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Abstract This research determined the microbial counts, antibiotics susceptibility and plasmid profile of the isolated
bacteria of water samples from Arinta waterfall Ipole-Iloro Ekiti, Ekiti State, Nigeria. The total bacterial and coliform counts
were done using pour plating technique while the susceptibility of the isolated microbes were determined using disc diffusion
technique the plasmid profile of the isolates was determine using alkaline lysis method and agar gel electrophoresis. The
mean total bacterial count of the water sample ranged 106 X 10> - 15.5 X 10° CFU/ml, while the mean coliform count ranged
97.5 X 10> - 6.50 X 10° CFU/ml. The identified bacteria isolates and their percentage distribution are Escherichia coli which
have the highest percentage (31.1%), Klebsiella spp. (22.2%), Pseudomonas spp. (8.89%), Citrobacter spp. (6.67%),
Salmonella spp. (6.67%), Serratia spp. (6.67%), Bacillus spp. (4.44%), Aeromonas spp. (4.44%), Micrococcus spp. (4.44%)
and Aerococcus spp. (4.44%). Among these ten species, multiple antibiotics resistant bacteria were identified. The most
active antibiotics were ofloxacin (14%), ciprofloxacin (28%) and gentamicin (17%). 99.6% of the isolates exhibited multiple
antibiotic resistances. Eight bacterial isolates harbored plasmids all of which were not less than 2.51kbp in molecular weight.
Hence, it showed that the gene coding for the isolates were located on the plasmid DNA while the remaining isolates which
have no plasmid might showed gene coding for antibiotic resistance being located on chromosomal DNA. The occurrence of

plasmid mediated nultidrug resistant in bacteria in this surface water lightens the public health concern.
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1. Introduction

Water is essential to life and it is of fundamental
importance to all living organis ms and constitutes about 90%
by weight of the human body[l]. The availability of good
drinking water is an important ingredient for preventing
epidemic disease and improving the quality of life[2]. In
developing countries, access to both clean water and
sanitation are of less concern, and waterborne infections are
common. Two and a half billion people have no access to
improved sanitation, and more than 1.5 million children die
each year from diarrheal diseases[3]. According to the world
health organization[4], 80% of all diseases are attributed to
unsafe water with about 1 % billion people in the world
suffering from major related disease at any time. In recent
years, a tremendous amount of attention has been directed
toward pollution of soil and water supplies and the
subsequent effects on the life of many animals and human.
Meanwhile, pollution of the environment simple entails
making the environment unclean and unhealthy by aiding
unwholesome states or condition[5].
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The occurrence and spread of antibiotic-resistant bacteria
are pressing public health problems worldwide, and aquatic
ecosystems are a recognized reservoir for antibiotic-resistant
bacteria and antibiotic resistance genes[6]. Naturally
occurring antibiotic-resistant bacteria and antibiotic
resistance genes in the aquatic environment are selected for
and enriched for by antibiotics found in sewage and
agricultural runoff, which result from the widespread and
increased use of antibiotics[7]. Historically, concermns about
the microbial quality of drinking water have focused on the
occurrence of pathogens in drinking water distribution
systems|8].

Theresearch findings focused on determining the bacterial
load of the water samples from Arinta waterfall in Ipole -
Iloro Ekiti. The antibiotic susceptibility and the plasmid
profile of the isolated microbes were determined to evaluate
whether the gene coding for the resistance is located on the
chromosome or plas mid.

2. Materials and Methods

2.1. Study Area

Arinta waterfall in Ipole-Iloro Ekiti was located at about
6km Northwest of Ikogosi Ekiti in Ekiti State, between
latitude 7045' to 805" North of the equator and longitude
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4045' to 5045' East of the Greenwich Meridian. The fall
cascades down the rocky hills fromabout 50m height (Figure

D).

Figure 1. Arinta water fall, Ipole-Iloro Ekiti under the influence of
anthropogenic activities

2.2. Collection of Samples

The water samples were collected from seven different
points in which one is directly from the point where the
waterfall and the other six from different point along the
flowing path of the waterfall about 120mm away from each
other with the use of sterile sampling bottles. Water samples
were collected in triplicates according to the Standard
Methods for the Examination of Water and Wastewater[9].
The collected samples were keptat 4°C in the ice parked box
and transported to the laboratory for immediately analysis
within 4 h of collection.

