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ABSTRACT 
Background: Twentyeight isolates of Pseudomonas spp. were isolated from collected soil samples near Aksu river and tested for the level 

of sensitivity to the widely used antibiotics and beta lactamase activity. Objective:The aim of this study was to determine the antibiotic 

sensitivity and β-lactamase production to Pseudomonas strains isolated from soil samples in Microbiology Laboratory in Kahramanmaras 
(Turkey). Results:The antibiotic sensitivity rates were as follows: Meropenem and Chloramfenicol 96%, Oflaxain 82%, Nitrofurantoin 

75%, Tetracycline 64%, Amoxicillin and Streptomycin 39%, Cefoxitin 36%, Ceftriaxone 29%, Gentamicin 18%, Penicilin and Cefazolin 
10%. Among Twentyeight isolates of  Pseudomonas from soil showed 24(86%) beta lactamase activity, whereas  4(14%) isolates of 

Pseudomonas showed no beta lactamase activity. Two isolates showed no antibiotic resistance, but 17 isolates showed Multiple Antibiotic 

Resistance three to seven antibiotics. Out of the 28 isolates, only 25% were presumptively identified as P.aeruginosa, 39%  P.stutzeri, 21%  
P.cepacia, and 14%  P.fluorescens. Conclusion: In conclusion, antibiotic resistance is considered to be a major problem of the globe and 

soil flora because many disease causing bacteria are becoming more resistant to the commonly used antibiotics. The overuse and misuse of 

antibiotics can create the conditions for the development of antibiotic resistant bacteria. This paper has broadened the number of 
antimicrobials potentially useful against Pseudomonas. Results of this study shows that Aksu River and its water and soil can serve as 

environmental reservoirs of multiple antibiotic resistant bacteria capable of being transferred to other environments and to person. 
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INTRODUCTION 
 

The soil is a vast reservoir for microorganisms are found in soils where the top 10 cm of fertile soil, the 

rhizosphere, may contain over 2 tons of microorganisms/acre. Soil present diverse ecological niches suppporting 

the development of different types of microoorganisms. Adaptations based on soil conditions determine the 

genera and numbers of microorganisms found in soils. Bacteria are abundant soil microorganisms with numbers 

ranging from 10
6
/g in agricultural soils to as high as 10

9
/g in forest soils. Soil bacteria are important in normal 

mineral immobilization and the decomposition process[1]. Also, Pseudomonas is well known plant growth 

promoting rhizobacteria[2]. The ability of Pseudomonas spp. to adapt and to grow under limited O2 is also of 

clinical importance, since the efficacy of many antimicrobial agents is reduced in anoxic condition[3]. 

Especially,decomposers,nitrogen fixers,disease suppressors, aerobes and anaerobes, actinobacteria and sulfur 

oxidisers. Pseudomonas species can be naturally found in all surface waters, lakes and rivers,but they are rarely 

found in drinking water. Pseudomonas spp. can survive in both low and high nutrition environments[4]. Many 
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different species of this bacteria are opportunistic pathogens that affect humans, animals, and plants. The most 

effective strains of Pseudomonas are gram negative, motile, rod shaped bacteria and have various 

phytobeneficial traits. Persistence of antimicrobial resistant organisms is a growing public health problem in 

aquatic ecosystem. Pseudomonades are naturally occurring in aquatic environment and as a part of normal gut 

flora of healthy fish, it cause outbreak when the normal environmental conditions changed[5].  

Recent studies show that prevalence of multipleantibiotics resistant (MAR) Pseudomonas strains is on the 

increase, whereas few antibacterial agents are being developed in paralel[6-10]. Specific members of the genus 

Pseudomonas are considered to be important phyto-pathogens and agents or carriers of human infections, 

whereas its other strains and species exhibit activities of bioremediation and biocontrol[11,12]. The spread of 

multiple-drug-resistant (MDR) pseudomonads from different sources to humans and also to the environment 

implies the frequent spread of resistance genes by horizontal gene transfer (HGT), since many of them are 

located on plasmids, integrons, or transposons[13]. The mechanism of resistance to beta lactam antibiotics 

includes, the production of beta lactamase, reduced outer membrane permeability, the altered affinity of target 

penicillin binding proteins, plasmid mediated resistance involving modifying enzymes[14]. Production of beta-

lactamases is the most common mechanism of bacterial resistance to these antibiotics. These enzymes are 

numerous and are plasmid mediated, capable of hydrolysing and inactivating a wide variety of beta-lactam 

antibiotics [15]. 

