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Abstract

Objective: Infections are one of the most important and potentially
serious complications of burn wounds. Quantitative biopsy cultures
are useful for showing that a burn wound infection is not present, but
these cultures are not useful for showing that an infection is present.
Swab cultures are used to diagnosis surface colonization and may
not accurately reflect the organism(s) causing the wound infection.

Materials and Methods: To perform a comparison of surface swab
and biopsy cultures for isolated microorganisms from burn wounds,
160 biopsy/surface swab pairs were collected from 160 patients.

Results: Seventy-seven patients (48.1%) showed positive micro-
organism cultures from the burn wounds; 19.3 percent had both
positive surface cultures and significant bacterial counts from the
biopsy cultures, whereas 28.8 percent of the patients had only posi-
tive surface cultures. There was moderate agreement (41%) between
the results of surface swab and quantitative biopsy cultures used to
diagnose burn wound infections. Pseudomonas aeruginosa (45.5%)
was the most predominantly isolated bacteria from the wounds, and
there was good concordance between the results of the surface swab
and quantitative biopsy culture samples (78%). Coagulase-negative
Staphylococci (CNS) and Escherichia coli strains were only isolated
from the surface swab samples because they are colonizing bacteria.
The univariate analysis revealed that there were significant associa-
tions between the results of the positive biopsy cultures and the total
surface body area, open flame burns, prolonged hospitalization and
female gender (p<0.05).

Conclusion: Surface swab and quantitative biopsy cultures have a
high rate of concordance in predicting P. aeruginosa invasion and the
colonization of E. coli and CNS strains in burn wounds.
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Ozet

Amag: Yanik yarasi enfeksiyonlari; yanigin cok 6nemli ve ciddi komp-
likasyonlarindan birisidir. Kantitatif biyopsi kilttrleri yanik alaninda
bir yara enfeksiyonu bulunmadigini desteklemek icin yararlidir, an-
cak bir enfeksiyon olup olmadigini géstermek icin kullanisli degildir.
Surtintt kaltarleri ylzeyel kolonizasyonun tanisi amaciyla kullanilir
ve gercekten yara enfeksiyonuna neden mikroorganizma(lari) yansit-
mayabilir.

Gereg ve Yontem: Yanik yarasindan izole edilen mikroorganizmalar
baz alinarak yilizeyel striinti ve kantitatif biyopsi klttr sonuglarini
karsilastirmak amaciyla, 160 hastadan es zamanli olarak siiriintii ve
biyopsi drnekleri alindi.

Bulgular: Yetmisyedi (%48.1) hastanin yanik yaralarindan mikroor-
ganizma izole edildi. Bu hastalarin %19.3'tintin hem biyopsi kiilturle-
rinde anlamli sayilarda mikroorganizma, hem de siiriintii kiltiri po-
zitifligi saptanirken, %28.8'inde sadece surintu 6rnegi kilttrlerinde
Ureme tespit edildi. Yanik yarasinin mikroorganizmalarca invazyonu-
nun gosterilmesinde, ylizeyel striintl ve kantitatif biyopsi kilttrleri
arasinda ki uyum orta derecede idi (%41). Pseudomonas aeruginosa
en sik izole edilen mikroorganizma olup (%45.5), bu mikroorganiz-
manin tespiti agisindan hem kantitatif biyopsi, hem de yiizeyel swab
kiltirleri arasinda iyi bir uyum s6z konusu idi (%78). Koagiilaz nega-
tif stafilokoklar (KNS) ve Escherichia coli suslar kolonizasyon etkeni
olarak sadece yuzeyel striintt 6tneklerinden izole edildi. Univariate
analizde, pozitif biyopsi kiltlri sonuclari ile; yanik alani, alev yanikla-
r, uzamis hastanede kalma siiresi ve kadin cinsiyet arasinda anlamli
bir iliski tespit edildi (p<0.05).

