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Despite significant advances in burn care, infection remains a major cause of morbidity and
mortality in burn patients. We sought to determine accurate infection rates, risk factors for
infection, and the percentage of infections caused by resistant organisms. In addition, we
attempted to identify interventions to decrease the use of antimicrobial drugs. Data were
collected prospectively from 157 burn patients admitted to the University of Iowa Carver
College of Medicine burn treatment center from October 2001 to October 2002. A re-
search assistant reviewed the medical record for each patient identified by burn surgeons as
being infected to determine whether these episodes met the infection control criteria for
nosocomial infections. The infection control assessment agreed with the surgeon=s assess-
ment for 16.7% of the pneumonias, 70.0% of the burn wound infections, 57.1% of the uri-
nary tract infections, and 70.0% of the bloodstream infections. By multiple logistic regres-
sion analysis, body surface area burned, comorbidities, and use of invasive devices were
significantly related to acquisition of nosocomial infections as identified by both the burn
surgeons and the infection control criteria. Staphylococcus aureus and Pseudomonas were the
most common resistant organisms identified. In our population, surgeons could decrease
antimicrobial use by using explicit criteria for identifying patients with hospital-acquired
infections, limiting perioperative prophylaxis to patients at highest risk of infection, and
decreasing the incidence of nosocomial infection with reduced use of devices and strict ad-
herence to aseptic technique. (J Burn Care Res 2006;27:152–160)

Despite significant advances in burn care, infection
remains a major cause of morbidity and mortality in
patients with burns. On the basis of data submitted to
the National Nosocomial Infections Surveillance Sys-
tem (NNIS) between 2002 and 2004, patients with
burns had the highest rates of urinary tract infections

and the second highest rates of ventilator-associated
pneumonia and central venous catheter-associated
bloodstream infections (trauma units had the highest
rates).1 The high infection rates occurred despite the
fact that rates of device use in the burn units surveyed
were lower than those in other intensive care units.
The burn wound itself and the accompanying immu-
nosuppression are two major factors that predispose
burn patients to infection.

Given their propensity to acquire infections, pa-
tients with burns are exposed frequently to antimi-
crobial agents, thereby increasing their risk for colo-
nization or infection with resistant organisms,
particularly methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-resistant enterococci
(VRE). In part because the burn patients’ skin barrier
is disrupted, the environment in burn units can be-
come contaminated with resistant organisms, and
these organisms can be transmitted easily from one
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patient to another. Thus, burn units can be the site of
explosive and prolonged outbreaks caused by resis-
tant organisms.2–6

Surveying for nosocomial infections, assessing the
antibiograms of infecting organisms, and reporting
these results to clinicians are important mechanisms
for reducing of the incidence of resistant organisms,
including MRSA and VRE, in burn units.7 We com-
pared the burn physicians’ assessment of which pa-
tients were infected with that of a research assistant
trained in surveillance methods, who applied the in-
fection control program’s criteria for infection. Our
aims were to compare our infection rates those of
NNIS and to determine whether we could identify
interventions that might decrease unnecessary use of
these drugs. Additionally, we sought to determine
how frequently antimicrobial resistant microorgan-
isms cause infections in our burn unit, Iowa City.

METHODS

Burn Treatment and Unit Policies
All patients were resuscitated according to the Park-
land Formula adjusted to achieve adequate perfusion
endpoints. Inhalation injury was diagnosed by either
laryngoscopy or bronchoscopy. Routine burn wound
care consisted of daily cleansing and the twice-daily
application of a topical antimicrobial ointment (silver
sulfadiazine was used initially on all burns except
those of the ears and nose, which were treated with
mafenide acetate cream). Enteral feeding and early
operative débridmentbridment were instituted for
patients whose burn wounds were greater than 15%
and for those whose wounds were not expected to
heal within 3 weeks. Patients undergoing operative
intervention received either allografts or autografts;
only one patient received Integra™ (Integra Life Sci-
ences Corp., Plainsboro, NJ) during the study period.
Antimicrobial agents were given routinely for periop-
erative prophylaxis; prophylactic antibiotics were oth-
erwise not administered.

