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Abstract 
______________________________________________________________________________________________________ 

Water for human consumption is required to be free from any bacteria that might pose a 
health risk. The worldwide prevalence of pathogen contamination is a serious concern, and 
enhancing the understanding of major pathogen sources and their significant impacts on 
water resources is crucial. Further, these organisms underwent multiple drug resistance in 
their systems. The present study mainly focused on Multiple Drug Resistant (MDR) 
bacterial pathogens in well water system in and around Wolaita Sodo Town. A total of 380 
well water samples were collected and screened for SPC, enrichment process and selective 
media isolation. Further all the isolates were used to know the sensitivity/resistant 
patterns by Bauer-Kirby method and based on resistant pattern MDR isolates were 
assessed and recorded. Amon 380 well water samples screened for water potability by SPC 
method, 154 samples were positive. Among 154 SPC positive water samples yielded 106 
different isolates of bacteria and it includes five genera, namely Escherichia coli, Salmonella 
spp., Shigella spp., Proteus spp. and Enterococcus spp. All the isolated five genus were 
confirmed by preliminary characters, colony morphology and biochemical tests. Among 
106 isolates, 13 isolates of E. coli, 3 isolates of Salmonella spp., 21 isolates of Shigella spp., 9 
isolates of Proteus spp., and 4 isolates of Enterococcus spp. were documented as MDR 
bacterial pathogens. The high prevalence rate of multiple drug resistant bacterial 
pathogens in the well water samples could potentially pose a threat to people consuming 
this water. Therefore, the present study suggesting to monitor the quality of water and 
strict quality control measures should be put in place to ensure the effective treatment of 
drinking water. 

Keywords: Water samples, Standard Plate Count, Antibacterial Susceptibility Test and 
MDR 

 

INTRODUCTION 

Water is a natural resource and is essential to sustain life. 
Accessibility and availability of fresh clean water does not 
only play a crucial role in economic development and social 
welfare, but also it is essential element in health, food 
production and poverty reduction.1 Water helps to maintain 
the moisture of internal organs of the body; maintains 
normal volume and consistency of fluids such as blood and 
lymph; regulates body temperature; removes poisons or 
toxins from the body through, urine sweat and breathing; 
and is essential for regulating the normal structure and 
function of the skin.2 Around 700 million people suffer from 
lack of access to clean and safe water and 2.2 million people 
die from water-borne diseases every year globally. Infants 
are the most vulnerable targets of these diseases.3 The 
problem is even severe in developing countries where 
generally the drinking water is untreated. Bacteria 
constitute one of the major contaminants of water and they 
have been reported to persist even in the extreme 
environmental conditions and oligotrophic conditions.4  

Diseases related to contamination of drinking water 
constitute a major burden on public health. The principal 
risk to the health is from ingestion of water contaminated 
with faeces containing pathogens that cause infectious 
diseases such as cholera and other diarrhoea diseases, 
dysenteries and enteric fevers.5 As a result, water related 
diseases continue to be one of the major health problems 
globally.6 It is estimated that globally 80% of all illnesses are 
linked to use of unsafe and microbiologically poor water 
quality.7,8 Increase in antibiotic resistance level is now a 
global problem. Infections with antibiotic resistant bacteria 
make the therapeutic options for infection treatment, 
extremely difficult or virtually impossible in some 
instances.9  

Antibiotic resistance is not only found in pathogenic bacteria 
but also in environmental organisms inhabiting terrestrial 
and aquatic habitats. Higher numbers of resistant bacteria 
occur in polluted habitats compared with unpolluted 
habitats, indicating that humans have contributed 
substantially to the increased proportion of resistant 
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bacteria occurring in the environment. Antibiotics exert a 
selection in favour of resistant bacteria by killing or 
inhibiting growth of susceptible bacteria; resistant bacteria 
can adapt to environmental conditions and serve as vectors 
for the spread of antibiotic resistance. The main risk for 
public health is that resistance genes are transferred from 
environmental bacteria to human pathogen. In general 
terms, the greatest microbial risks are associated with 
ingestion of water that is contaminated with human or 
animal faeces. Wastewater discharges in fresh waters and 
costal seawaters are the major source of faecal 
microorganisms, including pathogens. Acute microbial 
diarrheal diseases are a major public health problem in 
developing countries. People affected by diarrheal diseases 
are those with the lowest financial resources and poorest 
hygienic facilities. Children under five, primarily in Asian 
and African countries, are the most affected by microbial 
diseases transmitted through water.10  

