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ABSTRACT: Groundwater is generally considered as one of the immaculate sources of water in nature and
inability of the Government to provide pipe borne water in Abakaliki has led to the exploitation of groundwater
for water supply by the populace. This study is designed to ascertain the bacteriological and physicochemical
quality of borehole and well water within the Abakaliki metropolis. Twenty water samples were collected from
ten boreholes and ten wells for bacteriological quality and physicochemical parameters (pH, total dissolved
solid, temperature, turbidity and total hardness) following standard procedures. One hundred and forty nine
bacterial isolates (38.9% Staphylococcus aureus, 24.2 % E. coli, 9.4 % P. aeruginosa, 17.4 % Klebsiella
species and 10.1 % Salmonella species) were obtained from borehole water sources and one hundred and
nineteen bacterial isolates (31.1 % S. aureus, 24.4 % E. coli, 3.4 % S. faecalis, 12.6 % P. aeruginosa, 10.9 %
Klebsiella species, 4.2 % P. mirabilis and 13.4 % Salmonella species) were obtained from well water sources.
The values of th bacteria counts for borehole water ranged from 1.5 x 102 to 9.1 x 10 cfu/100ml and well water
ranged from 1.4 x 102 to 7.0 x 10 cfu/100ml, exceeded the Environmental Protection Agency (EPA) limit of O
cfu/100ml for drinking water. The total dissolved solid, pH, ambient temperature and total hardness of all water
samples (borehole and well) are all within the EPA limit. The high turbidity observed with the water samples
PB2, PB7, PB8, PW4, PW6 and PW7 not within the EPA limit for turbidity. Antibiotic susceptibility studies
showed that all isolated bacteria pathogens were highly resistant to most of the tested antibiotic tested but were
susceptible to Amikacin, Ofloxacin and Gentamycin and are thereby recommended as drugs of choice in the
treatment of bacterial isolates from water sources. The organisms obtained in this study are of public health
importance, hence water samples require proper treatment before domestic use to eliminate bacterial involved
in waterborne disease outbreaks.
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l. INTRODUCTION

Water is the most universally used single necessity of life [1]. Access to potable water has been an age
old challenge because of the rising human populations and activities, which are in no small measure impacting
negatively on the chemical and microbiological qualities of available water supplies [2]. Groundwater is
generally regarded as one of the pristine sources of water [3]. The contamination of groundwater quality has
been related to location and construction of wells, proximity of wells to domestic waste dumpsites, abattoir,
sanitary systems such as pit-latrines and septic tanks. Moreover, groundwater quality has been shown to vary
seasonally [4]. However, As the world turns its attention to the formulation of the post-2015 Sustainable
Development Goals (SDGs) much remains to be done particularly in areas of improving more access to potable
water, sanitation, improved sewage management systems and public enlightenment especially in developing
countries that still have high percentage of water crisis [5].

Borehole water (groundwater) is the predominant source of water by the inhabitants of Abakaliki
metropolis and it is generally considered a safe source of drinking water by the populace [6]. Well water is also
an important source of drinking and household water in Abakaliki and communities within. The underground
water supplies are usually consumed safe provided they are properly located, constructed and operated
according to the World Health Organization Guidelines for Drinking Water [7].
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Pathogenic bacteria such as Escherichia coli, Aerobacter aerogenes, Klebsiella species, Pseudomonas
species, Proteus species, Staphylococcus species and Acaligenes species have been isolated from groundwater
[8]; [9]. Some of these isolates, such as Pseudomonas aeruginosa and Klebsiella species can cause nosocomial
infections in immunocomprised patients [10].

Uncontrolled uses of antibiotics have led to rapid evolution of antibiotic- resistance bacteria and
antibiotic resistance gene transfer, especially in a pool of aquatic system where resistance, intermediate and
susceptible bacteria to some antibiotics strive together [11]. The unappealing manifestation of this situation is
the increasing persistence of bacterial infections amongst the public [12]. The chemical, physical and microbial
constituents of water sources are critical public health issue that needs to be determined from time to time.
Hence this present study is designed to ascertain the bacteriological quality of the groundwater sources in
Abakaliki metropolis, determine the antibiogram of the isolates and physicochemical parameters from the
assessed groundwater samples.

1. MATERIALS AND METHODS
Study Area
Ebonyi state is known for its large mineral deposits including limestone and lead which are heavily
mined for commercial purposes. There have been frequent outbreaks of waterborne diseases including cholera in
Abakaliki metropolis and some parts of Ebonyi State. The co-ordinates of Ebonyi state are Latitude 06° 4'N and
longitude 08° 5°E [13] [14].

Sample Collection

A total of 20 water samples were obtained from 10 boreholes and 10 wells. 250ml capacity sterile
bottles were pre-sterilized in an autoclave at 121°C for 15 minutes before they were used for collecting water
samples. After allowing several litres of water to run for 5 minutes as waste, water samples were obtained from
bore by allowing water to flow aseptically from the dispensing tap into the glass bottles. A stone of a suitable
size was attached to the sampling bottle using a piece of string. The bottle was opened and lowered into the
well; the bottle was completely immersed in the water, without touching the sides of the well and without hitting
the bottom or disturbing any sediment. The bottle was filled and then removed by rewinding the string.
Approximately 20-30 ml of water was discarded to provide sufficient airspace to allow shaking before the
analysis to achieve a homogenous dispersion of the bacteria. The bottles were then corked and transported to the
laboratories for microbial and physicochemical analysis. The water samples were obtained from wells and
boreholes with minimum distance from possible sources of contamination such as septic tanks, silos, leach
fields, livestock yards, and refuse dump.

Microbiological Analysis of the Soil Samples

Fungi and bacteria were isolated from the soil samples by the standard spread plate technique [15]. One
gram of each of the composite soil samples was added to 9 ml of sterile normal saline in a flask and shaken very
well. The suspension obtained was diluted to 107 by serial dilution. Using pour plate method as described by
[16], one milliliter aliquots of the dilutions were spread on the surface of plates of Sabouraud dextrose agar
(SDA) which was added 25mg of chloramphenicol tablets incubated at 25°C for 72 hours for fungi growth and
on nutrient agar (NA) at 27°C for 48 hours for bacteria growth by pour plate method as described by [17].
Discrete colonies of aerobic bacteria and fungi were subcultured for purification by streaking on fresh solid
media (Nutrient agar) for bacteria while fungi colonies were subcultured in sabouraud dextrose agar which
chloramphenicol was added. The culture plates were incubated at 27°C for 48 hrs for bacteria and at 25°C for
72hrs for fungi.

