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Henry Ford Hosp. Med. Bull. 
Vol. 13, March, 1965 

A THREE-YEAR SURVEY OF ANTIMICROBIAL AGENTS 

.1. P. TRUANT, Ph.D.* 

THE B.-kCTERioLOGisT and clinician .should maintain a constant vigilance on Ihe 
susceptibility patterns of both old and new antimicrobial agents. This can be accom
plished by a monthly and/or yearly surveillance of the antibacterial spectra ot Ihe 
chemotherapeutic agents, using the data within one's own institution and comparing 
this information wit̂ h the reports of other investigators in the current literature. The 
reports of at least the fluctuations should be made available to any individual con
cerned with antimicrobial testing and/or therapy. It should be recognized that the 
I,me lapse between the collection of the data and the publication may well render 
the information obsolete by the time of issue. Therefore, it is suggesied that the 
bacteriologist and practicing physicians be informed by reports at the time of periodic 
meetings such as grand rounds or by means of either bulletins or journals. 

Since a great many variables are involved in determining the relative in vitro as 
well as the in vivo efficacy of the different antimicrobial agents, it was deemed most 
desirable to conduct a three-year survey in order to have sufficient number of suscep
tibility tests for each group of organisms and the respective drug under study. The 
relative efficacy of each agent must be compared under similar testing procedures 
for a period sufficiently long to eliminate temporary variations due to occasional 
chanaes in methodology based on such factors as technique or a substitute technologists. 
The Lponsibilitv for the compilation of laboratory data should be accepted by the 
clinical bacteriologist who is constantly in touch with the bacteriological testing methods. 

This studv includes a survey of the majority of clinical isolates obtained from the 

routine bacteriological services at this hospital in 1962, 1963 and 1964. Both the 

Gram-positive and Gram-negative group of organisms which occur most frequently 

have been evaluated. 

The value of tube-dilution studies is discussed and compared to the routinely 
empolved disk susceptibility test procedure. The latter method is much more practical 
for the average hospital bacteriological service but the value of the tube dilution 
susceptibility "technique is in determining Minimum Inhibitory Concentrations in 
select instances. 

'Department of Laboratories 
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TRUANT 

Another aspect of susceptibility testing, namely the in vitro sulfonamide procedure 

will he eonsidereil. It is well known that the methodology for conducting these tests 

IS somewhat different than Ihe method used for the other antimicrobial agents. This 

IS p.irticularK ilue to competitive actions of para-amino-benzoic acid ( P A B A ) which 

Is present in many of the bacteriological media and is also present in large inocula. 

MATERIALS AND METHODS 

Ihe sillily was based on a separate evaluation of the isolates obtained from (1) the 
"urine service" ami 12) the "routine service". The inoculation procedure for the suscep
tibility tests and the choice of antimicrobial discs was also slightly different, depending upon 
ihe eroiip of organisms (Uram-positive or Gram-negative) obtained from each service. Thus 
ilie detailed procedure will be presented separately, based on the service, organism and types 
of antimicrobial agents (ie. sulfonamides). 

The testing procedures within one's own laboratory must be evaluated critically in 
order to .ivoid wide variations'. Furthermore, it should be noted that the data obtained by 
microbiologists from different hospitals may show even greater variation due to the differences 
in the cliokc ol meilia. quantity of inoculum, possible pre-inciibation of inoculated plates 
or variations due to Ihe drying time previous to the addition of discs. 

Ilicie IS also some conlnnersv with regards to the disc concentrations (ie. low and/or 
hiL'h poiciKv I which should be employed. However, all aspects having been considered. 
ihiiL- h.is heen erc.ilci iiiiitormily in susceptibility tests since 1958 when the United States 
I ooil and Oi ug .•Xilministration' required the manufacturers of discs to produce a more 
uniform product. Other suggestions to improve the performance and interpretation of disc 
siisccpiibiliu icsiing has been reported by this author' and other investigators.*'' 

\. Procedure for susceptibility tests performed on the isolates obtained from Routine Service. 

I I III nu ihoil of picking colonies and inoculating plates for susceptibility testing was 
the s.inic for hoili the tiram-positive and Gram-negative organisms. The inoculum in 

I 11 ml of broili was iiiuliliiicil in contrast to that described in part B for the Urine 
s, Mi, , which was diliiied for the Gram-negative. Procedure for both Gram-negative 
and Gram-positive organisms: 

I Iwo lo five colonies of the organism were picked from the primary or secondary 
pi.ill- Willi .1 siciilc cotion swab and emulsified in 1.0 ml of sterile Tryptiease-
S,.\ Biolh (Hallimoic Uioli\eical laboratory — BBL). 

' I s îss lii |iiiil is removed from the swab by pressing it against the side of the 
tube. 

I hi- .ippi opi l ite susceptibility test medium (i.e., 5 per cent Sheep Blood Agar 
SH \ I w.is iiiociil.iicil by streaking the swab, which was previously saturated 

Willi Ol L'.iiiisms. over the surface of the plate, taking care to spread the inoculum 
evenly. 

; Ihc sulfonamide discs were pi,iced on Sulfonamide Resistant (SR) agar (Difeo) 
which had been previously inoculated as described above. 

