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SESSION I

Emergence of Antibiotic Resistance in Hospitals, 1935-1975

Maxwell Finland

From the U.S. Veterans Administration; the Channing
Laboratory, Harvard Medical School; and the Laboratory
for Infectious Diseases, Boston City Hospital,

Boston, Massachusetts

A limited review of the changes in susceptibility of common bacterial pathogens
to available antibacterial agents is presented. Significant developments in recent
years include the following: (I) the emergence of Streptococcus pneumoniae with de-
creased resistance to penicillin and of some strains resistant to several antibiotics;
(2) a decline in prevalence of multi-drug-resistant Staphylococcus aureus after 1960
following their increasing prevalence in the preceding years (these changes were
associated with changes in phage types of the staphylococci); (3) the emergence of
methicillin-resistant (and multi-drug-resistant) S. aureus and the marked differences
in their prevalence in different areas (these changes also were related to appearance
of new phages in those organisms); (4) an increasing resistance to multiple drugs
among enterococci but not among viridans streptococci or among nonenterococcal
group D streptococci; (5) the emergence of B-lactamase-producing Neisseria gonor-
rhoeae; (6) the emergence and spread of sulfonamide-resistant Neisseria meningitidis;
(7) the occurrence of B-lactamase-producing strains of Haemophilus influenzae and
occasional strains resistant to chloramphenicol; (8) the focal occurrence of chloram-
phenicol-resistant Salmonella typhi in Vietnam and in epidemic form in Mexico;
(9) the demonstration of marked differences in prevalence of resistance to multiple
drugs in common pathogens to the most widely used antibiotics in different geographic
areas. The dominant factor in the emergence and spread of antibiotic-resistant bac-
terial pathogens, whether in hospital wards or in the community, is clearly the inten-

sive use of the antibiotic agents to which resistance emerges and then spreads.

The literature on the emergence of antibiotic-
resistant bacteria was extensively reviewed in
1955 [1], and the effects of chronic intake of anti-
biotics, particularly in animals fed low levels of
the agents to increase their rate of growth and
improve feed efficiency, were also reviewed at
that time [2]. I do not propose to present a simi-
larly thorough review of the vast literature that
has accumulated since that time. Instead, I wish
here to review some of the important changes in
the patterns of resistance observed mostly in hos-
pitals, particularly at the Boston City Hospital
and in the last two decades, although some of
this material was presented in 1972 [3]. Great
advances have been made in recent years in elu-
cidating the mechanisms of resistance to arti-
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microbial agents, but these developments will
be covered by other participants at this sympo-
sium,

Methods

Data demonstrating changes in susceptibility of
bacteria are usually presented as the results of
tests of groups of strains of relevant species col-
lected over a specified period and compared
with results of similar tests of comparable strains
collected at other periods, or in other places at
the same or different times. The results are pre-
sented in tables giving the number or percent-
age of strains inhibited (or killed) by increasing
concentrations of the antibacterial agents ex-
pressed as the minimal inhibitory concentra-
tion (MIC) or minimal bactericidal concentra-
tion (MBC). If standardized disk susceptibility
tests are used, the diameters of zones of inhibi-
tion, instead of the MIC, are measured.
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Antibiotic Resistance in Hospitals

Changes in susceptibility are more readily ap-
preciated if the quantitative data (MICs or
MBGs in serial dilution tests or zone diameters
in disk diffusion tests) are presented graphically
by charting the number or percentage of strains
on the ordinate against the MIC, MBC, or zone
diameter on the abscissa. When several such
plots are superimposed, the resulting distribu-
tions may be difficult or even impossible to com-
pare. This difficulty is largely obviated by the
use of the cumulative percentage of distribution
as the ordinate, which usually permits compari-
sons of several curves at a glance. The difference
was clearly demonstrated in our earliest pre-
sentation of data accumulated before 1950 on
the susceptibility of various coliform bacteria to
all of the antibiotics that were available at that
time [4]. The use of an inocula-replicating ap-
paratus, such as that of Steers et al. [5], permitted
the more efficient performance of quantitative
dilution tests of large numbers of strains on suit-
able solid media.

Such graphic representation of results of tests
for susceptibility also permits comparisons of var-
ious other factors such as changes in media; size
of inoculum; and variations among strains of the
same or different subspecies, strains from dif-
ferent sources, and particularly strains of the
same species collected and tested under compar-
able conditions at different times with the same
antibiotic. In addition, the activity of any anti-
biotic against strains of different species may be
compared, thus providing a sort of “antibacterial
spectrum” of that antibiotic. This last use pro-
duced such a spectrum of spectinomycin, which
showed it to be more active against Neisseria
gonorrhoeae than against all other common patho-
gens, and this antibiotic has, in fact, been used as
an alternative treatment for uncomplicated gon-
orrhea [6].

The simple and most widely used statistical
methods that are available to evaluate the sig-
nificance of differences between sets of data are
readily applicable to data derived from suscepti-
bility tests when the distribution of the data is
normal, or nearly so, or at least when the data
extend over a narrow or moderate range. How-
ever, with bimodal, trimodal, or very wide ranges
of distribution, or with different proportions that
are very highly resistant, these simple statistical

methods are not applicable. Under these con-
ditions the graphic representations using cumu-
lative percentage of distribution are most help-
ful and generally adequate for clinical and epi-
demiological purposes; the method has therefore
been generally accepted and used.

Limitations of space do not permit inclusion
of the detailed data or of the large number of
text figures shown during the verbal presenta-
tion, but reference to the sources of the data
will be provided for the interested reader. As in
many of the earlier reviews, most of the changes
in the patterns of susceptibility will be presented
for each of the most common and most important
bacterial species observed over the years at Bos-
ton City Hospital.

Early Patterns of Resistance
Pneumococcus

Inspection of the curves representing the dis-
tribution of MICs for the pre-1950 strains of Es-
cherichia coli, and also those for Enterobacter
(derobacter), showed that individual isolates
were inhibited over wide ranges of concentrations
of four of the antibiotics tested, although they
were uniformly susceptible within a narrow range
of concentrations of two polymyxins and resis-
tant to high concentrations of bacitracin [4]. By
contrast, all of the strains of pneumococci (Strep-
tococcus pneumoniae) isolated before June 1949
were inhibited over a narrow range of concen-
trations of each of the same seven antibiotics [7].
A similar distribution over narrow ranges of con-
centrations of each of 11 antibiotics (including
six of those employed in the earlier study) was
demonstrated for inhibition of strains of pneu-
mococci isolated in 1953-1955 [8]. The MICs of
each antibiotic against isolates in the two periods
were the same except with bacitracin, for which
a larger proportion of isolates required concen-
trations that were higher (but within the same
range) in the later period.

