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Serotypes and resistance of Pseudomonas aeruginosa from wound  
Abstract

Background/Aim. Wound infections caused by Pseudomonas aeruginosa (P.aeruginosa) usually occur after the violation of the skin or mucous membranes integrity. Infections are common in burnes, ulcus cruris or after surgical intervention. The objectives of the examination are analyze the presence of P.aeruginosa in wound swabs, antibiotic susceptibility testing, determination of minimum inhibitory concentrations (MICs) of antibiotics, production of metallo -lactamase (MBLs), serotyping of isolates and analysis of the resistance of the most common serotypes. Methods. Examination was performed us prospective study in the Microbiological departament ZC''Aleksinac'' in Aleksinac since 2012 year. 90 hospital wound swabs and 55 outpatients were cultivated. Wound swabs were taken from patiences, who had a sign of wound infections. Susceptibility testing was performed by disk diffusion method according to CLSI system standards to: meropenem, imipenem, piperacillin-tazobactam, ceftazidime, cefepime, amikacin, gentamicin, netilmicin, ofloxacin, ciprofloxacin and colistin (Himedia). Determination of MICs was performed by the manufacturer's tape (Liofilchem). MBLs production was determined by disks of imipenem and imipenem with ethylene diamine tetraacetic acid. Polyvalent and monovalent antisera for agglutination (Biorad) were used in the agglutination. Result. P.aeruginosa was isolated from 36.55% wound swabs (36.66% of the nosocomial wounds and 36.36% of outpatients). The most of patiences from whose wounds P.aeruginosa was cultivated had diagnosis ulcus cruris (84%). Analyzed isolates showed the highest degree of sensitivity to colistin (100%), meropenem (93.44%) and imipenem (86.7%), and were the most resistant to cefepime (19.54%). The majority of nosocomial isolates had MICs for piperacillin-tazobactam 12µg/ml (28.57%), and ambulatory 16µg/ml (28.57%). The most common value of MICs for ciprofloxacin for hospital isolates was 0.19µg/ml (31.81%), and outpatient 0.25µg/ml (28.57%). The most common MICs for amikacin of isolates with hospital origin was 6µg/ml (40.9%), and outpatient 4µg/ml (33.33%). Five isolates (9.43%) produced a MBLs (10% of nosocomial isolates and 9.09% of ambulatory). Serotypes P1, P3, P4, P6, P10 and P11 were serologically identified. The most common serotypes were P11 (22.64%), P6 (15.09%) and O1 (11.32%). Conclusion. Analyzed isolates had the highest degree of sensitivity to colistin, meropenem and imipenem, and least to cefepime. Most often serotypes were P11, P6 and P1. Presence of P. aeruginosa in wound cultures and antibiotic resistance in nosocomial isolates compared to outpatient were the similar. This is explained by the specific organisation of the Surgeon’s department, spatially related surgical ward and surgical ambulant, for the same staff and bandaging material sterilizes in one place.
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Apstrakt

Uvod/Cilj. Infekcije rana izazvane Pseudomonas aeruginosa (P.aeruginosa) uglavnom nastaju nakon narušavanja integriteta kože ili sluzokoža. Česte su kod opekotina, ulcus cruris ili nakon hirurških intervencija. Ciljevi ispitivanja su analiza prisustva P.aeruginosa u brisevima rana, ispitivanje osetljivosti na antibiotike, određivanje minimalne inhibitorne koncentracije na antibiotike (MIK), ispitivanje produkcije metalo -laktamaza (MBL), serotipizacija izolata i analiza rezistencije najčešćih serotipova. Metode. Ispitivanje je sprovedeno kao prospektivna studija u Mikrobiološkoj službi ZC’’Aleksinac’’ u Aleksincu tokom 2012.god. Kultivisana su 90 bolnički i 55 ambulantno uzorkovana brisa rana. Brisevi su uzimani kod bolesnika, koji su imali znake infekcije rana. Ispitivanje osetljivosti na antibiotike je vršeno disk difuzionom metodom po standardima CLSI sistema na: meropenem, imipenem, piperacillin-tazobactam, ceftazidim, cefepim, amikacin, gentamicin, netilmicin, ofloxacin, ciprofloxacin i kolistin (Himedia). Određivanje MIC-a je vršeno po uputstvu proizvođača traka (Liofilchem). Produkcija MBL je određivana diskovima imipenema i imipenema sa etilen diamin tetrasirćetnom kiselinom. U aglutinaciji P.aeruginosa su korišćeni polivalentni i monovalentni serumi za aglutinaciju (Biorad). Rezultat. P.aeruginosa je izolovan iz 36.55% briseva rana (36.66% rana bolničkog porekla i 36.36% ambulantnog). Najveći broj bolesnika kod kojih je kultivisan P.aeruginosa je imalo dijagnozu ulcus cruris (84%). Analizirani izolati pokazali su najveći stepen osetljivosti na kolistin (100%), meropenem (93.44%) i imipenem (86.7%), a najmanji na cefepim (19.54%). Najveći broj izolata bolničkog porekla je imao MIK za piperacilin-tazobaktam 12 µg/ml (28.57%), a ambulantnog 16 µg/ml (28.57%). Najčešća vrednost MIK za ciprofloksacin kod bolničkih izolata je 0.19 µg/ml (31.81%), a ambulantnih 0.25 µg/ml (28.57%). Najčešći MIK za amikacin kod izolata bolničkog porekla je 6 µg/ml (40.9%), a ambulantnog 4 µg/ml (33.33%). Pet izolata (9.43%) je produkovalo MBL (10% izolata bolničkog porekla i 9.09% ambulantnog). Serološki su identifiokvani serotipovi: P1, P3, P4, P6, P10 i P11. Najprisutniji su serotipovi P11 (22.64%), P6 (15.09%) i P1(11.32%). Zaključak. Analizirani izolati su pokazali najveći stepen osetljivosti na kolistin, meropenem i imipenem, a najmanji na cefepim. Najčešće izolovani serotipovi su P11, P1 i P6. Nije uočeno veće prisustvo P.aeruginosa u brisevima rana, niti rezistencija na antibiotike kod izolata bolničkog porekla u odnosu na ambulantne. Ovo se objašnjava specifičnom organizacijom Hirurškog odseka, jer su prostorno povezani Hirurško odeljenje i ambulanta, radi isto osoblje i zavojni materijal se steriliše na jednom mestu.
Ključne reči: Pseudomonas aeruginosa, rana, rezistencija, antibiotici, MIK, serotipizacija
























