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Abstract

Background: Multidrug resistant Staphylococcus aureus in clinical and environmental samples is a global problem. Data comparing
antibiogram of bacteria from these two sources in Nigeria is scarce. Therefore, this study compares antibiogram of isolates from
both sources from Dutsin-Ma, Katsina State, Nigeria.
Methodology: A total of 120 and 150 clinical and aquatic samples respectively were collected for a five months period. Samples
were analyzed for isolation of S. aureus using mannitol salt agar. Bacteria identification were carried out using standard biochemical characterization. Antibiogram of the isolates were determined using disc diffusion methods and comparison with Clinical
Laboratory Standard Institute (CLSI)’s Standard.
Result: A total of 120 and 45 S. aureus were isolated from both clinical and aquatic samples respectively. Highest (100.0%)
resistance to cloxacillin was observed among isolates from each source. Clinical and aquatic isolates showed least resistance of
20.0% and 48.0% respectively to gentamicin. All isolated S. aureus (165) from this studies were multidrug resistant with different
antibiotic resistant pattern.
Conclusion: This study revealed that multidrug resistance strains of S. aureus can be isolated from both clinical and drinking
water sources, hence, a public health significance that calls for urgent attention by clinicians and public health workers.
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Introduction
S. aureus, is a facultative aerobic, Gram-positive cocci
which has an inherent ability to ferment carbohydrates,
producing quite a number of pigmentation ranging from
white to deep yellow (on mannitol salt agar). They are
easily identified by detecting the presence of deoxyribonuclease (DNase), catalase enzymes and coagulase proteins produced by them.1

comial bacteremia and septicemia (sepsis).3 MRSA is a
major public health concern and is responsible for both
hospital-and community-associated infections worldwide.4,5,6,7,8,9 Although ubiquitous in nature, the occurrence and distribution of these organisms have been reported to be influenced by geographical location, type of
hospital and studied population.1 Moreover, there are few
studies in Nigeria that compare antibiogram of this bacterium based on these different criteria.

S. aureus has been implicated in many nosocomial infections2 including some invasive infections such as noso- The presence of S. aureus from the environment, especially different types of water available for human consumption and/or recreation has also been reported,10,11,12
and may be regarded as one of the genera frequently isoCorresponding author:
lated from water supplies as Heterotrophic Plate Count
Adesoji AT,
(HPC) bacteria.11,13
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water across the globe.10,11,12,14,15,16,17,18 Conversely, there is,
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however, a paucity of information on the isolation of S.
aureus from Dutsin-Ma drinking water.

Clinical samples were collected using sterile swap sticks
while the water samples were collected using sterile sample bottles (20mls). All samples were transported within
Researchers have reported that the presence of the or- six hours of collection to the Laboratory of Department
ganism in high concentrations in swimming pools17 and of Biological Sciences, Federal University Dutsin-Ma,
bathing beaches14 were associated with the skin and eye Dutsin-Ma, Katsina State, Nigeria. Thereafter, samples
infections of the bathers.15,16 However only few studies were cultured on mannitol salt agar (MSA) for isolation
have reported this phenomenon especially in Nigeria. of S. aureus.
Likewise, studies have also shown that most S. aureus
isolated from bathing water came from their users them- Bacteria isolation, identification and characterizaselves17,18 and may therefore indicate a possible relation- tion
ship between clinical and environmental (drinking water) Swap sticks used for clinical sampling were streaked on
isolates. Hence, this study seeks to compare the antibiotic blood agar (to detect their hemolytic ability) and manresistance profiles of S. aureus isolated from both clinical nitol salt agar (MSA) in sterile petri dishes for isolation
and selected drinking water environments from Dutsin- of S. aureus. Afterwards, plates were incubated at 37oC
Ma, Katsina State, Nigeria.
in an incubator. blood agar plates were observed after 24
hours, while the mannitol salt agar were observed after 48
Materials and methods
hours incubation for visible growth.21 In order to obtain
Study area and sample location
a distinct colony, bacteria isolated were sub-cultured by
The study was carried out in the town of Dutsin-Ma, re-streaking on blood agar and MSA. Distinct colonies
Dutsin-Ma local government area, Katsina State, Nige- were isolated and stored on nutrient agar slants at 40C in
ria which lies between the geographic coordinates of a refrigerator.
12o27’17’’N, 7o29’29’’E.19 The local government has an
area of 527 km2 and has the Zobe Dam lying to the South For the water samples, 1ml each was pipetted into a sterile
of the town.20 Federal University Dutsin-Ma clinic and petri dish, thereafter, 20ml of sterile mannitol salt agar
General hospital Dutsin-Ma were two hospitals select- was poured into it using pour plate method. It was then
ed for isolation of clinical S. aureus while drinking water rocked gently to mix and allowed to set. Inoculated agar
samples were collected for aquatic S. aureus from selected plate was afterwards opened briefly for 30 seconds in an
wells, boreholes, tanks etc. from this same environment. incubator set at 370C, so as to remove condensed water
on its surface. Thereafter, covered, inverted and inoculatEthical approval
ed at 370C for 24 to 48hrs in the same incubator. Using
Ethical approval was obtained from Federal University their colonial appearance such as size, shape, consistency,
Dutsin-Ma clinic and Dutsin-Ma General Hospital. In- color, elevation and the differential characteristics such
formed consent was also obtained from patients sampled. as pigmentation, suspected discrete colonies of S. aureus
were sub-cultured by re-streaking on nutrient agar plates
Samples and samples collection
to obtain a pure culture according to guidelines.22 Distinct
A total of 120 clinical samples (from nasal, ear, pus, well-separated yellow colonies and creamy white colonies
wound, and skin surfaces) were collected from patients on MSA and blood agar respectively were picked aseptifrom Federal university Dutsin-Ma clinic and Gener- cally and stored on nutrient agar slants at 40C for further
al hospital Dutsin-Ma between April and August, 2016. biochemical characterization.
Also, 150 water samples (comprising tap, borehole, tank,
reservoir and well water from the water board, Abuja Each organism was subjected to some preliminary bioroad, Kofa community, Federal University Dutsin-Ma chemical tests such as gram staining, catalase, mannitol
students’ hostel, and Doctors’ campus, all in Dutsin-Ma) fermentation, blood heamolysis and slide coagulase test.23
were aseptically collected for the purpose of this research
during the same period.
Antimicrobial susceptibility testing
This was determined by the agar diffusion technique as

