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The control of infectious diseases is seriously threatened by the increase in the number of microorganisms resistant to
antimicrobial agents. Antibiotic-resistant bacteria have also been identified in the water environment. A field study was
performed sampling drinking water sources in seven districts of southern Ghana targeting boreholes, dams, hand-dug wells,
and streams during baseflow conditions. Bacteria were isolated (N = 110) from a total of 67 water samples to investigate their
antimicrobial susceptibility and to determine their carriage of select antibiotic resistance genes. Bacterial identification was
performed using conventional selective media methods and the analytical profile index (API) method. Antibiotic susceptibility
tests were carried out using the Kirby–Bauer method. Results indicated that all water sources tested were of poor quality based
on the presence of fecal indicator organisms. The most commonly occurring bacterium isolated from water was Klebsiella spp.
(N = 24, 21.8%), followed by E. coli (N = 23, 20.9%). Gram-negative bacteria isolates were most commonly resistant to
cefuroxime (24.5%), while the Gram-positives were most commonly resistant to meropenem (21.3%). The highest rates of
bacterial resistances to more than one antibiotic were observed in Klebsiella spp. (30.0%) followed by E. coli (27.8%). PCR was
used to detect the presence of a select antibiotic resistance genes in the Gram-negative isolates. The presence of blaNDM-1, sull,
tet(O), and tet(W) were observed in isolates from all water sources. In contrast, ermF was not detected in any of the Gram-
negative isolates from any water source. Most (28.7%) of the resistance genes were observed in E. coli isolates. Reducing
microbial contamination of the various water sources is needed to protect public health and to ensure the sustainability of this
resource. This further calls for education of the citizenry.

1. Introduction

Good quality water is vital for human health, which directly
relates to the socioeconomic progress of a country [8, 78]. It
is also critical towards the attainment of UN Sustainable
Development Goal (SDG) number six, which is aimed at
ensuring the availability and sustainable management of
water and sanitation for all. However, clean fresh water
today is a scarce resource, particularly in the developing
world. Globally, 663 million people do not have access to
safe water [23]. Rural communities in Sub-Saharan Africa

account for more than 50% of those people [27, 57]. Most
of these communities, therefore, rely on untreated sources
such as streams, dams, boreholes, wells, and rivers to meet
fundamental needs such as drinking, sanitation, cooking,
and for their sustainable development [54, 58]. Ghana
missed the United Nations Millennium Development target
on sanitation [11], which has a direct impact on food safety
and security as well [40].

The global burden of waterborne disease is further com-
plicated by climate change altering the patterns of disease,
and more importantly by the increasing occurrences of
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antibiotic resistance observed both in the clinic and in the
water environment (Gimelli, et al., 2018). Antibiotic-
resistant genes (ARGs) conferring resistance to a wide vari-
ety of antibiotics have been identified in a large range of
water environments, including drinking water in both devel-
oped and developing countries (e.g., [42, 46]. The major risk
for public health is that resistance genes can be transferred
from environmental bacteria to human pathogens. With
this, antimicrobial resistance has become an important pub-
lic health issue globally [14, 64]. Antimicrobial-resistant bac-
teria (ARB) and ARGs have therefore been considered
environmental contaminants with widespread distribution
in various environments, including water sources and drink-
ing water systems [14, 77]. Importantly, the rapid and wide-
spread increase of new ARB and ARGs all over the world has
accelerated in recent years often associated with an increase
in the discharge of antibiotics and other pollutants into the
environment [64]; Schafhauser et al., 2015). In light of this,
antimicrobial resistance has become an important theme in
environmental and health science.

Several studies in Sub-Saharan African countries have
reported the presence of antibiotic-resistant strains of bacte-
ria, all showing high levels of resistance to antimicrobial
agents [25, 39, 72]. In Ghana specifically, there is some evi-
dence of increasing bacteria resistance to antibiotics. How-
ever, these data are skewed towards clinical isolates [28, 48,
79]. Thus, there is a paucity of data on environmental anti-
biotic resistance. It is worth noting that in Ghana, antibiotics
are readily available over the counter without a doctor’s pre-
scription. Antibiotics are widely used in agriculture, particu-
lar for livestock rearing [79].

