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Rhizoctonia solani is the causative agent of rice sheath blight, which has become a major problem in 
rice production. Seaweed provides a rich source of structurally diverse and biologically active 
secondary metabolite and is proved to be better in decreasing foliar fungal diseases which ultimately 
increase its fertility and help in the growth of plants. The use of natural products is the ultimate way of 
combating this disease. In this context, five different seaweeds such as Sargassum wightii, Dictyota 
bartyrensiana, Ulva reticulate, Gelidiella acerosa and Odonus niger were used together with the fish 
powder extract in the control of sheath blight disease in rice were studied. Evaluation of marine products 
against R. solani was carried out by paper disc assay; agar well method and mycelial dry weight. Among 
the five marine extracts tested, extracts of S. wightii [brown seaweed algae] at a high concentration 
(20%) was found to be the best in the reduction of spore germination (19.60%). The leaf extracts of S. 
wightii [brown seaweed algae] at highest concentration of 20% showed a maximum reduction in both 
paper disc method and agar well method with 44.65 and 45.90% zone of inhibition, respectively. The antifungal 
compounds were identified through gas chromatography mass spectroscopy. The results revealed that, 
18 compounds were present in S. wightii and among that n-hexadecanoic acid which was closely 
related to 9, 12-octadecadienoic acid may be responsible for the inhibition of the growth of R. solani. 
The present study revealed that the efficacy of seaweed extracts against fungal pathogens may be due to 
higher levels and early accumulation of phenolics and phytoalexins, and the pot study proved that R. solani 
can be controlled by the application of marine products which may be further used for field study.  
 
Key words: Seaweeds, Rhizoctonia solani, antifungal compounds, rice. 

 
 
INTRODUCTION 
 
Rhizoctonia solani Kuhn is the causal agent of rice 
sheath blight, which  has  become  a  major  constraint  to 

rice production during the last two decades (Kobayashi et 
al., 1997).  The  intensification  of  rice  cropping  systems  
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with the development of new short stature, high tillering, 
high yielding varieties, high plant density and an increase 
in nitrogen fertilization (Gangopadhay and Chakrabarthi, 
1982; Ou, 1985) has seen the “emergence of R. solani as 
an economically important rice pathogen”. 

This pathogen can survive in soil for many years by 
producing small (1-3 mm diameter) irregular shaped, 
brown to black sclerotia in soil and on plant tissues. The 
ability of R. solani to produce sclerotia with a thick outer 
layer allows them to float and survive in water. R. solani 
also survives as mycelium by colonizing soil organic 
matter as a saprophyte, particularly as a result of plant 
pathogenic activity (Ghaffar, 1988). The sclerotia present 
in the soil and/or on plant tissue germinate to produce 
vegetative threads (hyphae) of the fungus that can attack 
a wide range of food and fibre crops.  

Presently, sheath blight disease management is mainly 
achieved through systemic fungicides (Pal et al., 2005) 
and the bacterial bio-control agents like plant growth-
promoting rhizobacteria (PGPR) offer a promising means 
of controlling plant diseases (Mew and Rosales, 1992). 
Brown seaweeds contain bio-control properties and 
contain many organic compounds and growth regulators 
such as auxins, gibberellins and precursor of ethylene 
and betaine which affect plant growth. Seaweed extracts 
have been reported to increase plant resistance to 
diseases, plant growth, yield and quality (Jolivet et al., 
1991). Thus, seaweeds are bestowed with varied sources 
of bioactive natural products that exhibit biomedical and 
antimicrobial properties (Kumar et al., 2005; Karthikeyan 
and Shanmugam, 2016). Peres (2012) was the first to 
observe antifungal substances in seaweeds. The 
seaweed is commercially available and some reports 
have indicated enhanced plant yield and health in 
different crops following application, although the 
mechanisms of action have not been determined (Norrie 
et al., 2002; Colapietra and Alexander, 2006). 

Application of seaweed extracts is proved to be better 
to decrease the foliar fungal diseases which ultimately 
increase its fertility and help the growth of plants (Jayaraj 
et al., 2008). Kumar et al. (2005) evaluated the bioactive 
potential of seaweeds against plant pathogenic bacterium 
Xanthomonas oryzae pv. oryzae. Kumar et al. (2008) 
tested crude seaweeds extracts against the 
phytopathogenic bacterium, Pseudomonas syringae 
causing leaf spot disease of the medicinal plant, 
Gymnema sylvestris. The use of anti-microbial drugs 
(Arioli et al., 2015) has certain limitations due to changing 
patterns of resistance in pathogens and side effects they 
produce. 

Seaweeds provide a rich source of structurally diverse 
and biologically active secondary metabolites. The 
functions of these secondary metabolites are defense 
mechanism against herbivores, fouling organ Figures  
and pathogens for example, grazer-induced mechanical 
damage triggers the production of chemicals  that  act  as  
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feeding detergents or toxins in seaweeds (Ammirato, 
1986). They contain all major and minor plant nutrients as 
well as biocontrol properties and many organic 
compounds such as auxins, gibberellins and precursors 
of ethylene and betaine which affect plant growth (Wu et 
al., 1997).  

Seaweeds are benthic marine macro algae mainly used 
for the production of agar, alginate, liquid fertilizers and 
manures (Sivakumar, 2014). Most of the secondary 
metabolites are the bactericidal or the antimicrobial 
compounds derived from seaweeds which consist of 
diverse groups of bacteriostatic properties such as 
brominates phenols, oxygen heterocyclic; Terpenols, 
Sterols, Polysaccharides, dibutenolides peptides and 
proteins. Although, most of the antibiotics found from 
terrestrial sources are used as therapeutic agents to treat 
various diseases, the oceans have enormous biodiversity 
and potential to provide novel compounds with 
commercial value (Anderson et al., 2006). In this context, 
the present study was carried out to evaluate the various 
marine products against Rhizoctonia solani under in vitro 
condition. 
 
 
MATERIALS AND METHODS 
 
Evaluation of marine products against R. solani in vitro 
 
The efficacy of the marine products listed in Table 1 was tested 
against R. solani 

 
 
Preparation of marine products 

 
Preparation of crude seaweeds extracts (Vallianayagam et al., 
2009) 
 
Each 1 kg of live, healthy and matured samples (Brown and red 
seaweeds) of each seaweed collected along the Coast of Pamban 
(Rameswaram (9°14`N; 79°14`E), Gulf of Mannar, Tamil Nadu, 
India) were washed thoroughly in seawater followed by tap water to 
remove extraneous particles and epiphytes. Then, they were air 
dried under shade in the aboratory for 3 days. The shade-dried 
samples were chopped and pulverized. Each 50 g powdered 
sample was separately extracted for 7 days thrice in 500 ml of 1:1 
(v/v) chloroform: methanol using 1 L Erlenmeyer conical flask under 
dark condition. The extractants were pooled and concentrated by 
using flask evaporator under reduced pressure at 45°C and 
weighed stored at 0°C (Plates 3, 4 and 5). 

 
 
Preparation of fish powder extracts (Suji, 2004) 

 
Two marine fish species (trash fish and edible fish) were processed 
at a local processing plant, using 3.5% sucrose and 0.15% 
phosphate as cryoprotectants. The frozen blocks were transported 
to the laboratory and stored at 18°C until drying. A 500 g block of 
each fish was dried using a Labconco Freeze Dry System at a 
temperature of 40°C until the moisture content reached 5%. The 
samples were milled and sieved using a 40 mm screen mesh. The 
resulting powder was vacuum packed and stored at 4°C. Powdered  
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Table 1. List of seaweeds and the use of active compounds present. 
 