More recently, subtle changes in susceptibility
patterns were noted at Boston City Hospital
when pneumococci isolated in 1972 and 1973
were tested with a larger number of antibiotics,
including several analogues of penicillins, cepha-
losporins, tetracyclines, aminoglycosides, and
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others [9]. With the inoculum usually used (name-
ly, a 107 dilution of culture or about 108 cfu/ml),
clear-cut bimodal distributions were noted in
the MICs of all of the penicillinase-resistant pen-
icillins except nafcillin. This pattern was seen
more strikingly with undiluted culture (~108 cfu/
ml), and with the larger inoculum the MICs
of nafcillin and penicillin G each showed a strik-
ing bimodal distribution. Only neomycin
among the aminoglycosides showed a wide range
of MICs (0.4-100 ug/ml) with the 1073 inocu-
lum, and all strains were highly resistant (=100
pug/ml) when the undiluted cultures were used.
From other hospitals and communities in the
United States, and particularly in Australia, New
Guinea, and the United Kingdom, there have
been a number of reports of pneumococci isolat-
ed from both cases and carriers with increased
resistance to one or more antibiotics, including
penicillin, tetracycline, erythromycin, lincomy-
cin, and chloramphenicol; many of those strains
were resistant to multiple drugs [10-17]. The re-
sistant pneumococci were of diverse capsular types,
although individual types predominated in some
communities. Some of the patients infected with
such antibiotic-resistant strains showed poor re-
sponses or failures to respond to therapy with
those antibiotics. As was to be expected, strains
resistant to one tetracycline were also resistant to
other tetracycline analogues. To my knowledge,
production of penicillinase by these resistant
pneumococci has not been reported to date.

B-Hemolytic Group A Streptococci

The life-saving therapeutic effect of sulfanila-
mide, the chemotherapeutic agent that ushered
in the modern antibacterial era, was first dem-
onstrated against serious infections due to hemo-
lytic streptococci. Subsequently, the extensive
and continuous use of the greatly improved sul-
fanilamide derivative, sulfadiazine, in the pro-
phylaxis of streptococcal infection and recur-
rences of rheumatic fever resulted in the emerg-
ence and rapid spread of strains that were highly
resistant to sulfonamides. These strains, in turn,
gave rise to extensive epidemics of severe strepto-
coccal respiratory infections, particularly in
military installations, and were responsible for a
high mortality; these epidemics were terminated

Finland

only by the timely introduction of penicillin. The
sulfonamide-resistant streptococci were limited to
types 17 and 19, and only small proportions of
sulfadiazine-resistant streptococci were reported
from nonmilitary institutions; they were also re-
stricted to group A, types 17 and 19 [1].

All strains of group A hemolytic streptococci
isolated at Boston City Hospital before 1950 and
tested for susceptibility to the seven antibiotics
then available were susceptible within a nar-
row range of concentrations of each of these an-
tibiotics [18]. Subsequently, strains isolated in
1953-1955 and tested with 11 antibiotics, includ-
ing six of the seven previously used, showed sim-
ilar patterns of susceptibility to all of these anti-
biotics except bacitracin, which showed a dis-
tinct bimodal distribution. A similar bimodal
distribution was shown for the strains of group
B streptococci tested at that time [19].

Tests of group A hemolytic streptococci isolat-
ed in 1963 demonstrated strains resistant to tetra-
cyclines for the first time [20]. At that time only a
small proportion of strains from patients at Bos-
ton City Hospital, but a larger proportion of those
isolated at the same time in Syracuse, N.Y., were
resistant to each of five tetracycline analogues with
which they were tested. Additional strains of
group A streptococci isolated in 1972 and tested
with 65 antibiotics did show bimodal distributions
of MICs of some penicillins and cephalosporins,
but marked resistance to tetracyclines was not ob-
served in these strains [21]. However, McCormack
et al. did report tetracycline-resistant strains about
10 years earlier [22].

Group A streptococci resistant to tetracyclines
have also been reported in the United Kingdom
[23]. Here, too, cross-resistance among tetracy-
cline analogues was noted. Of interest in this re-
port was that the proportion of tetracycline-re-
sistant B-hemolytic streptococci declined from
359, in 1965 to 99, in 1972.

From July 1962 through June 1963, increasing
numbers of cases of group B streptococcal infec-
tions were seen at Boston City Hospital. The
strains isolated from these cases showed striking
bimodal distributions of MICs of all seven tetra-
cycline antibiotics with which they were tested.
Bacitracin, erythromycin, and lincomycin, but
not penicillins or any of the other antibiotics
tested, showed bimodal distributions of MICs
with these group B streptococci [24].
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Viridans Streptococci

This group of organisms (aerobic streptococci
that are not B-hemolytic and not serogroup D)
is the most common component of the normal
oral flora and includes the organisms that most
frequently cause subacute bacterial endocarditis
but that seldom cause other focal infections. At
least 12 separate biochemically (physiologically)
defined species are recognized, all of which are
generally found to be susceptible to penicillin
[25].

Our first tests for susceptibility of strains of
this group isolated at Boston City Hospital be-
fore 1950 showed bimodal distribution and
broader ranges of MICs of penicillin, bacitracin,
and streptomycin as compared with those exhib-
ited by the group A B-hemolytic streptococci [18].
Biochemical differentiation of the viridans group
was not carried out routinely at that time or since,
and further studies of collections of these strains
were not done except for occasional strains
from clinical cases in relation to therapy [26].
However, there is considerable evidence that re-
sistant strains of organisms of this group have
not emerged either in cases of endocarditis [27,
28] or in the oral flora as a result of long-term
use of penicillin for therapy [29] or prophylaxis
[30, 31]. However, Sprunt et al. [31a] reported
obtaining isolates of a-streptococci with an MIC
of 5.0 ug/ml from pharyngeal cultures from 55
(769,) of 72 patients after 13 days of oral penicillin
prophylaxis. Strains of decreased susceptibility
were also found, but significantly less frequently,
after prophylaxis with im penicillin.

Enterococci (Group D Streptococci)

The first group of strains of enterococci that we
tested—those isolated at Boston City Hospital be-
fore 1950—were classified largely on the basis of
resistance to heat (60 C for 30 min). The MICs
of penicillin, streptomycin, and bacitracin for
these strains each showed a bimodal distribu-
tion [18]. In subsequent studies the enterococci
were more fully differentiated by their biochemi-
cal reactions and were generally identified to be
of serogroup D.

Enterococci isolated at Boston City Hospital
from November 1953 through December 1954
were tested with 11 antibiotics, including six of

the seven used in the previous study [32]. Bi-
modal distributions were noted for penicillin
(slight) and, more strikingly, for erythromycin,
streptomycin, and the three tetracyclines that
were then available. Each of the three species
of enterococci that were differentiated exhibited
the bimodal distribution for each of these anti-
biotics, but they differed in the proportions of
sensitive and resistant strains, except with ery-
thromycin, which showed a broad range of MICs
that was quite similar for each of the three spe-
cies [32].

When strains isolated from August 1968
through May 1969 were compared with those of
1953-1954 [33, 34], the only qualitative changes
noted were that some of the recent strains of
one species, Streptococcus liquefaciens, were high-
ly resistant to penicillin, and that the MICs of
erythromycin now assumed clearly bimodal dis-
tributions for each of the three subspecies, with
the largest proportion of resistant strains among
those of S. liquefaciens. Also, in the tests with
chloramphenicol, whereas the strains of the three
subspecies isolated in 1953-1954 were shown to
be susceptible within the same narrow range of
concentrations, the strains isolated in 1968-1969
showed a clearly bimodal distribution with wide-
ly different proportions of sensitive and resistant
strains for each of the three subspecies. With
tetracycline and each of three analogues, the
MICs for the same three subspecies as well as for
those of Streptococcus faecium, which were also
included, all showed marked bimodal distribu-
tions with much smaller proportions of sensitive
strains than among the 1953-1954 isolates. The
1968-1969 strains were nearly all resistant to strep-
tomycin, whereas those isolated in 1953-1954
showed clearly different proportions of sensitive
and resistant strains among each of the three sub-
species [33, 34].