African Health Sciences Vol 19 Issue 1, March, 2019

1386

recommended by the Clinical Laboratory Standards Institute (CLSI) guidelines24 on Mueller-Hinton agar (Oxoid)
using the following antibiotic impregnated disks (Abtek
Biologicals Ltd): gentamicin (10μg), cefuroxime (30μg),
ofloxacin (5μg), cloxacillin (5μg), ceftazidime (30μg), ceftriaxone (30μg), erythromycin (30μg) and augumentin
(30μg) for gram positive bacteria. The procedure includes
inoculation of stock cultures stored at 4oC on nutrient
agar slants into 10ml of nutrient broth which was then
incubated overnight at 37oC. Thereafter, serial dilution of
101 into sterile distilled water was carried out. Afterwards,
1 ml of the culture solution was transferred into sterile
petri dishes. Thereafter, sterile Mueller-Hinton agar that
has been cooled to 55oC in water bath was poured into
each and allowed to solidify. However, another 1 in 10
dilution factor was also plated out on nutrient agar for
each test for determination of viable count so as to know
the average number of colony used during the susceptibility tests. Antibiotic sensitivity disc was later placed
on one of the solidified Mueller-Hinton plates sterilely

and both plates were incubated at 37oC in an incubator
overnight. Zone of inhibition seen round the antibiotic
disc the following day were measured while diameter was
categorized as resistant, intermediate and sensitive after
comparing with Clinical and Laboratory Standards Institute (CLSI) standard for each bacteria isolate.24 Those
that were resistant to three or more classes of antibiotics,
were classified as multidrug resistant.
Statistical analysis
The relationship between antibiotic resistant profiles and
the sample locations (environmental and clinical) isolates
was determined using chi-square two ways contingency
table. The Qi Macros statistical software for excel was
used for the analysis.
Results
A total of 150 water samples and 120 clinical samples
were collected, out of which 45 and 120 S. aureus organisms were isolated respectively (Table 1).

Table 1: Occurrence of S. aureus from drinking water sources in Dutsin-ma
Environmental Isolates

Clinical Isolates

Reservoir (Isa-kaita)

18

Percentage
Occurrence
(%)
40

Reservoir (Water board)

8

17.5

Nasal

72

60

Tap (Water board)

5

11.1

Pus

15

12.5

Tank (Isa-kaita)

4

8.9

Ear

8

6.7

Borehore (Doctor Campus)

6

13.3

Wound

15

12.5

Well (Kadangaru)

4

8.9

Total

45

100

120

100

Sources

1387

Number
of Isolates

Sources

Number of
Isolates

Skin

10

Percentage
Occurrence
(%)
8.3
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Antibiotics resistant to environmental isolates showed the
highest (100.0%) resistance to each of cloxacillin (CXC)
and augmentin (AUG), the lowest (48.9%) antibiotic resistance was recorded for gentamycin (GEN) (Table 2). The
observed resistance for clinical isolates demonstrated the
highest (100%) resistance to each of erythromycin (ERY)

and cloxacillin (CXC) with the lowest (27.5%) resistance
to ofloxacin (OFL) (Table 2). However, the antibiogram
profiles conducted on the isolates revealed a significant
(P<0.05) association between both isolates (environmental and clinical) and resistance to antibiotics. Chi-Square
analysis can be found on supplementary Table 1.

