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CHAPTFR I

INTRODUCTION
The value of the work performed In the clinical
laboratory can be seen more readily in the field of
bacterlologlc control of antibiotic therapy.

The treatment

of infectious disease wai greatly altered with the
discovery of penicillin. Since that time (1929) the
number of available chemotherapeutic agents for combating
disease ha» increased in unbelievable proportions.

Aside

from the tfole of Isolation and identification of the
etiological agent, the clinical laboratory haa been
faced with the problem of performing sensitivity tests
on a routine basis in order to tell the physician the
most effective antibiotic.
A number of technioues have been developed to aid
the clinician in his work.

The method which has become

the standard procedure in the greater percentage of
laboratories Is the use of Impregnated dies.
"Estimates of the extent of this
use of paper discs ofJS'sll types
indicate that currently there
are approximately 2 ,500,000
bacteriological specimens
examined yearly by this test /
and that this represents they
utilization of approximately
1 7 ,000,000 disc determinations * (1 )

(1 ) ffcgtlng for Microbial ^usc^/ptlM! lty to Chemother^p?utic
Agents. 1959 Consolidated Laboratories, Inc.
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The utilization of discs ha« brought forth a
number of oroblems in evaluating the results obtained.
Among these problems is the concentration of antibiotic
which will give the more beneficial results.

The

present study is limited to a very small ohase of the
above problem.

The basic attempt is to test the value

of the 2 unit and 10 unit discs of oenicillin against
a test organism, Staphylococcus.

For routine work

It is necessary to know which disc will give sufficient
and reliable evidence as to sensitivity and resistance.
The question arises, is the use of a lower concentration
as good as a higher concentration; or is it necessary
to use both concentrations?

/

CHAPTER II
HI'TORY
The Infinite story of antibiotics c*»n be divided
into two different periods.

The first is spoken of

as

the fruitless phase cohering the work of Pasteur and
i

Blu® (19 5).

The fruitful phase begins with the

discovery of penicillin in 19^5 by Fleming. (?)
The practical clinical value of oeniclllin was
not brought about until World Wsr II,

The '’antibiotic*

era" is, therefore said to have begun around 19*0 with
the revived Introduction of penicillin.

This revival

was followed by innumerable other antibiotics*
streptomycin, bacitracin, chloromycetln, aureoaycin,
and terramycln.

The advent of these new chemotherapeutic

drugs created new problems for the clinical laboratory, (3)
The inevitable problem nrose of the devslopement of
a simple and reliable s'ln vitro* technique for the
determination of bacterial sensitivity.

The sensitivity

of a strain to nn antimicrobial agent is expressed

1

as the concentration of the ag^nt th-t inhibits the
growth of the organism.
Today there *re three general procedures which are
used for determining antibiotic sensitivity* (4)

(2) HERRFLL, W.E. Penicillin «>nd other Antibiotic
Agents. Philadelphia: Saunders, 19*5
(T ) Smith and Conant, ^lnsser*9 Textbook of Bacteriology.
(eleventh edition; Hew Yorks Appleton-Centary-Crofts,Inc,1957 )
(A) Grove, D.C, <md Randal, W,A, Aasgv Methods of
ntlblotlca - A Laboratory Hernial (Hew York: Mpdical
?tocyclopedin. Inc. iff?) po 1S8-19A
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Tube dilution technique
A series of tubes containing serial

dilutions of the particular antibiotic are used.

The

test organism is then inoculated into the varying
concentrations.

The least amount of antibiotic resulting

in complete Inhibition of growth is the end point or
minimal inhibitory concentration.

The serial dilution

method is the most accurate method, but its use is
greatly limited to the research laboratory.
2)

Agar plate dilution
Agar plates containing known amounts of

antibiotics «re streaked with the test organism.

This

method depends upon the growth requirements of the
organism, therefore, it is not satisfactory for
organism that grow slowly on solid m dia or those
that have a spreading tendency.
3)

Disc plate
This Is the method which is the easiest

to perform and is the most widely used in routine
laboratory work.

