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The epidemiologist-like the pathologist-has convincing
arguments to offer against the indiscriminate dosing with anti-
biotics for minor illnesses, diagnosed or undiagnosed. Re-
vealed here are some of the end effects upon public health to
be anticipated from the practice.
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STAPHYLOCOCCI which are not in-
hibited by the concentrations of

penicillin achieved in the body fluids by
customary methods of therapy, so-called
penicillin-resistant staphylococci, have
been obtained from hospitalized pa-
tients, from patients attending out-
patient clinics, and from healthy subjects
in the general population. It has been
shown by various investigators that the
percentage of penicillin-resistant strains
recoverable from patients in hospitals
has increased from year to year during
the period in which penicillin has been
available. The appearance of resistant
strains has sometimes followed treatment
with penicillin, but often, perhaps more
often, has been due to the spread of re-
sistant strains to hospitalized patients
from other patients and from attendants.
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Annual Meeting in Cleveland, Ohio, October 21, 1952.

t From the Municipal Contagious Disease Hospital
and the Department of Medicine, University of
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Since recent reports have indicated that
37-70 per cent of hospitalized pa-
tients carry penicillin-resistant staphylo-
cocci,'-6 it has seemed important to us
to determine what happens to these
strains when the patient returns to his
home.

Although aureomycin has been in
general use for only three years, there
is evidence that resistant strains of
staphylococci are appearing in hospital-
ized patients.3 5. 7, 8 Information in
regard to the presence of aureomycin-
resistant strains in the general popula-
tion is not available, although there
are indications that infections caused by
strains of staphylococci resistant to
aureomycin are becoming more preva-
lent. In order to obtain more informa-
tion on the circumstances under which
antibiotic-resistant staphylococci spread
from person to person, we have investi-
gated the sensitivity to aureomycin as
well as to penicillin of the strains of
staphylococci present in the noses and
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throats of patients discharged from a
contagious disease hospital and of their
household contacts. The present paper
is a report of these studies.

METHOD
Pharyngeal cultures were obtained by

moistening a sterile applicator in tryp-
tose-phosphate broth, swabbing both
sides of the pharynx (and tonsils, if
present) with the applicator and placing
it in tryptose-phosphate broth for
transmission to the laboratory. Nasal
cultures were taken similarly by the
use of one applicator for both nares. In
the first part of the study, cultures were
taken from the pharynx only. Later a
culture was taken from both the nose
and the pharnyx on each patient and
family contact studied. In the labora-
tory, the applicator was streaked across
an agar plate containing 2 per cent sheep
blood. In the case of hospital personnel
and inpatients, the plates were streaked
within an hour of the time of swabbing.
In the case of patients at home and their
household contacts, this interval varied
from one to four hours.
The presence and characteristics of

the colonies of staphylococci on the
blood agar plates were noted. A single
colony was picked for study from each
plate unless the colonial characteristics
differed, in which case a specimen of
each type of colony was subcultured.

Minimal inhibitory concentrations of
penicillin and aureomycin * (and in
some cases of streptomycin, terramycin,
or chloramphenicol) or both, were per-
formed by serial twofold dilutions in
tubes of tryptose-phosphate broth. The
lowest concentration showing absence of
growth on inspection after 18 hours
incubation was taken as the minimal
inhibitory concentration (also referred
to as the "sensitivity" of the strain to
that particular antibiotic).

* The aurcomycin used in this study was supplied
by the Lederle Laboratories Division, American
Cyanamid Company.

The coagulase test was done by the
method of Fisk.9 Hemolysis was de-
termined from the blood-agar plate.
Subcultures on plain tryptose-phosphate
agar-plates were used to observe pigment
production.

Staphylococcus bacteriophages were
obtained through the courtesy of Dr.
G. B. Leyton of Winnepeg, Manitoba,
Canada.