The unit’s policies direct staff to obtain blood, spu-
tum, and urine cultures when patients without obvi-
ous sources of infection have fever and other signs of
sepsis. Bronchoscopy was not performed routinely to
diagnose pneumonia. Surface wound cultures were
obtained on admission and biweekly; quantitative
cultures were performed if wound sepsis was sus-
pected. Physicians used data from routine surveillance
cultures to guide their choice of preoperative antimi-
crobial agents. Since April 2001, perirectal swabs
have been obtained from each patient on admission
and weekly to identify patients colonized with VRE.

Beginning in February 2002, nasal swabs also were
obtained on admission to identify patients colonized
with MRSA. Each patient who carried VRE or MRSA
was placed in a single room, and healthcare workers
were required to wear gowns and gloves to enter the
room. Patients were not isolated simply because they
had burn wounds.

Data Collection
A burn research nurse collected data prospectively
from 157 burn patients admitted to the burn treat-
ment center from October 2001 to October 2002.
The nurse collected demographic data, comorbidity
data (confirmed coronary artery disease by previous
myocardial infarction, treatment for angina or cardiac
catheterization, congestive heart failure confirmed by
echocardiography documenting decreased ejection
fraction requiring treatment, chronic obstructive pul-
monary disease requiring broncodilator therapy,
asthma requiring broncodilators, peripheral vascular
disease as defined by a history of claudication or pre-
vious revascularization, diabetes requiring diet mod-
ifications or treatment, and cancer), the type and ex-
tent of injury, hospital course, devices used
(ventilator, central line, and urinary catheter days),
the sites the burn surgeons thought were infected
(blood, wound, respiratory, urine, or gastrointestinal
tract), the possible etiologic agents and their antibio-
grams, the antimicrobial agents the patient received,
white blood cell counts with differentials, vital signs
24 hours before and after the burn surgeon diagnosed
an infection, and the burn surgeon’s reasons for using
antimicrobial agents.8

Definitions
Attending burn physicians identified infections
based on their clinical judgment. Only episodes
that occurred 48 hours after the patient’s admission
and that were treated with antimicrobial agents
were included. Infectious episodes separated by at
least 7 days were considered to be new infections.
Burn surgeons did not use standardized criteria to
diagnose infections. However, patients diagnosed
with infections usually had at least one sign of sys-
temic inflammatory response.9 In general, sur-
geons sought to apply Peck’s criteria when diag-
nosing burn wound infections.10 They usually
diagnosed urinary infections if the patient had a
positive urinalysis or a positive urine culture and
pneumonia if the patient’s lung assessment
changed, the sputum became purulent, the chest
radiograph changed, or for the patient need in-
creased oxygen concentrations. Surgeons consid-
ered patients who had positive blood cultures to
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have bloodstream infections. Surgical research per-
sonnel later used the Centers for Disease Control
and Prevention’s (CDC’s) definitions to determine
which of these bloodstream infections were central
line related.

A research assistant trained to identify nosocomial
infections using the definitions developed by the
CDC and by Peck and Garner et al10,11 reviewed the
medical record for each patient identified by burn
surgeons as being infected to determine whether
these episodes met the infection control criteria for
nosocomial infections.