Unfortunately, environmental monitoring in Ghana is
hardly part of the treatment and advocacy process for these
diseases, nor for water quality. This surveillance is critical to
public health and safety, as it contributes and supports
improvements in water quality and antimicrobial resistance
control (Hope et al., 2020; Gara, et al., 2018.) Furthermore,
antimicrobial resistance (AMR) data could inform decisions
and raise awareness among stakeholders and policymakers.
Surveillance of AMR under a ‘One Health’ framework is
thus needed to provide data for awareness and decision
making and to enhance understanding of links between
environmental and clinical AMR. Therefore, the objectives
of this study were as follows: (1) determine the occurrence
and identity of bacteria in Ghanaian drinking water sources,
(2) determine antibiotic susceptibility profiles of the bacte-
rial isolates, and (3) determine the resistance genes associ-
ated with the bacteria.

2. Material and Methods

2.1. Sample Collection Sites. Seven communities were then
identified and selected for sampling after several preliminary
visits were made to communities across the study area
(Figure 1). The sampling sites in each community comprised
of four different water sources as follows: boreholes (typical
depths > 5m to 50m), dams, hand-dug wells (typical
depths < 1m to 3m), and streams. Table 1 shows details of
the water sampled.

Sample sites were chosen to be representative of commu-
nity water sources based primarily on factors such as popu-
lar water locations, extent of usage, and level of patronage of
water from these sources. Prior to water sampling, observa-
tions were made around the sampling sites. These observa-
tions included the sanitary conditions, as well as possible
sources of contamination which could influence water qual-
ity from the sources sampled. Field records for environmen-
tal factors, presence of animals, and fecal accidents, among
others, were noted.

2.2. Sample Size and Sampling Frequency. A total of sixty-
seven composite water samples were collected for assess-
ment. One liter of water was collected in each sample. Water
samples were taken in duplicates from each sample site to
form the composite sample for analysis. All water sampling
and preservation procedures were performed according to
Standard Methods for the Examination of Water and Waste-
water [9, 10] and WHO guidelines for drinking water quality
[16, 33]. Sampling for bacteriological analysis was performed
aseptically. Field blanks consisted of autoclaved distilled
water, carried into the field, and analyzed to ensure that
the samples were not contaminated during the sampling
process. All samples were transported on ice to the labora-
tory within 2 hours.

2.3. Bacterial Isolation and Identification. Isolates from over-
night cultures of the water samples were further character-
ized by streaking on MacConkey agar and incubated
overnight at 37°C. This was done to obtain pure isolates
prior to identification. All Gram-positive bacteria were iden-
tified by conventional methods including Gram stain, posi-
tive catalase, tube coagulase, and deoxyribonucleases
(DNAse) test [32]. An API 20E kit was used to identify
and differentiate the Gram-negative bacteria of the family
Enterobacteriaceae following the manufacturer’s
instructions.

2.4. Antibacterial Susceptibility Testing. Each of the bacterial
isolates was subjected to antibiotic susceptibility testing
using the Kirby–Bauer method that has been standardized
and evaluated by the methods of Clinical and Laboratory
Standards Institute (CLSI) [30]. Isolates grown overnight
on nutrient agar were suspended in sterile normal saline
(0.9% w/v NaCl) using a sterile wire loop until the turbidity
was equal to 0.5 Mcfarland standards. Sterile nontoxic cot-
ton swabs dipped into the standardized inoculum were used
to streak the entire surface of Mueller–Hinton agar plates.
Gram-positive bacteria were tested against 12 antibiotics as
follows: ampicillin (10μg), cloxacillin (10μg), erythromycin
(15μg), tetracycline (30μg), cotrimoxazole (25μg), cefurox-
ime (30μg), gentamicin (10μg), penicillin (10 IU), ciproflox-
acin (5μg), augmentin (30μg), vancomycin (30μg), and
meropenem (25μg). Gram-negative bacteria were tested
against 11 antibiotics as follows: ampicillin (10μg), tetracy-
cline (30μg), cotrimoxazole (25μg), cefuroxime (30μg),
chloramphenicol (30μg), ceftriaxone (25μg), cefotaxime
(30μg), ciprofloxacin (5μg), amikacin (30μg), vancomycin
(30μg), and meropenem (25μg). Antibiotic disks were
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aseptically placed using sterile forceps, and all plates were
incubated at 37°C for 24 hrs. The results were interpreted
using CLSI [76]. The susceptibility testing was repeated for
each isolate to ensure that the results obtained were
consistent.