Routine nasopharyngeal cultures were
taken on patients during hospitalization
and at the time of discharge. Follow-up
cultures were taken at intervals of ap-
proximately two weeks for at least eight
weeks after the patient returned home,
and in some instances for as long as 21
weeks. Cultures were also made from
the noses and throats of hospital per-
sonnel, including physicians, nurses, and
orderlies. A record was made of the
occurrence of respiratory infections in
the patients at home and the household
contacts as well as therapy with anti-
biotics. All of the staphylococci ob-
tained on culture have been included
in the tabulations irrespective of their
ability to produce pigment or hemolyze
blood and regardless of whether they
were coagulase positive or negative. A
study of the occurrence and trans-
mission of antibiotic-resistant strains
among the patients during hospitaliza-
tion will be reported elsewhere.10

RESULTS
Initial and adequate follow-up cul-

tures were made on 54 patients who
carried staphylococci in the nose or
pharynx, or both, at some time during
their hospital stay and on their 209
household contacts. Household contacts
varied from one to nine and averaged
3.8 per patient. From Figure 1, it can
be seen that 74 per cent of the cultures
taken from the patients at the time of
discharge from the hospital contained
staphylococci. This percentage de-
creased irregularly during the weeks
after the patients left th-.e hospital. From
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FIGuRE 1-Percentage of nose and throat cultures from patients and family contacts which were
positive for staphylococci

the fourth week on, it remained between
31 per cent and 39 per cent. On the
other hand, in the case of household
contacts, the percentage of cultures
taken which contained staphylococci
remained relatively constant, between
25 and 40 per cent. Altogether 1,213
cultures were taken from the noses or
the throats of household contacts of
which 404, or 33 per cent, were positive
for staphylococci. From the fourth

week after discharge, 191 cultures were
taken from patients of which 69, or 36
per cent, were positive, and 601 cul-
tures were taken from the contacts of
which 204, or 34 per cent, were positive.
From these data, it is apparent that
staphylococci were present in the nose
or throat of a larger proportion of pa-
tients for the first three weeks after dis-
charge from the hospital and that after
that period there was no significant dif-

57

7 to 21
80-

70

0-

0
0

50
._

0

0

'p 30-
C

#

0

0
c

0

37I 74

?S03

I

10-

July, 1953862

I _r



ANTIBIOTIC-RESISTANT STAPHYLOCOCCI

TABLE 1

Concentrations of Penicillin Required To Inhibit Strains of Staphylococci Obtained from
Noses and Throats of Patients and Household Contacts

Percentage of Strains Requiring Various Con-
centrations of Penicillin to Inhibit Growth

Group
Studied

Hospital
Personnel

Patients

Time at Which
Cultures Were

Taken

At intervals during
study

At discharge from hospital

Weeks after discharge:
1-2
3-4
5-6
7-21

Household At time of patient's
Contacts discharge from hospital

Weeks after discharge:
1-2
3-4
5-6
7-21

All times

Number of
Strains
Studied

<0.1 0.1-0.9 1.0-9.9
Unit/ml. Unit/ml. Unit/ml.

47 9 6 34 51

42 12 0 19 69

37 1 1 13 13 63
33 36 6 9 49
27 56 4 7 33
29 62 7 3 28

84 65 30

68 62 6 4 28
89 67 5 10 18
91 59 7 3 31
74 71 4 5 19

406 65 S S 25

ference in the number of patients and
in the number of contacts from whom
staphylococci were obtained.

Table 1 shows the percentage of
strains of staphylococci recovered from
the nose or throat which were inhibited
by various concentrations of penicillin
in relation to the time when the cultures
were taken. At the time the patients
were discharged from the hospital, 69
per cent of the staphylococci required
for inhibition 10 units of penicillin per
ml. or more and 88 per cent required
for inhibition one unit or more of peni-
cillin. The remaining 12 per cent were
inhibited by less than one unit per ml.
For purposes of comparison, the peni-
cillin sensitivity of the staphylococci
recovered from the noses and throats of
the hospital personnel is shown. Fifty-
one per cent of these strains required for
inhibition 10 units or more per ml. of
penicillin and 85 per cent, one unit or
more. The percentage of resistant
strains recovered from the patients in
the study decreased progressively
through the sixth week after the patient

left the hospital (regardless of whether
one unit or 10 units was taken as the
criterion of resistance).

