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Abstract:

The present study was carried out to determine the bacterial isolates and study
their antimicrobial susceptibility in case of burned wound infections. 70 burn
wound swabs were taken from patients, who presented invasive burn wound
infection from both sex and average age of 3-58 years, admitted to teaching
medical Al- Kendi hospital from October 2007 to June 2008.

Pseudomonas aeruginosa was found to be the most common isolate (48.9%)
followed by Staphylococcus aureus (24.4%), Citrobacter braakii (13.3%),
Enterobacter spp. (11.1%), Coagulase-negative Staphylococci (11.1%), Proteus
vulgaris (6.66%), Corynebacterium spp. (6.66%), Micrococcus (6.66%), Proteus
mirabilis (4.44%), Enterococcus faecalis (4.44%), E.coli (4.44%), Klebsiella
spp. (2.22%), Bacillus spp. (2.22%), Serratia macerscens (2.22%) and Serratia
rubidia (2.22%). Antimicrobial susceptibility testing was carried out to the
bacterial isolates against 8 antibiotics, in which ciprofloxacin was found to be the
most effective drug against most of the Gram-negative and Gram-positive
isolates followed by amikacin, while chloramphenicol and gentamicin were less
sensitive to few isolates as well as as doxycycline, as compared with the other
two, mentioned previously. Oxacillin was the worst at all.
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Introduction:

Infection is an important cause of
morbidity and mortality in hospitalized
burn patients (1), in patients with burn
over more than 40% of the total body
surface area, 75% of all deaths
following thermal injuries are related
to infections (2). The rate of
nosocomial infections is higher in burn
patients due to various factors like
nature of burn injury itself,
immunocompromised status of the
patient (3), age of the patient, extent of
injury, and depth of burn in
combination with microbial factors
such as type and number of organisms,
enzyme and toxin  production,
colonization of the burn wound site,
systemic  dissemination of  the
colonizing  organisms (4). The
denatured protein of the burn eschar
provides nutrition for the organisms.
Avascularity of the burned tissue
places the organisms beyond the reach
of host defense mechanisms and
systemically administered antibiotics
(5).

In addition, cross-infection results
between different burn patients due to
overcrowding in burn wards (6). Also

thermal destruction of the skin barrier
and concomitant depression of local

and systemic host cellular and humeral
immune responses are pivotal factors
contributing to infectious complication
in patients with severe burn (7). Burn
wound infections are largely hospital-
acquired and the infecting pathogens
differ from one hospital to another (8).

The burn wound represents a
susceptible site for opportunistic
colonization by  organisms  of
endogenous and exogenous origin;
thermal injury destroys the skin barrier
that normally prevents invasion by
microorganisms. This makes the burn
wound the most frequent origin of
sepsis in these patients (9).

Burn wound surfaces are sterile
immediately following thermal injury,
these wounds eventually become
colonized with microorganisms (10),
gram-positive bacteria that survive the
thermal insult, such as S. aureus
located deep within sweat glands and
hair follicles, heavily colonize the burn
wound surface within first 48 h (10).

Topical  antimicrobials  decrease
microbial overgrowth but seldom
prevent further colonization with other
potentially invasive bacteria and fungi.
These are derived from the patient s
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gastrointestinal and upper respiratory
tract and the hospital environment (11).

Following  colonization,  these
organisms start penetrating the viable
tissue depending on their invasive
capacity, local wound factors and the
degree of the patient S
immunosuppression (12). If sub-eschar
tissue is invaded, disseminated
infection is likely to occur, and the
causative infective microorganisms in
any burn facility change with time
(13). Individual organisms are brought
into the burns ward on the wounds of
new patients. These organisms then
persist in the resident flora of the burn
treatment facility for a variable period
of time, only to be replaced by newly
arriving microorganisms. Introduction
of new topical agents and systemic
antibiotics influence the flora of the
wound (14).

The aim of the present study was to
obtain information about the type of
isolates, identification and
antimicrobial sensitivity of bacterial
wound infections in burn patients.

Materials and Methods
Cultural Media:

Media used for bacterial isolation
and identification are ordinary media
such as Blood agar, Nutrient agar,
Triptic Soya agar, and special media
such as Kanamycin Aesculin azide
agar, pseudomonas agar, Salmonella-
Shigella agar. MacConkey agar,
Mannitol salt agar and Eosin
methylene blue agar.

