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Healthcare-associated pneumonia (HCAP) guidelines recommend de-escalating initial antibiotic therapy based on results from
lower-respiratory-tract cultures. In the absence of adequate lower respiratory cultures, physicians are sometimes reluctant to
discontinue empirical vancomycin, which is given for suspected methicillin-resistant Staphylococcus aureus (MRSA) HCAP. We
evaluated a strategy of discontinuing vancomycin if both nasal and throat cultures were negative for MRSA when lower-respira-
tory-tract cultures were not available. An antimicrobial stewardship team identified patients receiving empirical vancomycin for
suspected or proven HCAP but for whom adequate lower-respiratory-tract cultures were not available. Nasal and throat swab
specimens were obtained and plated on MRSA selective media. If both nasal and throat MRSA cultures were negative, the stew-
ardship team recommended discontinuation of empirical vancomycin. Demographic and clinical aspects, a clinical pulmonary
infection score (CPIS) on the day of the stewardship recommendation, and mortality of patients for whom vancomycin was dis-
continued were obtained by retrospective chart review. A convenience sample of 91 patients with nasal and throat cultures nega-
tive for MRSA in the absence of adequate respiratory cultures had empirical vancomycin therapy discontinued. A retrospective
review revealed that 88 (97%) patients had a CPIS of <6 on the day of the stewardship recommendation. In-hospital mortality
(7.7%) was similar to that of a previous study of de-escalation of antibiotics in pneumonia patients without adequate cultures. In
the absence of adequate lower-respiratory-tract cultures, it is reasonable to discontinue empirical vancomycin HCAP therapy in
patients with negative MRSA nasal and throat cultures and a CPIS of <6.

In 2007, the Infectious Disease Society of America (IDSA) and
the Society for Healthcare Epidemiology of America published

antimicrobial stewardship guidelines to combat the overuse of
antibiotics (1). After establishing an antimicrobial stewardship
(AMS) program at the Saint Raphael campus of Yale-New Haven
Hospital (Hospital of Saint Raphael at the time of the study), we
targeted patients receiving empirical piperacillin-tazobactam for
review by the AMS team. During AMS rounds, we noted that
many patients with suspected or proven health care-associated
pneumonia (HCAP) were treated empirically with piperacillin-
tazobactam plus vancomycin. The IDSA Guidelines for the Man-
agement of Adults with Hospital-Acquired, Ventilation-Associ-
ated, and Health Care-Associated Pneumonia (HCAP guidelines)
recommend de-escalation of empirical antibiotic therapy based
on microbiologic cultures and the clinical response of the patient
(2). The HCAP guidelines did not make recommendations on
how to de-escalate antibiotic therapy in the absence of adequate
lower-respiratory-tract cultures, a common scenario in older hos-
pitalized patients with pneumonia, many of whom are not intu-
bated (3, 4). We found that physicians were often reluctant to
discontinue empirical vancomycin prescribed for patients at risk
for HCAP due to methicillin-resistant Staphylococcus aureus
(MRSA) when appropriate lower-respiratory-tract cultures were
not available, a phenomenon which is not unique to our hospital
(5). The safety of discontinuing empirical antibiotics in the ab-
sence of microbiological data has also been a matter of controversy
even among physicians specialized in infectious diseases. A 2008

survey of IDSA members revealed that more than 50% of respon-
dents supported a statement that de-escalation in patients with
HCAP should not occur when microbiological data are unavail-
able (6).

Most patients with HCAP due to multidrug-resistant organ-
isms (including MRSA) develop the infection following aspiration
of the organism from the patient’s oropharynx, followed by tra-
cheal colonization (2). The fact that the combination of a nasal
plus a throat culture negative for MRSA has a negative predictive
value (NPV) of 92 to 100% for MRSA colonization (Table 1) (7–
11) suggests that MRSA pneumonia is unlikely to be present in
patients who do not have MRSA nasal or throat colonization. This
concept is supported by a recent study which found that a negative
nasal swab using PCR methods had an NPV of 98% for estimating
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the risk of having a clinical respiratory specimen culture positive
for MRSA (12).