Microbial water-borne diseases also affect developed 
countries. In the USA, it has been estimated that each year 
560,000 people suffer from severe water-borne diseases, 
and 7.1 million suffer from a mild to moderate infections, 
resulting in estimated 12,000 deaths a year.11 In 2015, 
reports revealed that around 319 million people in sub–
Saharan African, characterized by the shortage of clean and 
safe water for drinking.12 Antimicrobial agents’ resistance 
has been recognized as an emerging worldwide problem, in 
both human and veterinary medicine, and drug abuse is 
considered the most important factor for the emergence, 
selection and dissemination of antimicrobial agent resistant 
bacteria.13 Therefore, the present study majorly focussed on 
isolation and identification of Multi Drug Resistant Bacteria 
from well water samples in and around Wolaita Sodo Town, 
Southern Ethiopia.  

MATERIALS AND METHODS 

Sample source 

The sample source was well water which were collected 
from in and around Wolaita Sodo Town, SNNPR, Southern 
Ethiopia.  

Sample size determination 

For a risk assessment of bacteriological examination, sample 
size was calculated by prevalence 35.61% of total coliform 
count of bacteria pathogenic from different water sources 
from Shashemane Town and 0.05 allowable errors and 95% 
confidence interval   using the formula recommended by 
Thrusfield.14 

                     N= Z2p (1-p  
                                  d2  

Where, N = required sample size; P   =   prevalence;                  
d2    =   desired absolute precision 

Prevalence which is 35.61%  

     q = is failure which is calculated as 1-p (1-0.3167) =0.65 

     d is allowed error =0.05, 

Value from the normal distribution for the desired 
confidence level which is = 1.96 in this study. Based on 31.6 
% prevalence and Z value of 1.96 the sample size will be; 

        N=1.962(0.35) (0.65) / (0.05)2   = 349.4 

Further to be added 10% contingency for anticipated non 
response rate and it gives 35 

         N=349+35 = 384 

Sampling technique, sample collection and transporting 

A total of 380 well water samples were collected from 38 
different wells available in and around Wolaita Sodo Town. 
The well water samples were collected ten rounds with 
every three days interval. All the samples were collected 
aseptically with sterile water bottles and all samples 
properly noted. Finally, all the samples were transported to 
Post Graduate Microbiology Laboratory, Wolaita Sodo 
University, Wolaita Sodo. 

Standard Plate Count (SPC) 

All the samples were tested for presence of bacterial species 
in ml water sample by SPC method. Each sample of well 
water (1ml) were plated in molten nutrient agar by pour 
plate technique (original and duplicate maintained). Further 
plates were incubated for 18-24hours at 37ο C. Then plates 
were counted for presence of colonies. The positive result 
showed by more than 100cfu/ml and indicated earliest 
danger of outbreak of water-borne infection. The SPC 
method mainly focused water potability. Further all positive 
samples were subjected to enrichment process for isolation 
of bacteria.15 

Enrichment of water samples 

All positive well water samples were further inoculated in 
100ml of nutrient broth (1ml positive SPC sample) and 
enriched for growth of bacteria at 37ο C for 16 to 24hours. 
Further these samples were used for selective isolation. 

Selective media isolation   

After completion of enrichment process, from the 
enrichment broth aseptically the inoculum was transferred 
to different selective media, such as, Endo agar for 
Escherichia coli, Hekteon enteric agar medium for Salmonella 
spp. and Shigella spp, CLED for other members of 
enterobacteriaceae and Enterococcus spp. by quadrant 
streaking process. 

Preliminary tests, colony morphology and biochemical 
identification of bacteria 

From the selective media, the part of each suspected 
colonies was tested for following tests, grams staining, 
motility, catalase and oxidase. Further these different 
isolates isolated from appropriate selective media were 
inoculated again all the selective media individually. All the 
results were analysed and recorded in tables. 

