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BSTRACT

 

Background

 

Since the emergence of methicillin-
resistant 

 

Staphylococcus aureus,

 

 the glycopeptide
vancomycin has been the only uniformly effective
treatment for staphylococcal infections. In 1997, two
infections due to 

 

S. aureus

 

 with reduced susceptibility
to vancomycin were identified in the United States.

 

Methods

 

We investigated the two patients with in-
fections due to 

 

S. aureus

 

 with intermediate resistance
to glycopeptides, as defined by a minimal inhibitory
concentration of vancomycin of 8 to 16 

 

m

 

g per milli-
liter. To assess the carriage and transmission of these
strains of 

 

S. aureus,

 

 we cultured samples from the
patients and their contacts and evaluated the isolates.

 

Results

 

The first patient was a 59-year-old man in
Michigan with diabetes mellitus and chronic renal fail-
ure. Peritonitis due to 

 

S. aureus

 

 with intermediate
resistance to glycopeptides developed after 18 weeks
of vancomycin treatment for recurrent methicillin-
resistant 

 

S. aureus

 

 peritonitis associated with dialysis.
The removal of the peritoneal catheter plus treat-
ment with rifampin and trimethoprim–sulfamethox-
azole eradicated the infection. The second patient
was a 66-year-old man with diabetes in New Jersey.
A bloodstream infection due to 

 

S. aureus

 

 with inter-
mediate resistance to glycopeptides developed after
18 weeks of vancomycin treatment for recurrent meth-
icillin-resistant 

 

S. aureus

 

 bacteremia. This infection
was eradicated with vancomycin, gentamicin, and
rifampin. Both patients died. The glycopeptide-inter-
mediate 

 

S. aureus

 

 isolates differed by two bands on
pulsed-field gel electrophoresis. On electron micros-
copy, the isolates from the infected patients had
thicker extracellular matrixes than control methicillin-
resistant 

 

S. aureus

 

 isolates. No carriage was docu-
mented among 177 contacts of the two patients.

 

Conclusions

 

The emergence of 

 

S. aureus

 

 with in-
termediate resistance to glycopeptides emphasizes
the importance of the prudent use of antibiotics, the
laboratory capacity to identify resistant strains, and
the use of infection-control precautions to prevent
transmission. (N Engl J Med 1999;340:493-501.)
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*Other members of the Glycopeptide-Intermediate 

 

Staphylococcus aureus

 

Working Group are listed in the Appendix.

 

TAPHYLOCOCCUS AUREUS

 

 is one of the
most common causes of nosocomial and com-
munity-acquired infection.

 

1,2

 

 It is the most
common cause of surgical-wound infections

and second only to coagulase-negative staphylococci
as a cause of nosocomial bloodstream infection.

 

1

 

 After
the initial success of penicillin in treating 

 

S. aureus

 

 in-
fections, resistance to this drug began to emerge. Now,
70 to 80 percent of 

 

S. aureus

 

 isolates are resistant to
penicillin.

 

3

 

 Methicillin and other semisynthetic peni-
cillins were successful in treating penicillin-resistant

 

S. aureus

 

 infections until the 1980s, when methicillin-
resistant 

 

S. aureus

 

 became endemic in many hospitals.

 

4

 

Since the emergence of methicillin-resistant 

 

S. au-
reus,

 

 the glycopeptide vancomycin has been the only
uniformly effective treatment for staphylococcal in-
fections. The recent emergence of glycopeptide re-
sistance in coagulase-negative staphylococci has height-
ened concern about whether 

 

S. aureus

 

 could acquire
glycopeptide resistance

 

5-12

 

; the emergence of such re-
sistance could produce morbidity and mortality sim-
ilar to that caused by 

 

S. aureus

 

 infections in the era
before antibiotics became available.

In May 1996, the world’s first documented clinical
infection due to 

 

S. aureus

 

 with intermediate resistance
to glycopeptides (glycopeptide-intermediate 

 

S. au-
reus

 

) was diagnosed in a patient in Japan.

 

13,14

 

 In this
report, we describe our investigation of the first docu-
mented glycopeptide-intermediate 

 

S. aureus

 

 infections

S
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in the United States and discuss the clinical signifi-
cance and public health implications of the emergence
of these organisms.