The 1968-1969 strains were tested with a num-
ber of more recently introduced antibiotics. Sus-
ceptibilities to ampicillin and penicillin were
qualitatively similar, but all of the strains were
clearly more susceptible to ampicillin, and strains
of §. faecium showed the clearest bimodal distri-
bution to both. Susceptibility to bacitracin ap-
peared to decline steadily in the three studies
[32-34]. The tests with penicillinase-resistant
penicillins, cephalosporins, and aminoglycosides
showed bimodal distributions of the 1968-1969
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strains with only small proportions of sensitive
strains [33, 34].

Enterococci isolated in 1971 and 1972 were al-
so tested with each of a number of analogues of
aminoglycosides, polymyxins, tetracycline, peni-
cillins (including penicillinase-resistant ones),
cephalosporins, lincomycins, and several other
antibiotics [35, 36]. All of the tetracyclines, ami-
noglycosides, penicillins, cephalosporins, and
lincomycins showed bimodal distributions with
various proportions of strains sensitive and re-
sistant to each of them. Only about 159, of these
strains were resistant to chloramphenicol.

It is of interest that among more than 100,000
distinct clinical strains of the six more common
species isolated at Massachusetts General Hospi-
tal during the six years 1971-1976, only the
enterococci showed a distinct decline in the per-
centage of strains susceptible to cephalothin—
from about 309, in 1971 to 99, in 1976 [37].

Nonenterococcal Group D Streptococci

During the past few years, various numbers of
strains of group D streptococci from human in-
fections have been identified and classified as
nonenterococci [38]. Strains of these species,
Streptococcus bovis and Streptococcus mutans,
are of special interest because they are the cause
of appreciable proportions of cases of group D
streptococcal endocarditis [39, 40]. Moreover,
their patterns of susceptibility to antibiotics are
similar to those of viridans streptococci rather
than to those of enterococci [39-41]. However,
strains of S. bovis from two patients with infec-
tive endocarditis, although susceptible to pen-
icillin G, oxacillin, and cephalothin in disk dif-
fusion tests, were found to be resistant to the
lethal effects of penicillin G, cefazolin, and van-
comycin [42].

Staphylococcus

Strains of Staphylococcus aureus isolated from
patients with infections at Boston City Hospital
at various intervals through 1974 were tested for
susceptibility to increasing numbers of anti-
biotics as those antibiotics became available. The
strains isolated before 1950 and tested with seven

Finland

antibiotics already showed wide ranges of MICs
of Aureomycin® (chlortetracycline) and strepto-
mycin with bimodal distribution. Among these
strains, 859, of those isolated before 1946 were
highly sensitive to penicillin G within a narrow
range; the rest required increasing concentra-
tions (=25 ug/ml). By contrast, of strains isolated
in 1946-1949, only a small proportion were high-
ly sensitive to penicillin G, and the others were
inhibited by increasing concentrations over the
entire range tested (up to =250 ug/ml) [43]. Over
the next three years, more clearly defined bi-
modal distributions of MICs of penicillin be-
came evident with various proportions of highly
resistant strains, depending on the source of the
strains [44].

Clearly defined bimodal patterns were dem-
onstrable in 1952 for penicillin, chlortetracycline,
Terramycin® (oxytetracycline), and streptomycin,
the penicillin resistance of S. aureus being clear-
ly related to penicillinase production [45]. How-
ever, all 500 strains tested at that time were in-
hibited by low concentrations of erythromycin,
which had not been used in therapy. In Chicago,
Lepper et al. [46] also found that all strains of S.
aureus isolated at that time from patients and
personnel were highly susceptible to erythromy-
cin, but most of them were markedly resistant to
penicillin and chlortetracycline. They then with-
drew the last two drugs from use and employed
erythromycin for treatment of all susceptible in-
fections. Over the next six months, strains with in-
creasing resistance to erythromycin emerged and
spread among patients and personnel until >709,
of isolated strains were highly resistant to that
antibiotic, and the proportion of penicillin- and
chlortetracycline-resistant strains declined. Ery-
thromycin was then completely withdrawn from
use, whereupon the proportion of erythromycin-
resistant S. aureus promptly declined, and resis-
tance to penicillin and chlortetracycline increased
with the resumption of their use.

Elsewhere, strains resistant to chlorampheni-
col were shown to spread rapidly among pa-
tients in a “burns ward” when that antibiotic
was used to treat all wounds infected with peni-
cillin-resistant S. aureus because most of those
strains were resistant to chlortetracycline, which
had been used in such cases. When chlorampheni-
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col was withdrawn, the proportion of strains re-
sistant to it declined ‘sharply, but resistance to
chlortetracycline again increased [47]. These find-
ings were clear-cut demonstrations of the effect of
intensive use of an antibiotic on the prevalence of
resistance to that antibiotic. Dowling et al. [48]
and Lepper et al. [49] had also shown that peni-
cillin- and chlortetracycline-resistant strains of S.
aureus acquired by patients within the hospital
were spread to their family contacts after the pa-
tients were discharged.

Strains of §. aureus isolated at Boston City
Hospital in 1955 showed a clearly bimodal dis-
tribution of MICs of erythromycin and also of
the related macrolide, oleandomycin, although
the latter had not been used in the treatment of
patients in that hospital. The proportions of
strains resistant to penicillin, streptomycin, and
tetracycline had also increased over those ob-
served in earlier studies. On the other hand, the
1955 strains were uniformly susceptible to 10 an-
tibiotics that were new, that were not closely re-
lated chemically to antibiotics previously in com-
mon use, or that had been available but used
only rarely. Chloramphenicol was the only wide-
ly used antibiotic to which few of the strains were
resistant [50].

For the most widely used antibiotics (namely,
penicillin, streptomycin, tetracycline, and eryth-
romycin), a considerably greater proportion of
resistant strains of S. aureus were isolated during
or after treatment with (any) antibiotics as com-
pared with those isolated from patients before
they had received such treatment. A relationship
between bacteriophage types and resistance was
also noted among the 1955 strains. Thus, staph-
ylococci of phage pattern 52/42B/81 were al-
most all resistant to penicillin, streptomycin, and
tetracycline but sensitive to erythromycin, where-
as of those lysed by other phages or not phage-
typable, a considerable proportion were sensitive
to the first three while many were resistant to ery-
thromycin [50].

Further tests were done with staphylococci iso-
lated from patients at Boston City Hospital in
the fall of 1958; these isolates included strains
obtained from outpatients. A smaller proportion
of the latter strains were resistant to the anti-
biotics most commonly used within the hospital,

and the proportion of strains resistant to each
of those antibiotics increased with increasing
length of stay of the hospitalized patient before
the sample was obtained for culture. Clear corre-
lations of phage patterns and proportions of
strains resistant to various antibiotics were again
demonstrated [51].

A more extensive study involving 1,550 strains
of S. aureus, most of them isolated in previous
years but 409, of them isolated in 1959-1960, was
carried out by Wallmark and Finland [52]. In
this study the results of tests for susceptibility
were correlated with the years the strains were
isolated, their phage type, isolation from outpa-
tients or hospitalized patients, duration of hos-
pitalization before the culture was made, and
prior treatment of the patient with antibiotics.
A definite relationship was shown between the
proportion of antibiotic-resistant strains and the
length of previous hospitalization of the patients
from whom the strains were obtained; the pro-
portion increased with length of hospital stay
and was highest in strains isolated at autopsy.
The differences in proportions of resistant strains
were shown to be related to the frequency,
duration, and intensity of treatment with anti-
biotics, although the resistance of individual
strains was not specifically related to the particu-
lar antibiotic(s) used to treat the patients from
whom the strains were obtained. Changes in pro-
portions of resistant strains were also related to
changes in the prevalence of strains of various
phage patterns from both outpatients and hos-
pitalized patients.