2.5. DNA Extraction and PCR. Bacterial cultures stored
Mueller–Hinton broth were extracted for identification of
ARGs. To extract DNA, 1mL of the suspension was trans-
ferred into a test tube containing 1mL of sterile molecular
biology grade deionized water (ddH2O) and heat shocked
for 10 minutes at 95°C in a water bath. A negative control
of ddH2O was simultaneously processed and tested to assess
possible contamination during the DNA extraction. The
solution was then centrifuged for five minutes at
14,000× g. The supernatant containing bacterial DNA was
transferred to a new 2mL tube and stored at -20°C for
downstream molecular analysis.

Polymerase chain reaction (PCR) targeting the bacterial
16S rRNA gene (Table 2) was used to confirm the DNA
extraction method. PCR targeting eight different ARGs
(ermF, mexB, blandm1, sul1, sul2, tet(G), tet(O), and tet(W))

was used to determine the presence or absence of each
gene in all Gram-negative bacterial isolates. ermF encodes
for macrolide resistance, mexB for a multidrug efflux
pump, blandm1 encodes for a metallobetalactamase, the
sul genes for sulfonamide resistance, and the tet genes
for resistance to tetracycline antibiotics. These genes were
chosen to represent a range of resistance types including
some that are commonly observed (i.e., sul and tet genes)
in environmental matrices and some of high medical rele-
vance (i.e., blandm1). The PCR mixture for each reaction
contained 12.5μL of 2×Taq PCR Master Mix ((0.1U
Taq polymerase/μL, 0.5mM dNTP, and 3 MgCl2,), 0.5μL
of each primer (1μM), 1μL of template DNA, and ddH2O
to a final volume of 25μL. No template controls were per-
formed during each PCR reaction. Positive controls were
comprised of 1μL containing 105 copies of DNA stan-
dards for each ARG, quantified with gel electrophoresis.
PCR thermocycler condition and primer sequences for
each ARG and the 16S rRNA gene are summarized in
Table 2. The presence or absence of a given target gene
was assessed through observation of the expected ampli-
con length (determined using a DNA ladder) via gel
electrophoresis.

2.6. Statistical Analysis. All the statistical analyzes were per-
formed in R (R Team, 2018). To compare the genomic anti-
biotic resistance profile as a factor water sources, a value of
one was assigned to the detected genes and a value of zero
was assigned to the nondetected genes to create a presence/
absence antibiotic resistance profile for each isolate. Statisti-
cal differences were determined through a permutational
multivariate analysis of variance (PERMANOVA) and a post
hoc pairwise PERMANOVA with a Bonferroni p adjust-
ment: Pairwise Adonis package version 0.3 [12, 34]. Differ-
ences in multiple antibiotic resistance (MAR) indices as a
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Figure 1: Map of sampling communities and sampling location number (L number). Insert map shows location of the study area within
Ghana.

Table 1: Composition of sampling locations and frequency.

Water source Sampling locations
L1 L2 L3 L4 L5 L6 L7 Total

Borehole 2 2 2 2 2 2 2 14

Dam 2 2 2 2 2 3 3 16

Hand-dug well 3 2 2 3 2 3 3 18

Streams 2 2 3 3 3 3 3 19

Total 9 8 9 10 9 11 11 67

L1: Somanya; L2: Akuse; L3: Asutsuare; L4: New Ningo; L5: Old Ningo; L6:
Odumase Krobo; L7: Dodowa.
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factor of water source were evaluated using a Kruskal–Wallis
test with a post hoc pairwise t-test with a Bonferroni correc-
tion for multiple comparisons. Nonnormality of the data
was confirmed by a Shapiro-Wilk test.

