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Ibuprofen (IBU) and Diclofenac (DIC) are non-steroidal anti-inflammatory drug which have shown to 
have broad antimicrobial activity and limit biofilm formation. Aim of this study was to evaluate the 
effects of IBU and DIC against biofilm formation strong strains Escherichia coli and Klebsiella 
pneumoniae associated with urinary tract infections (UTIs). Additionally some virulence factors, 
antibiotic resistance, ESBL production were estimated to find correlation with the biofilm production 
and acil homoserine lactone (AHL). Our results suggest that IBU and DIC, could be useful in the 
treatment of urinary tract infections caused by E. coli and K. pneumoniae. IBU with CMIB 8, 30 and 125 
mg/L, caused dramatic reductions in some cases and inhibited virulence factors which changes in the 
morphotypes expressed on congo red agar. DIC with CMIB 30 and 50 mg/L caused reductions in biofilm 
formation 50.1%. In this study, were evidenced the relationship between virulence factors, production of 
AHL and multi drugs resistance with biofilm production. 
 
Key words: Diclofenac, ibuprofen, biofilm, acil homoserine lactone (AHL), Escherichia coli, Klebsiella 
pneumoniae.  

 
 
INTRODUCTION 
 
Escherichia coli and Klebsiella pneumoniae  are  the  two  predominant    pathogens  commonly   isolated  in   urine.  
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These uropathogens have also developed resistance to 
commonly prescribed antimicrobial agents, exerts their 
antimicrobial resistance against beta-lactams by 
producing extended spectrum beta-lactamases (ESBLs) 
enzymes that confers bacterial resistance to all beta-
lactams except carbapenems, cephamycins and 
clavulanic acid (Ullah et al., 2009), severely limits the 
treatment options of an effective therapy and pose 
treatment problem resulting in high morbidity, high 
mortality, and increased health care costs (Schwaber and 
Carmeli, 2007). Uropathogenic bacteria may be 
responsible for many recurrent UTIs by biofilm producing. 
A biofilm is a complex aggregate of microorganisms in 
which cells adhere to each other and to a surface in a 
self-produced matrix of extracellular polymeric 
substance/slime. Biofilm production is a mechanism 
exhibited by several microbes to survive in unfavorable 
conditions. Bacteria communicate with one another using 
chemical signal molecules, this process of chemical 
communication called quorum sensing (QS), exerts a 
great influence on the production of virulence factors 
through control of transcriptional regulators as a result of 
changes in population density (Waters and Bassler, 
2005). QS operate through a wide range of signals such 
as: (1) Oligopeptides, (2) Acylhomoserine lactones 
(AHLs), (3) Furanosyl borate (autoinducer-2), and (4) 
Fatty acids (McDougald et al., 2007).  Most QS systems 
described to date in gram-negative bacteria depend on 
N-acyl-homoserine lactones (AHL) as signal molecules, 
and these QS systems found in more than 100 bacterial 
species (Viswanath et al., 2015).   

Bacteria within biofilms are intrinsically more resistant 
to antimicrobial agents than planktonic cells. Antimicrobial 
concentrations sufficient to inactivate planktonic 
organisms are generally inadequate to inactivate biofilm 
organisms. Antibiotic resistance can increase 1000 fold 
(Stewart and Costerton, 2001). According to a research, 
more than 60% of all infections are caused by bacteria 
growing in biofilms (Lewis, 2001). These infections tend 
to be chronic as they resist innate and adaptive immune 
defense mechanisms, and the treatment presents a 
considerable unmet clinical need. To date, there are no 
drugs that specifically target bacteria in biofilms; 
however, several approaches are in early-stage (Marvig 
et al., 2012).  

Several reports sugared when designing and testing 
new drug candidates, it is important that the biofilm 
phenotype is taken into consideration. Recently non-
steroidal anti-inflammatory drug (NSAID) that specifically 
blocks the biosynthesis of mammalian prostaglandins by 
inhibiting one or both of the COX isoenzymes has been 
shown that dramatically decrease biofilm production in 
fungal and bacteria (Alem et al., 2004). In this study, we 
evaluated the effects of ibuprofen and diclofenac drugs 
against isolates from of urinary tract infection with ability 
to strong biofilm formation. Additionally, some virulence 
factors, antibiotic resistance, ESBL production,  detection 

 
 

 
 
and identification of signaling molecules involved in the 
quorum sensing were estimated. This is the first this type 
of study conducted in Colombia. 
 
 
MATERIALS AND METHODS 
 
Bacterial strains  
 
A total of 100 isolates obtained from patients with UTI’s who were 
referred to two hospitals in Cartagena, Colombia, were included in 
this study. Specimens collected were clean catch midstream urine 
(54%) and urine from vesicular sounds (46%) using standard sterile 
procedures.  The isolates were identified based on observing 
colonial morphology on EMB medium. Lactose-fermenting colonies 
were confirmed using standard biochemical tests (Voges-
Proskauer, methyl red, and nitrate reduction, motility at 37°C, indole 
production and gas production from glucose). All the strains were 
stored in thioglycolate broth with 15% glycerol at -80°C. E. coli 
ATCC 25922, K. pneumoniae ATCC 700603 and Staphylococcus 
aureus ATCC 25923 were used as control in all tests. 
 
 
Antibiotic susceptibility testing  
 
Antibiotic susceptibilities were determined according to the 
manufacturer’s recommendations by overnight microdilution method 
with commercial dehydrated panels (NUC 60) provided by Dade 
Behring MicroScan (Sacramento, Calif.) that were read by the 
autoSCAN-4 and interpreted according to Clinical Laboratory 
Standards Institute (CLSI) guidelines (CLSI, 2010). Multidrug 
resistance (MDR) was defined as non-susceptibility to at least one 
agent in three or more antimicrobial categories (Magiorakos et al., 
2012). 
 
 
Detection of ESBL 

 
Phenotypic screening of ESBL 

 
Isolates were screened for resistance to three oxyimino-
cephalosporins: Ceftazidime (30 μg), cefotaxime (30 μg), ceftriaxone 
(30 μg) and the monobactam: Aztreonam (30 μg) by disk diffusion 
test. Zone diameters were read using criteria (CLSI, 2012). An 
inhibition zone of ≤17 mm ceftazidime, ≤ 22 mm cefotaxime, ≤ 19 
mm ceftriazone and ≤17 mm aztreonam indicated a probable ESBL 
producing strain requiring phenotypic confirmatory testing. 

 
 

Phenotypic confirmatory method of ESBL 

 
ESBL production was detected by the double disc synergy test 
(DDST) using clavulanic acid-amoxicillin (20/10 μg) and ceftazidime 
(30 μg), cefotaxime (30 μg), aztreonam (30 μg) and cefepime (30 
μg) on Mueller Hinton agar as recommended by French Society for 
Microbiology (FSM, 2009) (http://www.sfm-microbiologie.org). The 
presence of ESBL was manifested by the synergistic effect of the 
inhibitor and discs (effect of egg, fish tail or American soccer ball) 
(Lezameta et al., 2010). 
 

 
Analysis of biofilm formation capacity  
 
Congo red agar method by  
 
Suspension  of  tested  strains  was   inoculated   onto   a   specially 



 
 
 
 
prepared solid medium brain heart infusión broth (BHI) supple-
mented with 5% sucrose and Congo red The medium was compose 
of BHI (37 g/L), sucrose (50 g/L), agar no.1 (10 g/L) and Congo red 
stain (0.8 g/L). Congo red was prepared as concentrated aqueous 
solution and autoclaved at 121°C for 15 min, separately from other 
medium constituents and was then added when the agar had 
cooled to 55°C. Plates were inoculated and incubated aerobically 
for 24 to 48 h at 37°C (Freeman et al., 1989).  
 
 
 
Screening of morphotypes (Congo red agar assay) 
 
The morphotypes of each strain was determined by the morphology 
of the colonies after incubation for 24 h at 37°C. All plates were 
visually examined and the morphotypes were categorized as: Red, 
dry and rough (rdar)-indicating expression of curli fimbriae and 
cellulose, brown (bdar), indicating expression of fimbriae but not 
cellulose, pink (pdar), indicating expression of cellulose, but not 
fimbriae and smooth and white (saw), indicating expression of 
neither cellulose nor fimbriae (Bokranz et al., 2005). 
 
 
Microtiter plate assay (quantitative assays for biofilm 
formation)  
 
A crystal violet staining method was employed to examine biofilm-
forming abilities of the isolates (O’Toole and Kolter, 1998) with 
modifications. The isolates were inoculated into 1 mL LB broth and 
grown overnight at 37ºC with constant shaking. Overnight cultures 
were transferred to new culture medium (diluted by 1:100) and 
grown to OD 600 between 0.45 and 0.65 and for each strain assay, 
it was done in triplicate. Thirty microliters of bacteria in log phase 
growth were inoculated into 96-well polystyrene plates containing 
100 mL fresh LB broth and incubated at 37°C for 24 h. The plates 
were rinsed 3 times with deionized water and the adherent bacteria 
cells were stained with 0.5% crystal violet for 30 min. After being 
rinsed 3 times with deionized water, the crystal violet was liberated 
by 80% ethanol and 20% acetone following a 15 min incubation. 
The OD values of each well were measured at 492 nm. The tested 
strains were classified according to the criteria of Stepanovic et al. 
(2007) into non-biofilm producer (OD ≤ ODc), weak biofilm producer 
(OD > ODc, but ≤ 2x ODc), moderate biofilm producer (OD>2x 
ODc, but ≤ 4x ODc), and strong biofilm producer (OD> 4x ODc).  
 
 
Detection of AHL by colorimetric method 
 
Extraction and quantification of the acyl homoserine lactone activity 
was performed as described by Dietrich et al. (2010). The isolates 
were incubated in 5 mL Mueller Hinton broth overnight at 37°C. 1.5 
mL of the suspension was centrifuged at 10,000 rpm for 15 min, the 
supernatant was transferred and this step was repeated twice. 
Subsequently liquid-liquid extraction using ethyl acetate for 10 min 
and the organic phase (top) was removed. Next, the samples were 
dried at 40°C, they transferred 40 μL to a microplate and added 50 
μL of 1:1 solution of hydroxylamine 2 M: NaOH 3.5 M and 50 μL of 
1:1 solution of FeCl3 10% in HCl 4 M: Ethanol 95%. Finally, the 
optical density at 520 nm was measured in a plate reader. 
 
 
Determination of AHL functional groups 
 

N-Acyl homoserine lactone functional groups were identified by FT-
IR as described by Shikh-Bardsiri and Shakibaie (2013), in five well-
characterized and strong biofilm-producers E. coli (3) and K. 
pneumoniae (2) strains isolated. E. coli ATCC 25922 and K. 
pneumoniae ATCC 700603 were used as controls. Briefly, the  AHL  
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extract of each sample was mixed with 100 mg potassium bromide 
(KBr) and subjected to Shimadzu 8400S FT-IR Spectrometer; 
pellets were scanned at 6 cm-1 resolution in the spectral range of 
4000 to 500 cm-1. Peaks at 1764.33, 1377.99, and 1242.90 cm-1 
correspond to the C=O bond of the lactone ring, the N=H bond, and 
the C-O bond, respectively. These results support the AHL data 
and confirm the presence of a lactone ring in the AHL (Taghadosi et 
al., 2015). 
 
 
Anti-biofilm activity of diclofenac (DIC) and ibuprofen (IBU) on 
biofilm formation  
 
The patterns IBU and DIC were obtained of Drug Analysis 
Laboratory (LAM), Faculty of Pharmaceutical Sciences at the 
University of Cartagena. The effect of IBU and DIC in solution was 
assessed on the ability to form biofilms by E. coli strains and K. 
pneumoniae previously identified as strong biofilm forming using 
concentrations, 2, 8, 30 and 125 mg/L IBU and 5, 15, 30 and 50 
mg/L of DIC; sub-MIC concentrations as reported (Naves et al., 
2010; Reśliński et al., 2013). The biofilm producer K. pneumoniae 
ATCC 700603 strain and the non-biofilm producer E. coli ATCC 
25922 were used as controls.  

The assays were done as previously mentioned for biofilm 
formation, after carrying out incubation in LB broth at 37°C for 24 h, 
10 μL of the suspension was transferred to polystyrene plates of 96 
wells, 180 μL of LB with then he added 10 μL of solution treatment 
and incubated for 24 h at 37°C. Washing, staining the biofilm and 
subsequent reading it was performed as described previously. 
Untreated strains were used as negative control (O´Toole and 
Kolter, 1998).  

Minimum inhibitory concentration (MIC) was defined as the 
minimum concentration of a compound that produces reductions of 
at least half of OD 630 nm values compared with an untreated 
control and minimum inhibitory biofilm concentration (MBIC) of each 
compound was defined as the minimum concentration that reduces 
biofilm formation significantly compared with an untreated control. 
To exclude diminutions of biofilm formation due to inhibitory effects 
on bacterial growth, sub-inhibitory concentrations of each 
compound were selected for testing (Naves et al., 2010). 

 
 
Statistical analysis 
 
All assays were done in triplicate in independent assays. The effect 
of compounds in biofilm production was evaluated with paired two-
tailed Student’s t-test. P < 0.01 was considered significant. 
Statistical Package GraphPad Prism 7 was used for data analysis. 
P-value < 0.05 was considered as statistically significant.  

 
 
RESULTS AND DISCUSSION 
 
Characterization of E. coli and K. pneumoniae 
 
100, non-repeat, clinical isolates of E. coli (83 isolates) 
and K. pneumoniae (17 isolates) collected over a period 
of 12 months, were studied. Phenotypic identification of 
each isolate was performed based on conventional 
biochemical test (Table 1). 

In the past years have been reported an increased 
incidence of UTI due to ESBL-producing E. coli and K. 
pneumoniae. In this study we found that ESBL production 
was seen in 44 (23.81%) isolates of Enterobacteriaceae. 
ESBL production  was  higher  in  E.  coli  followed  by  K.  
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Table 1. Biochemical tests used to identify E. coli and 
K. pneumoniae. 
 

Biochemical test  E. coli K. pneumoniae 

Catalase + + 

Triple sugar agar TSI + + 

Indole production + - 

Methyl red + - 

Urease - + 

Voges  proskauer - + 

Simmon´s citrate - + 

H2S - - 
 

*Results based on the types of substrate utilization: 
Positive (+) and negative (-). 

 
 
 

 
 

Figure 1. ESBL production double disc 
synergy test (DDST) using clavulanic acid-
amoxicillin (20/10 μg) and ceftazidime (30 μg), 
cefotaxime (30 μg), aztreonam (30 μg) and 
cefepime (30 μg) on Mueller Hinton agar. 

 
 
 

pneumoniae. 83% of the strains identified as E. coli, 
found that 12.05% were ESBL producers and for K. 
pneumoniae total (17%) strains were 11.76% ESBL-
producing strains (Figure 1). 

These findings are in agreement with previous studies 
such as was reported by Akram et al. (2007) and 
Kalsoom et al. (2012) on urinary infection also showed 
that E. coli and Klebsiella spp. are the most common 
urinary pathogens in UTI. A study by de Paz et al. (2015) 
reported a higher prevalence of ESBL-producing strains 
of E. coli that found in this research with 21.5%. As it has 
been reported that the overall prevalence of ESBL 
producing K. pneumoniae is about of 17.7% (Iabadene et 
al., 2008).  

In this contribution we report an antimicrobial activity 
and outcomes in 100 isolates subject to biofilm detention. 
The antimicrobial resistance profiles for the isolates were 
determined  using  the  MicroScan  Gram  Negative Urine  

 
 
 
 
Combo Panel Type 60 of 20 antimicrobials and 
breakpoints for classification as resistant used were 
determined according to the guidelines of the (CLSI, 
2010) (Table 2).  

The outcomes of susceptibility testing performed on the 
panel MicroScan show that only 6 of the 22 antibiotics 
tested (amikacin, doripenem, ertapenem, meropenem 
and combinations cefotaxime/acid clavulanate, 
ceftazidime/clavulanic acid) were effective against more 
than 95% of the strains tested. 

Prakash et al. (2013), reported similar data to those 
obtained where the greatest resistance of E. coli and K. 
pneumoniae to antibiotics such as ciprofloxacin, 
ceftazidime, cefotaxime and ceftriaxone. And they are 
also very sensitive to antibiotics such as carbapenems 
meropenem and imipenem, amikacin, and 
aminoglycoside. 

In our study, was observed that half of antibiotics 
evaluated showed a degree of resistance between 40 
and 50% of the strains, and even antibiotics often used 
as ciprofloxacin and ampicillin, it was found that 55 and 
75% respectively of the strains were resistant. In addition, 
they identified about 20% of strains with ESBLs were so 
resistant to antibiotics such as aztreonam, cefotaxime, 
ceftazidime, and ceftriaxone. 60% of the strains were 
sensitive to antibiotics such as ceftriaxone, aztreonam 
and ceftazidime. For cefotaxime and amoxicillin/ 
clavulanate a smaller percentage, 42 and 45% 
respectively was found. And more than 20% of strains 
were resistant to these antibiotics, highlighting cefotaxime, 
in which 40% of the strains were resistant and 20% 
intermediate. These data are confirmatory of susceptibility 
testing by the MicroScan panel, obtaining again, 
resistance in 60% of strains with the group of antibiotics 
evaluated compared with 55% obtained in antibiogram. 
These outcomes are similar to those reported previously 
by Arce et al. (2012) where it was found that the 
resistance of E. coli and K. pneumoniae isolated from 
patients with UTI against ceftazidime, cefotaxime, 
ceftriaxone, and aztreonam are about 40, 45, 32 and 
20%, respectively (Stepanović et al., 2004). 

The rate of multiple antibiotic resistance (MAR) was 
determined for each of the strains. 65% of isolates had 
an index ≥ 0.2, indicating that the bacterium has multiple 
resistance (Vanegas et al., 2009). These outcomes have 
a huge impact when selecting empiric treatment of these 
infections. Since, in general, E. coli, as in other studies 
(Alós et al., 2005; Andreu et al., 2005), shows a high rate 
of resistance to most of the antibiotics greater clinical 
use. The use of antibiotics with limited antimicrobial 
activity in the ITU is associated with lower clinical efficacy 
in pyelonephritis, with more failures and less removal, 
and serious infections were associated with increased 
mortality, and therefore must be avoided as initial empiric 
treatment these infections (Gomez, 2007). The choice of 
antibiotic treatment for UTI must be based on the results 
of  urine   culture  and   sensitivity   testing.  However,   in
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Table 2. Antibiotic susceptibility pattern of E. coli and Klebsiella species isolates. 
 

Antimicrobial Agent 
Interpretive break points 

S (%) R (%) I (%) 
Susceptible Resistant 

Amikacin ≤16 ≥64 96 2 2 

Amp/Sulbactam ≤8/4 ≥32/16 34 46 20 

Ampicilin ≤8 ≥32 25 75 0 

Aztreonam ≤8 ≥32 72 27 1 

Cefazolin ≤8 ≥32 61 31 8 

Cefepime ≤8 ≥32 73 27 0 

Cefotaxime ≤8 ≥64 73 27 0 

Cefoxitin ≤8 ≥32 88 7 5 

Ceftazidime ≤8 ≥32 68 28 4 

Ceftriaxone ≤8 ≥64 73 24 3 

Ciprofloxacin ≤1 ≥4 46 50 4 

Doripenem ≤0,5 ≥ 99 1 0 

Ertapenem ≤2 ≥8 99 1 0 

Gentamicin ≤4 ≥16 74 25 1 

Meropenem ≤4 ≥16 98 2 0 

Nitrofurantoin ≤32 ≥128 89 6 5 

Pip/tazo ≤64/4 ≥128/4 83 11 6 

Piperacilin ≤16 ≥128 52 45 3 

Tobramycin ≤4 ≥16 66 28 6 

Trimet/sulfa ≤2/38 ≥4/76 51 49 0 

 
 
 
situations in which the symptoms or the patient's 
condition does not allow wait to get this information. It is 
important to know which antibiotic to use empirically in 
this initial period, it relied on the knowledge of local 
resistance treatment (Hawser et al., 2011).  

Based on these results, it is possible to suggest that 
the treatment regimen of patients with UTI should be 
geared to the use of carbapenem drugs, as well as the 
combination of cefotaxime/clavulanate or ceftazidime/ 
clavulanate. Also, the use of amikacin aminoglycoside 
would have enough sense. However, should take into 
account the risk of ototoxicity and nephrotoxicity with the 
latter, as well as the location of the UTI, whether adult or 
child, whether pregnant or not and this way to 
individualize the patient. But these results mark a 
reference point for further in vivo investigations, which 
provide greater knowledge to make recommendations 
more evidence on the treatment schedule of the patients 
with UTI. 
 
 
Detection and quantification biofilm formation 
 
For this study, 99% of the strains analyzed presented 
biofilm forming activity in some degree. 1% of clinical 
isolates not form biofilm, 45% of the strains showed weak 
and biofilm formation 49% showed moderate activity. 5% 
of the isolates were strong ability to form biofilms; E. coli 
was 3 and K. pneumoniae was 2 (Figure 2).  

In other studies on bacterial resistance and biofilm 
formation in E. coli and Klebsiella spp. you can see the 
same trend in the distribution of the groups. Shikh-
Bardsiri and Shakibaie (2013), reported in its study for a 
total of 88 isolates the percentages of non-forming strains 
and weak, moderate and strong production capacity 
biofilms were 6.8, 36, 39.7 and 17.4%, respectively. 
Furthermore, a relationship between biofilm formation 
and antibiotic resistance was observed, since most 
strains with multiple resistance, are the same as had 
higher optical densities for biofilm formation, strains with 
biofilm-forming ability of moderate and strong. This 
relationship, multidrug resistance-biofilm formation has 
been reported by Lopez et al. (2008) and Hirales-Casillas 
et al. (2009), so their importance in the clinical setting for 
proper patient management. In this communication, we 
also report the ability of primary uropathogens isolates of 
E. coli and K. pneumoniae to express curli fimbriae and 
cellulose on LB agar without salt, which is coupled to the 
biofilm-formation capability of the organism. Three 
different morphotypes were found, 50% of the isolates 
was rdar, 27.3% bdar and 22.7% rdar. 
 