P. aeruginosa is one of the most important factors of nosocomial infection which threatens many patients. 

Pseudomonas spp. are considered opportunistic pathogens that causes nosocomial infection, very found in 

natural environments (soils, water, plants and animals), thus demostrating their adaptation to environments with 

low nutrient concentration, and over a large temperature range, between 4 and 42 ºC [16]. It is important to 

monitor the presence of environmental/ or soil Pseudomonas species due to their potential ecological and human 

health significance. In order to make conclusions about their role in the soil  and human health, one must acquire 

further information regarding Pseudomonas species. 

As a result of this,  the present investigation was to designed toidentification of Pseudomonasspecies 

isolated from soil from Aksu river, determine the status of antimicrobial resistance, underlying conditions, and 

determination of Pseudomonasisolates with beta-lactamase soil near Aksu river. This is the first study about 

determination of the antibiotic sensitivity and β-lactamase production  to Pseudomonas strains isolated in Aksu 

River. 

 

MATERIAL AND METHOD 

 

Filtration of samples: 

Ten-gram portions of soil samples were suspended in 90 ml of deionized water in a 250 ml conical flask. 

Thesamples were shaken at 150 rpm (Gallenhamp, serial no 40) at 3 7
o
C and subjected to the filtration method 

by 0.45 μm membranes in a glass 100 laminated flow chamber. Filtered samples were incubated (Gallenhamp 

compenstat, England) aerobically at roomtemperature for 48 hr, thus expanding the gram negative populations 

presenting the samples[17]. 

 

Isolation of bacterial strains and identification: 

Each sample was subjected to triplicate serial dilutions (10-
1
 to 10

-3
) and then plated on Eosin Methylene 

Blue (EMB) developed for isolation of gram negative bacteria from soil[18]. The culture plateswere incubated 

aerobically at 37
o
C for 48 hr.  

 

Isolation of Pseudomonas spp. and identification: 

Thirtyeight isolates were collected fromfrom soil near Aksu river widely used antibiotics.Isolates were 

considered to be presumptive Pseudomonas spp. if they were gram-negative rods that Pseudomonas spp., was 

isolated by incubated at 42, 37, and 20°C on Pseudomonas Selective Medium (Oxoid CM 457). Confirmation of 

isolates was performed by using classic biochemical tests like casein hydrolysis, pigment production on milk-

agar with cetrimide oxidase and catalase reaction, oxidative-fermentation ofglucose test, citrate utilizing 

capability and lipase activity[12,19-25]. 

 

Antibiotic resistance activity: 

Antibiotic resistance was determined by an agar disc diffusion test[26] using Mueller-Hinton agar (Difco) 

according to Clinical and Laboratory Standards Institute (CLSI) recommendations[27]. Twelve different 

antibiotics were used. For antibiotic resistance determination, the isolates were grown in Luria- Bertani (LB) 

broth until the turbidity equal to the 0.5 Mc Farland standart (approximately 10
8
cfu/ml). Cultures were swabbed 

on to the Mueller–Hinton agar and all isolates were tested against Meropenem (MER,10µg/ml), Amoxicillin 

(AMO,20µg/ml), Penicilin (PEN,10µg/ml), Nitrofurantoin (NIT,300µg/ml),               Cefazolin (CEF,30µg/ml), 

Cefoxitin (CEFX,30µg/ml), Ceftriaxone (CEFT,30µg/ml), Gentamicin (GEN,10µg/ml), Tetracycline 
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(TET,30µg/ml), Streptomycin (STR,10µg/ml), Chloramfenicol (CHL,30µg/ml), Oflaxain(OFL,5µg/ml). The 

isolates those grown in inoculation were evaluated as resistant and the others were evaluated as susceptible. The 

antibiotic discs were dispensed sufficiently separated from each other so as to avoid overlapping of inhibition 

zones. The plates were incubated at 37°C, and the diameters of the inhibition zones were measured after 18 hr. 

All susceptibility tests were carried out in duplicate and were repeated twice if discordant results had been 

obtained.  

 

β-lactamase production: 

The production of β-lactamase was detected with the iodometric slide test[20,22,28]. Previously, iodine 

solution was added to penicillin solution. Later, emulsify organism to be tested in a drop of freshly prepared the 

penicillin-iodine solution on flamed side of a glass slide; made a heavy suspension. Then starch solution was 

added. Initially, solution of all samples will turn purple. An indication of β-lactamase production is clearing of 

solution, clearing of purple color to white within 5 min. But the whole mixture does not have to clear; clearing 

of definite clumps or areas is sufficient to denote a positive result. All the bacterial isolates were tested for the 

production of β-lactamases. 

 

Multiple Antibiotic Resistance Index: 

For all isolates, we calculated the MAR index values (a/b, where a represents the number of antibiotics the 

isolate was resistant to, b represents the total number of antibiotics the isolate tested against). A MAR index 

value ≥ 0.2 is observed when isolates are exposed to high risk sources of human or animal contamination, where 

antibiotics use is common; in contrast a MAR index value <or = 0.2 observed when antibiotics are seldom or 

never used[25,28,29]. 

