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Abstract
Background: Development of resistance by bacteria is a major problem in antibiotic therapy which has posed a 

significant challenge to pharmaceutical practitioners and health authorities over time. Widespread use of antibiotics by 
humans, indiscriminate medical waste disposal are among other factors that have accounted for resistant bacteria in 
aquatic environment. The aim of the study is to determine the antibiotic susceptibility profile of E. coli and Salmonella 
spp. isolated from stream water in Gboko.

Results: Antibiotic susceptibility test on Escherichia coli isolates showed highest resistance to Ampicillin 
2.6 (82.7%), followed by Gentamycin, 3.7 (76%), Ciprofloxacin (CEP), Nalidixic acid (NA), Augmentin (AU), and 
Streptomycin (S), had 4 (75%) respectively, while Tarvid (OFX), Pefloxacin (PEF), Septrin (SXT), had 6.6 (63.5%) 
and the highest susceptibility value is Ceporex (CPX) 7 (57.2%). Further antibiotic susceptibility profile of Salmonella 
spp. isolated from selected stream water in Gboko town, Tarvid (OFX), had the highest of 3 (77.9%), Augmentin (AU) 
3.3 (75.5%), Gentamycin (CN) 4 (69.3%), Streptomacin (SXT) 5.6 (57.9%), Pefloxacin (PEF) and Streptomycin (SXT) 
had 6.6 (40.2%), while the lowest is Nalidixic acid (NA) 7 (37.1%).

Conclusion: Stream waters in Gboko town are contaminated with multi-drug resistant Escherichia coli and 
Salmonella spp. which presents a major threat to public health since the waters are commonly used for domestic 
activities without treatment. The use of stream waters in this area without treatment exposes the inhabitants to 
pathogenic bacteria which can cause severe diarrhea and other enteric infections. This may be the reason for most 
of the diarrhea infections experienced by most of the inhabitants of the town, since water from streams are used for 
irrigation of vegetable farms around the town, swimming and other domestic purposes. Stream water sources from the 
various areas in Gboko town should be routinely examined to ascertain its microbiological quality and treated since 
they constitute the major sources of water in the study area.
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Abbreviations
C: Citrate; I: Indole; MR: Methyl-Red; VP: Voge’sproskauer; GS: 

Gram Stain; A: Abattoir Stream (A) ×2 point A and B; B: Nomnor 
Stream (B) ×2 point A and B; C: Rice Mill Stream (C) ×2 point A 
and B; D: Kontyen Stream (D) ×2 point A and B; CEP: Ciproflaxacin; 
OFX: Tarvid; NA: Nalidixic; PEF: Pefloxacin; CN: Gentamacin; AU: 
Augumentin; SXT: Streptomacin; PN: Ampicilin; S: Septrin

Introduction
Water is a very fundamental resource for all forms of life including 

animals and plants given that all cellular activities take place in fluid 
medium [1]. Water constitutes about seventy five percent 75% in newborns 
and 50% in mature animals of which 2-3% are found inside the cell [2]. The 
blood is comprised of 80% water and is essential for oxygen transportation 
to tissues and carbon dioxide away from the tissues [3].

Humans and animals drink water from a range of sources including 
rain water, stream water, wells etc. some of which can be contaminated 
by Escherichia coli, Salmonella spp. among other pathogens and 
chemical toxins [3-6]. Stream water that is seen to be clear and colorless 
to the eye is acceptable for drinking provided it is secure and free from 
chemicals, toxins and pathogenic microorganisms [3,4].

Furthermore, according to researchers each year 3.4 million people 
a good number of whom are children die from diseases that are water 
associated. According to United Nations Children’s Fund, assessment, 
4000 children die daily as an end result of contaminated water [7]. 
World Health Organization reports that more than 2.6 billion people 

have no access to clean water, which is accountable for about 2.2 billion 
deaths yearly, out of which 1.4 million are children which improved 
water quality can reduce the global disease burden by about 4% [7].

Echerichia coli and Salmonella spp. have been responsible for a 
number of food and water borne outbreak, diseases and deaths in some 
cases [8]. In Nigeria, residents of most rural and urban communities 
use untreated stream water for drinking and other household activities. 
Generally, the quality of stream water, in these communities is generally 
poor due to chemical and microbial contamination hence considered 
unsafe [9].