 
Detection of AHL by colorimetric method  
 
For quantification of AHL optical density it was measured 
in a microplate reader at a wavelength of 520 nm (Figure 
3).  The   AHL  was  no  or  only  weak  activity  for  those  
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Figure 2. Classification of isolates according to their ability to form biofilms. Error bars 
represent the standard deviation from the mean of three observations. 

 
 
 

 
 

Figure 3. Quantification of AHL (optical density) measured in a 

microplate reader at a wavelength of 520 nm. 

 
 
 
isolates that showed an optical density ≤0.98. Strains that 
showed activity AHL are those that were strong forming 
biofilms (5 strains), one of the strains that is within this 
group did not exceed the threshold of activity AHL, 
however, it was close to the limit with a value of 0.962 
(Figure 4). Control strains E. coli ATCC 25922 and K. 
pneumoniae ATCC 700603. AHL activity showed values 
below the threshold, 0.720 and 0.414, respectively. Only 
four isolates showed activity AHL above the threshold, 
the highest activity was 1.329 (E. coli), followed by 1.190 
(E. coli), 0.993 (K. pneumoniae and E. coli). 

Several studies have reported that E. coli is not able to 
produce AHL, yet has the ability to alter their pattern of 
gene expression and phenotypic properties in response 
to AHL by the AHL responsive transcriptional regulator 
SdiA, according to the presence of other locations of 
Gram-negative  bacteria (Ahmer,   2004).    Although   the 

association between biofilm formation and other virulence 
factors has been variable, in the present study biofilm 
formation in E. coli and K. pneumoniae strains capable of 
producing relatively high AHL was detected. Already has 
been reported in recent studies by Taghadosi et al. 
(2015), uropathogenic E. coli strains producing biofilms 
with capacity to produce and communicate through AHL 
molecules type. More research is needed to understand 
the molecular genetics of this compound in E. coli. 
 
 
Determination of AHL functional groups 
 

Strains with the highest activities were selected for AHL 
analysis of functional groups by FT-IR spectroscopy 
(Figure 5). The results show amide carbonyl bond 
absorptions I and II was found at 1547 and 1516 cm

-1
 and 

characteristic absorptions near 1678 and 1647 cm
-1

 these 
signals are attributable to the presence of γ-lactone and 
ketone carbonyls. The band bending vibration of the 
O=CN bond was found to 680 cm

-1
 (Wang et al., 2011; 

Yang et al., 2006). These outcomes support the activity 
data AHL and confirm the presence of a lactone ring in 
producing strains biofilm with high activity AHL; however 
the spectra obtained for the extracts have bands too 
broad and in some cases overlap with other bands, due 
to the presence of other compounds in the extracts. So 
this technique is not allowed to obtain clear results 
apparently by low concentrations to those found in the 
AHL extract (Cuadrado Silva, 2009). 
 
 

Effect of soluble compounds on bacterial growth and 
biofilm formation 
 

IBU reduced biofilm formation significantly in three of the 
five strains,  of  which  two  are  K.  pneumoniae and is E.  
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Figure 4. AHL- activity by uropathogenic E. coli and K. pneumoniae exhibiting strong biofilm.  
The results below threshold indicate weak or no AHL activity. 

 
 
 

 
 

Figure 5. FT-IR spectra of AHL functional groups produced by uropathogenic E. coli. The AHL was extract from organism by 
LLE- methods as described in the text. The pure compound was then subjected to FT-IR spectroscopy. The lactone ring was 
shown at 1764.69 cm-1 wave number.  
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Figure 6. Ibuprofen effect on biofilm formation in E. coli strains K. pneumoniae strong forming and 
biofilm. 

 
 
 

 
 

Figure 7. Morphotypes on red Congo agar. A. rdar that displayed cellulose and curli 
fimbriae. B. bdar that displayed only curli fimbriae, but not cellulose. 

 
 
 
coli, with CMIB 8 and 30 mg/L, decreases observed 20 to 
25%. While in some cases the presence of the highest 
concentration (125 mg/L) caused dramatic reductions in 
biofilm formation, ranging from 52.4 to 60.6% (Figure 6). 
Naves et al. (2010), studied the effects of ibuprofen on 
biofilm formation in E. coli strains, identified as forming 
strong biofilm. In this study it was found that the 
concentration of IBU in urine obtained under a treatment 
regimen is much greater than the concentration of IBU to 
reduce biofilm formation by five of the seven strains of E. 
coli tested. Therefore, IBU administered at standard 
doses may prevent biofilm formation by E. coli in 
indwelling urinary catheters. These outcomes can be as 
was explained by Naves (2010) and coworkers when 
they  detected   not   biofilm   reduction   were   observed, 

suggesting that IBU could be washed out from the wells 
during the treatment. With the consequence that the 
concentration of IBU is down more than usual.  

A study performed by Drago et al. (2002), reports that 
sub-MIC concentrations IBU inhibit the production of 
fimbriae by E. coli strains, to reduce bacterial adhesion 
uro-epithelial cells. However, in our study we can 
demonstrate that the sub-MIC concentrations at which 
biofilm formation is inhibited, the morphotype expressed 
by these strains incubated with sub-MIC concentrations 
(8 and 30 mg/L) on Congo red agar changes and 
evidence inhibiting production of fimbriae (Figure 7). 

Moreover, bacterial hydrophobicity and hemolysin 
production by E. coli strains are also affected by 
incubation  with  drug  (Drago  et  al.,  2002).  Also,  it has  

  

                                            (A)                           (B) 
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Figure 8. Diclofenac effect on biofilm formation in E. coli strains K. pneumoniae strong forming and 
biofilm.  

 
 
 
demonstrated anti-adhesive effect of IBU in Candida 
albicans using a disc model system in vitro catheter 
(Alem and Douglas, 2004). Additionally, some in vivo 
studies have reported beneficial effects when combined 
IBU and antibiotics for the treatment of otitis media and 
experimental pneumococcal in a rat model of chronic 
pulmonary infection with P. aeruginosa (Diven et al., 
1995). 

DIC reduced biofilm formation significantly in three of 
the five isolates, of which two are K. pneumoniae and the 
other is E. coli, with CMIB 30 and 50 mg/L respectively, 
decreases observed 26 to 30%. Even for a sample found 
that the presence of the highest concentration (50 mg/L) 
caused reductions in biofilm formation 50.1% (Figure 8). 
Has been reported that diclofenac and ibuprofen at 
concentrations equal to those obtained from human blood 
drugs (serum) inhibits biofilm formation of S. aureus and 
E. coli in a polypropylene mesh surface (Reśliński et al., 
2013). A strain of E. coli (1740), showed not significant 
changes in biofilm formation with exposure to IBU and 
DIC. And all strains evaluated when treated with these 
compounds showed not significant increase in biofilm 
forming capacity relative to the control.  So far there has 
evaluated the effect of IBU and DIC in biofilm formation in 
K. pneumoniae strains. However other studies have 
reported compounds such as alkaloids, chitosan, linoleic 
acid, curcumin and eugenol (Magesh et al., 2013) and N-
acetyl cysteine, which has been used at a concentration 
of 2000 mg/L inhibits growth of a variety of Gram-positive 
and negative organisms, including K. pneumoniae, E. 
cloacae and E. coli (Olofsson et al., 2003). 

In tis contribution was found that isolates with the 
highest AHL activities also exhibited strong adherence to 
microplate wells (P≤0.05). A significant relationship 

between strong biofilm production and production of AHL, 
suggesting the importance of this mechanism in bacterial 
pathogenicity and its role in sensitivity to antibiotics. IBU 
and DIC reduced biofilm formation significantly in three of 
the five strains, K. pneumoniae and E. coli, IBU with 
CMIB. While in some cases the presence of the highest 
concentration (125 mg/L) caused dramatic reductions in 
biofilm formation, ranging from 52.4 to 60.6%. Our results 
suggest that IBU and DIC could be useful in the 
treatment of urinary tract infections caused by E. coli and 
K. pneumoniae due to their inhibitory effect on both 
bacterial growth and biofilm formation. 
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Respiratory diseases in sheep are a multifactorial etiology syndrome, causing great economic losses. 
This study was carried out with the aim of establishing a bacteriological diagnosis of respiratory 
diseases in sheep, on the basis of lungs with macroscopic lesions taken from sheep slaughtered at the 
Blida abattoir. A total of 150 samples (swabs and lung parenchyma) from 75 Ouled Djellal sheep, aged 
six to twelve months old, with pulmonary lesions, were collected to determine possible correlations 
between the etiological agents and the type of lesion. Hepatization (or consolidation) was the main 
lesion observed (70%), preferentially localized on the right apical lobe (88% of the cases). This is a 
special form of pneumonia called atypical pneumonia. A varied microbial flora was isolated, alone or in 
association, namely bacteria with respiratory tropism as well as others of secondary infection. The 
bacteria most frequently isolated were γ-hemolytic streptococci (18%), Escherichia coli (17.5%), 
Micrococcus species (14.5%), and coagulase-negative staphylococci (10.5%); the large family of 
Enterobacteriaceae represented nearly 43% of the isolates. The pneumotropic bacteria (Mannheimia 
haemolytica and Pasteurella multocida) which count for 5.6% of the isolates, turned out to be correlated 
with the hepatization lesions. 

 
Key words: Mannheimia haemolytica, Pasteurella multocida, pneumonia, sheep, Algeria. 

 
 
INTRODUCTION 
 
Sheep farming in Algeria constitutes 50% of the 
agricultural gross domestic product. The sheep number 
has increased from 17.5 to 26.6 million head with an 
average annual increase of 4.4% over the ten-year period 
(2003 to 2013) (MADR, 2014). In 2003, it represented 25 
to 30% of animal production and 10 to 15% of agricultural 
production. It provides more than 50%  of  the  total  meat 

needs of the country (Abdelguerfi and Ramdane, 2003). 
The rearing of grazing livestock in Mediterranean 
countries includes 13% of the world’s sheep and goats 
(Boutonnet, 1998). Respiratory diseases in sheep are 
among the most frequent pathologies, with heavy health 
and economic impacts. They form a multi-factorial 
complex  involving  the  interaction  of  host, environment,   
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as well as a wide variety of pathogens. The term 
respiratory disease complex (RDC) is used for the 
condition conventionally known as bronchopneumonia. 
RDC is a polymicrobial infection that develops when the 
immune system of the animal is compromised by stress 
factors such as crowding, transportation, draught and 
inclement weather combined with increased exposure to 
pathogens, and may lead to respiratory infection (Asaye 
et al., 2015). 

Environmental conditions and poor hygiene prevailing 
in Algerian farms are all stress causing factors that 
promote the onset of respiratory diseases. When they do 
not involve the death of the subject, they result in 
debilitating medical conditions and therefore a decreased 
carcass value. Indeed, respiratory troubles in lambs 
cause mortality, growth reduction and economic losses, 
due to drug costs and condemnations in abattoirs 
(Goodwin et al., 2004). The role of stress in the natural 
incidence of the pulmonary form of pasteurellosis is 
clearly highlighted  by the fact that the disease onset is 
associated with a sudden source of stress such as 
exposure to an extreme temperature (hot or cold) with a 
high level of humidity, overcrowding, poor ventilation, bad 
raising practices, rough handling, transport over long 
distances, excessive dust, high load of internal or 
external parasites and the mixing of animals from 
different sources (Sharma et al., 1990; Martin, 1996). 

Small ruminants are especially sensitive to respiratory 
infections, mostly as a result of deficient management 
practices that make these animals more susceptible to 
infectious agents. The tendency of these animals to 
huddle and group rearing practices further predispose 
small ruminants to infectious and contagious diseases 
(Chakraborty et al., 2014). In a study in Ireland, McIlroy et 
al. (1989) demonstrated a significant correlation between 
the percentage of seized sheep carcasses due to pleurisy 
or pneumonia and rainfall, wind, temperature as well as 
humidity. Galapero et al. (2016) used Bayesian networks 
to identify risk factors for pulmonary consolidation. The 
results showed that the main factors causing ovine 
inflammatory respiratory processes and pulmonary 
consolidation were temperature, relative humidity, and 
Mycoplasma species. Control of these factors may help 
reduce the incidence of pulmonary consolidation. In 
sheep, the pathogenesis of respiratory diseases is 
difficult to determine because of the interaction of 
different causative agents which may have similar 
pathological models (Alley, 1975). Of all the organ 
systems, the respiratory tract may be unique in its 
vulnerability to injurious agents. Nowhere else in the 
body, such a vast surface area (approximately 100 m

2
) is 

directly exposed to airborne pathogens at about 20 
times/min. Not only is the area and exposure extreme, 
but the underlying blood circulation is only two cell layers 
of about 0.5 nm each, removed from the alveolar surface 
(Asok et al., 2014). 

Previous or combined  infection  with  some  respiratory  

 
 
 
 
viruses may increase the susceptibility of farm animals to 
secondary bacterial pneumonia (Cutlip et al., 1993; 
Ozyildiz et al., 2013). Sheep are particularly sensitive to 
parainfluenza virus type 3 (PIV-3) and bovine respiratory 
syncytial virus (BRSV); antibodies against these viruses 
have been demonstrated in this species (Lemhkuhl et al., 
1985; Giangaspero et al., 1997). An estimated 40% of 
viral respiratory infections are complicated by bacterial 
pneumonia (Loosli, 1968). Pasteurella, which is the main 
bacteria responsible for lung disease in sheep, acts as 
secondary infection agents after a viral or mycoplasma 
infection (Douart, 2002). Whatever the initial cause of 
lung damages is (environmental, viral, bacterial or 
parasitic), Mannheimia haemolytica is often found as a 
complicating agent. Ovine pneumonia due to M. 
haemolytica is the major cause of perinatal mortality (10 
to 40%) depending on the farm type and the season 
(Malone, 1988). In outbreaks of acute ovine and caprine 
pneumonia, Pasteurella especially M. (Pasteurella) 
haemolytica and Pasteurella multocida have been 
isolated more than other pathogenic agents from affected 
lungs. About 30% of domestic animal mortality is known 
to be related to Pasteurella infection (Valadan et al., 
2014). 

Pasteurellosis, also called "enzootic pneumonia", does 
not correspond to a specific nosologic entity, but 
Pasteurella, which are the most frequently isolated 
pathogens, are therefore considered as the main cause 
of the disease (Zrelli, 1988). Atypical pneumonia is 
defined to distinguish a rather similar form of 
pasteurellosis, but without the fatal nature of this latter 
(Rouchy, 1992), combined with a multitude of pathogenic 
agents including Mycoplasma ovipneumoniae. Due to the 
high losses resulting from these pathologies and 
considering the importance of the national herd (over 26 
million heads), it was deemed appropriate to carry out an 
investigation to determine a first estimate of the 
prevalence of pneumonia in sheep, by studying 
pulmonary lesions observed in the slaughter house to try 
and establish a link between macroscopic lung lesions 
and bacterial agents, especially Pasteurella species. 
 
 
MATERIALS AND METHODS 
 

The study focused on sample "all comers" of Ouled Djellal sheep 
slaughtered at Blida abattoir (Algeria) from January 2009 to April 
2010. These animals came from different farms and neighboring 
regions of Blida (15 km from a large cattle market), where farming 
conditions are substantially the same. It concerned only males, 
aged 6 to 12 months. 

Blida is located at 36°28'North and 2°49' East, at an altitude of 
272 m above sea level. It extends over 1478.62 km2. The 
temperatures in the area vary from 2°C in winter (January) to 45°C 
in summer (July) and  the average annual precipitation is around 
600 mm per year, reaching its peak from December to February (30 
to 40% of annual precipitation). 

According to the local agriculture service, the number of sheep in 
the study area is about 40,000 heads. Blida abattoir was selected 
because   it   is   the   largest  in  the  region  in  terms  of   slaughter  



 
 
 
 

Table 1. Frequency distribution of gross 
pathological lesions in lungs of sheep observed at 
Blida slaughterhouse. 
 

Lesion Number % 

Red hepatization 39 52.0 

Grey hepatization 14 18.7 

Atelectasis 10 13.3 

Emphysema 8 10.7 

Others* 4 05.3 

Total 75 100.0 
 

*Congestion, Abscesses. 

 
 
 
capacities (around 500 head of sheep/day). 
 
 
Macroscopic study of lung lesions 
 
A survey sheet was established for each animal with lungs lesions. 
The lesions were described according to its precise location, 
degree of expansion, appearance (color), consistency, volume, 
shape and the nature of the macroscopic pathological changes. 
 
 
Lesion score 
 
For each lobe, the extent of the lung lesion was visually evaluated 
and measured using a 4-point scale, from score 0 (no injury), score 
1 (≤ 25% of the lobe), score 2 (25 to 50%), score 3 (50 to 75%) to 
score 4 (> 75% of the lobe). The overall score was obtained by 
summing the scores for each lobe between 0 and 32. 
 
 
Sample collection  
 
A total of 75 bronchial swabs and 75 lung parenchyma were 
collected for bacteriological analysis. Two samples types were 
taken from freshly slaughtered animals with gross lesions 
suggesting pneumonia: a swab of the bronchi using a sterile swab 
after sectioning of the injured tissue, and sectioning a fragment of 
pulmonary fabric from the same compromised parenchyma. 

These samples were placed in insulated boxes at +4°C, to be 
sent to the laboratory as soon as possible. For practical reasons, 
the samples were frozen (-20°C) in order to be exploited 
subsequently. Each sample, properly identified and accompanied 
by an identification card was placed in airtight individual packaging, 
which no added preservative or antiseptic. 
 
 
Bacteriological analysis 
 
The bacterial analysis carried out at the Microbiology Laboratory of 
the Veterinary Institute (University of Blida) focused on the isolation 
and identification of conventional bacteria involved in the 
pathological process, according to current bacteriological techniques 
recommended by Quinn et al. (1994).  

Viruses and Mycoplasma were excluded from the search because 
they require specialized culture conditions and identification 
techniques. In the laboratory, the samples were thawed at ambient 
temperature. The surface of the lung fragment was cauterized on 
the surface; the parenchyma was cored with an unbuttoned Pasteur 
pipette and placed in nutrient enrichment broth (manufactured by 
Pasteur Institute of Algeria, IPA) to revitalize bacteria  (37°C  for  18  
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to 24 h), while the swabs were directly and separately placed in 
similar broths. 

The enriched broths were seeded on agar with 5% sheep blood 
(IPA) incubated under aerobic conditions at 37°C for 24 h. 
Morphological characteristics of colonies were scored on blood 
agar, as well as the presence or absence of hemolysis, the type of 
this latter and the production of pigments and smells. After 
purification, Gram stain, catalase and oxidase tests were 
performed. The choice of the identification gallery was established 
from the results of these tests.  
 
 

RESULTS 
 

Prevalence of pulmonary lesions 
 

From 1018 slaughtered and examined sheep during the 
survey, 194 (19%) had pulmonary lesions, isolated or in 
combination, of varying nature and severity. The lesions 
appearing to be infectious (n = 75) were sampled. The 
rest of the observed lesions (n=119) were either parasitic 
in nature or slaughter injuries and were not taken into 
account for the result of the investigation. 
 
 

Distribution of the lesion types 
 

Infectious pulmonary lesions can be divided into 4 
categories: red hepatization, grey hepatization, atelectasis 
and emphysema. Pulmonary hepatization (also called 
consolidation injury) represented the most frequent lesion 
observed in the slaughter house; all forms included, it 
represents 70.7% of the lesions (Table 1). Considering 
that different lesions sometimes occur in the same lung, 
only the dominant one was considered. 
 
 

Location of lesions 
 

Pulmonary lesions mostly sits on the apical lobes, the 
right one in particular (88% of the inspected lungs), 
reaching either part or all of these, and sometimes 
extends to other lobes (Table 2). Lesion frequency is 
higher on the right side of the lung, with a marked 
laterality for apical lobes (Figure 1). 
 
 
Scope of lung injury 
 

Determining the extent of the pulmonary lesion on each 
lobe permits us to estimate the evolution of the 
pathology. The scale of lung lesions depends on the 
severity and extension rate of pneumonia (Table 3). We 
note that the apical right lobe is frequently affected in its 
entirety. 
 

  
Lesion score 
 
Lesions extending on small areas are the most prevailing; 
three  quarters  of  the  examined  lungs  showed a lesion 
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Table 2. Distribution of pulmonary lesions observed in the lobes. 
 

Lung Lung lobes (n=75) Number % 

Right Lung 

Right apical lobe 66 88 

Anterior medium lobe 14 19 

Posterieur medium lobe 08 11 

Right caudal lobe 07 09 

Azygos lobe   03 04 

    

Left Lung 

Left apical lobe 13 17 

Left medium lobe 09 12 

Left caudal lobe 04 05 

 
 
 

 
 

Figure 1. Total red hepatization (or consolidation) of the apical 
and medium lobes of the lung, taking the color and consistency 
of the liver (dorsal view). 

 
 
 
 score smaller than 5/32. The average lung score was 
equal to 5.26 ± 5.22, while the number of animal per 
injured lobes was 1.82±1.63. Lung lesions extend widely 
over the different lobes. The perimeter areas where 
pneumonia is evolving are irregular. 
 
 
Bacteriological analysis results 
 

Bacteriological analysis was performed on 150 samples 
from 75 animals. The samples were 75 fragments of lung 
and 75 bronchial swabs of the same lungs with lesions. 
The most frequently isolated bacteria were gamma-
hemolytic streptococci (18%), Escherichia coli (17.7%), 
Micrococcus species (14.5%) and coagulase-negative 
staphylococci (10.4%). The family of Enterobacteriaceae 
(E. coli included) represents nearly 43% of the isolates. 
M. haemolytica and P. multocida account for 5.6% of 
isolates. 

