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I. INTRODUCTION

Since the advent of antibiotics as chemothera
peutic agents, the importance of determining the sensi
tivity to these drugs of micro-organisms present in 
clinical specimens has become of prime importance.

Prior to Fleming's discovery of penicillin in 
1929, and. its subsequent introduction into clinical 
use in I9I4-I, there was no need for such tests. Since 
that time, the number of new antibiotics has been rapid
ly increasing. The introduction of streptomycin, bacitra
cin, chloramphenicol, aureomycin and terramycin brought 
about the necessity of choosing among a number of thera
peutic agents. It has, therefore, become the work of 
the laboratory to aid the clinician in making this 
choice. This the laboratory accomplishes by determining 
the sensitivity, or the degree of sensitivity, of the 
infectious agent to the antibiotics in question.

It was soon learned that the bacterial sensitiv
ity to chemotherapeutic agents varies not only from 
species to species, but also within a species. As 
certain genera of bacteria have a wide range of re
activity, it has become more important to detect the 
sensitivity pattern of the infectious agent, rather 
than to specifically identify the agent.

The methods used in the past have been varied.
The tube dilution method is one of the oldest and most
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reliable. However, due to its lack of simplicity, 
workers have tried various procedures in an attempt to 
perfect a more practical method. From a practical point 
of view, the dried disc method has become the most 
popular today.

These discs, prepared from a filter or blotter 
paper, are impregnated with a known concentration of 
antibiotic and dried. This gives a relatively stable 
form of the antibiotic, which can be tested in combina
tion with other drugs in a single operation.



II. REVIEW OF LITERATURE

A. Need for Sensitivity Testing
Credit for the discovery of penicillin is given 

to Fleming (1929). He observed that staphylococcal 
colonies in the neighborhood of a Pénicillium mold con
taminant were showing signs of "dissolution." It was 
his contention that this phenomenon demanded further 
investigation.

Chain e_t al_. (19i|-0) studied the chemical and 
biological properties of the antibacterial substances 
produced by bacteria and molds. They devised methods 
for obtaining good yields of penicillin In its dry form. 
A study was then undertaken to determine its effects on 
bacteria in vivo as well as in vitro. They concluded 
that penicillin was not related to any other chemothera
peutic substance in use at the time, and that it was 
valuable against many bacterial infections.

Abraham et al. ( I9I4-I) conducted further studies 
on penicillin. They showed that it caused no toxic 
effects even when applied directly to the tissue. Peni
cillin was given intravenously to five patients with 
staphylococcal and streptococcal Infections. In all 
cases the results were excellent.

Penicillin, having won its place as a chemo
therapeutic agent, stimulated research on other anti
microbial substances. During the two decades that passed



since the first clinical use of penicillin, many new 
antibiotics were introduced. The number is constantly 
increasing even presently.

Spaulding et al. (1951) pointed out the fact 
that, due to the large number of antibiotics, it was ne
cessary to perform sensitivity tests to determine the 
most effective chemotherapeutic drug. They stated that 
''although cost, ease of administration, and risk of 
undesirable side effects must be taken into considera
tion the determining factor should be the susceptibility 
of the infecting organism."

It Is not possible to determine correctly which 
drug should be used simply by identifying the infectious 
agent.

Finland et al. (1950) conducted in vitro studies 
of the susceptibility of pathogenic staphylococci to 
seven antibiotics. They found that the staphylococci 
obtained from patients varied widely in their suscepti
bility to penicillin. Therefore they pointed out the 
need for determining the sensitivity of the infectious 
agent to a number of anti-microbial substances.

The sensitivity pattern of several microorgan
isms has been investigated. In 1950, Frank et_ al. 
determined the sensitivity of the coliform bacilli. 
Finland et al. (1950) studied the effect of seven anti-
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biotics on Hemophilus influenzae♦ They showed that 
different strains of the sane species exhibited wide 
variations in sensitivity with the same antibiotic.
Roland et al (1951), while determining the sensitivity 
of Pseudomonas aeruginosa isolated from ear infections, 
reported sensitivity patterns that differed for each of 
four different cases.