Scientific name Active ingredient Common name Collected from 

Sargassum wightii Fucoidan Brown seaweed Gulf of Mannar Coast 

Dictyota bartyrensiana - Brown seaweed Gulf of Mannar Coast 

Ulva reticulate  Caccamese and Azzolina Green seaweed  Gulf of Mannar Coast 

Gelidiella acerosa Dimethicone Red seaweed  Gulf of Mannar Coast 

Odonus niger - Trash fish Paliyaru (Nagappattinam dist.) 

 
 
 
samples were soaked in chloroform (1:4 w/v) and extracted for 2 
days at room temperature and the extracts were collected and 
concentrated. 
 
 
Evaluation of marine products against R. solani 
 
Paper disc assay  
 
Various concentrations like 5, 10, 15 and 20% of seaweed extracts 
and fish powder extracts were made. 20 ml of PDA medium was 
seeded with 3 ml of sclerotial suspension (1x106 sclerotia/ml) of the 
fungus and solidified. Sterile filter paper discs (10 mm) were dipped 
separately in known concentration of treatments and placed 
equidistantly over the seeded medium. Three replications were 
maintained. The plates were incubated at 28±2°C for 48 h. The 
inhibition zone of the fungal growth around the treated paper discs 
was measured and recorded. The paper disc dipped in sterile 
distilled water served as control (Plate 9) (Saha et al., 1995). 
 
 
Agar well method  
 
Seaweed extracts and Fish powder extracts like 5, 10, 15 and 20% 
individually (10 ml) were added to the sterilized potato dextrose 
agar medium and thoroughly mixed just before plating. 20 ml of 
these mixtures individually were immediately poured into sterilized 
Petri plates and were allowed to solidify. A 9 mm of PDA disc was 
removed by using cork borer to form wells; 1 ml of spore 
suspension was poured into the well. All these were carried out 
under aseptic conditions. The plates were incubated at 28±2°C for 
10 days. Potato dextrose agar medium without natural product 
served as the control. Three replications were maintained. The 
radial growth of the colony was measured. The percent inhibition of 
the growth was calculated (Thongson et al., 2004). 
 
 
Mycelial dry weight  
 
Potato dextrose broth was prepared in 250 ml Erlenmeyer flasks 
and autoclaved. Seaweed extracts and Fish powder extracts at 2.5, 
5, 7.5 and 10 ml concentrations were added to 47.5, 45, 42.5 and 
40 ml broth in flasks so as to get final concentrations of 5, 10, 15 
and 20% of the filtrate in the broth. Similar procedure has been 
followed for taking the mycelial dry weight as stated earlier.  
 
 
Identification of antifungal compounds 
 
Analysis of antifungal compound through gas chromatography 
mass spectroscopy (GCeMS) (NIST Version. 2.0, 2005) 
 
Based on the growth inhibition studies, seaweed extract was 
selected and  chemical  constituents  were  determined  with  a  GC 

Clarus 500 Perkin Elmer Gas chromatography equipped with a 
mass detector. Turbo mass gold containing an Elite-1 (100% 
dimethyl poly siloxane), 30 m × 0.25 mm ID employed were the 
following: Carrier gas, helium (1 mL/min); oven temperature 
program 110°C (2 min) to 280°C (9 min); injector temperature 
(250°C); total GC time (36 min). The water extract was injected into 
the chromatograph in 2.0 Ml aliquots. The major constituents were 
identified with the aid of a computer-driven algorithm and then by 
matching the mass spectrum of the analysis with that of a library 
(NIST Version. 2.0, year 2005). Software used for gas 
chromatography mass spectroscopy (GCeMS) was Turbo mass-
5.1. This work was carried out in Indian Institute of Crop Processing 
Technology (IICPT), Thanjavur (Figures 1 and 2).  

 
 
RESULTS 
 
In vitro evaluation of marine products against R. 
solani 
 
Paper disc method and well method  
 
Various marine products were selected and evaluated for 
the antimicrobial activity by two methods, such as paper disc 
and agar well method. The leaf extracts of Sargassum 
wightii [brown seaweed algae] at the highest concentration 
(20%) was found to be the maximum reduction in both 
paper disc method and agar well method recorded was 44.65 
and 45.90% inhibition zone, respectively. It was followed by a 
highest concentration (20%) of Odonus niger [trash fish] 
which recorded 39.00 and 34.33% inhibition zone in paper 
disc method and agar well method, respectively. All the 
concentrations of G. acerosa [red seaweed algae] 
recorded the minimum percent inhibition zone than all 
other extracts (Table 2). 

The result of the experiment revealed the superiority of 
Sargassum wightii. Hence, the same was used for further 
studies. 
 
 

Gas chromatography mass spectroscopy (GCeMS) 
analysis 
 

On the basis of performance of marine products in the 
preceding in vitro studies, S. wightii (brown seaweed) 
was tested to determine the nature of chemical 
compound (s) present in the seaweed extract. The results 
revealed that 18 compounds  were  present  in  S. wightii. 
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Figure 1. Components identified in the seaweed powder (Code No. 311) [GC 
MS study]. 

 
 
 
 

 
 
Figure 2. GC-MS analysis of sea weeds extract. 
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Table 2. Evaluation of various marine products against R. solani under in vitro condition. 
 

Marine products 
Agar well method  Paper disc method 

5% 10% 15% 20% Mean  5% 10% 15% 20% Mean 

Sargassum wightii [Brown seaweed algae] 36.10 40.28 46.10 44.65 41.78 a  30.71 34.65 39.16 45.90 37.60 a 

Dictyota bartyrensiana [Brown seaweed algae] 20.00 21.50 26.70 28.30 24.12 c  18.20 20.50 23.10 25.95 21.93 c 

Ulva reticulate [Green seaweed algae] 12.25 14.50 18.80 27.10 1816 d  10.00 11.50 15.20 18.00 13.67 d 

Gelidiella acerosa [Red seaweed algae] 12.00 14.21 16.28 19.72 15.55 e  10.66 11.92 14.00 17.00 13.39 d 

Odonus niger [Trash fish] 24.00 25.60 30.00 39.00 29.65 b  20.00 22.67 28.67 34.33 26.41 b 

Control 0.00 0.00 0.00 0.00 0.00 f  0.00 0.00 0.00 0.00 0.00 e 
 

*Values in the column followed by common letters do not differ significantly by DMRT (P=0.05). 

 
 
 
The molecular weights, name of the compound, chemical 
formula, retention time and peak area percentage are 
given in Figure 1. Among these, n-Hexadecanoic acid 
which was closely related to 9, 12-Octadecadienoic acid 
may be responsible for the inhibition of the growth of R. 
Solani (Figure 2). 