3. Results

A total of 110 bacteria isolates were obtained across all of
the water sources sampled during the period of study
(Table 3). The most commonly occurring bacterium iso-
lated from the water samples was Klebsiella spp. with 24
isolates (21.8% of total study isolates). The second most
commonly observed bacteria was E. coli. with 23 isolates
(20.9% of total study isolates). The highest number of bac-
terial isolates were obtained from stream water sources
with 42 isolates obtained (38.2% of total study isolates),
while the least were isolated from borehole water sources
with nine isolates (8.2% of the total study isolates).

The antibiotic resistance profiles observed are pre-
sented in Tables 4 and 5 for Gram-negative and Gram-
positive bacteria isolated, respectively. Similar MAR values
were detected among the isolated bacterial taxa with N = 3
or higher (p > 0:14, pairwise t-test) The Gram-negative
bacterial isolates were most commonly resistant to CRX
(cefuroxime) (24.5%) followed by cefotaxime and MEM
(meropenem) with each exhibiting 21.3% resistance. Kleb-
siella spp. isolates had phenotypic resistance most often
(30.0%) followed by Escherichia coli (27.8%). The Gram-
positive bacterial isolates were commonly resistant to
MEM (21.3%) followed by VAN and AUG (both 17%).
Among these isolates, multidrug resistance was most com-
mon among S. aureus (59.6%) and S. epidermis (36.2%).

MAR indices of the bacterial isolates were determined for
the various water sources (Table 6). The multiple antibiotic
resistance (MAR) index is defined as a/b, where a represents

the number of antibiotics to which the isolate was resistant
and b represents the number of antibiotics to which the isolate
was subjected. The aggregate MAR index for a sampling
sources (MAR q) is defined as the ratio between the number
of resistant tests at the sampling sources and the total number
of tests performed at the sampling source. Stream water
sources recorded the highest MAR q values of 0.9. This was
followed by a MAR q for the dam water sources which was
0.8 and hand-dug well water sources with a recorded value
of 0.6. Stream water sources resulted in a significantly higher
MAR value than hand-dug well (p = 0:01, pairwise t-test);
however, no other differences were detected as in MAR values
as a factor of source.

The presence of eight (8) different antibiotic resistance
genes were tested for each Gram-negative bacterium isolated
from the samples using PCR amplification (Table 7).
blaNDM-1, sul1, tet(O), and tet(W) resistance genes were
detected in isolates collected from all water sources, while
ermF was not detected in isolates from any of the water
sources. The number of genes amplified from isolates from
each water source is presented in Table 7. All water sources
resulted in a similar antibiotic resistance profile (p = 1; pair-
wise PERMANOVA) except for dam compared to the hand-
dug well which resulted in a significantly different profile
(p < 0:006; pairwise PERMANOVA). The MAR index was
similar among all water sources (p > 0:16; pairwise t-test).

An inventory of ARGs identified in the bacterial iso-
lates is presented in Table 8. Note that most (28.7%) of
the resistance genes were obtained from Escherichia coli
(E. coli) isolates. This was followed by Klebsiella spp. with
27.6%. Enterobacter spp. accounted for 12.6% of the resis-
tance genes observed, representing the third highest. The
most frequently detected ARG was sul1, which was
observed in 46% of isolates tested. This was followed by
blaNDM-1, identified in 35.1% of isolates tested.

Table 2: Primer sequences, PCR conditions, amplicon lengths for each ARG, and 16S rRNA gene.