Most bacteria isolated (71%) were either saprophytes 
or commensals of the upper respiratory system and 
represent commonplace bacteria contamination (Bacillus, 
Proteus,   Micrococcus).    Others    (E.    coli,    Klebsiella 

pneumoniae, Staphylococcus aureus, Pseudomonas, 
Streptococcus βeta-hemolytics) which account for 23%, 
are occasional specific pathogenic agents of the 
respiratory system, and may be pathogenic in secondary 
infections due to a decrease in immune defenses of the 
host. The role of the M. haemolytica and P. multocida 
(5.6%) is well known in respiratory diseases in sheep 
(pneumotropic bacteria) (Figure 2). 

Several associations of bacterial species were isolated 
in the same sample (Figure 3). Out of the 150 samples 
(75 swabs and 75 lung parenchyma), 54 (36%) were 
mono-microbial, 87 (58%) indicated the association of 
two bacterial species and 9 (6%) showed three. All 
samples showed bacterial growth; none were sterile. This 
combination of bacteria in one sample reflects a 
multifactorial etiology of lung disease of sheep and 
explains the diversity of the observed lesions. 
Comparison of the results obtained by the two samples 
types highlights a greater number of bacterial flora, from 
the swabs. 

According to these results, there seems to be no 
relationship between bacterial groups and sample type 
(Figure 4).  Pneumotropic bacteria were isolated only in 
hepatization lesions (Table 4). 

Despite the small number of pneumotropic bacteria (M. 
haemolytica and P. multocida) isolated in this study, their 
exclusive frequency (14/14) should be noted in the 
consolidation lesions (hepatization). 
 
 
DISCUSSION 
 
Sheep farming in Algeria represents the main source of 
income for many families in rural areas.  Ouled Djellal 
sheep are the most common breed of sheep, accounting 
for more than 60% of the national herd. They provide a 
lot of meat, wool and leather, and are particularly suited 
to the arid climate. However, the important variations in 
temperature, ranging from hot in summer to very cold in 
winter, can promote the development of sheep 
respiratory diseases. Indeed, previous studies in France 
(Douart,  2002),  Algeria  (Belkhiri  et  al., 2008) and India  
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Table 3. Extent of lung lesions in sheep observed at the abattoir. 
 

Extent (%) 

Number of sheep (n=75) 

Left Lung (3 lobes) Right Lung (5 lobes) 

Apical Medium Caudal Apical Anterior medium Posterior medium Caudal Azygos 

0 62 65 70 07 58 64 63 73 

˂ 25 05 02 01 12 01 03 04 01 

25-50 05 05 00 13 08 03 00 00 

50-75 00 00 00 03 00 00 00 00 

75-100 01 00 00 09 02 00 00 00 

100 02 03 04 31 06 05 08 01 

 
 
 

 
 

Figure 2. The prevalence of pathogenic bacteria isolated from pneumonic lungs of sheep slaughtered. 

 
 
 

 
 

Figure 3. Bacterial associations by sampling procedure . 

 
 
 
 (Dar et al., 2012) have determined a significant 
incidence of lung lesion in sheep during winter. In regard 
to the unavailability of some laboratory techniques, the 
results  of   the   investigation  lack  precision,  particularly 

because of the difficulty to look for Mycoplasma and 
viruses, which are much involved in lung lesions in 
sheep. 

The  molecular  diagnosis  of  Pasteurella  spp. isolates
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Figure 4. Distribution of bacterial groups in sheep showing lung lesions according to the 
sample type. 

 
 
 

Table 4. Relationship between macroscopic lesions and the isolated bacteria of the lungs. 
 

Lesion                                        

     Bacteria 

Other*  Pneumotropic bacteria Bacteria secondary pulmonary localization 

M.h. P. m. Past. spp E. coli SCP Klebs. pneu. Pseudo. Strept. β-hemo. 

Red hepatization 5 6 2 21 6 0 1 1 93 

Grey hepatization 0 3 1 8 1 0 0 0 30 

Atelectasis 0 0 0 2 0 1 0 0 28 

Emphysema 0 0 1 10 1 1 0 0 14 

Other**  0 0 0 0 0 0 0 0 13 

Total 5 9 4 41 8 2 1 1 178 
 

M.h : Mannheimia haemolytica; P.m:  Pasteurella multocida; Past. spp: Pasteurella spp.;  SCP: coagulase-positive Staphylococci; 
Klebs. Pneu: Klebsiella pneumoniae ; Pseudo.: Pseudomonas, Strept. β-hémo.: beta-hemolytic Streptococci. Other bacteria*: 
Commonplace bacteria contamination (Bacillus, Proteus, Micrococcus…). Other lesions**: Congestion, Abscesses … 

 
 
 
which includes analysis of nucleotide sequences of the 
16S rRNA and KMT1 genes overcame the disadvantage 
and limitation of phenotypic diagnosis and became a 
favorable technique in many international laboratories for 
identification and calculating the phylogenetic tree in 
Pasteurellaceae family. It reduces the duration of 
identification, allows a direct detection of organisms from 
clinical sample’s genome, and enhances the sensitivity 
and specificity of the diagnosis (Hassan et al., 2016). 

Polymerase Chain Reaction (PCR) is a sensitive and 
rapid diagnostic procedure for the early diagnosis of 
Mycoplasma infection. M. ovipneumoniae has been 
isolated and detected through PCR from the nasal swab 
samples and from pneumonic sheep lungs (Amin et al., 
2016). 

In Algeria, Kabouia (2005)  highlighted  the  association  

of Mycoplasma with different types of lung lesions in 21% 
of sheep samples. Mycoplasma capricolum alone or in 
combination with other mycoplasmas (Mycoplasma 
agalactiae and M. ovipneumoniae, Mycoplasma arginini) 
and other bacteria are responsible for ovine respiratory 
diseases. In Richard et al. (1986) in France, isolated M. 
ovipneumoniae in more than half of pneumonia lesion 
samples from sheep.  

Statistically highly significant difference (Fisher's exact 
test P ≤ 0.0001) in the isolation of M. ovipneumoniae 
between healthy and respiratory distressed sheep breeds 
in Balochistan (Pakistan) was found (Amin et al., 2016). 
The sampling is not random because it is not based on 
any lot. It is not representative of the ovine population, at 
least that of the Blida region. Despite this lack of 
representativeness,  the  results  identified  in   this  study 



 
 
 
 
make it possible to learn about relationships that may 
exist between the lesions and pneumotropic bacteria. 
The selected animals cannot be considered as 
representative of the sheep population of the study area, 
given that the only criterion for inclusion is that the 
animal, regardless of age or sex, arriving at the 
slaughterhouse showed macroscopic lung lesions, 
infectious and non-parasitic. Moreover, we had no 
information about their mode of rearing or any recent 
antibiotic treatments. The examined animals were all 
males, 6 to 12 months. For practical reasons, the 
samples had to be frozen pending their exploitation, 
despite the fact that some works showed a deleterious 
effect of freezing on the number of species isolated in the 
pulmonary bacteriology (Menoueri, 1985; Cadoz, 2000). 
The effect of freezing can be ambivalent; it can be 
negative by reducing the probability to isolate Pasteurella 
and even completely eliminate it, including the 
pneumonia principal agent; on the other hand, it can be 
beneficial by preventing the development of bacteria that 
proliferate in the post mortem process. 

Our study showed a prevalence of 19% lung lesions. In 
the large scale study of Goodwin-Ray et al. (2008) 
carried out on about 2 million lambs slaughtered in three 
abattoirs in New Zealand, the prevalence of pneumonia 
ranged from 7 to 13% per slaughter house. An abattoir 
survey realized by Brunet and Fontaine (1980) in France 
showed that on more than 25,000 inspected lambs, 35% 
had pulmonary lesions. In other countries, the prevalence 
of pneumonia in not frozen samples was found as 
follows: 15.28, 22.48 and 18.93% in India, respectively in 
2013, 2014 and 2016 (Priyadarshi et al., 2013; Asok et 
al., 2014; Amaravathi  et al., 2016); 7.8% in Tanzania 
(Mellau et al., 2010); 4.2% in Iran (Azizi et al., 2013),  
27.84% in Algeria (Belkhiri et al., 2014). Pneumonia 
lesions observed in our study, affected preferentially 
apical lobes (88% of the cases). The predominance of 
the lesions in cranioventral portions of lung has been 
attributed to shortness and abrupt branching of air ways, 
greater deposition of infectious organisms, inadequate 
defense mechanisms, reduced vascular perfusion, 
gravitational sedimentation of exudates and regional 
differences in ventilation (Dar et al., 2013). 

In most domestic animal species, the right cranial lobe 
is ventilated down by the cranial bronchus, with the 
exception of ruminants and pigs lobe where it is 
ventilated by an additional bronchus which lies just before 
the tracheal bifurcation (Nickel et al., 1973). The higher 
frequency of lesions on the right side of the lung and the 
increased vulnerability of apical and cardiac lobes are 
similar to those described by Alley (1975), Haziroglu 
(1994), Ozyildiz et al. (2012) and Dar et al. (2014); this is 
a special form of pneumonia called chronic or atypical 
pneumonia. 

Bacteriological results showed a diverse bacterial flora 
in the lungs as well as in the bronchial liquid, 
predominantly  gram   positive,  similar  to  the  results  of 
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Garedew et al. (2004) in Ethiopia. The results indicated in 
this study, including the relatively small number (5.6%) of 
Pasteurella isolation are to be kept with a sense of 
proportion. It is possible that these results were due to 
the fragility of the bacteria that have not withstood the 
samples storage conditions. As concerns in pneumonic 
lungs, the results of isolates of M. haemolytica (without 
freezing) were the following: 21. 96% (Marru et al., 2013), 
34.1% (Demissie et al., 2014), and 14.7% (Asaye et al., 
2015) in Ethiopia; 22.20% (Kaoud et al., 2010) and 
14.3% (Saed et al., 2015) in Egypt, respectively. 

According to Cadoz (2000), M. haemolytica was 
isolated twice as often when there was no freezing, while 
most of the bacteria resist, at least partially, freezing. 
According to Meyer et al. (2004), freezing has no real 
bactericidal effect; for the most sensitive microorganisms 
(gram-negative), the population is reduced by a power of 
10 by freezing (that is 90% destroyed) and again the 
power of 10 during prolonged storage. If the population is 
large at the time of freezing, it will be so after storage and 
thawing. 

In their study, Tehrani et al. (2004) attributed M. 
haemolytica low isolation either to antibiotic treatment or 
to the development of other bacteria such as Proteus 
species and Bacillus species which would mask the 
presence of Pasteurella or chronic lesions that would 
promote growth of other bacteria. Bacteria similar to 
those identified in our study were isolated from sheep 
with pneumonia. This is the case of Richard et al. (1986) 
in France; Al Sultan (1995) in Iraq; Barbour et al. (1997) 
in Saudi Arabia and Yimer and Asseged (2007) in 
Ethiopia, with substantially similar proportions. The 
distribution of different bacterial groups is relatively 
similar to that found by Menoueri (1985) in France on 
housed lambs with the difference that he studied in 
addition with the presence of Mycoplasma spp. (12%). 

The isolated bacteria from the diseased lungs of the 
animals studied were dominated by streptococci gamma-
hemolytic and E. coli which are opportunistic pathogens 
and develop in parallel to primary pathogens during an 
infectious phenomenon (Richard et al., 1986). 
Streptococci were isolated in 18% of the cases. They are 
part of the normal flora of the upper respiratory tract and 
are considered opportunistic pathogens (Kaoud et al., 
2010). Escherichia coli is extremely widespread in the 
environment, developing more whenever there is 
contamination of the sample. Its presence in the lungs 
can possibly result from the evolution of septic 
processes. In our study, the predominance of E. coli was 
also highlighted by Mohammed (1999). Robbins et al. 
(1981) reported that S. aureus colonizes the upper 
respiratory tract, become involved in the disease process 
when stress conditions prevail. 

According to Richard et al. (1986), the greater 
concentration of the bacterial flora obtained from the 
swabs (132 species isolated against 117 for parenchyma) 
could be explained  by  the  presence  of  bacteria  in  the 
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open air, which are absent from the lung parenchyma or 
contamination during handling. Swabs appear much 
more polluted with contaminants such as the common 
Micrococcus, Proteus and Bacillus. The isolation of M. 
haemolytica and/or P. multocida, specifically the 
correlation between these bacteria and lung injury called 
consolidation (hépatization) corroborate the findings of 
Sharp (1978), Jones et al. (1982), Pfeffer (1983) or 
Daniel et al. (2006). 

For Cadoz (2000), the involvement of M. haemolytica 
increases with further damages. According to Garedew 
(2004), a strong correlation was observed between the 
presence of Pasteurella and the development of 
pneumonia in sheep. Moreover, according to Kaoud et al. 
(2010), M. haemolytica plays a more important role in 
respiratory diseases of sheep and goats (14%) than in 
cattle (3.6%). 

Our study aimed to determine the situation of sheep, 
sacrificed at the slaughterhouse of Blida, vis-à-vis 
respiratory diseases based on pathological and 
bacteriological investigations. The infection rate found 
reached the considerable figure of 20% of the total 
slaughtered animals. Bacteriological results showed the 
presence of a wide variety of bacteria, including 
pneumotropic germs (M. haemolytica and P. multocida), 
isolated up to 5.6% and strongly correlated to 
hepatization which represents 70% of lesions on lungs. 
The low percentage of isolation of these bacteria is 
probably due to the freezing of the samples. These 
germs caused pneumonia in young animals (under one 
year), primarily localized on the apical right lobe (88% of 
cases). It was also noted that the nature of isolated 
germs is independent from the sample type. These 
results reflect the existence of atypical pneumonia in 
sheep populations in Algeria; this pathology should be 
taken into consideration, because of its harmful impact on 
the health and growth performance of young animals. 
Further studies aiming to know the different serotypes of 
these agents that prevail in the country will allow the 
development of a vaccine. Research of Mycoplasma and 
viruses, including parainfluenza, which are very involved 
in respiratory diseases, is strongly recommended too. 
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Ocular infections are widespread and they exert heavy burden on eye health. Virtually, any eye 
component can be infected by a diversity of bacteria. The present study was performed to determine 
the prevalence of external ocular bacterial infections and to find out antibiotic susceptibility pattern of 
bacterial isolates at eye care hospitals in Khartoum, Sudan. Two hundred and four corneal scrape and 
drained pus materials were received from infected eyes with clinical diagnoses of bacterial 
conjunctivitis, keratoconjunctivitis, keratitis, blepharo-conjunctivitis, blepharitis, dacryo-cystitis and 
eye abscess. Culture, microscopy with Gram’s stain of both samples, bacterial colonies and 
biochemical tests were carried out. Antibiotic susceptibility analysis using Kirby–Bauer disc diffusion 
test and standard table of antibiotic susceptibility was performed. Out of 204 samples processed, 130 
(63.7%) yielded bacterial growth. The most prevalent bacterial eye infection was conjunctivitis (59.2%). 
Of all the isolates, 75 (57.7%) were Gram’s positive and 55 (42.3%) were Gram’s negative. Coagulase 
positive Staphylococcus aureus were the most prevalent, 39 (30%) followed by Streptococcus 
pneumonia 31 (23.8%), Haemophilus influenzae 22 (16.9%), Pseudomonas aeruginosa 13 (10%) and 
Neisseria gonorrheae 10 (7.7%). Gram positive bacteria were highly sensitive to vancomycin (95%), 
followed by chloramphenicol and ciprofloxacin (91%) and ceftriaxone (84%), while the majority were 
resistant to penicillin (72%). Gram-negative organisms were highly susceptible to amikacin (92.7%) 
followed by ceftriaxone (87.3%) and ciprofloxacin (78.2%). Major resistance was towards cotrimoxazole 
(82%) and ampicillin (73%). 
 
Key words: External ocular bacterial infections, bacterial isolate, antibiotic susceptibility, normal flora, 
pathogenic bacteria. 

 
 

INTRODUCTION 
 
Eye is protected by epithelia and mucous membranes 
which both serve as mechanical, chemical and  biological 

barriers against pathogens (Bolaños-Jiménez et al., 
2015). 

 
Tearing  is  an  innate  immunity  mechanism  that  
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flushes foreign particles from the ocular surface and act 
as a transport vehicle for the transfer of antimicrobial 
proteins and immunoglobulins (Akpek and Gottsch, 
2003).

 

Like other mucosal surfaces, eyes are covered with 
protective resident microbial flora (Linden et al., 2008). 
Normal microbial flora of eye secretes antibacterial 
substances and competes with pathogenic bacteria for 
site and nutrients (Venkataraman et al., 2015). 

Micro-organisms such as viruses, bacteria, unicellular 
parasites and fungi as well as multicellular parasites are 
capable of attacking both the surface and the interior of 
the eye giving rise to ocular diseases. This is the 
outcome of the interplay between invading organism’s 
strong virulence factors and the host’s depressed 
resistance. Poor personal hygiene, unfortunate living 
conditions, low socio-economic class and decreased 
immune status can lead to depressed host resistance 
(Tesfaye et al., 2013).

 
Bacteria are the most frequent 

causative agents of ocular infections that might possibly 
culminate in loss of vision and this justifies the need for 
prompt treatment of serious bacterial eye infections that 
threatens the eye (Ubani, 2009). 

Ocular infections include conjunctivitis and keratitis. 
These infections can damage structures of the eyes if left 
untreated, leading to considerable disabilities including 
blindness (Ubani, 2009). Other eye infections encompass 
dacryocystitis, dacryoadenitis, cellulitis and eye abscess 
(Brissette et al., 2011). Bacterial blepharitis represents 
another important ophthalmic infection (Bertino, 2009). 

The most common worldwide mild eye infections 
detected in primary care clinic is conjunctivitis (Hovding, 
2008). Bacterial conjunctivitis, or red eye, involves 
inflammation of the conjunctival mucosa. According to the 
American Academy of Ophthalmology Cornea and 
External Disease, this condition is more common in 
young children and the elderly than in other age groups 
(American Academy of Ophthalmology Cornea, 2011). 
The most common aetiological pathogens in bacterial 
conjunctivitis are Staphylococcus aureus, Streptococcus 
pneumonia, Haemophilus influenzae, Staphylococcus 
epidermidis, Enterococcus spp., Moraxella spp., 
Streptococci viridans group, Escherichia coli, Serratia 
marcescens, Pseudomonas aeruginosa and Proteus 
mirabilis (Bartlett and Jaanus, 2008; Cavuoto et al., 
2008).

 
Staphylococcal infections predominate in adults 

while S. pneumoniae and H. influenzae are more 
prevalent in children (Cavuoto et al., 2008).  

Bacterial keratitis is another entity of ocular infections 
that might follow corneal epithelial barrier disruption due 
to injury or trauma with subsequent ulceration and 
infiltration of inflammatory cells (Kaliamurthy et al., 2013). 
The usual organisms responsible for such infections 
include Gram-positive bacteria such as S. aureus, S. 
epidermidis and several Streptococcus and Bacillus spp. 
as well as Gram-negative bacteria like P. aeruginosa, 
Moraxella spp. and Haemophilus spp. Corneal scarring or  
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perforations are possible devastating outcomes, the 
avoidance of which necessitates immediate diagnosis 
and treatment  (Rahimi et al., 2015). 

Bacterial blepharitis is an infection of the eyelid margin 
with subsequent engorgement, congestion and eyelashes 
crusting (Rahimi et al., 2015). Bacterial blepharitis is 
mostly caused by S. aureus and coagulase negative 
staphylococci (CoNS) (Musa et al., 2014). 

Dacryocystitis is painful inflammation of the lacrimal 
sac. Obstruction of the nasolacrimal duct, whether 
congenital or acquired is a known predisposing factor 
(Rahimi et al., 2015). The most common isolates in 
dacryocystitis are P. aeruginosa, S. aureus, Enterobacter 
aerogenes, Citrobacter, S. pneumoniae, E. coli and 
Enterococcus spp. (Briscoe et al., 2005; Kubal and 
Garibaldi, 2008).

 

Dacryoadenitis is a related condition in which there is 
inflammation and infection of the lacrimal gland. It can be 
caused by a variety of bacterial agents including S. 
aureus, Neisseria gonorrheae and streptococci. Clinically, 
it causes pain, redness, swelling, tearing and discharge 
over the lacrimal gland (the lateral one-third of the upper 
eyelid) (Brissette et al., 2011).  

Cellulitis is bacterial infection of the periocular tissue. 
The condition can be serious to the extent of causing 
vision loss (Stratton et al., 2015). It can be classified as 
preseptal cellulitis, orbital cellulitis, subperiosteal 
abscess, intraorbital abscess and cavernous sinus 
thrombosis related cellulitis (Gonzalez and Durairaj, 
2010). Preseptal cellulitis (PC) is defined as an 
inflammation of the eyelid and surrounding skin with 
eyelid abscess being a possible outcome (Akçay et al., 
2014). The most frequent pathogen implicated in the 
etiology of this group of ocular infections is H. influenza 
(Stratton et al., 2015). Currently, S. aureus and 
Streptococcus species cause the majority of culture 
positive cases of preseptal cellulitis (Gonzalez and 
Durairaj, 2010). This is particularly noticeable when there 
are co-existing local wounds (Stratton et al., 2015). 

Regardless of the predisposing factor beyond eye lid 
abscess, local skin flora such as S. aureus is the 
classical causative agents (Rutar et al., 2005).  

Specific antibacterial agents are the corner stone in the 
management of bacterial ocular infections. Defining the 
specific antibacterial drug requires isolation and 
identification of bacterial pathogens along with antibiotics 
susceptibility analysis (Sharma, 2011). The empirical 
choice of an effective treatment is becoming more difficult 
as ocular pathogens are increasingly becoming resistant 
to commonly used antibiotics (Khosravi et al., 2007).