 
 
DISCUSSION 

 
The seaweeds and the prepared marine products has 
significant role in the control of the R. solani in in vitro 
condition. Generally, all the marine products inhibited the 
mycelial growth of pathogen in the present study of which, 
S. wightii [brown seaweed algae] @ 20% exhibited the 
highest level of inhibition of R. solani. This statement has 
been confirmed by several workers. Sultana et al. (2007), 
reported that brown, green and red seaweeds were highly 
effective against R. Solani in- vitro and vivo conditions. 
Several workers have reported on the efficacy of seaweed 
extracts against fungal pathogens (Norrie et al., 2002; Jayara 
et al., 2008). This may be due to higher levels and early 
accumulation of phenolics and phytoalexins (Garcia-Mina et 
al., 2004). The above results lend supports to the present 
findings and helpful for further study in the treatment of 
sheath blight caused by R. solani in rice plant. 
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Soil treatment incubation method was carried out to analyze the monocrotophos (MCP) biodegradation 
using three selected bacterial isolates namely Pseudomonas stutzeri (KY287931), Bacillus licheniforms 
(KY287928), and Bacillus sonorensis (KY287930). After 45 days of incubation of pesticide exposed to 
soil samples, the MCP biodegradation by individual cultures and consortium culture was analyzed and 
conformed by gas chromatography–mass spectrometry (GC-MS) method. The three isolates 
individually degrade toxic MCP into non-toxic intermediate while the consortium cultures completely 
degrade the MCP into water-soluble compounds. PCR-based RFLP analysis of 16S rRNA was 
performed. Pseudomonas and Bacillus species have been phylogenetically analyzed by using 16S 
rRNA gene sequences. The isolated bacterial consortium culture proved a potential agent for MCP 
biodegradation. 
 
Key words: Soil, MCP-monocrotophos, bacterial isolate, gas chromatography–mass spectrometry (GC-MS). 

 
 
INTRODUCTION  
 
Use of microorganisms for properly detoxifying, 
degrading and eradication of toxic compounds from 
contaminated soil and water has emerged as the best 
technique to clean up contaminated environments 
(Strong and Burgess, 2008). Monocrotophos (MCP) is 
still widely used in India for the protection of cash crops 
such as cotton, sugarcane, tobacco, maize, groundnut, 
soybeans, rice, and vegetables (Acharya et al., 2015). 
Microorganism plays a major role in agriculture as they 

increase the exchange of plant nutrients and make 
chemical fertilizers usage minimal as much as possible. 

Beneficial plant-microbe interactions in the rhizosphere 
can improve the soil fertility (Dastager et al., 2011). 
Microbes plays a crucial role for changeover of 
phosphorous in water and sediments and the phosphate 
ions are reported strongly, absorbed by sediments with a 
high content of slit and clay (Chen et al., 2015). In order 
to     accomplish      an      effective      degradation,     the  
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microorganisms were isolated from agricultural fields 
which were previously exposed to the pesticides 
(Jayanthi et al., 2014). Organophosphate hydrolase 
(opdA gene) wrapped up in starting biodegradation of 
monocrotophos in KPA-1 was quantitatively shown, 
which fundamentally indicates cytosolic enzyme; a 
catabolic pathway for MCP degradation has been 
proposed (Bhadbhade et al., 2002). Numerous problems 
associated with pesticides application are their possible 
persistence in the ecosystem and therefore, their 
possible integration into the food chain affects 
ecosystems and human population (Hill et al., 2003). In 
the recent years soil quality deterioration has caused a 
serious concern to our planet. Pesticide contaminations 
of soil pose a grave danger to human health as well as to 
the natural environment. The methods procurable today 
(physical or chemical) are on the other hand costly or 
incomplete. Bioremediation contribute a superior process 
or tools for the efficient detoxification of pesticides from 
the soil. Bioremediation is environmentally healthy, cost 
effective and has efficient method (Baba et al., 2016). 

The pathway is initiated by the conversion of dimethyl 
(E)-1-methyl-2-(methylcarbamoyl) vinyl phosphate and 
then to N-methylhydroxyl monocrotophos dimethyl 
phosphate; both steps are catalyzed dependently by 
dimethylphosphate. N-methylacetoacetamide is 
transformed to 3-hydroxy-N-methylbutyramide, and 
methyl phosphate is converted to phosphoric acid. 
Microorganisms contribute a great percentage in the 
conversion of phosphorous in water and the phosphate 
ions are actively taken by ground with major portion of 
clay and slit (Seema et al., 2013).  

Pesticides can be degraded by microbial, chemical and 
photo degradation processes in the environment. 
Nonetheless, microbial degradation is considered as the 
major determining factor of the organophosphrus fate in 
the environment and is often the main process of 
pesticide degradation in soils, representing the safest, 
least disruptive and most cost-effective treatment method 
(Zrostlikova et al., 2003; Singh et al., 2004). Several 
researchers investigated the capabilities of bacteria to 
degrade MCP (Singh et al., 2009). All of these enzymes 
are found to induce the degradation of organophosphate 
compounds.  

The aim of this work is to study the impact of MCP on 
soil microorganisms. Twenty-five safe bacterial species 
were isolated, purified and identified from soil with history 
pesticide application, then used to estimate their effect on 
the biodegradation rate of tested organophosphrus 
insecticides, to give a primitive indication about 
organophosphrus insecticides biodegradation. 
 
 
MATERIALS AND METHODS  
 
Bacterial samples 
 
Three   promising   MCP   degrading   bacterial   isolates-from    our 
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previous work (Buvaneswari et al., 2017), namely Pseudomonas 
stutzeri KY287931, Bacillus licheniformis KY287928, and Bacillus 
sonorensis KY287930 were selected for the present study. 
 
 
Soil treatment incubation 
 
The organophosphorus pesticide monocrotophos used at 
concentration of 1000 ppm was mixed with 250 g of soil already 
dried and sterilized. The autoclaved soil and water was used as 
control and the treatments made were as follows: 
 
Control- Soil + Pesticide (1000ppm) 
Treatment 1- Soil + Pesticide (1000ppm) + P. stutzeri (100ml) 
Treatment 2- Soli + Pesticide (1000ppm) + Bacillus licheniforms 
(100ml) 
Treatment 3- Soil + Pesticide (1000ppm) + B. sonorensis (100ml) 
Treatment 4- Soil + Pesticide (1000ppm) +Consortium (100ml) 
 
100 g of soil was added in 100 ml of sterilized water for the 
preparation of soil culture. Individual treatments of soil in triplicate 
were flooded with inoculum to keep them moist during incubation 
period. These treatments were kept at incubator (28 to 30°C) under 
darkness for 45 days. Two sets of flasks were prepared with the 
pesticides at 1000 ppm. After the completion of incubation, period 
flasks were taken out accordingly for extraction and analysis 
(Wasim et al., 2009). 
 
 
Extraction and analysis 
 
25 g of treated soil (samples) was air dried for extraction and 
homogenized with 0.5 g charcoal (activated) for 4 h at 120°C. Then 
added 1.0 g Florisil (activated for 4 h at 650°C) and 5 drops of 25% 
NH3H2O solution placed over a 2.5 cm layer of anhydrous sodium 
sulphate (Parthiban et al., 2015) (analytical grade) in a glass 
column with 34 cm length and 2.5 cm dia.  

Extraction was done, using a solution of n-hexane (distilled) and 
acetone (distilled) in a ratio of 2:1 by the method described by 
Wasim Aktar et al. (2009). Eluted material was collected in a 250 ml 
conical flask (Pyrex) and later evaporated on rotary evaporator to 
almost dryness dissolved in 20 to 50 µl quantity n-hexane in small 
glass vials for Gc-ms determination.  
 
