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An apparently homogeneous strain of Staphylococcus aureus resistant to
gentamicin (Gmr), kanamycin, tobramycin, and sisomicin, but susceptible to
amikacin and netilmicin, caused multiple infections in neonatal infants in a special
care nursery. Nasal cultures revealed a high rate of carriage of the Gmr staphy-
lococcus in infants without clinical infection. Segregating patients according to a
modified cohort system and use of careful aseptic techniques led to apparent
elimination of the Gmr strain. The resistance to aminoglycosides in this strain
was mediated by an aminoglycoside 6'-N-acetyltransferase and a gentamicin
phosphotransferase. Genetic determinants for these enzymes were borne on a
circular covalently closed plasmid of approximately 11 megadaltons. These re-
sistance determinants closely resemble those found in isolates of S. aureus that
have caused nosocomial infections in patients in Europe.

Until recently, Staphylococcus aureus has
been thought to be almost regularly susceptible
to gentamicin. However, within the past few
years, strains of S. aureus resistant to gentami-
cin and other related aminoglycoside antibiotics
have appeared in European countries, where
they have caused infections, notably in patients
in hospitals (1, 6, 11, 13-16, 19). As might have
been expected, similrly resistant S. aureus
strains have appeared in the United States and
have been responsible for hospital-acquired in-
fections (M. J. Carter, G. P. Greenhood, R. E.
Dixon, W. P. Kanto, E. Aziz, V. Ashline, and J.
Galbraith, Abstr. Annu. Meeting Am. Soc. Mi-
crobiol. 1977, C123, p. 56). In this paper we
report the epidemiological and microbiological
aspects ofa small epidemic ofneonatal infections
caused by a strain of S. aureus that was resistant
to gentamicin, tobramycin, kanamycin, and sis-
omicin.

MATERIALS AND METHODS
Bacteria and plasmids. Clinical isolates of S. au-

reus and S. epidermidis are described in the Results.
RN450 is a plasmid-free, phage-"cured" derivative of
S. aureus 8325 (9). pSH2 is a staphylococcal kana-
mycin-neomycin resistance plasmid which has a sedi-
mentation coefficient (s,w) of 32s and a molecular
mass of 10 or 11 megadaltons (3, 18).
Media and culture methods. Specimens were cul-

tured for S. aureus by streaking on 5% sheep blood
agar or mannitol salt agar (BBL) petri plates. The
plates were examined after incubation for 18 to 24 h at
36°C. S. aureus colonies were identified by colonial

morphology, Gram stain, and positive coagulase tests
with rabbit plasma. For survey cultures, specimens
were taken regularly from swabs that were passed
through the nose as far as the nasopharynx.
A single colony of each S. aureuw isolate was sub-

mitted to the Public Health Laboratories, State of
Illinois Department of Public Health, for phage typing.

Susceptibility tests. Qualitative susceptibility
tests were performed by a standard disk diffusion
(Kirby-Bauer) method (12). Susceptibility to methi-
cillin was determined with use of a disk containing 5
itg of methicillin, after overnight incubation at 320C.
For quantitative assays we used an inoculum of a 10-2
dilution of an overnight qulture in Mueller-Hinton
broth deposited by a Steers-Foitz replicator on Muel-
ler-Hinton agar plates containing serial twofold dilu-
tions of the antibiotic under test. The minimal inhib-
itory concentration (MIC) was defined as the lowest
concentration of antibiotic that prevented visible
growth after incubation for 18 h at 360C. Tests for
susceptibility to Hg2+, Cd2 , Pb 2+, Zn2 , AsO44, and
As033- were performed by a disk diffusion method
(10).
Plasmid elimination. A single colony was picked

from growth on a brain heart infusion agar plate
containing 100 Ag of kanamycin per ml and was inoc-
ulated into a few milliliters of Trypticase soy broth.
After 2 h at 370C, this culture was used to provide
inocula of 101 colony-forming units per ml into tubes
of Trypticase soy broth containing graded concentra-
tions of ethidium bromide from 0.5 to 3.0 jg/ml and
into broth without ethidium bromide. After incubation
for 48 h at 30, 37, or 420C, appropriate dilutions of
cultures without ethidium bromide were isolated on
Trypticase soy agar. Similar platings were made from
tubes with the highest concentration of ethidium bro-
mide that allowed macroscopic growth. After 18 h at
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370C, the resultant colonies were replica plated on
agar plates containing 100 pug of kanamycin/ml or 10
pg of gentamicin/ml.
Other methods. Transduction of resistance deter-

minants was performed by published methods (2),
with typing phage 53 at a multiplicity of 0.07 and a
selective medium of brain heart infusion agar contain-
ing 100 pg of kanamycin/ml. We allowed a posttrans-
ductional incubation for 2.5 h in brain heart infusion
broth without antibiotics to permit expression oftrans-
duced genes.

