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ABSTRACT

The study assessed the effect of seasonal variation on enteric bacteria population in water sources of six
different communities between April 2017 and March 2018 using conventional microbiological methods.
Bacteria belonging to the enteric family were primarily investigated in this study. The bacteriological analyses
included total viable bacterial counts and phenotypic characterization. The bacteriological analyses showed
that total heterotrophic counts ranged from 1.2 x 10° cfu/ml to 3.0 x 10°cfu/ml and from 1.0 x 10°cfu/ml to
2.0 x 10¥ cfu/ml during the dry and wet seasons, respectively. One hundred and twenty-two potentially pathogenic
species of bacteria representing 10 genera were identified. These included Acinetobacter sp., Enterobacter sp.,
Escherichia coli, Shigella sp., Salmonella sp., and Proteus sp. Others are Serratia sp., Pseudomonas sp.,
Yersinia sp., and Klebsiella sp. Results showed that bacteria isolated (10) were higher during the rainy season
while Klebsiella sp (24) and Enterobacter sp (30) were the predominant species. It was apparent that water
sources investigated in this study were unsafe for domestic use due to the presence of these pathogenic bacteria.
So, there is a need for the provision of safe water in these communities to prevent outbreaks of waterborne disease.
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INTRODUCTION

Water is essential for the sustenance of life and good
health (Owamah, 2020). The significance of its
quality to human physiology and the continuous
existence of humans can not be undermined
(Onweluzo and Akuagbazie, 2010). However,
waterborne diseases remain a constant public health
concern which ominously distresses the level of
global morbidity and mortality (Jamal ef al., 2020).
About 1.1 billion people do not have access to safe
water and this has been linked to diarrhea, a major
waterborne disease, which has been reported to
cause 1.6 million attributable deaths and 74.4 million
disability-adjusted life per annum, respectively
(Jamal et al., 2020). Incidence of waterborne diseases
consequentially arises with the presence of pathogens,
particularly of fecal origin, in water for consumption
and other essential purposes (Jamal et al., 2020).
However, quantification of the true burden of water-
borne diseases can be challenging, generating
evidence on risks related to contamination of water
sources can be a grim task particularly in low and
middle-income countries (Cissé, 2019).

In many low and middle-income countries, the
prospect of water-borne diseases is high due to
inadequate infrastructure, lack of appropriate public
health practice, and slow emergency response
(Uprety et al., 2020). In sub-Saharan Africa,
populations with deteriorating environments have
been associated with the practice of open defecation,
this increases the chances of waterborne disease-
related outbreaks within such population owing to
contamination of water sources by pathogens of
fecal origins such as Escherichia coli which causes
diarrhea (Gwimbi et al., 2019). About 33% of the
Nigerian population lacks access to improved water
sources; besides poor sanitation and inadequate
hygiene, this population is vulnerable to disease
outbreak caused by waterborne pathogens
(Ayandiran et al., 2018).

In rural communities, provision to safe water is
of great concern, access to basic amenities such as
clean water supply and good sanitation is
inadequate, this, without doubt, leads to the search
of water from other available sources such as
streams, rivers, and wells (Egberongbe ef al., 2012).
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While the level of dependency on surface water in
these communities remains exceedingly high, These
sources are nonetheless prone to contamination at
point and non-point sources caused by infiltration,
leaching, surface runoff through pastures, improper
sewage systems, and uncontrolled effluent discharge
(Malik et al., 2012; Akinnibosun and Ayejuyoni,
2015; Daramola et al., 2019). Poor water quality is
considerably accountable for disecase outbreaks in
these communities (Malik et al., 2012). Therefore,
It is logical to assess the surface water used by these
communities to identify various risk factors of
relative importance to water-borne diseases
(Priss-Ustlin et al., 2019). Considering that
unacceptable levels of bacteria should not be present
in water for drinking and other essential purposes,
an assessment of the bacterial population present in
water would not only provide insights into the
pathogenic potential and general quality of the water
but would also show the various species of the bacterial
community as well as the level of contamination of
the water source (Pedersen et al., 2019).

Generally, the assessment of bacteria and
broader microbial activity in water used by rural
communities have been carried out by various
researchers in Nigeria (Ayandiran et al., 2018;
Fakayode and Ogunjobi, 2018; Daramola et al.,
2019; Bebeteidoh et al., 2020; Jagaba et al., 2020;
Owamah, 2020). This study was carried out to
critically assess the bacteria population present in
surface water in the rural communities studied and
the significance of seasonal variation on the
microbial status of the surface water.

MATERIALS AND METHODS

Sample Collection

The sampling area was located at Ijebu-North
Local Government in Ogun State, Nigeria. Its
headquarters are in the town of Ijebu Igbo 6°57°N
4°00’E. The rural communities sampled were
selected based on the data obtained from the Water
and Sanitation department of the local government.
The selected communities include Mamu, Araromi-
looji, Odoye, Aba-baale, Tekunle-oga and
Okenugbo. Mamu, Araromi-looji, Odoye and Aba-
baale had regular flowing streams which had soft
sediments while Tekunle-oga and Okenugbo had
low flowing streams with hard substrates. In terms
of biological phenology, in the study area, April to
September is considered the rainy season while
October to March is considered dry season
(Oluwalana et al., 1999). Samples were randomly
collected at the stream site of the five different rural
communities early in the morning, before
abstraction by the residents, using an airtight sterile
container. This was to provide microorganisms
present in water with oxygen from each point and
avoid contamination from the surrounding air.