Contamination of stream water by E. coli and Salmonella spp. is not 
only a rising dilemma of developing countries but also for the developed 
countries. Stream water pollution is a major health problem worldwide 
resulting to nearly 1.7 billion cases of diarrheal diseases every year [10]. 
Almost 90% of child deaths from diarrheal diseases are unswervingly 
associated to contaminated water and India alone accounts for 24% 
of all deaths under 5 years old, among the pathogens disseminated in 
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water sources, enteric pathogens such as entero-toxigenic Escherichia 
coli, Shigella spp., Salmonella spp., and so forth are the ones most often 
encountered that are accountable for array of diseases like diarrhea, 
dysentery, and enteric fever.

The sources of harm and health risks caused by water-borne 
pathogens are widely reported. In the U.S pathogens contamination is 
the foremost cause of water contamination. The EPA’s National Water 
Quality Inventory Report suggests that about 53% of the assessed 
rivers are impaired, and a preponderance of them is contaminated 
by pathogens [7]. More than 4 million people die of illnesses due to 
infections from microorganisms, and most the cases are caused by 
water contamination by microorganisms. There are many forms of 
water use in daily life, but the greatest threat to human life occurs when 
there is direct contact between water and human beings, for example 
bathing spots where sewage is mixed into the water, office buildings 
that treat and recycle waste water from toilets for reuse, and water 
works that use river water as the water supply source [11].

Escherichia coli is a Gram-negative, facultative anaerobic, rod-shape 
coliform bacterium of the genus Escherichia that is commonly found 
in the lower intestine of warm-blooded organisms (endotherm) [12]. 
Most Escherichia coli strains are harmless, but some serotype can cause 
serious food poisoning in their hosts and are occasionally responsible 
for product recalls due to food contamination [13]. There are several 
pathogenic strains of E. coli, which are classified under entrerovirulent 
Escherichia coli. They are entero-hemorrhagic, entero-invasive, entero-
toxigenic, entero-pathogenic, and entero-aggregative. Escherichia coli 
0157:H7, the basics. It’s a bacteria that causes diarrheal illness, and it’s 
classified as an entero-hemorrhagic Escherichia coli. In its most severe 
form, it can cause hemorrhagic colitis. The reservoirs for this bacterium 
are cattle, deer, goats, and sheep. Humans can also be a reservoir. It is 
typically associated with contaminated food and water [14].

Salmonella spp. are a Gram-negative bacteria that belong to 
the family Enterobacteriaceae. They have a wide host range and 
are associated with great losses in animal production as well as 
with public health concerns due to their role as zoonotic and food-
borne pathogens [14]. Salmonella species are bacteria that can cause 
diarrheal illness known as Salmonellosis. Human and animals are the 
reservoir, and it’s typically associated with contaminated food and 
water. Salmonella typhi, it’s a bacterium that causes diarrheal illness, 
also known as typhoid fever. And humans are the reservoir for this 
pathogen, Salmonella typhi, and prevention strategies for this pathogen 
include source protection, halogenations of water, and boiling of water 
before drinking [13]. Several methods have been developed to detect 
the presence of potentially low levels of Salmonella in food, water 
and clinical samples. These methods include culture based technique, 
DNA-based methods, immunoassays and bioassays. Standard culture 
methods for Salmonella detection involve multiple-steps which are 
labor intensive and time-consuming, taking 4-5 days for detection 
and confirmation. Furthermore, it has been reported that some of 
the routinely used selective enrichment broths are inhibitory toward 
Salmonella [15].

A major issue in anti-bacterial therapy is the development of 
resistance by sensitive strains of bacteria. Exposure of bacteria to 
stumpy doses of an antibiotic naturally selects for the survival of 
resistant organisms [16]. The introduction of antibiotics into the 
aquatic environments by medical therapy, agriculture and animal 
husbandry has led to selective pressure on bacterial population. A lot 
of antibiotics that are consumed end as waste, and while in wastewater, 
antibiotics may exert selective pressure in order to attain resistance in 

microorganisms. Antibiotic resistance is usually detected in wastewater, 
repeatedly at eminent rates and concentrations compared to surface 
water. Multidrug resistant bacteria in diverse environments are at the 
present a foremost public health misery owing to the transport of the 
antimicrobial-drug resistance (R) determinants in bacterial population. 
This is commonly mediated by genetic elements such as integrons, 
transposons and plasmids [16].