Introductioin/The aim 

Pseudomonas aeruginosa (P. aeruginosa) is one of the most common bacteria that colonize the hospital environment1,2,3,4,. High genetic variability, flexible physiology, adaptability, metabolic potential, production of broad capsules5, adherence to different surfaces, biofilm forming6, control of external membrane permeability7,8 and resistance to antibiotics and disinfectants allow the bacillus to be widely dispersed.
P. aeruginosa is a common cause of inflammation, if there is a disruption of the body's defense forces for any reason: malignant disease, chemotherapy, neutropenia, diabetes mellitus, cardiovascular disease, alcoholism, smoking and obesity. It mainly causes urinary and respiratory tract and wound, especially burn infections9,10,11,12,13. Mostly it causes inflammation of the skin and subcutaneous tissue if the integrity of the skin and mucous membranes is violated. P. aeruginosa causes wound infections after surgical intervention, various types of injuries, burns and dermatitis14,15. Primary wound colonization occurs early after contact with the outside environment, and the surgical treatments of wounds in hospitals invironments. Infections are more common in diabetes mellitus and peripheral circulatory disorders, which cause the formation of chronic ulcers15.
In recent decades, antibiotic resistance P. aeruginosa from patients materials has been dramatically increased. Bacillus has multiple mechanisms of emergence of antibiotic resistance. Mechanisms of resistance can be divided into congenital and acquired. Bacillus can reduce the permeability of outer membrane, active reflux ejects antibiotics from the bacterial cells, changes the target site of action of antibiotics in the bacterial cell and produces enzymes that break down antibiotics. The number of antibiotics that can be used in the treatment of P. aeruginosa is limited compared to other bacteria.P. aeruginosa is naturally resistant to crystalline penicillin, ampicillin, amoxicillin, the first and the second-generation cephalosporins, nalidicsic acid, macrolides, chloramphenicol, tetracycline and trimetoprim16. One of the most important mechanisms of natural resistance is the production of chromosomal, inducible production of ampC beta lactamases. 
Among the most important mechanisms of acquired resistance to antibiotics is beta lactamases production, especially metall beta lactamases (MBLs). P. aeruginosa produces over 100 beta lactamases17. There are several classification of β-lactamase. Richmond and Sykes division is based on the target substrate, and the location of genes encoding β-lactamase. However, the most commonly used separation by Ambler (molecular classification) and Bush-Jacoby-Medeiros (functional division)18. 
By Ambler β-lactamases are subdivided into four major classes (A, B, C and D). This classification is based on the homology of the protein (amino acid similarity), rather than to the phenotypic characteristic. β-lactamases of class A, C and D are serine β-lactamases, and the class B metallo β-lactamase. According to the Bush-Jacoby-Medeiros classification system, β-lactamases are grouped according to the similarity of the substrate on which they operate. This classification system consists of four main groups and several subgroups. In this table more enzymes were add, and some have changed their position. Due to the genetic origin, β-lactamases can be divided into chromosome and plasmid19.
MBLs are clinically most important beta lactamases. Among Gram negative bacteria P. aeruginosa most often produces MBLs. MBLs belong to the Amblers class B, subclasses B1 and group 3 under the scheme of Bush18. The main difference between MBLs and serine -lactamases is that MBLs have a metal cofactor, unlike serine, they are sensitive to EDTA, and they are not sensitive to inhibitors of serine -lactamases21. MBLs have a very broad substrate profile, including all beta lactam antibiotics and carbapenems. P. aeruginosa produce more MBLs, but the most important are: IMP, VIM, GIM, SPM i AIM-116. 
P. aeruginosa has two types of lipopolysaccharide A and B. Based on the differences in the structure of B lipopolysaccharide (LPS), P. aeruginosa by International antigenic typing system (IATS) was divided into 20 serotypes21. This classification is usually applies. There are other classification schemes: Habs, Sandvik, Veron, Werder, Evans, Lanyi, Homme, Fisher, Meitert, Lanyi-berg. The serotyping applied agglutination reaction. In chronic infection reduces the amount of B and A increases, the amount of LPS, and agglutination is difficult, and often impossible22. In anaerobic conditions, also reduces the amount of B LPS. Strains isolated from cystic fibrosis (CF), due to the reduced amount of the LPS, more particularly due to the lack of D-glucose and L-rhamnose, they can not show a positive reaction agglutination. Isolates from blood agar plates and after several subcultivation also typifies harder22. These isolates are described as untupibile. If the isolate is not aglutinate with any of the sera used there is a possibility of occurrence of a new antigen. There is also the possibility of inadequate identification of bacillus as well as other types of Pseudomonas spp. can produce pigments23. 
Serotypes O2, O5, O16, O18 and O20, which consists of 2 serogroup can h crossed immunochemical reactivity when agglutinate polyvalent rabbit antiserum. Chemically differ from each other based on the type of glycosidic bonds, or isomers and the presence of a monosaccharide or acetyl substituent in the absence of antigen sugars. The cross-reactions between different strains is due to various, mostly small amount of thermolabile antigens. Antigens can origin from flagella, and some different superficial structures. Identification and classification of of the thermolabile antigens is much more complicated and difficult than classification of of thermostable antigens23. 
Serological examination of P. aeruginosa strains is important for epidemiological studies. It makes it easier to analyze prevalence of certain serotypes and locating the source of infection in the hospital environment. Sensitivity to antibiotics is easier to follow if there is data of the serotypes which are present in a specific area. Different strains are predominant in the certain regions and have different clinical and epidemiological significance, primarily because of different antibiotic resistance3. 
The aims of this study are to analyze the presence of P. aeruginosa in wound swabs of hospitalized and outpatients, presence of certain serotypes, antibiotic susceptibility testing and determination of minimal inhibitory concentracion (MICs) for piperacillin-tazobactam, ciprofloxacin and amikacin, and production of MBLs.