Physicochemical Analysis of Soil Samples

A number of physicochemical parameters of the contaminated soil and non-contaminated samples were
determined. They included pH, temperature, conductivity, nitrate, phosphate and sulphate. Others included oil
and grease, total organic carbon, and exchangeable cations. Hach pH meter (Model EC10) was used for pH
measurement; conductivity was measured using Hach conductivity meter (Model CO150). Sulphates, nitrates
and phosphates were determined using Barium chloride (Turbidimetric method), Cadmium reduction and
Ascorbic acid methods respectively. All analyses were in accordance with American Public Health Association
(APHA, 2005).

Antibiotic Susceptibility Test

A 0.5McFarland standard solution of the test organism was prepared by inoculating the organism in
normal saline solution. From this solution, the organism was streaked on a Mueller-Hinton agar plate using a
cotton swab while ensuring that the entire surface of the agar was streaked. Using a pair of sterile forceps, the
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antibiotic disc which included; Mupirocin (5ug), Ofloxacin (5upg), Gentamicin (10pg), Amikacin (30ug)
Ceftazidime (30ug), Bacitracin (10pg) and Clindamycin 2ug (Oxoid, UK) was placed on the inoculated agar
and the plate was incubated at 37°C for 24hours. The zones of inhibition of each antibiotic were measured in

millimeters (NCCLS, 2017).

Determination of Multiple Antibiotic Resistance (MAR) index
Multiple antibiotic resistance (MAR) index was determined using the formula MAR=x/y, where X is
the number of antibiotics to which test isolate displayed resistance and y is the total number of antibiotics to

which the test organism has been evaluated for sensitivity [18].

1. RESULTS
A total of seven (7) bacteria were identified to contaminate underground water sources sampled in
Abakaliki metropolis. The bacteria include Escherichia coli, Salmonella species, Klebsiella species,
Pseudomonas species, Proteus mirabilis, Streptococcus species, and Staphylococcus aureus as shown in Table 1.

Table 1: Colonial morphology and biochemical characterization of bacteria isolated from borehole and well
water in Abakaliki metropolis
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The public bore with sample code PB8 has the highest colony count of 9.1 x 10 cfu/100ml, followed by

PB9 (8.8 x 10 cfu/100ml), PB1 (7.6 x 10 gfu/lOOmI), PB3 (5.6 x 10 cfu/100ml), PB4 (4.8 x 10 cfu/100ml), PB2
(4.7 x 10 cfu/100ml), while PB6 (1.5 x 10 cfu/100ml) showed the lowest as indicated in Table 2.

Table 2: Bacteria count (CFU/ 100 ml) of Borehole water sample

Sample Sources Code Colony Count (CFU/100 ml)
PB1 7.6x10
PB2 47x10
PB3 5.6 x 10
PB4 48x10
PB5 44x10
2
PB6 1.5x 102
PBY 1.7x10
PB8 9.1x10
PB9 8.8x10
PB10 1.8x10
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Keys: PB1 = Public Borehole Azugwu Street, PB2 = Public Bore Nsugbe Street, PB3 = Public Borehole Ogoja
Street, PB4 = Public Borehole Onuebonyi road, PB5 = Public Borele Ogbehausa market, PB6 = Public
Borehole Omege street, PB7 = Public Borehole Nnodo Boys Playground, PB8 = Public Borehole Jim Metu
Street, PB9 = Public Borehole Presco Campus, PB10 = Public Borehole Ofoke Street

Among the well water sources sampled in this study, sample source code PUW?2 had the highest
colony count of 7.0 x 10 cfu/100ml, followed by PW3 (5.7 x 10 cfu/lOOmI)Z, PUW1 (5.6 x 10 cfu/100ml), PW5

(5.3 x 10 cfu/100ml), PW6 (4.7 x 10 cfu/100ml), while PUW3 (1.4 x 10 cfu/100ml) had the lowest colony
count as indicated in Table 3.

Table 3: Bacteria count (CFU/ 100 ml) of Well water sample

Sample Sources Code Colony count (CFU/100 ml)
PW1 3.0x10
2
Pw2 1.3x10
PWS3 5.7x10
2
W4 1.6 x 10
PW5 5.3x10
PW6 47x10
PW7 4.0x10
PUW1 5.6 x 10
PUW?2 7.0x10
2
PUW3 1.4x10

Keys: PW1 = Private well Ogboloko street, PW2 = Private well Nnodo boys street, PW3 = Private well
Nwele street, PW4 = Private well Aguchi street, PW5 = Private well Ogbonna street, PW6 = Private well Udude
street, PW7 = Private well Echefula street, PUW1 = Public well Ofoke street, PUW1 = Public well Azuyiokwu
street and PUW3 = Public well Amike-Aba playground

Out of the 149 bacterial isolates (58 Staphylococcus aureus, 36 E. coli, 14 P. aeruginosa, 26 Klebsiella
species and 15 Salmonella species) obtained from borehole water sources, PB6 showed the highest bacterial
isolates (13.4 %), followed by PB2 (11.4 %), PB10 (11.4 %), PB5 (10.7 %), PB1 (10.7 %), PB4 (10.1 %), PB3
(9.4 %), PB7 (9.4 %) and PB8 (8.1 %), while PB9 (5.4 %) showed the lowest bacterial distribution as shown in
Table 4.