Staphylococcal deoxyribonucleic acid (DNA) was
labeled with [3H]thymidine in young log-phase cells
at 30°C for 2 h in casein hydrolysate yeast extract
broth (17). DNA was extracted and analyzed on iso-
pycnic ethidium bromide-CsCl gradients and on neu-
tral and alkaline sucrose gradients (17, 18).

Assays for aminoglycoside adenylyltansferase, ace-
tyltransferase, and phosphotransferase were per-
formed by published methods (5).

RESULTS

Clinical epidemiology and control mea-
sures. We detected our first gentamicin-resist-
ant (Gmr) strains of S. aureus in cultures from
infants in the Neonatal Special Care Nursery, a
unit for infants with low birth weight or other
medical or surgical problems that require inten-
sive care. This nursery was comprised of two
rooms: one room was an intensive care unit with
a capacity of 12 bassinets, and the other was an
intermediate care unit with a capacity of 18
bassinets. Babies were transferred in either di-
rection between these two units on the basis of
clinical improvement or relapse. In addition,
there were two adjacent separate isolation rooms
for one to three babies each. The babies were
housed in incubators or open bassinets with or
without an overhead warmer. Standard nursery
technique included a hand scrub for 2 min with
an iodophor or hexachlorophene soap on enter-
ing the unit and a soap and water scrub for 15 s
between patients. Personnel wore gowns, but
these were not changed between patients. Kan-
amycin and ampicillin were administered fre-
quently to patients in this nursery in attempts
at the early treatment of potential bacterial in-
fection in this highly susceptible population. Our
earlier experience has shown that this practice
may lead to a high prevalence of kanamycin-
resistant S. aureus strains in the babies. After
recent reports of the isolation of Gmr staphylo-
cocci in England and France, we tested isolates
of S. aureus for susceptibility to gentamnicin and
found a Gmr S. aureus strain in an endotracheal
specimen obtained 31 December 1976 from a
baby in the Special Care Nursery. During the
following 3 weeks, similar strains were isolated
from six additional premature infants in the
same nursery. These included three cases of

bacteremia, one case of umbilical infection, one
case of dermatitis at the site of a pleural drainage
tube, and one case of nasal colonization.
To determine whether we were dealing, at this

time, with widespread colonization of the nurs-
ery population with Gmr staphylococci, we per-
formed a series of weekly nasal survey cultures
on all patients in the nursery (about 25 in num-
ber), beginning 18 January. We detected seven
other colonized patients from such cultures ob-
tained through 7 February 1977. Two of these
babies developed clinical infections due to the
Gmr strain of S. aureus within 1 month of their
first positive survey culture.
A modified cohort system of distribution of

patients in the nursery was instituted on 28
January 1977. Infants were classified into three
groups: those that had been culture positive for
Gmr staphylococci through 24 January, those
that had been admitted to the nursery before 28
January but had not been culture positive, and
new admissions after 28 January. Culture-posi-
tive infants were housed initially in the isolation
rooms and the intensive care unit. Newly admit-
ted infants were housed in a separate section of
the internediate care unit. After culture-positive
infants had been discharged from the intensive
care unit, the remaining babies in that unit were
transferred to separate sections of the interme-
diate care unit, one section for each of the three
classifications of patients. Each section had its
separate nursing staff, although there was no
physical barrier between the sections. The inten-
sive care unit was cleaned thoroughly. Personnel
were instructed in the importance ofhand wash-
ingwhen entering the nursery and after handling
babies. A survey of personnel working in the
Special Care Nursery by nasal swab cultures
revealed no carriers of the Gmr staphylococcus.
In February, the four remaining culture-positive
infants were transferred to the two isolation
rooms, and the Special Care Nursery reverted to
normal operation.
From 7 February through 22 April, nine sur-

veys failed to detect any additional colonized
patients among approximately 70 new patients
admitted to the nursery during this period. Some
patients previously colonized or infected with
the Gmr staphylococcus had intermittently or
persistently positive cultures until 8 March, but
these patients were discharged by 24 March. No
Gmr staphylococci were detected in five surveys
from 8 March to 22 April.
Two babies who had been hospitalized in the