As part of our AMS program, we requested that nasal and
throat MRSA surveillance cultures be obtained from patients who
were receiving empirical intravenous vancomycin for suspected
MRSA HCAP and had no adequate lower-respiratory-tract cul-
tures on which to base antibiotic de-escalation. Since vancomycin
has been shown to have little, if any, effect on S. aureus nasal
colonization (13–15) and seldom eradicates MRSA from the lower
respiratory tract during the first few days of therapy (16), we did
not attribute negative surveillance cultures to ongoing vancomy-
cin therapy. When both nasal and throat MRSA surveillance cul-
tures were negative, the AMS team recommended that empirical
vancomycin administered for suspected MRSA pneumonia be
discontinued. The purpose of the present study was to evaluate the
effects of this evidence-based strategy for discontinuing empirical
vancomycin therapy in the absence of adequate lower-respiratory-
tract cultures.

MATERIALS AND METHODS
During AMS rounds conducted in the period October 2009 to August
2011 by the codirector of the AMS program (J. M. Boyce), a convenience
sample of 139 patients who were receiving empirical vancomycin for sus-
pected HCAP and from whom no adequate lower-respiratory-tract cul-
tures were available was identified. Patients were included regardless of
their location in the hospital (in intensive care units [ICU] or on general
medical or surgical wards) or their level of acuity. This included (i) pa-
tients whose sputum specimen was interpreted by the clinical microbiol-
ogy laboratory as not representative of lower-respiratory-tract secretions
based on the number of epithelial cells present on Gram stain and (ii)
patients for whom no sputum specimens were obtained. Patients with
lower-respiratory-tract specimens that revealed many neutrophils and
few epithelial cells on Gram stain (a good-quality specimen) were ex-
cluded, including those that grew only normal flora. To be included in the
study, patients had to have a physician diagnosis of suspected or proven
HCAP. Risks for HCAP included those listed in the HCAP guideline (2).

Upon identifying patients without an adequate lower-respiratory-
tract culture who were receiving empirical vancomycin for suspected
MRSA HCAP, the AMS team placed in the patient’s chart an AMS recom-
mendation sheet which noted the absence of adequate respiratory cultures
and requested that nasal and throat MRSA surveillance cultures be ob-
tained by nursing staff. Nurses used a single swab to sample both ante-
rior nares and a second swab to obtain a specimen from the posterior
pharynx. Nasal and throat swabs were subsequently inoculated onto
either CHROMagar MRSA (Becton, Dickinson, Sparks, MD) or
Chrom ID MRSA plates (bioMérieux, Durham, NC) and incubated for
24 to 48 h according to the manufacturer’s directions. Colonies con-
sistent with MRSA morphology on the respective selective media were
confirmed as S. aureus using a Staphaurex test (Remel, Lenexa, KS). If
both nasal and throat surveillance cultures were negative and no clin-
ical cultures were positive for MRSA or other resistant Gram-positive
pathogens, the AMS team recommended that empirical vancomycin

be discontinued. The medical records of patients were monitored over
the next few days to determine if vancomycin was discontinued as
recommended.

As a follow-up to this vancomycin de-escalation strategy, a retrospec-
tive medical record review was conducted to determine if any of the pa-
tients whose vancomycin was discontinued within 48 h of negative nasal
and throat culture results expired during their admission, developed cul-
ture-proven MRSA pneumonia at any time during the remainder of their
hospitalization, or were readmitted to the hospital within 30 days with
culture-proven MRSA pneumonia. Variables recorded included the pa-
tient’s age, gender, location in an ICU or medical ward, whether a sputum
sample was of poor quality or was not obtained, the type of pulmonary
infiltrate identified by chest X-ray or computerized tomographic scan of
the chest on or about the date of the AMS recommendation, maximum
temperature and peripheral white blood cell count in the 24 h prior to the
AMS recommendation, the number of days the patient received vanco-
mycin, the total length of the patient’s hospital stay, the patient’s condi-
tion at discharge, and the presence or absence of readmission within 30
days.

Because a modified clinical pulmonary infection score (CPIS) of �6
for 3 days is an objective criterion to select patients at low risk for early
discontinuation of empirical treatment of HCAP (2, 17), we also retro-
spectively calculated a CPIS for each patient based on results in the pa-
tient’s medical record at the time of the AMS recommendation. For cal-
culating the CPIS, the patient’s chest X-ray and/or chest computed
tomography scan findings were classified as none, diffuse, or localized by
a staff radiologist accompanied by a radiology resident, both of whom
were without knowledge of other clinical or laboratory values.

Statistical analysis. Continuous data were compared using an un-
paired t test, and differences in proportions were compared using Fisher’s
exact test or chi-square test.

