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DEVICE FOR DETERMENING BACTERIAL
SENSITIVITIES

Maxwell L. Littman, Tenafly, and Irving Skeist, Summit,

N.J., assignors to Media, Inc.,, Newark, N.J., a corpo=

ration of New Jersey

Filed May 8, 1959, Ser. No. 812,049
9 Claims. (Cl. 195—1903.5)

This invention relates to an improved multiple disk test-
ing device for determining the in vitro sensitivities of
microorganisms to therapeutic agents. In another aspect,
this invention concerns a device for ascertaining micro-
organism types through their sensitivity to inactivating
agents, e.g. bacteriophages.

In the past few decades, sulfa drugs, penicillin, tetra-
cycline and dozens of other antibacterial agents have be-
come available to the doctor for the treatment of infec-
tions due to staphylococei, pneumococci, streptococci,
gram-negative rods, and other microorganisms. The anti-
bacterial agents vary in potency, toxicity, specific effect
and other attributes. Moreover, an agent which has been
effective against a group of microorganisms in the past,
may lose that effectiveness in time because of the emer-
gence of resistant strains of that microorganism. For in-
stance, the evolution of resistant strains of Staphylococcus
has become a serious public health problem, especially in
the operating rooms and maternity wards of hospitals.

The infiltrated paper disk technique has evolved as one
answer to the problem of de te;mlm‘lg the in vitro sensi-
tivity of an organism to the various antibacterial agents.
In this procedure, a plate of solid culture medium, e.g.
Mueller-Hinton blood agar or any other suitable growth
medium is inoculated with a specimen obtained from the
infected human or animal, one or more paper disks im-
pregnated with antibacterial agents are placed on the agar
and the agar plate is incubated. If the organism in the
specimen is sensitive to the antibacterial agent, it will
fail to grow in the area about this agent and that zone will
remain clear. If the organism is resistant to the anti-
bacterial agent, it will continue to grow adjacent to the
disk as well as elsewhere on the plate and no clear zone
will develop.

An improvement over the single infiltrated paper disk
is a multiple absorbent paper disk, containing several dif-
ferent antibacterial agents at various locations on a sin-
gle paper sheet. The several agents may be located at
the ends of paper spokes emanating from a central paper
hub, as described in U.S. Patent No. 2,787,581, and Reis-
sue No. 24,557, or they may be spaced on an absorbent
paper ring, paper polygon, paper tree, etc. The multiple
absorbent paper disk is valued because it saves labor, in
that the several antibacterial agents are pre-positioned
with relation to each other.

There are several objectionable features to the multiple
absorbent paper disk made from a single sheet of absorb-
ent paper. A serious disadvantage is the difficulty of ob-
taining the desired concentrations simultaneously of each
of the several antibacterial agents on their respective disks.
United States and foreign regulatory agencies now require
that the strength of antibacterial agents in paper disks be
controlled within fairly narrow. limits. . If, for example,
10% of impregnations of single paper disks result in
batches of disks having antibacterial concentrations out-
side the acceptable limits, then a batch of single disks will
have a $0% probability of being acceptable. On the other
hand, multiple paper disks containing 8 spaced antibiotic
areas will have only (0.09)8 or approximately a 43%
chance of being acceptable, since the entire disk must be
rejected if only a single component is outside the pre-
scribed concentration.

Another very serious objection to the multlple absorb-
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ent paper disk is that the paper comnecting the several
impregnated disk areas lies on the culture medium even
in an area immediately adjacent the impregnated areas.
Since a primary function of the multiple absorbent paper
disk is in evaluating the effectiveness of antibacterial agents
against the growth of aerobic bacteria, it is apparent that
the paper inter-connecting the several impregnated areas
can prevent any useful result being obtained where the
paper connector is attached to the impregnated areas.
This is particularly disadvantageous in the detection of
small zones. When the connecting paper lies-on the cul-
ture medium there is less chance that regular or sym-
metrical growth will be obtained.

A further disadvantage of the multiple absorbent paper
disk is that the water-soluble antibacterial agents in the
impregnated areas have a marked tendency to diffuse
into the interconnecting paper, particularly in the presence
of water. This diffusion obscures the growth zone bound-
aries, making large and irregular zones, and even causes
overlapping of the zones of inhibition of the various anti-
bacterial agents which can prevent adequate analysis.
There are other disadvantages associated with the multiple
absorbent paper disk, for instance, the inter-connecting
paper is opaque which prevents the doctor or technician
from observing what is happening beneath the paper.

