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Introduction

Nosocomial infections (NI) are common in burn pa-
tients due to the typical features of the disease: loss of
the first line of defense against microbial invasion; pres-
ence of devitalized, avascularized tissue that provides a
favorable environment for microbial growth; alterations in
the specific and nonspecific components of the immune
system; gastrointestinal translocation; and extended hos-
pitalization and multiple invasive diagnostic and thera-
peutic procedures.1,2 Prolonged courses of antibiotics, of-
ten in combination result in selection of multidrug resist-
ant nosocomial strains which belong mainly to three bac-
terial species: Staphylococcus aureus, Pseudomonas
aeruginosa and Acinetobacter baumannii.3-6 Complex rea-
sons, but mostly the widespread use of third generation
cephalosporins in the last decade, have led to the emer-
gence of new nosocomial pathogens in burns - the ex-

tended spectrum beta-lactamase (ESBL)-producing Enter-
obacteriaceae, which were uncommon until recently.2,7,8 All
these multi-drug-resistant organisms (MDRO) may cause
infections which are particularly challenging to treat as
there are few antimicrobial agents still effective to com-
bat them.9 In terms of new antibiotics, the pipeline is vir-
tually dry, especially for Gram-negative bacteria. Efforts
should therefore be directed toward preserving the activi-
ty of the available antimicrobials, combating antimicrobial
resistance, and providing effective infection control meas-
ures for prevention of colonization and infection of pa-
tients with MDRO strains.10

The aim of our study was to determine the etiology of
nosocomial infections, their changes over a period of five
years (2007-2011), and the measures for control of infec-
tions and antimicrobial resistance in the Burns Clinic of the
N.I. Pirogov University Multi-Profile Hospital for Active
Treatment and Emergency Medicine, Sofia, Bulgaria.
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Materials and methods

Study setting
This retrospective study was conducted at the Burns

Clinic of the N.I. Pirogov University Multi-Profile Hospi-
tal for Active Treatment and Emergency Medicine
(UMHATEM), Sofia, the largest center for treatment of
burn patients and reconstructive surgery in Bulgaria. The
clinic has 60 beds, ten of which are available for inten-
sive care unit (ICU) patients. The policy of the Clinic is
to admit: 1) any patient with ≥ 1% total body surface area
(TBSA) burns if there are full-thickness burn areas; 2) di-
abetic and other immunocompromised patients with any
degree of burn. The data were obtained for a 5-yr period
(1 January 2007 to 31 December 2011). In order to de-
termine the isolated microbial pathogens in the clinic, the
medical records for all the patients and database of the
“Clinical Microbiology and Surveillance of Infections” Na-
tional Information System were reviewed and analyzed.
All patients admitted to the Clinic were eligible for the
study, if they met the criteria for NI defined by the Cen-
ters for Disease Control (CDC), Atlanta.11 According to
these criteria, an NI is defined as an infection that was
neither present nor incubating at the time of the patient’s
admission but had its onset during hospitalization.

Assessment and management of burn patients
The superficial burns treatment protocol includes

wound debridement and application of the modern hydro-
colloid, hydrofiber, silicone, alginate and polyurethane
dressings or conventional dressings coated with paraffin or
chlorhexidine. Dressings with powerful antiseptic effect
and with ability to stimulate epithelialization are used in
the treatment of deep dermal burns, especially if also large.
Faster clearing of devitalized tissue and prophylaxis of lo-
cal infections accelerate the healing processes in the wound,
provide donor sites, and shorten treatment time. The treat-
ment protocol of deep burns includes early surgical exci-
sion and single-stage autografting or multi-stage surgical
excisions with application of temporary biological cover-
ing. This approach removes necrotic tissues and rapidly
promotes wound closure. Until 2004 silver sulphadiazine
(SSD) was the standard agent for topical treatment of su-
perficial and deep burns in the Clinic. Since 2004 Acti-
coat™ (Smith&Nephew) dressing with silver nanocrys-
talline coating has been used routinely to treat deep der-
mal and full-thickness burn wounds, recipient grafts, and
donor sites. Acticoat™ is applied for pre-operative treat-
ment of the wounds and for dressings of grafted sites, ex-
cised areas, and donor sites.