 

Bacterial resistance is influenced by pathogens characters 
and antibiotic-prescribing practices including the 
widespread use of systemic antibiotics together with the 
applied health care guidelines (Bertino, 2009). 

The present study aimed at determining bacterial 
isolates of external eye infections among Sudanese 
children patients at Khartoum state in addition to studying  
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the distribution of the common bacterial isolates in the 
specific clinical entities of bacterial conjunctivitis, kerato-
conjunctivitis, keratitis, blepharo-conjunctivitis, blepharitis, 
dacryo-cystitis and eye abscess. It also worked towards 
finding out the distribution of these bacterial isolates 
among age groups and gender as well as assessing the 
in vitro susceptibility of these ocular bacterial isolates to 
the commonly used antibiotics in Sudan.  
 
 
MATERIALS AND METHODS 
 
Study design 
 
This is a cross-sectional study that included patients with clinically 
diagnosed bacterial conjunctivitis, keratoconjunctivitis, keratitis, 
blepharo-conjunctivitis, blepharitis, dacryo-cystitis and eye abscess. 
All patients were diagnosed by a number of ophthalmologists using 
standard protocols. 

 
 
Ethical consideration 
 
The study was approved by the National Ethical Committee, 
Ministry of Health Sudan. Permissions were taken from all hospitals 
administrations which were involved in this study. Written consents 
were obtained from every participant when applicable, or their 
caretakers before the enrollment in the study. 

 
 
Study samples  
 
Patients who had eye infection with occurrence of mucus and pus 
with the clinical diagnoses of bacterial conjunctivitis, 
keratoconjunctivitis, keratitis, blepharo-conjunctivitis, blepharitis, 
dacryo- cystitis and eye abscess were included in this study. The 
patients were of different ages, from 1 day to 15 years old. A total of 
204 samples were collected from patients attending the 
Ophthalmology Teaching Hospital and Noor Al-Oyoon Hospital. 
Patients or alternatively their caretakers were signed informed 
consents. Purulent material from the surface of lower conjunctival 
sac and inner canthus of eye were aseptically collected by sterile 
saline pre-moistened swabs. In abscesses cases, abscesses were 
incised and the drained pus was obtained. This was done before 
the instillation of antimicrobial or steroidal eye-drops for treatment. 
Sample collection was done by ophthalmologists taking care of the 
participants. The samples were transferred to laboratory 
immediately in cold box for bacteriological examination. 

 
 
Culture and identification 

 
For each patient, a portion of the corneal scrape and the drained 
pus materias obtained were used for direct microscopy (Gram-
stained smear) while the remaining material was inoculated directly 
onto the following media: blood agar, chocolate blood agar and 
MacConkey agar that support the growth of bacteria. Plates were 
incubated at temperature of 37°C. Aerobic atmospheric condition 
was maintained for the blood agar and the MacConkey agar while 
10% carbon dioxide (CO2) atmosphere was provided for the 
chocolate agar. All plates were initially examined for growth after 24 
h and culture with no growth were re-incubated for further 48 h. 

The bacteria isolated were identified by standard bacteriological 
test methods. Pure isolates of bacterial pathogens were preliminary 
characterized   by   colonial   morphology   and   Gram-stain.   Other  

 
 
 
 

Table 1. Frequency of isolated bacteria in relation to gender 
and the various age groups. 
 

Age 
(years) 

Number 
Gender 

Percentage (%) 
Male Female 

0-3 63 37 26 54 

4-7 19 6 13 11 

8-11 26 16 10 12 

12-15 22 12 10 23 

Total 130 71 59 100 

 
 
 
biochemical procedures were used for full identification of Gram-
positive and negative bacteria which included motility, indole, 
urease, oxidase, catalase and lactose fermentation tests. The 
pattern of utilization of X and V factors (Oxoid, Hampshire, UK) was 
employed for Haemophilus spp. characterization. Catalase and 
coagulase tests as well as haemolysis pattern on blood agar were 
used for identification of Gram-positive bacteria. Optochin sensitivity 
test was performed to identify S. pneumoniae and tributryin strips 
(Sigma Aldrich- Germany) were used for identification of Moraxella 
catarrhalis. 
 
 
Antimicrobial susceptibility testing  
 
Isolates that were identified were tested for their susceptibility to a 
range of antibiotics using Kirby–Bauer disc diffusion test according 
to the clinical and laboratory standards institute (CLSI) guidelines. 
Antimicrobial susceptibility testing was performed for bacterial 
isolates by using the following antibiotics supplied by Oxoid Ltd.: 
amikacin (30 μg), chloramphenicol (30 μg), ciprofloxacin (5 μg), 
gentamicin (10 μg), co-trimoxazole (25 μg), ceftriaxone (30 μg) and 
amoxicillin (10 μg). Mueller-Hinton agars (oxoide) were used for the 
antibiotic sensitivity screen for non fastidious bacteria and 5% 
defibrinated blood was added along with Muller–Hinton agar for 
fastidious bacteria. Antibiotic discs added to Muller–Hinton plates 
were incubated at their respective optimal temperature and then the 
zones of inhibition diameters were measured. The results were 
interpreted according to the Clinical Laboratory Standards Institute 
(CLSI) guidelines as sensitive, intermediate and resistant (CLSI, 
2014). 

 
 
Statistical analysis 
 
Statistical analysis was performed using SPSS version 16 software. 
The associations of sociodemographic and clinical data to isolated 
pathogens were carried out by using the Pearson Chi-square test. 
P-value ≤ 0.05 was considered as statistically significant. 
 
 
RESULTS 
 
A total of 204 children with external bacterial eye infection 
were studied. Of all, 130 (63.7%) were males and 74 
(36.3%) were females. Age ranges from 1 day to 
15 years old with the mean age of the study subjects 
being 3.3 years (Table 1). The predominant age group 
was 0-3 years. Bacterial isolation in both sexes (P-
value = 0.28) and various age groups (P-value = 0.58) did 
not show statistical significance. Out of 204  cultured  eye  
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Table 2. Distribution of bacterial pathogens among clinical features of external ocular infection. 
 

Bacterial isolates 

Type of ocular infection 

Conjunctiv
itis n=77 

Kerato-
conjunctivitis 

n=4 

Keratitis 

n=27 

Blepharo-
conjunctivitis 

n=4 

Abscesses 

n=4 

Blepharitis 

n=10 

Dacryo-cystitis 

n=4 
Total 

S. aureus 24 0  2 4 6 3 39(30% 

S. pneumonia 9 0 17 0 0 4 1 31 (23%) 

CoNS 3 0 2 0 0 0 0 5 (4%) 

N. gonorrhoeae 6 4  0 0 0 0 10(7.7%) 

P. aeruginosa 9 0 4 0 0 0 0 11(8.3%) 

Klebsiella 2 0 2 0 0 0 0 4 (3.1%) 

E. coli 2 0 0 0 0 0 0 2 (1.5%) 

M.catarrhalis 2 0 0 2 0 0 0 4 (3.1%) 

H. influenzae 20 0 2 0 0 0 0 22(17%) 

Total 77 (59.2%) 4(3.1%) 27 (20.7%) 4 (3.1%) 4 (3.1%) 10 (7.7%) 4 (3.1%) 130(100%) 

 
 
 
discharges, 130 (63.7%) bacterial isolates were 
identified. 

Based on the clinical categorization, the pre-
dominant ocular bacterial infections were 
conjunctivitis (59.2%) followed by keratitis (20.7%), 
blepharitis (7.7%), keratoconjunctivitis (3.1%), 
dacryocystitis (3.1%), eye abscess (3.1%) and 
blepharoconjunctivitis (3.1%) (Table 2). 

The orderly proportions of bacteria isolated 
regardless of their Gram staining were coagulase 
positive S. aureus 30.0% (39 of 130) followed by 
S. pneumonia 23.8% (31 of 130), H. influenzae 
16.9% (22 of 130), P. aeruginosa 10% (13 of 
130), N. gonorrhoeae 7.7% (10 of 130), CoNS 
(coagulase-negative staphylococci) 3.9% ( 5 of 
130), Klebsiella 3.1% (4 of 130), M. catarrhalis 
3.1% (4 of 130) and last of all E. coli 1.5% (2 of 
130) (Table 3). 

According to the categorization into Gram 
positive and negative, 57.7% of the bacterial 
isolates were Gram-positive (75 of 130) whereas, 
Gram  negative  bacteria  comprised 42.3%  of  all 

isolates (55 of 130) (Table 2). Of the 75 isolated 
Gram-positive bacteria, the orderly proportions of 
the isolates were as follows: coagulase positive S. 
aureus 52.0% (39 of 75), S. pneumonia 41.3% (31 
of 75) and CoNS 6.7% (5 of 75) (Table 2). Of the 
55 isolated Gram-negative bacteria, the orderly 
proportions of the isolates were: H. influenza 
40.0% (22 of 55), P. aeruginosa 23.6% (13 of 55) 
N. gonorrhoeae 18.2 % (10 of 55), Klebsiella 7.3% 
(4 of 55), M.catarrhalis 7.3% (4 of 55) and last of 
all E. coli 3.6% (2 of 55) (Table 2). The fractions of 
isolates from the different clinical entities studied 
were as follows: Conjunctivitis: S. aureus (31.1%), 
H. influenza (26%), P. aeruginosa (11.7%), 
S.pneumoniae (11.7%), N. gonorrhoeae (7.8%), 
CoNS (3.9%), M. catarrhalis (2.6%), Klebsiella 
spp. (2.6%) and E. coli (2.6%) (Table 2).  

Kerato-conjunctivitis cases were totally caused 
by N. gonorrhoeae (100%) (Table 2). Keratitis 
cases were caused by S. pneumonia (63%), P. 
aeruginosa, (14.8%), CoNS (7.4%), Klebsiella 
spp.  (7.4%)   and  H.  influenza  (7.4%) (Table 2). 

Blepharo-conjunctivitis cases were caused by S. 
aureus (50%) and M. catarrhalis (50%). Abscesses 
cases were totally caused by S. aureus (100%) 
(Table 2). Blepharitis cases were caused by S. 
aureus (60%) and S. pneumonia (40%) (Table 2). 
Dacryo-cystitis cases were caused by S. aureus 
(75%) and S. pneumonia (25%) (Table 2). Based 
on antibiotic susceptibility patterns, collectively, 
the Gram-positive cocci (S. aureus, CoNS and S. 
pneumonia) were highly sensitive to vancomycin 
(71 of 75; 95%), chloramphenicol and ciprofloxacin 
(68 of 75; 91%) for each followed by ceftriaxone 
(63 of 75; 84%). The majority of Gram-positives 
showed resistance against penicillin (54 of 75; 
72%) as shown in Table 3. Individual antibiotic 
susceptibility patterns of Gram positive bacteria 
were as follows:  

S. aureus showed high susceptibility to 
vancomycin (35 of 39; 90%), ciprofloxacin (33 of 
39; 85%), chloramphenicol (32 of 39; 82%), 
amikacin (30 of 39; 77%), cotrimoxazole (30 of 39; 
77%),    gentamicin    (29     of    39;    74%)    and  
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Table 3. Antimicrobial susceptibility patterns of isolated bacteria. 
 

Bacteria  
No of 
isolates  

s/r P AMP TE E C CN CIP CRO AK COT VA 

S. areus 39 
S 

R 

0 ( 0) 

39 (100) 

14 (36) 

25 (64) 

11 (28) 

28 (72) 

28 (72) 

11( 28) 

32(82) 

7 (18) 

29 (74) 

10 (26) 

33(85) 

6 (15) 

29(74) 

10(26) 

30(77) 

9(23) 

30(77) 

9(23) 

35(90) 

4(10) 

CoNS 5 
S 

R 

1 (20) 

4 (80) 

1(20) 

4 (80) 

2 (40) 

3 (60) 

4 (20) 

1(80) 

5 (100) 

0 

1 (20) 

4(80) 

5(100) 

0 

4(80) 

1(20) 

3 (60) 

2(40) 

2(40) 

3(60) 

5(100) 

0 

S. pneumoniae 31 
S 

R 

20 (64.5) 

11(35.5) 

13(42) 

18(58) 

15 (48) 

16(52) 

26(84) 

5(16) 

31(100) 

0 

22 (71) 

9(29) 

30(97) 

1(3) 

30(97) 

1(3) 

22(71) 

9(29) 

25(81) 

14(19) 

31(100) 

0 

H. influenzae 22 
S 

R 
NT 

11(50) 

11(50) 

18(82) 

4(18) 

18(82) 

4 (18) 

19(86) 

3(14) 

22(100) 

0 

20(91) 

2(9) 

21(95) 

1 (5) 

18(81) 

4(19) 

3(18) 

19(86) 
NT 

N. gonorrheae 10 
S 

R 

7 (70) 

3 (30) 

4(40) 

7(60) 

8(80) 

2(20) 

9(90) 

1(10) 

9(90) 

1(10) 

0 

10(100) 

10(100) 

0 

10(100) 

0 

10 (100) 

0 

2 (20) 

8(80) 
NT 

P. aeruginosa 13 
S 

R 

- 

- 

0 

13(100) 

2 (15) 

11(85) 

NT 

NT 

1(9) 

12(91) 

0 

13(100) 

6(46) 

7(54) 

8(62) 

5(38) 

13(100) 

0 

1(8) 

12(92) 
NT 

Klebsiella spp. 

 
4 

S 

R 

- 

- 

1(25) 

3(75) 

0 

4(100) 

- 

- 

1(25) 

3(75) 

2(50) 

2(50) 

2(50) 

2(50) 

3(75) 

1(25) 

4(100) 

0 

1(25) 

3(75) 
NT 

M. catarrhalis 4 
S 

R 

0 

4  

0 

4 

3(75) 

1(25) 

NT 

NT 

4(100) 

0 

4(100) 

0 

4(100) 

0 

4(100) 

0 

4(100) 

0 

1(25) 

3(75) 
NT 

E.coli 2 
S 

R 

- 

- 

0 

2(100) 

1(50) 

1(50) 

NT 

NT 

0 

2(100) 

1(50) 

1(50) 

1(50) 

1(50) 

2(100) 

0 

2(100) 

0 
 NT 

 

CoNS=Coagulase negative staphylococcus, S=sensitive, R= resistance, P=penicillin AMP=Ampicillin, TE=tetracycllin, E=erythromycin, C= chloramphenicol, CN=gentamicin, 
CIP=ciprofloxacin, CRO=cefrtiaxone, AK= amikacin,  COT=cotrimoxazole, VA= vancomycin. 

 
 
 
erythromycin (28 of 39; 72%). On the other hand, 
they were totally resistant to pencillin (39 of 39; 
100.0%) and resistant to lesser extents to 
tetracycline (28 of 39; 72%) and ampicillin (25 of 
39; 64%) (Table 3). S. pneumoniae showed 
complete susceptibility to vancomycin and 
chloramphenicol (31 of 31; 100%) for each and 
lesser susceptibility to ceftriaxone and 
ciprofloxacin (30 of 31; 97%) for each, 
erythromycin (26 of 31; 84%) and cotrimoxazole 
(25 of 31; 81%.) conversely, more than half of S. 
pneumoniae showed resistance against ampicillin 
(18 of 31; 58%) and tetracycline (16 of 31; 52%) 

(Table 3). CoNS were totally susceptible to 
vancomycin, ciprofloxacin and chloramphenicol (5 
of 5; 100%) for each. The majority of bacteria 
isolates were resistant to penicillin, ampicillin and 
gentamicin (4 of 5; 80%) for each (Table 3). For 
Gram-negative organisms (H. influenzae, P. 
aeruginosa, N. gonorrhoeae, Klebsiella, M. 
catarrhalis and E. coli) as a group, the highest 
susceptibility was to amikacin (92.7%; 51 of 55), 
followed by ceftriaxone (87.3%; 48 of 55) and 
ciprofloxacin (78.2%; 43 of 55). Major resistance 
was to cotrimoxazole (45 of 55; 82%) and 
ampicillin  (40  of  55;  73%)  (Table  3).  Individual 

antibiotic susceptibility pattern of Gram negative 
bacteria were as follows: H. influenzae were found 
to be sensitive to gentamicin (22 of 22; 100%) 
followed by cefrtiaxone (21 of 22; 95%), 
ciprofloxacin (20 of 22; 91%), chloramphenicol (19 
of 22; 86%) and amikacin (18 of 22;81%), whereas 
the highest resistance was to cotrimoxazole (19 of 
22; 86%) (Table 3). 

P. aeruginosa showed complete sensitivity to 
amikacin (13 of 13; 100.0%) and less sensitivity to 
cefrtiaxone (8 of13; 62.0%). However, they 
displayed complete resistance towards gentamicin 
and  ampicillin  (13  of  13;  100.0%)  for each and



 
 
 
 
high resistance to cotrimexazole and chloramphenicol (12 
of 13; 92.0%) for each followed by tetracycline (11 of 13; 
85.0%). N. gonorrhoeae were fully susceptible to 
amikacin, ceftriaxone, ciprofloxacin and gentamicin (10 of 
10; 100%) for each. Conversely, they showed extreme 
resistance to gentamicin (10 of 10; 100%) followed by 
cotrimoxazole (8 of 10; 80%) and ampicillin (7 of 10; 
60%) (Table 3). Klebsiella species showed full 
susceptibility to amikacin (4 of 4; 100%), total resistance 
to tetracycline (4 of 4; 100%) and high resistance to 
ampicillin, cotrimoxazole and chloramphenicol (3 of 4; 
75%) for each. 

M. catarrhalis were fully susceptible to amikacin, 
ceftriaxone, ciprofloxacin, chloramphenicol and 
gentamicin (4 of 4; 100%) for each and fully resistant to 
penicillin and ampicillin (4 of 4; 100%) for each. 

E. coli were completely susceptible to amikacin and 
ceftriaxone (2 of 2; 100%). 50% strains of E. coli species 
were sensitive to ciprofloxacin, gentamicin and 
tetracycline, whereas the isolates showed full resistance 
to both ampicillin and chloramphenicol (2 of 2; 100%). 
 
 
DISCUSSION 
 
The eye and its associated structures are uniquely 
predisposed to infections by various organisms, mainly, 
bacteria, viruses and fungi and rarely parasites. The 
results of the current study are showing significant 
similarities as compared to other analogous ones, 
nevertheless when it comes to certain particular aspects, 
striking differences has been noted between the present 
findings and their equivalent ones in other surveys.  

In this study, the overall prevalence of bacterial eye 
infections was 63.7% where as 36.3% of clinical samples 
did not show bacterial growth. Similar studies conducted 
in Ethiopia concluded that the prevalence was 54.2, 60.8, 
59.4 and 60.8% (Anagaw et al., 2011; Muluye et al., 
2014; Assefa et al., 2015; Shiferaw et al., 2015). Parallel 
works in India concluded the prevalence was 58.8 and 
61% (Bharathi et al., 2010; Ramesh et al., 2010). The 
cause of absence of bacterial growth in clinically 
diagnosed cases might be bacterial causes not identified 
by the conventional laboratory parameters or non-
bacterial causes like viruses and fungi or non infective 
causes like eye allergies. 

Almost half of the bacterial isolates (48.5%) were from 
patients in the age group of less than three years of life. 
Susceptibility to infection is increased in babies due to 
low immunity at such ages (Niewiesk, 2014). In addition 
to this, the air facilitates the transfer of bacteria to 
hospital delivery rooms especially when opening the 
doors and windows (Al-Oqaili., 2004). 

Gram positive bacteria were the dominant isolate 
(57.7%) in the current study. This is supported by other 
studies conducted in Ethiopia and Nigeria (Bharathi et al., 
2010; Shiferaw et al.,  2015).  Among  the  Gram  positive  
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bacteria, S. aureus was the most common pathogen with 
an overall prevalence of 30% equivalent to 52% of Gram 
positive bacteria. Previous reports showed that S. 
aureus was the most predominant isolated pathogen from 
ocular infections (Chaudhry et al., 2005a; Ubani, 2009; 
Bharathi et al., 2010; Ramesh et al., 2010; Anagaw et al., 
2011; Tesfaye et al., 2013; Musa et al., 2014). These 
findings reflect the known high virulence of these 
bacteria. Other studies showed that that CoNS was the 
most frequent bacteria involved in eye infections 
(Anagaw et al., 2011; Muluye et al., 2014; Assefa et al., 
2015). This may be due variations in climatic, 
geographical and ethnic parameters.  

Gram negative bacteria were less dominant (43.3%) 
with H. influenza heading the list with an overall 
prevalence of 17% of all isolates equivalent to 40% of 
Gram negative isolates. On the other hand, M. catarrhalis 
had a lesser frequency (3.1%) of all isolates. This finding 
is in agreement with a previous study (Tesfaye et al., 
2013). However, in other works, the major isolate was M. 
catarrhalis (Bharathi et al., 2010), E. coli (Assefa et al., 
2015), Proteus species (Musa et al., 2014) and P. 
aeruginosa (Tesfaye et al., 2013).  

This study showed limited isolates of enteric bacteria 
(5%) which is comparable to the finding of another study 
(Tesfaye et al., 2013) and contrary to those of other ones 
(Esenwah, 2005; Anagaw et al., 2011). This can be 
ascribed to factors related to the communities studied 
and their surrounding conditions plus biological 
disparities of the isolates. The study showed that the 
most common bacterial ocular infections is conjunctivitis 
(59.2%), the second most frequent one is keratitis 
(20.7%) followed by blepharitis (7.7%) whereas 
keratoconjunctivitis, dacryocystitis, blepharoconjunctivitis 
and eye abscesses had the same frequency (3.1%).  

In the present work, many bacteria were isolated from 
patients with conjunctivitis. These are in the order: S. 
aureus (31.1%), H. influenza, (26%), P. aeruginosa 
(11.7%), S. pneumoniae (11.7%), N. gonorrhoeae (7.8%), 
CoNS (3.9%), M. catarrhalis (2.6%), Klebsiella spp. 
(2.6%) and E. coli (2.6%). Comparable studies reported 
S. aureus as the predominant bacteria in conjunctivitis 
(Bharathi et al., 2010; Ramesh et al., 2010). 