Gene Primer sequence (5′-3′) PCR conditions
Amplicon length

(bp)
Source

sul1 CGCACCGGAAACATCGCTGCAC
95°C for 2m (98°C for 5 s, 69.9°C for 5 s) ×40 cycles 163 8

TGAAGTTCCGCCGCAAGGCTCG

sul2 TCC GGT GGA GGC CGG TAT CTG G
95°C for 2m (98°C for 5 s, 65°C for 5 s) ×40 cycles 191 8

CGG GAA TGC CAT CTG CCT TGA G

tet(G) GCAGAGCAGGTCGCTGG
98°C for 2m (98°C for 5 s, 64°C for 5 s) ×40 cycles 134 9

CCYGCAAGAGAAGCCAGAAG

ermF
CGACACAGCTTTGGTTGAAC
GGACCTACCTCATAGACAAG

95°C for 4m (94°C for 30 s, 56°C for 30 s and 72°C for
30 s) ×40 cycles

309 10

tet(O)
ACGGARAGTTTATTGTATACC
TGGCGTATCTATAATGTTGAC

98°C for 2m (98°C for 5 s, 50°C for 5 s) ×40 cycles 171 12

tet(W)
GAGAGCCTGCTATATGCCAGC
GGGCGTATCCACAATGTTAAC

98°C for 2m (98°C for 5 s, 60°C for 5 s) ×40 cycles 168 12

blaNDM-

1

TTTCAGTCCGACACAACGCG
CAGCCACCAAAAGCGATGTC

6-FAM-CAACCGCGCCCAACTTTGGC-
TAMRA

98°C for 15m (98°C for 30 s, 59°C for 1m) ×40 cycles 155 6

16S
rRNA

CCTACGGGAGGCAGCAG
ATTACCGCGGCTGCTGG

95°C for 10m (95°C for 15 s, 60°C for 1m) ×40 cycles 202 14
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4. Discussion

4.1. Isolate Observations and Implications for Microbial
Water Quality. In the present study, several bacteria of pub-
lic health importance were identified in Ghanaian water
sources: Salmonella spp. (typhoid fever and acute diarrheal
infection), Vibrio spp. (cholera), and Klebsiella spp. (pneu-
monia and urinary/lower biliary tract disease [62]). Vibrio
spp. and Klebiella spp. were isolated from each water
source type in the present study while Salmonella spp.
were isolated from the streams. Similar reports of the iso-

lation of these organisms were made by Moges et al. [47]
and also by Shahina et al. [69], from an assessment of
ground and surface water sources in India.

The most commonly isolated bacteria were E. coli which
were isolated from each type of water source. While the aim
of this study was not quantifying E. coli in the water sources,
it is worth noting that detection of one E. coli CFU per
100mL is in exceedance of the World Health Organization’s
guidance values for water intended for drinking [73]. E.
coli is widespread in the environment but elevated levels
are indicative of fecal pollution [29] and the prevalence

Table 3: Occurrence and distribution of bacteria isolated from the drinking water sources.

Bacteria Boreholes Dams Hand-dug wells Streams
Total

No. (%)

Acinetobacter spp. 0 2 1 3 6 5.5

Bacillus spp. 0 0 1 0 1 0.9

Citrobacter freundii 0 1 0 1 2 1.8

Enterobacter spp. 1 3 2 5 11 10.0

Enterococcus spp. 0 1 0 0 1 0.9

Escherichia coli 3 7 4 9 23 20.9

Klebsiella spp. 1 9 2 12 24 21.8

Proteus vulgaris 0 1 0 1 2 1.8

Providencia spp. 0 1 0 1 2 1.8

Pseudomonas aeruginosa 0 2 1 2 5 4.5

Salmonella spp. 0 0 0 1 1 0.9

Staphylococcus aureus 3 4 5 4 16 14.5

Staphylococcus epidermidis 0 2 3 1 6 5.5

Streptococcus agalactiae 0 2 0 1 3 2.7

Vibrio spp. 1 2 3 1 7 6.4

Total 9 (8.2)∗ 37 (33.6) 22 (20.0) 42 (38.2) 110 100.0
∗Number in parentheses represents the percent of the total isolates obtained.

Table 4: Antibiotic resistance patterns of Gram-negative bacteria isolated from the water sources.