Sonug: Yizeyel siirlintli ve kantitatif biyopsi kilturleri; P. aeruginosa
invazyonu ile E. coli ve KNS kolonizasyonunun tespitinde ¢ok iyi bir
uyum gosterdiler.

Anahtar Kelimeler: Yanik yarasi, Yiizeyel strintl kltird, Kantitatif
biyopsi kultlri
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Introduction

There is a high risk of colonization and infection in burn
wounds. This susceptibility results from the combined effect
of the disruption of the normal skin barrier, the presence
of coagulated proteins and other microbial nutrients in the
wound, and the avascularity of the eschar, which prevents
the delivery of immunologically active cells, humoral factors,
and blood-borne antibiotics to the eschar [1]. The flora of the
burn wound also influence the risk of infection and the inva-
sive potential of infections that occur [2]. Early contaminants
of the wound surface immediately after burning are most
likely skin flora, particularly gram-positive organisms. As time
passes, gram-negative organisms become more prevalent
inhabitants of the burn wound, but the gram-positive organ-
isms remain the predominant flora [3, 4].

Surface cultures are useful for identifying the organ-
isms present within the burn wound and for identifying the
predominant members of the burn wound flora, but these
samples are incapable of differentiating burn wound coloni-
zation from burn wound infection [5]. It is now accepted that
quantitative cultures of biopsy samples from burn wounds,
histopathological examination of burn wound specimens
and clinical signs and symptoms of infection are required to
differentiate between colonization and actual infection. A
low quantitative bacterial count is a good indication that a
burn wound infection is not present, but a quantitative count
of 10° (or greater) organisms per gram of tissue correlates
with histologic evidence of invasive infection in fewer than
50% of paired tissue samples [6].

In this study, we aimed to compare the surface swab and
quantitative biopsy samples from burn wounds and to evalu-
ate the infective agents that were present.

Materials and Methods

Patients and study design: This prospective study was
conducted in Ataturk University Aziziye Hospital, a 1200-bed
tertiary teaching hospital that has a Burn Unit with 14 beds. A
total of 160 patients admitted to the Burn Unit were included
in the present study. All patients sign informed consent forms
before examination and their names are anonymized for this
study. Microbiological assessment of the burn wounds was
carried out following the collection of surface swab and full-
thickness biopsy specimens.

Procedure for wound sampling: Both swab and biopsy
samples were taken simultaneously from the wound of each
patient. To obtain a culture of the burn surface, topical agents
(if any) were first removed with a gauze soaked in sterile
saline. An area measuring 4 cm? was swabbed using two ster-
ile swab sticks. For dry wounds, the swab was moistened with

sterile saline before swabbing. After the collection, the swabs
were inoculated on blood and MacConkey Agar [7].

For quantitative cultures of biopsy samples, approximate-
ly 20-50 mg of tissue from the wound along with the underly-
ing fat was removed using 5 mm punch biopsy forceps. The
tissue was then weighed, suspended in 2 ml of physiological
saline and homogenized. After making serial dilutions, 0.1
ml of undiluted or diluted sample was inoculated on blood
and MacConkey Agar [5,7]. Surface viable counts were deter-
mined, and the number of organisms per gram of tissue was
calculated. Bacterial isolates were identified by conventional
bacteriologic methods or by using commercial identification
kits. No growth up to 48 h was considered negative [8].

Statistical analysis: All statistical analyses were performed
using SPSS Version 13.0 with p < 0.05 accepted as statistically
significant. Univariate analysis was used to compare the rela-
tionship between age, gender, burn depth, total surface burn
area, hospital duration, burn etiology and positive results of
quantitative biopsy versus surface swab cultures. The Chi-
square test was used for categorical variables, and Student’s
t-test was used for continuous variables. To evaluate concor-
dance, the Kappa index was used (Table 1) [6].