      
Analysis of liquid samples on the Agilent GC-MS 
 
Gas chromatographic determination 
 
The samples were analyzed in GCMS (Gas Chromatograph- Mass 
Spectrophotometer) (5975c: Insert MSD with Triple Axis Detector). 
The limit of detection (LOD) of OCPs was determined, the blank. 
Before analysis, standards were run to check for the column 
performance, peak height and resolution. The extract was analyzed 
on GC (equipped with flame ionization detector) with the 
parameters as column temperature 230°C, injector temperature 
250°C, detector temperature 300°C, hydrogen gas flow 4.5 ml/min 
and air flow 175 ml/min.  

The parameter of the glass column was 1.5 % OV-17 + 1.75 % 
OV-210 Chrom W-HP 80/100 mesh 2 meters x ¼” x 2 mm ID 
(internal diameter). The retention time was 1.6 min, detection limit 
was 1µg and recovery percentage was 100%. An Agilent Gas 
Chromatography system 5975c with Mass Selective Detector 5973 
was used. If the retention time, qualifying ions (molecular weights) 
and response (area on the graph giving the abundance 
corresponding to the concentration) values were in the correct 
range and the Q value  (accuracy  estimation  from  the  machine  in  
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percentage) was high then, the result was accepted and process 
(Mishra et al., 2017; Gilani et al., 2010). 
 
 
Molecular characterization of MCP degrading bacterial isolates 
 
Restriction fragment length polymorphism (RFLP) analysis 
 
Extraction of genomic DNA from MCP degrading bacterial 
strains: The isolates were used to inoculate in nutrient broth (Hi-
media) and incubated overnight at 37°C and 200 rpm. The resulting 
bacterial suspension was pelleted at 10,000 rpm for 5 min and the 
genomic DNA was extracted from the samples using phenol-
chloroform extraction technique. The buffer in the micro centrifuge 
tube contains the DNA. The DNA samples were stored at -20°C 
until further use (Lori et al., 2005; John, 2014). 
 
 
Purification of 16S rRNA PCR product 
 
The partial 16S rRNA gene fragments were amplified from the 
cultures with PCR conditions as follows: the PCR products were 
precipitated with 9 μl of 3 M sodium acetate (pH 5.2) and 60 μl of 
isopropanol and resuspended in 50 μl of distilled water. Extraction 
of the PCR products with chloroform was carried out (Akhter et al., 
2013). 
 
 
Electrophoresis and enzymatic digestion of amplified DNA  
 
Purified DNA was digested for 2 h in 10 μl volumes with restriction 
endonucleases. The following three restriction enzymes were used: 
ALU1, SAU3A1and HAE. Triple digestion with SAU3A1 and ALU1 
and HAE was performed as follows: DNA was first digested for 1 h 
at 25°C with ALU1. 

Following the addition of buffer recommended by the 
manufacturer, SAU3A1and HAE were added and the reaction 
mixture was incubated for 1 h at 37°C (Daniel et al., 2009). The 
resulting DNA fragments were electrophoresed in 1.5% (wt/vol) 
agarose gels in Trisacetate buffer (0.04 M Tris-acetate, 0.001 M 
EDTA; pH 8.3) at 100 V for 30 min. The gels were stained with 
ethidium bromide and DNA fragments were visualized by UV 
transillumination and photographed. Strains were categorized 
according to their distinct RFLPs (Henrik, 2012). 
 
 
Phylogenetic analysis data 
 
To assess the phylogeny of the isolates, a BLASTN analysis (16S 
rRNA sequence) was carried out through GenBank (Liu et al., 2001; 
Castresana et al., 2000; Dereeper et al., 2008). 
 
 
Construction of phylogenetic trees 
 
The computer assisted by data analysis was performed for RFLP 
profiles. Two numbers of alternative trees were constructed. 
Negative branch lengths were avoided or minimized in the best 
trees selected. Farris trees were constructed according to Archibald 
(2002) and UPGMA trees as described by Allman et al. (2017). 

 
 
RESULTS AND DISCUSSION 
 
In our previous study, a total of 121 bacteria isolates 
belong to three genera, capable of MCP degradation with  

 
 
 
 
particular concentration which were studied and 
conformed by FTIR (Gilani et al., 2010). All of the pure 
bacterial isolates were sequentially subcultures on 
mineral salt medium. 

Similarly, several species of bacteria were isolated from 
different environment which degrade organophosphorus 
compound in laboratory cultures and soil (Buvaneswari et 
al., 2017). Monocrotophos degradation in soil treatment 
incubation method using selected bacterial isolates was 
analyzed and conformed by GC-MS method. After forty 
five days of inoculation with the selected bacterial 
species, the consortium is compared with uninoculated 
samples. The metabolic products of MCP degradation by 
strains P. stutzeri (KY287931), B. licheniforms 
(KY287928), and B. sonorensis (KY287930) filtrates were 
extracted and confirmed by GC-MS. Sasano et al. (2000) 
proposed the analysis of pesticides in water samples 
using the GC/MS technique (Singh et al., 2006).  

Gas chromatographic mass-spectrum is generated by 
monocrotophos in control culture media (Figures 1 and 
2). The control sample compared to NIST library 
identification program have a phosphoric acid, dimethyl1-
methyl-3-(metylamino)-3-oxo-1-propenyl ester group 
compound (C7H14NO5P). The degradation of 
organophosphate pesticide by microorganisms appears 
to be identical, where OPH or PTE catalyzes the first step 
of the degradation (Sasano et al., 2000). The peaks at 
11.6 min indicate that 2-hydroxy-4-
hydroxylaminopyrimidine is one of the most important 
compounds in monocrotophos and peaks at 12.86 min 
indicate phosphoric acid and dimethyl 1-methylpropenyl 
ester. Each of the peaks was identified on the basis of its 
mass spectra and the NIST library identification program. 
These compounds strongly evidence the presence of 
MCP in the extracted control samples.  Anizio et al. 
(2009), proposed a method of analysis for six pesticides 
(imazethapyr, imazaquin, metsulfuron-methyl, bentazone, 
chlorimuron-ethyl and tebuconazole), by GC with mass 
spectrometer detector (Anizio et al., 2009). 

After 45th day of incubation, the gas chromatographic 
mass-spectrum generated by KY287931 (P. stutzeri) 
culture media was analyzed (Figures 3 and 4). The peak 
at retention time 11.6 min (2-hydroxy-4-
hydroxylaminopyrimidine) and 12.86 min (phosphoric 
acid and dimethyl 1-methylpropenyl ester) corresponded 
to control sample, this peak disappeared concomitantly 
with the formation of another new peak with a retention 
time of around 1.668 min. The new peak with a retention 
time of around 1.668 min indicate 2-pentanone, 4-
hydroxy-4-methyl-C6H12O2.The results demonstrated that 
P. stutzeri is a potent and easily acquired bioremediation 
agent that could be used to remove other pollutants from 
pesticide contaminated soils. A similar study was 
conducted by Aleem (2003), who investigated the 
determination of organochlorine pesticides in agricultural 
soil with special reference to γ-HCH degradation by 
Pseudomonas strains. 
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 Figure 1. Gas chromatographic pattern of monocrotophos in control culture media. 

 
 
 

 
 

Figure 2. Mass-spectrum generated by pattern of monocrotophos in control culture media. 