Barber et al. (1948) carried out a study on the 
incidence of penicillin-resistant strains of Staphylo
coccus pyogenes. Specimens from 100 patients wTith 
staphylococcal infections were examined over a three 
month period. Fifty-nine per cent yielded penicillin- 
resistant organisms. Previous studies in the same 
hospital gave 1I4..I% in 1946, and 38% in 1947*

Clinical observations between 1948-50, made 
Davison (1950) increasingly aware of the fact that the 
response to penicillin was not as satisfactory as it had 
been previously. To confirm this he reviewed the charts 
of patients with sinus infection. He commented that 
"’because of the widespread use of penicillin dust in 
’sniffers', nose drops, aerosol inhalation, and inadequate 
dosage orally or by injection, the more sensitive organ
isms have been killed, and the more resistant strains 
have survived to be coughed and sneezed onto friends and 
relatives. Thus the bacterial flora of the upper res
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piratory tract has in a period of three short years, 
become relatively resistant to the action of penicillin”.

Miller et al. (195>2) studied reports from the 
Central Laboratory of the Department of Health of Ontario, 
Canada. From 19li-5~ol the number of sensitivity tests 
reviewed was 7,3?8* They stated that resistance on the 
part of pathogenic staphylococci, showed a marked in
crease over the seven-year period« Resistance to peni
cillin was not found to have developed in other gram
positive cocci. Comparative resistance to the broad 
spectrum antibiotics (aureomycin, terramycin, and Chloro
mycetin) on the part of usually sensitive organisms also 
appeared to have developed. This was true of both gram
positive and gram-negative organisms.

Koch et al. (1952) observed a further increase 
in the incidence of drug-resistant pathogenic staphylo
cocci. The data presented, according to the authors, 
showed not only a marked increase in the frequency of 
penicillin-resistant, pathogenic staphylococci, but 
also a marked increase in the resistance to aureomycin 
and terramycin. They stated that 11 the knowledge of 
culture sensitivity prior to the onset of therapy, and 
also during treatment, in all cases of staphylococcal 
disease is re-emphasized.”

There are many additional reports in the litera-
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ture describing the presence of resistant strains. This 
investigator is interested in resistance only in so far 
as it emphasizes the need for sensitivity tests. Weil 
et al. (1953) concluded from the study of 330 in vitro 
tests that the instances of unexpected resistance indi
cated that there is a great need for sensitivity tests.

Trafton e_t al. (1953) stated that physicians 
should be encouraged to use these tests routinely. They 
summarized the situation by remarking that "the general 
practitioner and urologist are confronted with the in
creasingly complex problem of best treating urinary 
tract infections. This is due not only to the rapidly 
expanding number of available antibiotics, but also to 
the increase in bacterial resistance as well as patient 
intolerance to the drug."
B. Methods Used for Sensitivity Testing

The serial tube dilution method for sensitivity 
testing was first used by Fleming (1929). Its use, 
therefore, began with antibiotic therapy itself. Fleming 
made serial dilutions of penicillin in broth and added 
a constant amount of a bacterial suspension to each 
tube. In this manner he was able to measure the effec
tiveness of penicillin as a chemotherapeutic agent.

Rammelkamp (19)4.2) modified this procedure so 
that it could be used for determining the concentration
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of penicillin in body fluids. Tubes were set up con
taining serial dilutions of the fluid. In addition a 
similar series was set up using a standard penicillin 
sample. The same amount of bacterial suspension was 
then added to all tubes. By comparing the end point 
of the test series to the end point of the control 
series, which contained known dilutions of penicillin, 
it was possible to determine the concentration of peni
cillin in the sample.

The above method or its modifications have been 
adapted for use in determining the degree of sensitivity 
of micro-organisms in clinical specimens to a chosen 
antibiotic. When used in this manner, the test organism 
is the unknown, whereas the antibiotic is of known con
centration. The end point is the highest dilution 
which will inhibit the growth of the organism.

Abraham et al. (I9I4-I) described a method for 
assaying penicillin by the use of cylinders. Ordinary 
nutrient agar plates were seeded with the test organism. 
Short pieces of glass tubing or porcelain cylinders 
were placed on the agar after the plates were allowed 
to dry. These cylinders were then filled with penicillin 
solution. In principle this technique depends upon the 
diffusion of the antibiotic into the surrounding medium. 
This produces a clear zone where the growth of the test
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organism is inhibited. This method, known today as the 
"cylinder plate method" or "Oxford cup method", is used 
to some extent to assay body fluids. Its use in routine 
sensitivity testing is not practical, however, for it 
would be necessary to maintain fresh solutions of the 
antibiotics. Another drawback is its somewhat laborious 
procedure.

Vincent ejb §J. (Xpluip) introduced a filter disc 
modification of the Oxford cup method. The principal 
change was the use of a thick filter paper disc saturat- 
ed with the penicillin sample. The authors pointed out 
that the discs could be conveniently set up on the 
seeded plates at a rate of about six per minute. This 
was much faster than the original method. Another 
advantage was the fact that the test plates could be 
manipulated freely to facilitate reading. They found 
that the results conformed closely to the Oxford cup 
method.