We have invented a multiple impregnated area device
which overcomes various difficulties associated with the
use of the multiple absorbent paper disk. Instead of be-
ing cut from a single sheet of absorbent paper, our de-
vice has a hydrophobic, i.e. essentially non-absorbent to
water, holder to which are affixed a plurality of separate
water absorbent pieces or disks, each containing its unique
antibacterial agent or mixture of agents in approved con-
centrations. In the highly preferred form of the inven-
tion-the water absorbent pieces are impregnated with the
different water-soluble antibacteria] agents prior to being
attached to the holder. Thus the separate pre-manufac-
tured batches of impregnated paper pieces can be evalu-
ated and if found to have an umacceptable amount of
antibacterial agent can be discarded without necessitating
the refusal of the entire holder containing various other
antibacterial agents in the proper amounts. - OQur device
could be made by placing the unimpregnated water absorb-
ent paper pieces on the hydrophobic holder and then add-
ing the several antibacterial agents to the separate pieces
but, of course, this manner of manufacture is materially
less desirable.

In addition to our device being useful in determining
the efficacy of antibacterial agents, it can be used in
ascertaining microorganism types. In this embodiment
the separate water absorbent pieces are impreganted with
different specific bacteriophages. The prepared holder
can be placed on a nutrient medium seeded with a spe-
cific bacteria type and upon incubation a clear area re-

-sulting around a given water absorbent piece shows the

1dent1ty of the bacteria seed.

It is important that the unpregnated water absorbent
pieces on our holder project from the holder in essen-
tially the entire area immediately surrounding the pieces.
The holder will thus be held away from the nutrient
medium to provide contact with air and more representa-
‘tive growth or inhibition in the medium around the pieces
will result. The hydrophobic holder is prefeiably of
sufficient thickness and rigidity to prevent it from sagging,
so that substantially its entire area will be held away or
separate from the nutrient medium. Less rigid holders
can be used, however, and the portions interconnecting
the impregnated pieces may contact the nutrient medium
.although the projection of the pieces from the holder
will still ke’ep the holder spaced away from the nutrient
medium in the areas immediately surroundmg the im-
pregnated pieces.
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The holder in-our device is an essentially hydrophobic "

material which prevents the antibacterial agents from
diffusing away from the impregnated water absorbent
pieces and into the holder. Instead the composition of
the holder insures or compels the diffusion of the agents
into the nutrient medium where they are intended to go.
The holder should be of a material which does not cause
significant inhibition or stimulation of any aerobic micro-
organism being tested. The holder may be symmetrical
or asymmetrical in shape and, of course, is de51gned to
carry a plurality of the impregnated paper pieces. The
holder may be opaque or transparent but the latter is
preferred. The holder material may be colored and may
be imprinted in part without substantial impairment of
visibility. Suitable holder materials are exemplified by
aluminum, glass, polystyrene, cellulose acetate, cellulose
acetate-butyrate, ethyl cellulose, polyethylene and the like.

The impregnated pieces are water absorbent and usually
will be of paper in circular form. .Other shapes and
materials can be used less advantageously, in fact it has
been recommended that standardized paper disks of 14"
diameter be employed, see “The Assay and Control of
Antibiotic Sensitivity Discs,” by A. Kirshbaum, J, Kramer
and B. Arret, Department of Health, Education and Wel-
fare, Food and Drug Administration, Washington, D.C.,
November 1958, Thus while square, hexagonal or other
shaped pieces may be used we prefer round pieces to in-
sure round zones. The pieces can be connected to the
holder by any suitable means. For instance, the single,
standardized pieces or paper disks may be attached to the
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the holder and these disks project from the underside of
the holder. In FIGURE 5 the holder 11 is pierced
through by thumbtacks 25 and the paper disks are im-
paled onto the spike of the thumbtacks at the underside
of holder 11. The embodiment of FIGURE 6 is some-
what similar to that of FIGURE 5 except that spikes or
sharp projections 26 are an integral part of the holder 11.