Isolate
Pattern of antibiotic resistance: (number of resistant strains per antibiotic)

Multiple
resistances

AMP TET COT CRX CHL CTR CTX CIP AMK VAN MEM No. % MAR

Acinetobacter spp. (n = 6) 0 0 0 3 0 2 2 0 0 2 5 14 6.5 1.3

Citrobacter freundii (n = 2) 1 0 1 2 0 1 1 0 0 1 2 9 4.2 0.8

Enterobacter spp. (n = 11) 2 2 1 7 1 2 6 0 0 2 4 27 12.5 2.5

Escherichia coli (n = 23) 5 3 4 12 0 4 14 0 0 4 14 60 27.8 5.5

Klebsiella spp. (n = 24) 1 1 5 16 0 4 17 0 0 7 14 65 30.1 5.9

Proteus vulgaris (n = 2) 0 0 0 2 0 1 2 0 0 0 1 6 2.8 0.5

Providencia spp. (n = 2) 0 1 0 1 0 0 0 0 0 0 0 2 0.9 0.2

Pseudomonas aeruginosa
(n = 5) 2 1 1 5 0 2 2 0 0 2 4 19 8.8 1.7

Salmonella spp. (n = 1) 0 1 0 1 0 1 1 0 0 1 1 6 2.8 0.5

Vibro spp. (n = 7) 1 0 1 4 0 0 1 0 0 0 1 8 3.7 0.7

Total
12
(5.6)

9
(4.2)

13
(6.0)

53
(24.5)

1
(0.5)

17
(7.9)

46
(21.3)

0
(0.0)

0
(0.0)

19
(8.8)

46
(21.3)

216 100

Key: AMP: ampicillin; TET: tetracycline; CRX: cefuroxime; CHL: chloramphenicol; CTR: ceftriaxone; CTX: cefotaxime; CIP: ciprofloxacin; AMK: amikacin;
VAN: vancomycin; MEM: meropenem.
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of water-related gastroenteritis [61]. While most E. coli
strains are not pathogenic, given that some strains are
pathogenic they have been used for disease risk assessment
[53]. Recent studies have shown that rural water sources
in Ghana have high occurrences of coliforms [49, 51,
55], another fecal indicating organism. Similarly, Nogueira
et al. [50] reported that untreated water sources were more
deeply contaminated with fecal coliforms than treated
water sources.

4.2. Antimicrobial Resistance among Isolates. The current
study also evaluated both phenotypic and genotypic antibi-
otic resistance among the waterborne isolates. Phenotypic-
ally, we observed multiple antibiotic resistance in both
Gram-positive and Gram-negative isolates to commonly
used antibiotics in the study area [4, 38]. These antibiotics
include ampicillin, cloxacillin, erythromycin, tetracycline,

cotrimoxazole, cefuroxime, gentamicin, penicillin, ciproflox-
acin, augmentin, vancomycin, meropenem, chlorampheni-
col, ceftriaxone, amikacin, and meropenem [38]. Data from
hospital surveys [38] in rural Ghana indicate that two of
the antibiotics tested here were among top five most fre-
quently prescribed (i.e., ceftriaxone and cefuroxime). Despite
legal COT sales over-the-counter in Ghana, COT resistance
was observed at a lower prevalence than several other antibi-
otics tested. The fact that illegal sales of other antibiotics from
Licensed Chemical Sellers is known [4] may explain why the
most available antibiotic was not associated with the most
commonly observed phenotypic resistance.

In terms of Gram-positive isolates, S. aureus accounted
for 59.6% of all multidrug resistances observed in the
Gram-positive isolates. S. aureus also had a high MAR value
of 2.3. S. aureus isolates were resistant to 12 of the antibiotics
it was tested against, all except gentamicin. Multidrug-

Table 5: Antibiotic resistance patterns of Gram-positive bacteria isolated from the water sources.