Table 4: Distribution of bacteria isolates from borehole water samples
Key: (%) = Percentage

Bacterial Isolates

giTrFéI: Staphylococcus  E. coli (%) P. aeruginosa Klebsiella Salmonella species  Total (%)
Code aureus (%) (%) species (%0) (%)

PB1 5(8.6) 3(8.3) 0(0.0) 8(30.8) 0(0.0) 16 (10.7)
PB2 7(12.1) 0(0.0) 0(0.0) 4 (15.4) 6 (40.0) 17 (11.4)
PB3 11 (19.0) 0(0.0) 0(0.0) 3(115) 0(0.0) 14 (9.4)
PB4 3(5.2) 3(8.3) 9(64.3) 0(0.0) 0(0.0) 15 (10.1)
PB5 2(3.4) 5(13.9) 0(0.0) 9(34.6) 0(0.0) 16 (10.7)
PB6 10 (17.2) 8(22.2) 0(0.0) 2(1.7) 0(0.0) 20 (13.4)
PB7 4(6.9) 10 (27.8) 0(0.0) 0(0.0) 0(0.0) 14 (9.4)
PB8 9 (15.5) 0(0.0) 0(0.0) 0(0.0) 3(20.0) 12 (8.1)
PB9 3(5.2) 0(0.0) 5(35.7) 0(0.0) 0(0.0) 8 (5.4)
PB10 4 (6.9) 7(19.4) 0 (0.0) 0(0.0) 6 (40.0) 17 (11.4)
Total 58 (38.9) 36 (24.2) 14 (9.4) 26 (17.4) 15 (10.1) 149

A total of 119 bacteria were obtained from well water sources which comprises of 37 S. aureus, 29 E.
coli, 4 S. feacalis, 15 P. aeruginosa, 13 Klebsiella species, 5 P. mirabilis and 16 Salmonella species (Table 5).
PUWZ1 showed the highest bacterial isolates (16.8 %), followed by PW2 (11.8 %), PW5 (10.9 %), PW7 (10.9
%), PW6 (10.1 %), PUW3 (10.1 %), PW1 (9.2 %), PW4 (8.4 %) and PUW?2 (7.6 %), while PW 3 showed the
lowest bacterial isolates as shown in Table 5.
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Table 5: Distribution of bacteria isolates from well water samples

Bacterial Isolates

237;“,‘:,1“' 5. E. coli S.feacalis P Klehsiella  P. Salmonella Total

Code  aurens (%) agrugingsa  species i species (%)
(%4) (%) (%) (%) (%)

PW1 3610 000 2 (30.0) 000.0) 254 000 1250 e

PW2 000.0) 724D 0(0.0) 5(33.3) 2054 00000 0(0.0) 14(11.8)

PW3 2054 3(103) 0 (0.0) 0(0.00 0(0.0) 0 (0.0) 0(0.0) 542

PW4 4 3(10.3) 0 (0.0) 0(0.0) 0(0.0) 3 (60.0) 0(0.0) 10(3.4)
(10.8)

PW3 5 6(20.7) 0 (0.0) 0(0.00 0 (0.0) 0 (0.0) 2(12.5) 13 (10.9)
(13.3)

PW6 3.0 0000 0 (0.0) 4(26.7 5(38.3)  0(0.0) 0(0.0) 12(10.1)

PW7 5 0(0.0) 0 (0.0) 3 (20.00 0 (0.0) 2 (40.0) 3(18.8) 13 (10.9)
(13.3)

PUW1 0 0 (0.0) 2 (30.0) 0(0.00 40308) 00000 3(31.3) 20(16.8)
24.3)

PUW2Z 2034) 3(172) 0 (0.0) 0(0.00 0 (0.0) 0 (0.0) 2(12.5) 9(7.6)

PUW3 4 5(17.2) 0 (0.0) 3(20.00 0(0.0) 0 (0.0) 0(0.0) 12(10.1)
(10.8)

Total 37 W24 439 I5(12.6) 13(10.9) 5(42) 16 (13.9) 19
(31.1)

The Physicochemical analysis result of the borehole water sources is shown in Table 6. The water
temperature of the borehole water sampled ranged from 27 — 32 °C, pH ranged from 6.6 to 8.3, total dissolved
solid ranged from 141 — 213 ppm, the turbidity ranged from 0.1 — 0.8 NTU and the total hardness ranged from
295 — 379 mg/L.

Table 6: Physicochemical parameters of borehole water samples

Physicochemical PB1 PB2 PB3 PB4 PB5 PB6 PB7 PB8 PB9 PB10
parameters

Water 30 27 28 32 29 32 29 27 31 28

temperature (°C)

pH 6.6 6.7 6.5 7.3 7.1 6.8 7.5 8.3 7.5 1.7

Total dissolved 156 192 173 162 141 169 205 213 168 163
solid (ppm or

mg/L)

Turbidity (NTU) 0.2 0.6 0.4 0.3 0.1 0.3 0.7 0.8 0.3 0.3

Total  hardness 355 300 379 295 335 310 300 340 300 392

(mg/L)

The water temperature of the well water sampled ranged from 27 — 31 °C, pH ranged from 6.5 to 8.9,
total dissolved solid ranged from 142 — 218 ppm, the turbidity ranged from 0.1 — 0.8 NTU and the total hardness
ranged from 198 — 378 mg/L (Table 7).

Table 7: Physicochemical parameters of well water samples

Physicochemi  PW1 PW?2 PW3 PwW4 PW5 PW6 PW7 PUW1 PUW2 PUW3
cal
parameters
Water 28 27 30 28 31 29 29 27 29 30
temperature
0
pH 7.8 8.6 7.9 6.9 7.1 8.6 8.2 7.3 8.9 6.5
Total 154 180 142 209 157 218 195 153 149 170
dissolved
solid (ppm or
mg/L)
Turbidity 0.3 0.5 0.1 0.7 0.2 0.8 0.6 0.2 0.1 0.4
(NTU)
Total hardness 251 298 325 229 327 310 247 198 378 283
(mg/L)
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Table 8: Antibiotic sensitivity pattern of bacterial isolates from borehole water in Abakaliki
Key: S = Sensitive, R = Resistance