 

METHODS

 

Definition, Ascertainment, and Review of Cases

 

An 

 

S. aureus

 

 isolate with intermediate resistance to glycopep-
tides was defined as an 

 

S. aureus

 

 isolate associated with a minimal
inhibitory concentration of vancomycin of 8 to 16 

 

m

 

g per millili-
ter.

 

15

 

 A patient who had an infection caused by glycopeptide-inter-
mediate 

 

S. aureus

 

 at William Beaumont Hospital, Royal Oak, Mich-
igan, or Our Lady of Lourdes Hospital, Camden, New Jersey,
from August 1996 to August 1997 was considered a case patient.

To identify 

 

S. aureus

 

 isolates with intermediate resistance to gly-
copeptides, we reviewed the hospitals’ laboratory records to iden-
tify any 

 

S. aureus

 

 isolate associated with a minimal inhibitory con-
centration of vancomycin that was 4 

 

m

 

g per milliliter or higher for
retesting. For each patient who had an infection with 

 

S. aureus

 

with intermediate resistance, we reviewed the available medical
records to obtain information on the clinical course and outcome,
any antecedent use of antimicrobial agents, therapy, and contacts
with health care personnel. These patients were interviewed to
determine their activities and details of their recent medical care.

 

Infection-Control Policies and Practices

 

Next, we reviewed infection-control policies and practices at fa-
cilities and agencies where patients found to have resistant isolates
had received care. To assess infection-control practices, we admin-
istered a standardized questionnaire to personnel who had pro-
vided direct care to the patients with resistant infection. We asked
them about their knowledge of the patient’s infection or carriage
status, and their use of barrier precautions (e.g., gloves, gown,
and mask) when caring for the infected patients.

 

Investigation of Contacts

 

To assess potential transmission of 

 

S. aureus

 

 with intermediate
resistance to glycopeptides, we identified the hospital roommates,
health care providers, and household contacts of patients with re-
sistant isolates and cultured specimens from their hands and nares.

 

Laboratory Methods

 

Glycopeptide-intermediate 

 

S. aureus

 

 and epidemiologically re-
lated 

 

S. aureus

 

 isolates were sent to the Centers for Disease Control
and Prevention (CDC) for confirmation of the species by stand-
ard reference methods

 

16

 

 and for antimicrobial-susceptibility testing
with broth-microdilution methods.

 

17

 

 Isolates of 

 

S. aureus

 

 with in-
termediate resistance to glycopeptides were typed by pulsed-field
gel electrophoresis.

 

17,18

 

S. aureus

 

 isolates with intermediate glycopeptide resistance were
examined by scanning and transmission electron microscopy. For
scanning electron microscopy, modifications of standard scanning
electron microscopical techniques

 

19

 

 were used to fix, embed, and
stain the organisms, which were then observed with a Philips XL20
scanning electron microscope (Philips Electronic Instruments,
Mahwah, N.J.). To obtain transmission electron micrographs,
modifications of standard transmission electron microscopy tech-
niques

 

20

 

 were used to fix, embed, and stain the organisms, which
were then observed with a Philips 410 TEM transmission electron
microscope (Philips Electronic Instruments).

Specimens for culture were obtained by swabbing the anterior
nares with a dry sterile swab and were inoculated onto mannitol
salt agar and incubated at 35°C. Specimens for culture from the
hands were obtained by the wipe–rinse technique.

 

21

 

 Rinse fluid
obtained with the wipe–rinse technique was passed through a
0.45-

 

m

 

m membrane filter (Advantec MFS, Pleasanton, Calif.). The
filters were then implanted on Columbia nutrient agar (Becton
Dickinson Microbiology Systems, Cockeysville, Md.) and mannitol
salt agar. The cultures of specimens from the hands were incubated

for up to seven days at 35°C. Isolates were screened by the Staph-
aurex Rapid latex test (Murex Diagnostics, Norcross, Ga.) and the
coagulase tests.

 

16

 

 All 

 

S. aureus

 

 isolates were tested for susceptibility
to vancomycin by agar-plate dilution.

 

22

 

 In Michigan, cultures of
specimens from the hands and nares of the patient and contacts
were transported to the Michigan Department of Community
Health for identification of the species and testing for susceptibil-
ity to vancomycin. All specimens from New Jersey were sent di-
rectly to the CDC.