C hocolate .-Vgiir Plates lOifco) were inoculated when the more fastidious organ
isms, such as llaemopliiliis sp., Nei.iseria meningitidis, etc. were to be tested. 

II .•\ntimicrobi.d lest discs and their concentr:itions. The following discs were dispensed 
onto the pl.itcs according to the classification shown below. 

.•\. (ir.im-positivc organisms. 

Penicillin (P) 
("hloramphcnieol (C) 
Tetracycline (Tc) 
Frvthromvein (E) 
.Ampicillin I PC) 

2 units 
5 meg. 
5 meg. 
2 meg. 
2 meg. 

Potency 
High 

10 units 
30 meg. 
30 meg. 
15 meg. 
10 meg. 

I 111- si.ipbv lococci were also tcsied with the following synthetic penicillins: 
One Concentration Onlv 

1. Methicillin (SC) I DIM 5 meg. 
2. Oxacillin (OX) (PS) I meg. 
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( i ) Gram-negative organisms — SB A plate. 

1. Chloramphenicol (C) 
2. Tetracycline (Te) 
3. Dihydrostreptomycin (DS) 
4. Kanamycin (K) 

(i i) Gram-negative organisms — SR plate 

1. Colistin (Cl) 
2. Ampicillin (PC) 
3. Triple Sulfa (SSS) — Sulfadiazine 

— Sulfamethazine 
— Sulfamerazine 

4. Choice of other Sulfonamides: 
— sulfisoxazole, sulfamethoxypyridazine, 

sulfadimethoxine 

Loir 
5 meg. 
5 meg. 
2 meg. 
5 meg. 

2 meg. 
2 meg. 

.25 mg. 

High 
30 meg. 
30 meg. 
10 meg. 
30 meg. 

10 meg. 
10 meg. 

1.0 mg. 

.25 mg. 1.0 mg. 

Other antimicrobial discs were added or substituted whenever the need arose. Among 
these agents were the following: Novobiocin. Ristocetin, Vancomycin, etc. 

C. Other new Antimicrobial Agents were included on special request. 

1. Cephalothin (KF) Broad Spectrum, one concentration, 30 meg. 
2. Lincomycin ( L ) Gram-positive Spectrum — one concentration, 2 meg. 
3. Naldixie Acid (NA) Gram-Negative Spectrum — high and low concentrations, 30 

meg. and 5 meg. 

The inoculated agar-disc plates were incubated at 37° C. under aerobic, anaerobic or 
COj atmosphere, as deemed necessary. 

111. Interpretation of Antimicrobial Susceptibility Patterns. The zone sizes below are only 
approximate values (-j- or - 2 mm. or more) since caliper readinsg were not routinely 
used. 

Five degrees of susceptibility were reported. 

1. Very sensitive (VS) — Large zones of inhibition around both high and low 
potency discs. 

High = greater than 20 mm. in diameter 

Low = 15 — 18 mm. in diameter 
2. Moderately sensitive (MS) — Large zone of inhibition around high concentra

tion disc and a medium to slight zone around the low disc. 
High = 16 — 20 mm. diameter 
Low = 10 — 15 mm. diameter 

3. Slightly sensitive (SS) — Fair size zone around high disc and no zone around 
low disc. 

High = 10-2(1 mm. in diameter 
Low = no zone 

4 Sensitive (S) — When only one disc concentration is used, Ihc organism is 
reported as being either sensitive or resistant to the antibiotic according to the 
presence or absence of an inhibition zone around the single disc. 

5 Resistant (R) — Organisms are said to be resistant to the antibiotic when there 
is no zone of inhibidon around both the high and low concentration disc. 

B Procedure for siisceplihility tests performed on the isolates (^'';'' ,7'",'. ' 
Serviee. The inoculum of dram-negative org„ni3ms was diluled beuuise tlu I AHA, m 
high concentrations would antagonize the action of the sulfonamides. 
I t i ) Procedure for the inoculation of Gram-negative organisms: 

93 



TRUANT 

1. Iwi) to five colonies of the organism are picked from the pliite with a sterile 
cotton swab and emulsified in 1.0 ml. of trypticase Soy Broth. 

2. Surplus liquid is expressed against the sides of the trypticase Soy Broth. 
3. The swab is then emulsified in 9 ml. of sterile saline. 
4. Surplus liquid is again removed by expressing against the side of the tube con-

taing the saline. 
5. The same swab is emulsified in a second tube containing 9 cc. of sterile saline. 
6. Fxeess liquid is again removed by depressing the swab against the sides of the 

tube. The swab is then used to inoeiilale the respective plate (SBA or SR media i. 

( i i ) Procedure for the inoculation of Gram-positive organisms: 

I Ills U.IS essciiii.ilK the same as that described in part A. section 1. That is 
the inoculum was iisutilly undiluted for the Gram-positives since overgrowth in 
the zone of inhibition was usually not a problem. 

II Ihe choice of .intimicrobial test iliscs was somewhat different for the isolates from 
the Urine specimens because the treatment programs were frequently somewh.it 
different. 