Special Care Nursery during the outbreak, but
had been discharged before the nasal culture
surveys were instituted, were readmitted subse-
quently to another nursing unit, one with nasal
colonization and the other with conjunctivitis
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due to the Gmr strain. In addition, one baby
housed in another newbom nursery developed
conjunctivitis and infection of the umbilical
stump with the Gmr S. aureus. We assumed that
this baby acquired the organism from one of the
index cases who was housed for a short time in
this newbom nursery after transfer from the
Special Care Nursery. The infected baby was
discharged within a few days. A survey of the
remaining babies in the newbom nursery by
nasal and unbilical swabs disclosed no other
carriers of the Gmr staphylococcus.

After the ninth negative survey, on 22 April,
the next survey of infants in the Special Care
Nursery was performed on 24 May. This re-
vealed two new babies colonized with the Gmr
staphylococcus. These babies were isolated and
discharged without clinical evidence ofinfection.
A final survey on 2 June 1977 showed no other
colonized infants. In the absence of further cases
of clinical infection by the Gmr staphylococcus,
we conducted no other surveys. Routine cultures
from babies in the Special Care Nursery were
negative for Gmr staphylococci.
During this study, 37 isolates of gentamicin-

susceptible (Gm") S. aureus were obtained from
22 patients, one from a blood culture and the
remainder from survey cultures. Among these,
there were 23 isolates from 11 patients, including
the blood culture isolate, that were phenotypi-
cally comparable to the Gmr strain in all tests
employed as detailed below, except that they
were susceptible to aminoglycoside antibiotics.
Nine of these 11 patients also harbored the Gmr
strain concurrently or at other times.
From 18 January to 7 February, the period

during which all of the original Gmr strains were
detected, 12 of 26 (46%) staphylococcal isolates
obtained from the survey cultures were Gmr.
From 7 February through 28 February, the pe-
riod during which the original Gmr strains per-
sisted in the environment, 5 of 13 (39%) isolates
were Gmr. From 8 March to 22 April, none of
the isolates was Gmr. The survey of 24 May
showed two of eight (25%) isolates to be Gmr.
Although we did not screen routinely for Gmr

strains of S. epidermidis, we detected, inciden-
tally, two isolates of S. epidermidis that had the
same aminoglycoside resistance pattern as the
Gmr S. aureus.
Microbiological observations. Some phe-

notypic properties of the Gmr isolates are listed
in Table 1. The resistant strains formed a rela-
tively homogeneous group. Their phage types
were, for the most part, similar, albeit not iden-
tical. Successive Gmr isolates from each of four
patients had phage types that varied within the
range listed in Table 1. All Gmr strains had
identical patterns of susceptibility to antibiotics
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and inorganic ions. They exhibited an interme-
diate degree of resistance to Cd2+ characterized
by a zone of inhibition 15mm in diameter around
the Cd2+ disk. Staphylococci that harbor a pen-
icillinase plasmid usually have no zone of inhi-
bition, whereas staphylococci lacking a penicil-
linase plasmid exhibit a zone of inhibition mea-
suring 22 mm in diameter. This relatively unu-
sual property reinforced the probability that the
Gmr S. aureus isolates present in the Special
Care Nursery were derived from a single clone.
Broth cultures of each of three isolates ofGmr

S. aureus accumulated readily detectable Gm"
clones when they were grown at 37 or 42°C and
much higher proportions of Gm' clones after
growth at 37°C with ethidium bromide (Table
2). Gm8 clones did not revert to resistance when
tested by plating 109 colony-forming units on
brain heart infusion agar containing 15 jig of
gentamicin/ml or 100 ,ug of kanamycin/ml. The
Gmr property was distinctly more stable at 30°C
than at 37°C. After strain Bell was subcultured
12 times serially in Trypticase soy broth at 37°C,

TABLE 1. Properties ofgentamicin-resistant S.
aureus isolates from patients in a premature

nursery
Property Result

Antibiotic susceptibility
Penicillin .......................... R
Streptomycin ...................... S
Tetracycline ....................... S
Chloramphenicol ................... S
Methicillin ........................ S
Gentamicin ........................ R
Tobramycin ....................... R
Kanamycin ........................ R
Sisomicin ......................... R
Amikacin .......................... S
Netii cin ......................... S

Inorganic ion susceptibility
Cd2+ ........................... I
Hg2e ............................ S
Pb2+ ........................... R
Zn2 ........................... R
AsO43. ............................ S