S. pneumoniae was found to be the main isolate in 
cases of microbial keratitis (63%) followed by P. 
aeruginosa, (14.8%), CoNS (7.4%), Klebsiella spp. 
(7.4%) and H. influenzae (7.4%). This finding is in 
agreement with those of similar studies conducted in 
Ethiopia and India (Alemayehu, 2004; Bharathi et al., 
2010). One study in India reported P. aeruginosa and S. 
pneumoniae as the predominant isolates of microbial 
keratitis with equal frequency (Geethakumari et al., 
2011). In contrast, other studies reported P. aeruginosa 
as the major isolate (Bharathi et al., 2010; Tesfaye et al., 
2013). Another study concluded that S. aureus are the 
most common bacterial pathogens isolated in keratitis 
(Kaliamurthy  et  al.,  2013).  This  may  be  due  to  inter- 
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population variations and environmental dissimilarities in 
different countries (Janumala et al., 2012). The most 
common infection of lacrimal apparatus is dacryocystitis 
(Ramesh et al., 2010). 

Obstruction of the nasolacrimal duct provides a good 
environment for bacterial proliferation leading to 
secondary bacterial infection (Ramesh et al., 2010). In 
this study, the prevalence of S. aureus was the highest 
among dacrocystitis isolates followed by S. pneumoniae. 
This is consistent with the findings of other surveys 
(Chaudhry et al., 2005b; Assefa et al., 2015) and is 
discordant with other works which reported S. 
pneumoniae as the most prevalent isolate (Ramesh et 
al., 2010; Kebede et al., 2010).  

In this study, S. aureus was the sole isolated bacteria in 
all cases of orbital cellulitis with eyelid abscess. This 
finding is compatible with previous studies that reported 
S. aureus as the predominant pathogen involved in this 
type of ocular infections (Blomquist, 2006; Akçay et al., 
2014). From the abovementioned findings and 
comparative analysis, different organisms are implicated 
in the etiology of infections targeting this disease-prone 
organ in the population under study. Some of these 
organisms are part of normal flora and some are not. 

Despite the fact that Staphylococci and Streptococci 
along with other bacteria like Haemophilus, Moraxella 
and some Neisseria spp. are part of the normal flora of 
the conjunctiva; under certain circumstances they 
become involved in ophthalmic infections (Bharathi et al., 
2010). Non-pathogenic Neisseria spp. that are normal 
commensals of mucosal surfaces include N. lactamica, 
N. sicca and others (Liu et al., 2015). 

The principle routes of acquisition of the pathogens are 
airborne droplets, eye contact with contaminated hands 
and spread from nearby body sites (Ramesh et al., 
2010). A variety of virulence and predisposing factors are 
involved in these infections. 

S. aureus which heads the lists of pathogenic bacteria 
in the current study possess cell surface factors like 
antiphagocytic capsule and secreted virulence factors like 
hemolysins and leukocidin (Costa et al., 2013). S. 
pneumoniae which comes in the second place is 
frequently found in the lacrimal apparatus and conjunctiva 
as normal flora. Minor corneal epithelial disruption 
predisposes to its invasion and consequently corneal 
infection (Bharathi et al., 2010). High virulence of H. 
infleuenzae which occupies the third position can be 
explained by features like capsule, adhesions molecules 
and pilli (Kostyanev and Sechanova, 2012). Concerning 
the less prevalent organisms in the current work, 
Pseudomonas possess factors like glycocalyx and pili for 
adherence while the biofilms which coat them facilitate 
their attachment to their targets (Al-Mujaini et al., 2009). 
They also cause corneal stroma melting due to enzymatic 
effects (Marquart et al., 2013). N. gonorrhoeae virulence 
factors include pili, porin and Opa proteins (van Vliet et 
al.,   2009).   Low   immunity   and   medical  devices  use  

 
 
 
 
predispose to CoNS infections (Becker et al., 2014). 
Moraxella spp. use adhesions and can evade 
complement system (Perez Vidakovics and Riesbeck, 
2009). Klebsiella have prominent antiphagocytic capsule 
and magA (Hunt et al., 2011). Vulnerability to E. coli 
induced conjunctivitis is related to young ages 
(Wiwanitkit, 2011) especially neonates in healthcare 
institutes (Goel et al., 2016). 

Gram-positive cocci were highly susceptible to 
vancomycin (95%), chloramphenicol and ciprofloxacin 
(91%) and ceftriaxone (84%). A similar study conducted 
in India revealed that vancomycin and chloramphenicol 
had the highest efficacy against Gram positive isolates 
(Ramesh et al., 2010; Bharathi et al., 2010). These 
findings contrast with those obtained from studies carried 
out in India and Ethiopia which reported higher 
susceptibility to ciprofloxacin as compared to vancomycin 
(Bharathi et al., 2010; Tesfaye et al., 2013). However, 
one study conducted in Iran reported low coverage of 
vancomycin against S. aureus (Khosravi et al., 2007). 
The persistent conclusion of vancomycin as an antibiotic 
with high effectiveness against ocular Gram-positive 
isolates might be attributed to the fact that vancomycin 
inhibits early stages in cell wall mucopeptide synthesis. 

In this study, all S. aureus strains were resistant to 
penicillin. This is very similar to previous reports from the 
studies performed among Ethiopian ocular infections 
(Bharathi et al., 2010; Anagaw et al., 2011). This can be 
explained by the well-known fact that most of S. aureus 
strains produce penicillinase and alternative penicillin 
binding protein (PBP-2A) rendering them resistant to 
most beta lactam antibiotics. 

Gram negative bacteria were highly susceptible to 
amikacin (92.7%) followed by ceftriaxone (87.3%) and 
lastly ciprofloxacin (78.2%). This observation is 
consistent with those obtained from studies conducted in 
India, Ethiopia and Libya (Bharathi et al., 2010; Tesfaye 
et al., 2013; Musa et al., 2014). Yet, it is contradictive to 
the findings obtained from a recent study in Ethiopia 
which reported high susceptibility of Gram negative 
isolates to gentamicin along with resistance to ceftriaxone 
and ciprofloxacin (Anagaw et al., 2011).  
 
 
Conclusion and recommendations 
 
Bacterial external ocular infections are of considerable 
prevalence among Sudanese pediatrics population. They 
are the cause of no less than two thirds of all cases. 
Gram positive bacteria constitute more than half of the 
isolates with Staphylococcus species being the most 
predominant ones. However, Gram negative bacteria 
have comparatively significant contribution to this 
category of diseases. Different antimicrobial susceptibility 
patterns were identified. Consequently, identification of 
potential pathogenic bacteria implicated in these 
infections    through   culture    and     biochemical     tests  



 
 
 
 
techniques as well as recognition of drug susceptibility 
pattern must be carried out as routine diagnostic 
laboratory tests for proper management. The etiological 
agents responsible for a considerable fraction of clinically 
diagnosed cases were not identified by conventional 
methods. Accordingly, workup of other causes like 
bacteria not recognized by traditional methods is required 
including sophisticated techniques such as molecular 
modalities. Non-bacterial infective organisms and non-
infective agents should also be investigated. 
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Mycobacterium ulcerans (MU), the causative agent of Buruli ulcer (BU), skin disease, is considered to 
be an environmental pathogen. The pathogenic virulence of MU is being linked to the expression of 
toxin called Mycolactone. Genetic analyses have shown the high diversity with variable number tandem 
repeats (VNTR) and mycobacterial interspersed repetitive units (MIRU) in M. ulcerans and in 
mycolactone producing Mycobacteria (MPMs). The purpose of this study is the molecular 
characterization of potentially pathogenic environmental mycobacteria strain, apart from the M. 
ulcerans, from aquatic environments in Côte d’Ivoire. A total of 473 samples were collected comprising 
of 251 water and 222 sediment based on sampling sites. The sediments were the most contaminated by 
mycobacteria with 60% as against 43.3% in water samples from the hyper endemic areas. In hypo-
endemic areas, water was the most contaminated with 53.57% against 43.24% in sediment. Microscopy 
by Ziehl-Neelsen-staining, and PCR diagnostics using IS2404 and KR were performed on strains. 20% 
fast growing isolated mycobacteria species including Mycobacterium mucogenicum, Mycobacterium 
peregrinum and Mycobacterium sp. was found carrying the IS2404 gene previously found in M. 
ulcerans. 9.23% of strains carry the ketoreductase (KR) genes, one of the synthesis of mycolactone 
enzymes. In terms of genetic analysis using the MIRU/VNTR, the MIRU 1 was the most amplified 
sequence, and LOCUS 6 less amplified; no known profile have been identified in this study. This study 
is the first step taken in order to understand different skin infections encountered in Côte d’Ivoire. 
 
Key words: Mycobacterial interspersed repetitive units-variable number tandem repeats (MIRU-VNTR; 
ketoreductase, LOCUS 6, IS2404, Mycobacteria, Buruli ulcer. 

 
 
INTRODUCTION 
 
Mycobacteria are germs that cause lung infections, skin 
or lymph (Griffith et al., 2007). They are found in the 

environment like in the soil, water, aerosols, plants, 
aquatic animals (Winthrop  et  al.,  2002;  Sniezek  et  al.,  
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2003; Marsollier et al., 2002, 2004). This Acid-Alcohol 
Bacillus Resistant (AFB) are not mandatory pathogens 
and for several years, the scientific community have not 
really  shown  interest in their study, but rather devoted to 
the study of TB epidemic. They were considered as 
saprophytic bacteria and their pathogenic potential are 
not recognized (Ziza and Desplaces, 2006). However, 
some mycobacteria such as Mycobacterium liflandii and 
Mycobacterium fortuitum produce toxins causing skin 
infections (Williamson et al., 2008; Kakou-Ngazoa et al., 
2015). This is an extremely polymorphic bacterial genus 
that includes fast-growing species (less than 7 days), and 
slow growing species (7-60 days) and non-culturable 
outside animals species, Mycobacterium leprae, leprosy 
causing agent (Euzéby, 2010). Mycobacteria are divided 
into two major groups, they are complex tuberculosis and 
non-tuberculosis mycobacteria (NTM) also called 
environmental mycobacteria (mycobacteria of leprosy 
and atypical mycobacteria) (Inderlied et al., 1993; Caruso 
et al., 2009; del Rio Camacho et al., 2010). Although, 
molecular biology has helped to discover the existence of 
diversity in environmental mycobacteria (Domenech et 
al., 1994; Menendez et al., 2002; Williamson et al., 2008; 
Kakou-Ngazoa et al., 2015), culturing of species 
however, remains the most efficient means of knowing 
their physiology and their antibiotic sensitivity (Kubica et 
al., 1964; Trujillo et al., 2004). The most important ones 
are Mycobacterium avium, Mycobacterium intracellulare, 
Mycobacterium kansasii, Mycobacterium xenopi and 
Mycobacterium abscessus (Falkinham, 1996; Dailloux et 
al., 2010). The complex M. avium, M. kansasii, M. 
chelonae and M. xenopi are responsible for the majority 
of infections in the developed countries (Horsburgh, 
1996), while M. ulcerans is responsible for ulcerative 
diseases in tropical and subtropical countries (Pedley et 
al., 2004). The distribution of commonly isolated species 
is in constant change in most countries studied and new 
species emerge (Martin-Casabona et al., 2004). They are 
part of the group of non-pigmented genes atypical 
mycobacteria such as M. abscessus, M. chelonae, M. 
fortuitum and M. smegmatis (Brown and Wallace, 1992). 

Buruli ulcer, debilitating disease, is a serious public 
health problem. Almost all regions in Côte d’Ivoire are 
affected. The mode of transmission and environmental 
sources are unknown. To be able to understand the level 
of prevalence of skin infections in Côte d’Ivoire, it is 
important to identify species other than M. ulcerans that 
are involved. Given their large numbers, this study was 
undertaken with the aim to achieve the molecular 
characterization of potentially pathogenic environmental 
mycobacteria strains others than M. ulcerans from 
different aquatic environments in Côte d’Ivoire. 
 

 

MATERIALS AND METHODS 
 

Sites and scope of the study 
 

The study was conducted at different sites considered to be Buruli 
ulcer endemic zones (Adiopodoumé, Tiassalé, Adzopé) and non- 

 
 
 
 
endemic zones (Agboville, Bouaké, Aghien) according to the 
national program against Buruli ulcer in Côte d’Ivoire. However, all 
biological part of this work was carried out at the Pastor  Institute  of 
Côte d’Ivoire. 
 
 

Biological material 
 

The biological material consisted of water and sediments sample 
from different studied environments. 
 
 

Procedure 
 

Samples were collected monthly, from June 2014 to June 2015. A 
total of 22 sampling stations were selected, 11 from the Lagoon of 
Aghien, 3 from Adzopé water retention. 2 stations were selected 
from Sokrogbo sites, Bodo and Adiopodoumé, respectively, 1 
station each was selected, at the entrance of Agboville and Loka in 
Bouake water retention (Figure 1). The real prevalence of MU in the 
sampling site is unknown. But according the National reference 
Center of Buruli Ulcer (unpublished document), the rate of Buruli 
Ulcer confirmation in the region of the sampling site were: 62% 
Agboville; 56.36% Bouake, 30.77% Aghien and Adzopé. 
 
 

Collection of water and sediment samples 
 

The sediment samples were collected using dump Eckmann at big 
water points and a sampler at the banks (Schiavone and Coquery, 
2011). A 5 L capacity bucket spout allowed drawing water at the 
bank of water points and a hydrological bottle 1.5 L capacity for 
drawing water far away from the banks. The sediments samples 
were put in sterile plastic bags and the water samples in sterile 
glass bottles of 1 L capacity. The samples were then kept 
refrigerated at 4°C during transportation, protected from light and 
taken to the laboratory within 24 h of sampling. 
 
 

Culturing 
 

In the laboratory, 500 g of each sediment and 100 mL of water 
sample was collected. In a Falcon tube 50 mL, 10 g of sediment 
were mixed with 40 mL of sterile distilled water following the method 
described by Kankya et al. (2011), slightly modified. After mixture of 
sediment and distilled sterile water, the supernatant was recovered 
in a new Falcon tube. Decontamination of water samples and 
recovered supernatant was carried out with cetylpiridium chloride 
(CPC) (Stinear et al., 2004), followed by neutralization with 
phosphate buffer.  

 The different culture medium: Loweinstein Jensen (LJ), Mac 
Conkey without purple crystal, ordinary agar and Middlebrook 7H10 
agar was used for seeding. The samples in LJ and Middlebrook 
7H10 agar were seeded in duplicate. One lot of each of them was 
packed in an aluminum foil for photoinduction test. The incubations 
were made at 23 and 37°C in the ovens. Daily observation were 
made until colonies were obtained. 

An optical microscope (Zeiss®) was used for the observation of 
Acid-Alcohol Bacillus Resistant after Ziehl-Neelsen coloration 
(Barksdale, Kim. 1977). Classification of species was made 
according to the method described by Runyon and collaborators 
(1959). Biochemical identification of mycobacteria was done 
according to the method described by Metchock (1995). Briefly, for 
biochemical identification, the colonies obtained after culture was 
observed microscopically. The Acid-Alcohol Bacillus Resistant were 
cultured in the presence and absence of light on LJ medium for the 
test of photo-induction.  

They were then seeded on ordinaire Agar at different 
temperatures (37, 42, 45 and 52°C), on LJ medium with 5% NaCl 
with the manitol test, the test in presence of sodium citrate and test 
in the presence of ferric ammonium. 
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Table 1. List of primers and detectors used. 
 

Detector Primers Sequences (5’-3’) References 

IS6110 
MYCGEN-F AGAGTTTGATCCTGGCTCAG 

Wilton and Cousin (1992) 
MYCGEN-R TGCACACAGGCCACAAGGGA 

IS2404 

IS2404 F ATTGGTGCCGATCGAGTTG 

Ross et al. (1997) IS2404 R TCGCTTTGGCGCGTAAA 

IS2404-probe 6 FAM-CACCACGCAGCATTCTTGCCGT-TAMRA 

KR 

KR F TCACGGCCTGCGATATCA 

Fyfe et al. (2007) KR R TTGTGTGGGCACTGAATTGAC 

KR-probe 6 FAM-ACCCCGAAGCACTG-TAMRA 

MIRU1 
MIRU1 F GCTGGTTCATGCGTGGAAG 

Stragier et al. (2005), Ablordey et al. (2005) and 
Hilty et al. (2006) 

MIRU1 R GCCCTCGGGAATGTGGTT 

ST1 
ST1 F CTGAGGGGATTTCACGACCAG 

ST1 R CGCCACCCGCGGACACAGTCG 

VNTR-19 
Locus 19F CCGACGGATGAATCTGTAGGT 

Locus 19R TGGCGACGATCGAGTCTC 

VNTR-6 
Locus 6 F GACCGTCATGTCGTTCGATCCTAGT 

Locus 6 R GACATCGAAGAGGTGTGCCGTCT 

 
 
 
Molecular analysis of strains of mycobacteria 
 

The DNA extraction was performed according to the method 
described by Ausubel et al. (1987). Molecular characterization was 
carried out using two types of PCR: Conventional PCR for the 
search of sequences IS6110 and MIRU-VNTR (Miru 1, Locus 6 
VNTR19; ST1) and RT-PCR for the IS2404 sequences and 
ketoreductase (Kr). These analyses were done with all isolated 
colonies of Acid Alcohol Bacillus Resistant after culture. IS6110 and 
IS2404 were chosen to identify mycobacteria, MIRU-VNTR for 
typing the mycobacteria and the Kr sequence for the search of 
virulence factor.  
 
 

Conventional PCR 
 

The amplification of sequences IS6110 and Miru VNTR was made 
in the presence of specific primers for each sequence (Table 1). 
Each DNA extract (5 µL) was placed in the presence of 10X buffer, 
magnesium chloride (25 mM), DNTP 10 µM, copies of primers 
specific to each sequence (IS6110 and Miru VNTR), of 0.2 μl of 
DNA Taq polymerase (Hot Start Taq) in a final volume of 50 μL. 
The reaction mixture was incubated in a thermocycler of the type 
Gene Amp 9700 (Applied Biosystem®), according to the following 
schedule:IS6110 (94°C for 5 min; 94°C for 30 s; 62°C for 45 s; 72°C 
for 1 min 30; 72°C for 10 min and 4°C),  Miru 1, Locus 6, VNTR 19 
(95°C for 2 min; 94°C for 1 min; 58°C for 1 min; 72°C for 1 min; 
72°C for 10 min and 4°C) ST1 (95°C for 2 min; 94°C for 1 min; 65°C 
for 1 min; 72°C for 1 min; 72°C for 10 min and 4°C). 

The PCR products were separated by electrophoresis on 
agarose gel containing 2% ethidium bromide (ETB). The 
visualization was carried out under UV light from an automated 
system (Gel documention, Bio-Rad Laboratories USA). 
 

 

Primers used 
 

The sequences of the primers used are summarized in Table 1. 
 
 

Real time PCR 
 
Amplification of IS2404 and  Kr  sequences  was  performed  in  the 

presence of specific primers for each sequence (Table 1) in a final 
reaction volume of 50 μL. For markers used, a PCR –mixer of 20 µl 
containing water for injection (H2O ppi), 5X buffer, magnesium 
chloride (25 mM), dNTP, a detector of 10µM, a Rox Dye, 0.2μl DNA 
Taq polymerase (Hot Start Taq) and 5 μl of our DNA extract. The 
reaction mixture was incubated in a STEP ONE PLUS device as 
follows : 50°C for 2 min; 95°C for 10 min; 95°C for 15 S; 60°C for 1 
min. 

The control strain was M. ulcerans (ITM9540) provided by the 
molecular biology platform of Pasteur Institute of Côte d’Ivoire. The 
negative control was sterile distilled water. 

 
  
RESULTS 
 
A total of 473 samples were collected, 251 water and 222 
sediment left based on sampling sites (Table 2). Based 
on morphological and biochemical characteristics, 65 
strains (13.74%) were isolated and 17 species were 
identified (26.15%). From the water samples collected, 
43.07% of species were identified, and 59.92% from 
sediments. These identified species were distributed 
according to the collection sites. 32.35% of the identified 
species are found in the hyper endemic sites, against 
19.35% of species from hypo endemic sites. The M. 
peregrinum species, like M. smegmatis, M. peregrinum, 
M. immunogenicum, M. chelonae, M. mucogenicum, M. 
abscessus, Mycobacterium sp. were isolated in this 
study. M. peregrinum (13.84%) species was the most 
common in all sites, except in the sites of Bodo and 
Bouaké. The sediments are the most contaminated by 
Mycobacteria with 60% presence against 43.3% 
presence in water samples in hyper endemic areas. In 
hypo-endemic areas, water is the most contaminated with 
53.57% presence against 43.24% in sediment samples. 
All species obtained were analyzed by PCR, focusing on 
IS2404 and Kr sequences. 9.23% of  the  isolated  strains  
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Table 2. Samples collected according to sites and types. 
 

Sample 

Collection sites  

Endemic sites Non endemic sites 

Adzopé Adiopodoumé 
Tiassalé 

Agboville Aghien Bouake Total 
Sokrogbo Bodo 

Water 45 18 18 6 15 143 6 251 

Sediments 16 18 18 6 15 143 6 222 

Total 61 36 36 12 30 286 12 473 

 
 
 

Table 3. Molecular characteristics of Identified mycobacteria species in each site. 
 