Methods

Isolation and identification of P. aeruginosa

In the ZC ''Aleksinac '' microbiology department in Aleksinac during 2012. year 145 wounds swabs were cultivated. From the hospitalized patients 90 swabs and 55 outpatients swabs were taken. Swabs were taken from patients hospitalized in the Surgery Department, Gynecology and Obstetrics Department and the Department of internal medicine. The patient’s data were collected from medical records, which are kept in ZC ''Aleksinac'' computer system. Wound swabs were taken from patients with signs of wound infection: redness, presence of pus, pain or fever.
Wound swabs were cultured on blood agar plates, Mac Conkey plates, nutrient broth and tioglicolath broth. The inoculated plates were incubated aerobically 24 hours. Identification of P. aeruginosa was performed on the basis of their microscopic, cultural and physiological-biochemical characteristics24. Isolated strains of P. aeruginosa were subcultured on the trypticase soy agar (Torlak).

Antibiotic susceptibility testing

The sensitivity testing of P. aeruginosa to antibiotics was performed by using the disk diffusion method according to CLSI standards (Clinical Laboratory Standard Institute)20. Suspensions of 0.5 McFarland density were poured onto the surface of Müller-Hinton agar and dripped. Then the commercial discs were placed on the agar: piperacillin-tazobactam (100/10μg), imipenem (10μg), meropenem (10μg), colistin (10μg), ceftazidime (30μg), cefepime (30μg), amikacin (30μg), gentamicin (10μg), netilmicin (30μg), ofloxacin (5μg) and ciprofloxacin (5μg) (Hi Media). The resistance on the antibiotics has been read after 24 hours, based on the increase in zone of inhibition around the disk. Susceptibility was marked as sensitive, intermediate and resistant. The minimum inhibitory concentration (MICs) for piperacillin-tazobactam, amikacin and ciprofloxacin were determined. MICs for piperacillin-tazobactam, amikacin and ciprofloxacin were determined by antibiotics tape manufacturers direction (Liofilmchem). 