2.3. Isolation and Characterization of Microbes

In all cases, water samples were shaken vigorously, and
dilutions were prepared in sterile saline (0.9g NaCl/100mlof
sterile distilled water). Triplicate plates were used for each
sample dilution. The original numbers of organisms (CFU /
ml) in water samples were calculated considering the
dilution factorand the final estimate was taken as the average
of figures obtained from the countable plates[9]. After
preparation of the serial dilution of the water samples above
10* one millimeter of each dilution 10 and 10~ were drawn
aseptically from each dilution tubes and inoculated into
sterile Petri dishes. The media were then added to the plates
after cooling to about 45°C . Each plates of the same sample
were known to contained nutrient agar for one, Mac Conkey
agar and Eosin methylene blue for the other. The bacterial
isolates were identified as described by[ 10] and pure cultures
of isolates were kept on nutrient agar slants at 12°C until
used.

2.4.Antibiotics Sensitivity

Antibiotic susceptibility of isolates was determined using
disc diffusion method on Mueller — Hilton agar according to
CLSI guidelines[11]. The antibiotic multi-disc containing
augmentin(AUG, 30ug), ampicillin(AMP, 25ug), cotrioxazole
(COT, 25ug), nalidixic acid(NA L, 30ug), nitrofurantoin(NIT,
300ug), tetracycline (TET, 25ug), erythromycin (ERY,
15ug), penicillin (PEN, 10u), chloramphenicol (CHL, 30ug)
(Abtek Biologicals Ltd, UK) were used.

Four pure colonies of each solate on a 24 h plate culture
were randomly selected and inoculated into 2 mL of sterile
peptone water broth in bijou bottles. This was incubated at
37°C for 6 h and the turbidity was adjusted by serial dilution
in phosphate buffer saline (pH 7. 2) to match an opacity tube
containing 0.5 ml of 1% Barium Chloride in 1% Sulphuric
acid (McFarland’s 0.5 Barium Sulphate standard containing
10° CFU/ml of the inoculums).

One milliliter of the culture dilution (bacteria suspension)
was transferred into a well dried surface of diagnostic
sensitivity test agar (DST) medium and tilted to spread
evenly over the entire surface of the agar plate. The excess
fluid was drained off and dried within 5 min multi-antibiotic
discs were then placed of the surface ofthe inoculated plate
and incubated aerobically at 37°C for 18 to 24 h (over-night).
The diameter of the zone of inhibition was measured in
millimeter and was reported as susceptible or resistant when
compared with antibiotics chart.

2.5. Plasmid Profile

2.5.1. Detection of Plas mids A mong Antibiotic-resistant
Isolates

Plas mid analysis was performed on representative isolates
selected on the basis of their antibiotic resistance phenotypes.
All isolates selected for plasmid analysis were multiple
resistant isolates with diverse phenotypes. The modified
alkaline lysis method for plas mid extraction described by[12]
was used for extraction of plas mid.

2.5.2. Extraction of Plasmid

Organisms were grown in 2.5ml of nutrient broth and
incubated at 35°C for 18h. After incubation, 0.5 ml of each
culture was transferred into 1.5ml Eppendorf tubes for
plasmid extraction and glycerol was added to the remaining
culture and stored at 4°C. The Eppendorf tubes were
centrifuged at 6,000rev/min for 15 seconds after which the
supernatant was carefully removed with the use of fine-tip
automatic micropipette and the cell pellet was thoroughly
suspended in the 100ul of lysozyme solution. The
pellet-lysozyme mixture was incubated at 0°C for 30mins
after which 200ml of the alkaline sodium doedecyl sulphate
(SDS) solution was added and gently vortexed. This
suspension was almost clear and slightly viscous. The tube
was maintained for 5mins at 0°C and then 150ul of sodium
acetate solution was added. The content of each tube was
gently mixed for about six to seven seconds during which
clots of DNA were observed in each tube. The tubes were
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maintained at 0°C for 60mins to allow most of the protein,
high molecular weight RNA and chromosomal DNA to
precipitate. The tubes were centrifuged for Smins at
15,000rev/minute to yield a clear supematant. About 0.4ml
of the supernatant was removed from each tube and
transferred into smaller centrifuge tubes. One millilitre of
cold ethanol was added and held at -20°C for 30° mins. The
precipitate was then collected by centrifugation at 6000
rev/min for 2mins and the supernatant was removed by
aspiration. The pellet was dissolved in 100ul of 0. 1M sodium
acetate/0.05 Tris HCI (pH 8) and reprecipitated in 2vols of
cold ethanol. After 10 min, at -20°C, the precipitate was
again collected by centrifugation as described earlier. The
pellet was dissolved in 40ul of water and then 10ul of sample
buffer was added. Between 10-20ul of plasmid DNA in
solution was applied to an agarose gel for electrophoresis.