Appropriate precautions were followed in cases of di-
rect contact with the patient, such as wearing gowns, gloves,
masks, etc. Hands were disinfected with appropriate dis-
infectant (according to the hospital disinfection procedure).

An antibiotic for surgical prophylaxis (cefuroxime) was
given to burn patients who underwent broad excisional sur-
gery. Empiric antimicrobial treatment (according to our an-
timicrobial stewardship protocol) was started in cases of
inhalation injury or of clinical and laboratory data for blood-
stream infection (i.e. high fever or hypothermia, disorien-
tation, circulatory embarrassment, dark discoloration in pre-
viously clean wounds, early and rapid eschar separation,
subcutaneous bleeding and increasing edema in surround-
ing areas, and very high or very low white blood cell
counts). Patients with identified pathogens were treated
with an antimicrobial agent, adjusted according to the iso-
late’s susceptibility.

Microbiological procedures
Samples from the burn wound were collected from all

patients at the time of admission and thereafter when clin-
ical signs of local infection appeared. Sub-eschar tissue
biopsy for quantitative culture was taken when appropri-
ate. Two consecutive blood cultures (BactAlert, bio-
Merieux), urine and central line tips, were obtained from
patients with fever or with clinical features of sepsis. En-
dotracheal aspirates were collected in patients with in-
halation injury, intubation , and suspected ventilation-as-
sociated pneumonia. Throat, nasal, and rectal swabs were
taken from all patients on admission and once weekly there-
after for MRSA and other pathogen carriage screening tests.
The patients’ database was updated only if the samples
showed changes of the antimicrobial susceptibility or if
new microbial organisms emerged.

Subcultures were performed using standard operating
procedures on sheep blood agar, MacConkey, chocolate
agar (Merk), and Chromagar Candida (Becton Dickinson)
and incubated for 24-48 h at 37 °C. For biochemical iden-
tification of the microbial isolates, routine methods were
applied and the mini-Api and Vitek-2 Compact (bio-
Merieux) systems were used. Antimicrobial susceptibility
was determined by disk diffusion method (DDM) accord-
ing to the latest available guidelines of the Clinical Labo-
ratory Standards Institute (CLSI).12 Discs with 30 mkg ce-
foxitin (Becton Diskinson) were used to distinguish be-
tween methicillin-resistant staphylococci (MRS) and me-
thicillin-susceptible staphylococci (MSS). In addition,
oxacillin screen agar (bioMerieux) was utilized for detec-
tion of metyhicillin-resistant S. aureus (MRSA). S. aureus
ATCC 25923 was included as a reference strain for qual-
ity control. The initial screening for ESBL production was
carried out according to CLSI guidelines.12 Also, the DDM-
confirmatory method was applied using the following disk
pairs: cefotaxime 30 mkg - cefotaxime/clavulanic acid 30/10
mkg and ceftazidime 30 mkg-ceftazidime/clavulanic acid
30/10 mkg (Becton Dickinson). The Gram-negative isolates
were classified as multi-drug resistant (MDR) if they were
resistant to more than three classes of antimicrobial drugs.



Annals of Burns and Fire Disasters - vol. XXVI - n. 1 - March 2013

7

Infection control
In order to control effectively nosocomial infections

and especially to control and eradicate MDROs in the burns
clinic, the local antimicrobial stewardship committee has
developed a system of measures according to CDC guide-
lines13 and the local data of antimicrobial resistance of
nosocomial pathogens. The system includes the following: 

• Antimicrobial stewardship protocol with three lev-
els of restriction for prescribing antimicrobials; lo-
cal guide to surgical prophylaxis and empiric an-
timicrobial therapy; determining the primary and
alternative regimens for patients with severe in-
fections and pathogen still unknown.

• Local treatment: routine use of ActicoatTM for dress-
ing burn wounds, recipient grafts and donor sites. 

