such as one of the various tetrazolium com

performing meaningful semi-quantitative tests,
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For the purpose of this disclosure, the term "inhibitory agent" refers to any
compound capable of killing or inhibiting the growth of a microorganism. Pre-
ferred inhibitory agents include classical groups of antibiotics such as the amino-
glycosides, beta-lactams, cephalosporins, chioramphenicols, macrolides, nitro-
furanes, sulfonamides, tetracyclines, quinolones and any derivatives ther

eof, eg.,
salts, adducts, etc. In addition, "inhibitory agents"

refers to any chemical substance
which is active against microorganisms, such as disinfectants, anti-mycotics, anti-
viral agents, and anti-tuberculosis agents. However, it should be understood that
not all inhibitory agents are operable for this purpose. By way of example, the
determination of whether a given agent is operable and within the scope of the
present invention is dependent upon the agent's inherent stability characteristics
and its compatibility with the growth medium selected and/or the indicator system
employed. Because of their favorable characteristics, quinolone antibiotics, such as
ciprofloxacin and enrofloxacin, are especially preferred for this application. When

other types of antibiotics are employed, particular attention must be given to the
aforementioned factors, among others.

In this regard, one or more of the zones of the elements of this invention can
contain a variety of other desirable, but optional, components, including buffers,
surfactants, binders and/or (micro-)encapsulating agents, as is know in the art.

If, after saturation and incubation with a sample, colonies of microorganisms are
inhibited from growing on portions of the bibulous matrix contaning impregnated
inhibitory agent(s), but do grow on a control matrix with no inhibitory agents, the

impregnated agent(s) is (are) effective in inhibiting growth and would therefore be
effective in combating the microorganism. '

The term "bodily fluids" includes such fluids as blood, liquor, pus, sputum, blad-

der content or urine, and any other secretion which may be isolated from an
animal source in order to diagnose microbial infection.

As used herein, the term "animal" refers to human beings as well as the wide
arrays of types of animals normally treated by veterinarians including,
limited to dogs, cats, rabbits, horses, cows and pigs,

but not
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or forced air oven at aboyt 40°-60°C for 1 to 3 hours s preferred, although

temperatures as high as 100°C for times as brief as 15 minutes have been success-
fully employed.

handle 12. The substrate 12 is ap elon-
gated member preferably formed of 3 semi-stiff, insoluble material, such ag g strip

of polyethylene terephthalate, polystyrene, or the like. Since the matrices llc &

]
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tested, such as urine, milk, water, or the like, to rehydrate and inoculate the
matrices 11c & 11t. The inoculated matrices llc & 11t and attached substrate 12
are aseptically replaced in the container 13, and the container 13 is resealed and
incubated at the optimum temperature, depending upon the suspected micro-
organisms. Most microorganisms are optimumly incubated at temperatures ranging
from about 4° to about 40°C, and preferably from 35° to about 39°C. Following
the incubation period, the matrices 11¢ & 11t are visually observed and the results
of the particular test are read. The number of colored spots, indicating colony
locations, are counted and recorded, as hereinafter described. Once the results of
the test are known, the device 10 may be sterilized and discarded. It has been
found, however, that sterilization does not affect most color changes formed in the
matrices 11c & 11t as a result of the culturing of the microorganisms, and the

device 10, or merely the matrices 11¢c & 11t, may be retained as a permanent
record if desired.

In microbiological populations, cell numbers are often of such magnitude that it is
difficult to express them easily or exactly. To simplify the handling of these large
numbers, the microbiologist uses exponents of 10. For example, a concentration of
microorganisms per milliliter of specimen expressed as 102 ig equivalent to 100
microorganisms per milliliter, 10° to 1,000, 10 to 10,000, and so on. Thus, the
exponent of 10 represents the number of zeros to the right of the digit 1. Since
only the relative concentration of microorganisms in a sample is sufficient for
microbiological purposes, this manner of expressing the number of micro-
organisms per milliliter is not only adequate, but expedient.

The ability to semi-quantitatively assess the number of microorganisms in the
sample being tested is an essential aspect of the device, since the concept of
inhibitory agent(s) efficacy is only meaningful in relation to real and significant
microbiological load. As such, the intention of the device is two-fold: First, it
must demonstrate that the number of microorganisms present is significant enough
to warrant further action. Provided that this condition is met, the second task of
the device is to permit an assessment of the efficacy of a particular inhibitory
agent or agents in combating the microorganisms present.