If all the strains cultured after the
patient's fourth week at home were to
be grouped together, the percentage in-
hibited by 10 units or more would be 30
per cent, and by one unit or more, 36
per cent. This should be compared with
the sensitivity to penicillin of the
staphylococci obtained from the house-
hold contacts. In this group the pro-
portion of resistant strains remained
essentially the same throughout the
period of the study. If all of the strains
were to be added together regardless of
when they were obtained, the proportion
requiring 10 units or more of penicillin
per ml. for inhibition would be 25 per
cent and the proportion requiring one

unit or more per ml., 30 per cent. If
only the strains isolated from the con-
tacts after the patient's fourth week at
home were to be included in the calcu-
lation, the percentages would be exactly
the same, 25 per cent and 30 per cent,
respectively. Accordingly, the propor-

10
Unit/ml.
and Over
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tion of resistant staphylococci obtained
from patients after the fourth week was
only slightly higher than the proportion
of resistant strains obtained from the
contacts during that same period or
during the entire period of the study.

Similar data for aureomycin sensi-
tivity are shown in Table 2. At the
time of the patient's discharge, 78 per
cent of staphylococci required 10 ug. or
more of aureomycin per ml. for inhibi-
tion. This may be compared with the
64 per cent of staphylococci obtained
from hospital personnel which required
the same concentrations of aureomycin
per ml. for inhibition. The proportion
of strains from patients which required
these high concentrations for inhibition
gradually fell until after the sixth week
it reached 14 per cent. Among the
household contacts, the proportion of
strains which required 10 or more ug.
per ml. for inhibition fluctuated between
2 per cent and 12 per cent. For the
entire period of observation this propor-
tion was 7 per cent.
The proportion of strains resistant to

one or more ,ug per ml. of aureomycin
followed the same pattern, although it
was quantitatively different. At the
time the patients left the hospital, 90
per cent of the strains required these
concentrations of aureomycin for inhi-
bition. The proportion dropped slightly
but remained relatively stationary from
the third week on, varying between 59
per cent and 70 per cent. The propor-
tion of strains among household contacts
which required one or more ,ug. per ml.
of aureomycin for inhibition varied be-
tween 34 per cent and 66 per cent. If
all the strains obtained from household
contacts during the period of the study
were to be grouped together, 51 per cent
of them would be inhibited by this
amount of aureomycin. It appears,
therefore, that the proportion of pa-
tients' strains which were highly re-
sistant to aureomycin dropped more
slowly after the patient left the hospital
than in the case of strains which were
highly resistant to penicillin, but that
eventually the proportion was slightly
lower than in the case of penicillin. On

TABLE 2

Concentrations of Aureomycin Required To Inhibit Strains of Staphylococci Obtained from
Noses and Throats of Patients and Household Contacts

Group
Studied

Hospital
Personnel

Patients

Time at Which
Cultures Were

Made

At intervals during
study

At discharge from hospital

Weeks after discharge:
1-2
3-4
5-6
7-21

Household At time of patient's
Contacts discharge from hospital

Weeks after discharge:
1-2
3-4
5-6
7-21

All times

Number of
Strains
Studied

Percentage of Strains Requiring Various Con-
centrations of Aureomycin to Inhibit Growth

<0.1 0.1-0.9 1.0-9.9 10
,Ug./ml. Ag./ml. Ag./ml. A.g.Iml.

47 0 8 28 64

42 0 10 12 78

37 0 13 22 65
33 0 36 28 36
27 0 30 37 33
29 0 41 45 14

85 47 46 4

68 3 63 24 10
90 6 43 43 8
88 0 34 64 2
73 1 47 40 12

404 3 46 44 7
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TABLE 3

Fate of Strains of Staphylococci in the Nose and Throat of Patients and Household Contacts

Fate of Strains of Staphylococci

Number of households investigated

Strain transferred from patient to contact
Strain tranisferred from contact to patient
Patient's and contact's strains grew independently without transfer
Cultures of patient's nose and throat became negative for staphylococci
Patient acquired strain unrelated to strains carried by household contacts
Fate of strains could not be determined

the other hand, the proportion of strains
which were moderately resistant to au-

reomycin dropped only slightly and re-
mained much higher than the proportion
of strains which were moderately re-
sistant to penicillin. Regardless of
which criterion was used for the deter-
mination of resistance, the proportion of
aureomycin-resistant strains in contacts
was slightly lower than in the case of
patients. It should be added that
wherever determinations of sensitivity
to terramycin and chloramphenicol were