Maintenance and preservation of pure culture strains 

The organisms grown in appropriate media for 18 hours 
were preserved in a nutrient agar slant at 2-8˚C in a 
refrigerator and the culture was used within two weeks for 
routine laboratory works. For long term preservation, 
strains were stored in brain heart infusion broth (BHIB) 
(HiMedia- LQ210D) with 20% glycerol and stored frozen 
without significant loss of viability at -20˚C until further 
study.16 

Antimicrobial susceptibility testing 

All the clinical isolates were tested for their sensitivity and 
resistant pattern by disc diffusion method.17 The culture 
plates were prepared by pouring 20 ml of Mueller Hinton 
agar (MHA) (HiMedia- M173). The depth of the medium was 
approximately 4 mm. Three to four similar colonies of pure 
cultures were inoculated with tryptone soy broth (HiMedia- 
M323), further, it was incubated at 37˚C for 2-8 hours and 
inoculum size was adjusted to yield uniform suspension 
containing 105-106 cells/ml (McFarland’s standard). The 
agar surface of the plates was swabbed in three directions, 
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turning the plates at 60˚ between each swabbing. Confluent 
growth is desirable for accurate results. A total of eight 
antibiotics were used for disc diffusion test. The antibiotic 
discs were placed over the surface of swabbed medium with 
equal distance to avoid the overlapping of the zone of 
inhibition. Then the discs were pressed gently on the surface 
of the medium and allowed to stand in refrigerator for 30 
minutes (pre-diffusion time). The plates were incubated at 
37˚C for 16-18 hours during which the activity was 
evidenced by the presence of zone of inhibition surrounding 
the discs. Each experiment was done in triplicate.  

Criteria for the selection of multi-drug resistant (MDR) 
strains  

Bacterial isolates resistant to three or more drugs of 
different structural classes were considered as MDR 
strains.18 In the current study, the drugs belong to the 
different classes of antibiotics were included and at the 
maximum eight antibiotics were used against all the isolates 
of individual genus. 

Reference strains 

Escherichia coli (ATCC-25922) and Enterococcus spp. (ATCC-
29212) were used as a quality control throughout the study 
for culture and antimicrobial susceptibility testing. All the 
strains obtained from Ethiopian Public Health Institute, 
Addis Ababa, Ethiopia.  

Data Entry and analysis  

After completion of AST, each measurement of different 
antibiotics was recorded according to the standard chart, 
such as, sensitivity, intermediate and resistant. Further the 

percentage of sensitivity/resistant had been calculated, 
based on the AST multi drug resistant bacteria (MDR) were 
assessed and calculated. All the values were recorded in 
appropriate tables. 

RESULTS 

Isolation and identification of bacteria pathogens  

All the collected water samples (380) were used to count the 
number of colonies using standard plate count. Standard 
Plate Count (SPC) normally used to know the potability of 
water samples. Among the 380 water samples, 154 samples 
were positive (more than 100cfu/ml in water sample 
considered to positive) rest of the samples were negative in 
SPC method. Total of 106 bacterial pathogens were isolated 
from all 154 positive SPC samples. All the 106 isolates were 
further identified based on colony morphology using 
selective media and different biochemical tests. Table 1 
showed the results of preliminary characters of bacterial 
isolates isolated from various water samples. Among five 
bacterial isolates, four were gram negative bacteria and one 
was gram negative bacteria. All the isolates were inoculated 
in Nutrient agar, MacConkey agar and Selective media of 
concern bacterial isolates and confirmed as Escherichia coli, 
Salmonella spp., Shigella spp., Proteus spp., and Enterococcus 
spp. based on the colony morphological characters (Table-
1).  

Further all the five different genera were confirmed by 
biochemical tests. Among these five different genera, four 
genera such as Escherichia coli, Salmonella spp., Shigella spp., 
and Proteus spp., showed Gram’s Negative except 
Enterococcus spp., which showed Positive in Gram’s staining.

 

Table 1: Identification of bacterial pathogens based on Colony Morphology using MacConkey agar, Nutrient agar and Selective 
agar media 

 

Bacterial Species 

Colony Morphology 

MacConkey Agar Selective Agar 

Escherichia coli Lactose fermenting pink coloured colonies Endo agar: A faint pink colour colonies 

Salmonella spp. Non-lactose fermenting colourless colonies Hektoen enteric agar:  Green colonies with black 
centre 

Shigella spp. Non-lactose fermenting colourless colonies Hektoen enteric agar: Colourless colonies 

Proteus spp. Non-lactose fermenting colourless colonies CLED Agar: Translucent blue colonies 

Enterococcus spp. Nutrient Agar: White, spherical colonies CLED Agar: Deep yellow colonies and uniform in colour 

 

In case of motility test, Escherichia coli, Salmonella spp., and 
Proteus spp., showed motile and Shigella spp., and 
Enterococcus spp., showed non-motile. All the five different 

genera showed oxidase negative and catalase positive except 
Enterococcus spp., which showed catalase negative (Table-
2). 