 
 
 
After 45th day of incubation, the gas chromatographic 

mass-spectrum generated by BAGN005 (B. licheniformis) 
culture media were analyzed (Figures 5 and 6). The peak 
at retention time of 11.6 min (2-hydroxy-4-
hydroxylaminopyrimidine) and 12.86 min (phosphoric 
acid and dimethyl 1-methylpropenyl ester) corresponded 
to control sample. This peak disappeared concomitantly 
with the formation of another new peak through a 
retention time of around 1.676 min. Zhao et al. (2012) 

described  the same method to study pesticides in 
vegetables. The graph shows peak with a retention time 
of around 1.676 min, which indicates the 2-pentanone 5-
chloro C5H9ClO. This is one of the four stable isomers of 
butanediol. In biology, 1, 3-butanediol is used as a 
hypoglycemic agent. 

After 45th day of incubation, the gas chromatographic 
mass-spectrum generated by BKGN007 (B. sonorensis) 
culture media were analyzed (Figures 7 and 8). The peak  
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Figure 3. Gas chromatographic patterns of purified Pseudomonas stutzeri extracts obtained from 
the liquid culture. 

 
 
 

 
 

Figure 4. Mass-spectrum generated by pattern of Pseudomonas stutzeri extracts obtained from the 
mliquid culture. 

 
 
 
at retention time of 11.6 min (2-hydroxy-4-
hydroxylaminopyrimidine) and 12.86 min (phosphoric 
acid and dimethyl 1-methylpropenyl ester) corresponded 
to control sample. This peak disappeared concomitantly 
with the formation of another new peak through a 
retention time of around 1.495 min. The results 
demonstrated that B. sonorensis is a potent and easily 
acquired  bioremediation  agent  that  could  be   used   to 

remove other pollutants from pesticide contaminated 
soils. The new peak with a retention time of around 1.495 
min indicates the trimethylene oxide C3H6O and 
hydrazine H4N2. Hydrazine is a convenient reductant 
because the by-products are typically nitrogen gas and 
water. Thus, it is used as an antioxidant and an oxygen 
scavenger. After 45th day of incubation, the gas 
chromatographic  mass-spectrum  generated   by   mixed 
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Figure 5. Gas chromatographic patterns of purified Bacillus licheniformis extracts obtained from the 
liquid culture. 

 
 
 

 
  

 Figure 6. Mass-spectrum generated by patterns of Bacillus licheniformis extracts obtained from the 
liquid culture. 

 
 
 
consortium culture media were analyzed (Figure 9 and 
10). The peak at retention time of 11.6 min (2-hydroxy-4-
hydroxylaminopyrimidine) and 12.86 min (phosphoric 
acid and dimethyl 1-methylpropenyl ester) corresponded 
to control sample, this peak disappeared concomitantly 
with the formation of another new peak through a 
retention time of around 3.60 min (Mishra et al., 2017; 
Gilani et al., 2010). The new peak with a retention time of 

around 3.60 min indicates the carbonic dihydrazide 
CH6N4O. The result presented good results for the 
microbial degradation of monocrotophos. Carbohydrazide 
is the chemical compound with the formula OC (N2H3)2. It 
is a white and water-soluble solid. It decomposes upon 
melting. A number of carbazides are known where one or 
more N-H groups are replaced by other substituents. The 
accumulation  of  the  products  was  not   found   by   the  
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 Figure 7. Gas chromatographic patterns of purified Bacillus sonorensis extracts obtained from the 
liquid culture. 

 
 
 

 
 

Figure 8. Mass-spectrum generated by patterns of Bacillus sonorensis extracts obtained from 
the liquid culture. 

 
 
 
determination after incubation for 45 days. The 
degradation products were similar to those observed in 
previous studies (John et al., 2004; Horsfield et al., 2008; 
Singh et al., 2003). They occur widely in the drugs, 
herbicides, plant growth regulators, and dyestuffs. GC-
MS analysis showed that consortium culture has more 
capacity to degrade the MCP than other isolated 
microorganisms. The ester metabolite is detected by GC-
MS analysis; it is eco- friendly for soil environment. 

However, in the present study, degradation of 
organophosphorus pesticide was obtained and this could 
be the reasoned why bacterial strains consortium express 
the pesticide degrading enzymes (Singh et al., 2009). 

In the present study, total DNA was extracted 
according to the procedures described by M. A. Akhter 
and R. Laz, (2013). The isolated chromosomal DNA was 
1500 bp which compared with 1kb + DNA marker (Figure 
11).  The  RFLPs  of  16S rRNA  were  determined  using  
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Figure 9. Gas chromatographic patterns of purified consortium extracts obtained from the liquid 
culture. 

 
 
 

 
 

Figure 10. Mass-spectrum generated by patterns of consortium extracts obtained from the 
liquid culture. 

 
 
 
three restriction enzymes, ALU1, SAU3A1 and HAE. 
PCR-based RFLP analysis of 16S rRNAs was performed. 
The genetic diversity assessment by RFLP shows 
genetic similarity between the isolates which were varied 
(Figure 11). Pseudomonas and Bacillus species have 
been phylogenetically analyzed by using 16S rRNA gene 
sequences (Bhadbhade et al., 2002).  

The distinct RFLP pattern of the 3 strains could be due 
to increased mutation under stress, facilitation adaptation 
of the strains to stressful environments and also due to 
the different types of pesticide contamination and  varying 

age of contamination at the sites. Phylogenetic analysis 
was done on the basis of partial 16S rRNA sequences 
(600 nucleotides) of 3 isolates. The 3 strains were 
grouped into two clusters, the blast similarity search and 
phylogenetic analysis of 16S rRNA sequence which 
revealed that, the isolated bacterial strain are closely 
similar to Pseudomonas and Bacillus groups (Figure 12). 
Dendrogram analysis Illustrate the relationship between 
strains of P. stutzeri KY287931, B. licheniforms 
KY287928 and B. sonorensis KY287930 bacteria. Based 
on the results of physiological, biochemical and molecular  



 
 

60          Afr. J. Microbiol. Res. 
 
 
 

 
 

Figure 11. Restriction Fragment Length Polymorphism of 16S rRNA gene clusters digested with ALU1, SAU3A1 and 
HAE. Lane M: Marker is 100-bp DNA ladder. Lane Number 1: Pseudomonas stutzeri (KY287931), Lane Number 2: 
Bacillus licheniformis (KY287928) and Lane Number 3: Bacillus sonorensis (KY287930). 

 
 
 

 
 

Figure 12. Dendrogram illustrated genetic relatedness between bacterial isolates, generated by UPGMA cluster 
analysis. 

 
 
 
analysis, the isolates were designated. At present, more 
than 20 isolates of MCP-degrading strains have been 
reported and yielded a variety of microorganisms.  
 
 
Conclusion 
 
With this increased awareness, research has recently 
focused to the fate of pesticides in soils and health risk 
due to their potential transfer and accumulation in plants. 

Our study reveals that isolated bacterial strains growing 
in contaminated sites are able to with-stand high levels of 
monocrotophos in the soil. The consortium culture shows 
increased degradation activity in the MCP contaminated 
soil as compared to individual cultures.  