The occurrence of antibiotic resistance bacteria in aquatic 
environments has improved evidently as consequences of the 
widespread use of antibiotic by human. Antimicrobial substances have 
been employed for both treatment and prevention of bacterial diseases 
for several years. Because of wrong use, bacteria have developed 
resistance to these substances; recently, the prevalence of antimicrobial 
resistance has been increasing in major bacterial pathogens such 
as Salmonella [15]. Common commensal intestinal bacteria such 
as Escherichia coli and enterococci (Enterococcus spp.) are used as 
indicators of faecal contamination of the environment and often also as 
model organisms for detecting the occurrence of antibiotic resistance in 
both human and domestic animal populations. Recent studies showed 
that antimicrobial resistance occurs also in E. coli isolated from waters 
that are not directly affected by water treatment [15]. Escherichia coli 
and Salmonella spp. isolated from water, antibiotic resistance is a global 
problem and new forms of antibiotic resistance can cross international 
boundaries with ease. The use of antibiotics in agriculture and human 
treatments will maintain to increase especially in region people have 
less knowledge in it negative effects. The use of antibiotic is a main 
driver of selection pressure that contributes to resistance [1]. The cause 
of antibiotic resistance are complex and include human behavior at 
many levels of society, the consequences affect everybody in the world 
[1,17].

In Benue state especially in Gboko town the study area, people 
make use of stream waters for various activities such as cooking, 
washing of clothes/meats in abattoir and other domestic uses but the 
microbiological status of the stream water is yet to be known let alone 
the antibiotic susceptibility profile of E. coli and Salmonella spp. isolated 
from stream waters. The absence of information on the subject matter 
coupled with the possible risks associated with use of contaminated 
stream water in this part of the world is the reason for this research.

The aim of the study is to determine the antibiotic susceptibility 
profile of E. coli and Salmonella spp. isolated form stream water in 
Gboko town. The objectives of the study include:

To isolate and identify E. coli and Salmonella spp. from different 
stream water sources in Gboko town, using conventional culture 
methods.

To determine the antibiotic susceptibility of E. coli and Salmonella 
spp. isolated from stream water around Gboko town, using Kirby-
Bauer disc diffusion method.

Routine bacteriological evaluation of water quality is required 
as a result of the health implication associated with consumption of 
contaminated stream water. The findings from this study have provided 
scientific data on the hygienic quality of water from streams and the 
antibiotic resistance pattern of the bacteria studied.

Methods
Study area

The study was conducted in Gboko metropolis Benue State. Gboko 
local government area is among the largest and the most populous 
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local government areas in Benue state. It is located at latitude 8o 30E 
and latitude 7o 45N. Gboko local government area is bordered by five 
other local governments namely; Ushongo, Gwer, Tarka, Konshisha 
and Buruku local government. The majority of the local government 
residents have low level of formal education with few civil servant as 
well as trader. Gboko has a population of nearly 500,000 inhabitants, 
and most of them drink from stream waters. The quality of sanitation 
within and around the environs is very poor which could contribute to 
the stream water contamination.

Sterilization of equipment

Glass wares were washed with detergents using tap water and 
sterilized autoclaving at 121°C for 15 minutes. Sample containers and 
swab sticks were bought sterile and used once for each specimen. Hand 
gloves were bought sterile and disposed after use.

Sample collection

Ten (10) ml of water samples were collected in sterile sample 
containers. A total of Twenty two (22) samples were collected for an 
interval of three weeks, from four different locations (i.e. eight samples 
per week, three each from four different points of collection) and were 
taken to the laboratory for analysis.

Analysis of water samples

The water samples were serially diluted in tenfold to obtain a 
dilution of 10-6 and 1 ml of it was plated on a prepared Eosin methylene 
blue agar using the spread plate method. The inoculated plates were 
incubated at 37°C for 24 hours, after which suspected Escherichia coli 
and Salmonella spp. colonies were sub-cultured repeatedly to obtain 
pure cultures.

Biochemical tests

The biochemical tests; indole, citrate, methyl-red test, Voges-
Proskauer test were carried out for further characterization of the 
isolates as described by Cheesbrough [18]. Gram staining was also 
carried out for proper identification of the colony.

Antibiotic susceptibility tests

Kirby-Bauer disc diffusion method adopted [3] was used to 
determine the antibiotic resistance pattern of Escherichia coli and 
Salmonella spp. against common antibiotics. One hundred micro-liter 

of the culture was swabbed on nutrient agar using a sterile cotton swab. 
Three antimicrobial disks were then placed on the surface of the agar 
plate at a distance to avoid overlapping of inhibition zones. The plates 
were incubated at 37 °C for 16-18 h and the results were interpreted 
as sensitive, intermediate, or resistant according to Clinical and 
Laboratory Standards Institute guidelines [3]. The Multiple Antibiotic 
Resistance (MAR) index was calculated and interpreted according to a 
study [3]. Using the formula: a/b, where ‘a’ represents the number of 
antibiotics to which a particular isolate was resistant and ‘b’ the total 
number of antibiotics tested.