The work of this thesis is based

upon the disc plate procedure and theory.
The essential feature of the disc plate is the
application of filter paper discs saturated with the
antibiotic solution on a blood agar pl*te, which has

been inoculated with a teat organism. (5)

The filter

p0per acts as a resevoir from which the antibiotic
solution diffuses into the agar.

The degree of

sensitivity of the test organism maybe Indicated by
the lack of lysis of the medium and absence of growth
of the organism.

The diameter of the zone Is not a

quantitive measure of the degree of sensitivity.
It is the presence of lysis which is of significant
Importance.
The precursor of the disc method was the uae of
aaaay cylinders for the determination of the concentration
of penicillin in various liquid media by Atraham. (6 )
The cylinders were made of glass tubing and the diffusion
of penicillin into the agar medium resulted in clear
zones around these cylinders.

The zones in diameter

varied with the degree of inhibition.
Pope (1940) first suggested the use of absorbent
filter paper discs saturated with penicillin for
diffusion on blood agar.

Later as new methods of

assaying penicillin were being investigated, m^ny adopted
the use of impregnated discs, (Foster and Woodruff,

(5)

Bondi, A., Spaulding E.H., Smith D.E. <?nd Dietz,
C.C. 1947, "A Routine Method for the Rapid
Determination of Susceptibility to Penicillin
and Other Antibiotics" American Journal Of
Medical Science 213*221
(6 ) Testing for Microbial Susceptibility to Chemothera-eutlc
Agenis. 'Conaolldate^L Laboratories'.'.Inc. "l95Sfr

- 6 DeBeer and Sherwood, Epstein, Vincent *nd Vinccent)
The success of such methods led Morley (1945) ~nd
Kolmer (1947) to attempt the use of such disc on
Inoculated culture plates. (7)

Since then a variety

of disc procedures have been developed.
These discs can be purchased In the wet or dry
form; single or multi-tloped.

The use of the dry form

has a number of rdvantages over the wet. (8 )

>lhen

using wet discs the antibiotic solution Is added to
the discs at the performance of eich test.

This

entails the preparation of fresh solution of the
various antibiotics each time.

For routine work in

a hospital this would be a ne^r impossibility.

It

would be time consuming and also limit the number of
agents that could be tested.

The dried discs are made

in a standard size and impregnated with a constant
amount of antibiotic.

They are easy to handle and

may be stored for a period of time without losing
their potency.
The discs described above are the single type.
When a sensitivity test was performed it was necessary
to apply a disc for the different antibiotics.

(7)
(8 )

As the

Gould,J.C. and Bowie,J.H. 1952 "The Determination of
Bacterial Sensitivity to Antibiotics*. Edinburgh
Medical Journal 59*178
Lind.H.^. 1953,"The Rationale of Routine Antibiotic
Sensitivity Determinations" Antibiotics and
Chemotherapy 3*672

- 7 number of available antibiotics grew this resulted in
over-loading the culture plates making them difficult
to read.
A major stride was accomplished with the introduction
of multi-tipped discs.

A multi-disc is a sterile filter

paoer disc with multiple projecting ^rms, thus allowing
more than one antibiotic to be Impregnated on it. (9)
The use of these discs was first reported by Scheer (1954).
The advantages of their use are of a tremendous value
to the clinician.

They are time saving in that the

Petri dish need be opened only once to implant all the
antibiotics.

This also Involves less possibility

of contamination.
The use of discs whether single or multl-tioped is
a simple procedure.

There are a number of factors

which play major roles in the outcome of the sensitivity
tests.

As mentioned earlier one of these factors is

the concentration of antibiotic to be used-the subject
of this thesis.