 

Results: 

The results of the antibiotic susceptibility of the isolates are shown in Table 1. The antibiotic susceptibility 

was determined by the disc agar diffusion method in accordance with the instructions of the antibiotic disc 

manufacture (Oxoid). The number of isolates are  shown in Figure 1. The antibiotic sensitivity rates were as 

follows: Meropenem and Chloramfenicol 96%, Oflaxain 82%, and Nitrofurantoin 75%, Tetracycline 64%, 

Amoxicillin and Streptomycin 39%, Cefoxitin 36%, Ceftriaxone 29% , Gentamicin 18%,  Penicilin  and 

Cefazolin 10%. 

 
Table 1: Antibiotic suspectibility pattern ofPseudomonas isolated from from soil near Aksu river  

Antibiotics 

MER 

CHL 
OFL 

NIT 

TET 
AMO 

STR 

CEFX 
CEFT 

GEN 

PEN 
CEF 

Sensitive 

27(96%) 

27(96%) 
23(82%) 

21(75%) 

18(64%) 
11(39%) 

11(39%) 

10(36%) 
8(29%) 

5 (18%) 

3(10%) 
3(10%) 

Intermediate 

(0%) 

1(4%) 
5(18%) 

3(10%) 

10(36%) 
9(32%) 

12(43%) 

9(32%) 
12(43%) 

9(32%) 

3(10%) 
5(18%)                      

Resistance 

1(4%) 

(0%) 
(0%)  

4(14%)  

 (0%) 
8(29%) 

5(18%)  

9(32%) 
8(29%) 

14(50%) 

22(79%) 
20(71%)                                                                                 
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Fig. 1: Number of isolates Resistance, İntermediate and Susceptibility to Meropenem, Amoxicillin, Penicilin, 

Nitrofurantoin, Cefazolin, Cefoxitin, Ceftriaxone, Gentamicin, Tetracyclin, Streptomycin, 

Chloramfenicol, Oflaxain and in 28 Pseudomonas isolated from from soil near Aksu river. 

 

The isolates all over the course of the river Danube showed high resistance rates against meropenem (9.2–

69.6%). The resistance against carbapenems in Pseudomonas spp. is mostly mediated via efflux pumps (intrinsic 

resistance), especially in water environment[30].  

 
Table 2: Multiple Antibiotic Resistance (MAR) Index and beta lactamase production of among 28 Pseudomonas isolates from soil 

Name  of isolates         

P.aeruginosa  

P.stutzeri 
P.cepacia 

P.fluorescens  

Total 

Total isolates    

7(25%) 

11(39%) 
6(21%) 

4(14%) 

28 

MAR(Index 

0, 0.17(2), 0.42, 0.5, 0.33, 0.25 

0.08(2), 0.17, 0.25(5) , 0.42, 0.58,  0.5 
0,0.08, 0.25,0.33(2), 0.17 

0.17(2),  0.42,  0.5 

Beta lactamase +  or – 

6(+), 1(-) 

10(+), 1(-)  
5(+), 1(-)     

3(+), 1(-)  

 

A result of our study for beta lactamase activity,among the 28 isolates of Pseudomonas were showed 

24(86%) beta lactamase activity, whereas 4 (14%) isolates of Pseudomonas showed no beta lactamase 

activity.These results were given table 2. This is the first study beta lactamase activity of Pseudomonas isolated 

from soil in Aksu river. So we didn’t compare our results with previous researchers. 

 

Dıscussıon: 

De Oliveria et al reported that resistance to ciprofloxacin (5.88%), ceftazidime (2.94%) and cefepime 

(20.58%), which indicates the need for continued surveillance to avoid the propagation of resistant isolates[31]. 

Anyim et al reported that antibiotic sensitivity of Pseudomonas species showed with 22 mm inhibition zone to 

augmentin and, 21mm inhibition zone with ciprofloxacin, but pefloxacain, gentamycin, and ampicillin showed 

no inhibition zone[32]. Jensen et al reported that carbadox and streptomycin were the most resistant antibiotics 

for Pseudomonas isolates from Danish agricultural soil. High prevalaence of streptomycin resistance in the 

environment could also be a result of the presence of aminoglycoside producing microorganisms[33]. 

Among twentyeight isolates of Pseudomonas from soil showed 24(86%) beta lactamase activity, whereas 

4(14%) isolates of Pseudomonasshowed no beta lactamase activity.  