Production of MBLs

MBLs production ability was tested with imipenem and imipenem  with ethylene diamine tetraacetic acid (EDTA)16 discs. Test was marked us positive if the difference in inhibition of the growth zone around the discs was higher than 6mm. 

Agglutination

In the agglutination polyvalent and monovalent antisera (Biorad) were used. Agglutination kit contains 4 polyvalent and 16 monovalent antisera. Polyvalent antisera are PMA, PMF, PMC and PME. PMA group includes sitting serotypes: P1, P3, P4 and P6, the PME P2, P5, P15 and P16. PMC group includes P9, P10, P13 and P14 and PMF includes, P11, P12, P7 and P8. Agglutination was described as positive, if it came to a positive slide agglutination reaction. Some strains were poliagglutibil, while some agglutinated with polyvalent antisera only, and not with the individual. Some strains were not agglutinated with any antisera. Such strains were described as non-typical. Isolates of P. aeruginosa were agglutinated from trypticase soy agar27,28. 

Statistical data processing

The file is created in the PS 586 computer in SPSS 12.0 package and the data analysis was done by using it. For the analysis of the results, we applied the χ² square test, C contingency test and coefficient of parametric and nonparametric small and large samples.

Results

In the study group of patients there were 79 (54.48%) males and 66 (45.52%) females. In the group of patients whose wound swabs were taken in the hospital, there were 55 patients, 30 (54.54%) males and 25 (45.45%) females. In the outpatients group there were 90 patients, 49 (54.44%) males and 41 (45.56%) females. 
P. aeruginosa was cultured from 53 (36.55%) wound swabs. In the hospital samples it was present in 33 (36.66%) cultured swabs and in 20 (36.36%) outpatient (p 0.99) (Figure 1).


Fig. 1-The presence of P. aeruginosa in wound swabs of hospitalised patients and outpatients

In the group of patients in which P. aeruginosa was cultivated there were 29 (54.72%) males and 24 (45.28%) females (p 0.97). In the group of hospitalized patients there were 12 (60%) males and 8 (40%) females (² 0.67, p 0.67, C 0089). In outpatients, there were 17 female (51.51%) and 16 (48.49%) males (² 1.46, p 0226, C 0152). The largest number of patients who had P. aeruginosa, were from the sixth to the eighth decade of age (84.89%), (² 91 p <0.001, C 0.99) (Table 1.).

Table 1

The average age of patients who had P. aeruginosa was 67.32 ± 24.22 years, median (Me) 67. The average age of males from whose wound swabs P.aeruginosa was isolated, was 66.65 ± 24.22 years (Me 70 years). The average age of women was 67.95 ± 24.35 years (Me 69 years).
Swabs of hospitalized patients were collected mainly from the Surgery department, 53 (96.36%), and one swab (1.81%) were collected in the Gynecology and obstetrics department and one in the Department of internal medicine.
Hospital isolated (74,54%) and outpatience (81.11%) were taken from patients mainly with ulcus crusris. Patients with isolated P. aeruginosa had mostly been previously diagnosed ulcus cruris (77.35%) and burns (16.98%). Diabetes mellitus had 72.44% of patients with ulcus cruris, from whose wound swab was taken. P. aeruginosa was isolated at 74.6% of patients who had ulcus cruris and diabetes mellitus (Table 2.).

Table 2

Antibiotic resistance of P. aeruginosa within groups of isolates of hospital and outpatients is shown in Table 3.
	                                                                    	Table 3

Analyzed isolates in whole group, and also individually from hospital and outpatients origin, showed the highest degree of sensitivity to colistin (100%), meropenem (93.44%), imipenem (86.7%) and piperacillin-tazobactam (79.24%). There is slightly lower degree of susceptibility to ciprofloxacin, oflokascinu, netilmicin and gentamicin. The largest resistance was manifested to cefepime. Nine isolates (16.98%) (5 nosocomial isolates and 4 ambulance) were sensitive or intermediately sensitive to all antibiotics, while 3 isolates (5.66%) were resistant to all antibiotics, except colistin. 
The values of MICs for piperacillin-tazobactam are shown in Table 4. 

                                                                                                                                 Table 4

MICs values for amikacin are in the Table 5.
Table 5
MICs values for ciprofloxacin are in Table 6.