• Surveillance: an algorithm that includes the types
and the number of specimens to be investigated for
every patient since admission, distributed across the
days of the week.

• Standard and transmission control: a protocol for
proper hand hygiene according to recent CDC rec-
ommendations and contact precautions for patients
colonized or infected with MDROs.

• Education: regular clinical-laboratory meetings and
educational seminars aiming at enhancing staff
knowledge on antimicrobial stewardship and in-
fection control.

• Decolonization only for S. aureus/MRSA carriers
- both patients and staff (as MDR Gram-negative
decolonization remains an unresolved issue): nasal

decolonization with mupirocin ointment, oral an-
tibiotics at discretion and 4% chlorhexidine baths
for patients at least twice a week. 

• Environmental measures: thorough cleaning; con-
trol of disinfection and sterilization procedures:
every three months for the ICU and twice per year
for the other departments. 

This system of anti-infective and anti-microbial re-
sistance measures has been routinely implemented in the
clinic since 2008.

Statistical analysis
Comparisons across groups were performed with the

chi-squared test.
A p-value of <0.05 was considered significant.

Results

During the study period, 5894 patients were admitted
to the Burns and Plastic Surgery Clinic in Sofia. The de-
mographics data are presented in Table I.

Table II presents the total number of patients admit-
ted and microbiologically tested, the number of patients
with nosocomial isolates, and the number of isolated noso-
comial strains (duplicate isolates are not included) during
the study period. The type of specimens from which the
nosocomial strains were isolated is not considered in this
study. Some patients were infected/colonized with more
than one pathogen and had more than one isolate in this
population. 

Year 2007 2008 2009 2010 2011
Number of patients 1305 987 920 1303 1379
ICU patients (%) 194 (14.9) 277 (28.1) 223 (24.2) 244 (18.7) 238 (17.3)
Mean number days ICU stay 14.79 14.04 14.42 13.34 12.49 
Number of inhalation cases 11 10 9 13 11
Number of surgical operations 789 895 870 1035 1002
Male/female 1.4/1 1.3/1 1.5/1 1.2 /1 1.4 /1
Age range (yr) 0.17 – 87 0.34 – 91 0.17 – 85 0.1 – 89 0.08 – 91 
Mean age (yr) (SD) 28.74 (19.78) 26.14 (18.54) 31.82 (20.08) 34.24 (21.53) 32.36 (20.80)
TBSA range (%) 1-75 1-83 1-81 1-85 1-80
Mean percentage TBSA (SD) 16.34 (7.55) 17.55 (8.65) 18.47 (8.26) 16.19 (9.22) 15.88 (10.35)
* Some of the patients underwent more than one operation

Table I - Demographics of patient data

Year 2007 2008 2009 2010 2011
Number of patients 1305 987 920 1303 1379
Number of patients with nosocomial isolates (%) 451 (34.56) 634 (64.24) 699 (75.98) 711 (54.57) 714 (51.78)
Number of nosocomial strains 482 675 732 752 743
* Percentage based on the number of microbiologically investigated patients

Table II - Total number of patients and of isolated nosocomial strains 
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As can be seen, the incidence of patients with NI in-
creased almost two-fold in 2008 in comparison with 2007
(the difference is significant, p<0.05) and reached its peak
level in 2009 (p<0.05, in comparison between 2009 and
2008). Afterwards, in 2010 it significantly decreased
(p<0.05) and in 2011 about half of the microbiologically
tested patients acquired at least one NI during hospital-
ization, significantly more than at the beginning of the
study period (p<0.05). The total number of patient-days in
2011 was 70094, with 743 NI for the year, The NI rate in
2011 was therefore 10.6 per 1000 patient-days. 

The spectrum of nosocomial pathogens isolated from
clinical specimens in burn patients during the study peri-
od is presented in Fig. 1. 

S. aureus has been the pathogen with the highest inci-
dence rate in the clinic since 2008, but it has shown a de-
creasing rate trend. After 2007 Acinetobacter baumannii
had the second incidence rate, followed by P. aeruginosa. 