In FIGURES. 7 and 8. we have illustrated a circular
holder ring 30 inside of which are attached eight paper
disks 31 each impregnated with a different antibacterial
agent. As shown particularly in' FIGURE 8§ the disks
31 project from the bottom.of the holder ring 36.

Our invention will be illustrated further by the follow-
ing specific examples which are not to be considered
limiting:

Example 1

Single absorbent. paper disks containing, respectively,
2 units of penicillin, 50 mcg. nitrofurantoin, and 50 mcg.
triple sulfa (sulfadiazine, sulfamerazine and sulfametha-
zine) are bonded at spaced positions on one side of
a flat straight strip or piece of molded, crystal-clear,
rigid polystyrene, using a cement made by dissolving
polystyrene in toluene. Toluene evaporates from the
paper disks leaving them firmly bonded to the polystyrene.
A plate of Mueller-Hinton blood agar is inoculated with
Staphylococcus aureus, Américan Type Culture Collection
No. 6358, and the polystyrene multiple disk device is

- placed on the agar so that all the disks are in contact

30

interconnecting, hydrophobic holder with adhesives; two- -

sided pressure-sensitive tape, or mechanical fasteners, or
they may be wedged into receptacles in the interconnect-

_ ing material, impaled on spikes, etc.” We have found both
solvent and bodied cements suitable for bonding the disks
to the matrix or holder.

Our invention may be further understood by reference
to the drawings in which:

FIGURE 1 is a plan view of two embodiments of our
device located on a nutrient medium in a dish;

FIGURE 2 is a side view of the device of FIGURE 1
taken along lines 2—2;

FIGURE 3 is a plan view of a form of the invention
using a ring holder;

FIGURES 4 to 6 illustrate in pamal _sectional side
view the three—pronged holder of FIGURE 1 with dif-
ferent means for securing the impregnated pieces on the
holder;

FIGURE 7 represents still another embodiment of the
invention; and

FIGURE 8 is a cross-sectional view taken on lines
8—8 of FIGURE 7.

FIGURES 1 and 2 show a polygonal holder 10 for nine
paper disks 12 and a hub-and-spoke holder 11 for three
paper disks 13, which can be used simultaneously to.de-
termine the sensitivities of an organism to 12 different
antibacterial agents. The holders are on an agar nutrient
medium 14 in dish 15, and as shown the holders are
separated from the agar by essentially. the thickness of
the single attached paper disks. It may be advisable to
leave at least one disk blank to guarantee the organism
a chance to grow in the event that the organism is sensi-
tive to all the agents. Any number and combination of
disks can be pIaced on the hydrophobic holders.

In FIGURE 3 is jllustrated a circular holder 20 con-
taining eight paper disks 21 each impregnated with a
different antibacterial agent as specified in the figure.
The paper disks are glued on what might be considered
the underside of the holder ring 20 although in actual use
the dish containing the nutrient medium on which the
disks 21 rest may be in inverted position as has been
suggested to avoid undesirable effects of humidity.

In FIGURES 4 to 6, three different embodiments of
the three-pronged holder of FIGURE 1 are shown. In
FIGURE 4 the paper disks are pressed into recesses on
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with the agar. After 24 hours of incubation, a creamy
tan growth of Staphylococcus aureus develops over the
entire surface of the agar except in a circle of approxi-
mately %2’ around the nitrofurantoin, indicating that the
organism is inhibited by nitrofurantoin but not by peni-
cillin or triple sulfa. The test is repeated with the same
paper disks, culture medium and organism, but without
the hydrophobic polystyrene holder device, and identical
results are obtained.
Example 2

A ring was cut from flexible, blue-tinted cellulose
acetate. film, and eight paper disks impregnated with
antibacterial agents were attached with solvent cement
at equal spacings on one side of the ring. The paper
disks contained one of each of the following antibacterial
agents: 2 units penicillin, 5 mcg. chlorcamphenicol, 50
mcg. triple sulfa, 5 mcg. terramycin, 2 mcg. erythromycin,
5 mcg. tertacyline, 2 mcg. dihydrostreptomycin, 5 meg.
aureomycin. The same organism as in Example 1 was
streaked over Muller-Hinton blood agar, and the cellulose
acetate multiple disk device was placed on the agar
so that all disks were in confact with the agar. After
24 hours’ incubation, a creamy tan growth of Staphylococ-
cus aureus developed over the surface of the agar ex-
cept near all 8 antibiotics, indicating that all § were
inhibitory to the organism. The test was repeated with

" the same paper disks, culture medium and organism but
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without the non-absorbent cellulose acetate holder device,
and identical results were obtained.