Data Analysis
The overall rate of nosocomial infection was calcu-
lated by dividing the number of nosocomial infec-
tions as identified by the burn physicians by the num-
ber of patients or by the number of patient days
during the study period. Rates of device-related in-
fections were calculated by dividing the number of
device-related infections by the total number of days
that the device was used in the study population as
described by NNIS.12 Statistical analysis was per-
formed using SAS software (SAS version 9, SAS In-
stitute Inc., Cary, NC). Wilcoxon rank-sum and Fish-
er’s exact probability test were used to test whether
clinical variables, that is, age, body surface area
burned (BSAB), device use, operative interventions,
and comorbidities, were associated with nosocomial
infections. The variables that were found to have a
significant association (P ! .05) with nosocomial in-
fection in the single factor analyses were included in a
multiple logistic regression model. Using the back-
ward elimination method, with P " .05 as the crite-
rion for removal, variables were dropped from the
model in order of decreasing P value. Collinearity
among variables was assessed by examining the vari-
ance inflation factor. Variables with a variance infla-
tion factor of greater than 2.5 were removed from the
equation. Poisson regression was used to test for vari-
ation in the incidence density of nosocomial infec-
tions (infection per exposure days) between months
and to assess the effect of early surgical intervention.
Kaplan-Meier analysis was done to estimate the prob-
ability over time that a burn patient would acquire a
nosocomial infection at specific time points in time
after admission.

Human Subjects
Our University’s Institutional Review Board ap-
proved the study. T
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RESULTS

Entire Study Population
One hundred fifty-seven burned patients were admit-
ted during the study period (Table 1); 129 (82.2%)
were admitted immediately after their burn injury and
9 (5.7%) were admitted more than 24 hours but less
than 72 hours after their injuries. Most patients sus-
tained flame burns (Figure 1). The mean age of pa-
tients during the study period was 38.4 $ 22.1 years.
Eighty-four patients (53.5%) had invasive devices in-
serted; 79 patients (50.3%) had urinary catheters, 73
(46.5%) were intubated, and 27 (17.2%) had central
venous catheters. Device use ratios were 0.49 for uri-
nary catheters, 0.25 for ventilators, and 0.28 for cen-
tral venous catheters. Device use was associated with
comorbidities; 52 of 84 (61.9%) patients with devices
had comorbidities compared with 32 of 73 (43.8%) of
those who did not have devices (P # .026).

Patients with Nosocomial Infections as
Assessed by Burn Surgeons
Of the 157 patients, 51 (32.5%) had 99 infections
that were designated as nosocomial infections by the
burn surgeons (Table 2). Thirty-four of these 51 pa-
tients (66.7%) had flame burns compared with 56
(52.8%) of the patients the surgeons felt were not

infected (P # .08). All 10 patients diagnosed with
inhalation injury had infections identified by the sur-
geons (P ! .0001). The presence of diabetes did not
predispose patients to infections per the surgeon as-
sessment (6/10 with diabetes vs 45/147 without di-
abetes, P # .079). The incidence of nosocomial in-
fections as identified by the surgeons was 53.4 (95%
confidence interval 42.6–66.9) per 1000 patient days
and it did not vary by month during the study period.
Overall, 43.4% of these episodes occurred in the first
week after the patients were hospitalized; 35 (56.7%)
of the episodes assessed as burn wound infections and
6 (50%) of those assessed as pneumonia occurred in
the first week of hospitalization. In contrast, only one
(7.1%) of the episodes surgeons assessed as urinary
tract infections and two (20.0%) of those assessed as
bloodstream infections occurred during the first
week. A Kaplan–Meier analysis using the burn sur-
geons’ assessment of infection estimated that 36.9%
$ 5.0% of all patients would acquire a nosocomial
infection by day 7 of hospitalization, 55.3 $ 6.5 by
day 14, and 72.3 $ 9.2 by day 21.

On the basis of the burn surgeons’ assessments,
burn wound infections (n # 60) were the most com-
mon nosocomial infection (Table 2). The median
time to the first burn wound infection identified by
the burn surgeons was 17 days (range, 4–43 days).
More than 50% of the infected wounds were treated
for cellulitis (n # 33); only four (6.7%) were treated
for burn wound sepsis.10

Ten patients were treated for 14 catheter-associ-
ated urinary tract infections based on the burn sur-
geon’s assessments. The catheter-associated urinary
tract infection rate was 15.5 per 1000 urinary catheter
days. Twelve patients were treated for pneumonia; 10
episodes were considered to be ventilator associated,
for a rate of 22.1 per 1000 ventilator days. The burn
surgeons treated eight patients for 10 episodes of bac-
teremia. One episode had no obvious source. The
surgeons felt that four episodes were secondary to
other infections (two wound infections, one urinary
tract infection, and one pneumonia) and that five

Figure 1. Percentages and types of burn injuries presented
by patients.