Site Samples collected Mycobacteria species IS6110 IS2404 Kr 

Adzopé Water M. smegmatis - - - 

Adzopé Water M. peregrinum + - - 

Adzopé Water M. mucogenicum + - - 

Adzopé Water M. mucogenicum - + + 

Adzopé Water M. mucogenicum - + + 

Adzopé Sediment M. peregrinum - - + 

Abgoville Sediment Mycobacterium sp. + - - 

Abgoville Sediment M. smegmatis - - + 

Abgoville Sediment M. immunogenicum - - - 

Aghien Sediment Mycobacterium peregrinum - - - 

Aghien Sediment Mycobacterium sp. + - - 

Aghien Water Mycobacterium sp. - - - 

Aghien Sediment Mycobacterium.peregrinum - - - 

Sokrogbo Sediment Mycobacterium sp. - + - 

Sokrogbo Water Mycobacterium sp. - + - 

Sokrogbo Sediment Mycobacterium sp. - + - 

Sokrogbo Sediment Mycobacterium sp. - + - 

Bodo Water M. mucogenicum - + - 

Bodo Water M. mucogenicum - - - 

Adiopodoumé Water M. peregrinum - + + 

Adiopodoumé Sediment Mycobacterium sp. - + - 

Adiopodoumé Sediment Mycobacterium sp. - - - 

Adiopodoumé Sediment Mycobacterium sp. - + + 

Adiopodoumé Sediment Mycobacterium sp. - + - 

Adiopodoumé Water Mycobacterium sp. - + - 

Adiopodoumé Sediment Mycobacterium sp. - + - 
 

IS2404: Insertion sequence found in Mycobacterium ulcerans and other environmental 
mycobacteria; Kr: synthesizing enzyme mycolactone toxin found in Mycobacterium ulcerans and 
other MPM. ; (-): Negative result in the desired sequence; (+): Positive result in the desired 
sequence. Positive control DNA (ITM9540); negative control: (H2O). 

 
 
 
had ketoreductase genes (KR), these two sequences 
were found in the fast-growing isolated species. M. 
peregrinum, M. mucogenicum and Mycobacterium sp. 
(Table 3). All strains were identified by using Miru-VNTR. 
The isolated strains showed different profiles in the 
presence of the MIRU1, VNTR19, LOCUS 6 and ST1. Of 
The 4 markers used, the MIRU  1  is  the  most  amplified 

sequence, and LOCUS 6 less amplified. None known 
profile was identified in this study (Table 4). 
 
 
DISCUSSION 
 
Mycobacteria  species  are  a  large  group  distributed  in 
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Table 4. Molecular typing of identified mycobacteria species according to sites. 

 

Site Mycobacteria specie MIRU1 VNTR19 ST1 LOCUS 6 

Adzopé  M. smegmatis 2 nd nd nd 

Adzopé  M. peregrinum nd nd 2 nd 

Adzopé M.mucogenicum 4 nd nd nd 

Adzopé  M. mucogenicum nd 2 nd nd 

Adzopé  M. mucogenicum nd nd 1 nd 

Adzopé  M. peregrinum nd nd nd nd 

Abgoville Mycobacterium sp. nd nd nd nd 

Abgoville M. smegmatis 4 nd nd nd 

Abgoville M. immunogenicum 3, 4 nd nd nd 

Aguien Mycobacterium peregrinum nd 2 nd nd 

Aguien Mycobacterium sp. nd nd 2 nd 

Aguien Mycobacterium sp. nd 2 2 nd 

Aguien Mycobacterium peregrinum nd 2 nd nd 

Sokrogbo mycobacterium sp. nd nd nd nd 

Sokrogbo mycobacterium sp. nd nd nd nd 

Sokrogbo mycobacterium sp. nd nd nd nd 

Sokrogbo mycobacterium sp. nd nd nd nd 

Bodo  M. mucogenicum nd nd nd nd 

Bodo  M. mucogenicum nd 2 nd 1 

Adiopodoumé M. peregrinum 1 nd nd nd 

Adiopodoumé Mycobacterium sp. 1, 2 nd nd nd 

Adiopodoumé Mycobacterium sp. 1 nd nd nd 

Adiopodoumé Mycobacterium sp. nd nd 2 nd 

Adiopodoumé Mycobacterium sp. nd nd nd nd 

Adiopodoumé Mycobacterium sp. 4 nd nd nd 

Adiopodoumé Mycobacterium sp. 1 nd nd nd 
 

nd: Not determined ; Miru1 (1 copy, 2 copies, 3 copies and 4 copies); VNTR 19 (2 copies); 
ST1 (1 copy and 2 copies) ; LOCUS 6 (1 copy); the negative control (H20) has a negative 
outcome for all PCR. 

 
 
 
various aquatic and terrestrial environments. Most are 
saprophytic, but some species are pathogens capable of 
infecting humans and animals (Von Reyn et al., 1993; 
Falkinham, 2009). Their no specific pathogenic 
characteristic differentiates them from mycobacteria 
causing tuberculosis. The objective of this study was to 
make the molecular characterization of environmental 
mycobacteria strains in Côte d`Ivoire. The high sediment 
contamination identified in the study highlight the fast 
growing of mycobacteria (Kirschner et al., 1992). The risk 
of transmission of cutaneous mycobacteriosis would 
therefore also be present in non-endemic sites like in the 
endemic locations as demonstrated by Williamson et al. 
(2008) in the case of Buruli ulcer. The prevalence rate of 
environmental mycobacteria was 13.74%. This rate was 
relatively lower than the 15.5% observed by Kankya et al. 
(2011) in Ouganda. Parashar et al. (2004) also observed 
variations in the effectiveness of decontamination 
methods depending on the origin of the samples. Indeed 
it is known that mycobacterial  species  do  not  have  the 

same resistance to different decontamination procedures 
(Parashar et al., 2004). According to the classification of 
Runyon, all isolated mycobacteria belongs to the group of 
fast growing mycobacteria (Group IV). The following 
species have been identified in this study: species M. 
peregrinum, M. chelonae, M. abscessus, M. 
mucogenicum, M. immunogenum, M. smegmatis, M. 
peregrinum and Mycobacterium sp. The species M. 
peregrinum was the most common in all sites, except in 
the sites of Bodo and Bouaké. All these species identified 
in Cote d`Ivoire are responsible for skin ulcerations in 
some countries as reported by Zamarioli et al. (2008) and 
Buijtels et al. 2009. M. chelonae, is responsible for skin 
soft tissue infections as reported by Sniezek et al. (2003), 
M. abscessus responsible for skin and soft tissue 
infections with abscess formation or skin nodules, often 
appearing after trauma or surgical operation with infected 
materials (Griffith et al. 2007). Among the isolated strains, 
20% were carriers of the gene IS2404, they include M. 
mucogenicum,  M.   peregrinum  and  Mycobacterium  sp.  
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Figure 1. Sampling sites  (Photo: Vakou Sabine, 2016). 

 
 
 
This could imply the ability of these bacteria to cause skin 
ulcers in their isolated areas in Côte d'Ivoire. The sites of 
Bodo and Adzopé are known for their endemic zone to 
skin ulcers which has been attributed rightly or wrongly to 
M. ulcerans according to the National anti Buruli Ulcer 
Programe. 

M. ulcerans is a slow-growing mycobacterium whose 
culture is often taken by default. The discovery in 1997 of 
the sequence of insertion IS2404 specific to M. ulcerans 
has been a catalyst for further research of the 
environmental germs (Ross et al. 1997). It shares this 
sequence with the other environmental mycobacteria 
such as M. marinum, M. liflandii and M. pseudoshottsii 
(Chemlal et al., 2002; Stragier et al., 2006). These slow 
growing mycobacteria would also be responsible for skin 
ulceration (Stragier et al., 2006). This sequence is an 
ideal for the diagnosis of Buruli ulcer (Portaels et al., 
2009) could be good also for the diagnosis of 
Mycobacterial skin ulcerations. 

Some differences were observed between the endemic 
sites and the non-endemic one. With the other level of 
contamination of water or sediments, the presence of 
IS2404 gene was noticed only in the endemic sites. The 
Kr gene is most prevalent in endemic sites. This situation 
could be explain the sharing of genetic material between 
strains more frequently in endemic sites. But it could also 
be due to chance, in fact, Williamson et al. (2008), think 
that there would be no difference in the distribution of 
these genes between endemics and non-endemics sites. 
This study would be the first to reveal the existence of 
IS2404 gene in the fast-growing mycobacteria because 
according to previous studies, the IS2404 was the 
prerogative of slow growing mycobacteria (Chemlal et al., 
2002; Stragier et al., 2006). In West Africa, Williamson et 
al. (2008), have also identified IS2404 gene in 
mycobacteria other than M. ulcerans, but they were the 
slow growing species. The ulcerations of Buruli ulcer are 
caused by  one  toxin, mycolactone (George et al., 1999).  



 
 
 
 

A plasmid of 174 pb (pMUM001) present in the genome 
of the bacterium carries the polyketide synthetase genes 
(PKS), responsible for its’ synthesis (Stinear et al., 2004, 
2007). It was identified in other environmental myco-
bacteria that are slow growing, known to be mycolactone 
producing mycobacteria (Pidot et al., 2010). Results of 
this study also show its existence in the fast growing 
mycobacteria. Indeed, 9.23% of the isolated strains carry 
the ketoreductase gene (Kr), one of the enzymes involve 
in the synthesis of mycolactone according to Bali et al. 
(2006). Indeed, this enzyme would confirm the presence 
of the plasmid in the genome of the bacterium (Solange 
et al., 2015). Among the four specific markers, the MIRU 
1 is the most amplified sequence, and LOCUS 6 the less 
amplified. No any known profile was identified in this 
study. These markers would be less appropriate to 
environmental isolated strains since they were tested 
only on samples from environmental and clinical strains 
(Stinear et al., 2007). 
 
 
Conclusion 
 
The results of this study highlight the potential risk of 
contamination in humans especially people in permanent 
contact with the environment. These species discovered, 
would be responsible for ulcerations in Côte d’Ivoire, 
which could explain the very high level of endemicity. It is 
therefore important to identify the sequences of these 
species in order to set up appropriate diagnostic 
methods. This study is just the first step, we want to 
understand the different skin infections encountered in 
Côte d’Ivoire. This will help to better diagnose patients 
suffering from skin infections other than Buruli ulcer and 
to consider strategies and means of protection of the 
population against all mycobacterioses by breaking the 
epidemiological chain.  

In perspective, it would be good to continue studying 
the rapidly growing mycobacteria to determine their 
involvement in cutaneous ulcerations. The sequencing of 
the genes Kr and IS2404 isolated in the strains of this 
study for their eventual relationship with M. ulcerans 
could help for a better comprehension of the affection. 
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Head rot of cabbage caused by Sclerotinia sclerotiorum leads to rotting of fully matured cabbage heads 
in the field. In the present study the antagonistic effects of twenty Bacillus isolates was tested against 
S. sclerotiorum in vitro. Eight effective Bacillus isolates obtained from studies in vitro, commercial 
formulations of Trichoderma viride isolate TV-1 and Pseudomonas fluoroscens isolate Pf-1along with a 
fungicide check (Nativo-Tebuconazole+Trifloxystrobin) were carried further for field studies. Results of 
field studies indicated that fungicide check of Nativo (1.5 g/L) was highly effective with least disease 
incidence of 10.36% indicating 74.50% reduction over control. Among the biocontrol agents commercial 
formulation of Trichoderma viride isolate TV-1 was the most effective showing disease incidence of 
11.38% indicating 72.00% reduction over control followed by Bacillus amyloliquefaciens isolate B15 and 
Pseudomonas fluoroscens isolate Pf-1 showing disease incidence of 13.24 and 13.31% indicating 67.41 
and 67.24% reduction over control respectively and both treatments were on par. B. licheniformis 
isolate B16 was found to be least effective with 20.41 percent disease incidence indicating 49.76% 
reduction over control. 
 
Key words: Bacillus, commercial formulation, fungicide check, Pseudomonas fluoroscens,  Trichoderma viride, 
Sclerotinia sclerotiorum. 

 
 
INTRODUCTION 
 
Head rot of cabbage caused by the pathogen Sclerotinia 
sclerotiorum leads to rotting of fully grown cabbage 
heads in the field and during post-harvest operations and 
storage (Hudyncia et al., 2000). The pathogen is 
geographically cosmopolitan and has a broad ecological 
distribution (Purdy, 1979). The broad host range of the 
pathogen includes high value crops like  alfala,  bean, 

cabbage, canola, lettuce, peanut, soybean, sugarbeet, 
sunflower, tobacco and tomato (Grau, 1988; Farr et al., 
1989). 

The relatively unreliable control of S. sclerotiorum with 
traditional methods and concerns about pesticide 
residues has prompted interest in biological control as an 
alternative disease  management  strategy  (Fernando  et 
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al., 2007). Biological control of S. sclerotiorum has 
received considerable attention as an alternative disease 
management tactic to the use of fungicides due to its 
ability to provide safe and environmentally friendly 
disease control (Xiaojia et al., 2013).  

Attributes of Bacillus spp. such as high thermal 
tolerance and ready formulation of endospores makes it 
an ideal agent for the development of commercial 
products. They adhere firmly to root surface especially 
when an inoculum of spore is used (Shoda, 2000). 
Bacillus spp. are known to survive well under field 
conditions due to the production of endospores 
(Boyetchko et al., 1999; Collins and Jacobsen, 2003). 
Bacillus spp. isolated from rhizosphere of common bean 
were tested for their antifungal activities against S. 
sclerotiorum. The maximum inhibition in radial growth 
caused by Bacillus spp.BPR7 was observed after seven 
days of incubation in dual culture and cell free culture 
filtrate (Pankaj et al., 2012). Fernando et al. (2013) 
reported that the metabolites produced by B. subtilis were 
antagonistic to the fungus with 17.7% reduction in 
mycelial growth which was constant even after two weeks 
suggesting high efficiency of the metabolites in control of 
S. sclerotiorum. 

The aim of the present study was to determine efficacy 
of biocontrol agents under in vitro and field conditions. 
 
 
MATERIALS AND METHODS 
 
Screening of Bacillus isolates in vitro 
 
Standard isolates of Bacillus spp. maintained as glycerol stocks 
were obtained from the Department of Plant Pathology, Tamil Nadu 
Agricultural University, Coimbatore, Tamil Nadu, India. The isolates 
were subcultured and maintained on Nutrient agar (NA) medium for 
further studies. The antagonistic effects of twenty Bacillus isolates 
were tested against S. sclerotirum by dual culture technique. A 9-
mm-dia mycelial disc of the pathogen was placed at one end of the 
Petri plate containing combination medium (Potato Dextrose Agar + 
Nutrient Agar) and the bacterial antagonist was streaked at the 
opposite end. Inoculation of the pathogen without antagonist served 
as control and each treatment was replicated three times. The 
plates were kept in an incubator at 20±2°C.  When the fungus 
attained full growth in the control plate, growth of the pathogen and 
inhibition zone were measured and percent reduction in growth 
over control was calculated.  

Percent inhibition over control was calculated using the formula: 
 

 
 
Where C = growth of S. sclerotiorum in control; T = growth of S. 
sclerotiorum in treatment. 
 
 
Commercial formulations of Trichoderma viride and 
Pseudomonas fluoroscens 
 
The commercial formulations of Trichoderma viride (TV-1) as talc 
formulation and Pseudomonas fluoroscens (Pf-1) as liquid 
formulation     were     obtained     from     Trichoderma     Lab    and  

 
 
 
 
Pseudomonas Lab respectively from Department of Plant 
Pathology, Centre for Plant Protection Studies (CPPS), Tamil Nadu 
Agricultural University , Coimbatore, Tamil Nadu, India. 
 
 
Field trial 
 
Eight effective Bacillus isolates obtained from in vitro studies, 
commercial formulations of Trichoderma viride (TV-1) and 
Pseudomonas fluoroscens (Pf-1) along with a fungicide check 
(Nativo-Tebuconazole+Trifloxystrobin) were carried further for field 
studies. 

The field trial was conducted between February and March 2014 
in the Kothagiri area of Nilgiris district and was laid out in a 
randomised block design. First spraying was done 48 days after 
planting when the cabbage was at cupping stage and subsequent 
sprayings were done at 7 days interval till head fill stage of the 
cabbage. 

There were nine treatments in all consisting of Bacillus 
amyloliquefaciens (B15), B. licheniformis (B 19), B. cereus (B31), B. 
licheniformis (BSD-1), B. subtilis (B14), B. licheniformis (B16), 
Pseudomonas fluorescens (Pf-1) (commercial formulation), 
Trichoderma viride (TV1) (commercial formulation) each at a 
concentration of 10 mL/L and Fungicide check- Nativo 
(Tebuconazole+Trifloxystrobin) at a concentration of 1.5 g/L. The 
control had no bio control agent treatment at all. 

The percent disease incidence was calculated using the following 
formula: 

 

 
 
Results were expressed in terms of per cent disease reduction over 
control which was calculated as follows: 
 

 
 
Where, R = Percent reduction over control; C = Percent disease 
incidence in control; T = Percent disease incidence in treatment. 
 
 
Data analysis method 
 
Statistical analysis was performed using the IRRISTAT software 
version 92 developed by the International Rice Research Institute 
Biometrics unit, the Philippines (Gomez and Gomez, 1984).  Before 
performing the statistical analysis of variance (ANOVA) the 
percentage values of the disease index were arcsine transformed. 
Data were subjected to analysis of variance (ANOVA) at two 
significant levels (P < 0.05 and P < 0.01) and means were 
separated by Duncan's Multiple Range Test (DMRT). 

 
 

RESULTS AND DISCUSSION 
 
Twenty Bacillus isolates were tested in vitro against S. 
sclerotiorum. The treatment B15 (B. amyloliquefaciens) 
yielded the minimum mycelial growth of 53.0 mm and the 
highest growth reduction of 41.0% with an inhibition zone 
of 26.6 mm (Table 1). This was followed by B19 (B. 
licheniformis) which recorded 54.3 mm growth with39.7% 
growth reduction with an inhibition zone of 24.3 mm. 
However both the treatments were at par with each other.  
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Table 1.  Effect of Bacillus isolates on the growth of S. sclerotiorum under in vitro. 
 

Isolates 
Mycelial 

growth (mm) 

Inhibition over 

control (%) 

Inhibition zone 

(mm) 

B31-Bacillus cereus 55.0
a
 39.0 23.6

a
(4.90) 

B14-B.subtilis 62.3
bc

 30.7 17.3
b
(4.22) 

B19-B.licheniformis 54.3
a
 39.7 24.3

a
(4.98) 

B12-B.licheniformis 65.3
cd

 27.7 14.6
bc

(3.89) 

BSC-2-B.tequilensis 71.0
ef
 21.0 0.0

f
 (0.70) 

BSC-3-B.subtilis 73.0
efg

 19.0 0.0
f
(0.70) 

BSC-6-B.amyloliquefaciens 74.7
fg
 17.0 0.0

f
(0.70) 

BSC-7-B.amyloliquefaciens 65.0
cd

 27.7 7.13
d
(2.76) 

B18-B.megaterium 73.3
efg

 18.8 0.0
f
(0.70) 

B15-B.amyloliquefaciens  53.0
a
 41.1 26.6

a
(5.21) 

B16-B.licheniformis 62.7
bc

 30.3 6.6
d
(2.67) 

B30-B.subtilis 69.0
de

 23.3 8.57
d
(3.01) 

B2-B.amyloliquefaciens 74.0
fg
 17.7 0.0

f
(0.70) 

Bag3-B.megaterium 76.7
g
 14.7 0.0

f
(0.70) 

B11-B.licheniformis 87.7
h
 2.3 0.0

f
(0.70) 

B17-B.megaterium 72.0
efg

 20.0 3.50
e
(2.00) 

BSc-9-B.amyloliquefaciens 76.0
g
 15.7 0.0

f
(0.70) 

BSD-1-B.licheniformis 60.0
b
 33.3 11.7

c
(3.50) 

B3-B.subtilis 74.3
fg
 17.7 0.0

f
(0.70) 

BSC-5-B.cereus 72.3
efg

 19.7 0.0
f
(0.70) 

Control 90.0
h
 - 0.0

f
(0.70) 

 
1
Figures in parenthesis are square root transformed values; 

2
In a column means followed by same letter are 

not significantly different at the 5% level of DMRT. 
 
 
 

Table 2. Efficacy of biocontrol agents under field conditions for the management of Sclerotinia head rots of cabbage. 
 

T. No. Treatments 
Disease incidence 

(%) 
Reduction over 

control (%) 

Yield  

(t/ha) 

T1 B15-Bacillus amyloliquefaciens at 10ml/L 13.24
c
(21.34) 67.41 44.68

c
 

T2 B19- B. licheniformis at10ml/L 15.50
d
(23.18) 61.85 41.64

d
 

T3 B31- B. cereus at10ml/L 16.50
e
(23.96) 59.38 40.71

e
 

T4 BSD-1-B. licheniformisat10ml/L 18.57
f
(25.52) 54.29 40.69

e
 

T5 B14-B. subtilisat10ml/L 19.10
g
(25.91) 53.00 40.44

f
 

T6 B16-B. licheniformisat10ml/L 20.41
h
(26.85) 49.76 40.31

g
 

T7 Pf1-Pseudomonas fluorescens (commercial formulation) at 10 ml/L 13.31
c
(21.39) 67.24 44.56

c
 

T8 TV-1-Trichoderma viride (commercial formulation) @ 10g/L 11.38
b
(19.71) 72.00 46.34

b
 

T9 Fungicide check -Nativo (Tebuconazole+Trifloxystrobin)@1.5g/L 10.36
a
(18.77) 74.50 47.86

a
 

T10 Control 40.63
i
(39.60) - 37.45

h
 

 

Figures in paranthesis are arc sine transformed values; In a column means followed by same letter are not significantly different at the 5% level of 
DMRT. 
 