2.5.3. Agarose Gel Electrophoresis

One percent agarose was prepared and loaded into
electrophoresis chamber containing between 12-18 wells.
The electrophoresis buffer that was used contained 40mM
Tris, 20mM sodiumacetate, 2mM EDTA, adjusted topH 7.8
with acetic acid. The sample buffer contained 25% sucrose,
5mM sodium acetate, 0.05% bromophenol blue and 0.1%
SDS. Electrophoresis was allowed to proceed at room
temperature until bands become visible at the positive end of
the chamber. After electrophoresis, gels were stained with
ethidium bromide (1pl/ml) and viewed under UV trans
illumination. The molecular marker that was used was the
bacteriophage Hind III digest.

3. Results

A total of fourteen water samples were collected from
seven different points at Arinta waterfall in Ipole-Iloro Ekiti.
The average total bacteria count of the water samples A, B, C,
D, E, F and G are valued as 5.5 x 10° CFU/ml, 82.5 x 10’
CFU/ml, 59.0 x 10° CFU/ml, 82.5 x 10° CFU/ml, 81.5 x 10’
CFU/ml, 92.5 x 10’ CFU/ml and 89.0 x 10° CFU/ml
respectively. While the average total coliform count of the
water samp les are estimated at 6.5 x 10° CFU/ml, 82.5 x 10°
CFU/ml, 82.5 x 10° CFU/ml, 80.5 x 10° CFU/ml, 73.7 x 10’
CFU/ml, 81.5 x 10’ CFU/ml and 79.5 x 10° CFU/ml
respectively.

Forty five (45) microbes belonging to ten genera were
encountered. Escherichia coli 14(31.1%) had the highest
frequency, followed by Klebsiella spp. 10(22.2%),
Pseudomonas spp. 4(8.89%), Salmonella spp. Citrobacter
spp. and Serratia spp. has 3(6.67%) each while deromonas
spp. Bacillus spp. Micrococcus spp.and Aerococcus spp. had
the least frequency 2(4.44%) each (Table 2).

Table 3 shows the antibiotics resistance pattern of the
Gram-negative organis ms isolated from Arinta water samp le
using eight antibiotic discs. The isolates demonstrated high
level resistance to augumentin, amp icillin, nitrofurantoin and
cotrimoxazole while ofloxacin was the most effective of all
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the antibiotics used. The range of pattern of antibiotics
resistance ofthe organisms isolates were augumentin (100%),
amplicillin (100%), cotrimoxazole (80-100%), nitrofurantoin
(50-100%), nalixidic acid (0-100%) gentamicin (0-50%),
ciprofloxacin (20-50%) and ofloxacin which have the least
resistance of (0-33.3%).