Sample Collection:
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70 burn wound swabs were taken
from burned patients, who presented
invasive burn wound infection, from
both sex, and average age 3-58 year,
admitted to burn unit of teaching
medical Al-Kendi hospital from
October 2007 to June 2008. The most
preferred areas were the upper and
lower extremities. The specimens were
transported in sterile, leak- proof
container to zoonotic diseases unit. All
specimens were inoculated on 5%
blood agar, MacConkey agar and
Chocolate agar plates and incubated
overnight at 37 °C aerobically. The
sample was also put into liquid media
(Brain Heart Infusion broth) and was
subcultured after overnight incubation
onto Blood agar and MacConkey agar.
Bacterial pathogens were identified by
conventional biochemical methods
according to standard microbiological
techniques (13).

Antimicrobial susceptibility was
performed on Mueller- Hinton agar by
the standard disk diffusion method
(15). The antibiotics tested for
bacterial isolates were: Ciprofloxacin
(Cip5), Amikacin (AK30), Ticarcilin
(Tic75), Chloramphenicol (C30),
Oxytetracycline (T30), Oxacillin (OX
1), Gentamicin (CN 10) and
Doxycycline (Do30).

The zones of inhibition of bacterial
isolates for individual antibiotics were
measured in mm by applying ordinary
ruler.

Results:

The various types of bacteria
isolated from burn wound culture of
total 70 wound swabs were shown in
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table (1). Bacterial isolates were found
in 45 (64.3%) wound swabs, and only
25 samples (35.7%) were negative in
bacterial growth. The results showed
that P. aeruginosa was the commonest
isolate (22 isolates; 48.9%) followed
by S. aureus (11 isolates; 24.4%),
Citrobacter braakii (6 isolates;
13.3%). Both Enterobacter spp. and
coagulase- negative Staphylococci
were 5 isolates for each (11.1%). P.
vulgaris, Corynebacterium spp. and
Micrococcus spp. were 3 isolates for
each (6.66%), P. mirabilis, E. faecalis,
E. coli and Streptococcus spp. gave (2
isolates for each (4.44%). Each of
Klebsiella spp., Bacillus spp., S.
marcescens and S. rubidia, caused
only 2.22% of cases (one isolate for
each).

Most of the isolates showed mixed
infection as showed in (table 1).
Table 2 showed the following results:

P. aeruginosa isolates were
moderately resistant to ciprofloxacin
(54.17%), and (45.83%) resistant to
amikacin, whereas the resistance was
more marked with other antimicrobials
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like doxycycline (73.3%),
oxytetracycline (69.57%), ticarcilin

(68.75%) and gentamicin (63.6%).

On the other hand, S. aureus was
resistant 100% to amikacin, ticarcilin
and gentamicin. The resistance was
75%, 81.8 and 85.7% to doxycycline,
oxacillin and oxytetracycline,
respectively. The less resistance was
showed by chloramphenicol (28.57%)
followed by ciprofloxacin (41.66%).

Klebsiella spp. were resistant to all
of the antibiotics used except
ciprofloxacin (the sensitivity was
100%), while E. faecalis was sensitive
100% to both ciprofloxacin and
chloramphenicol but resistant to the
others. Enterobacter spp were resistant

to most antibiotics, but were
moderately  sensitive  (50%) to
ciprofloxacin, oxytetracycline and
doxycycline. P. vulgaris also was

resistant to 4 antibiotics and showed
lower resistance (33.3%) to
chloramphenicol and gentamicin, but
was sensitive to both ciprofloxacin and
amikacin.