S. aureus E. coli (n = 36) P. aeruginosa (n  Klebsiella species (n  Salmonella species (n
(n=58) =14) =26) =15)
Antibiotics S R S R S R S R S R
Amikacin 100 % 0.0 % 94.4 % 5.6 % 64.3 35.7 80.8 % 19.2% 80.0 % 20.0%
(30pg) %
Bacitracin 121 % 87.9 % 27.8% 722 % 143%  85.7 154 % 84.6 % 40.0 % 60.0 %
(10pg) %
Ceftazidime 74.1% 259 % 36.1% 63.9 % 929% 7.1% 50.0% 50.0 % 40.0 % 60.0 %
(30pg)
Clindamyci  46.6 % 53.4 % 36.1% 63.9 % 214%  78.6 46.2 % 53.8 % 53.3% 46.7 %
n (15ug) %
Gentamicin ~ 89.7 % 10.3% 91.7% 8.3% 71% 929 57.7% 42.3% 26.7 % 73.3%
(30pg) %
Muprocin 17.2% 82.8 % 33.3% 66.7 % 286% 714 23.1% 76.9 % 33.3% 66.7 %
(30ug) %
Ofloxacin 94.8 % 52 % 77.8% 22.2% 100 % 00% 69.2% 30.8% 933 % 6.7 %
(15pg)

Table 9: Antibiotic sensitivity pattern of bacterial isolates from borehole water in Abakaliki
Key: S = Sensitive, R = Resistance

S. aureus S. facialis P. Klebsiella P. mirabilis  Salmonella
(n=37) E. coli (n= (n=4) aeruginosa  species (n  (n=5) species (n = 16)
29) (n=15) =13)
Antibiot S R S R S R S R S R S R S R

ICS

Amikaci 100  0.0% 89. 103 100 00 33 667 0.0 100% 400 60.0 87.5% 12.5%

n(30ug) % % % % % 3% % % % %

Bacitraci 324 676% 17. 828 00 100 60. 400 23. 769% 400 600 50.0%  50.0%
n(10pg) % 2% % % % 0% % 1% % %

Ceftazidi 486 51.4% 44, 552 500 50. 53. 467 15, 846% 0.0 100  50.0%  50.0%
me % 8% % % 0% 3% % 4% %

(30ug)

Clindam 324 67.6% 34 655 250 75. 66. 333 30. 692% 400 600 437%  56.3%
ycin % 5% % % 0% 7% % 8% % %

(15pg)

Gentami 811 189% 72 276 100 00 66. 333 84 154% 100 00 187%  81.3%
cin % 4% % % % % % 6% % %

(30ug)

Muproci 189 81.1% 17. 828 00 100 26. 733 15 846% 750 250 0.0% 100%
n(30pg) % 2% % % % % % 4% % %

Ofloxaci  91.9 8.1% 75. 241 100 00 8. 133 61. 385% 100 00 6.2 93.8%
n(15ug) % 9% % % % % 5% % %

The multiple antibiotic resistance index (MARI) of bacteria isolates from borehole water samples range from
0.4-0.6, while the MARI of bacteria from well water range from 0.3 — 0.7 (Figure 1).
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0.7 Borehole water

0.6 Well water
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S.aureus E.coli  P.aeruginosa Klebsiella Salmonella S. faecalis P. mirablis

Figure 1: Multiple Antibiotic Resistance Index (MARI) of bacteria isolates from borehole and well water
samples

V. DISCUSSION

In Abakaliki, the inability of the Government to provide pipe borne water has led to the exploitation of
groundwater for water supply by indigenes. Groundwater is generally regarded as one of the pristine sources of
water. However, studies have shown that the quality of groundwater in most urban areas in Nigeria is
deteriorating fast [20]; [21]; [22]. Groundwater may harbor potential pathogens and the presence of these
pathogenic organisms can pose severe health risks to consumers in general and immune compromised
individuals in particular [23]. In view of the prevailing problem of portable water in Abakaliki metropolis, the
study was conducted to evaluate the resistance profile of bacteria to some commonly used antibiotics within the
study area. Seven bacteria (Escherichia coli, Salmonella species, Klebsiella species, Pseudomonas species,
Proteus mirabilis, Streptococcus species, and Staphylococcus aureus) were identified to contaminate
underground water sources (borehole and well) sampled in Abakaliki metropolis as shown in Table 1. The
bacterial pathogens isolated from the various water samples in this study are of public health importance
because these microbes are implicated in a plethora of human infections. The result of this study is also in line
with the report of [24] who revealed the presence [25]; of enteric and non-enteric bacteria in borehole and well
water within Benin Metropolis. Similarly, bacteria of public health importance have been isolated from
underground water sources [26]; [27]; [28]; [29]; [30]; [31] [32]. The presence of Klebsiella species,
Micrococcus species and Enterobacteraerogenes in borehole water samples is unacceptable from the public
health point of view [33].

The presence of microbes in water (especially above the acceptable limits) also signifies that water
sources are not potable and thus could not be used for drinking purposes [34]. The result of the total bacterial
count from the water sampled showed \gery high counts. The bacteriological count ranged from 4.4 x 10 - 1.7 X