Table 2. The number of infections by site: burn surgeons’ assessment compared with infection control assessment

Infection Surgeon’s Assessment Infection Control Assessment Agreement between the Assessments, %

Any nosocomial infection 99 (51)* 60 (42)* 60.6

Burn wound infection 60 (47) 42 (38) 70.0

Pneumonia 12 (12) 2 (2) 16.7

Urinary tract infection 14 (10) 8 (7) 57.1

Bloodstream infection 10 (8) 7 (6) 70.0

*Number of infections followed by the number of patients in parentheses.
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were associated with central venous catheter infec-
tions, for a central venous catheter-associated blood-
stream infection rate of 7.8 per 1000 catheter days.
The rate of burn wound infections was 32.4 per 1000
patient days.

Patients with Nosocomial Infections as
Assessed by the Infection Control Criteria
Forty-two (26.8%) patients were identified as having
60 nosocomial infections as assessed by the infection
control criteria (Table 2). Twenty-six of these pa-
tients (61.9%) had flame burns compared with 64
(55.7%) of the patients who were assessed as non-
infected by the infection control criteria (P # .11).
Ninety percent of patients identified as having inha-
lation injury had infections per the infection control
staff (P ! .0001). Patients with the diagnosis of dia-
betes were also more likely to have an infection (6/10
with diabetes vs 45/147 without diabetes, P # .023).
The incidence of infection based on the infection
control criteria was 32.4 (95% confidence interval
25.7–40.8) per 1000 patient days. The incidence of
infection as identified by the infection control criteria
did not vary substantially by month. Overall, 32
(53.3%) of the episodes identified by the infection
control criteria occurred during the first week of hos-
pitalization. Twenty-eight (66.7%) of the wound in-
fections and one (50%) of the pneumonias identified
by the infection control criteria occurred during the
first week compared with only one (12.5%) of the
urinary tract infections and two (28.6%) of the blood-
stream infections. A Kaplan-Meier analysis using the
infection control assessment of infection estimated
that 30.5% $ 4.8% of all patients would acquire a
nosocomial infection by day 7 of hospitalization, 39.2
$ 5.6 by day 14, and 65.1 $ 9.0 by day 21.

The infection control assessment agreed with the
surgeons’ assessment for 16.7% of the pneumonias,
70.0% of the burn wound infections, 57.1% of the
urinary tract infections, and 70.0% of the blood-
stream infections (Table 3a and b). Most of the burn

wound infections identified by the burn surgeons that
were not identified by the infection control criteria
did not meet Peck’s criteria for burn wound infec-
tions (n # 11; the appearance of the wound did not
change [n # 9] or the drainage was not cultured [n #
2]).10 Five wounds that were identified as infected by
burn surgeons but not by infection control criteria
occurred in patients who had previous episodes of
burn wound infection identified by both criteria. The
infection control criteria did not identify the subse-
quent episodes as infections because the medical
records did not document that these episodes oc-
curred at separate sites and, thus, were distinct infec-
tions. Finally, two surgical site infections identified by
surgeons as hospital acquired met the infection con-
trol definition of community acquired. On the basis
of the infection control assessment, the rate of burn
wound infections was 22.7 per 1000 patient days.