Bondi et al_. (19l|-7) recommended a modification 
of the saturated disc method. By placing the disc on 
the surface of a blood agar plate immediately after 
inoculation with a clinical specimen, it was possible 
to test the sensitivity at the same time the primary 
isolation was made. This made it possible to have the 
results in less than 2l| hours.
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It was not until late in the 19l}.0’ s that the 
value of sensitivity tests became apparent (Spaulding 
et al. 195D .

The original purpose of the previously described 
methods was to measure, or assay, the amount of anti
biotic in a sample and not the degree of sensitivity of 
an unknown organism. As more antibiotics became avail
able , these methods were converted to use in testing 
susceptibility or resistance.

Hoyt et al. (19̂ 4-7) described a new method to 
detect sensitivity. To overcome many objections of 
the previous methods, they incorporated penicillin and 
streptomycin into compressed tablets. Their use was 
simple. An agar plate was streaked with the test 
organism. The tablets were then placed into position 
with forceps. They recommended that the plates be in
cubated, after inversion, and read, when the growth of 
the organism was sufficient to disclose susceptibility 
or resistance. This method offered the advantages of 
speed and lack of necessity to maintain fresh solutions 
of the antibiotic.

Morley (19b%) described a method whereby blot
ting paper discs were impregnated with penicillin and 
then allowed to dry. These discs were placed on the 
surface of the agar which had been previously inoculated
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with the test organism. A zone of inhibition immediate
ly surrounding the disc indicated sensitivity to the 
antibiotic.

At that time penicillin was the only antibiotic 
used to any extent. Morley suggested that these discs 
could also be used for the sulfa drugs.

In the dry form the antibiotics are more stable. 
Discs therefore can be made in large quantities and 
stored until used. Several sensitivity testing discs 
of this type are now commercially available. Multiple 
tipped discs, each tip containing a different antibiotic, 
are now onithe market. This makes it a simple pro
cedure to test several drugs in a single operation.
G. Comparison of Tube Dilution and Dried Disc Methods

The difficulties of correlating the results of 
in vitro tests to clinical response have been pointed 
out by many investigators. In 1950 Frank et_ al. discuss
ed the limitations of these tests. Factors such as the 
rate of absorption, distribution, and excretion of the 
antibiotic, along with its toxicity to the patient, 
must be considered.

Jackson et_ aT. (1951) showed that the variables: 
(1) size of inoculum, (2) period of incubation and (3) 
choice of end point, greatly influence the results of 
sensitivity tests regardless of the method employed.
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Sherwood et_ al. (I9I4J4-) stressed in addition 
to the above the effect of the depth of the agar and 
the type of media used.

Despite the fact that in vitro studies do not 
take into consideration such factors as the nature or 
source of the infection, the concentration of antibiotic 
in the tissue involved or the reaction of the body to 
the drug, Tune vail <et al. in 1955- found that there was 
a good agreement between in vitro and in vivo results.

Branch et al. (1953)» in their study in Canadian 
hospitals over a three-year period, found few cases 
showing clinical cure where the agent was found to be 
resistant by in vltro tests.

Weil et al. (1953), checking the records at a 
general hospital, found no instance where clinical re
sponse was not in agreement with in_ vitro tests. They 
pointed out, however, that there was danger in making 
quantitative estimates from the results of these tests.

Most investigators (Lind 1953; Koch e_t al. 1952; 
Hoyt et al. 1952; Broom ejb al. 1953; and Borchardt et al. 
i960) agree that sensitivity tests should not be inter
preted as being more than a guide to which antibiotics 
are effective, and should not be taken as a quantita
tive determination.

Jackson e_t al_. (1951) made a comparison of four
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different types of sensitivity tests. They commented 
after completion of their study that "there has been a 
tendency among many clinicians, and perhaps some labo
ratory workers as well, to place undue reliance on the 
results of tests for sensitivity and of assays of anti
biotic concentrations without adequate appreciation of 
their limitations. It is not meant to imply that tests 
for sensitivity of bacteria to antibiotics have no value 
whatever. It is more proper to infer from these re
sults that they can be more properly used as a general 
qualitative guide to distinguish susceptible from non- 
susceptible organisms."

Lind (1953) after completion of many sensitivity 
tests stated that "specific values of sensitivity deter
minations, whether by serial tube dilution end point or 
width of zone of inhibition by the applied disc, should 
not and cannot be interpreted in terms of quantitative 
therapy."