102 cfu/200 ml and 3.0 x 10 - 1.4 x 10 CFU/100 ml from the borehole and well water sources as indicated in
Table 2 and 3. These counts are higher than the acceptable counts of 0 cfu/ml for drinking (APHA, 2005).
Results obtained in this study also corroborates results obtained from similar studies on the microbial quality of
borehole and well water in ljebu-Ode and Ago-lwoye communities in South Western Nigeria, which also
reported bacterial count greater than 0 CFU/100ml in the samples examined [35]; [36] while 4.03 X 10%has been
reported from Groundwater in South Delhi [37]. Contamination could also have originated from the
environment through dust particles transported into the tank. WHO report on protecting groundwater for health
2006, identifies leakage from sanitary systems such as septic tanks as the major source of feacal contamination
of groundwater [38]. The contamination of groundwater quality has been related to location and construction of
wells, proximity of wells to domestic waste dumpsites, abattoir, sanitary systems such as pit-latrines and septic
tanks. Moreover, groundwater quality has been shown to vary seasonally [39]. Arguably, the distance between
borehole and septic tank can influence the contamination of the groundwater by the septic tanks. Although, there
have been reports to indicate a weak/negative correlation between the distance of a pit latrine and/or septic tanks
and boreholes on the groundwater quality the distance between a borehole and septic tank remains an important
factor in determining groundwater contamination [40]; [41] [42]. According to the WHO Fact sheet on septic
tanks, the minimum acceptable distance between borehole and septic tanks should be 30 meters [43]. Some
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selected site of sample collection in this study did not meet the 30m limit set by the WHO indicating that the
observed feacal contamination in borehole and well water samples most likely contaminated from seepage from
septic tanks in the study locations. This study revealed the presence of Staphylococcus aureus in almost all the
well and borehole water samples analyzed, with high prevalence rate of 38.9 % and 31.1 % borehole and well
water sources respectively as shown in Table 4 and 5. High and low prevalence rate of 75 % and 23.1 %
Staphylococcus aureus have been reported [44] [45]. Staphylococcus aureus is a common member of the human
micro flora. It can produce diseases through two different mechanisms. One is based on the ability of the
organisms to multiply and spread widely in tissues, and the other is based on the ability of the organisms to
produce extracellular polysaccharides and toxins. Multiplication in tissues can result in manifestations such as
boils, skin sepsis, post-operative wound infections, enteric infections, septicemia, endocarditis, osteomyelitis
and pneumonia [46]. Gastrointestinal diseases (enterocolitis or food poisoning) is caused by a heat-stable
Staphylococcal enterotoxin and characterized by projectile vomiting, diarrhoea, fever, abdominal cramps,
electrolyte imbalance and loss of fluids [47].

Klebsiella species occurrence rate of 17.4 % in borehole water and 10.9 % in well water from in this
present study (Table 4 and 5) is lower than 25 % occurrence rate of Klebsiella pneumonia isolated from pipe—
borne chlorinated (Treated) water and untreated water in llorin [8]. Klebsiella organisms can lead to a wide
range of disease states, notably pneumonia, urinary tract infections, septicemia, and soft tissue infections [13].
Borehole water recorded occurrence rate 24.2 % and well water recorded 24.4 for Escherichia coli in this study
(Table 4 and 5). This result is almost similar with 33.3 % occurrence rate of Escherichia coli in Ngwogo and
Okpu well water in Afikpo reported by [14]. [41] reported 58.3 % prevalence of E. coli in water obtained from
Akure. [11] had also reported that 75 % of unprotected well and spring water sources from North Gondar,
Ethiopia, were contaminated by faecal coliforms, especially E. coli.

The presence of faecal coliform like E. coli and Klebsiella pneumoniae in some samples is an
indication of recent pollution by sewage. This is not surprising since their presence in the water sample suggests
faecal pollution, hence falls short of the standard of safe drinking water. Their presence in groundwater is not
unlikely because the environment in which the majority of the waters are located predisposed them to constant
pollution from human and animal waste materials. Severe health effects such as gastroenteritis and hemolytic
uraemic Syndrome have been associated with consuming Escherichia coli from groundwater [6]. Additionally,
Klebsiella species poses health risk to patients with impaired immune systems, such as the elderly or very
young, patients with burns or excessive wounds, and those undergoing immunosuppressive therapy, thus their
presence in ground water is of significant public concern. Pseudomonas aeruginosa is a recognized cause of
hospital-acquired infections with potentially serious complications and has been isolated from a range of moist
environments such as sinks, water baths, hot water systems, showers and pools [14]. Although the prevalence
rate of Pseudomonas is not high compare to other bacteria isolated in this study, the presence of P. aeruginosa in
drinking water in high volumes may be associated with complaints about taste, odour and turbidity according to
[25]. The presence of Salmonella species was observed from of the water sources sampled with prevalence rate
of 10.1 % and 13.4 % for borehole and well water respectively as observed in Table 4 and 5. Salmonella species
is not particularly stable in water environments; their presence in drinking water indicates recent human faecal
pollution [4]. Salmonella species are enteric pathogens predominantly transmitted by the faecal-oral route
through person-to-person contact, contaminated food and water [34].

Streptococcus faecalis is heterogeneous group of Gram positive bacteria. In this group, the organism
Streptococcus faecalis is now considered an opportunistic infection i.e. it is contacted from one’s normal micro
flora. However, disease usually occurs in individual with predisposing factors such as viral infection of the
respiratory tract, physical injury to the fat, alcohol or diabetes [9]. Undoubtedly, Streptococcus faecalis was the
least prevalence bacteria recording 3.4 % (Table 5). This observation is in agreement with the findings of [37];
[38]; [39] who reported that Streptococcus faecalis as the least prevalence bacteria with 3.8 %, 12 % and 25 %
respectively. The quality of ground water depends on various chemical constituents and their concentration,
which are mostly derived from the geological data of the particular region [39]. The pH of all the water samples
analyzed in this study are all in agreement with EPA standard, pH of water which ranges from 6.5 — 8.5 for
borehole water and 6.5 — 8.9 for well water sources (EPA, 2002). The high turbidity observed with the water
samples PB 2, PB7, PB8, PW4, PW6 and PW7 is not in agreement with the EPA standards on turbidity. High
turbidity is usually attributed to the presence of higher levels of disease causing microorganism such as bacteria
and other parasites in water samples. Low turbidity level observed in sample PB1, PB3, PB4, PB5, PB 6, PB9,
PB10, PW1, PW2, PW3, PW5, PUW1. PUW2 and PUW3 may be attributed to the presence of fewer number of
disease causing microorganisms. The cloudiness of water (turbidity) fit for consumption is not suppose to go
above 5 nephelometric units (NTU) as recommended by EPA (2002). Total dissolved solid in drinking water has
been associated with natural sources, sewage, urban runoff, industrial waste water and chemical used in the
water treatment process (EPA, 2002), though of aesthetic rather than health hazards [7]; [8]. The total dissolved
solid of all water samples (borehole and well) are all in agreement with the environmental protection agency
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standard of 500 mg/Il. The total hardness is an important parameter of water quality whether it is to be used for
domestic, industrial or agricultural purposes. Hardness of the water is the property attributed to the presence of
alkaline earths. It is the property of water by which it prevents lather formation with soap and increases the
boiling point of water [16]. Water can be classified into soft (75 mg/L), moderately hard (75-150 mg/L), hard
(150-300 mg/L) and very hard (300 mg/L) based on hardness (Sawyer and McCarty 1967). From the result
obtained, the analyzed borehole groundwater samples (PB1, PB2, PB3, PB5, PB6, PB7, PB8, PB9, PB10) are
very hard water, except PB4 (295 mg/L) which is hard water as shown in Table 6. It is also observed that most
the well water samples (PW1, PW2, PW4, PW5, PW7, PUW1, PUW3) are hard water, except for PW3 (325
mg/L), PW6 (310 mg/L) and PUW?2 (378 mg/L) are very hard water (Table 7).The high hardness may cause
encrustation on water supply distribution systems. Longterm consumption of extremely hard water might lead to
an increased incidence of urolithiasis, anencephaly, prenatal mortality, some types of cancer and cardiovascular
disorders [31].