RESULTS

All 139 patients had risk factors for HCAP. Cultures from 12
(8.6%) patients yielded MRSA from either the nose or throat (or
both). Vancomycin was often continued in such patients by the
attending physician. For 26 (18.7%) patients, an MRSA surveil-
lance culture was performed on only one body site (nose or
throat). Seven (5%) patients had vancomycin discontinued before
any results of the MRSA surveillance cultures were reported.
Three (2.2%) patients had nose and throat cultures negative for
MRSA, but physicians caring for the patients refused to discon-
tinue vancomycin as recommended by the AMS team. The re-
maining 91 (65.5%) patients, who had negative nose and throat
cultures and had vancomycin discontinued within 48 h, were in-
cluded in the remaining analyses. We found that for 77 of the 91
patients (group 1), empirical vancomycin was discontinued
within 48 h of both the nasal and throat surveillance cultures re-
turning negative. For another 14 patients (group 2), empirical
vancomycin was discontinued after one of the two cultures (either
nasal or throat) returned negative but before the results of the

TABLE 1 Sensitivity and NPV of nose and throat cultures for MRSA

Study
No. of patients
screened Body sites screened

Sensitivity (%) NPV (%)

Nose Nose and throat Nose Nose and throat

Coello et al. (9) 975 Nose, throat, perineum 78.5 85.6 95.3 96.8
Marshall and Spelman (11) 686 Nose, throat, groin, axilla 69.2 81.7 87 91.3
Bignardi and Lowes (7) 635 Nose, throat, perineum, skin lesions 49.6 69.7 89.6 93.5
Chaberny et al. (8) 509 Nose, throat, skin 77.8 100 98.8 100
Ide et al. (10) 2,060 Nose, throat, perineum 63.6 80 97.4 99.3
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other culture had returned negative. Demographic and clinical
characteristics of group 1 and 2 patients are shown in Table 2.

Group 1. For 70 (91%) of the 77 patients, vancomycin was
discontinued within 24 h of the results of surveillance cultures,
while for 6 (8%) of patients, it was discontinued within 48 h. In
one case (1%) where culture results became available on a Friday
afternoon, vancomycin was discontinued on the following Mon-
day morning, which was likely 48 h after care providers became
aware of the results. Group 1 patients received empirical vanco-
mycin for a median of 4 days (range, 1 to 30 days). Patients had a
median overall length of stay of 10 days (range, 3 to 33), with a
median length of stay of 4 days (range, 0 to 27) after vancomycin
was discontinued.

The patients ranged in age from 40 to 99 years old. Thirty-nine
(51%) were female. No lower-respiratory-tract specimen was ob-
tained from approximately three-fourths of patients, while poor-
quality specimens were obtained from the remaining patients (Ta-
ble 2). None had evidence of MRSA bacteremia. Seventy-one
(92%) patients had a maximum temperature of less than 100.4°C
in the 24 h before the AMS recommendation was made. Review of
chest imaging studies revealed that all but two patients had either

localized or diffuse infiltrates (Table 2). Seventy-four (96%) of the
patients had a CPIS of �6 on the day the AMS recommendation
was made, with a majority having a CPIS of �3. At the time of the
AMS recommendation to discontinue vancomycin, 35 (46%) pa-
tients were located in either ICUs or subacute units, while the
remaining patients were located on general medical/surgical
wards.

In-hospital all-cause mortality among group 1 patients was
9.1% (7/77) and was 14.3% (2/14) in ICU patients, 9.5% (2/21) in
patients on subacute units, and 7.1% (3/42) among patients on
general medical/surgical wards. Two additional patients expired
after being readmitted 1 and 12 days, respectively, after being dis-
charged, yielding an overall mortality of 11.7% (9/77). The 9 pa-
tients, who ranged in age from 66 to 97 years old (5 were �90 years
old), expired 1 to 17 days after vancomycin was discontinued.
Two patients still had therapeutic vancomycin levels when they
expired. Two other patients were on comfort measures only and
were receiving morphine when they expired. Five patients had
repeat nasal and/or throat cultures obtained �1 to 3 days before
they expired that were negative for MRSA. None of the nine pa-
tients had evidence of MRSA infection at the time they expired.