Table (1): The scientific names and frequency of the isolated bacteria:
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Namsa?;;?allated Number & frequency TNO?I Percentage
Pseudomonas 8 single iso_lates & 14 mixed
. with other 22 48.9
aeruginosa )
Bacteria
4 single isolates &7 mixed with
Staphylococcus aureus other 11 24.4
Bacteria
1 single isolate & 5 mixed with
Citrobacter braakii other 6 13.3
Bacteria
Enterobacter spp 5 single isolates 5 11.1
Coagulase- negative 3 single isglates & 2 isolates
Staphylococci mixed W'th 5 11.1
other bacteria
1 single isolate & 2 mixed
Proteus vulgaris isolates 3 6.66
with other bacteria
Corynebacterium spp. 3 isolateskr)n ixed_ with ather 3 6.66
acteria
Micrococcus spp. 2 single isolates & 1 r_nixed with 3 6.66
other bacteria
1 single isolate & 2 isolates
Proteus vulgaris mixed with 3 6.66
other bacteria
Streptococci spp. 2 isolates k:nixeo! with other 5 4.44
acteria
Proteus mirabilis 2 isolates mixed_ with other 2 4.44
bacteria
E coli 1 single iso!ate & 1 isolate mixed 5 444
with one other
Enterococcus faecalis 2 isolates mlxeq with other 2 4.44
bacteria
Serratia marcescens 1 single isolate 1 2.22
Serratia rubidia 1 isolate mixed W.'th 1 2.22
one other bacteria
Klebsiella spp. 1 isolate mixed with 2 other 1 599

bacteria
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Table (2): the percentage (%0) of resistance showed by the bacterial isolates
to different antibiotics

Bacterial isolate  |CIP5 JAK30 [TIC75| C30| T30 |OX1 CN10
D030
Pseudomonas 54.17 |45.83 | 68.75 56.25 69.57 | 100 | 73.3 | 63.6
aeruginosa

Staphylococcus aureus 41.66 | 100| 100 28.57 | 85.7 [81.8 75| 100
Citrobacter braakii | 16.6 0| 16.6 0| 50(100 0 0
Enterobacter spp 50| 100| 100| 100| 50| 100 50| 100
Coagulase-negative 0 0 0 0 0 0 0 0

Staphylococci
Proteus vulgaris 0| 100( 33.3| 100|100| 100| 33.3
Klebsiella spp. 100| 100| 100| 100|100| 100| 100

100| 100 0| 100|100| 100| 100
0| 100 0| 100 | 100 0 0
0 0| 100 0] 100 0 0
Serratia marcescens 0| 100 0 0| 100 0 0
Serratia rubidia 0| 100 0| 100|100 | 100 0
E.coli 0 0| 100 0 0| 100 0 0
Cip5: Ciprofloxacin; AK30: Amikacin; Tic75: Ticarcilin; C30: Chloramphenicol,;
T30: Oxytetracycline; OX 1: Oxacillin; Do30: Doxycycline and CN 10:
Gentamicin.

Enterococcus faecalis
Streptococcus spp.
Corynebacterium spp.

O|O0|0|0|0|0|0o

Discussion:

Bacteria isolated from only 45 burn
wound swabs from the total 70 swab
indicated that 64.29% of examined
burn patients had invasive burn
wound infections, this idea supported
the investigation of Moonery et al. (9)
who explained that the burn wound
infections are one of the most
important and potentially serious
complications that occur in the acute
period following injury, also Raja and
Singha (16) demonstrated that the
infectious complications are
considered a major causes of
morbidity and mortality and the type
and amount of microorganisms on

and in the injured tissues influence
wound healing.

Most of the isolates in our research
had mixed with other bacterial
species and some of these have
shown to be resistant to many
antimicrobials, and this indicates the
high contamination of burn wounds in
our hospitals .

In the present study, the most
commonly isolated organisms from
burned patients were P. aeruginosa
followed by S. aureus, C. braakii and
Enterobacter spp. The reasons for
this high prevalence may be due to
factors associated with the acquisition
of nosocomial pathogens in patients

126



Kufa Journal For Veterinary Medical Sciences

Vol. (2) No. (1) 2011

with recurrent  or long-term
hospitalization, complicating illness-
es, prior administration of
antimicrobial ~ agents, or  the
immunosuppressive effects of burn
trauma. This evidence was consistent
with previous observation mentioned
by some workers. Initially, the
immunologic response to severe burn
injury is proinflammatory but later
becomes predominately anti-
inflammatory responses in an effort to
maintain homeostasis and restore
normal physiology; cytokines and
cellular response mediate both of
these phases (17).