The incidence of Enterobacteriaceae significantly in-
creased in 2008 in comparison with 2007 (p<0.05) and re-
mained on this level till the end of the study period (Table
III). However, the share of ESBL-producing strains in-

creased significantly in 2008 in comparison with 2007
(p<0.05) and in 2009 in comparison with 2008 (p<0.05),
significantly dropped in 2009 in comparison with 2008
(p<0.05) and again significantly increased in 2011, in com-
parison both with 2010 (p<0.05) and with the beginning
of the study period (p<0.05), reaching nearly 1/3 of all En-
terobacteriaceae isolates. 

Fig. 1 - Spectrum and rate of nosocomial pathogens isolated in burn patients.

Notes: * These bacterial species are included in the Enterobacteriaceae family. The percentage represents the share of corresponding microbial isolates
out of the total number of isolated nosocomial strains in the corresponding year (see Table II).

Year 2007 2008 2009 2010 2011
Number of patients with microbiological investigations 1305 987 920 1303 1379
Enterobacteriaceae strains n - one per patient (percentage)* 67 (5.13) 118 (11.96) 112 (12.17) 142 (10.90) 172 (12.47) 
Number of ESBL (+) Enterobacteriaceae strains (percentage)* 8 (0.61) 16 (1.62) 33 (3.59) 4 (0.31) 54 (3.92)
Notes: * Percentage based on the number of patients with microbiological investigations in the corresponding year.

Table III - Changes in the incidence of Enterobacteriaceae and of ESBL-producing strains over the years

Notes: The percentage is based on the number of patients with microbiological
investigations in the corresponding year

Fig. 2 - Changes in the rates of MRSA during the study period.
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The MRSA rate significantly increased in 2008 in com-
parison with 2007 (p<0.05), then significantly dropped in
2009 in comparison with 2008, also dropped in 2010 in
comparison with 2009 and in 2011 in comparison with
2010 (p<0.05 for all compared groups). The incidence of
MRSA in 2011 in comparison with 2007 became lower,
albeit without statistical significance (p>0.05).

During the study period, as many as 163 nasal swabs
from the staff and 5148 from the patients were screened
for S. aureus carriage. S. aureus was isolated in 9.2% of
staff nasal swabs and two cases of MRSA carriage were
established. S. aureus nasal carriage was found in 22.2%
of the patients. MRSA was isolated from single admission
swabs but 12.4% of the patients acquired MRSA during
hospitalization. Decolonization was successful in all the
cases. 

The next two figures (Figs. 3,4) present the in vitro
susceptibility of the Gram-negative pathogens with the
highest incidence rate in the Burns Clinic. The changes
through the years are not considered in this study.

More than half of the strains were susceptible to all
the anti-Pseudomonas drugs tested. The most in vitro ac-
tive one was Piperacillin/Tazobactam, however the rate of
carbapenem-resistant isolates was high: 43.7-47.0%. A mo-

lecular analysis of the resistant mechanisms in A. bau-
mannii isolates has not been carried out so far, but is im-
minent.

The susceptibility of A. baumannii to antimicrobials
was extremely low. Most of the strains were MDR which
posed serious therapeutic problems. The rate of the car-
bapenem-resistant isolates reached 82.7-84.6%. In the last
year a new drug was introduced to the hospital and the
country, the glycilcycline tigecycline. In the first trimester
of the year nearly 100% of A. baumannii strains were sus-
ceptible in vitro susceptible to this drug but non-suscepti-
ble isolates gradually emerged. At present, 40% of the
strains reveal intermediate susceptibility. There are still no
resistant isolates.

In total 743 environmental specimens were taken and
tested during the study period. Fifty-five nosocomial stains
were isolated from them (7.4%), mainly A. baumannii, En-
terobacteriaceae, staphylococci and P. aeruginosa. A. bau-
mannii prevailed (14 isolates) and was found in dressing
rooms, patients’ surroundings, medical equipment and oth-
er places, while A. baumannii was found in sinks and bath-
tubs. Single ESBL(+) Enterobacteriaceae strains were iso-
lated in 2010 and 2011.