TABLE 2 Demographic and clinical characteristics of 91 patients for whom empirical vancomycin was discontinued based on negative nasal and
throat MRSA surveillance cultures

Characteristic

Finding for group:

1 (n � 77) 2 (n � 14) 1 and 2 (n � 91)

Median age (yr; range) 84 (40–99) 84.5 (48–101) 84 (40–101)
Gender (no. [%])

Male 38 (49) 6 (43) 44 (48)
Female 39 (51) 8 (57) 47 (52)

Location at the time of AMS recommendation (no. [%])
ICU 14 (18) 0 14 (15)
Subacute unit 21 (27) 6 (43) 27 (30)
General medical/surgical ward 42 (55) 8 (57) 50 (55)

Sputum specimen (no. [%])
Not obtained 56 (73) 12 (86) 68 (75)
Poor quality 21 (27) 2 (14) 23 (25)

Pulmonary infiltrate (no. [%])
No infiltrate 2 (2.6) 0 2 (2)
Diffuse/patchy 9 (11.7) 3 (21) 12 (13)
Localized 66 (85.7) 11 (79) 77 (85)

Median maximum temp (°C; range) during 24 h before recommendation 98.4 (95.5–101.6) 98.2 (97.5–98.9) 98.3 (95.5–101.6)
Median maximum WBC (�103; range) during 24 h before recommendation 9.9 (3.0–29.9) 8.75 (1.6–30.7) 9.7 (1.6–30.7)
CPIS on day of AMS recommendation (no. [%])

1 1 (1.3) 0 1 (1.1)
2 32 (41.6) 7 (50) 39 (42.9)
3 11(14.3) 3 (21.4) 14 (15.4)
4 13 (16.9) 3 (21.4) 16 (17.6)
5 12 (15.6) 1 (7.1) 13 (14.3)
6 5 (6.5) 0 5 (5.5)
7 3 (3.9) 0 3 (3.3)
Median 3 2.5 3

Died during admission (no. [%]) 7 (9.1) (7.7)
Died during readmission within 30 days (no. [%]) 2 0 2 (2.2)

Total deaths (no. [%]) 9 (11.7) 0 9 (9.9)
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One patient, who was discharged and subsequently readmitted
expired 12 days after vancomycin was discontinued, had no evi-
dence of pneumonia on autopsy.

Group 2. Fourteen additional patients had both nasal and
throat MRSA surveillance cultures that were negative, but only
one of the two cultures had returned negative when vancomycin
was discontinued, with the other culture returning as negative 1 to
2 days after vancomycin was discontinued. None had evidence of
MRSA bacteremia. Demographic and clinical characteristics of
group 2 patients are shown in Table 2. All 14 patients had maxi-
mum temperatures of �100.4°C during the 24 h before the AMS
recommendation was made and a CPIS of �6 on the day the AMS
recommendation was made. The median length of stay (10.5
days), length of stay after vancomycin was discontinued (5.5
days), and number of days on vancomycin (3.5 days) were similar
to values observed in group 1 patients. We found no significant
differences between group 1 and group 2 patients with respect to
the variables examined (P � 0.05 in each case). Inclusion of these
14 patients in the analysis along with the 77 group 1 patients re-
sulted in no substantive changes in the results (Table 2).

DISCUSSION

As part of a unique AMS program, empirical vancomycin was
discontinued in patients for whom respiratory cultures were not
obtained or were deemed inadequate but who had both nasal and
throat surveillance cultures negative for MRSA. We requested that
care givers screen patients for both throat and nasal MRSA colo-
nization, because previous studies have found that from 5 to 20%
of patients may be colonized in the throat but not the nose (7,
9–11, 18–25). In various studies, the sensitivity of an anterior na-
res culture for MRSA nasal colonization ranged from 41 to 93%
(7–11, 19, 21–24, 26–30), while the sensitivity of combined nose
and throat cultures ranged from 80 to 100% (8, 9, 11, 19, 22, 23,
26). The NPV of a nasal culture alone varied from 87 to 98.8%,
while the NPV of nasal plus throat cultures ranged from 92 to
100% (Table 1) (7–11). Given the fact that aspiration of pathogens
from the oropharynx is the primary route of bacteria entering the
lower respiratory tract (2), the data described above provide
strong evidence that MRSA pneumonia is unlikely in patients who
are not colonized in the nose and throat and have no evidence of
MRSA bacteremia.

On the day the AMS recommendation was made to discon-
tinue vancomycin, retrospective chart review revealed that 96.7%
of the 91 patients had a CPIS of �6, with more than half having a
CPIS of �3. Previous studies have shown that patients with MRSA
pneumonia often have a CPIS of �7 at the time the diagnosis is
made, and that the CPIS is often still �6 following 3 or 4 days of
vancomycin therapy (31–34). We believe the combination of neg-
ative nasal and throat MRSA surveillance cultures plus a CPIS of
�6 provides physicians with additional assurance that it is reason-
able to discontinue empirical vancomycin in such patients.