Systemic responses to burn occur
by proinflammatory cytokines (18),
but the anti-inflammatory responses
and the subsequent immunosuppr-
ession following burn injury are
characterized by a set opposing cells
and cytokines, the production and
release of monocytes/ macrophages
are decreased following burn injury
and sepsis (19), also Embile et al.
(20) mentioned that the nosocomial
transmission of microorganisms to
the burn wound occurred by transfer
from the hands of health -care
personnel and through immersion
hydrotherapy treatment. Our results
of bacterial isolation from burn
wound were in accordance with other
previous studies. Manjula et al. (21)
reported that Pseudomonas species
was the commonest pathogen isolated
(51.5%) from burn wound followed
by Acinetobacter species (14.28%), S.
aureus (11.15%), Klebsiella species
(9.23%) and Proteus species (2.3%).
Also  Agnihotri et al. (22)
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demonstrated that P. aeruginosa form
the most common isolate (59%),
followed by S. aureus (17.5%),
Acinetobacter spp. (7.2%), Klebsiella
spp (3.9%), Enterobacter (3.9%),
Proteus spp. (3.3%) and others
(4.8%). Arslan et al. (23) reported
that P. aeruginosa is the main isolate
(53%) from burn wound Adana,
Turkey followed by P. mirabilis
(10%), Acinetobacter spp. (7%), K.
pneumonia (7%) and E. coli (3%).

Microbial infection is one of the
major serious complications in wound
patients, the results of the present
study showed that 22 (48.9%) burn
wound swabs revealed P. aeruginosa,
this goes to confirm that P.
aeruginosa is a major factor in the
etiology of wound infection.
Previously, Al-hadithi (24) and
Mahmoud (25) had reported isolation
of P. aeruginosa from 10% and 13%
burn wound infection, respectively.

Our results showed that the rate of
isolation of gram-negative organism
was more than gram-positive, these
results are consistent with those
reported by Kehinde et al. (26), who
reported that the rate of gram-
negative bacterial isolation from burn
wound was more than twice that
gram- positive and they noticed that
Klebsiella spp. was the pathogen
most commonly isolated constituting
34.4% followed by P. aeruginosa
(29%) and S. aureus (26.8%).

The change in the pattern of
bacterial resistance in the burn unit is
important both for clinical settings
and epidemiological purposes. The
results of antimicrobial sensitivity
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showed that S. aureus was highly
resistant for most of the antibiotics
tested, while it had less resistance to
ciprofloxacin. The adaptation of S.
aureus to the modern hospital
environment has been marked by the
acquisition of drug resistance genes
soon after antibiotic introduction (27).
Also the present study showed that P.
aeruginosa and all other bacterial
isolates were highly sensitive to
ciprofloxacin while P. aeruginosa,
Enterobacter spp. and E. faecalis
were found to be highly resistant to
gentamicin, oxacillin and ticarcilin,
these results were consistent with
investigation of Kehinde et al. (26)
who reported that more than 75% of
the Gram-negative isolates of burn
wound were resistant to gentamicin, a
commonly used antibiotic for Gram-

positive infections. Increasing
resistance to various anti-
Pseudomonas agents has Dbeen

reported worldwide and this poses a
serious problem in therapeutic
management of P. aeruginosa
infections (28).

Also our results explained that
most of the isolates were resistant to
many antibiotics.

Antimicrobial resistance among
nosocomial pathogens is a significant
problem in clinical settings that may
be added to the cost of medical care
and the morbidity and mortality of
patients (29). Gram-negative bacteria
produce large quantities of type 1
cephalosporinase when exposed to
first-  generation  cephalosporins,
ampicillin, and penicillin G, these
antimicrobials are readily hydrolysed
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by this enzyme, and inducible
organisms are intrinsically resistant to
these agents (29).

Our results showed that 45.83% of
P. aeruginosa and 58.34% of S.

aureus isolates were sensitive to
ciprofloxacin. Similar reduced
resistance of P. aeruginosa to

ciprofloxacin has been reported in
Jamaica (19.6%) (30), Latin America
(28.6%) (31), llorin Nigeria (24.7)
(32) and in Iraq (86%) (24).

Ciprofloxacin is a bactericidal,
rapidly acting antimicrobial agent
with a wide spectrum and is very
effective against many gram-negative
bacterial pathogens, including P.
aeruginosa (33).