.Nntimicrobial agents for Gram-Negative Organisms (SBA plate) 

I. 
2. 
3! 
4. 
5, 
6. 
7. 

Kanamycin (K) 
Chloramphenicol (C) 
Tetrtieycline (Te) 
Oilndiostreptomyein (OS) 
.Ampicillin (PC) 
Colistin (CL) or 
Polynnxin-B ( PH ) 

L o i f 
5 meg. 
5 meg. 
5 meg. 
2 meg. 
2 meg. 
2 meg. 

50 meg. 
One Cone 

100 
3 

8. Nitrofurantoin 
9. Melhenamine Mandelate ( M ) 

.•\ntimierobial Agents for Gram-Negative Organisms (SR plate). 
LoH-

1. Sulfisoxazole (G) 0.25 mg. 
2. Sulfamethoxvpyridazine (K^ 1 0.25 mg. 
3. Triple Sulfa (SSS) 0.25 mg. 
4. Sulfadimethoxine ( Md ) 0.25 mg. 

High 
30 meg. 
30 meg. 
30 meg. 
10 meg. 
10 meg. 
10 meg. 

300 meg. 
eiitration 

meg. 
mg. 

C. Antimicrobial -Agents for the Gram-Positive Organisms. 

1. Penicillin 
2. Chloramphenicol 
V rctracycline 
4. Erythromycin 
5. Novobiocin 
6. Vancomycin 

7. Mcihicillin 
8. Oxacillin 

Lou-
meg. 
meg. 
meg. 
meg. 
meg. 
meg. 

High 
1.0 mg. 
1.0 mg. 
1.0 mg. 
1.0 mg. 

High 
10 meg. 
30 meg. 
30 meg. 
15 meg. 
30 meg. 
30 meg. 

One Concentration 
5 meg. 
1 meg. 

Ill Interpretation of the Susceptibility Patterns. The readings were performed as discussed 
in dct.iil in p.Ill \ scciion III dealing with the isolates from the Routine Service. 

Ihis sillies lonsisicil of Ihe antibacterial spectra of 23 agents which were tested against 
2u different groups of org.inisius. Studies of this type require the effort and patience of 
m.inv b.isteiioloeists ,is well .is the personnel (sec acknowledgement) in one of our computer 
.ire.IS Ihc pioicst sonsisicd of the i l l collection of data from the original bacteriological 
Icdgcis fil l 19f,2. 196t ,md |9h4 was undertaken by recording the daily antibacterial spectra 
for e.ich group of org.inisms. |2) then this formation was summarized on a monthly and 
ve.iiK b.isis for c.icb of the three vc.irs (3) this data was then reeheekcd by a second 
tcshnolocist betore tr.insferring it to punch cards in preparation for processing by the #1620 
IBM computer Furthermore, the yearly totals and percentages were processed by the com
puter in two w.ivs I irsth — the .intib.ictcri.il spectrum of 23 agents was listed according 
to the individual group of organisms and secondly — the 20 organisms was evaluated 
according to their susceptibility Ut each antibacterial agent. 
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Table I 

LEGEND FOR ABREVIATIONS APPEARING I N TABLES 

Codes For .Antibiotics: 

Cl = Colistin 
C =: Chlor;imphenicol 
DS = Dihydrostreptomycin 
Tc — Telraeycline 
K — Kanamycin 
A M = Ampicillin 

Codes For Sulfonamides: 

G = Sulfisoxazole 
Ky : SuUaiuetho.sypyrida/iiie 
SD — Sulfadiazine 
SSS = Triple Sulfa — combination of Sulladlazine, 

Sulfamelha/ine and Sulfamerazine 

Codes For Chemicals: 

Fd = Nitnifurantoiii 

Others: 

M = Melhenamine Mendelate 
NA = Naldixie Acid 

VS — Very Sensitive 
MS = Moderately Sensitive 
SS — Slightly Sensitive 
S = Sensitive 
R = Resistant 
T — Total Number of Organisnis. 

RESULTS 

The data reported herein will consist of the antimicrobial spectra of the more 
commonly isolated organisms. The latter are divided into two categories according 
to the type of specimen from which they were isolated — namely, from either (1) 
routine" specimens (i.e.. exudates, fluids, sputa, throats, ti.ssues, etc.), or (2) "urine' 
specimens. The reader can evaluate and interptct ihe data more readily by first 
cx.imining Table I . which defines the abbreviations appearing in subsequent tables. 
Ihe data on each of the gram-negative and gram-positive group ol organisms will be 
presented separately. 

Summury of the Bacterial Susceptibility Patterns. 