For example, although urine is sterile under normal conditions, contamination from
the external genitalia may contribute up to 1,000 (10°) organisms per milliliter in
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The locations 23b appearing on Fig. 4 would indicate a concentration of 102, The
locations 23¢ angd 23d on Figs 5 angd 6,

become too umerous to easily count and

state, as in Fig. 7.

By comparing the appearance of the control and test matrices 11c & 11t following

it will be evident whether or not and,
inhibitory agent(s) has (have) effectively suppresse
the microorganisms contained in the sample. Hence,
test matrix 11t will allow the microorganismg to be ¢

if so, to what extent the
d the growth of and/or killed

lassified as either:

1) sensitive
2) intermediately sensitive or
3)

resistant, as is Customary in conventiona] antibiotic susceptibility testing as

explained above. In other words, if the microorganisms are resistant to the
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inhibitory agent(s), the general appearance and number of colony locations
on matrices 11c & 11t will be strictly comparable. In cases of intermediate
sensitivity, some colony locations will appear on the test matrix 11t
however their number will be less than on the control matrix 11c. Finally,
microorganisms that are sensitive to the inhibitory agent(s) will form no
colony locations on the rest matrix 11t, regardless of the number formed og
the control matrix 11c by the uninhibited microorganisms.

The following examples will illustrate the improved test device of this invention
without restricting it to these examples.

EXAMPLE I

A Test Device

12.5 grams of xanthan gum, a fixing agent (Keltrol ®), Kelco Division of Merck

& Co., San Diego, California, USA), were added to 1 liter of distilled water and
agitated until dissolved.

To this solution, the following formulation was added:

Bovine Brain Heart Infusion (Difco Labs, Detroit, Michigan, USA) ...

... 200 grams
Triphenyltetrazolium Chloride (Aldrich, Milwaukee, Wisconsin, USA

..0.15 grams

The ingredients were mixed thoroughly until dissolved in the xanthan gum
solution to provide a final pH of 7.0-7.5 =

impregnation solution for control
matrix 11c).

This procedure was repeated as above, with the exception that 4.4 milligrams of

Enrofloxacin HCI (90.8%; Bayer AG, Leverkusen, Germany) were included in the

formulation as well, to obtain an approximate activity of 4.0 micrograms/milliliter
(= impregnation solution for test matrix 11t).

One sheet of ED 1236 filter paper (Ahlstrom, Mt. Holly Springs,

Pennsylvania,
USA) was immersed in the control solution until thoroughly saturat

ed and drawn
between two closely fitted glass to remove excess fluid therefrom and to insure
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then dried in 3 forced air oven at about 100°C

backed

EXAMPLE 11
Semi-Quantitative Tests

a. Preparing Test Samples
Test samples were prepared b
Enterobacter cloacae, Klebsiella

Pseudomonas aeruginosa, Stap
brain heart infusion broth to

Y Propagating pure cuitures of Escherichia coli,
pneumoniae, Proteyg vulgaris, Serratia marcesens,
hylococcus aureys and Streptococcus faecalis in

ple 1 was employed. The bottle was opened
dehydrated matrices were dipped into the
inoculate and rehydrate the pads. The
sealable, transparent, plastic container.

dehydration and placed in an incubation ¢
24 hours.

sample dilutions for five seconds to
inoculated Strips  were then placed in a
The container wag sealed to prevent
hamber maintained at 36° + 1°C for 18 -
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Agar surface streak plates were made to confirm the quantitative estimate of viable
bacterial cells in the test suspensions. Moreover, the susceptibility of each culture
to enrofloxacin was determined in additional agar surface streak plates according
to standardized disc diffusion techniques, in which enrofloxacin 5 pg discs were
used (Difco, Product Code 6028).

Subsequent to the incubation period, the devices were withdrawn from the incu-
bator and the matrices were observed through the transparent containers, The
reduction of the colorless triphenyltetrazolium to the magenta colored tri-
phenyltetraformazan was visible in all of the control pads. The physical
distribution of this color formation stood in definite and distinct correlation to the
concentration of microorganisms in the test suspensions.

The pads containing enrofloxacin remained coloriess in all cases where the disc
diffusion technique had shown the test cultures to be sensitive to the antibiotic.

Consistent with the intermediate sensitivity of Streptococcus faecalis seen in the
disc diffusion test, a slight pink color development was observed on the enro-
floxacin pads sa 107 CFU/ml. Where the disc diffusion method indicated
resistance to the antibiotic, i.e., Pseudomonas aeruginosa, growth on the enro-
floxacin pad was essentially identical to that seen in the control pad.