Table 1. Microbial counts (CFU/ml) of Arinta water samples
Total bacteria Total coliforms
Samples

10° 10°

A 15.0 4.00

Ax 16.0 9.00
Mean value 15.5 6.50
B: 82.0 90.0

B, 83.0 75.0
Mean value 82.5 82.5
Ci 52.0 100

C 66.0 65.0
Mean value 59.0 82.5
D, 85.0 66.0

D, 80.0 95.0
Mean value 82.5 80.5
E; 83.0 80.0

E> 80.0 67.0
Mean value 81.5 73.7
Fi 101 87.0

F, 84.0 76.0
Mean value 92.5 81.5
G 118 64.0

G 60.0 95.0
Mean value 89.0 79.5

Key: A to G= Sampling point, 1 to 2 = Period of sampling

Table 2. Percentage distribution of microbes from Arinta water samples

Organisms Frequency (%)
Bacillus spp 2 444
Escherichia coli 14 313
Klebsiella spp. 10 222
Pseudomonas pp. 4 8.89
Citrobacter spp. 3 6.67
Salmonella p. 3 6.67
Serratia pp. 3 6.67
Micrococcus pp 2 444
Aeromonas spp 2 444
Aerococcus spp 2 444
Total 45 100
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Table 3. Antibiotics resistance pattern ofthe Gram-negative organisms from Arinta water samples.

35

Number of Resistance pattern (%)

Isolated organisms 5 1 ies TAUG _GEN __OFL___CPR___NIT __NAL __AMP___ COT Resistotype
E.coli 14 100 286 714 50 571 429 100 929 _ AUG, AMP, COT
Klebsiella pp. 10 100 40 10 20 70 50 100 g0 AUG ggr AMP,
AUG, GEN, NIT,

Pseudomonas spp. 4 100 50 0 25 75 50 100 100 AMP, COT
. AUG, NIT, NAL,

Citrobacter spp. 3 100 333 0 0 100 66.7 100 100 AMP. COT
Serratia p. 3 100 333 0 333 333 667 100 100 AUG I\C]‘éLT AMP,

AUG, NAL,

Salmonella pp. 3 100 333 333 333 100 0 100 100 AMP.COT
Aeromonas spp. 2 100 0 0 0 50 100 100 100 AYG I‘é‘g} AMP,

Key: R = Resistant, S= Sensitive, [ = Intermediate; AUG — Augumentin, GEN — Gentamicin, OFL — Ofloxacin, NAL — Nalixidic acid, COT — Cotrimoxazole, AMP

— Ampicillin, CPR — Ciprofloxacin, NIT —Nitrofurantoin

Table 4. Antibiotics resistance pattemn ofthe Gram-positive organisms isolated

Number Resistance pattem (%)
[solated organisms iso‘;:tes GEN STR TET AMP CHL PEN  ERY  CXC Resistotype
_ STR, TET, CHL,
Bacillus spp. 2 0 100 100 50 100 50 100 100 ERY, CXC
Micrococeus pp. 2 50 100 50 50 50 100 100 1o STR PCEXI\IC ERY,
TET, PEN, ERY.
Aerococcus spp. 2 100 0 100 50 0 100 100 100 ’ C;C’ ’

Key: R = Resistant, S = Sensitive, I = Intermediate; GEN - Gentamicin, STR - Streptomycin, TET -Tetracycline, AMP - Ampicillin, CHL - Chloramphenicol, PEN

- Penicillin, ERY - Erythromycin, CXC - Cloxacilin

Table 5. Phenotype of multiple antibiotic resistance (MAR) pattems of Arinta waterfall sample

Gram positive

arI:tI?bsi'o(t)ifcs Antibiotics Gram I\Iengazt 1;/98)15013185 Isolates Toziliszée)ltes
(n=6)
AUG, NIT, AMP, COT 2(5.1 °0A1) - 2(4,4004,)
4 5(12.8%) . 5(11.1%)
AUG, CPR, AMP, COT 2519 0
(5.1%) - 2(44%)
AUG, GEN, NIT, AMP . .
AUG, GEN, AMP, COT 12.6%) ) 122%)
» BN ’ 2(5.1%) . 2(44%)
AUG, NAL, AMP, COT - 1(16.7%) 122%)
TET, PEN, ERY, CXC
0 _ 0,
s AUG, GEN, NAL, AMP,COT 43 ((1767330)) i iﬁg ;02 ;
AUG, CPR, NIT, AMP, COT Jyn ‘W ) 4'40/
AUG, OFL, NIT, AMP, COT s ((1 0 3(;)) i 4E8.9°/D;
AUG, GEN, NIT, AMP, COT 7017.9%) i 7(15.6%)
AUG, NIT, NAL, AMP,COT 10 ‘60/ 0 '20/
AUG, OFL, NAL, AMP, COT 152'60;; i 122'20/";
AUG, CPR, NAL, AMP, COT o 1(16.7%) 122%)
STR, TET, PEN, ERY, CXC 11 6'7‘,/ ) 2'20/
TET, AMP,PEN, ERY, CXC . 1216'70/“; 122'20/";
STR, TET, CHL, ERY, CXC . e o
0, - 0,
6 AUG, OFL, NIT, NAL, AMP, COT ;g?;“; ) égi;’;
AUG, GEN, NIT, NAL, AMP, COT L0.6%) ) 12.2%)
AUG, CPR, NIT, NAL, AMP, COT | 2'60/" | 2‘20/"
AUG, GEN, OFL, NAL, AMP, COT (2.6%) . @2%)
- 0, 0,
; STR, TET, AMP, CHL, PEN, ERY, CXC 116.7%) 1@.2%)
GEN, STR, AMP, CHL, PEN, ERY, CXC i 1(16.7%) 12.2%)
Total (100%) (100%) (100%)

