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A total of 236 enterococci from hospitalized patients were identified to the species level, and their
susceptibilities to 11 antibiotics were determined. Overall, 195 (82.6%) and 38 (16.1%) isolates were identified
as Enterococcus faecalis and E. faecium, respectively, but the species distribution as determined from blood
culture isolates differed markedly. A total of 27 (63.2%) E. faecium isolates, but no E. faecalis strains, were
ampicillin resistant (MIC, >8 pg/ml). High-level gentamicin resistance (MIC, >500 pg/ml) was found in 8.2%
of E. faecalis isolates but was not seen in other species.

Enterococci have recently emerged as an important cause
of serious nosocomial infection (13). The Royal Victoria
Infirmary is a 650-bed teaching hospital and tertiary referral
center in northeast England. During 1990, enterococci were
the fourth most common significant blood culture isolate,
occurring in 26 of 314 (8.3%) bacteremic episodes. In the
Intensive Care Unit, enterococci were isolated in 6 of 27
(22.6%) episodes of bacteremia and were the second most
common blood culture isolate (11).

Serious enterococcal infections can be difficult to treat.
Enterococci are intrinsically resistant to many antibiotics,
including clindamycin, the penicillinase-resistant antistaphy-
lococcal penicillins, and most cephalosporins (19). Acquired
resistance to chloramphenicol, erythromycin, and tetracy-
cline is relatively common (1). Enterococci are relatively
resistant to aminoglycosides (29), while antibiotics which
attack the cell wall, such as ampicillin and vancomycin,
usually lack bactericidal activity at achievable concentra-
tions in serum (17). However, the combination of an amino-
glycoside with penicillin, ampicillin, or a glycopeptide
achieves a synergistic bactericidal effect, and such combina-
tions are the mainstay of treatment of serious enterococcal
infections (6).

Studies have shown that enterococci highly resistant to
aminoglycosides (21) or ampicillin (23, 28) are becoming
increasingly common. Vancomycin resistance has also
emerged, but it is uncommon at present (7). Resistant
isolates are no longer susceptible to synergistic killing (18)
and present a serious therapeutic problem. There are rela-
tively few data on the prevalence of antibiotic resistance
among enterococci in the United Kingdom. The purposes of
this study were to determine the species distribution of
enterococci isolated from hospitalized patients and to deter-
mine their susceptibilities to a range of antibiotics.

A total of 205 consecutive clinical isolates of enterococci
from hospitalized patients were collected between 8 May
and 3 September 1990. Of these, 106 were isolated from
urine, 18 were isolated from gastrointestinal or genital tract
specimens, and most of the remainder were isolated from
skin and soft tissue sites. A total of 31 blood culture isolates
collected between 1 August 1989 and 1 January 1991 were
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also examined. In both cases, care was taken to exclude
duplicate isolates.

Enterococci were identified as bile-tolerant esculin-posi-
tive gram-positive cocci which grew in 6.5% NacCl. Identifi-
cation to the species level was carried out according to the
criteria of Facklam and Collins (10). Isolates were inoculated
with a multipoint inoculator onto a series of Columbia agar
plates (BBL Microbiology Systems, Oxford, England) con-
taining 1% peptone and 1% arabinose, lactose, mannitol,
sorbitol, or sorbose, with bromothymol blue (0.2%) as a pH
indicator. The plates were incubated in air at 37°C for 48 h.
Isolates which produced acid from lactose, mannitol, and
sorbitol, but not from arabinose or sorbose, were identified
as Enterococcus faecalis. Isolates which produced acid from
arabinose, lactose, and mannitol, but not from sorbitol or
sorbose, were identified as E. faecium. Isolates not identified
with this system were identified by using API 20 Strep
identification strips (API Bio-merieux, Basingstoke, En-
gland). MICs of 11 antibiotics were determined by an agar
incorporation technique in Iso-Sensidisc agar (BBL Micro-
biology Systems). An inoculum of approximately 10* CFU
was delivered to the surface of the plates with a multipoint
inoculator. The MIC was defined as the lowest concentration
of antibiotic which completely inhibited visible surface
growth of the inoculum after 18 h of incubation at 37°C. The
Oxford strain of Staphylococcus aureus (NCTC 6571; Na-
tional Collection of Type Cultures, London, England) was
used as a control.

All isolates were tested for B-lactamase production by the
rapid chromogenic-cephalosporin method (nitrocefin; Oxoid
Ltd., Basingstoke, England) (26).