To make care givers aware that our suggestion to stop vanco-
mycin therapy was based on principles outlined in an evidence-
based guideline, we sometimes placed in the patient’s chart a copy
of a page from the IDSA HCAP guidelines that describes the use of
CPIS for establishing when it is safe to de-escalate antibiotics (2).
The extent to which this practice was useful was not determined,
as our initiative was not designed to assess the effectiveness of this
strategy.

Our study differs from several earlier reports dealing with de-

escalation of antibiotics in hospitalized patients with pneumonia
(3, 35–38). Our study included patients with no respiratory cul-
tures obtained or with sputum cultures classified as inadequate by
the laboratory; patients with good-quality sputum specimens that
yielded either respiratory pathogens or only normal oral flora
were excluded. In contrast, in several previous studies that re-
quired pneumonia patients to have respiratory and/or blood cul-
tures performed, de-escalation was performed on 30 to 75% of
patients who were classified as culture negative, which was defined
as no respiratory pathogen recovered from cultures (35, 36, 38).
However, Labelle et al. included 290 pneumonia patients for
whom no respiratory culture was obtained plus 149 patients
whose respiratory cultures yielded no growth or normal oral flora
(the two groups combined were classified as culture negative) (3).
De-escalation of antibiotics was performed on 20% of the culture-
negative group. The in-hospital mortality in our study (7.7%) was
similar to a mortality rate of 10.7% in a previous study of pneu-
monia patients who underwent de-escalation of antibiotics when
respiratory cultures were not obtained (38).

Our study has several limitations. This was a nonrandomized,
uncontrolled observational study involving a convenience sample
of a relatively small number of patients seen during AMS rounds
at a single community teaching hospital. Therefore, our results
may not be generalizable to all types of acute-care hospitals. Not
all patients on empirical vancomycin therapy for suspected MRSA
HCAP were included in the study due to limited personnel re-
sources devoted to the AMS program. Also, two patients who
received empirical vancomycin for suspected HCAP had no ap-
preciable pulmonary infiltrates and may not have had definite
pneumonia. This is not an unexpected finding. In several previous
studies, only 30 to 70% of patients who received broad-spectrum
empirical antibiotic therapy for suspected HCAP or had ventila-
tor-associated pneumonia had documented pneumonia (39, 40).
Such patients would be expected to do well despite de-escalation.
Follow-up of patients after discontinuation of vancomycin was
limited to the remainder of their hospitalization and to those who
were readmitted within 30 days. We did not test the efficacy of
recommending discontinuation of empirical vancomycin based
on a negative nasal culture alone. In facilities with access to PCR
assays for MRSA nasal carriage, it may be reasonable to evaluate
discontinuation of empirical vancomycin HCAP therapy based on
a negative nasal PCR result alone, given the high NPV of this test
for predicting the presence of MRSA in clinical respiratory cul-
tures (12). None of our patients were intravenous drug users, who
are at increased risk of MRSA bacteremia and bacteremic spread
to the lungs. Furthermore, our AMS team is comprised of both
clinical pharmacists and infectious disease physicians, which may
not be true for AMS programs in some other hospitals. Therefore,
the willingness of patient care providers to comply with AMS team
recommendations to discontinue vancomycin in this study may
differ from what might be achieved in other types of facilities. It
might be argued that if CPIS values had been calculated in real
time, antibiotic therapy of patients with a CPIS of �6 could have
been de-escalated without obtaining MRSA screening cultures.
However, some physicians may be reluctant to de-escalate antibi-
otics based on CPIS alone due to concerns about the interobserver
variability of the CPIS and lack of evidence of its utility in certain
patient populations (e.g., severe pneumonia and trauma patients)
(41–44). Previous experience in our hospital revealed that some of
our physicians, like those reported elsewhere, were reluctant to
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de-escalate antibiotics in the absence of any lower-respiratory-
tract cultures (5, 6). A combination of a CPIS of �6 plus negative
nose and throat MRSA cultures may provide such individuals with
greater assurance of the safety of discontinuing empirical vanco-
mycin therapy.