Bacteriophage type
42E/53//81 ........................ 11
29//42E ........................... 2
(42E) ............................. 10
(42E)/53 ...... 1
Nontypable ........................ 3
29/(3C)/6/42E ..................... 1
29/42E/(47)/81 .................... 1
(29) ........................... 1
(29)/42E/(81) ...................... 2
6 ................................. 1

' R, Resistant; S, susceptible; I, intermediate. Num-
bers represent the number of isolates of each phage
type.
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the culture contained 40% Gm" clones, whereas
after similar cultures at 300C there were 1% Gm8
clones. These observations suggested that ami-
noglycoside resistance in the Gmr strains might
be bome on a plasmid. Aminoglycoside resist-
ance was eliminated similarly from one of the
Gmr S. epidermidis isolates.
The aminoglycoside resistance pattem of the

Gmr strains was transduced by phage 53 at fre-
quencies of 5 x 10-6 to 4 x 10-8 from S. aureus
strain Bell to two other S. aureus isolates of
similar phage type and into the standard labo-
ratory strain 8325(pl524). The higher rate of
transduction was obtained with recipient strains
of the same bacteriophage type as the donor.

TABLE 2. Elimination of aminoglycoside resistance
from S. aureus strain Bell

Conditions of growth
Aminoglycoside-

Temp (°C) Ethidium bro- susceptible clonesa
Temp(00) mide

37 - 1.6
37 + 33
42 - 2.3

a Percentage of total population.

Exposure of the transducing phage for 2 min to
ultraviolet irradiation from a General Electric
germicidal lamp (18 ergs/s per mm2) reduced
the frequency of transduction to one-third of
that with unirradiated phage. A similar dose of
ultraviolet has been shown to reduce the trans-
duction of staphylococcal plasmids, whereas it
increased the transduction of chromosomal
genes (2). The aminoglycoside MICs for the
transductants were virtually the same as those
for the naturally occurring Gmr strain (Table 3).
No other resistance determinants were cotrans-
duced.
Crude extracts of strain Bell, obtained by

grinding the staphylococci with alumina (4),
were examined for aminoglycoside-modifying
activity. These extracts catalyzed the acetyla-
tion and phosphorylation of gentamicin and
other aminoglycosides (Table 4). There was no

adenylyltransferase activity. The profile of sub-
strate modification by acetylation (i.e., activity
against gentamicin Cl., gentamicin C2, and neo-

mycin B, and lack of activity against gentamicin
Cl and paromomycin) was compatible with the
presence of an aminoglycoside 6'-N-acetyltrans-
ferase. The substrate profile of the phospho-

TABLE 3. MICs (pg/ml) of antibiotics for various strains of S. aureus
Strain Gentamicin Tobramycin Amikacin Kanamycin Netilmicin Sisomicin

Bell ...... 40 10 5 >80 1.2 10
Bell (cured) ...... 0.15 0.3 1.2 1.2 0.3 0.3
8325 ...... 0.07 <0.3 0.15 0.15 <0.03 <0.03
8325 (Gmr)a ...... 40 20 2.5 >80 2.5 40

a A Gm' transductant from strain Bell to strain RN450.

TABLE 4. Aminoglycoside-modifying activities of extracts ofgentamicin-resistant S. aureus strains Bell and
8325 (Gmr) and S. epidermidis strain rod

Acetyltransferase activitya Phosphotransferase activityb
Substrate

Bell 8325 (Gmr) Rod Bell 8325 (Gm') Rod

Gentamicin ................ 112C 124 94 100 100 100
Gentamicin C1 ............. 2 3 3 93 114 119
Gentamicin C, .............. 130 105 101 104 114 129
Gentamicin C2 ............. 47 45 40 77 104 79
Kanamycin A .............. 53 61 66 36 74 60
Kanamycin B .............. 100 100 100 7 26 22
Amikacin .................. 135 124 80 10 16 11
Netilmicin ................. 126 81 70 83 95 63
Sisomicin .................. 172 154 133 122 132 96
Tobramycin ................ 96 70 84 11 34 28
Neomycin B ............... 139 114 52 7 20 15
Paromomycin .............. 9 5 4 7 4 6
Streptomycin .............. 1 0 1 1 2 1

a The results of enzymatic modification of kanamycin B are set at 100%, and other values are reported
proportionately. The 100% value reflected at least 400 cpm compared with background counts of about 40 cpm.

b Expressed similarly to acetyltransferase activity except that the 100% value was set with gentamicin as
substrate.