Antibiotics play very important role in decreasing diseases, illness and/or death associated with
bacterial infections in humans and animals [40]. The results of antibiotic study revealed marked differences
among bacterial isolates in their susceptibility and resistance patterns to antibiotics. The high susceptibility of
most bacterial isolates was observed with Amikacin, Ofloxacin and Gentamycin observed in this study might be
due to the less use of these antibiotics in clinical practice and/or veterinary medicine. This data is in support
with 91.75 % susceptibility profile of E. coli isolates from the various water sources to some prescribed
antibiotics [43]. Amikacin is an aminoglycoside which blocks protein synthesis in bacteria and are used
presently to treat severe infections as a last resort when other drugs fail [32]. Ofloxacin is a floroquinole that
inhibits cell division [23].

Notably, higher levels of resistance to Gentamycin, Bacitracin, Clindamycin and Muprocin were
observed in E. coli isolates, S. aureus, Klebsiella species, Pseudomonas aeruginosa, P. mirabilis, S. faecalis and
Salmonella species isolates as shown in Table 8 and 9. This is similar to a previous work carried out in
Abakaliki were high levels of resistance amongst bacteria isolated from water samples [36]. Multi-antibiotic
resistant water bacteria isolates have also been reported by [13] [14]. The findings from this study, suggests that
the isolates may have acquired resistant genes to the tested antibiotics (Bacitracin, Mupirocin and Clindamycin),
probably due to exposure to sub-lethal doses in the environment or possession of intrinsic genes by the isolates.

Hence, this study clearly establishes how the resistance to different antibiotics is prevalent and is
spreading around us in our water sources even in drinking water samples. The differences in resistance profiles
in this environmental study clearly reflect the differences in the selection procedure pressure in the investigated
sites/areas. The rising trend of resistance in most of the isolates in this study from ground water source affirms
the fact that disposed antibiotics may have been washed down the water sources and accumulated downstream
especially during the rainy season accounting for the high resistance.

Multiple antibiotic resistance (MAR) analysis has been used to differentiate bacteria from different
sources using antibiotics that are commonly used for human therapy [46]. The monitoring of both antibiotic
consumption and multiple antibiotic resistance index (MARI) especially in nosocomial infections is critically
necessary to setting up of effective containment programs and audit of such programs [2] [3]. The MARI of
bacterial isolates from borehole water is S. aureus (0.4), Klebsiella species (0.4), E. coli (0.6), P. aeruginosa
(0.6) and Salmonella species (0.6), while well water is P. aeruginosa (0.3), S. feacalis (0.4), S. aureus (0.6), E.
coli (0.6), P. mirabilis (0.6), Salmonella species (0.6) and Klebsiella species (0.7) as shown in Figure 1.
Escherichia coli in this study showed multiple antibiotic resistance index of 0.83, followed by Enterobacter
species (0.83) and S. saprophyticus (0.83) showed the highest followed by S. epidermidids (0.75), Enterococcus
species (0.75) and Staphylococcus aureus (0.67). However, samples that yielded MAR indexing above 0.2
indicated high risk of contamination. The difference in MAR indexing in the different water sources indicated
the impact of urbanization on antibiotic resistance levels. Resistance to multiple antibiotics can lead to
occurrence of newly emerging resistant bacteria which may be transmitted to consumers causing infections that
are difficult to treat. The observed high frequency of bacterial resistance may not only result in the therapeutic
failure in the groundwater fauna population, but also endangers the health of the people who are at risk of
infection with pathogens from these reservoir coupled with the possibility of plasmid transfer of resistance gene
to human pathogenic bacteria [47].

V. CONCLUSION
This study show that borehole and well water sampled in this study require proper treatment before
domestic use to eliminate bacterial involved in waterborne disease outbreaks. Bacterial isolates from borehole
and well water sources exhibited varying resistances to antibiotics and is of public health importance. Con-
sidering susceptibility pattern of antibiotic agents (Amikacin, Ofloxacin and Gentamycin) against most of the
bacteria isolates, they are thereby recommended as drugs of choice in the treatment of bacterial isolates from
water sources.

WWW.ijpsi.org 63|Page



Antibiotic Susceptibility Of Bacterial Species Isolated From Underground Waters ...

[1.
[2).
[31.
[41.

[5].
[6].
[7].
[8].

[9].

[10].

[11].

[12].
[13].
[14].
[15].
[16].
[71.
[18].
[19].

[20].
[21].

[22].
[23].

[24].

[25].
[26].
[27].
[28].
[29].
[30].

[31].
[32].

[33].
[34].

[35].

REFERENCES

Adzitey, F., Nafisah, S. and Haruna, A. (2015). Antibiotic susceptibility of Escherichia coli Isolated from some drinking water
sources in Tamale Metropolis of Ghana. Current Research in Bacteriology. 8 (2): 34-40.

Afiukwa FN, Iroha IR, Afiukwa CA, Ayogu TE, Oji AE, Onwa NC. Presence of Coliform Producing Extended Spectrum Beta
Lactamase in Sachet-Water Manufactured and Sold in Abakaliki, Ebonyi State, Nigeria. Int Res J Microbiology. 2010;1(2):32-6.
Agbabiaka, T.O. and Sule, 1.0. (2010). Bacteriological assessment of selected borehole water samples in llorin Metropolis.
International Journal of Applied Biological Research. 2(2):31 — 37.