These data were compatible with the concept
that the increased prevalence of antibiotic-re-
sistant staphylococci resulted in the reduction or
elimination of sensitive staphylococci by anti-
biotic therapy, permitting resistant ones to per-
sist and multiply. Increases in resistance of origi-
nally sensitive strains directed specifically to the
antibiotic(s) that the patient was receiving could
be demonstrated only infrequently.

Serious staphylococcal infections with bacter-
emia, both community-acquired and hospital-ac-
quired, had increased markedly in incidence at
Boston City Hospital during the 1950s [53]. This
trend was reversed during the 1960s, as was the
increasing resistance of S. aureus to the antibiot-
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ic that had been in common use; these reversals
were associated with the introduction and in-
creasing use of methicillin and other semisyn-
thetic, penicillinase-resistant penicillins and la-
ter the cephalosporins [54]. At Boston City Hos-
pital [54], in the University Hospital in Seattle,
Wash. [55], and in hospitals in England [56], al-
though the proportion of strains resistant to pen-
icillin G continued to be high, the proportion of
strains also resistant to other antibiotics declined
markedly among isolates from infections in hos-
pitalized patients, whereas the prevalence of re-
sistance in strains from community-acquired in-
fections, which previously had been much less
than the prevalence of resistance in hospital
strains, increased [54, 55]. These changes in re-
sistance of the staphylococci were associated with
shifts in the prevalence of strains with various
phage patterns [54, 56].

At the Boston City Hospital, resistance to
methicillin was first noted by Kjellander et al.
[57] among strains of Staphylococcus epidermidis;
about 109, of 175 strains isolated from clinical
specimens (mostly blood cultures) between Sep-
tember 1962 and February 1963 were methicillin-
resistant (M-R). On the other hand, no M-R
strains of S. aureus were demonstrable at that
hospital at that time or among >1,000 additional
strains tested before 1967. Subsequently, M-R
strains of S. aureus were recognized and increased
to 1.4%, by 1968, although the proportion of
M-R strains of S. epidermidis stayed between 99,
and 109, [58]. The M-R strains of S. aureus in
1968 were also resistant to other penicillinase-
resistant penicillins and cephalosporins, where-
as most M-R S. epidermidis remained moderate-
ly susceptible to these agents. M-R strains of
both S. aureus and S. epidermidis produced B-
lactamase and grew in the presence of high con-
centrations of methicillin and cloxacillin. M-R
strains of both were predominantly resistant
to other commonly used antibiotics but suscepti-
ble to vancomycin. Only small proportions of the
cells in the cultures of M-R strains, 2.09,-0.0029,
of S. aureus and 0.0029,-0.00019, of S. epider-
midis, were highly resistant to these penicillinase-
resistant penicillins [58].

The M-R strains of S. aureus were isolated
predominantly from hospital-acquired infections.

Finland

Evidence of patient-to-patient spread of infection
was found during a ward outbreak of clinical
cases, and a nurse was shown to be a nasopharyn-
geal carrier [59]. Elsewhere, M-R S. aureus as-
sumed epidemic proportions: in Denmark 459,
of bacteremic strains were reported to be M-R
by 1971 [60], and in Zurich such strains account-
ed for =209 of S. aureus isolated between 1966
and 1971 [61]. In Zurich [61] the M-R strains of
8. aureus were isolated predominantly from pa-
tients with infections acquired within large hos-
pitals but not from outpatients who had not re-
cently been in such hospitals or from patients
in several smaller hospitals. At Boston City Hos-
pital, the M-R S. aureus were phage-nontypable,
whereas in Europe the increased incidence of
M-R and multiple antibiotic-resistant strains was
associated with the demonstration of new phage
types in those strains [56, 60, 61]; these types were
not available to us for testing our strains.

Two additional recent developments regarding
the antibiotic resistance of S. aureus should be
noted. One is the demonstration of the frequent
occurrence of what is called a new type of
penicillin resistance manifested by failure of high
concentrations of penicillins to kill strains that
are inhibited by normal (low) concentrations.
These organisms are deficient in the activity of
enzyme required for autolysis, a deficiency that
results from a large excess of an inhibitor of
that autolysin. They have been called “penicil-
lin-tolerant,” and most such strains show cross-
tolerance to the killing action of cephalosporins
and vancomycin to which they are otherwise
sensitive (inhibited). They are killed at normal
rates by gentamicin, cycloserine, and rifampin.
Only a small proportion (=79%,) of cells within
each culture show this tolerance. However,
449, of strains of S. aureus from bacteremic pa-
tients exhibited penicillin tolerance [62]. On the
other hand, it was encouraging to note the re-
port of Moellering [37], who found essentially no
evidence of resistance of S. aureus to cephalothin
at Massachusetts General Hospital over the six
years 1971-1976.

The last groups of strains of S. aureus and §.
epidermidis were isolated in 1973-1974 and test-
ed with a 1073 dilution of culture and with 65 an-
tibiotics. The strains of both species appeared
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to be more susceptible to the penicillins than in
previous studies, and only a small proportion of
S. epidermidis were resistant to some of the ceph-
alosporins. All of the S. aureus were sensitive
to all aminoglycosides (except for some that were
resistant to streptomycin), whereas a small pro-
portion of the S. epidermidis were resistant to
all of the aminoglycosides except sisomicin and
verdamicin. Only about 109, of S. aureus but
409, of S. epidermidis were resistant to all of the
tetracyclines. All strains of both species were
sensitive to chloramphenicol. Only a small pro-
portion of S. epidermidis but none of S. aureus
were resistant to erythromycin and lincomycin

[63].

Neisseria gonorrhoeae

Resistance of gonococci to sulfonamides devel-
oped and spread after those agents became wide-
ly used [64, 65]. At Boston City Hospital, evidence
of reversal to predominant sensitivity to sulfa-
diazine was obtained from strains of gonococci
isolated in 1953-1954, after penicillin had gained
universal use for therapy of gonorrhea [66], and
all but a small proportion of strains isolated and
tested there in 1973 were found to be susceptible
to sulfamethoxazole [67].

After the late 1950s, however, increases in the
range and mode of MICs of penicillin for clinical
strains of N. gonorrhoeae isolated from penicil-
lin treatment failures were generally encount-
ered [68]. Decreases in susceptibility to tetracy-
cline and streptomycin as well as to chloramphen-
icol and erythromycin were also noted [69]. Spec-
tinomycin then became the drug of choice for
treatment of penicillin-resistant gonorrhea [22],
but strains resistant to spectinomycin have al-
ready been encountered [69].

Most important, however, has been the recent
emergence of penicillin-resistant, B-lactamase-
producing N. gonoirhoeae, first among United
States servicemen returning from the Far East and
among cases in Liverpool, England, and subse-
quently from many widely reported localities
throughout the world. Fortunately, most of these
strains appear to be susceptible to tetracycline,
spectinomycin, and trimethoprim-sulfamethoxa-

11

zole, antibiotics that can be used as alternative
therapy for cases due to such organisms [70].