Discussion

Infection can lead to deterioration of the wound heal-
ing process and severe systemic complications and is the
leading cause of morbidity and mortality in patients with
burns. Because of the change in burn therapy from a
non-operative to an operative approach in our Burns Clin-
ic, mortality in burn patients has dramatically dropped and
functional outcomes have improved over the past 20 years.
Due to the considerable improvements in surgical and in-
tensive care for burn victims, it is now estimated that 75%
of the mortality following thermal injures is related di-
rectly to infections. Therefore, knowledge of the bacteri-
ology of burns is of prime importance to fast and clini-
cally sound therapeutic decisions in critically ill burn pa-
tients.5

Our investigation revealed nosocomial infection rate
of 10.6 per 1000 patient days in 2011 which was less than
the rate published by Oncul O. et al. (18.2) and Alp E et
al. (14.7).1, 14

The three most frequent nosocomial pathogens in our
Burns Clinic for the study period were S. aureus, A. bau-
mannii and P. aeruginosa. Almost all publications identi-
fy these three bacterial species as the main ones in the
spectrum of nosocomial infections in burns, albeit with a
difference in their order of frequency. Many of the pub-
lished data indicate the leadership of S. aureus/MRSA as
a nosocomial pathogen but in most Asian and Arab coun-
tries A. baumannii still prevails. These differences may be
due to different local conditions, such as climate, topical

Fig. 3 - Susceptibility of A. baumannii to antimicrobial drugs.

Fig. 4 - Susceptibility of A. baumannii to antimicrobial drugs.
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and systemic treatment regimens, sampling procedures, in-
fection prevention protocols as well as the study period.5

According to data for Turkey, published by Oncul O. et
al.,1 the prevailing one is A. baumannii with quite higher
rates than ours – more than half of isolates (57%), fol-
lowed by A. baumannii (21%), with rates similar to ours,
and S. aureus (14%), with lower rates than ours. Interest-
ingly, the incidence of MRSA in their unit is similar to
ours in 2009, but since then we have achieved a signifi-
cant decrease. Alaghehbandan R. et al.,15 Azimi L. et al.,3

Ozkurt Z. et al.,4 and Nasrabadi B. and Hajia M.16 have
published similar data. A. baumannii is the most frequent
Gram-negative isolate in the majority of burn center, but
in some clinics (including our own) it dropped to second
place after MDR-A. baumannii.6,14,17 However, in many cas-
es the isolation of A. baumannii was due to room con-
tamination rather than infection.18 The increasing incidence
of ESBL-producing Enterobacteriaceae in our burns clin-
ic is worrisome. The decrease in their rate in 2010 was
mainly due to the change in protocol that restricted the use
of third generation cephalosporins, but afterwards it in-
creased again (as this measure on its own is not enough
to control their spread). ESBL-producing strains cause
problems in other burn units around the world.4,7,8

A. baumannii and P. aeruginosa are noted for their in-
trinsic resistance to antibiotics and for their ability to ac-
quire genes encoding resistance determinants. Data for an-
timicrobial resistance of A. baumannii published by other
authors for patients with burns are similar to ours.3,4,14-16,19

Strains producing metalo-beta-lactamases (MBLs) are an
emerging threat causing burn wound infections with in-
creased mortality and morbidity and with a potential to
spread rapidly resulting in outbreaks and epidemics.20 We
therefore sent to the Bulgarian Reference Laboratory five
carbapenem-resistant A. baumannii strains, isolated in
2011, for molecular analysis in order to determine their
mechanisms of resistance and the possible involvement of
MBL enzymes. 

We believe that the main achievement of our system
of control measures was the significant decrease in the
rates of MRSA strains. We consider the extensive use of
ActicoatTM wound dressings and the decolonization prac-
tices applied to the carriers to have made the greatest con-
tribution to these results. The ActicoatTM dressing ensures
a perfect antimicrobial barrier to critical colonization by
killing a broad spectrum of microbial organisms without
inducing resistance. We realized that after application of
this particular dressing the MRSA incidence decreased and
we adopted the decolonization procedures as part of our

Clinic’s routine practice. The benefit of decolonization of
the MRSA carriers was undoubtedly proven.21,22 Of course,
all the other measures such as hand hygiene protocol, an-
timicrobial stewardship, contact precautions, etc., are also
very important.