Agrawal, V. and Jagetia, M. (1997). Hydrogeochemical assessment of groundwater quality in Udaipur city, Rajasthan, India.
Proceedings of National Conference on Dimension of Environmental tress in India. Department of Geology, MS University,
Baroda. Pp. 151-154.

American Public Health Associated, APHA (2005). Standard method for examination of water and waste water, 25th Edition.
American Public Health Associated Inc, New York. P. 34.

Argudin, M.A., Mendoza, M.C. and Rodicio, M.S. (2010). Food poisoning and Staphylococcus aureus enterotoxins. Toxins. 2(7):
1751-1773.

Ballester, F. and Sunyer, J. (2000). Drinking water and gastrointestinal disease, need of better understand and an improvement in
public health surveillance. Journal of Epidemiol. Community Health. 54: 3-5.

Banda, E.J., Mbewe, A.R., Nzala, S.H. and Halwindi, H. (2014). Effect of siting boreholes and septic tanks on groundwater quality
in St. Bonaventure township of Lusaka District, Zambia. International Journal of Environmental Science and Toxicology. 2(9): 191-
198.

Bello, O.0., Osho, A., Bankole, S.A. and Bello, T.K. (2013). Bacteriological and Physicochemical analyses of borehole and well
water sources in ljebu-Ode, Southwestern Nigeria IOSR Journal of Pharmacy and Biological Sciences. 8 (2): 18-25.

Cabral, J.P.S (2010). Water microbiology: Bacterial pathogens and water. International Journal of Environmental Research and
Public Health. 7(10): 3657-3703.

Christopher, A.J., Hora, S. and Ali, Z. (2013). Investigation of plasmid profile, antibiotic susceptibility pattern multiple antibiotic
resistance index calculation of Escherichia coli isolates obtained from different human clinical specimens at tertiary care hospital in
Bareilly-India. Annals of Tropical Medicine and Public Health. 6: 285-289.

Chindo, LY., Karu, E., Ziyok, I. and Amanki, E.D. (2013). Physicochemical analysis of ground water of selected areas of Dass and
Ganjuwa local government areas, Bauchi State, Nigeria. World Journal of Analytical Chemistry. 1(4): 73-79.

De Victorica, J. and Galvan, M. (2001). Pseudomonas aeruginosa as an indicator of health risk in water for human consumption.
Water Science and Technology. 43: 49-52.

Dissanayake, S., Dias, S., Perera, M. and Iddamalgoda, 1. (2004). Microbial quality assurance of drinking water supplies through
surveillance Proceedings of the Water Professionals Symposium,(WPS’04). Colombo. Sri Lanka. Pp. 141-147.

Ekhosuehi, A., Akharame, M.O. and Obayuwana, P. (2018). Bacteriological quality and antibiogram of isolates from potable water
sources in Ekosodin community, Benin City, Nigeria. Journal of Applied Science and Environmental Management. 22 (1) 129-133.
Efuntoye, O. and Apanpa, O. (2010).Status of Contamination and antibiotic resistance of bacteria from well water in Ago-Iwoye,
Nigeria. Journal of Applied Bioscience. 35: 2244-2250.

Environment Protection Agency, EPA (2002). US Environment protection agency: Safe drinking water act amendment. P. EPA 816
—F—-03-016.

Folorunso, O.R., Adetuyi, F.I., Laseinde, E.A.O. and Onibi, G.E. (2014). Microbiological Assessment of Well Water at Different
Durations of Storage. Pakistan Journal of Biological Sciences. 17: 198-205.

Eniola, K.I.T., Obafemi, D.Y., Awe, S.F., Yusuf, L. and Falaiye, O.A. (2007). Effects of containers and storage conditions on
bacteriological quality of borehole water. Nigerian Journal of Microbiology. 21: 1578 — 1585.

Frieri, M., Kumar, K. and Bouhn, A. (2017). Antibiotic Resistance. Journal of Infections and Public Health. 10: 369-378.

Howard, G., Jahnel, J., Frimmel, F.H., McChesney, D., Reed, B., Schijven, J. and Braun, H.E. (2006). Human excreta and
sanitation: Potential hazards and information needs, protecting groundwater for health. IWA Publishing, London, UK. P. 57.

Idibie, O.C., Oviojie, O.E., Isalar, O.F. and Emoghene, A.O. (2018). Comparative microbial analysis of borehole water and other
sources of water in Benin Metropolis, Edo State. Journal of Environmental Science and Public Health. 2: 232-242.

Iroha, C., Iroha, ., Nwakeze, E., Ajah, M. and Ejike, C. (2018). Evaluation of the metal content and bacteriological parameters of
selected borehole water sources in Abakaliki, Nigeria. International Journal of Waste Resources. 8: 338.

Iroha, C., Okonta, M., Ele, G., Nwakaeze, E., Ejikeugwu, C., Iroha, I., Ajah, M. and ltumoh, E. (2016). Bacteriological and
physicochemical parameters of some selected borehole water sources in Abakaliki metropolis, Nigeria. International Journal of
Community Medicine and Public Health. 3(11):3271-3277.

Kamat, U.S., Ferreira, A.M., Savio, R. and Motghare, D.D. (2008). Antimicrobial Resistance Among Nosocomial Isolates in a
Teaching Hospital in Goa. Industrial Journal of Community Medicine. 33 (2): 89-92.

Kau, A.L., Martin, S.M., Lyon, W., Hayes, E., Caparon, M.G. and Hultgren, S.J. (2005). Enterococcus faecalis tropism for the
kidneys in the urinary tract of c57bl/6j mice. Infections and Immunity. 73(4): 2461-2468.

Kumar, A., Ranjan, A., Gulati, K., Thakur, S. and Jindal, T. (2015). Assessment of groundwater quality: Leachabilty the
contaminants from soil near unlined drain site of Delhi, India. Pollution Research. 34 (3): 153-163.

Mengesha, A., Mamo, W. and Baye, G. (2004). A survey of bacteriological quality of drinking water in North Gondar Ethiopian
Journal of Health Development. 18(2): 13-115.