Warsbren e_t al . (1951)» Braude e_t al̂ . (1952) 
and Collins e_t al. ( 19SU-) have pointed out the accuracies 
of the tube dilution method. Many workers have compared 
the two methods.

Hoyt ejb al « (1952) admitted the reliability of 
the tube dilution method. However, the following draw
backs of the method were pointed out: (1) relatively
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large amounts of equipment and material required; (2) 
time consumed and (3) effort consumed in testing the 
sensitivity of a bacterium to five or six drugs. 
Furthermore the growth of many bacteria is slow in 
broth unless special care is taken. On the other hand, 
advantages of the disc method were: (l) several anti
biotics may be tested on a single plate; (2) the 
medium used may be selected to meet particular growth 
requirements; (3) ease in manipulation and (Iq) economy 
of both effort and materials.

Koch et al. (1952), while studying the incidence 
of drug-resistant staphylococci, found that their re
sults further emphasized the validity of the disc method. 
The disc method correlated in all instances with the 
results of the twofold tube dilution technique.

Lind e_fc al. (19h2) illustrated the problems in 
hospital laboratories. If the hospitals were small, 
the laboratories were not properly equipped. On the 
other hand, larger hospitals had an increased volume 
of work and shortage of personnel. They described the 
disc method as a reliable, inexpensive, rapid, as well 
as an accurate method for determining sensitivity.

Welch (1956), the director of the Antibiotics 
Division of the United States Food and Drug Administra
tion (U.S.F.D.A.), referred to the disc method as the
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most widely used procedure. If Interpreted without
placing any value on the size of the zone of Inhibition,
It Is the most satisfactory method for routine use.
D. Suggested Standard1za11on of Sensitivity Discs by 

the United States Food and Drug Administration
Kirshbaum et al. (1958) presented suggestions 

regarding the production of sensitivity discs. Admit
ting that the zone size should not be measured in read
ing a test, they felt that there should be certain 
regulations which would standardize the manufacture 
and therefore the results of these tests. A summary 
of their recommendations is as follows:

1. All discs should be made of a paper of 
the same grade, size, and shape.

2. Solutions of the antibiotic should be pre
pared using recommended solvents.

3. The discs should be impregnated uniformly 
with the antibiotic.

Ip. Expiration dates and storage conditions
should be marked on each package of discs.

5. Each batch of discs should be assayed.
Representative discs from each batch should 
have an average potency which would fall 
between 67 and 1$0% of labeled value.

In other words, a batch of discs containing 10



16

units of penicillin should contain an average potency 
that would fall between 6,7 and l5«0 units.

As regards uniformity, the range in zone sizes 
of the discs assayed should not be greater than 2.5 mm.

If a higher potency disc is manufactured it 
should be not less than 2.5 times greater than the next 
lower concentration.

The procedure for assaying the discs was des
cribed in this paper.

The recommendations which deal with the potency 
of the disc are of interest in this investigation.



III. STATEMENT OF THE PROBLEM

It has already been pointed out in the litera
ture review that the F.D.A. has made recommendations 
concerning the manufacture of sensitivity testing discs. 
At the present time these suggestions are not mandatory 
and the procedure followed is left to the discretion 
of the manufacturer.

The strict control of the concentration of 
antibiotic in these discs would require precise 
technique and the performance of laborious assays.

In this thesis the effect of varying the con
centration of penicillin in the sensitivity disc is 
studied in'relation to the interpretation of the 
results of the test.



IV. MATERIALS AND METHODS

A. Preparation of Medium
Blood agar was the medium used in this investi

gation . It will support the growth of most agents 
causing bacterial diseases, and aids in the identifica
tion of organisms able to hemolvze red blood cells. 
Tryptlease soy agar ( T. S. A .) used as the blood agar 
base, contains the following ingredients in grams per 
liter:

Trypticase = . <> „
Phytone
Sodium Chloride
Q .^ S .T *  •  e  •  e  o  e  o

final pH 7.3
Twenty grams of T.S.A. were added to 500 ml. of 

distilled water and sterilized in the autoclave (121 C 
for 15 minutes)„ After sterilization the temperature 
was permitted to drop to 55-50°C and 10 ml. of defri- 
brinated human blood were added. The medium was then 
poured into sterile petrj dishes and allowed to 
solidify. These plates were stored in the refrigerator 
until needed. Fresh plates were made up as needed„
B. Test Organisms