Before further detail is given, it

Is necessary to give a brief explanation of a few
of the other influencing conditions.
Gould and Bowie (10) while devising a technique
using paper discs used discs made from Whatman No. 1

(9)

Testing for Microbial Susceptibility to Chemotherapeutic
Agents. Consolidated Laboratories, Inc. 1959
(10) Gould, J.C. and Bowie, J.H. op.cit

-
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filter paper with n diameter of 7 as®, to determine the
effect of variation in sl?e.

Thry used diameters r nging

from 4-12 mm. These discs were saturated with 1.0 ml.
of antibiotic solution per 100 discs.

The larger discs

did not become fully saturated, whereas, the smaller
ones b came supersaturated.

Thr disc of 6.8 mm. w a

found to became fully saturated when using 1 ml. of
antibiotic solution per 100 discs and is accented
as the standard site.
There his b*en relatively little difference
found between thick ^nd thin filter p*>oer. (1 1 )
However, blotting paper is unsatisfactory because it
tends to absorb more solution.

The tyoe of paoer to

be used depends upon the amount of fluid that the
paper can 'ibsorb.

Controversy exists as to the use

of dyes for c^lor-codlng purposes.

Palrbrother and

Martyn (1951 ) suggest the use of dyes reporting that
they in no way inhibit growth. (12)

Ostrander ~nd

Griffith (1959) found that dyes should be avoided. (I-*)
The most important feature in the storage of
discs Is freedom frcm moisture.

If moisture is present

the activity of the sensitivity disc will decrease.

(31) Ibid.
(12) Falrbrother, H.W. and Martyn, G. 1951 "The Disc
Technloue for Determining Sensitivity to the Antibiotics*,
^roal_C2.inic al„.Pl?th ;logg 4 *374
(I*7) Testing, for Wlcroblal -uoc-ptlbllltyto Chc^otherapgutic
Agents. Consolidated Laboratories, Inc. 1959
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The discs must be thoroughly dried and placed In a
sealed container.

The stability will *lso be maintained

longer when stored in the refrigerator than

whan

at room temperature.
There is only a slipht variation in the zone of
inhibition oroduced by discs of the same potency against
varying amounts of Inoculum*

This is a gencrallred

statement, because Cooper, Linton, and Sehgal (14)
have shown that with some antibiotics there Is a
change.

The zone of inhibition is formed at an exact

time after the test organism begins its growth.
Therefore, any factors influencing the rate of growth
of the test organism will Influence the zone of
inhibition.

As a general rule the older the culture the

fewer viable cells and the lag ohase will be longer
than with a young culture.

In actual practice this

effect is inslgnlflcent.
The composition of culture media gives different
results defending upnn the antibiotic used and the
test orgvnlem.

The pH has a significant effect upon

the zones of inhibition with penicillin. (15)

With

few exceptions m^dla with a pH around 7.2-7 .6 Is

(14) Cooper, K. ., Linton, A.H., and Sehgal, 3.N. 1958
"The fffect of Inoculum Size on Inhibition Z^nea in
Agar Media using Stanhylocooel and Streptomycin."
fWtrnal General Mcrcblology. 18*672
(15) Gould, J.C. -nd Povrio, J.H. op clt

- 10not effected.

The more concentrated agar prevent*

diffusion of penicillin, but the range of concentrations
used largely prevents this.
The depth of the agar determines to a great
extent the diffusion of the n-ntlblotic. (16)

The

thicker the medium the smaller the zone of inhibition,
becnuse the antibiotic diffuses downward,

shen a thin

medium is used the antibiotic will diffuse outward
giving s larger zone of hemolysis.
Heter, Wurdock, ^r<3 Kunz (17)

conducted an extensive

search to find the influence of different culture
media,

A summary of n few of their findings follows*
1.

Aureomyeln ^nd terramycin are more

effective against E. coll on proteose #3 agar, ^ d o
agar, *>nd "hdo base agar than on brain veal agar.
2.

Chloromycetin'a effect against f. coli

Is Just about the some.
**.