Table 6

Two isolates from hospital patients and three of outpatients wound swabs produced MBLs (9.43%) (t 32.28, p 0.05). However, the percentage of isolates from wounds with hospital origin (10%) was higher, than in the wounds outpatients origin (9.09%). One of the hospital isolates was untypibile and was sensitive to piperacillin-tazobactam and ceftazidime. Another isolate was agglutinated only with PME polyvalent antisera. It was sensitive to piperacillin-tazobactam, ceftazidime, ciprofloxacin, amikacin, gentamicin, and colistin. Two strains from wound swabs from outpatients were O11, and one was untypibile. 
Serologically identified P. aeruginosa strains were belong to all serogroups: PMA, PME, PMC and PMF (² 17.09, p <0.001, C 0.92) (Table 7.). The largest number of isolated strains belonged to PMA (33.94%) and PMF (24.52%) groups. The largest number of isolates from the swabs of hospitalized patients belonged to the PMA group (20.75%). From outpatients swabs the largest number isolated belonged to the PMF (15.09%) group.

Table 7

The following serotypes of P. aeruginosa were identificated: P1, P3, P4, P6, P10 and P11. The most frequent serotypes were P11 (22.64%), P6 (15.09%) and P1 (11.32%) (Table 8.), (² 39.65, p <0.001, C 0.98) and 15 (28.3%) isolates were untypibile. The strains which showed a positive reaction only with group agglutination antisera, reacted mostly with the group PME (16%). 

Table 8

Resistence to the antibiotics in percentages of the most often identificated serotypes P11, P1, P6 and untypibile isolates is shown et the Figures 2.

Fig. 2. Resistance to the antibiotics of the most common serotypes of P. aeruginosa