carried out, the changes in the sensitivi-
ties of the various strains of staphy-
lococcus to these antibiotics were found
to parallel the changes in sensitivity to
aureomycin. There was no relationship
among the sensitivities of the strains to
aureomycin, streptomycin, and penicillin.
The fate of the individual strains of

staphylococci which were present in the
nose or throat, or both, of patients or

contacts is shown in Table 3. This was

determined by bacteriophage typing,
when the strains could be typed by this
method, and by the sensitivity of the
strains to penicillin, aureomycin, and
streptomycin when the results were

sufficiently clear-cut so that there was no

question as to whether the observed
strain was the same or a different one.

In five of the 54 families studied, a

definitive answer could not be obtained
by either of these methods. Among the
remaining families, the strain carried
home from the hospital by the patient
was transferred to a member of the
household in seven instances. A strain

Number Per cent

54 100

7 13
10 19
5 9

24 44
3 6
5 9

which was present in a household con-
tact before the patient left the hospital
was later transferred to the nose
or throat of the patient in 10 instances.
In the case of five families, the patient
retained his strain and the contacts re-
tained theirs without any transfer. In
the largest number of cases, 24, or 44
per cent, of the families, the strain car-
ried home by the patient could not be
cultured at a later date and was not
replaced by another strain of staphy-
lococcus. In three families, the strain
which the patient carried home from the
hospital could not be cultured at a later
date and was replaced by another strain
of staphylococcus which was not cul-
tured from other members of the family
at any time. The number of contacts
in the household bore no relation to the
transfer or nontransfer of strains from
patient to contacts, or vice versa.

Transfer of a strain from patient to
household contact, or vice versa,
occurred more frequently when the
staphylococcus had its site of origin in
the throat rather than in the nose.
Among the patients and contacts on
whom both nose and throat cultures
were taken in every instance, staphy-
lococci were cultured from the throat in
27 instances. In eight, 30 per cent, of
these cases the strain was transferred
either from patient to contact or from
contact to patient. On the other hand,
staphylococci were cultured from the
nose in 57 instances, in six of which, 11
per cent, the strain was transferred.
This difference in frequency of transmis-
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8/21/51 9/6 9/lI 9/18 9/25 9/27 10/10

TT VT 2T=
11/11

T
*Patient left hospital

0 0

0
P-<O. 12 P-<0.12 P-<0.12
S- 15.6 S-15.6 S- 1.95

FIGURRE 2-Spread of an antibiotic-resistant staphylococcus from patient to a family contact
Numbers within circles indicate phage type. Types 8 and 15 correspond to Phage types

8406 and 8404 according to strains obtained from Dr. G. B. Leyton, director of labora-
tory services, Department of Health and Public Welfare, Winnipeg, Manitoba, Canada

NT = no phage type obtained
0 = no staphylococci obtained on culture
A = number of micrograms of aureomycin per ml. required for inhibition of growth
S = number of micrograms of streptomycin per ml. required for inhibition of growth
P = number of units of penicillin per ml. required for inhibition of growth

sion has a 10 per cent probability of
occurrence by chance, according to the
chi square test.

Figure 2 shows the spread from a
patient to a family contact of a staphy-
lococcus which was resistant to aureo-
mycin, penicillin, and streptomycin.
Each of five throat cultures taken during
hospitalization yielded strains of
staphylococcus which were of the same
phage type and which required for
inhibition 15.6 to 31.3 pg. of aureomycin
per ml., and were not inhibited by 250
units of penicillin or 250 ,g. of strepto-
mycin per ml. A staphylococcus could
not be grown from the first culture of
the patient's throat after discharge from
the hospital but the previous strain re-
appeared on the second and third cul-

tures. This last culture was taken eight
weeks after the patient left the hospital.
On that same day, staphylococci were
cultured from the mother's throat for
the first time since the day of the
patient's discharge, and this organism
was found to be identical with the one
which had been repeatedly cultured
from the patient's throat. A different
strain of staphylococcus which could not
be typed with the bacteriophage strains
available was cultured several times
from the father's pharynx.

DISCUSSION
Staphylococci which are resistant to

antibiotics may be acquired under three
different sets of circumstances:

1. The resistant strain may appear
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while the patient is under treatment with
the antibiotic in question or a closely
related antibiotic.