Of the 14 episodes treated as urinary tract infec-
tions by the surgeons, 6 did not meet the infection
control criteria (3 episodes did not have urine cul-
tures and 3 were not associated with symptoms of
urinary tract infections). On the basis of the infection
control assessment, the urinary catheter-associated
infection rate was 8.8 per 1000 urinary catheter days.
The surgeons treated 8 patients for 10 episodes of
bloodstream infections. Infection control criteria
identified three of these episodes as contamination,
two as secondary bloodstream infections (one caused
by Serratia marcescens from an abdominal abscess and
one caused by S. marcescens from an infected burn
wound), and three as primary bloodstream infections.
On the basis of the infection control assessment, the
central venous catheter-associated bloodstream infec-
tion rate was 5.8 per 1000 catheter days. Ten of the
episodes identified by the burn surgeons as pneumo-
nia did not meet the infection control criteria for this
infection (four did not have radiological evidence of a
pneumonia or did not have a chest radiograph, four
episodes were not associated with a change in the
sputum, and two episodes were not associated with
signs or symptoms of pneumonia). On the basis, of
the infection control assessment, the ventilator-asso-

Table 3a. Independent risk factors for nosocomial
infections identified by the burn surgeons

Variable
Odds
Ratio

95% Confidence
Intervals P Value

BSAB (5% increment) 1.20 1.04–1.39 .012

Comorbidities 2.87 1.06–7.72 .037

Operative debridment 4.03 1.17–13.89 .023

Invasive device use 11.45 2.54–51.55 .002

BSAB, body surface area burned.

Table 3b. Independent risk factors for nosocomial
infections identified using infection control criteria

Variable
Odds
Ratio

95% Confidence
Intervals P Value

BSAB (5% increment) 1.21 1.0.6, 1.39 .007

Comorbidities 2.74 1.10, 6.78 .030

Invasive device use 26.57 5.63, 125.3 !.0001

BSAB, body surface area burned.
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ciated pneumonia rate was 2.3 per 1000 ventilator
days.

Risk Factors for Nosocomial Infection
By multiple logistic regression analysis, invasive de-
vice use was the factor most strongly associated with
nosocomial infection regardless of the criteria used to
identify these infections (Table 3a and Table 3b).
BSAB, comorbidities, operative débridmentbrid-
ment, and use of an invasive device were significantly
associated with acquisition of nosocomial infections
as identified by the burn surgeons (Table 3a). BSAB,
comorbidities, and invasive device use were signifi-
cantly associated with nosocomial infections as de-
fined by the infection control criteria (Table 3b). All
10 patients with diabetes were represented in the
larger group of patients with comorbidities. Likewise,
the 10 patients with inhalation injury were included
in the larger group of patients that had devices in-
serted as all 10 had received devices.

Use of Antimicrobial Agents and
Antimicrobial Resistance
Ninety-five (60.5%) patients received antimicrobial
agents; 52 patients were treated for one or more nos-
ocomial infections as assessed by the surgeons and 43
were given antimicrobial agents solely for surgical
prophylaxis. The median duration of a course of treat-
ment for any purpose was 5 days (range, 1.0–46.0).

Of the 52 patients treated for nosocomial infections
based on the burn surgeons’ assessments, 46 also re-
ceived antimicrobial agents prophylactically. This group
of patients was treated for “nosocomial infection” for a
median of 7 (range, 1.0–46.0) days. Forty-two (80.8%)
of these 52 patients received a first-generation cephalo-
sporin, 20 (38.5%) received fluoroquinolones, 16
(30.8%) received vancomycin, 13 (25.0%) received an-
tipseudomonal penicillins, 5 (9.6%) received antistaphy-
lococcal penicillins, and 9 (17.3%) received antifungal
agents. Only four patients were treated with cefipime,
three with clindamycin, and one each with cefotetan,
ceftriaxone, meropenem, trimethoprim-sulfamethox-
azole, and amoxicillin clavulanic acid. Of the 43 patients
receiving antimicrobial agents for perioperative prophy-
laxis only, 39 (90.7%) received a first generation cepha-
losporin, 7 (16.3%) received fluoroquinolones, 5
(11.6%) received vancomycin, 4 (9.3%) received anti-
pseudomonal penicillins, 2 each (4.7%) received mero-
penem, cefipime, and doxycline, 1 each (2.3%) received
ceftazidime, clindamycin, and antistaphylococcal peni-
cillins, and 5 (11.6%) received antifungal agents.