Although the incidence of NI in our clinic is lower than
in our neighboring countries,1,14 there are several important
infection control issues that we face at present: 1) the MDR
A. baumannii strains; 2) carbapenem-resistant A. bauman-
nii strains; and 3) ESBL-producing Enterobacteriaceae.

In order to solve the existing problems, we rely main-
ly on updating and strengthening compliance with the ex-
isting system of anti-infective control measures: 

1. Antimicrobial stewardship. The use of carbapen-
ems to treat A. baumannii and A. baumannii in-
fections should be restricted because of the high
levels of resistance to them, while the use of
piperacillin/tazobactam, especially for Pseudomonas
infections, should be encouraged. Tigecyclin
should be included in the highest level of the re-
stricted antimicrobial drugs in order to preserve its
activity. 

2) It is necessary to bolster contact precautions for
patients colonized/infected with MDROs. Since it
is not always possible to place the patient in a sin-
gle room, ‘cohorting’, gathering in the same room
of infected/colonized patients with the same
MDRO, should be arranged. 

3) Environmental measures. In addition to cleaning
reinforcement, we also use linen and clothing im-
pregnated with substances with antimicrobial ac-
tivity to prevent the colonization of newcomers to
the clinic with nosocomial pathogens.

Conclusion

The three most frequent nosocomial pathogens in the
UMHATEM Pirogov Burns Clinic are S. aureus, A. bau-
mannii and P. aeruginosa. A significant decrease in the
rates of MRSA strains has been achieved since 2009, thanks
to the infection control system that has been routinely im-
plemented since 2008. Although at present the incidence
of NI in our clinic is lower than in our neighboring coun-
tries, several important infection control issues still need
to be solved. We rely mainly on updating and strengthen-
ing the existing system of anti-infective and anti-microbial
resistance measures in order to control the spread of
MDROs such as A. baumannii, ESBL-producing Enter-
obacteriaceae, and carbapenem-resistant P. aeruginosa.

RÉSUMÉ. Les Auteurs de cette étude se sont proposé de déterminer l’étiologie des infections nosocomiales, leur évolution sur
une période de cinq ans (2007-2011), et les mesures de contrôle des infections et la résistance antimicrobienne auprès de la Cli-
nique des Brûlures de l’Hôpital Universitaire Multi-Profil pour le Traitement Actif et la Médecine d’Emergence N.I. Pirogov, So-
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fia, Bulgarie. Ils ont examiné et analysé les dossiers médicaux de tous les patients et la base données du Système National d’In-
formation pour “La Microbiologie Clinique et la Surveillance des Infections” dans le but d’individuer les pathogènes microbiens
isolés dans la Clinique des Brûlures. Les trois agents pathogènes nosocomiaux les plus communs étaient S. aureus, A. baumannii
et P. aeruginosa. Afin de contrôler efficacement les infections nosocomiales, un système de mesures de résistance anti-infectieuse
et anti-microbienne a été développé et mis en œuvre systématiquement dans notre clinique depuis 2008. Depuis 2009, grâce à ce
système, les Auteurs ont constaté une diminution significative des taux des souches multi-résistantes de Staphylococcus aureus
(SMRS). Même si l’incidence des infections nosocomiales dans notre Clinique des Brûlures est inférieure à ceux des pays voisins,
plusieurs questions importantes de contrôle des infections doivent encore être résolus, il faut encore résoudre divers problèmes im-
portants du contrôle des infections. Les Auteurs mettent continuellement à jour et renforcent le système anti-infection existant afin
de contrôler la diffusion des organismes multi-résistants, tels que A. baumannii, les Enterobacteriaceae productrices de ß-lactamases
à spectre élargi (BLSE) et P. aeruginosa résistant au carbapénem.

Mots-clés: infection nosocomiale, brûlures, organismes poly-résistant aux médicaments
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