e Results are means of two to four determinations except for acetyltransferase activity of 8325 (Gmr), which
represents a single series of determinations.
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transferase activity was compatible with the
presence of a gentamicin phosphotransferase
similar to that reported by others (4, 7). Similar
enzymatic activities were present in strain 8325
transduced to kanamycin resistance from strain
Bell (Table 4). The cotransduction of these ami-
noglycoside-modifying activities suggested that
they were determined by genes on a single plas-
mid. The combined presence of an aminoglyco-
side 6'-N-acetyltransferase and phosphotrans-
ferase in aminoglycoside-resistant staphylococci
has been reported (4). S. epidermidis strain Rod
has similar acetylating and phosphorylating ac-
tivities. Strains of S. aureus or S. epidermidis
that had been "cured" of their aminoglycoside
resistance had no aminoglycoside-modifying ac-
tivity.
The DNA of strain Bell and that of its Gmr

transductant in strain 8325 were analyzed by

A

3.

48 S

2

O~~~~~~~3SL
a. C
03

isopycnic centrifugation in solutions of CsCl-
ethidium bromide. In each case a plasmid band
was present (data not shown). Zonal centrifu-
gation of the plasmid bands in neutral 20 to 30%
sucrose solutions showed the DNA of strain Bell
to contain two plasmid peaks with sw, of 48s
and 35s by comparison with pSH2 as a standard
(Fig. 1A). The 35s plasmid was absent from a
Gm! derivative of strain Bell (Fig. 1B) and was
present in a Gmr transductant of strain RN450
(Fig. 10). Accordingly, we concluded that the
35s plasmid was the genetic determinant for
gentamicin resistance in strain Bell. The 48s
plasmid was presumably a penicillinase plasmid.
Freezing and thawing the DNA from a Gmr
transductant of strain Bell caused a discontin-
uous shift of label from the 35s peak to a new
peak at -20s, as would be expected if the 35s
peak was a closed circular plasmid and the 20s

5 10 15 20 25 30 5 10 IS 20 25 30

FRACTION NUMBER

FIG. 1. Sedimentation analysis of 3H-labeled aminoglycoside resistance plasmid () from S. aureus strain
BeU in sucrose gradients. In each experiment "C-labeled pSH2 (0) was cosedimented as a marker. (A)
Sedimentation ofplasmid DNA from strain BeU in a 20 to 30% neutral sucrose gradient. (B) Sedimentation
in a 20 to 30% neutral sucrose gradient ofplasmidDNA from a derivative ofstrain Bell that had been "cured"
of aminoglycoside resistance. (C) Sedimentation in a 20 to 30% neutral sucrose gradient ofplasmid DNA
obtained from a strain of S. aureus RN450 that was derived by transduction of aminoglycoside resistance
from strain Bell. (D) Same as (C) except that plasmids were sedimented in a 20 to 30% alkaline sucrose
gradient.
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peak was an open circular derivative thereof
(data not shown). In an alkaline sucrose gradient
the sedimentation coefficient ofthe Gmr plasmid
increased to 61s, in accordance with the expected
behavior of a covalently closed circular plasmid
(Fig. 1D). Based upon cosedimentation with
pSH2 in the sucrose gradients, the Bell Gmr
plasmid had a molecular mass of 11 if one takes
10 as the molecular mass of pSH2.

DISCUSSION

In recent years Gmr S. aureus strains have
caused infections in hospital patients in England
and France. Our experience, in addition to that
of others (Carter, et al., Abstr. Annu. Meet. Am.
Soc. Microbiol. 1977, C 123, p. 56), indicates that
aminoglycoside-resistant staphylococci are pres-
ent in the United States. As might be expected,
an environment of frequent treatment of pa-
tients with aminoglycoside antibiotics has pre-
ceded some Gmr staphylococcal infections (1,
11). However, treatment with aminoglycosides
is not a regular prerequisite for such occurrences
(6,14). In our Special Care Nursery, the frequent
prescription of kanamycin and ampicillin prob-
ably gave the Gmr staphylococcus a competitive
advantage over susceptible strains. Pediatricians
frequently prescribe kanamycin or gentamicin
plus ampicillin as the initial therapy ofsuspected
infections in neonates before culture data are
available. This therapy is aimed primarily at
infection by gram-negative bacilli and strepto-
cocci, but in addition is thought to provide some
initial protection against the possibility ofstaph-
ylococcal infection which is ordinarily infrequent
at this age. However, when staphylococcal infec-
tion is the primary suspect or is proven by
culture, therapy should consist ofa penicillinase-
resistant penicillin, or vancomycin for organisms
resistant to these agents. Our experience indi-
cates that the physician can no longer rely on
kanamycin or gentamicin to provide even partial
protection by their antistaphylococcal activity,
nor would tobramycin or sisomicin be suitable
substitutes. For the present, either amikacin or
netilmicin (not yet available for general use)
may be a satisfactory replacement for kanamy-
cin, since the MICs of these agents for our iso-
lates were within the susceptible range, albeit'
four- to eightfold higher than those for the
corresponding fully susceptible strains. How-
ever, it is to be expected that such use of ami-
kacin or netilmicin will lead to the advent of
staphylococci and other bacteria resistant to
these aminoglycosides.
Although the Gmr strain of S. aureus was