   

Table 2: Identification of bacterial pathogens based on the biochemical tests 

Bacterial species Gram staining Motility Catalase  Oxidase  

Escherichia coli Gram negative Motile Positive Negative 

Salmonella spp. Gram negative Motile Positive Negative 

Shigella spp. Gram negative Non-motile Positive Negative 

Proteus spp. Gram negative Motile Positive Negative 

Enterococcus spp. Gram positive  Non-motile Negative Negative 
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Prevalence of rate of bacterial pathogens isolated from 
well water samples 

Overall prevalence of bacterial isolates was assessed and 
recorded in table-3. Total number of 106 isolates of five 
different genera were isolated from 380 samples and 

therefore the overall prevalence rate was 27.89% (106 
isolates). The highest prevalence rate was with Escherichia 
coli 9.2% (35 isolates), followed by Shigella spp., Proteus 
spp., Enterococcus spp., and Salmonella spp. with respective 
prevalence rate of 8.68%,4.47%, 3.15% and 2.36.  

 

Table 3: Prevalence rate of bacterial pathogens isolates from well water samples 

S.No. Name of the isolates Total number of well water 
samples 

Number of Isolates Prevalence rate (%) 

1 Escherichia coli  

 

380 

35 9.21 

2 Salmonella spp. 9 2.36 

3 Shigella spp. 33 8.68 

4 Proteus spp. 17 4.47 

5 Enterococcus spp. 12 3.15 

6 Total Number of Isolates 106 -- 

7                     Overall Prevalence Rate 27.89 

 

Sensitivity/resistant pattern of bacterial pathogens 
isolated from well water samples 

Sensitivity/Resistant percentage of various classes of 
antibiotics against Escherichia coli was assessed and 
recorded in Table 4. Four classes of 8 antibiotics were used 
against 35 isolates of E. coli. Four classes of 8 antibiotics 
were used against 35 isolates of E. coli. Among that 
Quinolones derivative i.e., Sparfloxacin showed 100% 
sensitivity followed by Carbapenems i.e., Imipenem 94.2% 
and Meropenem 85.6% sensitivity showed respectively. All 

isolates of E. coli, mild to moderate sensitivity against 
Norfloxacin (57.1%), Nalidixic Acid (48.5%), Nitrofurontoin 
(38.5%) and Ertapenem, Aztreonam (31.4%) respectively. 
The result revealed that Sparfloxacin and Meropenem 
antibiotics were best drug of choice against these isolates. 
The resistant nature of E. coli also rapidly increased when 
these bacterial isolates present in the not only clinical line 
and environmental condition also influence the resistant 
level. A few strains were fallen in intermediate result (Buffer 
zone) and these strains retested and the same results were 
documented.

 

Table 4: Sensitivity/Resistant pattern of various classes of antibiotics against Escherichia coli 

(S)- Sensitivity, (I) - Intermediate, (R) – Resistant 

Sensitivity/Resistant percentage of various classes of 
antibiotics against Salmonella spp. was assessed and 
recorded in Table 5. A total six class of antibiotics (8 
antibiotics) were against all isolates of Salmonella, among 
that (09)100% sensitivity was documented with Gentamycin 
(Aminoglycosides class) followed by Co-Trimoxazole 
(Sulfonamides class) and Meropenem (Carbapenem class) 
77.8% respectively. Tobramycin and Chloramphenicol also 

moderately inhibited the growth of Salmonella isolates. 
Nearly five classes of antibiotics were resistant towards 
Salmonella isolates, such as, Ertapenem, Ofloxacin and 
Nitrofurontoin (45.5%) and Tobramycin and 
Chloramphenicol also showed the resistant. This is due to 
repeated exposure of these antibiotics and presence of 
Salmonellae widely in the environment. 

Antibacterial agents and its strength 

(µg) 

 

Symbol 

Escherichia coli - (n=35) 

S (%) I (%) R (%) 

Carbapenems 

Imipenem (10µg) IMP 33(94.2) 2(4.8) -- 

Meropenem (10µg) MRP 30(85.7) -- 05(14.3) 

Ertapenem (10µg) ETP 24(68.6) -- 11(31.4) 

Monobactams 

Aztreonam (30µg) AT 23((65.7) 01(2.9) 11(31.4) 

Quinolones 

Nalidixic Acid (30µg) NA 18(51.5) -- 17(48.5) 

Sparfloxacin (5µg) SPX 35(100) -- -- 

Norfloxacin (10µg) NX 15(42.9) -- 20(57.1) 

Nitrofuran 

Nitrofurontoin (300µg) NIT 22(62.85) -- 13(38.5) 
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Table 5: Sensitivity/Resistant pattern of various classes of antibiotics against Salmonella spp. 