National Committee for Clinical Laboratory Standards, NCCLS (2017). National committee for clinical laboratory standards,
performance standards for antimicrobial disk susceptibilitytests. 7th Edition Standards, Wayne, PA. Pp. M2-A7.

Ocheri, M., Odoma, L. and Umar, N. (2014). Groundwater quality in Nigerian urban areas: A Review. Global Journal of Science
Frontier Research. 14: 35-46.

Ofomata, G.E.K (2005). Nigeria in Maps (Eastern States). 1% Edition. Ethiopia Publisher, Benin City. PP. 45- 46.

Mthembu, M.S. (2008). The usefulness of multiple antibiotic resistance (MAR) indexing technique in differentiating faecal coliform
bacteria from different sources. Thesis (Msc) University of Zululand.

Ogu, G.I., Madar, I.H., Olueh, A.A. and Tayubi, I. A. (2017). Antibiotic susceptibility profile of bacteria isolated from drinking
water sources in Amai Kingdom, Delta State, Nigeria. Annual Research and Review in Biology. 14(1): 1-9.

Onuoha, C. (2015). Antibiotics susceptibility pattern of Escherichia coli isolated from well water in Afikpo, South Eastern Nigeria.
AASCIT Journal of Biology. 3:38-42.

Orogu, J.O., Oyeyiola, G.P. and Adebisi, O. (2017). Antibiotic resistance pattern of bacteria isolated from pipe-borne chlorinated
(treated) water and untreated water in llorin. MOJ Bioequivalent Availability. 4(1):183-191.

WWW.ijpsi.org 64|Page


https://www.ncbi.nlm.nih.gov/pubmed/?term=Argud%26%23x000ed%3Bn%20M%26%23x000c1%3B%5BAuthor%5D&cauthor=true&cauthor_uid=22069659
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mendoza%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=22069659
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodicio%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22069659
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3153270/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cabral%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=21139855
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996186/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kau%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=15784592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=15784592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lyon%20W%5BAuthor%5D&cauthor=true&cauthor_uid=15784592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayes%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15784592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caparon%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=15784592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hultgren%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=15784592
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1087416/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjKksq9_vDlAhUSu3EKHfZhD2QQFjABegQIAhAB&url=https%3A%2F%2Fjournalofscience.org%2F&usg=AOvVaw09-hnxXnYRQH6V3EweCxGC
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjKksq9_vDlAhUSu3EKHfZhD2QQFjABegQIAhAB&url=https%3A%2F%2Fjournalofscience.org%2F&usg=AOvVaw09-hnxXnYRQH6V3EweCxGC
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjKksq9_vDlAhUSu3EKHfZhD2QQFjABegQIAhAB&url=https%3A%2F%2Fjournalofscience.org%2F&usg=AOvVaw09-hnxXnYRQH6V3EweCxGC

Antibiotic Susceptibility Of Bacterial Species Isolated From Underground Waters ...

[36].

[37].

[38].
[39].

[40].
[41].

[42].
[43].
[44].

[45].
[46].

[47].

Osundiya, O.0., Oladele, R.O. and Oduyebo, O.0. (2013). Multiple antibiotic resistance (MAR) indices of pseudomonas and
Klebsiella species isolates in Lagos University Teaching Hospital. African Journal of Clinical and Experimental Microbiology.
14(3): 164-168.

Oyetayo, V.0., Akharaiyi, F.C. and Oghumah, M. (2007). Antibiotic sensitivity of Escherichia coli isolated from wells in Akure
metropolis. Resaerch Journal of Microbiology. 2(2): 190-193.

Percival, S.L. and Williams, D.W. (2014). Microbiology of water diseases. Academic Press, London. Pp. 209-222.

Podschun, R. and Ullmann, U. (1998). Klebsiella spp. as nosocomial pathogens: Epidemiology, taxonomy, typing methods, and
pathogenicity factors. Clinical Microbiology Review. 11(4): 589-603.

Sawyer, C.N. and McCarty, P.L. (1967). Chemistry of sanitary engineers, 2™ edition. McGraw Hill, New York. P. 57.

Shigut, D.A., Liknew, G., Irge, D.D. and Ahmad, T. (2017). Assessment of physico-chemical quality of borehole and spring water
sources supplied to Robe Town, Oromia region, Ethiopia. Applied Water Science. 7:155-164.

Subba, P., Joshi, D.R. and Bhatta, D.R. (2013). Antibiotic resistance pattern and plasmid profiling of thermotolerant Escherichia
coli isolates in drinking water. Journal of Nepal Health Research Council.11: 44-48.

Talukdar, P.K., Rahman, M., Rahman, M., Nabi, A. and Islam, Z. (2013). Antimicrobial resistance, virulence factors and genetic
diversity of Escherichia coli isolates from household water supply in Dhaka, Bangladesh. PLoS One. 8: 10.

Tangwa, B.V., Keubou, H., Nfor, E.N. and Ngakou, A. (2019) Antimicrobial resistance profile of bacteria isolated from boreholes
and hand dug wells water in Ngaoundere Municipality of Adamawa region in Cameroon. Advances in Microbiology. 9: 629-645.
World Health Organization, WHO (2011). Guidelines for drinking water quality. Fourth Edition, Geneva.

World Health Organization, WHO (2015). Water supply, sanitation and hygiene development. WHO Water Sanitation and Health
Bulletin, London. P. 43.

World Health Organization, WHO (2017). Guideline for drinking water quality. World Health Organization Press, Geneva,
Switzerland. P. 23.

Onwa Ndubuisi C "Antibiotic Susceptibility of Bacterial Species Isolated From Underground
Waters in Abakaliki Metropolis of Ebonyi State, Nigeria" International Journal of
Pharmaceutical Science Invention(1JPSI), vol. 08, no. 02, 2019, pp. 55-65

WWW.ijpsi.org 65|Pag


https://www.sciencedirect.com/science/article/pii/B978012415846700010X#!
https://www.sciencedirect.com/science/article/pii/B978012415846700010X#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Podschun%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9767057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ullmann%20U%5BAuthor%5D&cauthor=true&cauthor_uid=9767057
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC88898/