 

CASE REPORTS

 

Patient 1

 

Patient 1 was a 59-year-old man in Michigan who had diabetes
mellitus, hypertension, metastatic small-cell carcinoma of unknown
primary origin, and chronic renal failure that had required contin-
uous ambulatory peritoneal dialysis since 1992. In February 1997,
he was given a diagnosis, as an outpatient, of peritonitis after nausea
and vomiting developed (Fig. 1). The peritoneal-fluid cell count
was 790 white cells per deciliter, of which 88 percent were poly-
morphonuclear leukocytes. Gram’s staining of the peritoneal fluid
revealed gram-positive cocci, and cultures grew methicillin-resist-
ant 

 

S. aureus

 

. The patient was treated with intravenous vancomycin
(1 g every 72 hours) for 14 days. The indwelling peritoneal cath-
eter had no insertion-site inflammation and was not removed.
Cultures of peritoneal fluid obtained after the completion of in-
travenous vancomycin therapy were negative. Over the subsequent
five months, the patient had four additional episodes of culture-
confirmed methicillin-resistant 

 

S. aureus

 

 peritonitis; each was treat-
ed with intravenous vancomycin, predominantly on an outpatient
basis. The patient received vancomycin for a total of 18 weeks be-
fore glycopeptide-intermediate 

 

S. aureus

 

 was identified; peak se-
rum levels of vancomycin (median, 33 

 

m

 

g per milliliter; range,
20.6 to 42.3) and trough levels (median, 10.4 

 

m

 

g per milliliter;
range, 6.2 to 19.7) were within recommended limits.

 

23

 

On July 19, 1997, 

 

S. aureus

 

 with intermediate glycopeptide re-
sistance was cultured from the patient’s peritoneal fluid. Antimi-
crobial agents to which the isolate was susceptible included
chloramphenicol, rifampin, trimethoprim–sulfamethoxazole, and
tetracycline. Initially, the patient was treated as an outpatient with
intravenous vancomycin (1 g every 72 hours) and intramuscular
tobramycin (120 mg every 5 days). However, he continued to
have abdominal pain and was hospitalized. Vancomycin was ad-
ministered intraperitoneally at a dosage of 50 mg per 2 liters of
dialysate twice a day and intravenously at 1 g every 72 hours. Cul-
tures of peritoneal fluid obtained on days 12 and 19 of vancomy-
cin therapy remained positive for 

 

S. aureus

 

 with intermediate gly-
copeptide resistance. On August 18, oral rifampin (300 mg daily)
was added to the patient’s regimen. On August 21, oral trimeth-
oprim–sulfamethoxazole (160 mg and 800 mg daily) was also
added; vancomycin and gentamicin were discontinued. At the
time of our investigation, 23 days after the initiation of therapy,

 

S. aureus

 

 was cultured from the patient’s hands; no 

 

S. aureus

 

 with
intermediate glycopeptide resistance was detected.

On September 5, 49 days after antimicrobial therapy for glyco-
peptide-intermediate 

 

S. aureus

 

 was begun, peritoneal-fluid cultures
became negative; the peritoneal catheter was removed 4 days later.
Culture of material from the catheter revealed no S. aureus. The
patient had received a total of 16 days of rifampin and trimetho-
prim–sulfamethoxazole and was discharged on hemodialysis. The
patient resumed continuous ambulatory peritoneal dialysis with
no recurrence of peritonitis.

Surveillance cultures of specimens from the axilla, nares, vascular
catheters, and peritoneal catheters were performed until January 6,
1998, and remained negative for S. aureus with intermediate gly-
copeptide resistance. The patient died at home, under hospice
care. No autopsy was performed.