A. Grum-negutive organisms. 

1. Coliforms. This group consisted chiefly ot Ihe members ot the genus Escheri
chia, but included strains belonging to the Aerobacter group, as well as organisms 
^̂ hich had an intermediate type of IMViC reaction. The data in Table II shows Ihe 

vitro effectiveness of four antibiotics against these organisms. Note the inhibitory 
effect of kanamycin and colistin sulfate against a very large percentage of all strains 
\̂ hich were tested during the three year period. Chloramphenicol usually inhibited 
"lore than 90 per cent of the specimens, as compared to 70 to 80 per cent susceptibility 
<o ampicillin, dihvdrosireptomvcin and tetracycline. 
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r 
Table II 

M i l l IIVENESS OF FOUR ANTIBIOTICS AGAINST 

Ml M i l l KS 111 I I I I ( ( I I II ( ) K \ I (,l<i)t I ' ISDI \ l I I) 1 ROM I I I ! T R I M SI R \ K I ' 

1 9 6 2 1 9 6 3 19 6 4 

VS \IS SS R VS MS SS R VS MS SS R 

T % T % T % T % T % T % T % T % T % T % T % T % 

K 216 80.5 28 10.4 13 4.8 I I 4.1 997 94.9 23 2.1 14 1.3 16 1.5 2103 97.2 10 0.4 12 0.5 38 1.7 

Cl 24 77.4 2 6.4 2 6.4 3 9.6 423 84.2 14 2.7 48 9.5 17 3.3 1985 93.3 44 2.0 58 2.7 39 1.8 

C 1350 77.4 101 5.8 72 4.1 213 1970 85.8 73 3.1 63 2.7 188 8.1 2291 86.6 73 2.7 107 4.0 172 6.5 

Tc 366 21.5 334 14.0 343 20.1 659 38.7 1044 47.0 319 14.3 255 11.3 601 27.0 1176 44.5 339 12.8 400 15.1 726 27.4 

so 

Table III 

EFFECTIVENESS OF FOUR SULFA DRUGS AGAINST 

MEMBERS OF THE COLIFORM GROUP ISOLATED FROM THE 'URINE SERVICE". 

3 

5 

19 6 2 19 6 3 19 6 4 

VS MS SS R VS MS SS R VS MS ss R 

T % T % T % T % T % T % T % T % T % T % T % T % 

G 480 64.3 10 1.3 2 0.2 254 34.0 258 70.8 2 0.5 3 0.8 101 27.7 1591 75.1 14 0.6 2 0 510 24.0 

SSS 468 63.5 11 1.4 6 0.8 252 34.1 241 71.7 4 1.1 1 0.2 90 26.7 -t 66.6 0 0.0 0 0 1 33.3 

SD 480 63.4 10 1.3 6 0.7 261 34.4 258 70.8 4 1.0 2 0.5 100 27.4 37 67.2 0 0.0 0 0 18 32.7 

467 63.1 11 1.4 9 1.2 252 34.1 240 72.5 1 0.3 6 1.8 84 25.3 0 0.0 0 0.0 0 0 0 0.0 
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ANTIMICROBIAL AGENTS 

The sullonamides, which are so widely used in the treatment of urinarv tract 
infections, usually inhibited between 65 to 75 per cent of the coliform strains tested 
I see Table I I I ) . The data in this table shows the three sulfonamides, as well as triple 
sulfa, equally effective in terms of per cent of inhibitory activity. 

The results in Table IV show the effectiveness of melhenamine mandelate and 
nitrofurantoin against the coliforms. The greater effectiveness ol melhenamine man-

I lie, in 1963 and 1964, may be due to a dillerence in performance of the discs. 
1 his aspect of the data is under study, fhe effect of the newer chemical, known as 
naldixie acid, has not heen investigated in sufficient detail as yet, and, thus, the 
p. rcenlages cannot be presented in this study. 

It was of some interest to compare the inhibitory effect of two high molecular 
ight compoumis — namely, colistin sulfate and polymyxin-B, against both 'routine' 

.iiid 'urine' isolates. It will be noted that more than 90 per cent of the coliform 
strains were susceptible to either drug, irregardless of the source (see Table V ) . 

2. Pseudomonas. Members of the Pseudomonas are frequently resistant to most 
antimicrobial agents, but very susceptible to either colistin sulfate or polymyxin-B 
(see Table V ) . A careful review of the susceptibility p.ilterns for Ihe coliforms against 
these two drugs shows no significant difference in their effectiveness during the 
three year period. 

The effectiveness of colistin sulfate against the P.scudomoiuis is compared with 
three other antibiotics in Table V I . It can be seen that chloramphenicol and kanamycin 
usually inhibit approximately 50 per cent of the strains, as was the case for dihydro-
•^iicptomycin, whereas ampicillin and tetracycline are frequently ineffective. 

The sulfonamides usually inhibited 50 per cent of the strains of Pseudmnoiuis. 
as is shown in Table VII. Again, as was the case with the coliforms, the four 
sulfonamides usually demonstrated comparable effectiveness against Ihe Pseudonumus. 

Methenamine mandelate inhibited 83 to 94 per cent of the Pseudomonas siraiiis, 
\\hereas nitrofurantoin was rarely effective against these organisms (see Table V I I I ) . 
Sufficient experience with naldixie acid has not been accumtihited at this sttige to 
quote percentages. 

Table IV 
EFFECTIVENESS OF TWO CHEMICALS \(,\INST 

MEMBERS OF THE COLIFORM GROUP ISOLATliD FROM THE "URINE SERVICE". 

14 6 2 1 '1 (1 3 1 y (. 4 

S R s R S R 

T % T % T % T % T % T % 

M 1535 89.2 193 10.7 2170 95.9 91 4.0 2370 98.8 28 1.1 

Fd 1501 88.6 184 11.3 2143 95.3 104 4.6 2530 96.3 97 3.6 
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Table V 

EFFECTIVENESS OF COLISTIN AND POLYMYXIN B ON COLIFORM AND PSEUDOMOS'.-IS 

sc 
oe 

Organism Source Year 

C O L I S T I N i ' () 1. Y M V X I N B 

Organism Source Year 
Sens. % Sens. Res. % Res. Sens. % Sens. Res. % Res. 