The test organisms used in this work were ob
tained from various sources, such as specimens received 
from Indian hospitals, along with those obtained from 
the Creighton University School of Medicine clinic

T  Baltimore Etiological Laboratory, Baltimore, Eld,

. . 15 gm*

. . 5 gm.
• ° 5 gm.
. o 15 gm.
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laboratory« The types of Infections, and the particu
lar organisms involved, were therefore varied and 
representative of those that would be found in any 
hospital laboratory or physician's office«
G. Sensitivity Discs

Penicillin sensitivity discs of three concen
trations were used. This antibiotic was chosen since 
it is widely used and is readily available. This disc 
is one of the least stable, having an expiration period 
of only six months. These discs were assayed according 
to the recommendations of the P.D.A. and found to have 
the following values:

1. Low concentration (labeled f,V") . . .  .2.8 units
2. Medium concentration (labeled "Si”) . . [1..6 "
3. High concentration (labeled H52A"). . .10.0
These will hereafter be referred to as 2, 5 and

10 unit discs respectively since they fall within the 
confidence limits (67-lp0% of labeled potency) set by 
the F.D.A.

The discs Tiers stored in a freezer and only a 
week's supply removed at a time. This gave assurance 
that the penicillin retained its potency.
D. Procedure

The specimens were streaked over the entrie
surface of a blood agar plate. There was no attempt to
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isolate the agent in pure culture prior to running the 
test. Using a flamed forceps, a penicillin sensitivity 
disc of each concentration was placed on the surface of 
the agar. These plates were then incubated overnight 
at 37°C.

The next morning the plates were read and the 
results were recorded. The organisms were identified 
and each disc was read on the basis of the presence or 
absence of a zone of inhibition. In other words, the 
organisms tested were recorded as sensitive or resistant 
to each particular concentration of penicillin.



V. RESULTS

The organisms tested were observed for a zone 
of inhibition around each disc. A zone around the disc 
indicated sensitivity of the organism to this concen
tration of penicillin. In these cases the result was 
recorded as "SM or sensitive. Absence of a zone of 
inhibition indicated that the organism was resistant 
to this concentration and was recorded as "R" or resist
ant. The results of all tests are listed in Table 1,

In each test discs containing 2 units (V) , 5> 
units (81) and 10 units (52A) of penicillin were 
employed« Typical results are shown in Figures 1,
2, 3 and ip.

mm M S



TABLE I

V 81 g2a
Penicillin Units

APPROXIMATE VALUE 2 r  ■ 10
ASSAYED VALUE :2.8 it.6 10

Pseudomonas R R R
Staphylococcus aureus S S S
Staphylococcus aureus R R R
Coliform R R R
Coliform R R R
Staphylococcus aureus R R S
Pseudomonas R R R
Staphylococcus S s S
Staphylococcus aureus s S s
Aerobacfcer R R R
Proteus R R R
Neisseria,Streptococcus viridans,beta- 

hemolytic streotococcus R S S
Staphylococcus albus S R R
Staphylococcus aureus R R R
Staphylococcus R R R
hemolytic Staphylococcus aureus S S S
Staphylococcus R R R
Staphylococcus aureus S S S
Coliform R R R
Escherichia coll R R R
Pseudomonas R R R
Staphylococcus albus S S R
Aerobacter R R R
Neisseria, Streptococcus viridans S s S
Coliform R R R
Staphylococcus S S S
Coliform & Staphylococcus S R R
Staphylococcus aureus s R R
Staphylococcus aureus R R R
Coliform s R R
Staphylococcus aureus R R R
Staphylococcus albus R R R
Pseudomonas R R R
Proteus R S S
Staphylococcus albus S S s
Coliform R R R
Staphylococcus albus & Coliform R R R
Staphylococcus albus S R R
Coliform R R R
Coliform R R R
Staphylococcus aureus R R R
Staphylococcus S S S
hemolytic Staphylococcus aureus s R R
Staphylococcus aureus s S S
Coliform s R R



