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Abstract  
Microbial resistance to antibiotics has been emerging in environmental isolates. This study was 
carried out from October 2008 to January 2009 to describe the antibiotic susceptibility pattern of 
the bacteria isolated from sewage sludge, biowaste and bioslurry samples. A total of 49 
identified isolates were taken for antibiotic susceptibility test. Amikacin and Gentamicin were 
the effective antibiotics for the Gram negative bacteria, comparatively Escherichia coli was the 
most sensitive. Similarly, all isolates of Staphylococcus aureus and Enterococcus spp. were 
sensitive to Tetracycline and Erythromycin respectively and none of these isolates were resistant 
to Vancomycin. Out of 13 S. aureus, five (38.5%) were Methicillin resistant Staphylococcus 
aureus (MRSA). The multidrug resistant (MDR) isolates accounted for 46.9%, the highest 
percentage of MDR isolates was seen in Pseudomonas aeruginosa (9/12, 75.0%). The proper 
management of multidrug resistant bacteria present in waste is suggestive for environmental and 
public health. 
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Introduction 
Sewage sludge and biowaste contain human 
and animal pathogens in high number 
(Lepeuple et al., 2004). The prophylactic 
treatments, such as medication and 
sanitation, can help to control the pathogens 
but these treatments are increasingly 
expensive and decreasingly effective since 
drug resistance can develop in 
microorganisms (Marchaim, 2007). 
Antibiotic resistant bacteria are now found 
in large numbers in virtually every 
ecosystem. 

Resistance against antimicrobials may 
cause severe problems in human and animal  

 
healthcare (Sahlström, 2006). The 
development of bacterial antimicrobial 
resistance is neither an unexpected nor a 
new phenomenon. The consequences of 
over use of antibiotics in human, animal and 
agriculture exposes both terrestrial and 
aquatic environments which accelerate  for 
the development of drug resistant bacteria in 
the environment and also change the 
community structure/diversity of 
environmental bacteria (Andersson, 2003; 
Food Safety, 2008). Due to the application 
of manure from medicated livestock being 
applied to agricultural soils, multiple drug 
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resistance has developed in the micro-flora 
and intestinal flora of livestock (Halling-
Sorensen et al., 1998). Besides 
antimicrobial substances, the non-antibiotic 
substances that are frequently found in 
sewage such as disinfectants, sterialints, and 
heavy metals increase selective pressure on 
microorganisms to develop resistance to 
these agents (Baquero et al., 1998). 

The presence of large quantities of 
specific antibiotics in the environment, the 
disposal of unused drugs and the use of 
antibiotics in raising food animals has 
contributed significantly to the global pool 
of antibiotic resistant bacteria among 
human, animal and the environment and 
thus create a serious global human and 
animal health problem. We designed a study 
to describe antibiotic susceptibility pattern 
of the gram positive and gram negative 
bacterial isolates from waste samples in the 
environment.  
 
Materials and methods 
A total of 36 waste samples including a 
sewage sludge, seventeen different bio-
waste and eighteen bio-slurry samples were 
selected for the isolation of gram positive 
and gram negative bacteria. Sewage sludge 
was collected from sewerage treatment plant 
at Guheshwori in Kathmandu whereas bio-
waste (fruit and vegetable waste, poultry 
manure, animal dung, kitchen waste etc.) 
and bioslurry (digested residue) samples 
were collected from different institutional 
and household biogas plants within 
Kathmandu valley. All the samples were 
collected by random sampling technique 
and were analysed in Microbiology 
Laboratory of National College, 
Kathmandu. Different microbiological 

media were used for the isolation of 
different bacteria which were identified by 
their cultural, morphological and 
biochemical characteristics.  

Altogether 49 bacterial isolates were 
subjected to antibiotic susceptibility testing 
by using a disc diffusion method in 
accordance with Clinical and Laboratory 
Standards Institute (CLSI). Staphylococcus 
aureus producing inhibition less than 10 
mm zone diameter or producing no 
inhibition to Oxacillin discs (1µg) were 
considered resistant to Oxacillin and the 
organism was defined as MRSA (MH, 
2002; Savas et al., 2005). On the basis of 
sensitivity pattern of the isolates, bacteria 
that were resistant to ≥2 classes of 
antibiotics were considered as multi drug 
resistant bacteria (Dahal et al., 2005). 
 
Results 
A total of 49 bacterial isolates were 
identified which belong to five genera and 
their pattern of distribution is shown in 
Figure 1. 

Gram negative bacteria exhibited 
elevated resistance towards Amoxycillin. 
All isolates of Escherichia coli were 
sensitive to Gentamicin and Amikacin. The 
most effective antibiotics for Pseudomonas 
aeruginosa were found to be Gentamicin 
and Amikacin as 11(91.67%) isolates were 
sensitive. Similarly, out of 5 Salmonella 
spp., 4 (80%) were sensitive to 
Ciprofloxacin, Cotrimoxazole, 
Chloramphenicol and Gentamicin (Table 1). 
The antibiotic susceptibility test for 
Staphylococcus aureus showed that 
Vancomycin and Tetracycline was the most 
effective as all 13 (100%) isolates were 
sensitive. Out of 13 isolates, 5(38.46%) 
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isolates were found to be MRSA. All 
Enterococcus spp. were sensitive be 
Vancomycin and Erythromycin and resistant 
to Cephalexin and Ceftazidime (Table 2). 
Out of 49 isolates taken for antibiotic 
susceptibility test, 23 (46.9%) were found to 
be MDR isolates. The results are shown in 
Table 3.  
 