Results

In this study, there were 160 cases, with a mean age of
10.5 years; the range was 1-71 years, including 106 patients
(66.3%) aged <5 years, 40 patients aged 6 to 35 (25%), and 14
patients (8.7%) aged =36 years. Eighty-six of the patients were
males (53.8%), and 74 patients were females (46.2%). A total
of 122 patients (76.3%) arrived with less than 30% total sur-
face body area (TBSA) burns, 19 patients (11.9%) had 30-40%
TBSA burns, 3 patients (1.8%) had 40-50% TBSA burns, and 16
patients (10%) had greater than 50% TBSA burns. The mean
burn size of the population was 19.4+15.6% TBSA. Among the
patients, 112 (70%) had suffered second-degree burns, while
the remaining 48 patients (30%) had third-degree burns. Of
the cases, 73 (45.6%) spent less than 10 days in the hospital,
followed by those who spent 11-20 days (39 patients, 24.4%),
21-30 days (23 patients, 14.4%), 31-40 days (7 patients, 4.4%)

Table 1. Interpretation of Kappa index

Kappa Concordance
<0 None

0-20% Insignificant
20-40% Low

40-60% Moderate
60-80% Good
80-100% Very good
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or more than 40 days (18 patients, 11.2%) at the hospital.
Scalds (hot water, hot soup and hot oil burns) were the most
frequent cause of burns (55%), followed by open flames
(38.8%) and electricity (6.2%).

Of the 160 burn patients, 77 patients (48.1%) showed
positive microorganism cultures from the burn wounds, 19.3
percent of the patients had significant bacterial counts from
quantitative biopsy cultures, and 28.8 percent of the patients
had only positive surface cultures. The results of the univari-
ate analysis are shown in Table 2. In the univariate analysis,
burn depth and age group showed no significant association
with the results of the quantitative biopsy cultures. As for
gender, there was a significant association between the posi-
tive biopsy results and the female gender (28.4%) (p<0.05).
In patients hospitalized for less than 10 days, only 5.4% of
the biopsy cultures contained 10° colony forming units per
gram of tissue (CFUs/qg). This rate increased to 44.4% among
those hospitalized for more than 40 days. Significant bacte-
rial counts clearly contributed to prolonged hospitalization
(p<0.05). Open flame cases were the etiology most common-

ly associated with positive biopsy cultures in burn patients
(32.3%) (p<0.05). Electric current did not cause any of these
cases. There was a significantly lower level of TBSA in patients
with positive surface swab cultures (18.8+14.0) compared
with patients who had biopsy cultures with significant bacte-
rial surface counts (37.5£10.7) (p<0.05).

In the positive biopsy culture samples, 29 cultures showed
a single bacterial species, and 2 of the cultures showed two
bacterial species present. According to the surface swab
culture results, 29 of the cultures showed a single species, 16
cultures showed 2 isolates, and 1 of the cultures showed a
polymicrobial community consisting of three species. A total
of 97 cultivable isolates belonging to 15 different microbial
species were recovered from the burn wounds (Figure 1). The
concordance between culture results is shown in Table 3. In
our study, the concordance between surface swab and quan-
titative biopsy cultures in diagnosing burn wound invasions
was moderate (41%). For Pseudomonas aeruginosa, there
was good concordance in estimating the invasion of deep
tissues between the results of the surface swab and quan-

Table 2. Characteristics of surface and biopsy culture positive burn patients

Frequency or mean=SD Univariate analysis
Characteristic Surface culture  Biopsy culture P value
positive cases positive cases
Age
<5 years 35 18
6-35 years 9 10 0.24
>36 years 3
Sex
Male 28 10 0.02
Female 18 21
Burn depth
Il 35 20 0.31
11l 1 11
Total surface burn area 18.8£14.0 37.5£10.7 0.00
Hospital duration (days)
=10 24 4
11-20 9 7
21-30 5 8 0.008
31-40 2 4
41< 6 8
Aetiology of burns
Scalds 30 11
Open flame 11 20 0.001
Electricity 5 0
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Figure 1. Microorganisms isolated from surface swab and quantitative biopsy cultures.

titative biopsy culture samples (78%). Coagulase-negative
Staphylococci (CNS) and Escherichia coli strains were only
isolated from the surface swab samples because they are
colonizing bacteria.