TABLE I. (cont.) 23

V 81 32a
Penicillin Units

APPROXIMATE VALUE 2 5 10
ASSAYED VALUE 278~ TiT5 10

hemolytic Staphylococcus aureus S s s
Staphylococcus aureus s s s
Coliform R R R
Neisseria S S S
Goliform R R R
Coliform R R R
hemolytic Staphylococcus aureus S S S
Proteus R R R
Proteus R R R
Proteus & Coliform R R R
Aerobacter R R R
Proteus S S S
Aerobacter R R R
Coliform & proteus R R R
Neisseria & beta-hemolytic streptococcus S S S
Staphylococcus S S S
Staphylococcus aureus R R R
Coliform & Staphylococcus S R R
Staphylococcus aureus S R R
hemolytic Staphylococcus aureus s S S
Aerobacter R R R
Neisseria & Streptococcus viridans R S S
Neisseria s s s
Streptococcus viridans S s s
Proteus R R R
hemolytic Staphylococcus aureus S s s
Pseudomonas R R R
Escherichia coll R R R
Neisseria S s S
Coliform. R R R
hemolytic Staphylococcus aureus S S S
Proteus R R R
hemolytic Staphylococcus aureus R R R
Coliform R R R
hemolytic Staphylococcus aureus S S S
hemolytic Staphylococcus aureus s S s
hemolytic Staphylococcus aureus R R R
hemolytic Staphylococcus aureus R R R
Pseudomonas R R R
Coliform R R R
hemolytic Staphylo coccus S S S
Staphylococcus aureus R R R
Escherichia coll R R R
Staphylococcus aureus S S S
Staphylococcus aureus S S s



TABLE I. (cont.) 2k

V 81 $2a
Penicillin Units

APPROXIMATE VALUE 2 5 10
ASSAYED VALUE "'2.8. It.6 10

Escherichia coli R R R
Staphylococcus aureus R R R
Staphylococcus albus R E R
hemolytic Staphylococcus aureus S S S
Pseudomonas & Coliform R R R
Staphylococcus aureus R R R
Proteus R g S
Coliform R R R
Staphylococcus albus R R R
Staphylococcus albus & Pseudomonas R R R
hemolytic Staohylococcus aureus S R R
Coliform S S S
Staphylococcus albus S S S
Coliform R R s
hemolytic Staphylococcus aureus S S s
Coliform R R R
hemolytic Staphylococcus aureus S S S
Coliform &i Staphylococcus albus R R R
hemolytic Staohylococcus aureus R R R
Pseudomonas & Staphylococcus albus R R R
Coliform R S S
Coliform B R R
Streptococcus viridans S S s
Pseudomonas & Coliform R R R
hemolytic Staphylococcus albus S S S
Aerobacter S S S
Staphylococcus & Coliform S S s
hemolytic Staphylococcus aureus s s s
Pseudomonas R R R
Coliform R R R
Neisseria & Streptococcus viridans S s S
hemolytic Staphylococcus aureus S S s
Staphylococcus albus R R R
hemolytic Staphylococcus aureus S S S
hemolytic Staphylococcus aureus R R R
Coliform R R R
Coliform R R R
Staphylococcus aureus S S S
Coliform R R R
Coliform R R R
Pseudomonas R R R
Coliform R R R
Coliform & Staphylococcus R R R
Staphylococcus albus S R R
Staphylococcus albus R R R



TABLE I. (cont.) 25

V 81 52a
Penicillin UnitsAPPROXIMATE VALUE 2 r'P 10ASSAYED VALUE ™ ~27F~ “ O " 10

Staphylococcus albus S R R
Staphylococcus aureus R R R
Staphylococcus aureus S R R
Goliform R R R
hemolytic Staphylococcus aureus R S S
Staphylococcus albus S S s
Staphylococcus aureus R R R
Staphylococcus aureus S R RGoliform R R RGoliform R R R
hemolytic Staphylococcus aureus R R RStreptococcus viridans S S S
Neisseria R R R
Staphylococcus aureus R R RPseudomonas R R R
Pseudomonas & Escherichia coll R R R
Staphylococcus & Goliform R R R
Streptococcus viridans S S S
Pseudomonas & Goliform R R R
Coliform S S SGoliform R R R
Pseudomonas & Coliform R R R
Staphylococcus & Coliform R R R
Staphylococcus aureus R R R
Coliform & Staphylococcus S S S
hemolytic Staphylococcus aureus R R R
Staphylococcus S R R
Staphylococcus aureus R R R
Staphylococcus aureus S R R
Staphylococcus aureus S R R
Staphylococcus aureus s S S
Staphylococcus aureus s S S
Staphylococcus albus - s S s
Staphylococcus aureus R R R
hemolytic Staphylococcus aureus s S s
Staphylococcus albus s s s
Staphylococcus albus R R R
Staphylococcus albus S R R
Staphylococcus aureus R R R
Staphylococcus aureus s R R
Staphylococcus albus s S S
hemolytic Staphylococcus aureus s s shemolytic Staphylococcus aureus s s sStaphylococcus albus R R R
Staphylococcus aureus R R R



TABLE I. (cont.) 2Ô.