Results
Antibiotic susceptibility profile of Escherichia coli and Salmonella 

spp. isolates from selected streams in Gboko town was undertaken. A 
total of 22 samples were collected for routine monitoring and analyzed 
for a period of three weeks. The response of each of the bacteria isolates 
to biochemical tests conducted for identification of the bacteria is 
presented in Tables 1-3.

Table 4 shows the result of the antibiotic susceptibility profile of 
Escherichia coli and Salmonella spp. Antibiotic susceptibility test on 
Escherichia coli isolated stream waters in Gboko was revealed that 
the highest resistance was observed in the antibiotic Ampicillin 2.6 
(82.7%), followed by Gentamycin, 3.7 (76%), Ciprofloxacin (CEP), 
Nalidixic acid (NA), Augmentin (AU), and Streptomycin (S), had 4 
(75%) respectively, while Tarvid (OFX), Pefloxacin (PEF), Seprin 
(SXT), had 6.6 (63.5%) and the highest susceptibility value is Ceporex 
(CPX) 7 (57.2%). Further antibiotic susceptibility profile of Salmonella 
spp. isolated from selected stream water in Gboko town, Tarvid (OFX), 
had the highest of 3 (77.9%), Augmentin (AU) 3.3 (75.5%), Gentamycin 
(CN) 4 (69.3%), Septrin (SXT) 5.6 (57.9%), Pefloxacin (PEF) and 
Streptomycin (S) had 6.6 (40.2%), while the lowest is Nalidixic acid 
(NA) 7 (37.1%). Most of the isolates were multi-drug resistant (Tables 
1-4 and Figure 1).

Discussion
Water-borne pathogen contamination in water resources and 

related diseases are a major water quality concern throughout the world. 
The result of the present study showed that the streams in Gboko are 
contaminated hence unfit for human use. The study provides evidence 
of the presence of other pathogens in the streams with the isolation 

Sample CFU Citrate Indole MR VP GS Bacteria isolate
A1 52 − + + + − Escherichia coli

75 + − − − − Salmonella spp.
A2 17 − + + + − Escherichia coli

19 + − − − − Salmonella spp.
B1 10 + + + + − Escherichia coli

5 + − − − − Salmonella spp.
B2 2.5 − + + + − Escherichia coli

72 + − − − − Salmonella spp.
C1 5 + − − − − Escherichia coli
C2 3 − + + + − Escherichia coli

78 + − − − − Salmonella spp.
D1 54 − + + + − Escherichia coli
D2 62 − + + + − Escherichia coli

25 + − − − − Salmonella spp.
KEY: C: Citrate; I: Indole; MR: Methyl-red; VP: Voge’sproskauer; GS: Gram stain; A: Abattoir stream (A) ×2 point A and B; B: Nomnor stream (B) ×2 point A and B; C: 

Rice mill stream (C) ×2 point A and B; D: Kontyen stream (D) ×2 point A and B.

Table 1: Escherichia coli and Salmonella spp. isolated from stream water samples in week 1 from selected streams in Gboko town.
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Sample CFU Citrate Indole MR VP GS Bacteria isolate
A1 45 + − − − − Salmonella spp.
A2 34 + − − − − Salmonella spp.
B2 44 + − − − − Salmonella spp.

C1
38 − + + + − Escherichia coli
56 + − − − − Salmonella spp.

C2
46 − + + + − Escherichia coli
51 + − − − − Salmonella spp.

D1
2 − + + + − Escherichia coli

21 + − − − − Salmonella spp.

D2
17 − + + + − Escherichia coli
23 + − − − − Salmonella spp.

KEY: C: Citrate; I: Indole; MR: Methyl-red; VP: Voge’sproskauer; GS: Gram stain; A: Abattoir stream (A) ×2 point A and B; B: Nomnor stream (B) ×2 point A and B; C: 
Rice mill stream (C) ×2 point A and B; D: Kontyen stream (D) ×2 point A and B.

Table 2: Escherichia coli and Salmonella spp isolated from stream water samples in week 2 from selected streams in Gboko town Benue State, August 2017.

S/No Antibiotic Escherichia coli (n=16) Salmonella spp (n=13)
1 CEP 3.7 (24%) 3.6 (27.6%)
2 OFX 6.6 (42%) 3 (23.1%)
3 NA 4 (25%) 7 (53.9%)
4 PEF 6 (37.5%) 6 (46.2%)
5 CN 3 (18.8%) 4 (30.7%)
6 AU 4 (25%) 3.3 (25.5%)
7 CPX 7 (43.8%) 6 (46.2%)
8 SXT 6 (37.5%) 5.6 (43.1%)
9 S 4 (25%) 6.6 (50.8%)
10 PN 2.6 (8.3%) 4 (30.7%)

KEY: CEP: Ciproflaxacin; OFX: Tarvid; NA: Nalidixic; PEF: Pefloxacin; CN: Gentamacin; AU: Augumentin; SXT: Streptomacin; PN: Ampicilin; S: Septrin.