Discussion

Although wound surface cultures are the simplest diag-
nosis method, they poorly indicate the organisms that invade
burn wounds. Full thickness biopsy cultures with quantifica-
tion of the number of bacteria in the burn wound is the best
method for determining burn wound invasion [9]. This study
was undertaken to compare the results of burn wound biopsy
cultures with corresponding cultures of superficial swab
samples by identifying the microorganisms isolated from
burn patients.

Pseudomonas is generally the most frequently isolated
gram-negative bacterium from burn patients, and it is the
most serious cause of life-threatening infections. The devital-
ized tissue and moist environment of burns provide an ideal
environment for colonization and infection with P. aerugino-
sa, which is exacerbated by compromised immune function
in burn patients [10]. In our study, P. aeruginosa strains were
isolated in significant counts from quantitative biopsy cul-
tures from fifteen patients, but the remaining 6 patients only
had positive surface swab sample results. There was good
concordance between the surface swab and biopsy culture
results. Our findings on the high frequency of P. aeruginosa in
burn wounds coincide with many previous reports wherein
this organism was identified to be responsible for the major-
ity of invasive burn wound infections [10-13]. In other studies,

the concordance between the results of the surface swab and
quantitative biopsy cultures was 52-54% [6, 14, 15].

Even though the pathogenicity of coagulase-negative
Staphylococci is unclear, several studies have suggested that
CNS should be considered a significant pathogen in both
burn patients and critically ill surgical patients [14]. In our
study, CNS was identified in the surface swab cultures of only
20 patients (28.6%), and they were considered to be com-
mensal bacteria. Similarly, studies from other burn institu-
tions revealed higher rates of recovery from infection caused
by this organism in burn wounds because it is a colonizing
agent [16-18].

E. coli is one of the major causes of infections in burn
patients based on surface swab and biopsy cultures from
burn wounds [2]. However, in this study, E coli was deter-
mined to be a colonizing bacteria according to the results of

Table 3. Kapa index of frequently isolated microorganisms

Results Kappa
Global 41%
Pseudomonas aeruginosa 78%
Coagulase negative Staphylococci 0%
Enterobacter aerogenes 64%
Enterococcus sp. 21%
Candida sp. 44%
Escherichia coli 0%
Acinetobacter sp. 38%
Citrobacter diversus 50%
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the quantitative biopsy culture samples, which yielded less
than 10° cfu/g of tissue.

In this study, there was moderate concordance between
the results of the surface swab and quantitative biopsy cultures
used to diagnose the invasion of burn wounds by microorgan-
isms (41%). Similarly, Danilla et al [6] found that the global
concordance between the two methods was moderate (52%);
however, they also noted that only S. aureus and A. baumanii
showed greater than 60% concordance. Uppal et al. [5] report-
ed that both sampling methods yielded the same organisms
in 95% of cases; in their study, biopsy was found to be a more
valuable method because it demonstrates the critical load of
an organism beyond which metastatic invasion of the organ-
ism takes place. Basak et al. [7] noted a 72 percent correlation
between surface swab culture and quantitative wound biopsy
culture results. Steer et al. [14, 15] showed that the concor-
dance between the two methods was 54%. Sjoberg et al. [19]
indicated that the results of the surface cultures and tissue cul-
tures were identical in 29% of cases; that is, the samples either
showed no growth or identical bacterial growth.

Significant associations were found between the results of
the positive biopsy cultures and the total surface body area,
open flame burns, prolonged hospitalization, and female
gender in our study. However, there are no other studies
examining these data that can be used for comparison.

In conclusion, surface swabs and quantitative biopsy
cultures have a high concordance rate for predicting P aeru-
ginosa invasion and the colonization of E. coli and coagulase-
negative Staphylococci strains in burn wounds.
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