Table 2: Antibiotic resistance pattern of S. aureus from different sources
Environmental Isolates (n= 45)
Antibiotics

Clinical Isolates (n= 120)

Susceptible No (%)

Resistance No (%)

Susceptible No (%)

OFL

Resistance No
(%)
2 (5)

45 (100)

33 (27.5)

87 (72.5)

AUG

45 (100)

0 (0)

110 (91.2)

10 (8.3)

CAZ

44 (97.8)

1 (2.2)

100 (83.3)

20 (16.7)

CRX

44 (97.8)

1 (2.2)

113 (94.2)

7 (5.8)

GEN

22 (48.9)

23 (51.1)

24 (20.0)

96 (80)

CTR

36 (80.0)

9 (20.0 )

29 (24.2)

91 (75.8)

ERY

41 (91.1)

4 (8.8)

120 (100)

0 (0)

CXC

45 (100)

0 (0)

120 (100)

0 (0)

X2= 54.885, P=1.571x10-9
CODE: OFL: Ofloxacin, AUG: Augmentin, CAZ: Ceftazidine, CRX: Cefuroxime, GEN: Gentamycin, CTR:
Ceftriaxone, ERY: Erythromycin, CXC: Cloxacillin

The study also identified 28 antibiotic resistance pat- augmentin (AUG), ceftazidine (CAZ) was the most freterns. The multiple antibiotic resistance pattern cloxa- quently observed pattern (Table 3). All isolated S. aureus
cillin (CXC), erythromycin (ERY), cefuroxime (CRX), (165) from this studies were multidrug resistant with different antibiotic resistant pattern.
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Table 3: Multiple antibiotic resistance pattern among S. aureus isolates from the clinics and
environment
Location
Clinic

No. of
antibiotics
3
4
5

6

7

Environment

8
4
5

6
7

Multiple antibiotic resistance pattern
CXC, ERY, AUG
CXC, ERY, CRX, AUG
CXC, ERY, AUG, CAZ
CXC, ERY, CRX, CAZ
CXC, ERY, CRX, AUG, OFL
CXC, ERY, CRX, AUG, CAZ
CXC, ERY, CRX, CAZ, GEN
CXC, ERY, CRX, CAZ, OFL
CXC, ERY, CRX, AUG, OFL
CXC, ERY, CRX, AUG, CAZ, GEN
CXC, ERY, CRX, AUG, CAZ, CTR
CXC, ERY, CRX, AUG, CAZ, OFL
CXC, ERY, CRX, AUG, CAZ, GEN
CXC, ERY, CRX, AUG, CAZ, OFL, CTR
CXC, ERY, CRX, AUG, CAZ, OFL, GEN
CXC, ERY, CRX, AUG, CAZ, OFL, CTR
CXC, ERY, CRX, AUG, CAZ, CTR, GEN
CXC, ERY, CRX, AUG, CAZ, OFL, CTR, GEN
AUG, CXC, CRX, ERY
AUG, CXC, CAZ, ERY
AUG, CXC, CRX, CAZ, CTR
AUG, CXC, CRX, CAZ, ERY
AUG, CXC, CRX, CAZ, CTR
AUG, CXC, CRX, ERY, GEN
AUG, CXC, CRX, CAZ, ERY, GEN,
AUG, CXC, CRX, CAZ, ERY, CTR
AUG, CXC, CRX, CAZ, ERY, CTR, GEN

No. of
Isolates
5
7
2
2
4
36
1
7
3
4
14
9
7
2
2
5
7
3
1
1
2
3
2
1
3
10
22

OFL: Ofloxacin, AUG: Augmentin, CAZ: Ceftazidine, CRX: Cefuroxime, GEN: Gentamycin, CTR:
Ceftriaxone, ERY: Erythromycin, CXC: Cloxacillin

Discussion
Over the past decade, the percentage of S. aureus from
clinical specimen that are multidrug-resistant has been
steadily increasing around the world,25 a phenomenon
which has affected the timely administration of appropriate choice antibiotics.26 Out of 150 water samples collected from 6 drinking water sources in this study, a total of
45 S. aureus were isolated. However, from a total of 120
clinical samples collected across different body sites: skin,
nasal cavities, ear, wound and pus, of patients randomly
selected from the study area, 120 S. aureus were isolated
(Table 1).