Table 3: Escherichia coli and Salmonella spp. isolated from stream water samples in week 3 from selected streams in Gboko town Benue State, August 2017.

S/No Antibiotic Escherichia coli (n=16) Salmonella spp (n=13)
1 CEP 3.7 (24%) 3.6 (27.6%)
2 OFX 6.6 (42%) 3 (23.1%)
3 NA 4 (25%) 7 (53.9%)
4 PEF 6 (37.5%) 6 (46.2%)
5 CN 3 (18.8%) 4 (30.7%)
6 AU 4 (25%) 3.3 (25.5%)
7 CPX 7 (43.8%) 6 (46.2%)
8 SXT 6 (37.5%) 5.6 (43.1%)
9 S 4 (25%) 6.6 (50.8%)
10 PN 2.6 (8.3%) 4 (30.7%)
KEY: CEP: Ciproflaxacin; OFX: Tarvid; NA: Nalidixic; PEF: Pefloxacin; CN: Gentamacin; AU: Augumentin; SXT: Streptomacin; PN: Ampicilin; S: Septrin.

Table 4: Antibiotic susceptibility profile of Escherichia coli and Salmonella spp. isolated from selected stream waters in Gboko town, August 2017.

of E. coli as an indicator organism throughout the period monitored. 
The presence of the isolates can be attributed to high rate of human 
activities within and around the streams such as swimming, washing, 
defecation, agricultural activities and use of the streams for waste 
discharge or disposal. The presence of active cases or carriers of the 
bacteria isolates in the community and some which are freely living in 
the environment can also account for their presence. Continuous use 
of the streams as sources of water poses risk of continuous infection 
without treatment and other sanitary practices.

The result obtained from the present study corroborates the 
research findings of other researchers reported previously in Nigeria 
and other parts of the world. For example, a study [18] reported on 
bacterial contamination of surface water sources including streams 
beyond WHO recommendation of ‘0’ CFU count in any domestic water 

supply source. The research report isolated E. coli and Salmonella spp. 
among other microbes from streams. A study [19] isolated E. coli and 
Salmonella spp. from three streams in South Eastern Nigeria among 
other isolates. A study [20] isolated E. coli and Salmonella spp. whereas 
other researchers have isolated E. coli from surface water sources 
including streams [21,22]. Results obtained from a rural community 
in Cameroun showed that almost all the water samples analyzed were 
contaminated with different bacteria including coliforms [23,24].

Antibiotic susceptibility profile of Escherichia coli and Salmonella 
spp. isolated from selected streams showed high level of resistance to 
commonly used antibiotics. This is an indication that stream waters 
in Gboko town harbor resistant strains of bacteria and can be a major 
vehicle for its transmission to humans since water from this stream 
is used for domestic and recreational activities by adults and children 
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Figure 1: Bar chart showing the frequency of occurrence of Escherichia 
coli and Salmonella spp. isolated from stream waters in Gboko town, 
Benue State, August, 2017.

without prior treatment. Though most recognized sporadic cases of 
water borne infections may not be considered as water related but 
buried within the endemic level of disease circulating in the population 
through other routes of transmission. However recent studies [25] 
isolated resistant strains of E. coli as the highest resistant bacteria 
followed by Salmonella spp. from wounds of patients attending some 
hospitals in the same study area implying that the resistant strains 
are circulating within the population, hence the need to ensure strict 
adherence to hygiene and sanitation practices.

A study [26] isolated multidrug resistant bacteria from streams 
and well water in Ile-Ife. Antibiotic resistant E. coli were also isolated 
previously from surface waters such as streams [27,28]. Onuoha 
[20] reported resistance of E. coli to Penicillin G, Oxytetracycline, 
Tetracycline, Norfloxamine, Cephalothin, Sulphamethoxazole, 
Erythromycin, Cefuroxime sodium and Salmonella spp. isolated from 
streams resisted Streptomycin, Cefuroxime sodium, Tetracycline, 
Cephalothin, Cefotaxime, Nalidixic acid, Penicillin G, Sulphonamide 
and Cefpirome. The report however indicated that Isolates including 
the ones in the present study were susceptible to azithromycin, 
Imipenen and Norfloxamine.

Antibiotic resistance by bacteria poses a threat to virtually everyone 
and has been a challenge to the health sector in treatment of ailments 
arising from infectious bacteria and to the pharmaceutical industry for 
broad research geared towards discovery of more potent and alternative 
drugs for effective treatment.