Based on the conventional method of characterization and antibiotic resistance of microorganisms isolated, 

out of the 28 isolates, only 7(25%) were presumptively identified as P.aeruginosa, 11(39%) P.stutzeri, 6(21%) 

P.cepacia, 4(14%) P.fluorescens. Noori and Saud reported that among the 20 isolates, 15 strains were identified 

as Pseudomonas fluorescens, 3 isolates belong to the species of the P.luteola, one isolates to the P.aeruginosa, 

and a single isolate showed a doubtful identification[34]. In a recent study by Tearle and Richard 10 of the 14 

gram negative isolates were identified as Pseudomonas spp, 7 of the 10 were identified as P.fluorescens, and 3 

were identified as P.paucimobilis[35]. Shivaji et al reported that ten cultures of Pseudomonas spp were 

established from soil samples collected in and around a lake in Antartica. Based on their morphology, 
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biochemical,  and physiological characteristics, and moles percent of G+C of their DNA, they were identified as 

P.fluorescens, P.putida, and P.syringae[36]. This is the first report on the identification of Pseudomonas spp 

from continental Antartica. Odjadare et al reported that thirty nine (39) strains of Pseudomonas belonging to 

four species (P.aeruginosa, P.luteola,P.fluorescens and P.mendocina) were isolated during their study[37]. 

Achudume  and  Olawale reported that P.aeruginosa (25%) and P.picketii (23%) were found soil underlying 

urban waste sites in South Western Nigeria[38]. 

Two isolates showed no antibiotic resistance, but 17(61%) isolates showed Multiple Antibiotic Resistance 

three to seven antibiotics. The MAR index value of 17 isolates displayed ≥ 0.2in soil samples from Aksu River. 

 There is the possibility that antibiotics from the animal feeds or medications were absorbed into the sediment 

causing bacterial selection in the nearby environment. Multiple antibiotic resistant bacteria might have travelled 

through water from these agriculture activities to the aquaculture ponds. To the best of our knowledge, there 

is’nt any few reports on the multiple antibiotic resistance of Pseudomonas strains isolated from soil.  

 Although Malekzadeh et al. reported Pseudomonas isolates that were resistant to only single antibiotics, all 

the tested isolates in this study showed multiple antibiotic resistances (MARs) ranging from five to 11 

antibiotics distributed among three to seven classes[39]. Consistent with the observation of this study, Paul et al 

reported MAR Pseudomonas strains with resistance patterns varying between five and eight antibiotics[40]; 

while Lateef documented MAR Pseudomonas with resistance patterns of two to seven antibiotics[41]. Odjadjare 

et al reported that MAR index ranged between 0.26 and 0.58[37].  

Our results show thatMeropenem and Chloramfenicol were the most sensitive antibiotics. In contrary, 

Penicilin and Cefazolin were the least sensitive antibiotics in our study against to isolated Pseudomonas spp. 

among Twentyeight isolates of Pseudomonas from soil showed 86% beta lactamase activity, whereas 14% 

isolates of Pseudomonas showed no beta lactamase activity. Two isolates showed no antibiotic resistance, but 

17 isolates showed antibiotic resistance three to seven antibiotics. Among the isolated species, P.stutzeri and 

P.aeruginosa were the most isolated species in soil of near Aksu River, on the contrary,  P.fluorescens was the 

least isolated species in soil of near Aksu River.  

In addition, environments in soils are vehicle of Pseudomonas spp. and therefore patients and people 

working in this area must attention to their personel hygiene in order to avoid Pseudomonas infection. 

Furthermore, due to high occurrence frequency of penicilin and cefazolin resistant Pseudomonas spp., it is 

suggested that these antibiotics do not be considered as drug of choice for treatment of infection. In contrast, 

Meropenem and chloroamfenicol could be used as drug of choice for treatment of infection due to Pseudomonas 

spp.in this geographical area. 

 

Conclusıon And Future Work: 

Our results show that Meropenem and Chloramfenicol were the most sensitive antibiotics. In contrary, 

Penicilin and Cefazolin were the least sensitive antibiotics in our study against to isolated Pseudomonas spp. 

among Twentyeight isolates of Pseudomonas from soil showed 86% beta lactamase activity, whereas 14% 

isolates of Pseudomonas showed no beta lactamase activity. P.aeruginosaand  P.stutzeri were the most isolated 

strains.In conclusion,antibiotic resistance is considered to be a major problem of the globe and soil flora because 

many disease causing bacteria are becoming more resistant to the commonly used antibiotics. The overuse and 

misuse of antibiotics can create the conditions for the development of antibiotic resistant bacteria. This paper 

has broadened the number of antimicrobials potentially useful against Pseudomonas. More work need to be 

carried out the resistance pattern and  β lactamase production of the organism. 
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