 
 

B. amyloliquefaciens inhibited growth of S. sclerotiorum 
in vitro which was indicated by an inhibition zone 
between the two organisms (Abdullah et al., 2008). 
Strains of B. amyloliquefaciens ARP23 and MEP218 
caused alterations in sclerotial morphology and sclerotial 
germination of S. sclerotiorum causing stem rot of 
soybean according to Alvarez et al. (2012). Under  in vitro 

B. licheniformis strain 9555 showed effective antifungal 
activity against S. sclerotiorum (Vipin et al., 2012). 

Results of field studies indicated that fungicide check of 
nativo applied at a concentration of 1.5 g/L was highly 
effective with least disease incidence of 10.36% 
indicating 74.50% reduction over control (Table 2). 
Among the biocontrol agents commercial  formulation  of  
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T. viride isolate (TV-1) was the most effective treatment 
showing disease incidence of 11.38% indicating 72.00% 
reduction over control. This was  followed by B. 
amyloliquefaciens isolate (B15) and P. fluorescens isolate 
(Pf-1) showing disease incidence of 13.24 and 13.31% 
indicating 67.41 and 67.24% reduction over control 
respectively and both treatments showed no significant 
difference. B. licheniformis isolate (B16) was found to be 
least effective with 20.41% disease incidence indicating 
49.76% reduction over control. Maximum yield of 47.86 
t/ha was observed for the fungicide check - Nativo 
treatment (Table 2). This was followed by the T. viridae 
(TV-1) treatment with 46.38 t/ha yield. Gaur et al. (2010) 
reported that under field conditions Sclerotinia stem rot of 
mustard caused by S. sclerotiorum was effectively 
controlled by seed treatment (10g/kg) and foliar spray 
(0.2 per cent) at 50 days after sowing with talc based 
mixed formulation of T. hamatum and T. viridae in the 
ratio of 1:1 followed by bioagent combination of T. 
harzianum (10 g/kg) and Gliocladium virens (0.2%) over 
two consecutive years. P. fluorescens isolate (P13) 
decreased severity of Sclerotinia stem rot of oilseed rape 
by 59% under field conditions and also promoted seedling 
growth (Li et al., 2011). Use of B. amyloliquefaciens as a soil 
treatment supressed stems rot of cucumber caused by S. 
sclerotiorum (Sharie et al., 2013).   
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The present study aimed to evaluate the efficiency of the irradiation process in the control of 
Campylobacter spp. in chilled chicken heart samples, since this microorganism is related to the 
contamination of meat and chicken giblets and is responsible for enteritis in humans. The methodology 
and standards recommended by RDC no. 12 (Brazil, 2001) were applied for the bacteriological analyses. 
The chilled chicken heart samples were acquired in an industry that undergoes sanitary inspection, 
located in the West Zone of Rio de Janeiro. Samples were divided into two groups, non-contaminated 
(NC - originally from the industrial plant) and contaminated (CAMPY– contaminated with C. jejuni ATCC 
33291/CCAMP/FIOCRUZ 00262 strains by CCAMP/LABZOO/IOC/FIOCRUZ), subsequently separated into 
four groups: NC and CAMPY control groups and samples irradiated at 1.5, 3.0 and 4.5 kGy. The eight 
subgroups were analyzed for the presence of Campylobacter sp. No statistically significant difference 
was observed between the four groups namely the non-irradiated controls and the 1.5, 3.0 and 4.5 kGy 
irradiated samples (p> 0.05). Elimination of Campylobacter sp. was observed, with no bacterial growth 
in any of the irradiated, non-contaminated (CN) and infected (CAMPY) samples. Thus, the efficiency of 
the Co60 irradiation process of chilled chicken heart for the elimination of the surveyed microorganisms 
was proven. The lowest dose applied was sufficient to eliminate the enteric pathogen which is of great 
significance in a public health point of view. However, it should be noted that the Brazil legislation 
determining the microbiological standards for food does not include a microbiological standard for 
Campylobacter sp. This means that any amount of this enteric pathogen may bring public health risks. 
 
Key words: Food irradiation; chicken heart; Campylobacter sp.; Foodborne illness; public health. 

 
 
INTRODUCTION 
 
Food irradiation is a proven safe storage physical 
method, considered cold pasteurization, in which the food 

is exposed to a defined dose of ionizing radiation. 
Improvements in the microbiological quality of the product  
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are observed with irradiation, reducing the risk of 
foodborne illness along with decreased losses in storage 
and longer shelf life. This method does not influence the 
appearance and composition of nutrients, and its main 
objective is food security. However, the great challenge 
when applying this method is consumer acceptance, 
often due to confusion of “irradiated” with “radioactive” 
(Diehl, 1995; Hernandez et al. 2003; Gava, 2006; 
Miranda; 2012). 

Brazil’s poultry industry began the year of 2016 beating 
several records, including the chickens’ production and 
exports. Chicken meat, is consolidated as the fourth item 
of the national export portfolio, which achieved the three 
best monthly results in the history of the sector's exports 
in, 2015 (Brazilian Association of Animal Protein, 2015). 
The importance of studying giblet and chicken meat 
contamination is highlighted by the fact that, these 
products are important source of high quality protein rich 
in essential amino acids, vitamins and minerals, and 
highly consumed not only in Brazil but throughout the 
world (Poultry Brazil, 2012). However, the Brazilian 
health legislation determining the microbiological 
standards for food, RDC Resolution no.12 (Brasil, 2001) 
does not state any maximum permissible limit as 
microbiological criteria regarding the presence of 
Campylobacter sp. in meat and chicken giblets, as it does 
for other pathogens in Annex II of this standard. 

There is the likelihood of these organisms that have 
been noted during the various stage of animal raising, 
transport, processing, distribution and marketing, and 
serve as indicators of the sanitary conditions of the 
production/handling of raw materials, since they can be 
responsible for foodborne illness (Clements, 2011; 
Franco, 2012; Russel, 2009). The present study aimed, 
to evaluate the effects of gamma radiation (Co60) on the 
microbiological quality and control of Campylobacter sp. 
in chilled chicken (Gallus gallus) heart samples. 
 
 
MATERIALS AND METHODS 
 
Collection of samples 
 
Chicken heart samples were acquired from a poultry slaughter 
house that undergoes regular sanitary inspection and has an on-
site store for meat sales, located in the western zone of the state of 
Rio de Janeiro, Brazil. Three samplings were conducted. Giblets 
were randomly selected taking into account the production date, 
closest to the beginning of the analysis. The samples were placed 
in an isothermal container and kept under refrigeration during all 
stages of the experiment, at a maximum temperature of 7°C (Brasil, 
1996). Samples were then distributed in previously identified Zip 
lock bags (contaminated – CAMPY, non-contaminated - NC, 
chicken heart - CF, control – non- irradiated samples, and irradiated 
samples – with 1.5kGy, 3.0kGy and 4.5kGy) with the corresponding 

 
 
 
 
date of the analysis. Contaminated aliquots received a prepared 
homogenized bacterial suspension containing 9.0 mL of 0.1% TPA 
and mass generated from a C. jejuni ATCC 33291/CCAMP 0262 
strains seed culture, provided by the Campylobacter Bacterial 
Zoonosis Laboratory, at the Oswaldo Cruz Institute, Oswaldo Cruz 
Foundation (Rio de Janeiro, RJ, Brazil). Turbidity caused by 
bacterial growth was at a McFarland scale #1, equivalent to 3.0 x 
10-8 bacteria mL-1 (Bier, 1980). 
 
 

Irradiation of the samples 
 
The non-contaminated and contaminated samples were then 
transported to the Nuclear Instrumentation Laboratory at, Alberto 
Luiz Coimbra Institute of Graduate Studies and Research in 
Engineering (COPPE), in Federal University of Rio de Janeiro, in an 
isothermal container, where they were subjected to gamma 
irradiation process (Co60) at the dosage of 1.5kGy, 3.0kGy and 
4.5kGy. The control samples (NC and CAMPY) were not irradiated 
and remained in the isothermal container throughout the irradiation 
process of the other samples (Caruso et al., 2011). 
 
 

Cultivation of Campylobacter sp. 
 

For cultivation, identification and maintenance of Campylobacter sp. 
strains, a standard technique was implemented at the Bacterial 
Zoonoses Laboratory (Filgueiras and Hofer, 1989). The selective 
medium comprising a nutrient base (4.4 g Columbia agar, 0.4 g 
activated carbon diluted in 100 mL distilled water) was prepared by 
adding an FBP supplement as an oxygen-reducing substance (0.5g 
ferrous sulfate, sodium bisulfite and sodium pyruvate, diluted in 100 
mL sterile distilled water) and an antimicrobial mixture (11mg 
cephalothin, 50mg trimethoprim lactate, 91 mg vancomycin, 20mg 
actidione, and 22 mg colistin, diluted in 50 mL sterile distilled 
water). The media was poured into 20 plates (five replicates for 
each NC and CAMPY sample) and stored in a GasPak jar (in a 
microaerophilic atmosphere with anaerocult® sachets). The 
inoculated plates were incubated at 42°C for 48 h. 

Campylobacter sp. colonies were isolated after confirming typical 
morphotinctorial characteristics and subjected to Gram staining. 
Replating was performed in plates with selective media for mass 
formation. NC and CAMPY plates were analyzed in control and 
irradiated samples. The replating was performed to obtain mass 
formation, to have colonies to realize biochemical tests at the end 
of the experiment. Both NC and CAMPY plates were analyzed 
because on the NC plates there was no certainty of finding 
Campylobacter sp. and the samples showed original slaughter 
house poultry microorganisms, which certainly occured in the 
CAMPY plates groups. Being a contaminated sample, it is a known 
fact that microorganisms would be present, and there is need to 
ascertain the gamma radiation effect on the control of these 
microorganisms. Therefore, the two groups were evaluated. 
 
 

Identification of Campylobacter sp. 
 
Tests such as the hydrolysis of Na hippurate was performed to be 
confirm as well as to differentiate genus/species (Lior, 1982) 
Characterization of Campylobacter genus was also conducted 
since there are differences between Campylobacter jejuni and 
Campylobacter coli (the former produces glycine and
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Table 1. Campylobacter sp. control in chilled chicken heart.  

 

Group Doses (kGy) 
Week 1  Week 2  Week 3 

A B C D E  A B C D E  A B C D E 

NC 

C + - - + -  + + + + -  + + - + + 

1.5 - - - - -  - - - - -  - - - - - 

3 - - - - -  - - - - -  - - - - - 

4.5 - - - - -  - - - - -  - - - - - 

CAMPY 

C + + + + +  + + + + +  + + + + + 

1.5 - - - - -  - - - - -  - - - - - 

3 - - - - -  - - - - -  - - - - - 

4.5 - - - - -  - - - - -  - - - - - 
 

NC – Non-contaminated samples; CAMPY – Contaminated samples. A, B, C, D and E correspond to the five plates used for each dose. 

 
 
 
forms a purple halo on the tube surface while the latter does not 
produce glycine and produces a colorless halo on the surface of the 
tube). Indoxil acetate hydrolysis was also verified; the results were 
interpreted as negative when no change in disk coloring occurred, 
and as positive when the disk became blue-green/dark  blue, 
indicating the presence of C. jejuni and C. coli. To complete the 
biotyping, the presence of deoxyribonuclease enzyme. (DNAse) 
was also determined using the methyl green agar DNAse test, 
evidence of enzyme activity on the substrate was obtained by 
observing the presence of a pink/salmon halo At the end of the 
experiment, 15 confirmed strains were deposited in the 
Campylobacter collection/ Bacterial Zoonosis Laboratory (IOC/ 
FIOCRUZ/ RJ/ Brazil). 
 
 
Statistical analysis  
 
Statistical differences between groups were evaluated by applying 
Friedman’s test, with a significance level set at 0.05. 

 
 
RESULTS AND DISCUSSION 
 
No significant difference was observed between the three 
samplings, regardless of group (NC or CAMPY) and 
dosage subgroup (control, 1.5, 3.0 and 4.5 kGy), 
indicating no effect on the positive results for the 
presence of Campylobacter sp. (p=0.444). This is 
probably caused by the fact that the positive samples for 
Campylobacter sp. were the control samples, not 
subjected to the irradiation process, confirming the 
occurrence of Campylobacter sp. in meat and chicken 
giblets, as reported by Azeredo et al. (2010), Campos et 
al. (2015), Freitas and Noronha (2007). 

The results of Co60 gamma radiation process in chilled 
chicken heart samples exposed to different radiation 
doses are displayed in Table 1. 

During the first week, of the five control plates seeded 
with the in natura samples (NC), two (A and D) were 
positive (40%), whereas the contaminated samples 
(CAMPY) were all positive (100%). For the samples 
irradiated at 1.5kGy, 3.0kGy and 4.5kGy, both the non-
contaminated (NC) and contaminated (CAMPY)  samples 

showed no cell growth (100%), demonstrating the 
efficiency of the Co60 gamma irradiation process in the 
control of Campylobacter sp. The result corroborates with 
the reports of Ahn et al. (2013) which states that 
irradiation is an effective technological process to 
eliminate pathogens in poultry meat. In addition, an 
advantage of ionizing Co60 radiation includes high 
penetration and uniform dosage. In concordance with the 
results of this study, Mendonça (2002), Olson (1998) and 
Raut et al. (2012) reported that the majority of the 
mundane enteric pathogens such as Campylobacter 
jejuni, can be significantly reduced or eliminated with low 
dose (<3.0 kGy) irradiation. 

During the second week, control plates A, B, C and D 
were positive (80%). However, both NC and CAMPY 
samples irradiated with all three doses did not 
demonstrate colony growth, and the process was thus 
effective in eliminating Campylobacter sp. Raut et al. 
(2012) which evaluate the effectiveness of the irradiation 
process in the elimination of Campylobacter sp. by, 
testing the sensitivity of Campylobacter jejuni and 
Campylobacter coli in chicken meat samples at doses 
ranging from 0.110 to 0.190 kGy. These authors 
demonstrated that, treatment with a dosage of 1kGy can 
achieve complete elimination of Campylobacter sp. in 
poultry meat samples and the results completely justifies 
the elimination of microorganism using 1.5kGy irradiation 
process in both NC and CAMPY samples of this study.  

In the third and final week of the experiment, control 
samples A, B, D and E were positive (80%), while all 
irradiated samples showed no development of colonies 
(100%). Kudra et al. (2012) compared the efficacy of 
irradiation process in the control of Campylobacter jejuni 
in chicken breasts to that of modified atmosphere 
packaging (MAP). The D10 sensitivity value regarding 
irradiation of this enteric pathogen ranged from 0.31+0.01 
kGy in vacuum packaging, and 0.29+0.03kGy in MAP, 
respectively. Irradiation was effective in eliminating C. 
jejuni from chicken breast packed both in vacuum or 
MAP,   thereby    reducing    the    possibility    of    cross- 
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contamination in retail shops or in domestic kitchens. The 
doses used in the present study were higher and reached 
their goal regarding the control of Campylobacter sp. 
Therefore, additional means to mitigate quality changes 
appear to be required for these products. 

Comparable to the results obtained in the present 
study, Chun et al. (2010) and Haughton et al. (2012) 
investigated the applicability of UV-C irradiation in the 
inactivation of Campylobacter jejuni in ready-to-eat 
poultry and chicken fillets, respectively, and their results 
demonstrated the control of this microorganism during 
storage using this type of irradiation. The presence of 
Campylobacter sp. regardless of the dosage subgroup 
(control, 1.5, 3.0 and 4.5 kGy) were compared among the 
NC groups, and no significant difference between the 
three samplings was observed, with no effect regarding 
positive results for the presence of this microorganism 
(p=0.444). The presence of Campylobacter sp. in chilled 
chicken heart samples was evidenced in the present 
study, regardless of the type of treatment, similar to other 
studies that observed the presence of this microorganism 
derived from feces and meat and chicken giblets 
(Bognar, 2012; Trassi, 2012). Also, in regardless of the 
dosage subgroup (control, 1.5, 3.0 and 4.5 kGy) was also 
compared among the CAMPY groups, and again no 
significant difference between the three samplings was 
observed, with no effect regarding positive results for the 
presence of this microorganism (p=1.000).  

As in the present study, Azeredo (2007), in his 
experiment on irradiated chicken livers with doses of 
0.20kGy, 0.27, 0.30 and 0.35, also used two groups, one 
non-contaminated and one contaminated with 
Campylobacter sp. and concluded that there was no 
significant difference between the contaminated samples 
and those with other treatments. Clavero et al. (1994) 
observed ground beef samples contaminated with 
Campylobacter jejuni which were subjected to irradiation 
treatment with Co60 gamma doses ranging from 0 to 
2.52kGy, and observed significant values depending on 
the combination performed in the experiment, of 
temperature and fat content. The authors concluded that, 
regardless of the selected treatment, pathogens were 
highly sensitive to gamma irradiation, and a D10 value for 
Campylobacter jejuni was determined ranging from 0.175 
to 0.235kGy.  

The authors also observed that, a 2.5kGy dose would 
be sufficient to eliminate 10

10.6 
Campylobacter jejuni, 

resulting in a high probability of complete inactivation of 
much higher populations than those occasionally present 
in preparations with ground meat. Patterson (2008) 
investigated the sensitivity of different Campylobacter 
species to irradiation in poultry samples and reported D10 
values ranging from 0.12 and 0.25 kGy. This could be 
attributed from the results of this study that use of gamma 
irradiation (Co60) could be beneficial in the control of 
Campylobacter sp. in chilled chicken heart samples. 

Though  not  considered  the  best  indicators   of   fecal 

 
 
 
 
contamination in meat and chicken giblets and also these 
microorganisms not being part of the food composition, 
the presence of Campylobacter points out flaws in 
sample handling/processing or poor sanitary hygienic 
conditions, which allows the proliferation of these and 
other enteropathogens (Franco, 2012; Franco and 
Landgraf, 2008). Thus, the contaminated samples 
analyzed herein are a public health concern.  

Keener et al. (2004) have reported that the Food and 
Drug Administration (FDA) and United States Department 
of Agriculture (USDA) approved the irradiation of poultry 
meat at a maximum dose of 3.0 kGy to control causative 
pathogens of foodborne illness, such as Campylobacter 
sp. No microbiological standard regarding the presence 
of Campylobacter sp. exists in the current Brazilian health 
legislation RDC no. 12 (Brasil, 2001). Thus it is not 
possible to assume harm from any random value of 
Campylobacter sp. in samples in this regard, and the 
samples analyzed herein are therefore contaminated, 
thus unfit for consumption and pose public health risks. 
 
 
Conclusions 
 
Co60 gamma irradiation, when applied to chilled chicken 
heart at doses of 1.5, 3.0 and 4.5 kGy, was effective in 
the elimination of Campylobacter sp. that was initially 
present in the samples. Comparisons with the literature 
indicated that, 1.5 kGy dose would be sufficient in 
eliminating this microorganism, as it shows sensitivity to 
low gamma radiation doses.  

However, statistically significant differences were not 
observed among the four groups (control, 1.5kGy, 3.0kGy 
and 4.5kGy) in any of the analyses carried out. No 
microbiological standard regarding the presence of 
Campylobacter sp. exists in the current Brazilian health 
legislation RDC no. 12. Thus, the samples evaluated in 
the present study were contaminated, therefore unfit for 
consumption. The presence of these microorganisms in 
the analyzed samples indicates the need to improve the 
hygienic-sanitary standards in the production line and 
preparation of chicken giblets, together with repeated 
health education for handlers, employees and consumers 
about the dangers and risks to which they are subjected 
to.  

The presence of high bacterial load in the control 
samples were observed in the present study. Inspection 
is therefore imperative with regard to the production, 
transport and slaughter of poultry. Compliance with 
regulatory standards and Good Handling Practices also 
ensure the quality and safety of this type of food and 
thereby prevents risks to public health. 
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The effects of long-term fertilizer management on soil enzyme activities and soil microbe population 
under double-cropping paddy fields in southern China was studied. The purpose of this study was to 
explore the changes of soil enzyme activities and soil microbe population as related to mineral fertilizer 
and manure and rice residue based on a long-term field experiment. The experiment was initiated in 
1986 and consisted of five treatments: without fertilizer (CK), mineral fertilizer (MF), rice residue plus 
mineral fertilizer (RF), low manure rate plus mineral fertilizer (LOM), and high manure rate plus mineral 
fertilizer (HOM). The cropping system consisted of barley (Hordeum vulgare L.), early rice (Oryza sativa 
L.) and late rice. In 2013-2014, soil samples were collected from the 0-20 cm layers to determine soil 
enzyme activities and soil microbe abundance during barley growth phases. The results indicated that 
during the barley growing season, the enzyme activities were higher in the HOM, LOM and RF than in 
the CK. The treatments of HOM, LOM and RF also improved the numbers of aerobic bacteria, 
actinomycetes and fungi. During barley growth phases, combined application of manure, crop residue 
and chemical fertilizer improved soil enzyme activities and soil microbe population. 
 
Key words: Alkaline phosphatase, arylamidase, β-glucosidase, Hordeum vulgare L., manure, microbial 
abundance, mineral fertilizer, rice residue.  

 
 
INTRODUCTION 
 
Soil microbes play an important role in the ecosystem 
functioning and are important in maintaining the soil 
fertility, nutrient cycling and organic matter decomposition 
(Pastor et al., 1984), which are dependent on the 
composition of soil microbial communities (Robertson et 
al., 2000; Singh et al., 2010), and relative to microbial 
diversity,   community    structure.    Soil    enzymes   play 

important role in energy transfer and they are very 
important for soil quality and crop growth, which are used 
as indices for soil microbial activity and fertility (Benitez et 
al., 2000; Dick, 1994; Tabatabai, 1994). Soil enzymes 
respond to soil practice changes more quickly than other 
soil factors, therefore it was used as early indicators of 
biological   changes.   The    soil    enzyme    reflects   soil
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Table 1. The fertilizer management information under different fertilizer treatments 
(kg ha). 
 