Conclusion and Recommendations
The present result shows that adult, children, the general public and 

immune-compromised patients who rely on the streams studied are 

vulnerable to bacterial infections that have limited treatment options 
using basic and effective chemotherapeutic agents. Stream waters in 
Gboko town are contaminated with multi-drug resistant Escherichia 
coli and Salmonella spp. which presents a major threat to public 
health since the waters are commonly used for domestic activities 
without treatment. The use of stream waters in this area without 
treatment exposes the inhabitants to pathogenic bacteria which can 
cause severe diarrhea and other enteric infections. This may be the 
reason for most of the diarrhea infections experienced by most of 
the inhabitants of the town, since water from streams are used for 
irrigation of vegetable farms around the town, swimming and other 
domestic purposes.

Government at all levels can enact regulations against open 
defecation, indiscriminate dumping of wastes some of which may have 
been generated from health institutions in stream waters in the study 
area and other acts that may constitute abuse. In some parts of the town 
people openly defecate in streams. All these factors contribute in no 
small way to the contamination of water bodies.

Stream water sources from the various areas in Gboko town should 
be routinely examined to ascertain its microbiological quality since they 
constitute the major sources of water in the study area. Rising cases of 
antibiotic resistance is a major concern worldwide and is evident in 
this study area therefore; public awareness and dissemination of this 
research finding to health institutions and Government authorities for 
appropriate decisions will be of great benefit to the residents.

Water treatment campaigns should be held in the area to enlighten 
the residents on safe water treatment measures and the menace of drug 
resistance by bacteria from the streams and the strategies to improve 
health.

Availability of Data and Materials

All the generated and analyzed data during the study are included in the article.

Author’s Contributions

This work was carried out in collaboration between all authors. Author Ichor, 
Tersagh designed the project in collaboration with the co-authors and wrote out 
the article to this present standard. He planned and led the research to execution, 
analyzed data and effected all the corrections as required by the reviewers. Author 
Terwase, Aondona Jerry and Aburu Francis Esidene assisted in the design, 
execution and also contributed in the literature search, drafting of the article and 
statistical analysis. All authors read and approved the final manuscript.

Conflict of Interest

The authors declare no conflict or competing interest either financial or non-
financial.

References

1.	 Adzitey F (2015) Antibiotic resistance of Escherichia coli isolated from beef 
and its related samples in Techiman Municipality of Ghana. Asian J Anim Sci.

2.	 Krumperman PH (1983) Multiple antibiotic resistance indexing Escherichia coli 
to identify risk sources of faecal contamination of foods. Appl Environ Microbiol 
46: 165-170.

3.	 Adzitey F, Sumaila N, Saba CSK (2015) Isolation of E. Coli from drinking water 
sources for humans and farm animals in Nyankpala Community of Ghana. Res 
J Microbiol.

4.	 Maheshwari N (2008) Clinical Microbiology and Parasitology.

5.	 Carnot A, Guerra JS, Souza TS, Carneiro LC (2014) Antimicrobial resistance 
and plasmid characterization of Escherichia coli isolated in in natura water. Am 
J Drug Discov Dev 4: 80-84.

6.	 Anita Kumar A, Verma AK, Gupta MK, Rahal A (2014) Multidrug resistant 
pathogenic Escherichia coli status in water sources and yamuna river in and 
around Mathura, India. J Biol Sci 17: 540-544.

http://udsspace.uds.edu.gh/bitstream/123456789/550/1/ANTIBIOTIC RESISTANCE OF ESCHERICHIA COLI ISOLATED FROM BEEF AND ITS RELATED SAMPLES IN TECHIMAN MUNICIPALITY OF GHANA.pdf
http://udsspace.uds.edu.gh/bitstream/123456789/550/1/ANTIBIOTIC RESISTANCE OF ESCHERICHIA COLI ISOLATED FROM BEEF AND ITS RELATED SAMPLES IN TECHIMAN MUNICIPALITY OF GHANA.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC239283/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC239283/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC239283/
http://dx.doi.org/10.3923/jm.2015.126.131
http://dx.doi.org/10.3923/jm.2015.126.131
http://dx.doi.org/10.3923/jm.2015.126.131
http://dx.doi.org/10.3923/ajdd.2014.80.84
http://dx.doi.org/10.3923/ajdd.2014.80.84
http://dx.doi.org/10.3923/ajdd.2014.80.84
https://www.ncbi.nlm.nih.gov/pubmed/25911843
https://www.ncbi.nlm.nih.gov/pubmed/25911843
https://www.ncbi.nlm.nih.gov/pubmed/25911843


Citation: Tersagh I, Jerry TA, Esidene AF (2018) Emerging Drug Resistant Escherichia coli and Salmonella spp. Isolated from Selected Streams in 
Gboko Town, Benue State. J Microbiol Pathol 2: 110

Page 6 of 6

Volume 2 • Issue 2 • 1000110J Microbiol Pathol, an open access journal

7.	 Pandey PK, Philip HK, Michelle LS, Sagor B, Vijay PS (2014) Contamination of 
water resources by pathogenic bacteria. AMB Express.