The addition of

hufian citrate huarn blood

to Ftodo agar, Undo base agar, MacConkey and brain veal
agar did not affect the degree of inhibition.
4.

The addition of phosphates to MaeConkey agar

enlarges the zones of inhibition surrounding aureomyCln
and terramycin.

(16) IBID
(17) Heter, E., Jtardock, and Funs, E.H. 1952 ’The
Influence of the Composition of Culture Media on Growth
Inhibition of Various Microorganisms by Antibiotic Discs*.
2 :^5 .
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*5.

Urine r,e a nutrient Increases the effectiveness

of 'nareoffljcln and terraaycin against E, coll «nd
Pseudoaon s.
For routine laboratory work thr media should be
a rich, all ouroose media which will support good
growth of the pathogens including fastidious organises.(18 )
A good media la Bncto nutrient agar with a pH of 6 .8 .
^

this is "dded huaan eltrated blood for the fastldous
organism grows In 6 .-8 hours nnd a well aorked zone of
Inhibition a*y be found.

These zon<=s will correspond

In ai^e to the zone of nbsniute inhibition soen after
24 hrs. (20)

(1 8 )

Testing for Microbial Suaceotlbllit? to Ch^qthera^eutljs
•gents. Consolidated Laboratories, Inc. 1959
(1 9 /
Goldin, M., and Davidaohn, I. 1954 ^Laboratory
Control of Antibiotic Therapys A Practical Method for
the General Hospital." Modern Hospital. 82*92.

(<c')

.?.£?ti

. .tPT-JfAPl2kj-.nl... iu?

111^1^.9 ,,..02zS°t-.k?.?!

\g» nts. Consolidated Laboratories, Inc. 1959

1Ifc

CHAPTER III
IMPORTANCE OF CONTROVERSY OVER CONCENTRATION OF DISCS
There has been much controversy over the concentration
of antibiotic impregnated into a sensitivity disc.

The

Antibiotics Division of the Federal Food and Drug
Administration has undertaken a program to standardize
all discs, thus controlling the amount of antibiotic
yy

present in the disc.
The concentrations of the various antibiotics are
calibrated to a stated concentration per ml. to a
stated weight in raicrograms, or in the case 6f penicilin
expressed in units of activity.

The unit measures the

degree of bacteriost *els produced by a penicillin sample
under assay. (21)

The principle behind these concentrations

is to administer a definite weight or volumn of a
chemically defined compound.

These concentrations are

equivalent doses of a given drug, which will exert
approximately equal effects in similar populations
of the test organism. (2 2 )
The penicillin unit spoken of is known as the Oxford
Unit.

The Oxford Unit is the smallest amount of

penicillin dissolved in 500 cc. of meat extract broth
capable of completely inhibiting the growth of a
susceptible strain of Stanhylococcus *»ureus.

An

(21) Herrell, J.W. IBID
(22) Branch, A., Starkey, D.H., and Fow«r, Edna E. 1956
*A Correlation of Various Antibiotic in Vitro 3ensitivity
Tests.*1 Antibiotics Annual 1955-56. p. 407
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13 International unit h*>s teen proposed which has been
defined as the specific penicillin activity contained
in 0.6 mlcrograms of the International Penicillin
Standard.

This unit is approximately equivalent to

the Oxford Unit. (23)
if
In this dissejatlon Staphylococcus is the test
organism; penicillin is the testing antibiotic using
unite of 2 and 10.

The 2 unit and 10 unit have been

chosen for two reasons. First they are In accord with
t ‘
the recommendations tmde by the Antibiotics Division
of the U.S. Food and Drug Administration.

Secondly

the 2 unit is considered as the minimum concentration
required to prevent growth.

The minimum must be reached,

but need not be exceeded to cause inhibition, therefore
it is the threshold concentration. (24)

The threshold

concentration is the dosage level at which there
is an abruot change from no inhibitory effect to full
inhibitory effect, (25)

The 10 unit disc la the maximum

concentration needed to nick up atr Ana w> ich ar*
resistant with the 2 unit concentration.