MCP was highly adsorbed by the studied isolates. The 
bacterial samples were identified and confirmed as P. 
stutzeri KY287931, B. licheniforms KY287928, and B. 
sonorensis KY287930 through Restriction Fragment 
Length Polymorphism of 16S rRNA gene clusters. 
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Pseudomonas aeruginosa (P. aeruginosa) has been found to be a common hospital acquired pathogen, 
responsible for several severe infections. The objective of this study was to describe the antibiotic 
resistance profile of P. aeruginosa strains from human sample. This descriptive study was carried out 
on 168 isolated strains of P. aeruginosa collected from January 2014 to December 2015 at the Pasteur 
Institute of Côte d'Ivoire. The strains identification was done according to the methods of conventional 
bacteriology. The antibiotic sensitivity tests were performed using the disc diffusion method in agar 
medium according to CA-SFM (Antibiogram committee of French society of microbiology) criteria. The 
serotyping of the strains was carried out by using the agglutination method slide test, with the aid of 4 
specific polyvalent antisera. The most prevalent P. aeruginosa serotypes were O4 (24.4); O11 (14.6); and 
O6 (9.5%). The rate of antibiotic resistance to ticarcillin was 32.9%, ciprofloxacin 18.4%, ceftazidime 
14.9%, Imipenem 11.3%, and amikacin 11.3%. Resistance to Imipenem was above 10% in an intensive 
care unit and in the pneumonology unit (PPH). Strains of O6 serotypes were the most multidrug-
resistant followed by O11 with respective rates of 31.2 and 28% MDR (Multidrug Resistance). P. 
aeruginsa are microorganism capable of developing mechanisms of complex resistance which makes it 
difficult to manage. The attention of hygiene rules and the rational use of antibiotics are very important 
in other to prevent the spread of MDR P. aeruginosa. 
 
Key words: Pseudomonas aeruginosa, serotype, multidrug-resistance, infection. 

 
 
INTRODUCTION 
  
Pseudomonas aeruginosa has become a major hospital 
acquired pathogen, responsible for several severe 

infections (Bertrand et al., 2013). Due to its ability to use 
different organic compounds as energy substrates,
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this strictly aerobic gram-negative bacillus lives in very 
humid environments (Fuentefria et al., 2011).  

Hospital environment is suitable for this micro-organism 
because it contains numerous ecological niches (Bertrou 
et al., 2000). The intestinal carriage of the pyocyanic is 
rare in healthy subjects, but frequent among hospitalized 
patients, particularly in intensive care unit (Bertrand et al., 
2013). Due to its natural resistance to many antibiotics 
and its ability to build up new resistance, the hospital 
environment favors the growth of P. aeruginosa despite 
multiple antibiotic selection pressure.  

The emergence of multidrug-resistant strains of P. 
aeruginosa in hospital is often associated with some 
serotypes (Thrane et al., 2015). In order to find an 
epidemiological link between the strains of P. aeruginosa 

isolated in hospital, phenotypic markers such as 
antibiotype and serotype are used to differentiate strains 
before genetic characterization (Blot et al., 2013; Wolska 
et al., 2012). There is paucity of data on P.aeruginosa 
infections in Côted’ Ivoire. The aim of this study was to 
evaluate the antibiotic resistance profile of P. aeruginosa 
and to compare these profiles with serotypes of isolated 
strains. 

 
 
MATERIALS AND METHODS 
 
This descriptive study was carried out on strains P. aeruginosa,  
isolated and collected from January 2014 to December 2015 at the 
Clinical Bacteriology Unit (CBU) of the Department of Bacteriology-
Virology of Pasteur Institute of Côte d'Ivoire. The variables taken 
into account were: the origin of the strains, type of services, nature 
of the samples, antibiotic profile and the type of the serotype. 
Duplicates were not considered. 
 
 
Strains of P. aeruginosa 
 
A total of 168 strains of P. aeruginosa were isolated from various 
biological fluids: pus (87), sputum (320), urine (16), blood (13), 
material (13), Cerebrospinal fluid (6) and stools (1). Strains isolated 
from other media were examined for growth and pigmentation on 
Pseudomonas isolation agar. The strains were identified based on 
the standard bacteriological characteristics: appearance of colonies 
on King A and King B medium, presence for pyocyanine and 
pyoverdine, growth at 42°C, morphological appearance (gram 
negative bacillus, polar mobile), the positive oxidase reaction and 
other biochemical characteristics using the API 20 NE gallery (Bio-
Mérieux®, France) according to Breed et al. (2000) and Garrity et 
al. (2005). The strains were stored in deep agar at room 
temperature. 
 
 
Study of antibiotic sensitivity 
 
Antibiotic susceptibility tests were performed using Kirby-Bauer disc 
diffusion method in agar medium (Kirby-Bauer, 1996). The reading 
and interpretation were done according to the recommendations of 
the Antibiogram Committee of the French Society of Microbiology 
(CA-SFM 2015).  

The following antibiotics were tested: ticarcillin (75 μg), ticarcillin 
+ clavulanic acid (75/10 μg), ceftazidime (30 μg), imipenem (10 μg), 
amikacin  (30 μg)  and  ciprofloxacin  (5 μg).   The   internal   quality  
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control was carried out using the reference strain P. aeruginosa 
ATCC 27853. 
 
 
Serotyping 
 
The serotyping of the strains was performed using the slide 
agglutination technique with the aid of 4 polyvalent specific antisera 
PMA (O1 + O3 + O4 + O6), PMC (O9 + O10 + O13 + O14), PME 
(O5 + O15 + O16), PMF (O7 + O8 + O11 + O12) (Biorad ®) 
followed by specific monovalent antisera (Biorad®). 

 
 
RESULTS 
 
P. aeruginosa were isolated from different biological fluid 
at variable frequencies, pus (51.8%), followed by 
pulmonary secretions (19%), urine (9.5%), blood (7.7%), 
Invasive material (7.7%) and cerebrospinal fluid (3.6%).  

Overall, the most prevalent serotypes were O4 
(24.4%), O11 (14.6%), and O6 (9.5%). O4 serotype was 
most frequent in pus with 28%, pulmonary secretions 
(31%) and urine (30.7%). In urine and hospital materials, 
O6 and O11 serotypes were the most commonly found 
(Table 1). 

In Table 2, the rate of sensitivity of 168 strains of P. 
aeruginosa to different antibiotics tested is summarized. 
The proportion of resistant strains was high for ticarcillin 
(34.5%) and ticarcillin-clavulanic acid (31.5%). The rate 
of strains resistant to cetazidime was 14.9 and 18.4% for 
ciprofloxacin. The resistance rate to Imipenem was 
11.3%. Distribution of resistant strains according to their 
isolation origin showed a higher proportion from hospital 
strains compared to isolates from non-hospitalized 
patients. Among hospital services, the highest rates of 
resistance were observed in pneumonology unit and 
neurology for ticarcillin (50 and 58.3%, respectively) and 
ticarcillin-clavulanic acid (43.3 and 50%, respectively). In 
Intensive care unit, 28.6% is from resistant strain to 
imipenem. About 23% of strains isolated from 
pneumonology were resistant to ciprofloxacin (Table 3). 