While the above disclosure and examples have been directed primarily to a test
device having a matrix attached to a substrate and enclosed within a container, it
should be recognized that the invention also contemplates the production of only
the impregnated matrices. For example, conventional laboratory equipment, such
as forceps and slide mailers, can be used to replace the substrate 12 and container
13, respectively. The dehydrated matrix could be held by the forceps and dipped
into the samples to be analyzed and subsequently placed in a slide mailer and
incubated. Also, the impregnated matrices 11c & 11t may be rehydrated and
inoculated, if desired, by adding a measured volume of the sample directly to each
matrix, rather than by the immersion procedure hereinbefore described.

In addition, it will be apparent to those skilled in the art that the device is
adaptable for detecting the presence of microorganisms in samples other than
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liquids. For use in this manner, the matrix

11 can be rehydrated with sterile
or the like, and inoculated by contact with

water,
the "solid"

sample to be analyzed.
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What is claimed is:

A test device for analyzing a sample for microorganisms and for detecting
the efficacy of inhibitory agent(s) against such microorganisms, said device
being adapted to be inoculated with the sample and incubated in a sealable
container, the device comprising:  at least two matrices of equivalent
absorptive capacity: one of which (control matrix) is impregnated with a
nutrient medium, a reagent, and a water soluble culture-fixing agent
capable of localizing microorganisms on said matrix; the others of which

(test matrix/matrices) is (are) additionally impregnated with at least one
inhibitory agent each.

The test device as defined in claim 1 wherein said device is used to
a) diagnose the presence of infection in an animal or plant and
b) determine the susceptibility of such infection to an antibiotic(s).

The test device as defined in claim 1 wherein said device is used to deter-

mine

a) the bacterial load in substances intended for administration to or
intake by animals or plants, and

b) the efficacy of a disinfectant(s) in reducing such bacterial load.

The test device as defined in claim 1 wherein said device is used to
determine

a) the bacterial load on any inanimate surface, and

b) the efficacy of a disinfectant(s) in reducing such bacterial load.

The test device as defined in claim 1 wherein said sample comprises bodily
fluids from an animal.

The test device as defined in claim 5 wherein said animal is a veteri

nary
animal.

The test device as defined in claim 5 wherein said animal is a human,
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The test device ag defined in claim

1 wherein said nutrient medium is
bovine brain heart infusion.

The test device as defined in claim 1
indicator.

The test device ag defined in claim 1

and claim 11 whereip said reagent
includes a color indicator.

The test device as defined in claim 1 and ¢

laim 11 wherein said indicator
is triphenyltetrazolium chloride. '

The test device as defined in claim 1 and claim

14 wherein said inhibitory
agent is an antibiotic belonging to the group of g

uinolones.

floxacin.

The test device as defined in claim 1
floxacin.

6 wherein said quinolone is cipro-
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The test device as defined in claim | wherein said inhibitory agent is an
anti-mycotic, anti-viral, anti-tuberculosis agent, or a combination thereof

The test device as defined in claim ] wherein said inhibitory agent is a dis-
infectant.

The test device as defined in claim 1 and claim 20 wherein said inhibitory
agent is a disinfectant belonging to the group of quatern.

ary ammonium
compounds, surfactants, or a combination thereof.

The test device as defined in claim 1 wherein said culture-fixing agent is
an inert gum.

The test device as defined in claim 1, wherein said culture-fixing agent is a
xanthan gum.

The test device as defined in claim 1 wherein said culture-fixing agent is a
linear polysaccharide.
The test device as defined in claim 1 wherein said culture-

fixing agent is
sodium alginate.

A test device for analyzing a sample for microorganisms and for detecting
the efficacy of inhibitory agent(s) against such microorganisms, said device
being adapted to be inoculated with the sample and incubated in a sealable
container, the device comprising: at least two matrices of equivalent
absorptive capacity; one of which (control matrix) is impregnated with a
nutrient medium, a reagent, and a water soluble culture-fixing agent
capable of localizing microorganisms on said matrix; the others of which
(test matrix/matrices) is (are) additionally impregnated with at least one

inhibitory agent each; a substrate attached to said matrices; and a sealable
container enclosing said matrices and substrate.

The test device as defined in claim 26 wherein said substrate is a stiff
elongated member.
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28.  The test device as defined in claim 26 wher

ein said container jg trans-
parent.

29, The test device as defined in claim 26

wherein said container includes ap
interlocking seal lip.
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