Discussion 
Sewage sludge and biowastes harbor a wide 
range of pathogenic and indicator 
organisms. The composition in pathogens 
depends on the type of waste studied. A 
total of 109 bacteria were identified from 
sewage sludge, biowaste and bioslurry 
samples, which belong to 12 genera. Dudley 
et al. (1980); Strauch (1991); Carrington 
(2001); Lepeuple (2004) and Sahlström et 
al. (2008) have reported similar genera of 
bacteria from the sewage sludge and 
biowaste.  

A total of 49 environmental isolates of 5 
genera were taken for antibiotic 
susceptibility test against different 
antibiotics. Escherichia coli and faecal 
Streptococci are the indicator organisms and 
they were frequently isolated even from the 
digested residues (bio-slurry). While other 
bacteria such as Salmonella spp., 
Pseudomonas spp. and Staphylococcus spp. 
are pathogenic and most commonly 
associated with humans diseases. The 
selection of antibiotics for their 
susceptibility test was dependent upon the 
type of antibiotics used for the particular 
type of bacteria. The increasing use of 
antibiotics in humans, animals and 
agriculture may be the important factor in 
developing the antibiotic resistant bacteria. 
The antibiotic susceptibility pattern among 

11 Escherichia coli isolates showed that 
90.91% the isolates were resistant towards 
at least one of the antibiotics used and 
45.46% of the total isolates were multidrug 
resistant. All isolates were sensitive to 
Gentamicin, Amikacin and Ceftazidime and 
the higher resistance was seen to 
Amoxycillin (90.91%). The antibiotic 
resistance patterns obtained by Lin et al. 
(2004) among 113 enteric bacteria isolated 
from Mhlathuze river showed that 94.7% 
were resistant to at least one class of 
antibiotic, 75.2% were multiresistant and all 
isolates were sensitive to Gentamicin. 
Similarly, the study conducted by Alhaj et 
al. (2007) found that 61.2% of the total 
environmental isolates of E. coli were multi 
resistant. The lower percentage of multidrug 
resistant E. coli found in present study may 
be affected by the location (Pillai et al., 
1997). 

Among 12 environmental Pseudomonas 
aeruginosa isolates, 75% were found to be 
the multidrug resistant while 22.22% were 
resistant towards more than 3 antibiotics of 
different class. The higher susceptibility was 
observed to Amikacin and Gentamicin 
which exhibited 91.67% followed by 
Ciprofloxacin (83.34) and Ceftazidime 
(66.67%) and all isolates were resistant 
towards Tetracycline and Cephalexin. 
Shahid and Malik (2005) reported that 96% 
of clinical Pseudomonas aeruginosa isolates 
was multi drug-resistant and the majority 
(71.4%) were resistant to 5 or more 
antibiotics. The clinical Pseudomonas 
aeruginosa isolates are more resistant to the 
antibiotics than environmental isolates 
(Shahid and Malik, 2005). 40% of the 
isolates of Salmonella spp. were multidrug 
resistant (MDR), the higher resistance was  
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Figure 1. Distribution of bacterial isolates 

 

Table 1. Antibiotic sensitivity pattern of Gram negative bacteria 
E. coli (11) P. aeruginosa (12) Salmonella spp. (5) Antibiotics 

used S(%) PS(%) R(%) S(%) PS(%) R(%) S(%) PS(%) R(%) 
Am 
Cp  
Ci 
Cfx 
Ca 
Ak  
G  
T  
C  
Cf 
Nf  
Co  
Na 

9.1 
- 
- 
- 
100.0 
100.0 
100.0 
45.4 
- 
54.5 
72.7 
72.7 
- 

- 
- 
- 
- 
- 
- 
- 
27.3 
- 
18.2 
18.2 
18.2 
- 

90.9 
- 
- 
- 
- 
- 
- 
27.3 
- 
27.3 
9.1 
9.1 
- 

- 
- 
58.3 
- 
66.7 
91.7 
91.7 
- 
- 
83.3 
- 
16.7 
- 

- 
- 
33.3 
- 
8.3 
- 
- 
- 
- 
- 
- 
8.3 
- 

- 
100.0 
8.4 
- 
25.0 
8.3 
8.3 
100.0 
- 
16.7 
- 
75.0 
- 

20.0 
- 
- 
40.0 
- 
- 
80.0 
20.0 
80.0 
80.0 
- 
80.0 
40.0 

- 
- 
- 
20.0 
- 
- 
20.0 
20.0 
- 
- 
- 
- 
20.0 

80.0 
- 
- 
40.0 
- 
- 
- 
60.0 
20.0 
20.0 
- 
20.0 
40.0 

S= Sensitivity, PS= Partially Sensitive, R= Resistance, Am= Amoxycillin, Cp= Cephalexin, Ci= Ceftriaxone, 
Cfx= Cefixime, Ca= Ceftazidime, Ak= Amikacin, G= Gentamicin, T= Tetracycline, C= Chloramphenicol, Cf= 
Ciprofloxacin, Nf= Nitrofurantoin, Co= Cotrimoxazole, Na= Nalidixic acid 