Patient 2

Patient 2 was a 66-year-old man in New Jersey who had conges-
tive heart failure and diabetes mellitus; he was admitted to the hos-
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pital on February 4, 1997, for evaluation of shortness of breath. A
urinary tract infection due to methicillin-resistant S. aureus and van-
comycin-resistant enterococci was diagnosed; the patient was
treated with intravenous vancomycin (1 g on day 1) and oral dox-
ycyline (100 mg daily for 10 days). Seven days into treatment, acute
renal failure developed that required peritoneal dialysis. Cultures
of peritoneal fluid obtained at the time of catheter insertion grew
methicillin-resistant S. aureus. After 11 days, when dialysis was no
longer required, the peritoneal catheter was removed, and no fur-
ther peritoneal fluid for culture was obtained. On day 16 of hos-
pitalization, a methicillin-resistant S. aureus bloodstream infection
was diagnosed, and the patient received intravenous vancomycin
(1 g every three days) for four more weeks. Blood cultures were
negative after two weeks of intravenous vancomycin.

In April and July, the patient had three recurrences of methi-
cillin-resistant S. aureus bloodstream infection; no localized infec-
tions were identified, and no foreign bodies were present at the time
each infection was diagnosed. Bone scanning and white-cell scan-
ning to detect possible occult infection were also negative. Trans-
esophageal echocardiography showed clinically insignificant aortic
and mitral insufficiency, but no valvular vegetations. Each episode
was treated with intravenous vancomycin (1 g every three days).
The peak serum vancomycin levels measured on two occasions
were 32.5 mg per milliliter and 26.4 mg per milliliter. Trough lev-
els and randomly measured serum vancomycin levels ranged from
4.6 to 26.2 mg per milliliter (median, 16.6). Only one randomly
measured vancomycin level (4.6 mg per milliliter) fell below the
recommended range for the trough serum level of vancomycin.23

On August 6, 1997, after a total of 18 weeks of vancomycin
therapy, a culture of blood drawn to evaluate the response to
therapy grew S. aureus with intermediate resistance to glycopep-

tides. The bloodstream infection was initially treated on an out-
patient basis with intravenous vancomycin (1 g every 10 days).
On August 11, after the S. aureus isolate was recognized as having
intermediate resistance to vancomycin, intravenous gentamicin
(80 mg per day) was added. At the time of our investigation, four
days after the addition of gentamicin, no S. aureus was cultured
from specimens obtained from the patient’s hands or nares.

On August 26, pedal and pulmonary edema developed, and
oral rifampin (300 mg daily) was added to the patient’s regimen.
Two days later, he was admitted to the hospital for rapidly pro-
gressive renal insufficiency, thought to be due to his nephrotoxic
medications, and peritoneal dialysis was begun. After four weeks
of antimicrobial therapy for S. aureus infection with intermediate
resistance to glycopeptides, all antimicrobial drugs were discontin-
ued. On September 23, his temperature was 38.0°C (100.4°F),
and blood cultures grew Candida glabrata and C. parapsilosis;
peritoneal-fluid cultures grew S. epidermidis; urine cultures grew
klebsiella and pseudomonas species. No S. aureus with intermedi-
ate resistance to glycopeptides was isolated from these cultures.
Despite treatment with intravenous amphotericin B (45 mg per
day) and oral doxycycline (100 mg twice a day) and ciprofloxacin
(500 mg every 12 hours), the patient died 34 days after admis-
sion. Consent for an autopsy was refused.

RESULTS

Infection-Control Policies and Practices

While infected with S. aureus with intermediate
resistance to glycopeptide, these two patients re-
ceived care at three hospitals and affiliated outpa-

Figure 1. Time Line Showing the Clinical Course of Patients 1 and 2.
Dark bands show the duration of therapy or symptoms, plus signs the presence of symptoms or abnormalities or positive test re-
sults, and minus signs negative test results. GPC denotes gram-positive cocci, MRSA methicillin-resistant Staphylococcus aureus,
and GISA glycopeptide-intermediate S. aureus.
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tient clinics, at five physicians’ offices, and through
two home health agencies. Each of these medical
care settings had written infection-control policies
that were consistent with the CDC’s recommended
precautions for the care of patients infected with an-
timicrobial-resistant pathogens. In Michigan, con-
tact isolation precautions (i.e., private rooms, gowns,
gloves, and use of antimicrobial soap) were used for
Patient 1 on his admission to the hospital because of
his carriage of methicillin-resistant S. aureus; while
he was receiving outpatient care in physicians’ offices
and hospital clinics and at home, standard precau-
tions were generally used. In New Jersey, Patient 2
was also placed on contact isolation precautions at
the time of hospitalization, because of a prior infec-
tion with vancomycin-resistant enterococci.