8.	 CDC (2014) Multistate outbreak of Shiga toxin-producing Escherichia coli 
O157: H7 infections linked to ground beef (Final Update).

9.	 Momba MNB, Tyafa Z, Makala N, Brouekaert BM, Obi CL (2006) Safe drinking 
water is still a dream in the rural areas of South Africa. Casestudy: The Eastern 
Cape Province. Water SA 32: 715-720.

10.	World Health Organisation (2013) Emerging Issues in Water and Infectious 
Disease, World Health Organisation. Geneva, Switzerland.

11.	Young P (1996) Safe drinking water: A call for global action. ASM News 62: 
349-352.

12.	Karlowsky JA, Jones ME, Thornsberry C, Evangelista AT, Yee YC, et al. (2005) 
Stable antimicrobial susceptibility rates for clinical isolates of Pseudomonas 
aeruginosa from the 2001-2003 Tracking Resistancein the United States Today 
Surveillance studies. Clin Infectious Dis 40: S89-S98.

13.	Water Security Agency (2012) EPB 197-Microbiological Quality: Understanding 
Drinking Water Quality and Management.

14.	Centers for Disease Control and Prevention (2000) Health Practices on Cruise 
Ships: Training for Employees Transcript.

15.	Kim HB, Yoon M, Lee SJ, Jang YH, Choe NH (2014) Prevalence and antibiotic 
resistance characteristics of Salmonella spp isolated from food-producing 
animals andmeat products in Korea. J Prev Vet Med 38: 85-93.

16.	Radimersky T, Frolkova D, Janoszowska M, Dolejska P, Svec E (2010) 
Antibiotic resistance in faecal bacteria (Escherichia coli, Enterococcus spp) in 
feral pigeons. J Appl Microbiol.

17.	Lupo A, Coyne S, Berendonk T (2012) Origin and evolution of antibiotic 
resistance: the common mechanisms of emergence and spread in water 
bodies. Frontier in Microbiology 3: 18.

18.	Cheesbrough M (2006) District Laboratory practice in tropical countries. 
Microbiology. Cambridge University Press 2: 1-479.

19.	Ichor T, Umeh EU, Duru EE (2014) Microbial Contamination of Surface Water 
Sources in Rural Areas of Guma Local Government Area of Benue State, 
Nigeria. Med Sci Public Health 2: 43-51.

20.	Onuoha SC (2017) The Prevalence of Antibiotic Resistant Diarrhogenic 
Bacterial Species in Surface Waters, South Eastern Nigeria. Ethiop J Health 
Sci 27: 319-330.

21.	Craun GF, Fraun MF, Calderon RL, Beach MJ (2006) Waterborne outbreaks 
reported in the United States. J Water Health 4: 19-30.

22.	Pandey PK, Soupir ML (2012) Non-point Source Pollution. Berkshire 
Encyclopedia of Sustainability: Ecosystem Management and Sustainability. 
Berkshire Publishing Group, Great Barrington, U.S.

23.	Pandey PK, Soupir ML (2013) Assessing the impacts of E. coli laden streambed 
sediment on E. coli loads over a range of flows and sediment characteristics. J 
Am Water Resour Assoc 4: 1261–1269.

24.	Abera AB, Emire SA, Ayele AK (2013) The prevalence of antibiotic-resistant 
Escherichia coli isolates from fecal and water sources. Academia J Micro Res 
1: 1-10.

25.	Kuitcha D, Josephine N, Margareth T, Kamgang L, Veronique K, et al. (2010) 
Bacterial contamination of water point of the upper Mfoundi watershed, 
yaounde, Cameroon. Afr J Microbiol Res 4: 568-574.

26.	Terwase J, Agah, Queen T, Tersagh I, Esther E (2018) Antibiotic susceptibility 
pattern of gram-negative bacteria isolated from infected wound of patients in 
two health-care centers in Gboko town. J Clin Case Reports 8: 2.

27.	Oyedeji O, Olutiola PO, Moninuola MA (2010) Microbiological quality of 
packaged drinking waterbrands marketed in Ibadan metropolis and Ile Ife city 
in South Western Nigeria. Afr J Microbiol Res 4: 96-102.