Serotypes O6, O11 and O2 were most associated with 
resistance to antibiotics. Serotype O6 strain has  
resistance rate of ticarcillin 62.5%, imipenem 31.2% and 
ciprofloxacin 37.4% to ceftazidime. For serotype O11, 
frequent association was observed with ticarcillin 
resitance (44%), ciprofloxacin resistance (28%) and 
piperacillin resitance (20%). For serotype O2, the 
predominant resistance was ticarcillin (35.7%), 
ceftazidime (21.4%) and imipenem (21.4%) (Table 4). 

Multiresitance is associated with serotypes O11 
(30.8%), O6 (19.2%), O16 (11.5%) and O2 (11.5%). The 
most common phenotypes were associated to ticarcallin, 
ceftazidime and ciprofloxacin resistance (Table 5). 
 
 
DISCUSSION 
 
P. aeruginosa is generally isolated from suppurative
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Table 1. Distribution of serotypes of Pseudomonas aeruginosa according to the nature of the biological fluid collected at the Clinical Bacteriology Unit, 2014-2015. 
 

 

Variable 
Serotypes {No. (%)} 

Biological fluid O1 O2 O3 O4 O5 O6 O7 O9 O10 O11 O12 O14 O15 O16 Not  typable 

Pus (n=87) 6 (5.2) 9 (7.8) 8 (6.9) 24 (20.9) 7 (6.1) 7 (6.1) 0 1 (0.9) 3 (3.4) 13 (14.9) 1 (0.9) 0 1 (0.9) 6 (6.9) 1 (0.9) 

Pleuropulmo Naryfluid (n =32) 1 (3.1) 3 (9.3) 1 (3.1) 10 (31.2) 1 (3.1) 3 (9.3) 0 1 (3.1) 1 (3.1) 4 (12.4) 1 (3.1) 1 (3.1) 2 (6.2) 3 (9.3) 0 

Urines (n=16) 1 (6.2) 0 1 (6.2) 2 (12.5) 1 (6.2) 4 (25) 1 (6.2) 0 3 (18.7) 2 (12.5) 0 0 1 (6.2) 0 0 

Blood (n=13) 2 (15.4) 0 0 4 (30.7) 2 (15.4) 1 (7.7) 0 0 0 2 ( ) 1 (7.7) 0 1 (7.7) 0 0 

Invasive materials (n=13) 0 1 (7.7) 2 (15.4) 1 (7.7) 0 0 0 0 0 3 (23) 1 (7.7) 0 1 (7.7) 2 (15.4) 2 (15.4) 

Cerebrospinal fluid (n=6) 1 (16.7) 1 (16.7) 0 0 0 0 0 0 2 (33.3) 1 (16.7) 0 0 1 (16.7) 0 0 

Stools (n=1)  0 0 0 0 0 1(100) 0 0 0 0 0 0 0 0 0 

Total (%) N=168  11 (6.5) 14 (8.4) 12 (7.1) 41 (24,6) 11 (6.5) 16(9.5) 1 (0,6) 2 (1.2) 9 (5.4) 25 (14.9) 4  (2.4) 1 (0.6) 7 (4.2) 11 (6.5) 3 (1.8) 
 

Serotype O13 and O8 were not found. 

 
 
 
collections as reported by Ben Abdallah et al. 
(2008) with the rate of 52.9% closer to 51.8%. The 
presence in other biological fluid is reported with 
variable proportions 19% in pleuropulmonary 
secretions and, 7.5% in urine and blood, 
respectively. 

Authors reported 37.2% pus, 19.9% lungs and 
30.7% urine (Mindolli et al., 2015) and the rate of 
38.5% urine, 8.3%  blood and 3.1% catheter 
(Kiana et al., 2016). The contamination of wounds 
by this bacterium is usual, however the use of 
invasive materials in particular the urinary 
catheters and catheters of intubation could explain 
their presence in a pleuropulmonary secretions 
and urines. The rates of P. aeruginosa isolated 
from hospitalized patients (47.6%) vs. outpatients 
(52.4%) could be a bias in recruitment, where the 
previous idea of hospitalization and invasive 
gestures are not well informed. In Morocco in 
2002, the rate was 64.5% among inpatients (Louzi 
et al., 2003) while in Nigeria in 2012, it was 70% 
from hospitalized patients (Iregbu et al., 2015). 
The hospital service most frequently associated is 
the intensive care unit as reported by several 

authors (Tacconeli et al., 2002 ; Goncalves et 
al.,2017). Other services such as pneumology and 
neurology are also at-risk (Iregbu et al., 2015). 

The serotypes of P. aeruginosa constitute 
epidemiological markers with the rate of 24.4, 14.9 
and 9.5% for serotypes O4, O11 and O6, 
respectively. In Tunisia, a study carried out in 
2012 reported the same serotypes with variable 
rates predominance of serotypes O11, followed by 
O6 and O4 (Zoghlami et al., 2012). Serotype O4 
was predominant in prolong hospitalization units 
(19.8%) (Adjerald et al., 1999). 

Regarding the resistance to antibiotics, the 
higher rates were recorded for Ticarcillin (34.5%), 
ciprofloxacin (15.5%) and ceftazidime (14.9%). In 
Algeria, similar rates were observed for ticarcillin 
(32.7%), ciprofloxacin (19.4%) and ceftazidime 
(14.7%) (Sefraoui, 2015) while In Nigeria in 2015, 
higher rates were reported for ceftazidime (46%) 
and ciprofloxacin (34%) (Iregbu et al., 2015). In 
Côte d'Ivoire, a study carried out in 2013 on 
hospital effluents showed very high rates of 
resistance to ceftazidime and ticarcillin, resistant 
strains of 100% (Guessennd et al., 2013).  

Amikacin and imipenem were the most active 
antimicrobial agent on P. aeruginosa isolates with 
resistance rates of 7.1 and 10.7%, respectively. 
Nigeria resistance rates were 13% for imipenem 
and 23% for amikacin (Iregbu et al., 2015).  

In Côte d'Ivoire in 2008, P. aeruginosa isolated 
from infections which originate from surgical 
operation site shown a sensitivity of 98.5% to an 
imipenem, that is 1.5% resistance with lower rate 
(Faye-Kette et al., 2008) . A study carried out in 
2013 on hospital effluents showed very high rates 
of resistance to imipemen with 80% of resistant 
strains (Guessennd et al., 2013).In Teheran, 
higher rate were found for imipenem (41.3%) and 
amikacin (28%) (Peymani et al., 2017). 

The highest resistances were observed in 
strains isolated from the department of 
pulmonology with 50% resistance for ticarcillin, 
23.3% for ciprofloxacin and 20% for ceftazidime. 
This observation is confirmed by Hamze et al. 
(2013) in Lebanon.  

The serotypes O11 (30.8%) and O6 (19.2%) 
presented more multiresistant strains. Association 
of  serotypes  and   multiresistance   to   antibiotics 
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Table 2. Antibiotic sensitivity of 168 strains of Pseudomonas aeruginosa tested at Clinical 
Bacteriology Unit, 2014-2015. 
 

Antibiotics  S (%) I(%) R(%) I+R(%) 

Ticarcilline  110 (65.5) 0 58 (34.5) 58(34.5) 

Ticarcilline+ clavulanic acid 115 (68.5) 0 53 (31.5) 53 (31.5) 

Piperacillin  144 (85.7) 0 24 (14.3) 24 (14.3) 

Imipenem  149 (88.7) 1 18(10.7) 19 (11.3) 

Ceftazidim  143 (85.11) 0 25 (14.9) 25 (14.9) 

Amikacin  147 (87.5) 9 (5,3) 12 (7.1) 21 (12.5) 

Ciprofloxacin   137 (7.7) 5 (3) 26 (15.5) 31 (18.4) 
 

S= Susceptible; R= Resistant; I= intermediate. 
 