In conclusion, our preliminary findings suggest that it is rea-
sonable to discontinue empirical vancomycin in patients without
adequate respiratory cultures who are receiving this agent for sus-
pected MRSA HCAP but have both nose and throat surveillance
cultures negative for MRSA and a CPIS of �6. Given the limita-
tions of this study, further evaluation of this strategy in different
acute-care hospitals, ideally by using a controlled study design or
by comparison to other strategies, such as the use of CPIS alone, is
needed.

REFERENCES
1. Dellit TH, Owens RC, McGowan JE, Jr, Gerding DN, Weinstein RA,

Burke JP, Huskins C, Paterson DL, Fishman NO, Carpenter CF, Bren-
nan PJ, Billeter M, Hooton TM. 2007. Infectious Diseases Society of
America and the Society for Healthcare Epidemiology of America guide-
lines for developing an institutional program to enhance antimicrobial
stewardship. Clin. Infect. Dis. 44:159 –177.

2. American Thoracic Society, Infectious Disease Society of America.
2005. Guidelines for the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneumonia. Am. J. Re-
spir. Crit. Care Med. 171:388 – 416.

3. Labelle AJ, Arnold H, Reichley RM, Micek ST, Kollef MH. 2010. A
comparison of culture-positive and culture-negative healthcare-
associated pneumonia. Chest 137:1130 –1137.

4. Sharp SE, Robinson A, Saubolle M, Santa Cruz M, Carroll K, Baselski
V. 2004. Cumitech 7B: lower respiratory tract infections. ASM Press,
Washington, DC.

5. Butterfield S. 2010. Treating HCAP is not a snap. Hospitalists struggle
with pneumonia drug choice. ACP Hospitalist 3:1– 4.

6. Kollef MH, Morrow LE, Baughman RP, Craven DE, McGowan JE, Jr,
Micek ST, Niederman MS, Ost D, Paterson DL, Segreti J. 2008. Health-
care-associated pneumonia (HCAP): a critical appraisal to improve iden-
tification, management, and outcomes–proceedings of the HCAP Sum-
mit. Clin. Infect. Dis. 46(Suppl 4):S296 –S334.

7. Bignardi GE, Lowes S. 2009. MRSA screening: throat swab are better than
nose swabs. J. Hosp. Infect. 71:373–374.

8. Chaberny IF, Bindseil A, Sohr D, Gastmeier P. 2008. A point-prevalence
study for MRSA in a German university hospital to identify patients at risk
and to evaluate an established admission screening procedure. Infection
36:526 –532.

9. Coello R, Jiminez J, Garcia M, Arroyo P, Minguez D, Fernandez C,
Cruzet F, Gaspar C. 1994. Prospective study of infection, colonization
and carriage of methicillin-resistant Staphylococcus aureus in an outbreak
affecting 990 patients. Eur. J. Clin. Microbiol. 13:74 – 81.

10. Ide L, Lootens J, Thibo P. 2009. The nose is not the only relevant MRSA
screening site. Clin. Microbiol. Infect. 15:1192–1193.

11. Marshall C, Spelman D. 2007. Is throat screening necessary to detect
methicillin-resistant Staphylococcus aureus colonization in patients upon
admission to an intensive care unit? J. Clin. Microbiol. 45:3855.

12. Robicsek A, Suseno M, Beaumont JL, Thomson RB, Jr, Peterson LR.
2008. Prediction of methicillin-resistant Staphylococcus aureus involve-
ment in disease sites by concomitant nasal sampling. J. Clin. Microbiol.
46:588 –592.

13. Keene A, Vavagiakis P, Lee MH, Finnerty K, Nicolls D, Cespedes C,
Quagliarello B, Chiasson M, Chong D, Lowy FD. 2005. Staphylococcus
aureus colonization and the risk of infection in critically ill patients. Infect.
Control Hosp. Epidemiol. 26:622– 628.

14. Vikram HR, Dumigan DG, Kohan C, Havill NL, Tauman A, Boyce JM.
2010. Discontinuation of contact precautions for patients no longer colo-
nized with methicillin-resistant Staphylococcus aureus. Infect. Control
Hosp. Epidemiol. 31:541–543.

15. Yu VL, Goetz A, Wagener M, Smith PB, Rihs JD, Hanchett J, Zuravleff
JJ. 1986. Staphylococcus aureus nasal carriage and infection in patients on
hemodialysis. N. Engl. J. Med. 315:91–96.

16. Moise-Broder PA, Forrest A, Birmingham MC, Schentag JJ. 2004.

Pharmacodynamics of vancomycin and other antimicrobials in patients
with Staphylococcus aureus lower respiratory tract infections. Clin. Phar-
macokinet. 43:925–942.