Antibacterial agents and its strength 
(µg) 

 

Symbol 

Salmonella spp. - (n=09) 

S (%) I (%) R (%) 

Carbapenems 

Meropenem (10µg) MRP 07(77.8) -- 02(22.2) 

Ertapenem (10µg) ETP 05(55.5) -- 04(45.5) 

Quinolones 

Ofloxacin (5µg) OF 05(55.5) -- 04(45.5) 

Sulfonamides 

Co-trimoxazole (125µg) COT 07(77.8) -- 02(22.2) 

Lincosamides 

Chloramphenicol (30µg) C 06(66.6) -- 03(33.4) 

Aminoglycosides 

Tobramycin (10µg) TOB 06(66.6) -- 03(33.4) 

Gentamycin (10µg) GEN 09(100) -- -- 

Nitrofuran 

Nitrofurontoin (300µg) NIT 05(55.5) -- 04(45.5) 

(S)- Sensitivity, (I) - Intermediate, (R) – Resistant 

 

Sensitivity/Resistant percentage of various classes of 
antibiotics against Shigella spp. was assessed and recorded 
in Table 6. Six classes of antibiotics were admitted against all 
33 isolates of Shigella, among that none of the class of 
antibiotic showed 100% sensitivity rather than 
Nitrofurontoin showed (75.8%), Meropenem (69.7%) and 
Piperacillin, Gentamycin (60.6%) were documented 
respectively. Utmost five classes of antibiotics, Co-

Trimoxazole 18(55.6), Ofloxacin and Tobramycin 18(51.6), 
Ertapenem 14(42.4) and Gentamycin 13(39.4) were 
resistant against isolates of Shigella. The result revealed that 
some occasion cross resistance between humans and 
environment also plays a major role in developing resistance 
in microorganisms. Intermediate results were also 
reconfirmed by retest. 

 

Table 6: Sensitivity/Resistant pattern of various classes of antibiotics against Shigella spp. 

Antibacterial agents and its strength 
(µg) 

 

Symbol 

Shigella spp. – (n=33) 

S (%) I (%) R (%) 

Carbapenems 

Meropenem (10µg) MRP 23(69.7) -- 10(31.3) 

Ertapenem (10µg) ETP 19(57.6) -- 14(42.4) 

Quinolones 

Ofloxacin (5µg) OF 14(42.4) 02(6.0) 17(51.6) 

Sulfonamides 

Co-trimoxazole (125µg) COT 15(45.4) -- 18(55.6) 

Β-Lactam Antibiotic/Aminopenicillins 

Piperacillin (30µg) PI 20(60.6) 03(9.1) 10(30.3) 

Aminoglycosides 

Tobramycin (10µg) TOB 16(48.4) -- 17(51.6) 

Gentamycin (10µg) GEN 20(60.6) -- 13(39.4) 

Nitrofuran 

Nitrofurontoin (300µg) NIT 25(75.8) -- 08(24.2) 

(S)- Sensitivity, (I) - Intermediate, (R) – Resistant 
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Sensitivity/Resistant percentage of various classes of 
antibiotics against Proteus spp. was assessed and recorded in 
Table 7. Six classes of antibiotics were implemented against 
17 isolates of Proteus spp. among that Aminoglycosides class 
(Tobramycin - 100% and Gentamycin - 70.6%), Nitrofuran 
(Nitrofurontoin – 88.2%) and Sulfonamides (Co-Trimoxazole 
– 76.5%) sensitivity observed. It was interestingly noted that 

among five various isolates of present research, Proteus spp. 
was documented maximum level of resistance, such as, 
Norfloxacin (88.2%), Ertapenem (76.5%), Meropenem 
(70.6%) and Piperacillin (52.9%). This result revealed that 
how a few classes of antibiotics how actively involved in 
inhibition equally a few antibiotics were undergoing 
resistance. 

  

Table 7: Sensitivity/Resistant pattern of various classes of antibiotics against Proteus spp.  