V 81 52a 
Penicillin Units

APPROXIMATE VALUE 2 . 5 10
ASSAYED VALUE ' 2-8 ' I4..6 10

Staphylococcus aureus R R R
hemolytic Staphylococcus albus S S S
Staphylococcus R R R
hemolytic Staphylococcus aureus S R R
Staphylococcus albus s S S
Staphylococcus albus s S S
hemolytic Staphylococcus albus R R R
Staphylococcus albus R R R
Staphylococcus albus S R R
Staphylococcus albus s R R
hemolytic Staphylococcus albus s R R
hemolytic Staphylococcus albus R R R
hemolytic Staphylococcus albus s S S
hemolytic Staphylococcus albus R R R
Staphylococcus albus R R R
hemolytic Staphylococcus albus S S S
hemolytic Staphylococcus albus S R R
hemolytic Staphylococcus albus S S S
Staphylococcus aureus s s S
Pseudomonas R R R
Staphylococcus aureus R R R
Staphylococcus albus S R R
Staphylococcus albus s R S
Coliform & Staphylococcus R R R
Staphylococcus aureus R R R
Staphylococcus aureus R R R
Coliform R R R
hemolytic Staphylococcus & Coliform R R R
hemolytic Staphylococcus aureus S S S
Pseudomonas R R R
Proteus S S S
Staphylococcus aureus S S S
Staphylococcus aureus R R R
hemolytic Staphylococcus aureus R R R
hemolytic Staphylococcus albus S S S
Staphylococcus albus R R R
hemolytic Staphylococcus aureus R R R
Pseudomonas R R R
hemolytic Staphylococcus albus R R R
Staphylococcus albus S S s
Staphylococcus aureus S R R
Staphylococcus aureus R R R
Aerobacter R R R
hemolytic Staphylococcus aureus S S S
Proteus R R R
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V 81 52a
Penicillin Units

APPROXIMATE VALUE 2 5 10
ASSAYED VALUE 2.8 k . 6 10

Pseudomonas R R R
Staphylococcus aureus S S S
Stanhylococcus aureus s S s
non-hemolytic streptococcus R R R
Coliform R R R
Pseudomonas R R R
Staphylococcus aureus S S S
Coliform R R s
Staphylococcus albus S S s
non-hemolytic streptococcus S S s
hemolytic Staphylococcus aureus s s s
Proteus R R R
Pseudomonas & hemolytic Staphylococcus 

aureus s S S
Staphylococcus aureus R R R
Neisseria S S S
Coliform R R R
Staphylococcus aureus S R R
Staphylococcus albus S S s
Proteus R R R
Hemolytic Staphylococcus aureus S S S
Coliform R R R
hemolytic Staphylococcus aureus S S S
Coliform R R R
hemolytic Staphylococcus aureus s S S
Coliform R R R
Staphylococcus albus R S S
Staphylococcus aureus R R R
Staphylococcus albus S S S
Coliform R R R
hemolytic Staphylococcus albus R R p
Coliform R R R
Diplococcus pneumoniae S S S
Coliform S R R
Staphylococcus aureus R R R
non-hemolytic streptococcus S S S
Coliform & Pseudomonas R R R
Coliform R R R
Coliform S S S
Staphylococcus albus s R R
Staphylococcus aureus R R R
Neisseria S S S
Coliform & Pseudomonas R R R
hemolytic Staphylococcus aureus R R R
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V 8l 52a 
Penicillin Units

APPROXIMATE VALUE 2 5 10
ASSAYED VALUE 2.8 U75 10

Staphylococcus albus S s s
Neisseria s s s
Goliform K R R
Neisseria & Streptococcus virldans S S s
Neisseria Q. s s
Staphylococcus aureus S s s
hemolytic Staphylococcus aureus R R s
Staphylococcus aureus R R R
Goliform R R R
hemolytic Staphylococcus aureus S S S
hemolytic Staphylococcus albus S s S
Coliform R R s
Staohylococcus aureus R R R
Coliform R R R
hemolytic Staphylococcus aureus S S S
Neisseria S S S
Coliform R R R
Staphylococcus aureus S S S
hemolytic Staphylococcus aureus S s s
Staphylococcus aureus R R R
Staphylococcus aureus & Coliform R R s
hemolytic Staphylococcus aureus S R R
Staphylococcus aureus R R R
hemolytic Staphylococcus aureus S S S
Staphylo coccus albus S s S
Staphylococcus aureus S s s
hemolytic Staphylococcus aureus R R R
Staphylococcus aureus S s s
hemolytic Staphylococcus aureus S R R
Staphylococcus albus s S S
hemolytic Staphylococcus albus s s s
Staphylococcus aureus R R R
hemolytic Staphylococcus aureus s s S
hemolytic Staphylococcus aureus s s s
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VI. DISCUSSION

Many investigators have evaluated the impreg
nated disc method of testing the sensitivity of micro
organisms to antibiotics. There appears to be a general 
agreement among these workers that, although sensitivity 
testing is a definite aid to the clinician, it should 
be used as a qualitative guide only.