Coliforms Urines 1962 28 90.4 3 9.6 235 95.6 11 4.4 

1963 485 96.7 17 3.3 848 98.2 16 1.8 

1964 2087 98.2 39 1.8 2099 98.4 35 1.6 

Routines 1962 2 100.0 0 0.0 401 89.6 47 10.4 

1963 86 96.7 3 3.3 306 92.8 24 7.2 

1964 603 94.7 34 5.3 3 100.0 0 0.0 

l'\ciidomonas Urines 1962 19 95.0 1 5.0 118 93.7 8 6.3 

1963 53 89.9 6 lO.l 114 100.0 0 0.0 

1964 185 97.4 5 2.6 186 96.9 6 . v l 

Routines 1962 11 84.7 2 15.3 249 98.1 .s 1.9 

1963 150 97.5 4 2.5 196 99.0 2 1.0 

1964 415 97.7 10 2.3 18 94.8 1 5.2 
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TRUANT 

Table V I I I 
EFFECTIVENESS OF TWO CHEMICALS AGAINST 

MEMBERS OF THE PSEUDOMONAS GROUP ISOLATED FROM THE "URINE SERVICE' 

19 6 2 19 6 3 19 6 4 

S R S R S R 

T % T % T % T % T % T % 

M 117 82.9 24 17.0 152 88.9 19 11.0 179 93.6 12 6.2 

Fd 14 10.6 117 89.3 4 2.5 150 97.4 6 3.1 183 96.8 

.V Pniieus. A stinimary of the anlimicrobial spectra for the Proteus group is 
given in Tables IX. X and X I . The data in Table IX shows the great //; vitro 
effectiveness (98 per cent susceptibility) of kanamycin against these organisms. 
( hluraiiiphcnicol inhibited from .S5 to 90 per cent of the Proteus strains, but not 
as effectivcK as kanamycin. One of the newer synthetic penicillins — ampicillin. 
which has only been tisctl iluring the past year, has proven to be effective against 
Proteus, but it has not been tabulated because only one year of data is available 
iLir.uAchiic .md colistin sulfate were relatively ineffective against these organisms. 
Iiispcciioii nl hiblcs X and XI shows that the sulfonamides, methenamine mandclati' 
and iiiirolunmloin nni\ be inhibitory against many strains of Proteus and, thus, 
shoulil he Liiiisiiloiod for in vitro and in vivo testing wherever the circumstances 
so require. 

4. Panii ohd'iu irum. The three year summary of the antibacterial spectrum 
.iLMiiist IIK- I.lie lactose lermenters, fretiiieniK grouped by some workers in the genus 
I'.ir.icolobactrum (or as Escherichia freundii or Citrobucter by others), is shown in 
I .ible XII . I he ilata ilemonstrates the variability in antibacterial spectra. Chloram
phenicol, triple sulfa ami I-iiradantin were frei|uently very effective. The unpublished 
il.:i.i on PariuolobiK tritm strains isolated from the urine service showed that colistin 
still.tie. ilih\ilrosireptom\eiii. kaiianncin. melhenamine mandelate and sulfisoxazole 
uere. .iKo. \er\ inhibiior\ to these organisms. .Ampicillin and the tetracyclines inhibited 
from 50 to 75 per cent of the strains. 

5. Ilaemiqdiitus-. The susceptibilit\ pattern of the Haemophilus species is shown 
in Table XII I . ( hloramphcnieol was the most effective drug when large numbers 
were tested Penicillin, tetr.icycline and the sulfonamides were, also, frequently 
effective, -\mpieillin, er\throm\cin and kanamvcin showed considerable inhibitory 
eiii-si .ig.iinsi this group of organisms. No experience has been gained with methena
mine m.indel.ite or nitrofurantoin against these isolates. 

B. Gram-positive organi.sms. 

I Diploeoci us pneumoniae. The antibacterial spectra of the pneumococci is 
presented in I able .XI\ ' . I hese org.inisms were routinely susceptible to ampicillin. 
ehlor.imphenicol. erMhromycin anil penicillin. Many other antimicrobial acents, such 

ino 



Ml \ IHI RS Ol 

Table I X 
EFFECTIVENESS OF FOUR ANTIBIOTICS AGAINST 
Tin ; PKOTEUS GROUP ISOLATED FROM THE "URINE SERVICE" 

1 9 6 2 19 6 3 1 'J 6 4 

VS MS SS R VS MS SS R VS MS SS R 

T % T % T % T % T % T % T % T % T % T % T % T % 

K 204 85.7 24 10.0 6 2.5 4 1.6 409 '»7 6 4 0.9 5 1.1 1 0.2 606 94.6 11 1.7 10 1.5 13 2.0 

C 231 53.4 89 20.6 59 13.6 53 12.2 386 65.2 61 10.3 86 14.5 59 9.9 435 57.0 86 11.2 152 9.9 89 11.6 

Tc 39 9.1 12 2.8 8 1.8 365 86.0 34 5.8 7 1.1 20 3.4 523 89.5 56 7.8 13 1.8 21 2.9 621 87.3 

Cl 4 40.0 0 0.0 0 0.0 6 60.0 12 9.0 3 2.2 3 2.2 115 86.4 33 4.8 4 0.5 4 0.5 645 94.0 

Table X 
1 1 1 1 (. 1 1\ 1 M SS Ol FOUR SULI A DRUGS AGAINST 

Ml MHERS OF THE PROTEUS GROUP ISOL.ATED FROM THE "URINE SERVICE". 