Neisseria meningitidis

The marked susceptibility of meningococci to
sulfonamides and the widespread use of these
drugs resulted in a marked reduction in mor-
tality from meningococcal meningitis and menin-
gococcemias. When used for prophylaxis, these
antibiotics were also highly successful in termi-
nating and preventing epidemic spread of these
infections.

Resistance to sulfonamides first came into
prominence in 1964 among United States mili-
tary personnel and their families residing in Ger-
many; the infections there were with group B
strains, whereas the predominant strains in pre-
vious epidemics were of serogroup A. In our last
study of susceptibility of contemporary isolates of
N. meningitidis to most of the antibiotics avail-
able at the time, strains from patients at Boston
City Hospital (all group B, except one group C)
were susceptible to each antibiotic within a nar-
row range of concentrations; they were also sen-
sitive to sulfadiazine, whereas 10 strains obtained
from cases in the military were all confirmed to
be highly resistant to sulfadiazine [71]. A few
strains isolated and tested in 1972 with sulfa-
methoxazole included some that were highly re-
sistant, but most of them were sensitive to the
drug [67].

Subsequent observations at the Center for Dis-
ease Control (Atlanta, Ga.) documented shifts
in the prevalence of serotypes to a predominance
of sulfadiazine-resistant group C strains and the
appearance of substantial numbers of group Y
strains, many of which were also sulfonamide-re-
sistant. From 1972 to 1974 the proportion of sul-
fonamide-resistant strains of all types declined
considerably; the proportion of resistant sero-
group C strains declined from 829 to 699, [72].
There is still reluctance to recommend use of sul-
fonamide for prophylaxis for close contacts of
patients with serious meningococcal infections
[73]. More recently, a sulfonamide was success-
fully used for community-wide prophylaxis dur-
ing an outbreak of serogroup B meningococcal
disease [74].
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During the last few years, however, work on
prophylaxis has been directed toward the devel-
opment of effective polysaccharide vaccines
against the common serotypes of meningococci
[75]. Vaccines directed against groups A and C
have been successful; those directed against
group Y seem promising [76], but against group
B they have not been effective.

Haemophilus influenzae

Results of tests of susceptibility of groups of
strains of H. influenzae isolated at Boston City
Hospital in different years from the late 1940s
[7] to 1972 [9] with use of increasing numbers of
contemporary antibiotics have been reported.
These tests were generally carried out on suit-
able chocolatized agar under increased pCO,
(candle jar) with use of undiluted culture
(=108 cfu/ml); results were read after incuba-
tion for 48 hr. On each of these occasions, all
strains tested were inhibited within a relatively
narrow range of concentrations by each of the
antibiotics. Most of the strains tested in 1972,
however, were resistant to sulfamethoxazole but
highly sensitive to trimethoprim alone and even
more sensitive (synergistically) when trimetho-
prim was combined with sulfamethoxazole [67].

As previously noted with respect to gonococci,
the disturbing recent development has been the
emergence of B-lactamase-producing strains of H.
influenzae that are highly resistant to ampicil-
lin, which had become the drug of choice for
therapy of H. influenzae type b meningitis and
bacteremic infections in children and also in the
treatment of recurrent respiratory tract infection
in adults [77]. By August 1977, about 89, of
strains of H. influenzae isolated from children
with otitis media in the Washington, D.C., area
were resistant to ampicillin [78], and a simi-
lar proportion of resistant strains are currently
being demonstrated in similar cases at Boston
City Hospital (J. O. Klein, personal communi-
cation). Combinations of erythromycin and sul-
fisoxazole [78] or trimethoprim and sulfamethox-
azole [79] were recommended for treatment of
infections with ampicillin-resistant strains. Equal-
ly or even more disturbing have been the sporadic
reports of strains of H. influenzae with R factor-
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associated resistance to ampicillin, tetracycline,
chloramphenicol, and kanamycin, singly or in
combination [80].

Somewhat more encouraging have been the
development of an H. influenzae type b poly-
saccharide vaccine [81] and the recent demon-
stration of the effectiveness of such a vaccine in
producing specific antibodies and in preventing
bacteremic disease in children older than 18
months during field trials in Finland [82].

Changing Ecology of Serious Bacterial Infections

Among the most significant and striking events
associated with the availability and extensive use
of the succession of highly active antibacterial
agents were the changes in the relative frequency
of occurrence of some of the common pathogenic
bacteria as causes of serious disease. In the study
of bacteremic infections carried out at Boston
City Hospital during 12 selected years between
1935 and 1972 [53], the following changes were
noted. (1) The proportion of all bacteremic in-
fections that were due to pneumococci dropped
from 32.5%, in 1935 to 12.5%, in 1955 and sub-
sequently ranged between 139, and 159%,. (2)
Hemolytic streptococcal bacteremia other than
that due to group D organisms accounted for
17.29, of all cases of bacteremia in 1935; the
proportion dropped sharply after the sulfona-
mides came into use and then further when peni-
cillin became available—to 0.79, by 1955. How-
ever, the proportion of these infections rose in
later years to between 49, and 7%,. (3) S. aureus
accounted for 219, of bacteremic infections in
1985. This proportion increased to 369, by 1957
and then declined steadily to a low of 129, in
1972. (4) Most striking were the emergence and
increasing occurrence of cases of bacteremia due
to “enterobacteria,” including enterococci, which
increased from zero to 49,-79, after 1947, and
of those due to gram-negative rods, the four most
common groups of which (E. coli, Proteus spe-
cies, Klebsiella-Enterobacter, and Pseudomonas
aeruginosa) increased progressively from 129,
(mostly E. coli) in 1935 to about 409 in 1969.
Cases of bacteremia due to Klebsiella-Entero-
bacter and Pseudomonas were much more fre-
quent among cases of hospital-acquired bacter-
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emia than among those that were community-
acquired. (5) Other “opportunistic pathogens”
occurred in considerable numbers in the 1960s.
For example, there were 58 cases of bacteremia
due to Herellea vaginicola with 15 deaths in
1965, 27 cases due to Mima polymorpha with
six deaths in the same year, 20 cases (five of them
fatal) due to Serratia marcescens in 1972, and
30 cases of candidemia with 17 deaths, also in
1972. (6) Most of the changes in proportions of
the common pathogens noted in all cases of bac-
teremic infections were found to be similar qual-
itatively but not always quantitatively to those
in cases of acute bacterial meningitis [83] and
acute purulent empyema [84] at Boston City Hos-
pital during the same 12 selected years.

Similar changes in prevalence of various path-
ogens were reported for sepsis of the newborn
at Yale-New Haven Hospital (New Haven,
Conn.) over about the same years [85].

These changes in occurrence of the various
pathogens were also associated with emergence
and increased occurrence of multiple antibiotic-
resistant strains of the newly emerging organisms.

Escherichia coli

As noted previously, the first report of tests of sus-
ceptibility of clinical isolates of E. coli at Boston
City Hospital showed wide ranges of MICs and
bimodal distributions for penicillin, streptomy-
cin, chlortetracycline, and chloramphenicol and
a narrow range for the polymyxins; only to baci-
tracin were all of the strains highly resistant [4].