Example 3

A nine-disk non-absorbent holder along the style of
FIGURE 1 is cut from translucent polyethylene sheet
0.020"” thick, and nine paper disks containing different
antibiotics are appended with two-sided pressure sensi-
tive tape at spaced apart locations on one side of the
bolder. Upon inoculation of blood agar with Proteus
vulgaris, placing the disks and holder on the agar and
incubating, a pattern of growth was obtained which is
similar to that afforded when individual paper disks are
placed carefully in analogous positions on another plate
of seeded agar without the nonabsorbent holder.

Example 4

One quarter inch diameter circular paper disks con-
taining different water-soluble heat-stable, antibacterial
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agents are sealed at spaced apart positions to the coated
side of a strip of cellophane coated on one side with a
heat-sealable, moisture resistant coating. The compositing
is effected by pressing the cellophane and disks for one
second in a jaw sealer or press heated to 250° F. The
multiple disk device is tested and found satisfactory.

Example 5

A three-pronged holder of clear, rigid acrylic plastic
is made in the style shown in FIGURE 1, with three
recesses 0.010” deep on one side. Paper disks 0.026”
thick are impregnated with different antibiotic solutions
and pressed into the cavities while wet (see FIGURE 4),
after which the multiple disk was dried under vacuum.
When compared with individual disks for antibacterial
sensitivity, the multiple disk shows no significant differ-
ence.

Example 6

The test of Example 5 is repeated, except that dry,
standardized disks are employed. Test results are the
same.

Example 7

A sheet of “Pliofilm” chlorinated rubber is pierced
from one side with three spaced apart thumbtacks. Paper
disks containing standardized amounts of different anti-
bacterial agents are impaled on the points of the tacks

(see FIGURE 35), and the resultant multiple disk is-

pressed upon a plate of inoculated agar until the disks
make contact. After incubation, a sensitivity pattern
is obtained which is similar to that when the three disks
are placed on the agar separately.

Example 8

A transparent polystyrene holder (see FIGURE 6)
comprising spaced apart spikes projecting from one side
of a flat surface is utilized in the same manner as the
holder of Example 7 with similar results.

Example 9

To a holder as described in Example 2 are affixed
eight paper disks each of which is impregnated with 2
different type specific bacteriophage, only one of which is
effective against Staphylococcus aureus. The holder disks
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are placed on an agar nutrient medium seeded with a tes
strain of Staphylococcus aureus. After incubation a clear
zone around only the disk containing the bacteriophage
for Staphylococcus aureus identified the test strain.

We claim:

1. A device for determining micrcorganism sensitivities,
which comprises a hydrophobic holder and a plurality of
spaced apart, water absorbent members on said holder,
said absorbent members having a substantially flat surface
projecting from said holder to support said device on a
nutrient medium with the holder portions immediately
surrounding said members being out of contact with said
medium, said absorbent members having thereon materials
exhibiting different sensitivities with respect to micro-
organisms.

2. The device of claim 1 in which the materials ex-
hibiting sensitivity are water-soluble antibacterial sub-
stances. .

3. A device for determining bacterial sensitivities which
comprises an essentially flat hydrophobic holder, a plu-
rality of separated paper disks mounied on one surface
of said holder and projecting from said surface to support
said device on a nutrient medium, said paper disks having
thereon water-soluble antibacterial agents exhibiting dif-
ferent sensitivities and said paper disks being positioned
on said surface of said hydrophobic holder so as to lie
flat on said nutrient medium.

4. The device of claim 3 in which the holder is in the
form of a ring.

5. The device of claim 3 in which the holder is
{ransparent

6. The device of claim 3 in which the holder is rigid.

7. The device of claim 3 in which the paper disks are
in recesses in the holder.

8. The device of claim 3 in which the paper disks are
impaled on sharp projections from said holder.

9. The device of claim 3 in which the paper disks are
held on the holder by adhesive.
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