Key: AUG — Augmentin, GEN — Gentamicin, OFL — Ofloxacin, NAL — Nalidixic acid, COT — Cotrimoxazole, AMP — Ampicillin, CPR — Ciprofloxacin, NIT —

Nitrofurantoin, n = numbers of each of the isolate.
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Table 4, shows the antibiotics resistance patterns of
isolated Gram-positive organisms. Also the isolates were
resistant to Ampicillin (50%) Cloxacillin (100 %), Erythromycin
(100%), Tetracycline (50-100%) and penicillin (50-100%),
while the Gentamicin has 50-100%.

Table 5, shows the Multiple Antibiotics Resistance (MAR)
patterns of the Forty five (45) bacterial isolates. Multiple
antibiotics resistance (MAR) higher amongst gram-negative
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coli harboured two plasmids each of similar molecular
weight of 23.1kb and 2.62kb (Lanes 4A, 5A and 7A). Also
Pseudomonas spp. and Micrococcus spp. has 1 plasmid each
with molecular weight of 23.1kb (Lanes 3A and 6A), while
plasmids were not detected in Bacillus spp. and Klebsiella
spp (Lanes 1A and 10A).

Table 6. Plasmid profile and molecular weight (Kbp) of isolated bacteria

isolates than gram positive isolates but each gram-positive _ Molecular Numbers of
isolates were resistance to all the antibiotics, cloxacilin, Isolates Organisms Sﬁf&;f) plasmids
ery.thromy.cin and tetracy.cline.. Qverall, higher numbers.of A Bacillns $p. Nil 5
resistant isolates were identified among Gram-negative 231,251,
isolates. 2A Salmonella $pp. 271

Table 6 shows the plasmid profile patterns and mo lecular 3A Pseudomonas p. 23.1 1
weights of the bacteria isolated from Arinta waterfall. Eight ‘5‘: CZ’ Ob"t‘f’er Spp. ;gi;g; ;
(80%) contained plasmids of which six contained multiple 6A Mi erratia p ;

. R . . icrococcus p. 23.1 1
plasmids. Salmonella spp. contained plasmids with 7A E coli 23.1,2.62 )
molecglar weight of 23.1kb, 2.51 kb anq 2.71kb (Lane. 2A). A Klebsiclla pp. 23.1,2.58, 3
Klebsiella spp.and Aeromonas spp. carried three p lasmids of 295
the same molecular weights of 23.1kb, 2.58kb and 2.95kb 9A Aeromonas spp. 23-;92558‘

(Lanes 8A and 9A). Citrobacter spp., Serratia spp. and E. 10A Kiebsiella pp. Nil 0
1A 2A 3A 4A S5A 6A TA 8A 9A 10A M
bp
23130
9416
6557
4361
1777

2027

Lane 1 A = Bacillus spp; Lane 2A = Salmonella spp; Lane 3A = Pseudomonas spp; Lane 4A = Citrobacter spp; Lane SA = Sermtia spp; Lane 6A =
Micrococcus spp; Lane7A =E. coli;Lane 8A and 10A = Klebsiella spp;Lane 9A = Aeromonas spp;Lane M =\ Hind III digest molecular weight marker.
Figure 2. Plasmid DNA profile of bacterial isolates from Arinta water samples
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4. Discussion