The spectrum of antimicrobial agents given to the
subgroup of 42 patients identified by the infection
control criteria was similar to that used to treat the

larger group of 52 patients identified by the burn
surgeons as having a nosocomial infection. Forty-two
(100%) patients were treated with first generation
cephalosporins, 20 (47.6%) with fluoroquinolones,
16 (38.1%) with vancomycin, 13 (30.1%) with an
antipseudomonal penicillin, 2 (6.5%) with anti-
staphylococcal penicillin, 5 (11.9%) with penicillin,
and 9 (21.4%) with antifungal agents. In addition,
four (9.5%) patients received cefepime, three (7.1%)
received clindamycin, two (4.8%) received metroni-
dazole, and one patient each received cefotetan,
ceftriaxone, meropenem, and bactrim single
strength.

Twenty-six (46.2%) S. aureus isolates were resistant
to methicillin. Ten of 25 (40%) Pseudomonas isolates
were resistant to fluoroquinolones, 5 (16%) were re-
sistant to third-generation cephalosporins, and 4
(20%) were resistant to gentamicin. Enterobacter
spp., Klebsiella pneumoniae, and Escherichia coli that
were resistant to third-generation cephalosporin were
not identified in this patient population.

DISCUSSION
Surveillance for surgical site infections and reporting
these rates to surgeons has been shown to reduce the
rates of infection.8,13 In addition, following nosoco-
mial infection rates over the course of time allows
surgeons and infection control staff to evaluate cur-
rent practices such as hydrotherapy, isolation, and
utility of surveillance cultures and to determine
whether changes in practice change infection rates.
Moreover, infection rates reported by the CDC1 or
other centers can serve as benchmark data against
which programs can compare their own rates. We
performed a prospective study to determine our rates
of infection. We then compared our rates to those
reported by CDC and by investigators who have done
prospective studies of nosocomial infections among
burn patients.

CDC recently reported pooled mean rates of de-
vice-associated infections for burn units reporting to
NNIS between 2002 and 2004: catheter-associated
urinary tract infections equaled 6.7 per 1000 urinary
catheter days, catheter-associated bloodstream infec-
tions equaled 7.0 per 1000 central venous catheter
days, and ventilator-associated pneumonia equaled
12.0 per 1000 ventilator days.1 However, the CDC
does not report burn wound infection rates. Thus,
other prospective studies among burn patients pro-
vide the only benchmark data for these infections.

On the basis of the surgeons’ assessments, which
were much less specific than the definitions used by
CDC, our rates of catheter-associated urinary tract
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infection, catheter-associated bloodstream infection,
and ventilator-associated pneumonia were greater
than the pooled means reported by the CDC for burn
units. However, on the basis of the infection control
assessment, which used the CDC’s definitions, our
rates were similar to or less than the pooled means.

We identified three other studies published be-
tween 1992 and 2002 that also were prospective
studies.14–16 Of these studies, ours is the largest and
only one to use multivariable analysis to assess inde-
pendent risk factors for infections and to compare the
burn surgeons’ clinical assessments with those ob-
tained when the strict criteria developed by the CDC
and by Peck were applied.9,10 The other studies did
not specify their definitions14 or were published be-
fore Peck10 published the criteria for burn wound
infections,10,15,16 making it difficult to compare re-
ported nosocomial infection rates.

We found an incidence of 26.8 infections per 100
patients by infection control assessment compared to
32.5 infections per 100 patients by surgeons’ assess-
ment. In the study by Taylor et al., the incidence of
infection was 78 per 100 patients, which was substan-
tially higher than of both of our estimates, or 32.8 per
1000 patient days, which was lower than the rate
based on our surgeons’ assessments but identical to
that based on the infection control assessment.14 Tay-
lor et al15 considered more sites of infection than we
did during their 12-month study. In addition, the
number of burn wound infections, pneumonias, and
urinary tract infections were essentially equal in their
population, which is considerably different than the
distribution we noted. The mean age of the patients
in this study was similar to ours (32 years) and BSAB
was 1% to 20% for 61.2% of the patients.