Discussion

P. aeruginosa causes about 10% nosocomial infection29,30, in which 10-60% were lethal. In Great Britain the number of infections caused by Pseudomonas spp. is between 3700 to 4000 per year, mostly in London. Nine out of ten hospital infections is being caused by P.aeruginosa31. According to the American studies for monitoring nosocomial infections, P.aeruginosa ranks fourth among the causes of surgical wound infections31. In Serbia, according to data from the Third national study of the prevalence of nosocomial infections from October 2011.32 13.3% of nosocomial infections are caused by P. aeruginosa.
P. aeruginosa is one of the most common causes of wound infections. Wound healing is a dynamic and complex process, which begins immediately after the damage to the skin or surgical intervention. Colonization of the wounds by microorganisms starts immediately after the onset of lesions. If healing is prolonged because of the inflammation, it can causes chronic wounds33. Diabetic ulcers and ulcus cruris are the most often chronic wounds. Chronic wounds are caused by disorders of venous circulation and blood pressure. Chronic wounds are encountered in about 1-2% of the world's population and about 1% of people suffer from varices cruris34. Risk factors for inflammation of chronic wounds are smoking, alcoholism, malnutrition, obesity, diabetes mellitus and cardiovascular diseases35.
In our study P. aeruginosa, caused 36.6% of the wound inflammation. Almost the same frequency was present in the hospital and outpatients swabs. P. aeruginosa is the most frequently isolated in elderly patients, men in eight and women in the seventh decade. There was no significant difference in the isolation of bacillus between men and women. P. aeruginosa is most often cultivated from wound swabs from patients with ulcus cruris with diabetes mellitus.
In many studies similar results were obtained considering P.aeruginosa frequency presence. Indian authors36 had been researched 310 wound swabs of patients with food diabeticum. P. aeruginosa was isolated from 54 swabs. The men were six times more affected than women. Patients had an average of 49 ± 16.8 years. They had diabetes mellitus 16 ± 10.2 years, and 63% used oral antidiabetics.
P. aeruginosa is the most common cause of the burn infections. On the wound and burn surfaces fluorescent pigment containing the product of hemoglobin, verdoglobin, can be seen. In an examination in Iran, P. aeruginosa causes 73.9% of burn infections and it is a main cause of burn infections37. The isolates were high sensitive to imipenem, piperacillin-tazobactam and amikacin, but they were quite resistant to aztreonam (80.2%) and ceftazidime (74.8%). In the Gjodsbols et all.38 examination in Sweden in 2006. P. aeruginosa causes 52.2% of ulcerative wound infections witch was associated with varices, but there is tendency of increasing this number.
The largest percentage of our isolates were susceptible to colistin (100%), meropenem (93.93%), imipenem (90.09%) and piperacillin-tazobactam (84.9%). Our isolates showed the highest degree of sensitivity to colistin, which is not registered in Serbia. There are data from Iran, that the strains isolated from burns are resistant to colistin39. The lowest level of sensitivity was to cefepime (9.09%), despite the fact that it is the fourth-generation cephalosporins, and is not used often use in our hospital. Sensitivity to antibiotics is not significantly different at isolates of hospital and outpatient isolates. 
The values of MICs for piperacillin-tazobactam are similar for hospital and outpatients isolates. Distribution of MICs values is wide (2 μg/ml to 64µg/ml) but most of isolates had MICs values of 4 μg/ml to 16 μg/ml. MICs values for amikacin differs for hospital and ambulance isolates. MICs values ​​ranging from 3 μg/ml to 16 μg/ml range. The largest number of hospital strains (40.9%) had MICs 6 μg/ml, 81.8% of the strains have a values 8 μg/ml. and 4 μg/ml. Most isolates of ambulatory origin have a values of amikacin MICs 4 μg/ml, 8 μg/ml and 3 μg/ml . Our results are further proof of the assumption, that amikacin is very effective against P. aeruginosa, even against multi-resistant strains. MICs values that we obtained are lower than the data, which were recently published in Croatia16. In a study that included 662 isolates, 90% of the isolates had MICs 32μg/ml. In Higgins' study, which included imipenem resistant strains, there were 70% of strains sensitive to amikacin, with MIC90> 64μg/ml. 40 MICs values for ciprofloxacin are different for hospital and ambulance patient samples. MICs values ranging from 0.016 μg/ml to 0.75 μg/ml range. The largest number of hospital strains (81.98%) had MICs values 0.19 μg/ml, 0.125 μg/ml and 0.50μg/ml. Outpatient isolates had a much broader distribution of MIC values and any value was not significantly higher present. Data from Croatia indicate that MIC90 value is 32μg/ml, but the strains were imipenem resistant16. Resistance to ciprofloxacin in isolates from Switzerland is lower than ours41.
The first isolates of P. aeruginosa which produced MBLs in ZC ''Aleksinac'' were first time detected during 2011.god. In a Lepšanović et all.42 study since 2004. year by 2007. the MBLs was detected in one isolate, which produced VIM-1 MBL. The strain was multi-resistant, and serologically identificated as P11. MBLs production, however, was higher in the study at Children's Hospital ''Dr. Vukan Cupic''43. Of 526 isolates, 163 were resistant to imipenem, and 136 (35.6%) produced MBLs. Testing in Croatia in 2009. identified 3.6% strains of P. aeruginosa, which were produced MBLs44. In most European countries VIM-1 and VIM-2 MBLs are present. In a large study in Italy which included 14 000 isolates, 1.3% of isolates were MBLs producers. In Spain it was published, that 0.1% of the strains produced MBLs45. In Japan, 1.3% of strains produce MBLs16, in Greece there are conflicting data, which range from 0.3%46 to 89%47. The survey conducted in Canada has shown that 30% of the strains were produced MBLs48.
In the typing of P. aeruginosa multiple phenotypic and genotypic methods can be used. Phenotypic methods are serotyping, resistotyping, piocin typing and biotyping. Genotypic methods are multiplying chain reaction (PSR), DNA hybridization, random amplified polymorphic DNA (RAPD), restriction fragment length polymorphism (RFLP), typing based on multiple-locus sequence (MLST), enzymatic electrophoresis multi-locus (MLEE), pulse field (PFGE) polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate (SDS-PAGE), ribotyping, testing plasmids, bacteriophage typing. It is best to apply phenotypic and genetic methods. Each of these methods has advantages and disadvantages. Benefits of the serotyping are that is easy and simple to perform, inexpensive and does not require additional equipment. The disadvantages are that a number of isolates can be untypibile, especially in chronic infections due to reduce the amount of B lipopolysaccharide in the bacterial cell16. 
Aoki was the first in 1926. agglutination method classified 50 clinical isolates of 18 serotypes. In the meantime, more  agglution method have been used. Liu was made 1983. classification scheme, which was aded in 1990. serogroups O18, O19 and O20. In our studies, next serotypes P.aeruginosa were serologicaly identified: O1, O3, O4, O6, O10 and O11. The most frequent serotypes were O11 (22.64%), O6 (11.32%) and O1 (11.32%) and the other were present in a smaller percentages. 28.3% of strains were untypibile (NT). In hospital origin swabs, serotypes P6 (11.32%) and P11 (7.54%) were the most common. In ambulance samples P11 (15.09%) and P1 (5.66%) serotypes were the most frequent. Untypibile were 20% of cultivated strains.
Similar results were obtained in the Tomanovic’s et all. examination in 1991. P11 (21%), P6 (18%) and P12 (16%) serotypes were most commonly identified50. Testing in Slovenia included 208 clinical isolates of P. aeruginosa, in which serotyping was performed and susceptibility testing. The most common serotypes were P11 (36%) and P6 (14.4%), 25.6% of the isolates belonged to other serotypes, and 20.2% were polyagglutibile. 26% of tested strains were resistant to piperacillin, 9.1% to ceftazidime, 9.6% to imipenem, 45.7% to ciprofloxacin, 39.9% to amikacin, and 51% to gentamicin. Resistance to antibiotics was the highest for serotype P1151. Results from Croatia16 in 2009., after the analysis of isolates mainly from respiratory tract samples, indicate that most common serotypes were P12 (58.6%) and P11 (17.1%), while other serotypes were less frequent. Untypibile was 10.65% of the isolates.
The most often serotype P11 was the most resistant to almost all tested antibiotics. Nontypibile isolates was the second to their sensibility to antibiotics, than P1 and P6. Highest resistance to antibiotics allows to P11 to be widely spread.
Our data of P. aeruginosa presence in the hospital and outpatient wounds, antibiotic resistance, MICs values, MBL production is different than we expected. P.aeruginosa is present with a similar frequency in the wounds hospital and outpatients origin, resistance to antibiotics is similar, MICs values also. Contrary to expectations, the strains from outpatients swabs produce more metall beta lactamases than hospital strains. It is assumed that this is due to the spatial correlation of surgical facilities and outpatient surgery department. Staff is same and bandages were sterilized in the same place. Less healthcare facilities and inadequate organization contributes to the spread of resistant strains. 