Among the 151 health care workers who provided
direct care to these patients, 62 (41 percent) knew the
patients were colonized or infected with methicillin-
resistant S. aureus or vancomycin-resistant entero-
cocci, and 118 (78 percent) used gloves, with or with-

out further barrier methods, when delivering care to
the patients.

Investigation of Contacts

We identified 235 contacts (79 in Michigan and
156 in New Jersey); 58 hospital employees (25 per-
cent) were unavailable because of vacations (33 work-
ers) or hospital policy (25 workers). The remaining
177 contacts (54 in Michigan and 123 in New Jersey)
were 86 nurses or nurse’s assistants, 23 physicians, 15
home health aides, 11 phlebotomists, 10 household
contacts, 8 hospital roommates, 7 technicians, 4 or-
derlies, 4 emergency-response personnel, 3 physical
therapists, 3 medical students, 2 hospital chaplains,
and 1 dietitian. All agreed to provide material for cul-
ture. Sixty (34 percent) of these contacts (21 in
Michigan and 39 in New Jersey) were positive for
S. aureus; 10 (17 percent) had hand carriage only,
40 (67 percent) had nares carriage only, and 10 (17
percent) had both. No carriage of S. aureus with in-
termediate resistance to glycopeptides was found.

Figure 2. Patterns of SmaI-Digested DNA of S. aureus Isolates on Pulsed-Field Gel Electrophoresis.
S denotes lambda molecular-size standards; lane 1, S. aureus American Type Culture Collection 29213 control; lane 2,
a methicillin-resistant S. aureus isolate from Georgia; lane 3, a glycopeptide-intermediate S. aureus isolate from Patient 1
in Michigan; lane 4, a methicillin-resistant S. aureus isolate from Patient 1 in Michigan; and lane 5, a glycopeptide-
intermediate S. aureus isolate from Patient 2 in New Jersey.

kb

485

388

291

194

97

S 1 2 3 4 5 S

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 



EMERGENCE OF VANCOMYCIN RESISTANCE IN STAPHYLOCOCCUS AUREUS

Volume 340 Number 7 · 497

Results of Laboratory Tests

According to broth-microdilution methods, the iso-
lates of S. aureus with intermediate resistance to gly-
copeptides from both patients had minimal inhibitory
concentrations of 8 mg per milliliter of vancomycin
both on initial testing and after passage through 20
subcultures. In contrast, on disk-diffusion testing, the
Michigan and New Jersey isolates were read as sus-
ceptible to vancomycin at 18 and 17 mm, respectively.
Both isolates were resistant to penicillin, oxacillin, cip-
rofloxacin, erythromycin, and clindamycin, but both
remained susceptible to chloramphenicol, dalfopris-
tin, quinupristin, tetracycline, and trimethoprim–sul-
famethoxazole. Patient 1’s isolate was resistant to
gentamicin and teicoplanin and susceptible to rifam-
pin, whereas Patient 2’s isolate was resistant to rifam-
pin and susceptible to gentamicin and teicoplanin.17

With the exception of intermediate resistance to van-
comycin, the susceptibility patterns of the S. aureus

isolates were similar to those of each patient’s previ-
ous strain of methicillin-resistant S. aureus. Population
analysis confirmed the presence of glycopeptide-
intermediate subpopulations of S. aureus.

Pulsed-field gel electrophoresis revealed a differ-
ence of two bands between the two S. aureus isolates
with intermediate resistance to glycopeptides (Fig. 2).
Patient 1’s glycopeptide-intermediate S. aureus iso-
late and a methicillin-resistant S. aureus isolate from
the patient’s hands had indistinguishable patterns on
pulsed-field gel electrophoresis (Fig. 2). No methi-
cillin-resistant S. aureus isolate from Patient 2 was
available for comparison.

Scanning and transmission electron microscopy
showed a layer of extracellular material of unknown
chemical composition in the S. aureus isolates with in-
termediate resistance to vancomycin that was thicker
than that in the methicillin-resistant S. aureus con-
trol isolates (Fig. 3).