19 6 2 19 6 3 19 6 4 

VS MS SS R VS MS SS R VS MS SS R 

T % T % T % T % T % T % T % T % T % T % T % T % 

SSS 134 75.7 5 2.8 1 0.5 37 20.9 67 77.9 0 0.0 0 0.0 19 22.0 0 0.0 0 0.0 0 0.0 0 0.0 

Ky 131 75.2 5 2.8 1 0.5 37 21.2 76 79.1 0 0.0 0 0.0 20 20.8 1 33.3 0 0.0 0 0.0 2 66.6 

G 132 75.0 5 2.8 3 1.7 36 20.4 75 75.0 0 1.0 0 0.0 24 24.0 511 82.6 5 0.8 3 0.4 99 16.0 

SD 134 75.7 5 2.8 I 0.5 37 20.9 74 74.7 0 0.0 I 1.0 24 24.2 9 64.2 0 0.0 0 0.0 5 35.7 

T;ible X I 
EFFECTIVENESS OF TWO CHEMICALS AGAINST 

MEMHI RS OF THE PROTEUS GROUP ISOLATED FROM THE "URINE SERVICE". 

19 6 2 19 6 3 19 6 4 

VS MS SS R VS MS ss R VS MS SS R 

T % T % T % T % T % T % T % T % T % T % T % T % 

vT 0 0 251 59.3 0 0 172 40.6 292 .MV4 160 27.6 0 0 127 21.9 206 80.3 0 0 0 0 147 l'*.6 

Fd 0 0 102 24.3 0 0 317 75.6 176 30.8 76 13.3 0 0 319 55.8 436 57.7 0 0 0 0 319 42.2 
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Table X I I I 
EFFECTIVENESS OF NINE ANTIBACTERIAL AGENTS AGAINST 

MEMBERS OF THE HAEMOPHILUS GROUP. 
ISOLATED FROM THE "ROUTINE SERVICE" 

19 6 2 

t i l l Te 1' Fd M G SSS SO Ky 

T % T % T % T % T % T % T % T % T % 

\s 48 97.9 41 X5.4 41 83.6 0 0 0 0 1 100 1 100 I 100 1 100 

MS 1 2.0 5 10.4 4 8.1 0 0 0 0 0 0 0 0 0 0 0 0 

SS 0 0.0 0 0.0 2 4.0 0 0 0 0 0 0 0 0 0 0 0 0 

R 0 0.0 2 4.1 2 4.0 0 0 0 0 0 0 0 0 0 0 0 0 

R
O

 

T 49 — 48 - 49 — 0 — 0 — 1 — I 1 — 1 -
- X 

t -

19 6 4 

A
G

E
 

Chi Te P Fd M G SSS SD Ky s: 
T % T % T % T % T % T % T % T % T % 

VS 149 98.6 138 91.3 107 71.3 0 0 0 0 0 0 12 60.0 0 0 0 0 

MS 0 0.0 3 1.9 12 8.0 0 0 0 0 0 0 0 0.0 0 0 0 0 

SS 0 0.0 7 4.6 24 16.0 0 0 0 0 0 0 0 0.0 0 0 0 0 

R 2 1.3 3 1.9 7 4.6 0 0 0 0 1 100 8 40.0 1 too 1 100 

T 151 — 151 — 150 — 0 — 0 — 1 — 20 — 1 — 1 — 

i 



TRUANT 

as oxacillin, prostaphlin and the sulfonamides were frequently inhibitoiy to these 
organisms. Thus, the pneumococci have remained susceptible to a great many agents. 

2. Staphylococcus pyogenes. 

la) Var. alhus. The data in Table XV summarizes the inhibitory effect of four 
commonly used antimicrobial agents against S. albus. Approximately 90 per cent of 
the .v. iilhiis strains were susceptible to chloramphenicol and erythromycin. Penicillin G 
was slightly more effective (60 to 77 per cent of strains) than tetracycline (53 to 61 
per cent ol strains). Two synthetic penicillins (not listed in this Table) — methicillin 
and ov.icillin — were inhibitory to some 98 per cent of these organisms. Ampicillin 
inhibited between 80 to 90 per cent of the 5. albus strains. 