17. Singh N, Rogers P, Atwood CW, Wagener MM, Yu VL. 2000. Short-
course empiric antibiotic therapy for patients with pulmonary infiltrates
in the intensive care unit. Am. J. Respir. Crit. Care Med. 162:505–511.

18. Batra R, Eziefula AC, Wyncoll D, Edgeworth J. 2008. Throat and rectal
swabs may have an important role in MRSA screening of critically ill
patients. Intensive Care Med. 34:1703–1706.

19. Bitterman Y, Laor A, Itzhaki S, Weber G. 2010. Characterization of the
best anatomical sites in screening for methicillin-resistant Staphylococcus
aureus colonization. Eur. J. Clin. Microbiol. Infect. Dis. 29:391–397.

20. Harbarth S, Schrenzel J, Akakpo C, Ricou B. 2007. Is throat screening
necessary to detect methicillin-resistant Staphylococcus aureus coloniza-
tion in patients upon admission to an intensive care unit? J. Clin. Micro-
biol. 45:1072–1073.

21. Lauderdale T-LY, Wang J-T, Lee W-S, Huang J-H, McDonald LC,
Huang L-W, Chang S-C. 2010. Carriage rates of methicillin-resistant
Staphylococcus aureus (MRSA) depend on anatomic location, the number
of sites cultured, culture methods, and the distribution of clonotypes. Eur.
J. Clin. Microbiol. Infect. Dis. 29:1553–1559.

22. Lautenbach E, Nachamkin I, Hu B, Fishman NO, Tolomeo P, Prasad P,
Bilker WB, Zaoutis TE. 2009. Surveillance cultures for detection of me-
thicillin-resistant Staphylococcus aureus: diagnostic yield of anatomic sites
and comparison of provider- and patient-collected samples. Infect. Con-
trol Hosp. Epidemiol. 30:380 –382.

23. Meurman O, Routamaa M, Peltonen R. 2005. Screening for methicillin-
resistant Staphylococcus aureus: which anatomical sites to culture? J.
Hosp. Infect. 61:351–353.

24. Ringberg H, Petersson AC, Walder M, Johansson PJH. 2006. The throat:
an important site for MRSA colonization. Scand. J. Infect. Dis. 38:888 –
893.

25. Widmer AF, Mertz D, Frei R. 2008. Necessity of screening of both the
nose and the throat to detect methicillin-resistant Staphylococcus aureus
colonization in patients upon admission to an intensive care unit. J. Clin.
Microbiol. 46:835.

26. Collins J, Raza M, Ford M, Hall L, Brydon S, Gould FK. 2011. Review
of a three-year meticillin-resistant Staphylococcus aureus screening pro-
gramme. J. Hosp. Infect. 78:81– 85.

27. Eveillard M, de Lassence A, Lancien E, Barnaud G, Ricard J-D, Joly-
Guillou M-L. 2006. Evaluation of a strategy of screening multiple anatom-
ical sites for methicillin-resistant Staphylococcus aureus at admission to a
teaching hospital. Infect. Control Hosp. Epidemiol. 27:181–184.

28. Girou E, Pujade G, Legrand P, Cizeau F, Brun-Buisson C. 1998. Selec-
tive screening of carriers for control of methicillin-resistant Staphylococcus
aureus (MRSA) in high-risk hospital areas with a high level of endemic
MRSA. Clin. Infect. Dis. 27:543–550.

29. Lucet J-C, Chevret S, Durand-Zaleski I, Chastang C, Regnier B, Mul-
ticenter Study Group. 2003. Prevalence and risk factors for carriage of
methicillin-resistant Staphylococcus aureus at admission to the intensive
care unit. Arch. Intern. Med. 163:181–188.

30. Sanford MD, Widmer AF, Bale MJ, Jones RN, Wenzel RP. 1994.
Efficient detection and long-term persistence of the carriage of methicil-
lin-resistant Staphylococcus aureus. Clin. Infect. Dis. 19:1123–1128.

31. Chan JD, Wong J, Hessel M, Cuschieri J, Neff M, Dellit TH. 2011.
Clinical outcomes of linezolid vs vancomycin in methicillin-resistant
Staphylococcus aureus ventilator-associated pneumonia: retrospective
analysis. J. Intensive Care Med. 26:385–391.