Figure 3. Electron Micrographs of S. aureus Isolates. 
The top row shows scanning electron micrographs magnified 50,000 times; the bottom row, transmission electron micrographs
magnified 348,000 times. Panels A and D show a glycopeptide-intermediate S. aureus isolate from Patient 1 in Michigan, in which
increased extracellular material is evident; Panels B and E, methicillin-resistant S. aureus from Georgia, showing a normal cell wall
without increased extracellular material; and Panels C and F, a glycopeptide-intermediate S. aureus isolate from Patient 2 in New
Jersey, with evidence of increased extracellular material.
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DISCUSSION

We investigated the first two documented infec-
tions with S. aureus with intermediate resistance to
glycopeptides in the United States. To date, a total
of four glycopeptide-intermediate S. aureus infec-
tions have been documented worldwide,13 the first
in Japan and, more recently, the fourth in New York.
The emergence of S. aureus with intermediate glyco-
peptide resistance raises a number of questions: Who
is at risk for infection with these strains of S. aureus?
Are these strains clinically important? What is the
mechanism of resistance? Finally, how can infection
with S. aureus with intermediate resistance to glyco-
peptides be prevented and controlled?

Although the small number of documented infec-
tions due to glycopeptide-intermediate S. aureus pre-
cludes a formal risk assessment, there are certain com-
mon features among the four documented cases. First,
all four patients had prior infections with methicillin-
resistant S. aureus, for which they received repeated
and prolonged vancomycin therapy. Second, three of
the four received long-term or temporary dialysis.
Third, three of the four had poor clinical response to
vancomycin therapy. These findings suggest that mon-
itoring for colonization or infection with S. aureus
with intermediate glycopeptide resistance may be war-
ranted among patients who are often treated with
vancomycin, such as patients on dialysis.

The clinical course of the patients infected with
S.aureus with intermediate vancomycin resistance sug-
gests that even partial glycopeptide resistance among
S. aureus is clinically important. Eradication of the
glycopeptide-intermediate S. aureus infection in the
patient in Japan required surgical débridement and
prolonged therapy with ampicillin–sulbactam and
arbekacin, an aminoglycoside unavailable in the Unit-
ed States.14 The first U.S. patient required seven
weeks of combination antimicrobial therapy and re-
moval of a peritoneal catheter for successful eradica-
tion of the infection. The second U.S. patient also
required prolonged antimicrobial therapy, which was
complicated by impaired renal function that required
continuous ambulatory peritoneal dialysis. S. aureus
with intermediate glycopeptide resistance should be
suspected in any patient in whom otherwise appro-
priate vancomycin therapy for S. aureus infection ap-
pears to be ineffective.

Recently advocated approaches to the treatment of
infections include the treatment of abscesses without
drainage24 and the use of vancomycin without sur-
veillance of serum vancomycin levels.25 Although these
approaches may prove successful in some cases, the
recent experience with infections caused by S. aureus
with intermediate glycopeptide resistance suggests
that abscesses must be drained and that adequate an-
timicrobial levels must be maintained for therapy to
be successful.23,26-29

Options for the treatment of infections caused by

S. aureus with intermediate glycopeptide resistance
should be based on the organism’s antimicrobial-
susceptibility profile. An expanded antimicrobial-sus-
ceptibility profile may be necessary, depending on the
laboratory’s standard susceptibility panel. Some pa-
tients with S. aureus infection also benefit from con-
sultation with an infectious-disease specialist.29 Fortu-
nately, to date all S. aureus isolates with intermediate
glycopeptide resistance have been susceptible to al-
ternative agents, including newly developed agents.17

Glycopeptide resistance may have emerged in S. au-
reus because of interspecies transfer of resistance
genes or selection of resistant mutants as a result of
prolonged antimicrobial therapy. The ability of gram-
positive organisms to acquire glycopeptide-resistance
genes became a matter of concern with the emer-
gence of vancomycin-resistant enterococci, and van-
comycin-resistance genes have been transferred from
vancomycin-resistant enterococci to S. aureus in vi-
tro.6 However, none of the S. aureus isolates with in-
termediate glycopeptide resistance have had vanA,
vanB, vanC1, vanC2, or vanC3 genes,17 suggesting
that interspecies transfer of resistant genes from van-
comycin-resistant enterococci30 is not the mechanism
by which glycopeptide resistance developed in these
S. aureus isolates.