apparently eradicated from the Special Care
Nursery, we have isolated other Gmr staphylo-

cocci, differing in Cd2" resistance and colonial
color, from a few adult patients with no discern-
ible contacts with the newborn nurseries and
from two patients in the Special Care Nursery.
These isolates resemble the Gmr strain from the
Special Care Nursery in their pattem of resist-
ance to the aminoglycoside antibiotics. They
have not been examined for their genetic or
biochemical mechanism of resistance, but their
occurrence indicates that Gmr staphylococci are
not limited to a single strain in our hospital.
The genetic determinants of aminoglycoside

resistance in the S. aureus strain Bell (and pre-
sumably in the other similar isolates) were evi-
dently borne on a circular covalently closed
DNA plasmid. The two demonstrated mecha-
nisms of resistance, acetyltransferase and phos-
photransferase, were mediated by a single plas-
mid. This was shown by the conjoint transduc-
tion ofboth enzymatic activities at the relatively
low multiplicity of 0.07 phage particles to each
recipient staphylococcus and by the conjoint
elimination of these enzymes by plasmid "cur-
ing" procedures.
The efficiency ofthe acetyltransferase activity

in extracts of strain Bell for different aminogly-
coside antibiotics was generally similar to that
reported by Dowding (4) and by Le Goffic et al.
(7) and, as in their strains, is presumably due to
an aminoglycoside 6'-N-acetyltransferase. How-
ever, extracts of strain Bell acetylated amikacin,
gentamicin, and neomycin B to a greater extent
than kanamycin B, whereas the reverse was true
of extracts of isolates examined by Dowding (4)
and Le Goffic et al. (7). The acetyltransferase
activity of extracts of S. epidermidis strain Rod
resembled that of strain Bell, with the exception
of relatively less acetylation of amikacin and
neomycin B. Phosphorylation of aminoglycoside
antibiotics by extracts of strain Bell was most
efficient with gentamicin or sisomicin and slight
to negligible with neomycin B and paromomy-
cin. These results indicate that the principal
phosphotransferase activity in strain Bell was a
gentamicin phosphotransferase, very likely sim-
ilar to the 2"-O-phosphotransferase described
by others (7). Our studies do not exclude the
possible additional presence of a weak aminogly-
coside 3'-phosphotransferase activity, as was the
case with one of Dowding's strains (4). The
substrate specificity of the phosphotransferase
in strain Bell resembled that in the strain studied
by Le Goffic et al. (7) but differed from that
reported by Dowding (4) in exhibiting lesser
activity toward kanamycin B and amikacin. Ev-
idently, the enzymatic mechanisms of aminogly-
coside resistance in our Gmr strain resembled
those found in the European isolates. The dif-
ferences in substrate profiles obtained with our
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crude extracts probably are not great enough to
warrant an assertion of structural differences in
the enzymes of strain Bell, S. epidermidis strain
Rod, and the European strains of Gm' S. aureus.
Closer comparison of the properties of the puri-
fied enzymes of each set of organisms is neces-
sary to determine this point. Such studies might
be important in weighing the possibility that
these Gmr organisms reflect the widespread dis-
semination ofa single reistance plasmid or mul-
tiple acquisitions of different but related deter-
minants of resistance.
Our frequent isolation of a strain of S. aureus

that was susceptible to aminoglycosides but
otherwise phenotypically similar to the Gm'
strain suggests the possibility of ready in vivo
acquisition or loss of the Gmr aminoglycoside
resistance plamid. This hypothesis is supported
by the easy in vitro plamid loss from the Gmr
strain. Evidence for in vitro loss of other resist-
ance plasmids in S. aureus has been presented
recently (8).
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