Table XIV 
EFFECTIVENESS OF FIVE ANTIBACTERIAL AGENTS AGAINST 

MEMBERS OF THE PNEUMOCOCCI GROUP 
I S O L A T E D F R O M T H E " R O U T I N E S E R V I C E * 

1 9 6 2 

P C Te A M E 

T % T % T % T % T % 

VS 60 98.3 61 too 59 96.7 0 0 44 97.7 

M S 1 1.6 0 0 1 1.6 0 0 1 2.2 

SS 0 0.0 0 0 1 1.6 0 0 0 0.0 
R 0 0.0 0 0 0 0.0 0 0 0 0.0 

T 61 61 61 0 4,s 

19 6 3 

Te AM 

T % % T % T % T % 
VS 36 10(1 34 10(1 33 100 0 0 33 100 
MS 0 0 0 0 0 0 0 0 0 0 

SS 0 0 0 0 0 0 0 0 0 0 
R 0 0 0 0 0 0 0 0 0 0 

36 — 34 33 0 

1 9 6 4 

A M 

T % T % T % T % T % 

VS Il lv W . I 117 W . I 111 94.0 54 100 117 100 

M S 0 0.0 0 0.0 1 0.8 0 0 0 0 

SS 1 0.8 0 0.0 4 3.3 0 0 0 0 

K 0 0.0 1 0.8 1.6 0 0 0 0 

117 — 118 — I IS 54 117 

1(14 
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TRUANT 

(b) Vur. aureus. Approximately 50 per cent of the 5. aureus strains were 
susceptible to penicillin G and ampicillin. letracycline inhibited some 70 per cent 
ot the strains, as compared to 83 to 90 per cent suscepiibility lo erythromycin (sec 

I iMe X V I ) . The majority of strains were inhibited by one of the following chloram 
phenicol. methicillin and oxacillin. 

3. Streptococcus. 

la) Beta streptococcus. The large majority of the strains reported in Tabli 
X\ 11 heloiiij 111 the l ancefield Ciroup A. The strains of this group were routineh 
siiscepiible lo penicillin Ci and usually susceptible to erythromycin. However, the 
ii.iiler shoulil note that from 6 to 18 per cent may be resistant to tetracycline (see 
I .ible X \ l h Ihe ;;/ vitro experiences demonstrated the marked inhibitory effect 
\sliich ampicillin and ehlor.imphemeol have against these organisms. 

(b) l.nterococcus. Penicillin Ci inhibiteil 87 to 98 per cent of the enterococc;il 
strains, .is compareii to 92 to 99 per cent eftectiveness for chloramphenicol and 
ei \ iliromycin (see lable XVI I I ) . Ampicillin was. also, very eflective against the 
enterococci. .Some 48 to 62 per cent of the enterococcal strains were resistant lo 
tetracycline. 

DlS( t'SSlON 

Ihis siiiiK WIS diiected primarily at the susceptibility and resistance patterns 
ol the iiinii p.iiliogemc str.iins isolated in the routine diagnostic bacteriolog\ laborators 
during the p.isi three \e.irs. The data shows that the greatest number of resistant 
I'lii.inisms Mere those whose natural habitat in humans is the gastrointestinal tract. 
Ihese consist most often of the gram-negative genera, such as Aerobacter, Escherichia, 
Punu iilonbiu triim (I . , freundi or Citrobucter), Proteus and Pseudomonas. The data 
shows th.it some antibacterial agents which should be considered for in vitro testing 
ol Ihe gr.im-neg.itises .ire the lollowing: Ampicillin. chloramphenicol, colistin sulfate, 
ilihvdrostreptonucin. k.m.mucin. pol\m\\in-H. sullonamides. etc. The choices can 
he turther reduced b\ knowing the general l>pes ol antibacterial spectrum to expect 
lor e.ich genus ot micro-organism. For instance, both clinicians and clinical micro-
biolou'ist slunilil know lb.It eoiistin sult.iie .ind pol\m\\in-B are usuallv effective against 
the pseudomonas, but not the Proteus group. 

Ihe resjionse ol the more common gr.im-positive organisms to the antibiotics 
h.is been unilormlv good except lor the members of the genus Stuphylococcus. The 
siisceptibiliiN ol Dipli'i I ' l l us pnetimonitie and Streptococcus pyogenes (Lancefield 

- I . up \ i h.is been \ei\ high to penicillin, erythromycin and chloramphenicol, but 
more resist..ri to teir.ic\eline. Ihe clinical import of these matters have been discussed 
bs Isonhcrg ' It is important for the phvsician to obtain an antibiogram on the above 
oiuMiiisms, it the\ are responsible lor dise.ise in a penicillin-sensitive patient. The 
enteroctxrci, also, demonstr.iied eonsider.ible resistance lo penicillin and tetracycline, 
thus requiring aniibiogr.ims belore deciding on a therapeutic program. 
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Table X V I 
SENSITIVITY OF STAPHYLOCOCCUS AUREUS TO TETRACYCLINE. 

ERYTHROMYCIN. PENICILLIN AND CHLORAMPHENICOL. 

Tetracycline Erythromycin 

Source ^'ear Total No. % No. % Toi.il No. % No. % 
No. Sens. Sens. Res. Res. No. Sens. Sens. Res. Res. 