28.	Oyetayo VO, Akharaiyi FC, Oghumah M (2007) Antibiotic Sensitivity Pattern of 
Escherichia coli Isolated from Water Obtained from Wells in Akure Metropolis. 
Research Journal 2: 190-193.

https://doi.org/10.1186/s13568-014-0051-x
https://doi.org/10.1186/s13568-014-0051-x
https://www.cdc.gov/ecoli/2014/O157H7-05-14/index.html
https://www.cdc.gov/ecoli/2014/O157H7-05-14/index.html
http://dx.doi.org/10.4314/wsa.v32i5.47864
http://dx.doi.org/10.4314/wsa.v32i5.47864
http://dx.doi.org/10.4314/wsa.v32i5.47864
http://apps.who.int/iris/bitstream/handle/10665/42751/9241590823.pdf?sequence=1&isAllowed=y
http://apps.who.int/iris/bitstream/handle/10665/42751/9241590823.pdf?sequence=1&isAllowed=y
https://doi.org/10.1086/426188
https://doi.org/10.1086/426188
https://doi.org/10.1086/426188
https://doi.org/10.1086/426188
https://doi.org/10.13041/jpvm.2014.38.4.85
https://doi.org/10.13041/jpvm.2014.38.4.85
https://doi.org/10.13041/jpvm.2014.38.4.85
https://doi.org/10.1111/j.1365-2672.2010.04797.x
https://doi.org/10.1111/j.1365-2672.2010.04797.x
https://doi.org/10.1111/j.1365-2672.2010.04797.x
https://dx.doi.org/10.3389%2Ffmicb.2012.00018
https://dx.doi.org/10.3389%2Ffmicb.2012.00018
https://dx.doi.org/10.3389%2Ffmicb.2012.00018
http://docplayer.net/48359305-Microbial-contamination-of-surface-water-sources-in-rural-areas-of-guma-local-government-area-of-benue-state-nigeria.html
http://docplayer.net/48359305-Microbial-contamination-of-surface-water-sources-in-rural-areas-of-guma-local-government-area-of-benue-state-nigeria.html
http://docplayer.net/48359305-Microbial-contamination-of-surface-water-sources-in-rural-areas-of-guma-local-government-area-of-benue-state-nigeria.html
https://www.ncbi.nlm.nih.gov/pubmed/29217934
https://www.ncbi.nlm.nih.gov/pubmed/29217934
https://www.ncbi.nlm.nih.gov/pubmed/29217934
http://thewatchers.us/index/file-8/2006--waterborne_outbreaks.pdf
http://thewatchers.us/index/file-8/2006--waterborne_outbreaks.pdf
https://doi.org/10.1111/jawr.12079
https://doi.org/10.1111/jawr.12079
https://doi.org/10.1111/jawr.12079
http://dx.doi.org/10.15413/ajmr.2012.0109
http://dx.doi.org/10.15413/ajmr.2012.0109
http://dx.doi.org/10.15413/ajmr.2012.0109
http://www.academicjournals.org/journal/AJMR/article-abstract/68129F912318
http://www.academicjournals.org/journal/AJMR/article-abstract/68129F912318
http://www.academicjournals.org/journal/AJMR/article-abstract/68129F912318
http://dx.doi.org/10.5923/j.ajmms.20120201.05
http://dx.doi.org/10.5923/j.ajmms.20120201.05
http://dx.doi.org/10.5923/j.ajmms.20120201.05
https://scholar.oauife.edu.ng/ooyedeji/publications/microbiological-quality-packaged-drinking-water-brands-marketed-ibadan-metropo
https://scholar.oauife.edu.ng/ooyedeji/publications/microbiological-quality-packaged-drinking-water-brands-marketed-ibadan-metropo
https://scholar.oauife.edu.ng/ooyedeji/publications/microbiological-quality-packaged-drinking-water-brands-marketed-ibadan-metropo
https://scialert.net/abstract/?doi=jm.2007.190.193
https://scialert.net/abstract/?doi=jm.2007.190.193
https://scialert.net/abstract/?doi=jm.2007.190.193

	Title
	Corresponding author
	Abstract 
	Keywords
	Abbreviations
	Introduction
	Methods
	Study area 
	Sterilization of equipment 
	Sample collection 
	Analysis of water samples 
	Biochemical tests 
	Antibiotic susceptibility tests 

	Results
	Discussion
	Conclusion and Recommendations 
	Availability of Data and Materials 
	Author’s Contributions 
	Conflict of Interest 
	Figure 1
	Table 1
	Table 2
	Table 3
	References