Very soon after streptomycin became available
for clinical trial, my colleagues and I demon-
strated the rapid emergence of highly resistant
variants (mutants) of E. coli and other gram-
negative rods, not only in vitro, but also during
treatment of urinary tract infections caused by
these organisms in spite of the iv or im adminis-
tration of large doses (4 or 6 g daily). The cul-
tures of specimens before treatment showed large
numbers (107-10° cfu/ml) of bacteria, and the
MICs for organisms from urine cultures during
therapy were generally about 2,000 times those
obtained before therapy [86]. We were then able
to demonstrate that alkalinization of the urine
before and during treatment with streptomycin
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generally prevented the emergence of the resistant
variants [87].

Devetski et al. [88] reported that oral adminis-
tration of chloramphenicol to 30 of 100 inmates
of a state school for two weeks was accompanied
by a marked increase in chloramphenicol-resis-
tant strains of E. coli recovered from rectal cul-
tures to nearly 909, in the treated patients and
~209, in the untreated patients; in both groups
levels returned to the low levels found before
treatment over the next four weeks. Parallel in-
creases in chloramphenicol-resistant strains of S.
aureus from nasal cultures were also demonstrat-
ed in the treated (from zero to 689,) and un-
treated inmates (from zero to 409,); these in-
creases also were temporary [88].

Strains of E. coli isolated from the blood of in-
fected patients at Boston City Hospital between
November 1965 and August 1966 [89] showed bi-
modal distributions of MICs of all penicillins and
cephalosporins, with generally small proportions
of highly resistant strains. About 309,-409, were
highly resistant to each of the tetracyclines, and
about 109,-359, were resistant to the amino-
glycosides when 10 organisms (undiluted cul-
tures) were used for inoculum, but smaller pro-
portions were resistant when the inoculum was
10-% organisms. However, none of the strains were
resistant to gentamicin even when tested with the
undiluted cultures. Interestingly, about one-
fourth of the strains were resistant to chloram-
phenicol even when tested with the smaller inoc-
ulum, but all were sensitive to polymyxin [89].

When strains of E. coli isolated from blood
cultures during 1972 were similarly tested with
most of the available antibiotics, the results were
similar, but a smaller proportion of these strains
were resistant to the tetracycline antibiotics, and
again, none were resistant to gentamicin. In this
study the proportion of resistant strains was great-
er among those isolated from hospital-acquired
infections than among those from community-ac-
quired infections [90].

Studies of other strains of E. coli isolated at
about that time and tested with 65 antibiotics
with use of the smaller inoculum gave essentially
similar results [35, 36]. The strains were all high-
ly susceptible to trimethoprim alone and even
more so to trimethoprim in combination with
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sulfamethoxazole, but a small proportion was
highly resistant to the latter alone [67].

Klebsiella-Enterobacter

Like E. coli, the strains of Klebsiella pneumo-
niae and Enterobacter (Aerobacter) collected
before 1950 showed broad ranges of MICs of
penicillin, streptomycin, chlortetracycline, and
chloramphenicol, and all were resistant to baci-
tracin; the strains of Enterobacter were uniform-
ly sensitive to the polymyxins. The MICs of some
Klebsiella varied over a wide range [4]. Also, as
with E. coli, streptomycin resistance was shown
to develop rapidly in Klebsiella and Enterobac-
ter by exposures to the antibiotic in vitro or dur-
ing treatment of both pulmonary [91] and uri-
nary tract [86] infections. Resistance of these or-
ganisms was prevented by alkalinization of urine
during therapy [87].

A study of the susceptibility of strains of Kleb-
siella and Enterobacter isolated at Boston City
Hospital in 1964 [92] showed the following re-
sults. (I) Similar proportions of strains of En-
terobacter and of Klebsiella were resistant to the
aminoglycosides, the tetracyclines, and chlor-
amphenicol, and nearly all strains of both species
were resistant to the penicillins and cephalospo-
rins. Neomycin, kanamycin, and paromomycin
showed complete cross-resistance, but not to strep-
tomycin, to which most strains were resistant, or
to gentamicin, to which all but a small propor-
tion were highly sensitive. About one-fifth of the
strains of Klebsiella and one-third of the Entero-
bacter were resistant to the polymyxins. (2)
Strains of K. pneumoniae type 24, which was the
most prevalent type, were nearly all resistant to
tetracycline, chloramphenicol, and streptomy-
cin but not to kanamycin. Smaller proportions
of strains of other types were resistant to the
same antibiotics. (3) Larger proportions of
strains of Klebsiella isolated from urinary tract
infections were resistant as compared with those
isolated from the respiratory tract. (4) A larger
proportion of strains isolated from hospital-ac-
quired infections were resistant to the common-
ly used antibiotics as compared with strains from
community-acquired infections. (5) The propor-
tion of strains resistant to the most commonly
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used antibiotics was greatest for patients who
had been treated with the same drug, somewhat
smaller if they received any other antibiotic, and
least if no antibiotic had been received by the
patient before the strain was isolated.

Essentially, all of these findings were con-
firmed in a study of strains of Klebsiella and En-
terobacter isolated in 1967 [93], particularly the
relation of the proportion of resistant strains to
prior therapy and the resistance of nearly all
strains of Klebsiella type 24, which was still the
most prevalent type. Type 2 strains of Klebsiella
were nearly as prevalent in that year, but a small-
er proportion was resistant. The type 24 strains
were predominantly from hospital-acquired in-
fections on surgical wards, whereas the type 2
strains were from more widely scattered sources.
Both types were associated with instrumentation,
mostly with urinary catheters. Nearly all strains
were highly sensitive to gentamicin, but the pro-
portion of strains resistant to polymyxin re-
mained unchanged [93].

The tests of strains isolated from blood cul-
tures in 1965-1966 [89] showed the marked effect
of increasing the inoculum from a 10-3 dilution
(1,000 ctu/ml) to the undiluted culture (108
cfu/ml) on resistance to antibiotics, including
the aminoglycosides, polymyxins, and chloram-
phenicol, among others. With the large inocu-
lum the strains were all, or nearly all, resistant
to the penicillins and cephalosporins. Subse-
quent tests of strains of Klebsiella from blood cul-
tures isolated in 1972 [90] were done with the
smaller inoculum; these tests brought out some
differences among the penicillins (there was more
resistance to nafcillin and cyclacillin than to the
others) and the cephalosporins (a large per-
centage of strains were more resistant to cepha-
lothin than to six others). Larger proportions of
strains of Klebsiella from hospital-acquired than
from community-acquired infections were resis-
tant to almost all antibiotics tested [90]. About
one-third of the strains were resistant to sulfa-
methoxazole alone, but all were highly sensitive
to trimethoprim and even more so to the com-
bination of trimethoprim with sulfamethoxazole
(ratio, 1:16) [67]. In other respects the results
were similar to those found among the 1964-
1965 strains that were tested with the same agents.
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A more detailed study of susceptibility of En-
terobacter to 19 antibacterial agents was carried
out with 199 strains isolated from June 1969
through February 1970 [94]. Two-thirds of the
strains were from sputum, and one-ixth from
urine; 609, were Enterobacter cloacae, and the
others were Enterobacter aerogenes. All strains
of both species were highly susceptible to genta-
micin; those of E. cloacae were all sensitive to
neomycin, but about 109, of Klebsiella were re-
sistant. Quantitatively, the strains of the two spe-
cies varied only slightly in susceptibility to the
other individual agents. The use of undiluted
culture for inoculum showed only slight or
moderate increases in MIC for most antibiotics
when compared with use of a 104 dilution; how-
ever, the MICs of carbenicillin, polymyxin B,
and colistimethate increased from 32- to 64-fold.
Most strains of both species were resistant to the
tetracyclines and chloramphenicol, and there was
marked cross-resistance among kanamycin, neo-
mycin, and streptomycin. There were numerous
patterns of multiple antibiotic resistance involv-
ing two to six antibiotics.