Conclusion

P. aeruginosa was cultivated from 53 (36.55%) wound swabs. The largest percentage of our isolates were susceptible to colistin (100%), meropenem (93.44%) and imipenem (86.7%). Value of the MICs for piperacillin-tazobactam is at 28.57% of the isolates 12μmol/ml. The largest number of nosocomial strains have MICs values 0.19 μg/ml. for ciprofloksacin. The largest number of nosocomial strains (81.8%) had a MICs value for amikacin 8 μg/ml. Most outpatient isolates have MICs values for amikacin 4 μg/ml. Five isolates produced a metall beta lactamase (9.43%). A similar presentation of P. aeruginosa in the hospital and ambulance sampled swabs, antibiotics resistance, MICs values, and MBL production can be explained by the connections of surgical department and surgical ambulance in small towns. The most frequent serotypes were P11, P6 and P1. 15 (28.3) isolates were untypibile (NT). The most often isolates were the most resistance to antibiotics.
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Fig. 1-The presence of P. aeruginosa in wound swabs of hospitalised patients and outpatients






























Table 1
Demographic characteristics of pacients in witch wound swabs P. aeruginosa was cultivated
	Sex
	Age of patients (years)

	
	31-40
	41-50
	51-60
	61-70
	71-80
	81-90
	Total

	
	N
	P
	N
	P
	N
	P
	N
	P
	N
	P
	N
	P
	N
	P

	Male
	1
	1.88
	1
	1.88
	3
	5.66
	3
	5.66
	18
	5.66
	3
	5.66
	29
	54.7

	Female
	-
	-
	2
	3.77
	5
	9.43
	10
	18.86
	6
	11.32
	1
	1.88
	24
	45.3

	Total
	1
	1.88
	3
	5.66
	8
	15.09
	13
	24.52
	24
	45.28
	4
	7.54
	53
	100


N-Nummber; P-Percentage





































Table 2
Clinical diagnosis of patients whose wound swabs were taken and P. aeruginosa was cultivated
	Diagnosis
	Hospital origin
	Outpatient origin

	
	Total
	Positive
	Total
	Positive

	Burns
	3
	2
	7
	7

	Ulcus cruris
	41
	17
	73
	24

	Postoperative wound
	4
	1
	-
	-

	Posttraumatic wound
	4
	0
	8
	2

	Other
	3
	0
	2
	-

	Total
	55
	20
	90
	33





































                                                                    	Table 3
Resistance to antibiotics of P. aeruginosa in the hospital and outpatients isolates
	
	Hospital isolates
	Oupatients isolates

	
	S
	I
	R
	S
	I
	R

	
	N
	P
	N
	P
	N
	P
	N
	P
	N
	P
	N
	P

	PT
	28
	84.9
	1
	3.03
	4
	12.1
	14
	70
	-
	-
	6
	30

	I
	30
	90.09
	1
	3.03
	2
	6.06
	16
	80
	1
	5
	3
	15

	M
	31
	93.93
	-
	-
	2
	6.06
	19
	95
	-
	-
	1
	5

	CAZ
	25
	75.75
	-
	-
	8
	24.24
	14
	70
	-
	-
	6
	30

	CP
	3
	9.09
	1
	3.03
	29
	87.87
	6
	30
	2
	10
	12
	60

	G
	19
	57.57
	1
	3.03
	13
	39.39
	9
	40
	1
	5
	10
	50

	A
	22
	66.66
	2
	6.06
	9
	27.27
	12
	60
	1
	5
	7
	35

	NM
	16
	48.48
	3
	9.09
	14
	42.42
	13
	65
	-
	-
	7
	35

	OF
	20
	60.6
	-
	-
	13
	39.39
	7
	35
	-
	-
	13
	65

	CC
	22
	66.66
	-
	-
	11
	33.33
	6
	30
	-
	-
	4
	70

	C
	33
	100
	-
	-
	-
	-
	20
	100
	-
	-
	-
	-


S-Sensitive-S; I-Intermedia; R-Resistant; N-Number; P-Percentage; TAZ-Pipercilin-Tazobaktam; I-Imipenem; M-Meropenem; CAZ-Cefatzidime; CP-Cefepime; G-
Gentamicin; A-Amikacin; NM-Netilmicin; OF-Ofloksacin; CC-Ciprofloksacin; C-Colistin



