Certain common factors in the cases of the two
U.S. patients suggest that cellular modification due
to prolonged vancomycin exposure was probably re-
sponsible for the emergence of glycopeptide resistance
in these isolates. Both patients had received multiple
prolonged courses of vancomycin for methicillin-
resistant S. aureus infections. The patients’ methicil-
lin-resistant S. aureus isolates and their S. aureus iso-
lates with intermediate glycopeptide resistance had
similar minimal inhibitory concentrations of antimi-
crobials other than vancomycin. In addition, S. aureus
isolates that had intermediate vancomycin resistance
had increased extracellular material associated with
the cell wall — a finding similar to that observed in
S. aureus organisms with intermediate glycopeptide
resistance induced in vitro.7,31,32 The thickened extra-
cellular material has been shown to sequester vanco-
mycin7 and to reduce the susceptibility of S. aureus
to vancomycin.32 Although the exact mechanism of
vancomycin resistance has not been determined,
these data suggest that it emerged through the se-
lection of naturally occurring resistant mutants dur-
ing prolonged exposure to vancomycin. Elucidation
of these mechanisms will be essential for the devel-
opment of effective therapeutic agents.

The two S. aureus isolates with intermediate resist-
ance to glycopeptides that were isolated from U.S.
patients had similar patterns on pulsed-field gel elec-
trophoresis. The S. aureus isolates with intermediate
glycopeptide resistance and the colonizing methi-
cillin-resistant S. aureus isolates from one patient
were indistinguishable, suggesting that the methicil-
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lin-resistant S. aureus isolate may have been the pro-
genitor of the S. aureus with intermediate glycopep-
tide resistance. The apparent similarity between the
two geographically distant and epidemiologically un-
related isolates from the patients in Michigan and
New Jersey probably reflects our inability to distin-
guish the genetic ancestry of the methicillin-resist-
ant S. aureus isolates in the United States because of
the limited number of strains. The two S. aureus iso-
lates with intermediate glycopeptide resistance in the
U.S. patients differed from the Japanese isolate.17

The widespread use of vancomycin and other anti-
microbial agents that resulted in the dramatic in-
crease in the prevalence of vancomycin-resistant en-
terococci in U.S. hospitals33 may cause a similar
increase in the prevalence of S. aureus with interme-
diate glycopeptide resistance. Data from Japan show
that methicillin-resistant S. aureus with heteroresist-
ance to vancomycin (heteroresistance is the manifes-
tation of the resistance phenotype by only small sub-
populations of the strain) is present in a number of
hospitals.14 The prevalence of heteroresistant methi-
cillin-resistant S. aureus isolates in U.S. hospitals is
unknown. Fortunately, each of the hospitals to which
the U.S. patients were admitted had infection-con-
trol policies in place for patients with antimicrobial-
resistant infections or colonization, and we docu-
mented no carriage of S. aureus with intermediate
glycopeptide resistance among the household or
medical contacts of either patient. The lack of trans-
mission of these resistant S. aureus infections sug-
gests that adherence to recommended infection-con-

trol practices may prevent the transmission of S. aureus
with intermediate glycopeptide resistance from pa-
tient to patient and from patient to health care
worker. Nevertheless, continuing education of clini-
cians about the indications for vancomycin use is
needed to reduce the overuse and misuse of vanco-
mycin and other antimicrobial agents in all health
care settings, including inpatient and outpatient fa-
cilities (such as dialysis units). The development of
innovative intervention programs, such as clinical
practice guidelines and “antibiotic stop orders,” which
lead to automatic discontinuation of a prescribed
antimicrobial agent after a predetermined interval,
may increase compliance with the recommendations
of the Hospital Infection Control Practices Advisory
Committee and reduce overall use of antimicrobials
(Table 1).22

Recently, the CDC issued specific recommenda-
tions intended to reduce the development and trans-

*Data are from the Hospital Infection Control
Practices Advisory Committee.33

TABLE 1. SITUATIONS IN WHICH THE USE 
OF VANCOMYCIN SHOULD BE DISCOURAGED.*

Routine prophylaxis
Surgical patients without life-threatening allergy

to beta-lactam antibiotics34

Low-birth-weight infants35

Patients on dialysis36,37

Patients with neutropenia
Patients with central venous catheters36,38-43

Empirical treatment
Febrile patients with neutropenia who are not at

high risk for resistant gram-positive
infection44-50

Febrile low-birth-weight infants
Decontamination of the digestive tract
Treatment based on indications