Finally, tests done with 65 antibiotics and or-
ganisms isolated at Boston City Hospital in
1972 [35, 36] showed the following results. (I)
Nearly all strains of both Klebsiella and Entero-
bacter were sensitive to gentamicin, tobramycin,
amikacin, and sisomicin. (2) More than one-third
of the strains of Klebsiella but only 109,-159,
of Enterobacter were resistant to neomycin, kan-
amycin, and streptomycin. (3) Resistance to poly-
myxin B and colistin was much more frequent
(~409,) among Enterobacter than among Kleb-
siella  (~109,). (4) One-third or more of the
Klebsiella but =159, of strains of Enterobacter
were resistant to the tetracyclines. (5) All
strains of Enterobacter were susceptible to chlor-
amphenicol, whereas about one-fourth of those
of Klebsiella were highly resistant. (6) A bi-
modal distribution of MICs for Klebsiella was
shown for all penicillins and cephalosporins;
although only about one-half of the strains were
highly resistant and the rest moderately resistant
to all penicillins, the strains were all susceptible
to the cephalosporins. (7) Strains of Enterobac-
ter were more susceptible than those of Klebsiella
to the penicillins, especially to the carbenicillin-
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like penicillins, but less sensitive to the cephalo-
sporins; larger proportions of Enterobacter were
resistant to most of the cephalosporins.

Serratia marcescens

Serious infections due to Serratia, many with bac-
teremia, were observed in considerable numbers
of patients at Boston City Hospital and in other
hospitals after 1962 [53, 95, 96]. A study of 111
strains isolated at Boston City Hospital from Sep-
tember 1967 through January 1968 showed bi-
modal distribution of MICs for seven antibiotics
(gentamicin, kanamycin, erythromycin, ampicil-
lin, chloramphenicol, tetracycline, and cephalor-
idine), with different proportions of strains
that were highly resistant. All of the strains test-
ed were resistant to polymyxin B and cephalo-
thin, cephalexin, and cephaloglycin, and from
three to seven of them were resistant to rifampin
and carbenicillin.

A comparison of these results with those ob-
tained with 17 “type” strains from the Center for
Disease Control that had been isolated and test-
ed in 1957-1958 showed that all of the earlier
strains were highly sensitive to gentamicin, kan-
amycin, and nalidixic acid; a much smaller pro-
portion of the earlier strains were resistant to
streptomycin.

Strains isolated at Boston City Hospital in
1971-1972 were tested with 65 antibiotics [35,
36]. From 409, to 809, of these strains were
highly resistant to 10 aminoglycosides, including
gentamicin, tobramycin, and sisomicin, but all
were susceptible to amikacin. All were moderately
or totally resistant to each of the seven tetracy-
cline analogues, to polymyxin and colistin, as
well as to chloramphenicol, spectinomycin, and
sulfamethoxazole. However, all of the strains
were highly susceptible to trimethoprim alone
or combined in a 1:16 ratio with sulfamethoxa-
zole [67]. Cefamandole and cefoxitin inhibited
nearly all strains in concentrations of = 25 ug/
ml, but these strains were all moderately or high-
ly resistant to nine other cephalosporins and to
I1 penicillins other than penicillinase-resistant
ones, which were not used in these tests. Rifam-
pin inhibited nearly all strains with 25-50 ug/
ml, and erythromycin was about one-fourth as
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active against the same strains. The strains were
even more resistant to the lincomycins [36].

Selected Epidemiological Reports of Emergence
and Spread of Resistance

Only a few reports from hospitals other than
Boston City will be cited. In Israel, Sompolinsky
et al. [97] studied the fecal flora of hospitalized
and nonhospitalized volunteers who had not re-
ceived any antibiotic therapy for at least six
months. They determined the emergence and
persistence of resistant aerobic bacteria before,
during, and up to two months after administra-
tion of a tetracycline or chloramphenicol for five
days. Before treatment, about 269, of fecal
strains from hospitalized subjects and 119, from
nonhospitalized subjects were resistant to tetra-
cycline, and about 39, were resistant to chloram-
phenicol.

During treatment of hospitalized subjects with
a tetracycline, sensitive strains rapidly disap-
peared from the feces, and tetracycline-resistant
strains persisted in up to 809, of organisms for
as long as two months after therapy was stopped.
In the tetracycline-treated subjects, chloram-
phenicol resistance increased to about 709,
promptly declined after therapy was stopped, and
persisted in lower proportion for two months. A
similar increase in tetracycline resistance oc-
curred during administration of a tetracycline
to nonhospitalized subjects, but in these subjects
resistance virtually disappeared within the fol-
lowing eight weeks.

Treatment of hospitalized patients with chlor-
amphenicol resulted in similar increases in
chloramphenicol resistance in the fecal flora dur-
ing treatment; the resistance to chloramphenicol
persisted in a smaller proportion of subjects over
the next two months. Resistance to tetracycline
in the chloramphenicol-treated hospitalized sub-
jects also rose to nearly 709, during therapy but
disappeared promptly after therapy was discon-
tinued. Tetracycline resistance did not emerge
in the aerobic fecal flora of the nonhospitalized
chloramphenicol-treated subjects, but chloram-
phenicol resistance emerged and persisted in a
large proportion of the nonhospitalized subjects
treated with chloramphenicol.

In the hospitalized subjects the emergent fecal
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flora during therapy was usually resistant to mul-
tiple drugs and infected with a large number of R
factors. In the nonhospitalized subjects, although
emergent resistance was just as frequent, it was
limited largely to the drug administered, disap-
peared rapidly, and was not transferable. In gen-
eral, resistance emerged more completely with
tetracycline than with chloramphenicol treat-
ment.

From Denver, Colo., Seldin et al. [98] reported
on a prospective study of the role of intestinal
colonization of patients admitted to the hospital
during a time when nosocomial infections with
multiple antibioticresistant Klebsiella were en-
demic. Among patients admitted to four wards
from October 1968 through February 1969, 14
of 31 patients who became intestinal carriers of
Klebsiella subsequently became infected with
Klebsiella of the same serotype, whereas only
11 of 101 patients who did not become intesti-
nal carriers developed infections with that or-
ganism. Antibiotic therapy was shown to predis-
pose the patient to intestinal carriage and to ex-
ert a selective pressure in favor of multiply resis-
tant Klebsiella. Thus, gastrointestinal acquisi-
tion and carriage of Klebsiella by the patients
appeared to be an important step in the devel-
opment of nosocomial infections with Klebsiella
and served to perpetuate a significant reservoir
of organisms in the hospital.

At Johns Hopkins Hospital (Baltimore, Md.),
Pollack et al. [99] studied the factors influencing
colonization and antibiotic resistance patterns
of gram-negative bacteria in hospitalized pa-
tients. Serial cultures showed almost a fourfold
increase in the percentage of hand cultures and
more than a twofold increase in the percentage of
throat cultures positive for Klebsiella after two
weeks of hospitalization. These increases oc-
curred almost entirely in patients receiving anti-
biotics. One-fourth of the strains of Klebsiella
were resistant to multiple drugs, and more than
half contained R factors. The frequency of R fac-
tors was greatest among Klebsiella and least in E.
coli. Here again the role of the use of antibiot-
ics in the acquisition of resistant gram-negative
organisms was confirmed.