Treatment 
Barley  Total 

N P K  N P K 

MF 157.5+0
* 

43.2+0 81.0+0  157.5 43.2 81.0 

RF 133.0+24.5 37.8+5.4 48.2+32.8  157.5 43.2 81.0 

LOM 110.2+47.3 21.8+21.4 51.1+29.9  157.5 43.2 81.0 

HOM 63.0+94.5 0.5+42.7 21.2+59.8  157.5 43.2 81.0 

CK 0+0 0+0 0+0  0 0 0 
 

* Input from mineral fertilizer + input from organic fertilizer. CK: without fertilizer, MF: 
mineral fertilizer, RF: crop residue and mineral fertilizer, LOM: low manure rate and 
mineral fertilizer, HOM: high manure rate and mineral fertilizer. 1) For the RF treatment, 
rice straw return rate (air dry) was 3600 kg ha. 2) For the LOM treatment, chicken 
manure (decayed) application rate was 2670 kg ha. 3) For the HOM treatment, chicken 
manure application rate (decomposed) was 5340.0 kg hm

-2
. 4) The N, P, and K content 

of air-dry rice straw was 0.68, 0.15 and 0.91%, respectively, and N, P, and K content of 
chicken manure (decayed) was 1.77, 0.80 and 1.12%, respectively. 

 
 
 

functional diversity, which was affected by environmental 
conditions and ecological factors, such as soil 
microorganisms, plants and animals (Nannipieri et al., 
2004). Soil enzymes include arylamidase, alkaline 
phosphatase, β-glucosidase and arylsulfatase, which 
were important for transformation of C, N, P and S 
(Tabatabai, 1994).  

Recently, some studies have shown that the soil 
enzymes and microbial activities were affected by field 
management, such as soil tillage and crop residue 
management (Ekenler and Tabatabai, 2003; Wu et al., 
2004), application of fertilizer and organic matter 
(Carmine et al., 2004; Tejada et al., 2006; García-Gil et 
al., 2000), crop rotations (Hamido and Kpomblekou, 
2009; Bandick and Dick, 1999), pH, ionic strength and 
natural organic matter (Kyriakopoulos et al., 2006). 
However, the effects of long-term fertilizer management 
on soil enzyme activities and soil microbial abundance 
under double-cropping paddy fields in southern China 
should be studied.  

In recently years, the traditional fertilization practices 
have been changing in China’s major rice production 
regions. However, the studies on the effects of long-term 
fertilizer management on soil enzyme activities and soil 
microbe population under double-cropping paddy fields in 
southern China were less. Therefore, the purpose of this 
study was to explore the changes of soil enzyme activities 
and soil microbe abundance in a double-cropping rice 
system as related to the application of manure, crop 
residue plus mineral fertilizer, and mineral fertilizer based 
on a long-term field experiment. 
 
 
MATERIALS AND METHODS 

 
Sites and cropping system 

 
The experiment was started in October 20, 1986, at Ning Xiang 
County (28°07' N, 112°18' E, and altitude 36 m) of Hunan Province,  

China. Under a continent monsoon climate, the annual mean 
precipitation is 1553 mm and potential evapotranspiration is 1354 
mm. The monthly mean temperature is 17.2°C. Soil texture of the 
plough layer (0–20 cm) is silt clay loam with 13.71 sand and 
57.73% silt. At the beginning of the study, the characteristics of the 
surface soil (0–20 cm) are as follows: soil organic carbon (SOC) 
29.4 g kg-1, total nitrogen 2.0 g N kg-1, available N 144.1 mg kg-1, 
total phosphorous 0.59 g P kg-1, available P 12.87 mg kg-1, total 
potassium 20.6 g K kg-1, and available potassium 33.0 mg kg-1. 
There are three crops in a year, barley (Hordeum vulgare L.), early 
rice (Oryza sativa L.), and late rice. Barley is sown in the middle of 
November and is harvested in early May of the following year. Early 
rice is then transplanted, and harvested in the middle of July. The 
growing season of late rice lasts from late July to the end of 
October. 
 
 
Experimental design  
 
There were five treatments: control (without fertilizer, CK), mineral 
fertilizer (MF), rice residue and mineral fertilizer (RF), low manure 
rate and mineral fertilizer (LOM), and high manure rate and mineral 
fertilizer (HOM). The experiment ensured all fertilized treatments 
received equal N rate (the amount of N in mineral fertilizer plus that 
from rice residue or manure). The fertilizer management information 
are listed in Table 1. Barley is sown in November 15, 2013, and is 
harvested in May 7, 2014. Early rice is transplanted in May 9, and 
harvested in July 24. Late rice was transplanted in July 26, and 
harvested in October 17. Before barley sowing, manure and air–
dried rice residue were incorporated into soil surface. Before barley 
sowing and rice transplanting, the soil were taken tillage, and the 
cultivation depth was about 20 cm. For barley, 70% of mineral N 
fertilizer was applied at seeding, and the 30% of N fertilizer was 
applied at top dressing. The phosphorus and K fertilizers were 
applied at seeding. The seeding rate application was 250.0 kg ha 
with each treatment. There were three replications and each plot 
size was 66.7 m2 (6.67 × 10 m). We referred to the data for the 
individual cropping periods as 2013–2014, after 27 consecutive 
years of position experiment. 
 
 
Soil sampling and measurements  
 

Data were collected from October 2013 to May 2014. In each plot, 
soil  samples  in  the  ploughed layer (0–20 cm) were collected from  
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Figure 1. Dynamics of alkaline phosphatase activity in field during barley growth stages, in response to 
N treatments. MF: mineral fertilizer; RF: rice residues and mineral fertilizer; LOM: low manure rate and 
mineral fertilizer; HOM: high manure rate and mineral fertilizer; CK: without fertilizer. SS: seedling stage; 
TS: tillering stage; JS: jointing stage; HS: heading stage; MS: maturity stage. Error bars represent the 
standard error of mean. Different letters indicate significance at P < 0.05, according to the least 
significant difference test. 

 
 
 
the centre of four hills of barley plants by using a drill at different 
barley growth stages, such as the seedling stage, tillering stage, 
jointing stage, heading stage and maturity stage. Three subsamples 
were collected from each plot.  

The soil samples were passed through a 2-mm sieve and kept 
moist in a refrigerator at 4°C until analysis. Arylamidase (EC 
3.4.11.2) activity was assayed by incubating 1.0 g moist soil with 
3.0 mL of 0.1 M THAM buffer (pH 8.0) and 1.0 mL of an 8.0 mM 
solution of L–leucine β–naphthylamide hydrochloride (Acosta–
Martínez and Tabatabai, 2000). Alkaline phosphatase (EC 3.1.3.1), 
β–glucosidase (EC 3.2.1.21) and arylsulfatase (EC 3.1.6.1) 
activities were determined as described by Tabatabai (1994), and 
the activity was reported as μg p–nitrophenol g-1 h-1. All 
measurements in the laboratory were repeated for three times. 
Meanwhile, colony forming units (CFUs) of soil aerobic bacteria, 
actinomycetes and fungi were enumerated by Wu et al. (2004). 
Colony forming units (CFUs) of soil aerobic bacteria were 
enumerated by a 10-fold dilution plate technique. And the number 
of aerobic bacteria was identified by spreading 100 μl of diluted 
sample on LB agar medium. Three replicates of the inoculated agar 
plates were incubated at 28°C for 3 days for bacteria, after which 
colonies were counted. 
 
 
Statistical analysis 
 

All data were expressed as mean ± standard error. The data of 
different treatments at the same growth stage were analyzed as a 
randomized complete block, using the ANOVA procedure of SAS 
(SAS Institute, 2003). Mean values were compared using the least 
significant difference (LSD) test, and a probability value of 0.05 was 
considered to indicate statistical significance. 

RESULTS 
 
Dynamics of alkaline phosphatase activity during 
barley growth stages 
 
Under different fertilization treatments during the barley 
growth, alkaline phosphatase activity in the MF, RF, LOM 
and HOM soils was higher than that in the control plot 
(Figure 1). In the barley growing season, the order of 
alkaline phosphatase activity was: HOM>LOM>RF> 
MF>CK, and there were significant differences (P <0.05) 
between HOM, LOM, RF, MF and CK. In the barley 
growing season, the alkaline phosphatase activity under 
different N treatments was in the range of 93.07–221.79, 
110.41–240.13, 115.60–246.85, 121.53–256.77 and 
76.92–203.64 μg p-nitrophenol g

-1
 soil h

-1
, respectively. 

The highest activity was detected at the tillering stage 
(TS) (Figure 1). 
 
 
Dynamics of β-glucosidase activity during barley 
growth stages 
 
During barley growing stages, the activity of soil β-
glucosidase was significantly affected by manure, rice 
residue and mineral fertilizer additions. The highest β-
glucosidase  activity  was  observed  with  HOM  and  the  
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Figure 2. Dynamics of β-glucosidase activity in field during barley growth stages, in 
response to N treatments. MF: mineral fertilizer; RF: rice residues and mineral fertilizer; 
LOM: low manure rate and mineral fertilizer; HOM: high manure rate and mineral 
fertilizer; CK: without fertilizer. 
SS: seedling stage; TS: tillering stage; JS: jointing stage; HS: heading stage; MS: 
maturity stage. Error bars represent the standard error of mean. Different letters indicate 
significance at P < 0.05, according to the least significant difference test. 

 
 
 
lowest activity with CK (Figure 2), and the order of β-
glucosidase activities was as follows: HOM>LOM> 
RF>MF>CK. In the barley growing season, there was a 
significant difference (P < 0.05) in β-glucosidase activity 
under the HOM and MF treatment at the seedling stage 
(SS), TS, jointing stage (JS), heading stage (HS) and 
maturity stage (MS). 
 
 
Dynamics of arylsulfatase activity during barley 
growth stages 
 
During barley main growing stages, soil arylsulfatase 
activities with different treatments was in the range of 
26.45–32.56, 29.72–34.30, 30.05–35.68, 31.52–36.97 
and 24.10–31.45 μg p–nitrophenol g

-1
 soil h

-1
, respectively 

(Figure 3). There was no significant difference (P > 0.05) 
in arylsulfatase activities between the MF and CK, but the 
arylsulfatase activities in HOM and LOM was significantly 
(P < 0.05) higher than that in MF, CK at the main growth 
stages of barley. 
 
 
Dynamics of arylamidase activity during barley 
growth stages 
 
The application of the manure, rice straw and mineral 
fertilizers significantly affected soil arylamidase activity 
(Figure 4). At 0–20 cm soil depth, there was no significant 
difference (P > 0.05) in soil arylamidase activity under the 

HOM, LOM and RF, but these activities were significantly 
(P < 0.05) higher than that in CK in all growth stages of 
barley. In the barley growing season, arylamidase activity 
changed in the range of 22.75–35.54, 24.97–37.67, 
25.62–38.95, 26.47–39.88 and 20.42–32.01 μg p-
nitrophenol g

-1
 soil h

-1
, respectively.  

 
 
Enumeration of aerobic bacteria, fungi and 
actinomycetes in soil 
 
During barley growth stage, there were significant 
differences (P < 0.05) in the numbers of aerobic bacteria, 
fungi and actinomycetes between HOM, LOM, RF, MF 
and CK. The order of number of aerobic bacteria was 
RF>MF>HOM=LOM>CK at the barley main growing 
stages (Table 2). Also, the numbers of soil fungi and 
actinomycetes with manure, rice straw and mineral 
fertilizer were significantly higher (P < 0.05) than the 
control at different barley stages. And the number of soil 
actinomycetes and fungi decreased in the order 
HOM>LOM>RF>MF>CK in the barley growing season.  
 
 
DISCUSSION  
 
Soil enzyme activities under different fertilizer N 
management during barley growth 
 
Soil  enzymes responded to management practices more  
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Figure 3. Dynamics of arylsulfatase activity in the field during barley growth stages, in response 
to N treatments. MF: mineral fertilizer; RF: rice residues and mineral fertilizer; LOM: low manure 
rate and mineral fertilizer; HOM: high manure rate and mineral fertilizer; CK: without fertilizer. SS: 
seedling stage; TS: tillering stage; JS: jointing stage; HS: heading stage; MS: maturity stage. 
Error bars represent the standard error of mean. Different letters indicate significance at P < 
0.05, according to the least significant difference test. 

 
 
 

 
 

Figure 4. Dynamics of arylamidase activity in the field during barley growth stages, in response to N 
treatments. MF: mineral fertilizer; RF: rice residues and mineral fertilizer; LOM: low manure rate and 
mineral fertilizer; HOM: high manure rate and mineral fertilizer; CK: without fertilizer. SS: seedling 
stage; TS: tillering stage; JS: jointing stage; HS: heading stage; MS: maturity stage. Error bars 
represent the standard error of mean. Different letters indicate significance at P < 0.05, according to 
the least significant difference test. 

 
 
 
quickly than other soil factors, therefore, it was used as 
early indicator of biological changes. Wu et al. (2014) 
showed that the activity  of  soil  enzymes  was  positively 

correlated with concentrations of soil available 
phosphorus and available nitrogen in continuous cropping 
soil.   At   the   barley   main   growth  stages,  there  were  
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Table 2. Variations of (cfu g-1 dry soil) soil aerobic bacteria, fungi and actinomycetes at different barley growth stages and under 
different fertilization treatments. 
 

Items Treatment 
Barley growth stage 

SS TS JS HS MS 

Aerobic bacterial (×10
4
cfu g

-1
 

dry soil) 

MF 249.03±8.17
b
 59.81±6.16

d
 110.11±7.61

d
 120.46±7.89

d
 103.05±8.18

d
 

RF 282.92±7.19
a
 106.11±4.25

c
 156.41±5.70

c
 166.76±5.98

c
 140.87±6.27

c
 

LOM 159.86±4.61
c
 147.26±3.06

b
 197.56±4.52

b
 206.98±4.81

b
 217.33±4.07

b
 

HOM 156.64±4.52
c
 213.44±1.73

a
 263.74±3.18

a
 273.16±3.48

a
 283.46±2.97

a
 

CK 117.18±3.38
d
 49.59±1.43

d
 99.89±2.88

d
 109.31±3.16

d
 81.49±2.35

e
 

       

Fungi (×10
2
 cfu g

-1
 

dry soil) 

MF 37.71±2.34
c
 44.46±2.54

d
 56.33±3.71

c
 50.49±3.47

d
 47.25±3.37

d
 

RF 61.46±2.23
b
 69.18±2.45

c
 97.03±3.01

b
 93.16±2.97

c
 90.78±2.91

c
 

LOM 77.32±1.77
a
 85.04±1.99

b
 104.05±2.80

b
 102.75±2.69

b
 100.95±2.62

b
 

HOM 81.03±1.09
a
 88.06±1.28

a
 128.48±1.63

a
 120.36±1.46

a
 116.84±1.36

a
 

CK 27.17±0.78
d
 33.71±0.97

e
 38.58±1.11

d
 37.59±1.09

e
 35.86±1.04

e
 

       

Actinomycetes 

(×10
3
 cfu g

-1
  

dry soil) 

MF 105.09±5.54
d
 84.85±4.95

d
 119.33±6.05

c
 90.71±5.80

c
 98.66±5.41

d
 

RF 158.11±4.98
c
 137.87±4.39

c
 139.26±5.78

b
 130.64±5.53

b
 142.17±4.50

c
 

LOM 172.41±4.56
b
 152.17±3.98

b
 200.31±4.02

a
 191.69±3.77

a
 155.79±4.10

b
 

HOM 191.84±3.03
a
 171.60±2.45

a
 209.65±3.44

a
 201.03±2.62

a
 187.30±2.85

a
 

CK 84.06±2.43
e
 63.82±1.84

e
 67.11±1.94

d
 50.49±1.46

d
 58.68±1.69

e
 

 

MF: mineral fertilizer; RF: rice residues and mineral fertilizer; LOM: low manure rate and mineral fertilizer; HOM: high manure rate and mineral 
fertilizer; CK: without fertilizer. SS: seedling stage; TS: tillering stage; JS: jointing stage; HS: heading stage; MS: maturity stage. Values are 
presented as mean ± SE (n = 3). Different lowcase letters indicate significance at P < 0.05, according to the least significant difference test. 

 
 
 

significant differences (P > 0.05) in alkaline phosphatase 
activity between HOM, LOM, RF, MF and CK treatments. 
The results showed that alkaline phosphatase activity 
were affected by application of manure and residue 
management practices. Temporal variations in activity, 
induced by manure and crop residue decomposition, may 
promote the enzymes by the microbial biomass. Increase 
of alkaline phosphatase activity in HOM, LOM, RF and 
MF treatments suggested that there was a stimulus of P-
supplying mechanisms to the microbial community with 
fertilizer or manure, crop-derived inputs (Ritz et al., 
1997). And there were significant differences (P > 0.05) in 
alkaline phosphatase activity under the HOM and MF 
treatments at the main growth stages of barley. And the 
difference in the enzyme activity was in response to 
mineral fertilizer, manure, and straw incorporation or crop 
rotation practices used in this study. 

β-Glucosidase is the enzyme for degradation of organic 
compounds in soil which plays a crucial role in the C 
cycle in soils. β-Glucosidase releases important energy 
sources for microorganisms. Bandick and Dick (1999) 
and Ekenler and Tabatabai (2003) showed that the 
activity of β-glucosidase was affected by different residue 
management practices. These studies showed that there 
are significant difference in β-glucosidase activity among 
the mineral fertilizer, rice residue and mineral fertilizer, 
manure and mineral fertilizer and without fertilizer 
treatments at the barley main growth stages. There are 
close   relationship     between     glucosidases     and   β-

glucosidase activity, which glucosidases hydrolyzed to 
glucose. The increase of β-glucosidase activity and 
glucosidases with HOM, LOM and RF treatments was 
possibly related to the increased mineralization of organic 
matter added with the manure and rice residue, which 
may provide the higher C substrates for β-glucosidase 
and glucosidases activity.  

Arylsulfatase is an extracellular enzyme which plays an 
important role in sulfur (S) recycle for soil and plant 
(Tejada et al., 2006). This study showed that the soil 
activity of arylsulfatase with HOM, LOM, RF treatments 
were higher than that of the MF, CK treatments at the 
barley main growth stages. These observations indicated 
that manure, rice residue and mineral fertilizer made 
higher contribution to the SOM than without fertilizer, 
which may explain the higher immobilization in 
rhizosphere soil containing manure, rice residue and 
mineral fertilizer and fertilizer than in rhizosphere soil 
containing without fertilizer. In the present study, 
differences in soil arylsulfatase activity were related to the 
quantity of substrate contained in the organic and rice 
straw incorporation. 

Soil arylamidase plays an important role in N 
mineralization in soils (Acosta-Martínez and Tabatabai, 
2000; Castellano and Dick, 1988). Previous studies 
demonstrated that the arylamidase activity was affected 
by residue management (Deng and Tabatabai, 1997). In 
this study, statistical analyses suggested that arylamidase 
activity  was  affected  by  different  fertilizer management  
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(Figure 4). Dick et al. (1988) reported that the arylamidase 
activity decreased with long-term addition of inorganic N, 
whereas the activity increased with crop residues 
additions in wheat-fallow system. The low activity of 
arylamidase at the main growth stages of barley might be 
related to the fertilizer management. The reason maybe 
the difference in decomposable organic material in the 
manure, crops straw-returned soil which favored soil 
enzyme activity (Luo et al., 2011; Sharma and Arora, 
2011).  
 
 
Soil microbial abundance in response to fertilizer N 
management 
 
Enami et al. (2001) suggested that soil microbial 
community structure was affected by rice straw. 
Kyriakopoulos et al. (2006) also showed that soil 
microbial community structure was affected by pH, ionic 
strength and natural organic matter. It was discovered 
that the numbers of soil aerobic bacteria, actinomycetes 
and fungi increased by application of manure and rice 
residue. In the present study, as compared to the without 
manure soil, the numbers of soil aerobic anaerobic 
microorganisms were increased with manure and rice 
straws treatments (Table 2). This might be due the 
difference of decay rates in the manure and crops straws-
returned soil which favored aerobic bacteria. As a result, 
the numbers of aerobic bacteria with HOM, LOM, RF 
treatments were increased at barley main growth stages. 
Some studies indicated that soil fungi are important for 
the formation and stabilization of soil aggregates; 
however, soil fungi are also sensitive to environmental 
change (David et al., 2012; Li et al., 2012). This research 
indicated that the number of soil fungi decreased 
following HOM>LOM>RF>MF>CK at barley main growth 
stages. The reason may be that the changes of soil 
environmental on fungal diversity could influence 
ecosystem function via decomposition of manure and 
crops straws, so the soil fungi populations were 
increased by application with manure and rice straws at 
barley main growth stages. Present results also indicate 
an increase of actinomycetes number with manure and 
rice residue application at barley main growth stages. 
And the differences in the different treatments may have 
resulted in the differences in the numbers of aerobic 
bacteria, actinomycetes and fungi between the applied 
with manure, rice straws and without organic input 
treatments. And the further studies could be helpful to 
better understand these changes in the number of soil 
microbial impact on the soil microbial functions and 
nutrient availability. 
 
 
Conclusion 
 

Soil microbial abundance and enzyme activities are the 
main driving factors for organic matter decomposition and  

 
 
 
 
play an important role in soil nutrient transformation. This 
study indicated that soil enzyme activities and soil 
microbial abundance were affected by the application of 
manure, crop residue and mineral fertilizer practices 
during barley growth. Combined application of manure, 
crop residue and mineral fertilizer stimulated soil β-
glucosidase, alkaline phosphatase, arylsulfatase and 
arylamidase activities. The numbers of soil microbes also 
increased when mineral and organic fertilizers were 
added. The application of mineral fertilizer was beneficial 
for microbial abundance, but the enhancement was lower 
than that of HOM, LOM and RF treatments. Therefore, 
these findings indicated that soil enzyme activity and soil 
microbe population were improved by using HOM, LOM 
and RF treatments. As a result, it is the best way to 
maintain soil fertility by using HOM, LOM and RF 
fertilization models. 
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