An attempt has been made to determine the 
necessity of strict control of the concentration of the 
antibiotic in these discs. Bacterial specimens re
ceived in the laboratory were tested for sensitivity 
to penicillin using this method. By utilizing dried 
discs of three different concentrations (2, 5 and 10 

units), it was possible to determine the effect that 
varying the penicillin concentration in the disc has 
on the result of a normal sensitivity test.

Approximately 8lj.$ of the organisms tested gave 
the same result, regardless of the concentration used. 
Besults of this type can be seen in Figure 1 , In these 
cases the potency of the disc could vary greatly from 
its labeled concentration, without altering the result 
or the value of the test to the clinician.

The remainder of the tests gave results which 
varied with the concentration of the penicillin.

Eleven percent of the organisms tested showed 
a zone of Inhibition around the disc of low concentra-
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tion but were completely resistant at higher concen
trations . (Figure 3•) This unexpected result, now 
referred to as the "zone phenomenon11, was first de
scribed. by Eagle (I9I4.8). He discovered that certain 
cocci may be sensitive to penicillin at low concentra
tion but become completely resistant with Increasing 
concentrations. In the present investigation the 
phenomenon was also observed with gram-negative bacilli. 
Penicillin is the only antibiotic known to give this 
reaction. Eagle _et al. (1948&) (1948b) Investigated 
this phenomenon to a greater extent. They questioned 
whether this same effect might be present in vivo. If 
so, this would have to be taken into consideration when 
administering penicillin to patients infected with or
ganisms which exhibit this phenomenon in vitro. These 
workers were unable to find a suitable explanation.

Rahman et_ ah. (1957) attempted to correlate 
these findings with clinical results. While doing 
preliminary work they discovered that the "zone phe
nomenon" depended on the time and temperature of in
cubation of the organism previous to running the test. 
Although they have shown that its demonstration re
quires that the organism be in "a period of spontaneous 
cessation of growth between phases of logarithmic 
multiplication", there has been no definite explana-
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tion of the mechanism or a correlation to in vivo 
results. Further studies may uncover interesting 
results on this subject.

The results of the third group accounting for 
Sfo of the organisms tested, showed resistance at low 
concentrations, but sensitivity at a higher concentra
tion. See Figure I4.. It is only in this relatively 
small group that the use of discs of more than one con
centration would be of value in estimating the degree 
of sensitivity. If on the other hand, a single concen
tration had been used in the test, it would be im
possible to judge whether the results of the test could 
be reversed by use of a disc of the opposite concentra
tion range.

If the results of sensitivity tests, using the 
dried disc method, are used only as a guide as to which 
chemotherapeutic agents are effective and not as a 
guide to which is the most effective, it would seem 
that strict control of the concentration would not be
necessary



VII. SUMMARY

The previous work dealing with sensitivity 
testing has been reviewed from the beginning of anti
biotic therapy until the present time. The increas
ing number of antibiotics has brought to the fore the 
need for a rapid, inexpensive and accurate means of 
measuring the sensitivity pattern of micro-organisms 
in clinical specimens. The answer to this problem has 
been found in the dried disc method,

In this investigation an attempt was made to 
determine the importance of strict control of the 
concentration of the antibiotic in the disc. Prepara
tion of these discs would require time consuming assays 
if the potency of the antibiotic was to be confined to 
definite limits.

Specimens received in the laboratory were test
ed for sensitivity to dried discs of three different 
concentrations of penicillin. The result of each test 
was recorded as either sensitive or resistant to each 
disc.

The data obtained seem to indicate that the 
results of sensitivity tests are not dependent on the 
concentration of the antibiotic in the sensitivity 
discs, except in rare cases.

Instances where the organism was sensitive at 
low concentrations but not at high concentrations were
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observed. Since this phenomenon is limited to penicillin 
and occurs only during a brief period of the growth cycle, 
it would not interfere to a great extent with a routine 
sensitivity test.
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