Wurtz et al16 conducted prospective surveillance
for nosocomial infections among burn patients for 6
months. The average age of their patients was similar
to ours (37 years) but the burns were larger (average
burn size, 30.7%). These investigators found an inci-
dence of 90 infections per 100 discharges or deaths,
which was considerably higher than either of our es-
timates, or 32.3 infections per 1000 patient days,
which was lower than our rate based on the surgeon’s
assessment and identical to that based on the infec-
tion control assessment. In addition, most of the in-
fections were pneumonias and not burn wound infec-
tions.15

Of the prospective studies we identified, the one by
Applegren et al. is the most recent and had the longest
duration.14 However, 20 of 83 (24%) patients with
infections had community-acquired infections. The
authors did not indicate how many community-ac-
quired infections they included; therefore, the reader

cannot remove these infections from the reported in-
cidence of 76.5 infections per 100 patients or 48 in-
fections per 1000 patient days. The median age of
these patients was slightly higher than ours (44) and
the median BSAB (5%) was smaller than ours.

Our results indicate that the incidence of infections
among burn patients depends on who is assessing the
patient for infection. The incidence of infection based
on the burn surgeons’ clinical assessment was more
than forty percent higher than that based on the cri-
teria developed by CDC and by Peck et al and Garner
et al.10,11 The largest discrepancy occurred with the
diagnosis of pneumonia followed by, urinary tract
infections, wound infections and bloodstream infec-
tions. The infection control assessment, based on
CDC and Peck et al criteria, may have underestimated
the infection rate because the research assistant re-
viewed the medical records retrospectively. There-
fore, the reseach assistant may not have had access to
clinical observations and information that caused the
surgeons to treat particular patients for infection.
Thus, we cannot say for sure whether patients were
undertreated or overtreated for infection.

However, we believe the surgeons are more likely
to have overestimated the infection rate because they
did not use standardized, written definitions. The in-
fection control literature indicates that precise, writ-
ten definitions are essential to accurately identify hos-
pital-acquired infections correctly17 and that clinical
assessments of infection may substantially over esti-
mate18 or under estimate19 the frequency of surgical
infections. Thus, it is not surprising that the surgeons’
assessment did not always coincide with that based on
definitions developed by CDC and by Peck.9,10

We believe the discrepancy between the surgeons’
assessment and the infection control assessment may
suggest that burn patients are over-treated with anti-
microbial agents and that antimicrobial use could
possibly be decreased if more precise definitions of
infection were used in clinical practice. For example,
the burn surgeons treated 12 patients for pneumonia,
but only 2 of those patients met the infection control
definition of pneumonia. Most of the “pneumonias”
that did not meet the CDC’s definition occurred in
patients whose radiographic infiltrates were explained
by other etiologies (inhalation injury, congestive
heart failure, atelectesis, and adult respiratory distress
syndrome) and who did not meet the CDC’s other
criteria for pneumonia. Similarly, only 57% to 70.0%
of infections as assessed by the surgeons at other sites
met the strict criteria for infections. If the burn sur-
geons used more precise definitions of infection, such
as those published by CDC and Peck9,10 and if they
limited antimicrobial therapy to patients who met
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those definitions of infection, antimicrobial use could
be reduced substantially in our burn unit.

Antimicrobial use in our burn unit could be further
reduced if only perioperative prophylaxis was given to
patients whose burn wounds were larger than 30%
TBSA. Mozingo demonstrated that bacteremia sec-
ondary to surgical débridmentbridment is related to
the size (greater than 45%) and age of the burn
(greater than 10 days old) and that prophylaxis is not
needed for patients with small, acute burns.20 In our
study, 69 (82%) of those receiving perioperative an-
timicrobial agents had burn wounds of less than 30%
of the body surface area.

BSAB, the number of comorbidities, and invasive
device use were significantly associated with nosoco-
mial infection in the logistic regression model of risk
factors for infection as identified by either set of cri-
teria. Thus, decreased use of invasive devices, and
improved aseptic technique when inserting devices
could decrease the rates of nosocomial infections on
burn units, thereby, decreasing use of antimicrobial
agents and, in turn, decreasing the risk of selecting
antimicrobial resistant organisms.