Table 4
Distribution of MICs values for piperacillin-tazobactam of the
 P. aeruginosa hospital and outpatients isolates
	
Value (µmol/ml)      
	Hospital isolates
	Outpatiences isolates

	
	Nummber
	Pergentage
	Nummber
	Percentage

	64
	-
	-
	1
	7.14

	32
	1
	3.57
	1
	7.14

	24
	2
	7.14
	1
	7.14

	16
	2
	7.14
	4
	28.57

	12
	8
	28.57
	2
	14.28

	10
	-
	-
	1
	7.14

	8
	3
	10.71
	1
	7.14

	4
	7
	25
	1
	7.14

	3
	3
	10.71
	1
	7.14

	2
	2
	7.14
	1
	7.14

































Table 5
Distribution of MICs values for amikacin of  hospital and outpatients P. aeruginosa isolates
	
Value (µmol/ml)      
	Hospital isolates
	Outpatiences isolates

	
	Nummber
	Percentage
	Nummber
	Percentage

	16
	2
	9.09
	1
	8.33

	12
	1
	4.54
	-
	-

	8
	5
	22.72
	3
	25

	6
	9
	40.9
	1
	8.33

	4
	4
	18.18
	4
	33.33

	3
	1
	4.54
	3
	25






































Table 6
Distribution of MICs values for ciprofloksacin of hospital and outpatients P. aeruginosa isolates
	
Value (µmol/ml)      
	Hospital isolates
	Outpatiences isolates

	
	Nummber
	Pergentage
	Nummber
	Percentage

	0.75
	-
	-
	-
	-

	0.50
	-
	-
	1
	12.5

	0.38
	2
	9.09
	-
	-

	0.25
	5
	22.72
	3
	28.57

	0.125
	6
	27.27
	1
	12.5

	0.19
	7
	31.81
	1
	12.5

	0.094
	1
	4.54
	-
	-

	0.032
	-
	-
	-
	-

	0.018
	-
	-
	-
	-

	0.016
	1
	4.54
	-
	-

































Table 7
Affiliation of different serogroups of isolates
	
Group    
	Hospital isolates
	Outpatients isolates
	Total

	
	Nummber
	Percentage
	Nummber
	Percentage
	Nummber
	Percentage

	PMA
	11
	20.75
	7
	13.2
	18
	33.94

	PMF
	5
	9.43
	8
	15.09
	13
	24.52

	PME
	4
	7.54
	1
	1.88
	5
	9.43

	PMC
	2
	3.77
	-
	-
	2
	3.77

	NT
	11
	20.74
	4
	7.54
	15
	28.2

	Total
	33
	62.26
	20
	37.73
	53
	100


NT- Nontypibile isolates



































Table 8
P. aeruginosa serotypes present in the wound cultures 
	
Group    
	Hospital isolates
	Outpatients isolates
	Total

	
	Nummber
	Percentage
	Nummber
	Percentage
	Nummber
	Percentage

	P11
	6
	11.32 
	6
	11.32 
	12
	22.64

	P6
	4
	7.54
	4
	7.54
	8
	15.09

	P1
	3
	5.66
	3
	5.66
	6
	11.32

	P10
	2
	3.77
	-
	-
	2
	3.77

	P4
	-
	-
	2
	3.77
	2
	5.66

	P3
	1
	1.88
	-
	-
	1
	1.88

	NT
	11
	20.75
	4
	7.54
	15
	28.2

	PMA
	1
	1.88
	-
	-
	1
	1.88

	PMF
	1
	1.88
	-
	-
	1
	1.88

	PME
	4
	7.54
	1
	1.88
	5
	9.43

	Total
	33
	62.26
	20
	37.73
	53
	100


NT-Nontypibile isolates


Fig. 2. Resistance to the antibiotics of the most common serotypes of P. aeruginosa
TAZ-Pipercilin-Tazobaktam; I-Imipenem; M-Meropenem; CAZ-Cefatzidime; CP-Cefepime; G-Gentamicin; A-Amikacin; NM-Netilmicin; OF-Ofloksacin; CC-Ciprofloksacin; C-Colistin

TOTAL	
HOSPITAL	AMBULANCE	55	90	POSITIVE	
HOSPITAL	AMBULANCE	20	33	HOSPITAL	AMBULANCE	
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