2. The resistant strain may be ac-
quired while the patient is in the hos-
pital even though antibiotics are not
being administered. (Presumably the
resistant strains are transferred from
other patients who have been given
antibiotics either directly or, more often,
by means of hospital personnel acting as
carriers.)

3. The resistant strain may be ac-
quired in the community from symptom-
less carriers.

If the spread of antibiotic-resistant
strains of bacteria is to be controlled,
the relative importance of these three
mechanisms must be determined. The
first two of these have been observed
frequently. The third mechanism has
not been investigated in detail, although
it can be inferred from the fact that
when samples of the general population
have been studied, up to 18 per cent
of the carriers have been found to har-
bor penicillin-resistant staphylococci.10-13
The observations reported in this paper
demonstrate that staphylococci which
are resistant to penicillin and aureomy-
cin occur in larger numbers among pa-
tients for several weeks after their
discharge from the hospital than in
members of the population at large.
Transfer of strains of staphylococci to
one or more of the household contacts
was found to take place from the nose
or throat of 13 per cent of the patients
observed. A significant increase in the
carrier rate of resistant strains was not
observed, however, among household
contacts after the arrival of patients in
the households, nor among the patients
subsequent to the seventh week after
discharge, although the transfer of indi-
vidual strains from patient to household
contact was observed to occur, especially
if the patient was a pharyngeal carrier.
Presumably the addition to a household
of a single person carrying a resistant

strain of staphylococcus was not so great
a hazard as the number of other con-
tacts in the general population who were
carrying organisms of similar resistance.

Since the number of antibiotic-re-
sistant strains in a given segment of
the population presumably increases
with the number of individuals who
have received antibiotic therapy, some
means should be found to prevent the
administration of antibiotics, without
clear and sufficient indication, for a
whole host of minor illnesses, diagnosed
and undiagnosed. In addition, it would
be profitable to explore technics of man-
aging patients under treatment with
antibiotics in order to prevent as much
as possible the spread of resistant strains
via hospital personnel to other patients.

SUMMARY
1. One hundred ninety-one cultures

were taken from the noses and throats
of 54 patients before and for eight to
21 weeks after discharge from a con-
tagious disease hospital and 1,213 cul-
tures from their 209 household contacts.
Cultures were also taken from the hos-
pital personnel at various times during
the course of the study. The staphylo-
cocci present were studied with respect
to their biological characteristics, their
sensitivity to penicillin and aureomycin
(and sometimes also to other antibi-
otics), and were typed by the bacterio-
phage method wherever possible.

2. Staphylococci were present in 74
per cent of the cultures taken from the
patient at discharge from the hospital.
This percentage decreased until after the
fourth week it remained at approxi-
mately 36 per cent. Staphylococci were
present in 33 per cent of the household
contacts. This percentage did not vary
significantly from week to week.

3. Among the staphylococci cultured,
the percentages requiring for inhibition
one or more units per ml. of penicillin
were: 85 per cent in the case of hospital
personnel, 88 per cent in the case of
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patients at the time of discharge from
the hospital, 36 per cent in the case of
patients after the fourth week following
discharge, and 30 per cent in the case of
household contacts. The percentage of
staphylococci requiring for inhibition 10
or more Mag. per ml. of aureomycin were:
64 per cent in the case of hospital per-
sonnel, 78 per cent in the case of pa-
tients at the time of discharge from the
hospital, 14 per cent in the case of pa-
tients seven weeks after discharge and
later, and 7 per cent in the case of
household contacts.

4. In seven of 54 families an indi-
vidual strain was observed to have been
transferred from the patient to a house-
hold contact, and in 10 families from a
household contact to the patient. There
was some indication that a strain was
more likely to be transferred when it
was carried in the throat than when it
was carried in the nose.

5. It is postulated that antibiotic-
resistant staphylococci may appear in
the nose or throat of a person as a result
of (a) treatment of that person with the
antibiotic in question, (b) transfer of a
resistant strain in the hospital, (c) trans-
fer of a resistant strain in the com-
munity; and that all of these methods
of spread of antibiotic-resistant staphy-
lococci are important.
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