aquatic environment could be due to the pre-treatment
process through which the water had undergone, and also
due to the fact that the inhabitants of the community have
not had constant contact with the water, since S. aureus is
a normal flora of the body. However, highest (60.0%) occurrence of S. aureus from nasal cavities, followed by pus
(12.5%), wound (12.5%), skin (8.3%) and the least from
ear (6.7%) were observed among clinical samples. This
finding is consistent with other findings which reported highest (94.0%) colonization in extranasal site27; and
also a highest (46.8%),28 (65.9%)29 occurrence from pus.
However our findings contradict that of some researchers who reported least isolation of S. aureus from nasal
Possible reasons for low prevalence of S. aureus from the cavities.1,30 The result of this study which revealed a least
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occurrence of S. aureus from wound (12.5%), skin (8.3%)
and ear (6.7%) could be because these samples were collected from wounds which had undergone pre-treatment
with antiseptics which had consequently reduced the microbial load on the wound site. This finding is consistent
with other literature which reported a least (8.0%) colonization from wounds27 and no isolation from the ear.1,31
Among the water samples, Isa-Kaita’s reservoir showed
the highest prevalence (40 %) of the isolates, probably
due to the constant contact with the inhabitants of the
community. On the other hand, Isa Kaita’s tank and
Kadangaru’s well both recorded the least number of isolates (8.9 %) (Table 1). This findings agree with others
who also reported the presence of S. aureus in drinking
water in the city of Portugal.11 Although this high microbial contamination may be due to poor hygiene and sanitary conditions in and near the water sources,32 the propinquity of the water sources to dumpsites and latrines is
a possible source of contamination.33 Unfortunately, this
kind of setting is peculiar to the Dutsin-Ma community
in Katsina State where this study was carried out.
It is worthy to note that although S. aureus is not a bacteria
indicator of fecal contamination, its presence in drinking
water is of great public health importance. When present in large quantity, S. aureus in water intended for human consumption are potential health threats, especially
if these strains possess determinants of antibiotic resistance12,18,34 as suggested by this study. These resistance
genes can be transferred to normal bacteria present in
the GIT of the consumers if the genes are present on
mobile genetic elements like integrons and its cassette,
plasmid, transposon and insertion sequence These have
been reported to be the most virulent and multidrug resistant among all of the HPC bacteria recovered from
water supplies in South Africa.34 They can form biofilms
in major distribution channels. This harbors potential waterborne pathogens and can also serve as a reservoir for
transferable resistance genes to other potential bacterial
species.11,12 Moreover, if they eventually cause diseases,
treatment will require the administration of antibiotics
(usually beta lactams). However, considering how important some of these beta-lactams have become over
the years, both as first-line therapy for severe and mild
infections,35 resistance to them will affect their timely administration,26 and this could increase mortality rate, and
of course affect the economy.36
African Health Sciences Vol 19 Issue 1, March, 2019

The result of the antibiogram conducted on clinical isolates, revealed a highest (100.0%) resistance to both cloxacillin and erythromycin, followed by cefuroxime (94.2%)
(Table 2). The least (20.0%) resistance was demonstrated
against gentamicin. When compared to the samples from
drinking water sources, a similar result was obtained.
The isolates demonstrated a highest (100%) resistance to
both cloxacillin and augumentin, followed by cefuroxime
(97.8%) and ceftazidime (97.8%). The least resistance was
demonstrated against ofloxacin (0.00%) and gentamicin
(48.9%) (Table 2). This agrees with other findings which
also reported a low (7.1%) resistance to gentamicin.37 The
resistance to the antibiotics tested may be attributed to
the production of beta-lactamase, an enzyme that inactivates β-lactam rings in β-lactam antibiotics and closely
related antibiotics. A similarity in the antibiotic resistance
pattern displayed by the isolates could suggest a possible
link between the isolates from the clinic and that from the
water environment. Therefore, work is ongoing on the
molecular typing of these bacteria isolates for any clonal
similarities.
Among the clinical isolates, resistance to 5 antibiotic
groups (42.5%) were the most commonly observed antibiotic resistance pattern, while resistance to 8 groups
(2.5%) was the least prevalent. On the other hand, the
environmental isolates demonstrated highest resistance
to 7 groups (48.9%) of the antibiotics tested, while a least
resistance to 4 groups (4.4%) was recorded. The multiple
antibiotic resistance pattern cloxacillin (CXC), erythromycin (ERY), cefuroxime (CRX), augmentin (AUG), ceftazidine (CAZ) was the most frequently observed pattern
(Table 3).
Conclusion
This study has for the first time, given a comparative insight into the antibiogram study of S. aureus isolated from
clinical and selected drinking water of Dutsin-Ma town,
Katsina State, Nigeria. The findings of this study reveals
that Dutsin-Ma water sources are laden with multidrug
resistant strains of S. aureus. These multidrug resistant S.
aureus isolated from drinking water may transfer their resistant determinant to bacteria in the gastrointestinal tract
(GIT) of consumers if present on mobile genetic elements such as plasmid and transposon, thereby, prolong
treatment time and lead to an increase in mortality rate
if bacterial infection arise. The result presented in this
study may explain, in part, the increasing misuse of an1390
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