At the City Hospital in Edinburgh, Scotland,
Shaw and others [100] studied the effects of oral
antibiotic therapy and of hospitalization on the
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patterns of antibiotic resistance of the fecal flora.
In nearly two-thirds of patients who were not
receiving antibiotics, the fecal flora was sensitive
to all of the drugs with which it was tested. Ad-
ministration of either tetracycline or ampicillin,
whether in the hospital or at home, significant-
ly increased the percentage of bowel coliforms
more resistant to tetracycline than to ampicil-
lin. Administration of amoxicillin, however, did
not significantly increase the percentage of pa-
tients with resistant fecal flora.

Other similar observations were reported
among hospitalized patients and in medical
practice in England [101, 102].

A sequential hospital outbreak of resistant Ser-
ratia and Klebsiella was reported from the Nash-
ville Veterans Administration Hospital (Nash-
ville, Tenn.) [103]. Nosocomial infections with
§. marcescens began to occur in late 1973 and
increased in number for six months; then as
they began to decline, multiple drug-resistant K.
pneumoniae infections appeared and increased,
while the multiple drug-resistant Serratia contin-
ued to occur through 1975. Approximately 400 pa-
tients had substantial infections with these or-
ganisms over the two and one-half years. The
outbreak occurred after gentamicin had been
used at the hospital for more than three years
before the first cases were recognized. The pat-
terns of drug resistance were similar in isolates
of both species, and the outbreaks were consid-
ered to be related to transferable R plasmids.

Olarte and Galindo [104] reported an extensive
epidemic of typhoid fever in Mexico; the out-
break began in February 1972 and involved more
than 10,000 cases in a few months. The great
majority of isolates of Salmonella typhi from this
outbreak that were tested were resistant to chlor-
amphenicol, tetracycline, streptomycin, and sul-
fonamide, were of a single phage type, and were
considered to be associated with a single R fac-
tor. Strains isolated later in the outbreak were
also resistant to kanamycin and ampicillin and
were considered to be associated with two R fac-
tors.

At about the same time, Butler and others
[105] identified four isolates of S. typhi from pa-
tients with typhoid fever in Vietnam that were
also resistant to chloramphenicol, tetracycline,
streptomycin, and sulfadiazine, and the patients
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failed to respond to treatment with chloramphen-
icol. Here there were three distinct Vi-phage
types, but the R factor-mediated drug resistance
was considered to be similar to that experienced
in Mexico, and the strains were susceptible to
ampicillin and to trimethoprim-sulfamethoxa-
zole. The latter was used successfully, and either
of the two was recommended as an alternative
drug of choice for therapy in such cases, although
chloramphenicol was recommended for infec-
tions with susceptible strains [106].

Workers at the Center for Disease Control [107]
compiled reports of 80 cases in the United States
between February 1972 and August 1973 of in-
fections with strains of S. typhi that were related
to the outbreak in Mexico. The cases in the
United States occurred in association with travel
in Mexico before, during, and after the epidemic
there.

Geographic Differences in Resistance

The marked differences in the prevalence of
methicillin-resistant S. aureus in different coun-
tries were already mentioned. Recently, O’Brien
and several collaborators [108] compared the
prevalence of resistance to the most commonly
used antibiotics of the most frequently encoun-
tered pathogenic species of bacteria among clini-
cal isolates from a general hospital in Paris and
onc in Boston. The average percentage of iso-
lates resistant to individual antibiotics was three
times greater and the percentage of isolates re-
sistant to six or more antibiotics was 14 times
greater among isolates in the Parisian hospital
than among those in the Boston hospital. The
differences were nearly as great among strains
isolated from patients during the first three days
in the two hospitals, a finding that suggests dif-
ferences in the bacterial flora in the communi-
ties. The authors noted that the percentage resis-
tant to any of the antibiotics was reported to be
remarkably similar among other hospitals in the
United States. Different patterns of antibiotic
usage in the two areas may underlie these differ-
ences in resistance.

Thus, the dominant feature in the emergence
and spread of resistant enterobacteria, as was
shown for S. aureus, appears to be the wide-
spread use of antibiotics, particularly in the in-
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dividuals from whom the antibiotic-resistant bac-
teria are isolated.
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Discussion

Dr. HuBerT PELTIER. Dr. Finland, I believe
that Harry Dowling and Mark Lepper later used
methicillin in the same manner in which they
had earlier used penicillin G and erythromycin.
Methicillin was administered to every patient (on
certain hospital wards) with infections due to
gram-positive cocci. 1 believe that the results, in
terms of emergence of resistance to methicillin,
were quite different from those obtained with
penicillin G and erythromycin. Furthermore,
Leon Sabath et al. studied the prevalence of
methicillin-resistant Staphylococcus aureus at the
Boston City Hospital and found that even after
10 years of use of methicillin, only 1.49, of strains
were resistant. Do you think that this rate is un-
usually low compared with what has been seen
elsewhere?

Dr. MaXwWELL FINLAND. Methicillin resistance
is not much different in Sabath’s data from what
has been observed in most hospitals in the United
States, except when there is a period of epidemic
spread of a single methicillin-resistant strain.
The increase in resistance that occurred in Bri-
tain did not materialize in the United States. The
studies in Denmark and Switzerland, in which
high rates of methicillin resistance were observed,
were associated with newly introduced bacterio-
phage types of staphylococci, and this high rate
of resistance to methicillin seems to have de-
clined. Furthermore, Robert Moellering and his
associates have shown no increase in resistance to
the cephalosporins for most common species of
microorganisms, including staphylococci, but ex-
cepting enterococci.

Dr. FRANK YOUNG. Has anyone compared the
relative frequency of resistance in obligative an-
aerobic organisms such as Bacteroides fragilis with

22

resistance in facultative anaerobic and aerobic or-
ganisms in hospitals?

Dr. SYypNEY FINEcoLp. The major change in
resistance of anaerobes is the development of sig-
nificant resistance to tetracyclines by virtually
all groups of anaerobes. Aside from this there has
not been a great deal of change in resistance.
There has been some change in the pattern of
susceptibility to clindamycin, particularly in the
genus Peptococcus in which about 109, of strains
have become resistant to clindamycin. Occasional
strains of B. fragilis are now resistant to clinda-
mycin, and some strains of Bacteroides melan-
inogenicus have appeared that are resistant to
penicillin G. In the latter case, these have been
strains that have an MIC as high as 32 units /ml.

Dr. HaroLp NEU. In the past year or two, we
and others around the country have seen in-
creases in the prevalence of methicillin-resistant
Staphylococcus epidermidis in large hospitals,
particularly in neurosurgical and orthopedic units
in which a great deal of semisynthetic penicillin
is used.

Dr. FinLaND. I am glad to hear of these obser-
vations. We have not continued studies with §.
epidermidis. Our data were obtained before peni-
cillinase-resistant penicillin and cephalosporins
were used as intensively as they are being used
now. Parenthetically, one reason that we stopped
working with S. epidermidis was that we felt it
was necessary to attempt to differentiate strains
either by phage typing or by serologic methods,
and this distinction has been difficult to achieve.
Without such differentiation, there may be some
problem in interpreting the data from different
institutions.
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