According to guidelines for drinking water quality, the
results of the present study indicated that all the water
samples tested were of poor microbiological quality. This
indicated very high levels of contamination of the Arinta
waterfall as well as high diversity of bacterial organis ms and
high level of antibiotics resistant by isolated microbes.
Arinta waterfall is contaminated and threatened by the
environmental pollution traced to human activities using the
waterfall as tourist and relaxation centre. The presence of
such bacteria might result in diseases and poor health of the
people using or consuming the water. A lthough most strains
of E. coli are not pathogenic, their presence is an indication
of possible presence of pathogenic organisms. Water is
considered safe when it is free of Escherichia coli according
to[13].The antibiotics susceptibility o fthe microbes showed
higher degree of resistance existing among the aquatic
organisms. This is in agreement with the report of[14], who
studied Vibrio cholerae during an outbreak of cholera in
Lagos in 1997 and reported the isolates were resistant to
tetracycline and gentamicin. This study described lower
antibiotic resistant to ciprofloxacin and ofloxacin. The
highest resistance recorded among the antibiotics was
ampicillin, augmentin, tetracycline. These resistance rates
are quite high compared to those previously described
among organisms isolated from river water where resistance
to amikacin was less than 10% and resistance to gentamicin
was less than 25%. In a recent study in Poland, high
resistance to erythromycin was observed among the gram
positive organisms isolated from surface water reaching
resistance level above 60%[15]. Increase of antibiotics
resistance has been observed among organisms isolated from
water sample in Brazil were high indices of resistance to
ampicillin and tetracycline were observed[16].[17] also
reported high level of resistance in Gram-negative bacteria
isolates from rivers in the United States and also revealed
that the isolates exhibited multiple resistance to a number of
commonly used antibiotics such as ampicillin, tetracycline
and penicillin. In this study, ten multi drug resistant bacterial
isolates from Arinta waterfall were analy zed for plas mid and
this consist of eight (8) Gram-negative organisms and two (2)
Gram-positive bacteria. Eight out of ten isolates harboured
plasmid out of which six contained more than one plasmid.
All ofthe eight plasmid containing isolates were resistant to
augmentin, ampicillin and tetracycline. Meanwhile, p lasmid
analysis as one of the way to know whether gene coding for
antibiotic resistance is located on the plasmid DNA or
chromosome DNA. Different plasmids co-existed in the
same host cell. This agrees with the finding of[ 18] who
isolated forty five antibiotic resistant bacteria from waste
water samples and detected thirty one (31) plasmids in
fourteen (14) antibiotic resistant strains with ten (10)
carrying multiple plasmids. The demonstration of
high-molecular weight plasmids in the isolates and the
expression of multidrug resistance (MDR) were plasmid
-medicated.[ 19] showed that several enteric bacterial strains

possessing both antibiotic resistance and high molecular
weight plasmid could transfer their resistance to other
recipient bacteria. The transmissibility of resistance (R)
genes and plasmids poses public health risk, considering the
vast potential of host presented by microbial populations in
the water environment.[17] had in a study of antibiotic
resistance of gram-negative bacteria in rivers in the united
demonstrated that resistance to ampicillin and other
antibiotics drugs (including ciprofloxacin, tetracycline,
chloramphenicol, streptomycin and cotrimoxazole) was
plasmid mediated. The occurrence of plasmid mediated
multi-drug resistant in bacteria in these surface waters
heightens the public health. Therefore, the result of this study
shows that the plasmid harboured by eight (8) isolates out of
the ten isolates might be acquired.

Pathogenic bacteria fromthe water samples were found to
be resistance to gentamicin, augumentin, ampicillin,
tetracycline and other commonly used antibiotics. Multidrug
resistance and plasmid were observed in the bacterial isolates.
The occurrence of plasmid mediated multidrug resistant in
bacteria in this surface water lightens the public health
concern. It can be concluded that this study showed a need
for continuous pollutions monitoring programme of the
surface water in Nigeria.
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