In another study that has been done
on 2067 clinical isolates of P.
aeruginosa in United Kingdom, the
resistance amount of isolates to
ciprofloxacin was 7.3% (34). In
another survey that has been done on
P. aeruginosa isolated from burn
patients at two hospitals of Tehran,
Iran in 2003, the resistance amount of
isolates to ciprofloxacin was 86.7%
(35).

In United States, Van Eldere (36)
reported that the overall incidence of
ciprofloxacin resistance among P.
aeruginosa isolates ranged between
30 and 40%. However, in our study
P. aeruginosa and S. aureus, as the
predominant  organisms  causing
invasive burn wound infections, were
multi-drug resistant. A similar report
of multi-drug resistant gram-negative
bacilli was also reported by Singh et
al (37). Such high antimicrobial
resistance is probably due to
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excessive and indiscriminate use of
broad-spectrum antibiotics. These
multi-drug resistant strains establish
themselves in the hospital
environment in areas like sinks, taps,
railing, mattress, toilets and thereby
spread from one patient to another
(22). According to this evidence we
suggest that at present time
ciprofloxacin is the most effective
antibiotic against P. aeruginosa and
other bacterial burn wound infections.

References:

1- McManus AT, Mason AD,
McManus WF, Prutt BA (1994). A
decade of reduced Gram-negative
infections and mortality associated
with improved isolation of burned
patients. Arch. Surg. 129:1306-1309.

2- Vindences H and Bjerknes R
(1995). Microbial colonization of
large wounds. Burns.21: 575-579.

3- Pruitt BA, McManus AT, Kim SH
and Goodwin CW (1998).Burn
wound infections: current status.
World J Surg. 22: 135-145.

4- Pruitt BA, Colonel MC and
McManus AD (1984). Opportunistic
infections in severely burnt patients.
Am J Med. 76: 146-154.

5- Order SE, Mason AD, Switzer
WEF and Moncrief JA (1965). Arterial
vascular occlusion and devitalization
of burn wounds. Ann Surg. 161: 502-
508.

6- Gupta M, Gupta OK, Yaduvansh
RK and Upadhyahy J (1993). Burn

129

epidemiology: the pink city scene.
Burns. 19: 47-51.

7- Luterman A, Dasco CC and
Curreri PW (1986). Infection in burn
patients. Am J Med. 81: 45-52.

8- Ogunsola FT, Oduyebo O, Iregbu
KC, Coker AO and Adetunji A
(1998). A review of nosocomial
infections at LUTH: problems and
strategies  for  improvement. J
Nigerian infection Control Associa-
tion. 1: 14-20.

9- Mooney DP and Gamelli RL
(1989). Sepsis following thermal
injury. Comp Ther. 15:22 29.

10-Monafo WW and Freedman B
(1987). Topical therapy for burns.
Surg Clin North Am. 67: 133-145.

11-Hansbrough JF (1987). Burn
wound sepsis. J Intensive Care Med.
2: 313-3217.

12- Manson WL, Pernot PC, Fidler V
and Sauer EW (1992). Colonization
of burns and duration of hospital stay
of severely burned patients. J Hosp
Infect. 22: 55-63.

13-Forbes BA, Sahm DF, Weissfeld
AS (1998). Bailley and Scott
Diagnostic Microbiology. 10" ed.,
Mosby.

14-National Committee for Clinical
Laboratory Standards (1993).
Methods for determining bactericidal
activity of antimicrobial agents.



Kufa Journal For Veterinary Medical Sciences

Vol. (2) No. (1) 2011

Tentative guidelines, M26-T NCCLS.
Villanova, PA.

15- Harley, J. P. and Prescott, L. M.
(2002). Laboratory Exercises in
Microbiology. 5 ™ Ed. The Mc Grow-
Hill Companies, U.S.A.

15-Raja NS and Singh NN (2007).
Antimicrobial susceptibility pattern of
clinical isolates of Pseudomonas
aeruginosa in tertiary care hospital. J
Microbiol Immunol Infect. 40(1): 45-
49,

16-Gosian A and Gamelli RL (2005).
A primer in cytokines. J Burn Care
Rehabil. 26: 7-12.

17-Chaudry IH and Ayala A (1993).
Mechanism of increased susceptibi-
lity to infection following burn. Am J
Surg. 165: 595-675.