Isolate
Pattern of antibiotic resistance: (number of resistant strains per antibiotic)

Multiple
resistances

AMP COX ERY TET COT CRX GEN PEN CIP AUG VAN MEM No. % MAR

Bacillus spp. (n = 1) 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0

Enterococcus spp. (n = 1) 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0

Staphylococcus aureus
(n = 16) 1 4 1 1 1 2 0 1 1 5 5 6 28 59.6 2.3

Staphylococcus epidermidis
(n = 6) 0 3 0 1 0 3 0 0 0 3 3 4 17 36.2 1.4

Streptococcus agalactiae
(n = 3) 0 0 0 0 0 2 0 0 0 0 0 0 2 4.3 0.2

Total
1

(2.1)
7

(14.9)
1

(2.1)
2

(4.3)
1

(2.1)
7

(14.9)
0

(0.0)
1

(2.1)
1

(2.1)
8

(17.0)
8

(17.0)
10

(21.3)
47 100

Key: AMP: ampicillin; COX: cloxacillin; ERY: erythromycin; TET: tetracycline; COT: cotrimoxazole; CRX: cefuroxime; GEN: gentamicin; PEN: penicillin;
CHL: chloramphenicol; CTR: ceftriaxone; CTX: cefotaxime; CIP: ciprofloxacin; AUG: augmentin; VAN: vancomycin; MEM: meropenem.

Table 6: Multiple antibiotic-resistant indexes of bacteria isolate at various water sources.

Water source Total numbers of test (isolates) No. of resistant test (resistant isolates) MAR q
Gram negative Gram positive Total Gram negative Gram positive Total

Borehole 6 3 9 5 1 6 0.7

Dam 29 8 37 26 3 29 0.8

Hand-dug well 13 9 22 12 2 14 0.6

Streams 36 6 42 31 5 36 0.9

Total 84 26 110 74 11 85

MAR q: MAR index per sampling source.

Table 7: PCR detection of antibiotic resistance genes in DNA extracted from bacteria isolates at different water sources.

Water source No. of test isolates
ARGs

ermF mexB blaNDM-1 sul1 sul2 tet(G) tet(O) tet(W)
Total

No. %

Borehole 6 0 0 5 6 0 0 1 1 13 7.47

Dam 29 0 2 16 28 2 2 1 2 53 30.46

Hand-dug well 13 0 0 9 13 0 1 1 1 25 14.37

Streams 36 0 7 31 33 5 3 2 2 83 47.70

Total 84 0 (0.0) 9 (5.17) 61 (35.06) 80 (45.98) 7 (4.02) 6 (3.45) 5 (2.87) 6 (3.45) 174 100
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resistant S. aureus occurs commonly and has been observed
in several diverse environments, including drinking water
and food, indicating an important public health concern [2].

Multiple drug resistance was also commonly observed in
Gram-negative bacteria. Klebsiella spp. and Escherichia coli
showed a high prevalence of resistance to cefuroxime and
cefotaxime. Likewise, a high prevalence of resistance to
cefuroxime and cefotaxime has been recorded from clinical
isolates in Ghana [5, 37]: [56]. We observed low resistance
to ampicillin in contrast to findings from Moges et al. [47]
who observed all isolates of Klebsiella spp. and Escherichia
coli were resistant to ampicillin. Interestingly, we did not
observe any bacterial resistance to ciprofloxacin. This obser-
vation is in contrast to another study done in Bangladesh,
where 100% of waterborne Gram-negative bacteria isolates
were resistant to ciprofloxacin [31], and in a similar study
in Nigeria, where 54.7% of Gram-negative isolates obtained
from water were found to resistant to ciprofloxacin (Ojayi
and Ojo 2018).

In this current study, we also investigated the aggregate
MAR index for sampling sources (MAR q). A number of fac-
tors could be responsible for the resistance observed at the
sampling sites. For example, we made an interesting obser-
vation of the presences of two bacteria of public health
importance Shigella spp. and Salmonella typhi, known to
cause dysentery and typhoid fever/acute diarrheal infection,
respectively [63] from ground water sources (boreholes and
hand-dug wells). After a careful assessment of location, we
discovered that the boreholes and hand-dug wells in ques-
tion were likely contaminated with these enteric bacteria
from the rural public ground toilet systems that were situ-
ated at an average of 50 meters from the location of those
ground water sources sampled.