32. El Solh AA, Choi G, Schultz MJ, Pineda LA, Mankowski C. 2007.
Clinical and hemostatic responses to treatment in ventilator-associated
pneumonia: role of bacterial pathogens. Crit. Care Med. 35:490 – 496.

33. Wunderink RG, Mendelson MH, Somero MS, Fabian TC, May AK,
Bhattacharyya H, Leeper KVJ, Solomkin JS. 2008. Early microbiological
response to linezolid vs vancomycin in ventilator-associated pneumonia
due to methicillin-resistant Staphylococcus aureus. Chest 134:1200 –1207.

34. Wunderink RG, Niederman MS, Kollef MH, Shorr AF, Kunkel MJ,
Baruch A, McGee WT, Reisman A, Chastre J. 2012. Linezolid in meth-
icillin-resistant Staphylococcus aureus nosocomial pneumonia: a random-
ized, controlled study. Clin. Infect. Dis. 54:621– 629.

35. Joung MK, Lee J, Moon S-Y, Cheong HS, Joo E-J, Ha Y-E, Sohn KM,
Chung SM, Suh GY, Chung DR, Song J-H, Peck KR. 2011. Impact of
de-escalation therapy on clinical outcomes for intensive care unit-
acquired pneumonia. Crit. Care 15:R79. doi:10.1186/cc10072.

Discontinuation of Empiric Vancomycin in HCAP Patients

March 2013 Volume 57 Number 3 aac.asm.org 1167

http://dx.doi.org/10.1186/cc10072
http://aac.asm.org


36. Mangino JE, Peyrani P, Ford KD, Kett Zervos DHM, Welch VL,
Scerpella EG, Ramirez JA, Study Group IMPACT-HAP. 2011. Devel-
opment and implementation of a performance improvement project in
adult intensive care units: overview of the Improving Medicine through
Pathway Assessment of Critical Therapy in Hospital-Acquired Pneumo-
nia (IMPACT-HAP) study. Crit. Care 15:R38. doi:10.1186/cc9988.

37. Rello J, Vidaur L, Sandiumenge A, Rodriguez A, Gualis B, Boque C,
Diaz E. 2004. De-escalation therapy in ventilator-associated pneumonia.
Crit. Care Med. 32:2183–2190.

38. Schlueter M, James C, Dominguez A, Tsu L, Seymann G. 2010. Practice
patterns for antibiotic de-escalation in culture-negative health care-
associated pneumonia. Infection 38:357–362.

39. Bergmans DCJJ, Bonten MJM, Gaillard CA, van Tiel FH, van der Geest
S, deLeeuw PW, Stobberingh EE. 1997. Indications for antibiotic use in
ICU patients: a one-year prospective surveillance. J. Antimicrob. Che-
mother. 39:527–535.

40. Singh N, Falestiny MN, Rogers P, Reed MJ, Pularski J, Norris R, Yu VL.
1998. Pulmonary infiltrates in the surgical ICU: prospective assessment of
predictors of etiology and mortality. Chest 114:1129 –1136.

41. Croce MA, Swanson JM, Magnotti LJ, Claridge JA, Weinberg JA, Wood
GC, Boucher BA, Fabian TC. 2006. The futility of the clinical pulmonary
infection score in trauma patients. J. Trauma 60:523–527.

42. Rosbolt MB, Sterling ES, Fahy BG. 2009. The utility of the clinical
pulmonary infection score. J. Intensive Care Med. 24:26 –34.

43. Schurink CAM, Van Nieuwenhoven CA, Jacobs JA, Rozenberg-
Arska M, Joore HCA, Buskens E, Hoepelman AIM, Bonten MJM.
2004. Clinical pulmonary infection score for ventilator-associated
pneumonia: accuracy and inter-observer variability. Intensive Care
Med. 30:217–224.

44. Zilberberg MD, Schorr AF. 2010. Ventilator-associated pneumonia: the
clinical pulmonary infection score as a surrogate for diagnosis and out-
come. Clin. Infect. Dis. 51(Suppl. 1):S131–S135.

Boyce et al.

1168 aac.asm.org Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.1186/cc9988
http://aac.asm.org

	A Trial of Discontinuation of Empiric Vancomycin Therapy in Patients with Suspected Methicillin-Resistant Staphylococcus aureus Health Care-Associated Pneumonia
	MATERIALS AND METHODS
	Statistical analysis.

	RESULTS
	Group 1.
	Group 2.

	DISCUSSION
	REFERENCES