Our device use ratios were less than those reported
by NNIS for burn units.1 However, device use was by
far the strongest predictor of nosocomial infections
among our burn patients. CDC has developed evi-
dence-based guidelines for preventing central venous
catheter-associated bloodstream infections21,22 and
ventilator-associated pneumonia21 and studies have
demonstrated that implementing the guidelines low-
ers the incidence of these infections.22,23 Thus, when
possible, use of indwelling devices should be mini-
mized and these devices should be removed when no
longer needed. Moreover, healthcare workers must
adhere strictly to aseptic technique when inserting
and caring for these devices.

Despite limited use of nafcillin or broad-spectrum
antimicrobial agents, antimicrobial resistant isolates
were common among our patients. Nearly half
(46.2%) of the S. aureus isolates causing clinical in-
fections in our patients were resistant to oxacillin (or
methicillin). Comparative data do not exist for burn
units. However, NNIS recently reported that 52.9%
of S. aureus isolates from patients in intensive care
units are resistant to oxacillin, and Pseudomonas iso-
lates often are resistant to levofloxacin (35.3%), cefta-
zidime (13.9%), and ciprofloxacin (34.8%). How-
ever, molecular typing data (not shown) from the
infection control program indicate that during the
study period patient-to-patient transmission of
MRSA (11 patients and 3 healthcare workers) and
VRE (11 patients) occurred on the burn unit. Thus,
during the study period, patient-to-patient transmis-

sion may have been as important as over use of anti-
microbial agents in maintaining a relatively high inci-
dence of infections caused by resistant organisms.
Thus, contact precautions, when caring for colonized
and infected patients, and good hand hygiene, when
caring for all patients, are important measures for de-
creasing transmission of resistant organisms and other
important pathogens on burn units.11,23–26

Further study is needed to determine the role of
prophylactic antimicrobial agents in thermally injured
patients. However to date, there are no data demon-
strating the efficacy of prophylaxis among burn pa-
tients. Neither prophylactic penicillin nor nystatin
have decreased infection rates in burn patients.27,28

In the study by Taylor et al,15 a total of 11 of 36 (31%)
burn patients who were colonized on admission with
S. aureus subsequently acquired infections caused by
this organism compared with 13% of the patients who
were not colonized on admission. Eight of these pa-
tients became infected with their own strains. On the
basis of their data, Taylor et al15 suggested that burn
patients who carry S. aureus should be treated to
eradicate carriage. We believe this is a potentially use-
ful intervention. We also believe that it should be
tested in a clinical trial to determine whether it pre-
vents S. aureus infections without increasing the in-
cidence of infections caused by other more resistant
organisms or increasing the incidence of S. aureus
isolates that are resistant to the decolonizing agent.29

Investigators have studied several other methods
for restricting use of antimicrobial agents as a means
of decreasing the incidence of resistant organisms.
Antimicrobial rotation and antibiotic restriction have
had limited success curbing resistance in other criti-
cally ill patient populations.7,30 Formulary restriction
has been the technique that has reduced spread of
resistant organisms among critically ill patients most
successfully.7,30–32 To date, there are no reports de-
scribing the use of formulary restriction in popula-
tions of burn patients.

CONCLUSION
Antimicrobial resistance is increasing in all patient
populations, including patients with burns,34,35 and
nosocomial infections continue to be a serious com-
plication of burn treatment. To limit use of antimi-
crobial agents and, thereby, reduce the incidence of
antimicrobial resistance, burn surgeons should mini-
mize use of prophylactic antimicrobial agents and ap-
ply standardized, written criteria, like those devel-
oped by the CDC and by Garner et al11 and Peck et
al,9,10 when diagnosing and treating nosocomial in-
fections. Moreover, adherence to infection control
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precautions when caring for burn patients and their
invasive devices, are critical for reducing the incidence
of infections in this high-risk population.
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