The MAR indices of isolates from surface water sources
were comparable with those of previous studies [7, 17, 60].
Similar to the results presented here, Tambekar et al. [70]
reported high MAR indices due to human and nonhuman
fecal contamination of surface, ground, and public supply
water sites in Akola and Buldhana of Vidarbha district. Like-
wise, a similar study by Chatterjee et al. [19] noted that

drinking water sources of Uttarakhand region were contam-
inated with high MAR index E. coli originating from poten-
tial risk sources.

4.3. Antimicrobial Resistance among Isolates. PCR was per-
formed to detect the presence of eight ARGs. The genes were
determined for each Gram-negative bacterium isolated and
for each sampled water source (Table 6). sul1 and blaNDM-1
resistance genes was found to be prevalent in isolates (46%
and 31%, respectively) from all sampled water sources. The
high prevalence of sul1 is not surprising; this gene is fre-
quently observed in bulk environmental samples thus a sug-
gested target for monitoring efforts (Vikesland et al., 2017).
Tetracycline-resistant genes tet(O) and tet(W) were infre-
quently observed in isolates across water sources, which is
contrast with similar studies by Chee-Sanford et al. [20]
where tet(O) and tet(Q) were found to be regularly present
in resistance isolates from water sources. However, in
another study by Adesoji et al. [3], tet(O) was not detected
in any of the isolates from water sources. Of particular inter-
est is the frequent observation of the blaNDM-1 gene (35.1%
of tested isolates). The blaNDM-1 gene is known to be trans-
ferred between bacterial genera ([36, 80] and has been
reported in sewage and surface water isolates [36].

5. Conclusions

Bacteria associated with fecal contamination were observed
in various water sources in the study communities. The
study demonstrated multiple drug resistance to the com-
monly used antibiotics is high in rural communities in
Ghana. Antibiotic-resistant bacteria were found to carry sev-
eral antimicrobial-resistant genes. High MAR index values
recorded in the study indicate a potential hazard associated
with the sampled water sources, particularly the surface
waters studied, potentially due poor sanitation contaminat-
ing the surface waters. This observation raises concern about
water quality in rural Ghana and indicates a need to under-
stand the sources of fecal and other contamination (i.e.,
human sewage) and opportunities for water treatment.

Table 8: Inventory of antibiotic resistance genes identified in each bacteria isolate.

Isolate
ARGs Total

ermF mexB blaNDM-1 sul1 sul2 tet(G) tet(O) tet(W) No. %

Acinetobacter spp. 0 0 5 6 0 0 1 0 12 6.9

Citrobacter freundii 0 1 1 2 0 1 0 0 5 2.9

Enterobacter spp. 0 1 9 11 0 1 0 0 22 12.6

Enterococcus spp. 0 0 0 1 0 0 0 0 1 0.6

Escherichia coli 0 3 17 23 2 1 1 3 50 28.7

Klebsiella spp. 0 2 17 22 1 3 2 1 48 27.6

Proteus vulgaris 0 1 0 2 0 0 0 0 3 1.7

Providencia spp. 0 0 2 2 0 0 0 0 4 2.3

Pseudomonas aeruginosa 0 1 4 5 0 0 1 1 12 6.9

Salmonella spp. 0 0 0 1 0 0 0 1 2 1.1

Vibrio spp. 0 0 6 5 4 0 0 0 15 8.6

Total 0 9 61 80 7 6 5 6 174 100.0
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Further investigation into the sources of the fecal microbes
observed and measurements of resistance genes across in
the source water microbiome could help provide further
insight into the overall hazard posed by the waters tested
and opportunities for mitigation. Future studies should
include collection of other water quality parameters to
understand any relationships between the water chemistry
and ARGs or high MAR indices. Finally, the deployment
of tools such as microbial source tracking for periodic mon-
itoring of antibiotic sensitivity of the water sources is of
importance to detect any changing patterns that may arise
in the future. Further work in these areas may allow for
the creation of more curative measures towards better man-
agement of water resources.
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