 
 

Table 3. Distribution of Pseudomonas aeruginosa resistant strains to antibiotics, isolated from the Clinical Bacteriology Unit, 
according to originating units, 2014-2015. 
 

Resistance  TIC(%) TCC(%) PIP(%) IMP(%) CAZ(%) AN(%) CIP(%) 

Outpatient (n=88) 29(32.9) 26(29.5) 12(13.6) 9(10.2) 12(13.6) 11(12.5) 16(18.2) 

Hospitalized (n=80) - - - - - - - 

Operating Theatre (n=9) 2(22.2) 2(22.2) 1(11.1) 0 1(11.1) 0 1(11.1) 

ORL (n=3) 1(33.3) 0 0 0 0 1(33.3) 1(33.3) 

 Neonatal.Pediatrics (n=14) 3(21.1) 2(14.3) 0 0 1(0.7) 0 1(0.7) 

Neurology (n=12) 7(58.3) 6(50) 4(33.3) 2(16.7) 4(33.3) 0 0 

PPH (n=30)  15(50) 13(43.3) 5(16.7) 5(16.7) 6(20) 0 7(23.3) 

Intensive unit (n=7) 1(14.3) 1(14.3) 1(14.3) 2(28.6) 1(14.3) 0 0 

Rhumatology (n=3) 1(33.3) 1(33.3) 0 0 0 0 0 

Gynecology  (n=1) 0 0 0 0 0 0 0 

Hematology (n=1) 0 0 0 0 0 0 0 
 

TIC= ticarcillin; PIP= piperacillin; CIP = ciprofloxacin; CAZ= ceftazidim, IMP= imipenem; AN= amikacin ;TCC=Ticarcilline+ acide 
clavulanic ; ORL= oto rhino laryngology; PPH= human pneumology. 

 
 
 

Table 4. Distribution of the antibiotic resistance profile of Pseudomonas aeruginosa strains isolated in the Clinical Bacteriology 
Unit, according to serotype, 2014-2015. 
 

Serotype 
Resistance rates 

PIP(%) IMP(%) TIC(%) TCC(%) AN(%) CAZ(%) CIP(%) 

Non typable (n =3) 1(33.3) 0 2(66.6) 2(66.6) 0 1(33.3) 2(66.6) 

O1 (n = 11) 2(18.2) 2(18.2) 2(18.2) 2(18.2) 0 1(9) 1(9) 

O2 (n= 14) 0 3(21.4) 5(35.7) 4(28.6) 0 3(21.4) 2(14.3) 

O3 (n = 12) 3(25) 1(8.3) 5(41.6) 3(25) 1(8.3) 2(16.6) 1(8.3) 

O4 (n = 41) 5(12.2) 3(7.3) 9(21.9) 8(19.5) 1(2.4) 1(2.4) 4(9.7) 

O5 (n = 11) 0 0 2(18.2) 1(9.1) 0 1(9.1) 0 

O6 (n = 16) 5(31.2) 5(31.2) 10(62.5) 9(56.2) 3(18.7) 6(37.4) 5(31.2) 

O7 (n = 1) 0 0 0 0 0 0 0 

O9 (n = 2) 0 0 0 0 0 0 0 

O10 (n = 9) 1(11.1) 0 3(33.3) 2(22.2) 2(22.2) 2(22.2) 0 

O11 (n = 25) 4(25) 2(12.5) 11(44) 11(44) 5(20) 3(12) 7(28) 

O12 (n = 4) 1(25) 0 1(25) 1(25) 0 1(25) 0 

O14 (n = 1) 0 0 1(100) 1(100) 0 0 0 

O15 (n = 7) 1(9.1) 1(9.1) 3(27.2) 3(27.2) 0 2(18,2) 1(9,1) 

O16 (n = 11) 1(0.1) 1(0.1) 4(36.4) 5(45.4) 0 2(18.2) 3(27.2) 

Total (n=168) 24 18 58 53 12 25 26 
 

TIC= ticarcillin ; TCC=Ticarcilline+ acide clavulanic PIP= piperacillin ; CIP = ciprofloxacin ; CAZ= ceftazidim, IMP= imipenem; AN= 
amikacin.  
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Table 5. Distribution of serotypes of Pseudomonas aeruginosa according to the phenotype of multi-resistance to antibiotics, 2014-2015. 
 

Phenotypes of the resistance (MDR) O1 O2 O3 O4 O6 O10 O11 O15 O16 Not typable 

ticR+ pipR+ cipR 0 0 0 0 0 0 0 0 1 0 

ticR + cazR+ cipR 0 0 0 0 0 0 2 1 1 1 

ticR + cazR+ impR 1 2 0 0 0 0 1 0 0 0 

tccR+ cipR + AkR 0 0 0 1 0 0 5 0 0 0 

caz R+cipR+ impR 0 0 1 0 2 0 0 0 1 0 

tccR + cazR+ AkR 0 0 0 0 0 2 0 0 0 0 

cazR + cipR+ impR+ AkR 0 0 0 0 3 0 0 0 0 0 

Tcc R+ CazR + impR+ cipR 0 1 0 0 0 0 0 0 0 0 

Total MDR N (%) 1(3.8) 3(11.5) 1(3.8) 1(3.8) 5 (19.2) 2(7.7) 8 (30.8) 1(3.8) 3(11.5) 1(3.8) 
 

R= resistant, ticR= ticarcillin Resistant; tccR=Ticarcilline+ clavulanic acid Resistant; pipR= piperacillin Resistant; cipR = ciprofloxacin Resistant ; cazR= ceftazidim 
Resistant ;  impR= imipenem Resistant ; AkR= amikacin Resistant MDR= multi drug resistant. 

 
 
 

was reported by several studies, as in the case 
with serotype O11 (Sardelic et al., 2012).  
Approximately, 32% of the multi-resistant strains 
of this study belonged to serotype O11. Similarly, 
in Greece, serogroups O12 and O11 had 
multiresistance rates of 91 and 79%, respectively 
(Panayotis et al., 1998), whereas in Japan in 
2007, out of 214 strains of P. aeruginosa of the 
serotype O11, 212 (99%) were MDR (Jun-Ichiro et 
al., 2007). 

 

 
Conclusion 

 
This study showed the importance of serotyping of 
P. aeruginosa isolated from clinical sources. The 
circulation of serotypes O4, O11 and O6 of P. 
aeruginosa was frequent. They were predominant 
in suppurative and pleuro-pulmonary secretions. 
In addition, serotypes O11 and O6 were the most 
multiresistant. The most common phenotype of 
MDR is Ticarcillin-Ceftazidime-Ciprofloxacin. 
Knowledge of serotypes can guide the choice of 
antibiotic  therapy  in  24 h  before  sensitivity  test  

results. In addition, this study should alert health 
professionals to an increasing rate of P. 
aeruginosa resistant to useful carbapenems and 
Fluoroquinolones. 
Regular monitoring of the antimicrobial resistance 
profile is essential to guide prescribing antibiotics 
and controlling the emergence of MDR P. 
aeruginosa strains. 
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