(23) lolmer, J.A. 1947 "Laboratory Controls in
Relation to Penicillin and Streptomycin Therapy."
Southern Medlc-1 Journal. 40*72.
(24) Branch, A., Starkey, D.H., and Power, Fdna. IPID
(25) Grove, D.C. and Randall, W.A. IBID

- 14 The single disc Is used to indicate "sensitivity"
or ’’resistance".

A single low concentration can glv®

only degrees of sensitivity and is not able to define
resistance.

A single high concentration is able to

give both resistance and degrees of sensitivity. (26 )
If only one of these discs is used It Is important that
the clinician understand very clearly the results of
e^ch test.

When both discs are used the results may

be re-orted as sensitive, moderntely resistant, or
resistant. (27)

The procedure for classification

follows:
1.

Sensitive - Clear zone of Inhibition
around discs of low concentration,

2.

Moderately resistant • Clear zone of
inhibition around discs of
high concentration only.

3.

Resistant - So zone of Inhibit'on around
either disc.

The blood levels attained with the majority of the
antibiotics is limited.

Hoyt nnd Ooolden (26) say

that a microorganism to be called ’’sensitive" it must
be sensitive to drug concentrations which can be
obtained clinically and "In vitro" tests should be

(26) Branch, A., Starkey, t.H., ^nd Power, Edna, IBID
(27) Goldin, K., and Davidsohn, I. 1954 "Laboratory
Control of Antibiotic Therapy: A Practical Method for
the General Hospital." Modern Hospital. 62:92
(20) Hoyt, R.F., and Ooolden, F.B. 1952 "Antibiotic
Sensitivity Testing. A Surve-y of Commercially Available
Testing Sets." Antibiotics >nd Chemotherapy. 2*775

- 15 developed for this.

While it is true that the activity

of the discs should be related to the average bl'-od
level attainable with each drug, the "in vitro"
results actually have little correlation with dosage.
Therefor, It would be unwise to report results in
terms of specific units. (?9 )
In the disc method, sensitivity is indicated by
the presence of a zone of Inhibition and not the size
of th* zone.

The point cannot be overstressed in that

this is not a quantitative test, but a qualitative
test.

The diameters of the zones of hemolysis do not

necessarily indicate th-" relative therapeutic action.
The other factors already referred to have their effect
to a greater or lesser degree depending upon technique.
The main lssu* concerning penicillin concentration
is whether or not the lower concentration will give
sufficient Information.

Branch, Starkey, and Power (30)

found that in testing 600 Staphylococcus "gainst
penicillin the lowar penicillin disc should be raised.
This would yield a higher percentage of sensitive
strains.

The concentrations they used were ,5» 1#

and 10 units.

They recommend the use of the 10 unit

concentration.

fpo)
PO)

Goldin, M and Davldaohn, I. IBID
Branch, A,, Starkey, D.H., and Power, fdn* IBID

- 16 Pratt and Dufrenoy (31) state that clinically It
is important to h*ve complete exposure of the test
organism to the threshold for a valid length of time.
A higher concentration is not of qny more value
and recommend that a lov/er concentration is of enough
value.
In all of the literature reviewed the authors
take one of the two above opinions.

(31) Pratt , R., and Cofrenoy, J. 1949 Antibiotics.
Philadelphia: J.B. Lipnlncott.

CHAPTER IV
MATERIALS AND MTHODS
The Staphylococcus In this study were obtained from
routine cultures of Infected material sent to Creighton
Memorial St. Joseph's Hospital Bacteriology Department.
The 2 and 10 unit discs of penicillin concentration
were commercially prepared discs (Desl-Dlscs) donated
by National Blo-Dlsc. Co..

Culture plates were made

of B*cto Nutrient agar with 5% human cltrated blood
added.
The experimental work was carried on for a period
of 7 weeks.