(S)- Sensitivity, (I) - Intermediate, (R) – Resistant 

 

A few strains were fallen in intermediate result (Buffer zone) 
and these strains again tested and the same results were 
documented. 

Sensitivity/Resistant percentage of various classes of 
antibiotics against Enteroccoccus spp. was assessed and 
recorded in table 8. Eight classes of antibiotics were used 
against 12 isolates of Enterococcus spp., among that 83.3% 
sensitivity recorded with Ampicillin, Norfloxacin, 75% were 
observed with Co-Trimoxazole and Gentamycin, 66.6% were 

documented with Vancomycin respectively. Three classes of 
antibiotics were showed the resistant level, viz., 50% 
resistant (Nitrofurontoin), 41.7% resistant with (Kanamycin 
and Imipenem) and 33.3% (Vancomycin). Normally 
Enterococcus spp. is environmental contaminant that to 
different water sources and this organism also one of the 
reasons for water indicator. The presence of Enterococcus 
spp. in water system also indication of other organisms like 
faecal coliforms and others. 

 

Table 8: Sensitivity/Resistant pattern of various classes of antibiotics against Enterococcus spp. 

Antibacterial agents and its strength 

(µg) 

 

Symbol 

Enterococcus spp. - (n=12) 

S (%) I (%) R (%) 

Aminoglycosides 

Kanamycin (30µg) K 07(58.3) -- 05(41.7) 

Carbapenems 

Imipenem (10µg) IPM 07(58.3) -- 05(41.7) 

Β-Lactam Antibiotic 

Ampicillin (10µg) AMP 10(83.3) -- 02(16.7) 

Quinolones 

Norfloxacin (5µg) NX 10(83.3) -- 02(16.7) 

Sulfonamides 

Co-Trimoxazole (125µg) COT 09(75) -- 03(25) 

Aminoglycosides 

Gentamycin (10µg) GEN 09(75) -- 03(25) 

Glycopeptide 

Vancomycin (5) VA 08(66.6) -- 04(33.4) 

Nitrofuran 

Nitrofurontoin (300µg) NIT 06(50) -- 06(50) 

(S)- Sensitivity, (I) - Intermediate, (R) – Resistant 

Antibacterial agents and its strength 

(µg) 

 

Symbol 

Proteus spp. - (n=17) 

S (%) I (%) R (%) 

Carbapenems 

Meropenem (10µg) MRP 05(29.4) -- 12(70.6) 

Ertapenem (10µg) ETP 04(23.5) -- 13(76.5) 

Quinolones 

Norfloxacin (10µg) NX 02(11.8) -- 15(88.2) 

Sulfonamides 

Co-Trimoxazole (125µg) COT 13(76.5) -- 04(23.5) 

Β-Lactam Antibiotic/Aminopenicillins 

Piperacillin (30µg) PI 08(47.1) -- 09(52.9) 

Aminoglycosides 

Tobramycin (10µg) TOB 17(100) -- -- 

Gentamycin (10µg) GEN 12(70.6) -- 05(29.5) 

Nitrofuran 

Nitrofurontoin (300µg) NIT 15(88.2) 02(11.8) -- 
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Prevalence of MDR bacterial isolates among water samples 
listed in table 9. Based on the sensitivity/resistant result, 
bacterial isolates are resistant with three and more classes 
of antibiotic were considered as multi drug resistant (MDR) 
isolate. Out of 35 E. coli, 13 isolates were identified as MDR 
and four classes of antibiotics were resistant with these 
isolates, out of  9 Salmonella  isolates, 4 were recorded as  

MDR and five classes of antibiotics included, out of 33 
Shigella isolates, 21 isolates were documented as a MDR and 
it resistant with five classes of antibiotics, of the 17 isolates 
of Proteus isolates, 9 were observed as MDR and these 
isolates resistant with five classes of antibiotics and out of 
12 Enterococcus spp., 4 isolates of Enterococcus spp., and 
maximum of resistant with six classes of antibiotics.