Routines 1962 1246 881 70.7 365 29.3 1218 1093 89.7 125 10.3 

1963 1142 760 66.5 382 33.5 1158 951 82.1 207 17.9 

1964 1357 928 68.3 429 31.7 1376 1194 86.7 182 13.3 

Penicillin Chloramphenicol 

Routines 1962 1242 640 51.5 602 48.5 I2s0 1214 97.1 36 2.9 

1963 1144 572 50.0 572 50.0 1148 1134 98.7 14 1.3 

1964 1378 631 45.7 747 54.3 1379 1344 97.4 35 2.6 
o 

t-< 

2 

o 

Table XVII 
SENSITIVITY OF BETA STREPTOCOCCI TO TETRACYCLINE 

AND ERYTHROXnCIN FROM 1962 TO 1964 

Tetracycline Erythromycin 

Source Year Total No. % No. % Total No. % No. % 
No. Sens. Sens. Res. Res. No. Sens. Sens. Res. Res. 

Urines 1962 43 35 81.4 8 18.6 37 37 100 0 0 

1963 69 65 94.2 4 5.8 68 66 97.1 2 2.9 

1964 32 29 90.7 3 9.3 32 32 100 0 0 

Routines 1962 328 308 94.0 20 6.0 274 272 99.3 2 0.7 

1963 275 257 93.0 18 7.0 268 267 99.3 1 0.7 

1964 446 414 91.0 41 9.0 448 448 100 0 0 

I 
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The synthetic penicillins (i.e. methicillin. oxacillin), as well as chloramphenicol 

were highly effective against S. aureus and S. albus. The lower order (50 per ceni 

of the strains) of staphylococcal susceptibility to penicillin G was expected becausi 

a large percentage of the cultures were obtained f rom "in-patients" as well as "out 

patients". 

The role of the clinical bacteriologist and/or the specialist of infectious diseases 

Is two-fold. 1 lie\ should understand the general response of a particular bacteriun 

to specific agents." This can guide the physician to use the best therapeutic agent 

The second and very important function of the bacteriologist, in relation to antibiotii 

Table X V I I I 

I N K IIVENESS* OF FIVE ANTIBACTERIAL AGENTS AGAINST 
MEMBERS OF THE ENTEROCOCCI GROUP 
ISOLATED FROM TIIE "URINE SERVICE" 

19 6 2 

Te AM E 

T %• T % T % T % T % 

VS 113 77.3 110 75.8 50 34.4 0 0 89 88.1 

MS 7 4.7 17 11.7 6 4.1 0 0 3 2.9 

SS 6 4.1 6 4.1 18 12.4 0 0 5 4.9 

R 20 13.6 12 8.2 71 48.9 0 0 4 3.9 

T 146 145 145 0 101 — 

19 6 3 

Tc AM 

T ro T % T % T % T % 

VS 140 81.3 126 72.4 61 35.4 0 0 145 87.3 
MS 7 4.0 11 6.3 4 2.3 0 0 7 4.2 

ss 17 9.8 28 16.0 16 9.3 0 0 6 3.6 

R 8 4.6 9 5.1 91 52.9 0 0 8 4.8 

T 172 174 „ 172 0 166 — 

19 6 4 

Te AM 

'<• :^ per cent susceptible of the total listed in each column. 
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T % T % T % T % T % 

\S 189 86.3 159 72.6 51 23.2 165 91.6 197 90.7 
MS 8 3.6 24 10.9 3 1.3 1.1 5 2.3 
SS 18 8.2 34 15.5 28 12.7 II 6.1 4 1.8 

R 4 1.8 2 0.9 137 62.5 2 1.1 11 5.0 

f~ 21'* 219 214 180 217 
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therapy, is his role in predicting the most likely causative agent by use of the Gram 

smear technique. Both physician and microbiologist should be fully aware that 

subsequent cultural findings may temper his original information. 

It should, also, be emphasized that frequently the only "constant" of the 

b icteriologist is variability due to differences in technique, materials and/or the 

o currence of persislors or mutants. Since the microbiologist deals with large popula

tions of mirco-organisms, it is necessary in the more serious clinical conditions to 

perform replicate tests, such as performing both the disk and tube dilution procedures. 

In conclusion, the author would like to stress the fact that vitro susceptibility 

tl ts are a guide to therapy. If properly used, the in vitro antibacterial spectra of 

drugs can be extremely valuable in guiding the physician in his cheniolherapeulic 

ni inagement of the 'infected patient'. The physician's general knowledge of the clinical 

cllectivencss of certain drugs for specific microorganisms is also very helpful, as 

outlined in this paper. 

SUMMARY 

A three year survey of the antibacterial spectra of 23 agents against 20 genera 

of micro-organisms has been processed on the #1620 IBM computer. 

The data shows that the greater number of resistant organisms belong to the 

gram-negative group, such as Aerobacter, Escherichia, Paracolobactrum (E. freundii 

or Citrobucter), Proteus and Pseudomonas. In vitro antibacterial testing should be 

h.ised on clinical and laboratory experience with Ihe type of organism and the site 

of isolation. A survey of the data presented herein might serve as a guide to interested 

parties. 

It is especially important to obtain antibiograms on D. pneumoniae and 5/r. 

pyogenes (Lancefield Group A) if the patient is penicillin-sensitive, because some 

of these strains are resistant to such antibiotics as tetracycline. The synthetic penicillins 

were highly effective against strains of both S. aureus and S. albus. 
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