A total of 50 3taphylococcus organisms

were tested.
The procedure followed wss to Inoculate a culture
plate with the particular test organism and pl^ce
the 2 discs on the plate.

After 24 hours the zones of

hemolysis were read ?md recorded.

The zones were

re«?d only for the qualitative results.

- 17 -

CHAPTER V

RESULTS
The following table contains the entire results
of the experiment conducted for this thesis.
Organism isolated

Hemolytic Staohylococcus
albus
Hemolytic
Staphylococcus
Urine
slbus
Hemolytic Staohylococcus
Nose
albus
Hemolytic
Staphylococcus
Right leg
aureus
Hemolytic Staohylococcus
Left leg
aureus
Right eye discharge Staphylococcus pureus
Right eye discharge Staphylococcus aureus
Staphylococcus aureus
Blood Culture
Right hand dermatitis Hemolytic Staphylococcus
albus
Hemolytic Staphylococcus
Rectal abscess
albus
Hemolytic Staphylococcus
Bladder
albus
Staphylococcus ureus
Culture tubes
Hemolytic Staphylococcus
Wound
aureu s
Hemolytic Staphylococcus
Throat
aureus
Hemolytic Staohylococcus
Urine
albus
Staphylococcus aureus
Left thigh 1
Staohylococcus aureus
Left thigh 11
Staphylococcus
aureus
Boll
Staphylococcus
^.ureua
Finger
Hemolytic staphylococcus
Rectal
albus
Sterilizing solution Staohylococcus aureus
Staphylococcus aureus
Nose
Staohylococcus aureus
Spinal fluid
Staphylococcus aureus
Bladder
Staphylococcus aureus
Throat
Hemolytic Staphylococcus
Heel
aureus
Hemolytic Staphylococcus
Drainage
aureus

Resistant
2 U 10 U

Sensitive
2U 10 U

Wound drainage

*
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X
X

X
X

XX

X

X

XX XX

Origin of Material

X

*

X
X
X

X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

-

Origin of Material
Abdominal wound
Culture of ?
Wound
Incisional wound
Neck drainage
Left cheek abscess
Leg wound
Stool
Eye
Throat
Abdominal wound
Knee drainage
Boil
Wound
Culture of ?
Culture of ?
Stool
Culture of ?
Tracheotomy

Culture of ?
Right arm
Sinus drainage

-

Organism Isolated
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureu s
Hemolytic Staphylococcus
auVeus
Hemolytic Staphylococcus
albus
Hemolytic 3taphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Staphylococcus aureus
Staphylococcus aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureu8
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Hemolytic Staphylococcus
aureus
Staphylococcus r-ureus
Hemolytic Staphylococcus
aureus

Resistant
2 U 10 U

Sensitive
2 U 10 U
X

X

X

X

X

X
X
X
X
X

X
X

X
X
X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

XX

Ear

4.9

20

Percentages:

**■

,

Cultures tested
Sensitive to both the 2 and 10 units
Sensitive to 10 unit only

Number
50
31
1*

Per Cent
62%
28£

- 21 ■

1.

« •
SUKNARZ

The history and development of the use of

sensitivity discs was related.

The three general procedures

were explained and the disc plate method was further
explained.

Factors affecting the results of the disc

plate were discussed.
2.

The importance or controversy over the concentration

of discs was explained.

The main issue is whether the

lower concentration (2 unit) will give sufficient information
concerning ’"sensitivity'* and “resistance1" Many hold the
opinion that the higher concentration (10 unit) is necessary.
3.

Experimental results after testing 50 Staphylococcus

cultures showed 31 cultures to he sensitive to both the

2 and 10 units, while 14 were sensitive to only the 10 unit.
This indicates that approximately 1/3 of the Staphylococcus
tested with only a 2 unit concentration will be reported as
"resistant."

The conclusion drawn from this experiment

is that in routine work, if only one concentration is to
be used the 10 unit disc would be of the greater value.
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