Patients with single blood cultures positive for 
coagulase-negative staphylococci51-53

Patients colonized with methicillin-resistant 
S. aureus 54,55

Patients with Clostridium difficile colitis (first-line
therapy)56

Patients on dialysis for whom convenience in treat-
ing infections is desirable57-60

Patients with gram-positive infections not due to
resistant organisms

*Recommendations were modified from CDC guidelines.61

TABLE 2. RECOMMENDATIONS FOR PREVENTING THE SPREAD 
OF GLYCOPEPTIDE-RESISTANT STAPHYLOCOCCI.*

Laboratory

Ensure presence of pure S. aureus isolate
Use one of the following quantitative methods to determine the minimal 

inhibitory concentration with 24-hour incubation
Broth microdilution
Agar dilution
Agar-gradient diffusion

Retest isolates associated with minimal inhibitory concentrations »4 µg 
per milliliter and those from patients whose condition does not 
improve with glycopeptide therapy

Report all S. aureus isolates associated with minimal inhibitory concentra-
tions »4 µg per milliliter of glycopeptide to the state health depart-
ment and the CDC

Immediately notify infection-control personnel, the clinical care unit, 
and attending physician when an S. aureus isolate associated with a 
minimal inhibitory concentration »4 µg per milliliter is recognized

Infection control

Isolate the patient in a private room
Minimize the number of persons caring for the patient
Begin one-on-one care by specified personnel

Initiate epidemiologic and laboratory investigations with the assistance of 
the state health department and the CDC

Educate all health care personnel about the epidemiology of S. aureus with 
intermediate resistance to glycopeptides and about appropriate 
infection-control precautions

Monitor and strictly enforce compliance with contact precautions62

Determine whether transmission has already occurred by performing base-
line cultures of specimens from hands and nares of the following:

Those with physical contact with the patient
The patient’s health care providers
The patient’s roommates

Use contact precautions (gown, mask, gloves, and antibacterial soap for 
hand washing)62

Assess efficacy of precautions by monitoring personnel for acquisition of 
the isolate

Consult with the state health department and CDC before transferring the 
patient (for emergencies only) or discharging him or her

Inform the following appropriate personnel about the presence of a patient 
with glycopeptide-intermediate S. aureus:

Patient’s accepting physician
Admitting or emergency room personnel
Personnel admitting patients to unit 

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 



500 · Februar y 18, 1999

The New England Journal  of  Medicine

mission of S. aureus with intermediate glycopeptide
resistance (Table 2). First, laboratory personnel should
use a quantitative method based on the minimal in-
hibitory concentration to detect S. aureus isolates
with intermediate glycopeptide resistance. Vancomy-
cin disk diffusion does not reliably identify S. aureus
isolates with decreased susceptibility to glycopep-
tides.17 Second, programs to educate health care
personnel about infection-control precautions against
S. aureus with intermediate glycopeptide resistance
should be developed, and infection-control spe-
cialists should monitor compliance with these pre-
cautions. Third, infection-control and laboratory
personnel should implement active surveillance for
S. aureus with intermediate glycopeptide resistance,
particularly in populations at high risk, such as pa-
tients on dialysis and patients in whom vancomycin
therapy is unsuccessful.17 If an S. aureus isolate with
potential intermediate resistance to glycopeptides is
identified, prompt notification of the state health de-
partment and the CDC is critical so that epidemio-
logic and laboratory support can be provided.

The emergence of S. aureus with intermediate gly-
copeptide resistance threatens to return us to the era
before the development of antibiotics. To prevent
further emergence of S. aureus strains with interme-
diate glycopeptide resistance and the emergence of
S. aureus with full vancomycin resistance, the use of
vancomycin must be optimized, laboratory methods
for the detection of resistant pathogens must be en-
hanced, and infection-control precautions must be
strictly followed for infected or colonized patients.

The use of company or trade names is for identification only and does
not imply endorsement by the Public Health Service or the Department
of Health and Human Services.
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