 
Table 2. Antibiotic sensitivity pattern of Gram positive bacteria 

Staphylococcus aureus (13) Enterococcus spp. (8) Antibiotics 
used S(%) PS(%) R(%) MRSA S(%) PS(%) R(%) 
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Am 
Cx 
Ox 
M 
Cp 
Ca 
E 
T 
Cf 
Co 
Va 

  30.8 
  38.5 
  61.5 
  53.8 
   - 
  38.5 
  61.5 
100.0 
   - 
  84.6 
100.0 

- 
- 
- 
7.7 
- 
- 
15.4 
- 
- 
 7.69 
- 

69.2 
61.5 
38.5 
38.5 
- 
61.5 
23.1 
- 
- 
  7.69 
- 

38.5% 

 75.0 
- 
- 
- 
- 
- 
100.0 
 75.0 
 75.0 
 50.0 
100.0 

12.5 
- 
- 
- 
- 
- 
- 
- 
25.0 
12.5 
- 

 12.5 
- 
- 
- 
100.0 
100.0 
- 
 25.0 
- 
 37.5 
- 

S= Sensitivity, PS= Partially Sensitive, R= Resistance, Am= Amoxycillin, Cx= Cloxacillin, Ox= Oxacillin, M= 
Methicillin, Cp= Cephalexin, Ca= Ceftazidime, E= Erythromycin, T= Tetracycline, Cf= Ciprofloxacin, Co= 
Cotrimoxazole, Va= Vancomycin and MRSA= Methicillin resistant Staphylococcus aureus 
 
Table 3. Antibiotic sensitivity pattern of MDR isolates 

No. of isolates resistance to 
Bacteria 2 drugs of 

different class 
3 drugs of 
different class 

>3 drugs of 
different class 

Total MDR 
isolates 
No. (%) 

Escherichia coli (n=11) 
P. aeruginosa (n=12) 
Salmonella spp.(n=5) 
S. aureus (n=13) 
Enterococcus spp.(n=8) 
Total (N=49) 

4 
3 
1 
2 
3 
13 

1 
4 
- 
1 
1 
7 

- 
2 
1 
- 
- 
3 

 5 (45.5) 
 9 (75.0) 
 2 (40.0) 
 3 (23.1) 
 4 (50.0) 
23 (46.9) 

 
observed for Amoxycillin (80%) followed 
by Tetracycline (60%). Sahlström (2006) 
reported that among 101 Salmonella spp. 
isolated from sewage sludge, 12% of the 
strains were resistant to one or more 
antibiotics and 7% were multiresistant 
(resistant to ≥ 3 antimicrobials). Similarly, 
among 33 strains of Salmonella spp. 
isolated from raw sewage sludge, 4 strains 
i.e. 12% were found to be multiresistant to 
the antibiotics used (MAF, 2003). A higher 
percentage of MDR Salmonella spp. in this 
study may be due to low number of the 
isolates and also due to defining MDR to 

those isolates that were resistant to ≥2 
antibiotics. 

In this study, 23.07% of the total 13 
Staphylococcus aureus isolates were 
multidrug resistant while MSSA (61.54%) 
and MRSA (38.46%). All the isolates were 
sensitive towards Vancomycin and 
Tetracycline. However, higher resistance 
was noted for Amoxycillin (69.23%), 
followed by Cloxacillin and Ceftazidime 
(61.54%). Communicable Diseases 
Intelligence reported among 524 clinical 
isolates of S. aureus, 417 (79.6%) MSSA, 
107 (20.4%) MRSA and also found all  
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MRSA isolates were sensitive to 
Tetracycline and Co-trimoxazole. MOH 
(2002) defined S. aureus as MRSA if the 
bacterium is resistant to oxacillin or 
methicillin but recommended Oxacillin 
unless a particular MRSA strain is shown to 
be more readily detected with methicillin. In 
this study, S. aureus resistant to Oxacillin 
were considered as MRSA but S. aureus 
isolates resistant to Oxacillin were also 
found to be resistant to Methicillin. 50% 
isolates of Enterococcus spp. were found to  

be MDR-strains and all the isolates were 
found to be sensitive towards Erythromycin 
and Vancomycin while 75% of the total 
isolates were sensitive towards 
Amoxycillin, Ciprofloxacin and 
Tetracycline. Similarly, all the isolates were 
resistance to Cephalexin and Ceftazidime.   
 
Conclusion 
Most of sewage sludge and biowaste 
isolates were found multidrug resistant. 
Therefore, it is important to manage the 
multidrug resistant bacteria present in 
sewage sludge and biowaste through the 
treatment to protect the human and animal 
health. 
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