 

Table 9: Prevalence of Multi Drug Resistance (MDR) bacterial pathogens 

S.No. Bacterial isolate MDR Isolates Classes of Antibiotics 

1 Escherichia coli (n=35) 13 Carbapenems, Nitrofuran, Quinolones and Monobactams 

2 Salmonella spp. (n=09) 03 Carbapenems, Quinolones, Nitrofuran, Lincosamides and 
Aminoglycosides 

3 Shigella spp. (n=33) 21 Carbapenems, Quinolones, Sulfonamides, Β-Lactam 
Antibiotic/Aminopenicillins and Nitrofuran 

4 Protues spp.  (n=17) 09 Carbapenems, Quinolones, Sulfonamides, Β-Lactam 
Antibiotic/Aminopenicillins And Aminoglycosides                                         

5 Enterococcus spp.  (n=12)             04 Aminoglycosides, Carbapenems, Β-Lactams, Quinolones, 
Sulfonamides, Glycopeptide and Nitrofuran 

 

DISCUSSION 

Bacteriological analysis of water is used to assess its quality 
for human consumption, domestic use to safe guard public 
health. Majority of the water sources harboured enter 
pathogens and were also reported to be of poor 
microbiological quality and unsafe for consumption.19 The 
presence of enteric bacterial pathogens in water sources 
may spell health hazards such as diarrhoea diseases, which 
accounts for a substantial degree of morbidity and mortality 
in adults and children.20 Management of diarrhoea may 
require the administration of antibiotics. However, several 
bacteria are known to be resistant to a wide array of 
antibiotics. Drinking water is not a natural environment for 
coliform bacteria, their percent indicates microbial water 
deterioration.21  

Out of 380 samples screened 106 samples were culture 
positive 106(27.89%).  Among the culture positives, five 
predominant genera were isolated, such as, Escherichia coli 
35(9.2%), Salmonella spp. 09(2.3%) Shigella spp. 33(8.68%), 
Proteus spp. 17(4.47%), and Enterococcus spp. 12(3.15%).  
Eliku and Suleiman22 conducted a study in Adama, Ethiopia 
and they reported high prevalence then the present study 
specifically E. coli. A study conducted in drinking water 
sources in South Africa and Zimbabwe by Gundry,23 revealed 
that 12% of samples were contaminated with E. coli, which 
was nearly similar to 9.2 % prevalence were isolates of E. 
coli in well water in this study. The present 
sensitivity/resistant study results revealed that Sparfloxacin 
and Meropenem antibiotics were best choice against these 
isolates. The resistant nature of E. coli also rapidly increased 
when these bacterial isolates present in the not only clinical 
and environmental condition also influence the resistant 
level. In this study, 9.2% of E. coli isolates were resistant to 
four classes of antibiotics. Bello et al.24 in Nigeria, reported 
high level of MDR strains among E. coli in well water 
samples. 

Similarly, A study was done on river and fountain water and 
a total of 201 bacterial isolates were identified in South 
Africa. E. coli (40) was the predominant bacteria followed by 
Salmonella (30), Shigella (30) Campylobacter (26) and 
Aeromonas, Enterobacter, and Plesiomonas shigelloides each 
accounted 20 %.25 Salmonella spp. is a recognized human 

pathogen and its waterborne transmission has been well 
documented.26 In the present study total of 9 isolates of 
Salmonella spp. and 33 isolates of Shigella spp. were isolated 
from the 380 well water samples. Similar to the present 
study, 6 samples gave positive with Salmonella spp. from 
sixty-eight samples of Argüello Lagoon in the city of 
Resistencia.27 Six classes of antibiotics were admitted against 
all Salmonella spp. and Shigella spp. Among that none of the 
classes of antibiotic showed 100 sensitivity rather than 
Nitrofurontoin showed (75.8%), Meropenem (69.7%) and 
Piperacillin, Gentamycin (60.6) were documented 
respectively against Salmonella. Ultmost five classes of 
antibiotics, Co-Trimoxazole 18(55.5%), Ofloxacin and 
Tobramycin 18(51.6%), Ertapenenem 14(42.4%) and 
Gentamycin 13(39.4%) were resistant against the isolates of 
Shigella. Similar to the present study results, so many ram 
negative bacterial isolates such as Escherichia coli (22.7%), 
Enterobacter aerogenes (2.5%), Salmonella spp. (13.3%), 
Shigella spp. (19.3%), Proteus spp. (18.5%), Klebsiella spp. 
(19.3%) and Pseudomonas aeruginosa (4.2%). ver 10% of 
the bacteria were resistant to four or more antibiotic. 
Antibiotic resistance was highest in members of the genera 
Enterobacter, Pseudomonas, and Proteus.28  