Table 1 compares the species distribution of enterococci

TABLE 1. Distribution of species of enterococci isolated from
blood cultures and other sites

No. (%) of isolates

Spurce of
tolates Jaceddis faccium  raffwosus aviam T
Blood cultures 14 (45.2) 15(484) 1.2 13.2) 31
Other sites 181 (88.3) 23 (11.2) 1(0.5) 205
Total 195 (82.6) 38(16.1) 2(0.8) 1(0.4) 236
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TABLE 2. Susceptibilities of E. faecalis and E. faecium to nine antibiotics

MIC (pg/ml)
Antibiotic E. faecalis E. faecium
50% 90% Range 50% 90% Range

Ampicillin 1.0 2.0 =0.25-4.0 16.0 =64.0 0.5->64.0
Ciprofloxacin 1.0 2.0 =0.25-16.0 2.0 8.0 =0.25-16.0
Erythromycin 2.0 =64.0 =0.25->64.0 4.0 =64.0 =0.25->64.0
Imipenem 1.0 2.0 =0.254.0 16.0 =64.0 0.5->64.0
Meropenem 4.0 8.0 =0.25-16.0 =64.0 =64.0 2.0->64.0
Ofloxacin 2.0 4.0 0.5-16.0 4.0 8.0 1.0-16.0
Teicoplanin 0.5 0.5 =0.254.0 1.0 2.0 =0.25-2.0
Temafloxacin 1.0 4.0 0.5-16.0 4.0 8.0 1.0-16.0
Vancomycin 1.0 2.0 =0.25-4.0 =0.25 0.5 =0.25-2.0

2 50% and 90%, MIC for 50 and 90% of the isolates, respectively.

isolated from blood cultures and other sites. Our observa-
tions concur with other recent studies (4, 15, 22), which have
found that 80 to 90% of clinical isolates are E. faecalis, with
E. faecium accounting for most of the remainder. Many
studies have shown that E. faecalis is also the predominant
blood culture isolate (12, 24, 28). However, of the 31 blood
culture isolates in our study, 15 (48.4%) were E. faecium and
14 (45.2%) were E. faecalis. These results accord well with
those of some other recent studies: of 45 Lancefield group D
streptococcal bacteremias occurring in liver transplant pa-
tients, 23 were due to E. faecium and 21 were due to E.
faecalis (27). Of 10 blood culture isolates identified by Ruoff
and colleagues (22), five each were E. faecalis and E.
Jaecium.

A total of 15 (7.7%) E. faecalis and 4 (10.5%) E. faecium
strains were highly resistant to streptomycin (MIC, >2,000
pg/ml). A total of 16 (8.2%) E. faecalis isolates were highly
gentamicin resistant (MIC, >500 pg/ml). High-level genta-
micin resistance is uncommon in other enterococcal species
(9); no isolates with such resistance were found in this study.
Studies in the United States have shown high-level gentami-
cin resistance in up to 55% of E. faecalis isolates (21). In
previous British studies, high-level gentamicin resistance
had been found in 7% of E. faecalis isolates in a London
study (25) and in 13% of all enterococci in a Nottingham
study (8). .

Table 2 shows the results of MIC testing with nine other
antibiotics. A total of 24 (63.2%) E. faecium isolates were
resistant to ampicillin (MIC, >8 pg/ml), while ampicillin
resistance was not found in E. faecalis isolates. B-Lactamase
production was not detected in any of the isolates. The
overall ampicillin resistance rate in enterococci in our hos-
pital (10.6%) is considerably higher than many previous
studies have shown, although Oster and colleagues (20)
found that the ampicillin MICs for 9.0% of enterococci
isolated from hospitalized patients were =16 png/ml. In other
studies in the United States, Bush and colleagues (4) re-
ported that the penicillin MICs for 4.7% of clinical isolates
were =200 ng/ml, whereas Sapico and colleagues (23) found
ampicillin resistance in <1% of enterococci. Watanakuna-
korn (28) reported that the ampicillin MICs for 34 of 180

(18.9%) blood culture isolates collected from 1985 to 1989
were =4 pg/ml. In our study, the ampicillin MICs for 29.0%
of the blood culture isolates were =4 pg/ml. In a Spanish
study (5), the ampicillin MICs for 4.2% of enterococci were
=16 pg/ml. In a previous British study (8), ampicillin resis-
tance had been detected in 8 of 144 (5.6%) enterococci.

No glycopeptide resistance was seen in our study. As in
previous studies (3), teicoplanin was more active than van-
comycin against E. faecalis. However, vancomycin was
more active than teicoplanin against E. faecium. Only 35
(17.9%) E. faecalis and 4 (10.5%) E. faecium isolates were
sensitive to erythromycin (MIC, =<0.5 pg/ml).

Of the newer antibiotics, imipenem was as active as
ampicillin, but meropenem was considerably less active,
bearing out the results of previous reports (14). Ciproflox-
acin was the most active of the three quinolone antibiotics,
confirming previous findings (2, 16). E. faecium was more
resistant to the quinolones than E. faecalis.

In conclusion, the two most notable findings in this study
are the high proportion of blood culture isolates identified as
E. faecium and the high frequency of ampicillin resistance in
these isolates. The prevalence of high-level gentamicin re-
sistance is lower than that reported in many previous sur-
veys. Further studies on the epidemiology of infection by
ampicillin-resistant E. faecium are required.
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