18-Gamelli RL, He LK and Liu H
(1994). Marrow granulocyte-
macrophage progendomethacin. J
Trauma. 37: 339-346.

19-Embil JM, McLead JA, Al-barrak
AM and Nicolle LE (2001). An
outbreak of methcillin  resistant
Staphylococcus aureus on burn unit
potential role of contamination
hydrotherapy equipment. Burn. 27:
681-688.

20-Manjula M, Priya D and Varsha G
(2007). Bacterial isolates from burn
wound infections and antibiograms:
eight-year study. Ind J Plastic Surg.
40:22-25.

130

21-Agnihotri N, Gupta V and Joshi
RM (2004). Aerobic bacterial isolates
from burn wound infections and their
antibiograms: A five-year study.
Burn. 30: 241-243.

22-Arslan E, Dalay C, Yavuz M,
Gocenler L and Acartuk S (1999).
Gram-negative bacterial surveillance
in burn patients Annals of burn and
fire disasters. Vol: XI|I.

23-Al-hadithi AB (2007). Isolation
and identification of Pseudomonas
aeruginosa from humans and
animals. MSc. Thesis, University of
Baghdad.

24-Mahmoud NM (2009).
Comparative study of antigens effects
prepared from Pseudomonas
aeruginosa from skin burn in
immunized mice. MSc. Thesis,
University of Baghdad.

25-Kehinde AO, Ademola SA,

Okesola AO and Oluwatosin OM
(2004). Pattern of bacterial pathogens
in burn wound infections in Ibadan,
Nigeria. Annals of Burns and fire
disasters. Vol XVII: 348-355.

26-Enright MC (2003). The evolution
of a resistant pathogen- the case of
MRSA. Curr Opin Pharmacol. 3(5):
474-479.

27-Obritsch MD, Fish DN, MacLaren

R and Jung R (2004). National
surveillance of antimicrobial
resistance in Pseudomonas

aeruginosa isolates obtained from



Kufa Journal For Veterinary Medical Sciences

Vol. (2) No. (1) 2011

intensive care unit patients from 1993

to 2002. Antimicrob  Agents
Chemother. 48: 4606-4610.
28-Bouchillon SK, Johnson BM,

Hoban DJ et al. (2004). Determining
incidence of extended spectrum beta-
lactamase producing Enterobacteri-
aceae, vancomycin- resistant
Enterococcus faecium and
methicillin-resistant  Staphylococcus
aureus in 38 centers from 17
countries: the PEARLS study 2001-
2002. Int J Antimicrob Agents. 24(2):
119-124.

29-Brown PD and lzundu A (2004).
Antibiotic resistance in clinical
isolates of Pseudomonas aeruginosa
in Jamica. Rev Panam Salud Publica.
16(2): 125-130.

30-Jonas RN (2001). Resistance
pattern among nosocomial pathogens;
trends over the past few years. Chest.
119: 397-404.

31-Fadeyi A, Akanbi AA, Nwabuisi
C et al. (2005). Antibiotic disc
sensitivity pattern of Pseudomonas
aeruginosa isolates obtained from
clinical specimens in llorin, Nigeria.
Afr J Med Sci. 34(3): 303-306.

131

32-Algun U, Arisoy A, Gunduz T and
Ozbakkaloglu B  (2004). The
resistance of Pseudomonas
aeruginosa strains to fluoroquinolone
group of antibiotics. Indian J Med
Microbiol. 22: 112-114.

33-Lambert PA (2002). Mechanisms
of antibiotic resistant in Pseudomonas
aeruginosa. J Royal Soc Med. 95: 22-
26.

34-Shahcheraghi FM, Feizabadi V,
Yamin RA and Abedian Z (2003).
Serovar determination, drug
resistance  pattern and plasmid
profiles of Pseudomonas aeruginosa
isolated from burn patients at two
hospitals of Tehran (Iran). Burn. 29:
547-551.

35-Van-Eldere J (2003). Multicentre
surveillance of Pseudomonas
aeruginosa susceptibility patterns in
nosocomial infections. J Antimicrob
Chemother. 51: 347-352.

36-Singh NP, Goyal R, Manchanda
V, Das S, Kaur Z and Talwar V
(2003).  Changing  trends in
bacteriology of burns in the burns
units, Delhi, India. Burns. 29:129-
132.