In the present study, 17(4.47%) Proteus spp. prevalence was 
recorded, six classes of antibiotics were implemented 
against 17 isolates of Proteus spp. among that 
Aminoglycosides class (Tobramycin - 100% and Gentamycin 
- 70.6%), Nitrofuran (Nitrofurontoin – 88.2%) and 
Sulfonamides (Co-Trimoxazole – 76.5%) sensitivity 
observed. It was interestingly noted that among five various 
isolates of present research Proteus spp. was documented 
maximum level of resistance, such as, Norfloxacin (88.2%), 
Ertapenem (76.5%), Meropenem (70.6%) and Piperacillin 
(52.9%). These results agree with a similar study by Ash et 
al.29 who demonstrated over 40% of the encountered 
bacteria isolates from freshwater samples from 16 U.S. 
rivers were resistant to more than one antibiotic. In a similar 
vein, among the most common resistant organisms 
encountered in the study belonged to the genus 
Enterobacter. A similar study by Ajayi and Akonai30 also 
demonstrated multiple antibiotic resistance among 
microorganisms encountered in water samples from 
available sources.  
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In this study out of 106 12(3.15) Enterococcus spp. were 
isolated different well water samples and tested against 
various classes of antibiotics. Eight classes of antibiotics 
were used against 12 isolates of Enterococcus spp. Among 
that 83.3 sensitivity recorded with Ampicillin, Norfloxacin, 
75% were observed with Co-Trimoxazole and Gentmycin, 
66.6% were documented with Vancomycin respectively. 
Three classes of antibiotics were showed the resistant level, 
viz., 50% resistant (Nitrofuontion), 41.7% resistant with 
(Kanamycin and Imipenem) and 33.3% (Vancomycin). 
Normally Enterococcus spp is environmental contaminant 
that to different water sources such as spring, well and tap 
and this organism also one of the reasons for water 
indicator. The presence of Enterococcus spp. in water system 
also indicated of other organisms like faecal coliforms and 
others. Several studies have revealed that ground water 
contamination by faecal pathogens generally occur through 
surface run-off, leaching and direct faecal deposition into 
water bodies via several livestock production activities like 
confined animal feedlot, free range system and land 
spreading of manure.31 

In this present study, 21 isolates of Shigella spp. showed 
multidrug resistant (MDR) out of 33 isolates and 13 isolates 
of E. coli out of 35 isolates showed multidrug resistant.  
Similarly, multidrug resistance is common in bacteria that 
cause diarrheal diseases. Isolation from water sources in 
these rural communities of antibiotic resistant pathogenic 
bacteria such as Salmonella, Escherichia coli and Shigella is 
thus a primary concern. These organisms are mostly 
responsible for several gastrointestinal illness linked to 
contamination of drinking water.32,33 The present study 
results clearly showed that underground water sources 
which serve as drinking water to rural communities could 
also serve as reservoirs for pathogens resistant against 
number of antibiotics. Unfortunately, the lack of affordable 
treatment facilities in most rural settings rule out the 
possibilities of microbial reduction before use of such waters 
for drinking and other domestic purposes. The incidence of 
antibiotic-resistant enteric pathogens in rural water supply 
thus constitutes potential health hazards to rural dwellers. 
Among the resistant enteric pathogens encountered in this 
study were E. coli, Salmonella spp., Shigella spp. Enterococcus 
spp. and Proteus spp. This finding is in agreement with the 
work of Akinyemi et al.34 that highlighted Enterobacter 
aerogenes, Proteus, E. coli, Salmonella and Shigella as among 
the enteric pathogens commonly isolated from well waters 
and other open sources.  

CONCLUSION 

This study has shown that there is a high possibility of 
bacterial pathogens such as Escherichia coli, Salmonella spp., 
Shigella spp., Proteus spp. and Enterococcus spp.  in the well 
water samples of Wolaita Sodo. Presence of these organisms 
indicates the water samples consist of coliforms as well as 
some of the pathogenic organisms and it leads to water-
borne diseases. Therefore, to reduce the high incidence of 
well water contamination, it is advocated that wells dug 
must be deep, far away from latrines and covered 
adequately. Based on the antimicrobial susceptibility test 
results, presence of multiple drug resistance bacterial 
pathogens in the well water samples collected from Wolaita 
Sodo proposed that there has been an indiscriminate usage 
of antibiotics tested. The high prevalence rate of multiple 
drug resistant bacterial pathogens in the well water samples 
could potentially pose a threat to people consuming this 
water. Therefore, the present study suggesting to monitor 
the quality of water and strict quality control measures 
should be put in place to ensure the effective treatment of 
drinking water. 
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