Physico-Chemical Analysis

Analysis of taste, odour, and colour of water samples
were carried out at the site of sample collection
before immediate transportation to the laboratory for
microbiological analysis (Fawole and Oso, 2001).

Bacteriological Analysis

Water samples were serially diluted (107°) and were
cultured aseptically in nutrient agar using the pour
plate technique. All plates were incubated at 35°C
for 24 h. Following incubation, colony counts were
carried out using a digital illuminated colony counter
and was recorded in colony-forming units per
milliliter (cfu/ml) (Bergey, 1939). Distinct colonies
were then subcultured on MacConkey agar, Blood
agar, Salmonella-Shigella agar, and Campylobacter
agar for further identification using colonial and
biochemical characterization as described in Bergey’s
Manual of Systematic bacteriology (Bergey, 1939).

RESULTS

Physico-chemical analysis of water samples was
carried out during both rainy and dry seasons.
During the rainy season, water samples obtained
from Mamu, Okenugbo, Araomi-looji streams
ranged from Slightly Muddy (Light Brown) to
Muddy (Brown) whereas Odoye and Aba-baale
streams, were highly muddy (Deep Brown), while
Tekunle-oga was slightly clear due to the presence
of particles. During the dry season, water samples
from Mamu, and Araromi-looji were clear, water
samples from Odoye, Okenugbo and Tekunle-oga
were slightly clear due to the presence of particles
while the water sample obtained from Aba-baale had
a light yellow colour. All samples obtained in this
study during both dry and rainy seasons were
tasteless and odourless (Table 1).

Table 1: Physico-chemical parameters of water
samples during rainy and dry seasons

Location Season  Colour/ Odour  Taste
Appearance
Mamu Rainy Slightly Muddy
(Light Brown)
Dry Clear
Araromi- Rainy Muddy (Brown)
looji
Dry Clear
Odoye Rainy Very  Muddy
(Deep Brown)
Dry Slightly  Clear 2 2
has particles E g
Okenugbo  Rainy Slightly Muddy 3 £
(Light Brown) © a
Dry Slightly  Clear
has particles
Tekunle- Rainy Slightly ~ Clear
oga has particles
Dry Slightly  Clear
has particles
Aba-baale  Rainy Very  Muddy
(Deep Brown)

Dry Light yellow
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The total viable counts of bacteria colonies
were obtained from all samples which reveals the
presence of bacteria at varying loads (Table 2). The
total viable bacteria count of the water samples
during the rainy season ranged from 3.20 x 10*
cfu/ml obtained from water sample belonging to
Araromi looji in June to 1.10 x 10* cfu/ml obtained
from water sample belonging to Tekunke-Oga in the
month of April. During the dry season, the total
viable count of the water samples ranged from 2.70
x 10* cfu/ml obtained from Araromi looji in the
month of October to 1.00 x 10* cfu/ml obtained from
Odoye in the month of March. The microbial load of
each study area varied with each month of sample
collection. During the rainy season, microbial load
of Mamu samples ranged from 1.86 x 10* cfu/ml
(September) to 1.20 x 10* cfu/ml (April); Araromi
looji samples ranged from 3.20 x 10* cfu/ml (June)
to 1.96 x 10* (May); Odoye samples ranged from
2.80 x 10* cfu/ml (September) to 2.00 x 10* cfu/ml
(April); Okenugbo samples ranged from 1.42 x 10*
cfu/ml (September) to 1.06 x 10* cfu/ml (April);
Tekunle-oga samples ranged from 2.20 x 10*cfu/ml
(July and August) to 1.10 x 10* cfu/ml (April); Aba-
baale samples ranged from 1.92 x 10* cfu/ml
(September) to 1.16 x 10*cfu/ml (May). During the
dry season, microbial load of Mamu samples ranged
from 1.50 x 10* cfu/ml (October) to 1.02 x 10*
cfu/ml (March); Araromi looji samples ranged from

2.70 x 10* cfu/ml (October) to 1.02 x 10* (March);
Odoye samples ranged from 2.00 x 10* cfu/ml
(October and November) to 1.00 x 10* cfu/ml
(March); Okenugbo samples ranged from 1.38 x 10*
cfu/ml (October) to 1.02 x 10* cfu/ml (March);
Tekunle-oga samples ranged from 1.82 x 10*cfu/ml
(October) to 1.09 x 10* cfu/ml (March); Aba-baale
samples ranged from 1.82 x 10* cfu/ml (December)
to 1.20 x 10*cfu/ml (February and March).

Subsequently, using standard identification
procedure with the aid of biochemical and morpho-
logical characterization. 54 isolates from 10 bacteria
species belonging to the Enterobacteriaceae family
were obtained from samples during this study.
Klebsiella sp and Enterobacter sp were found to be
the most occurring bacteria while Proteus sp was the
least occurring bacteria (Table 3). While Klebsiella
sp and Enterobacter sp were most occurring in rainy
and dry seasons respectively, Proteus sp and
Serratia sp were the least occurring bacteria in rainy
and dry seasons, respectively. It was also observed
that Mamu had the highest range of bacteria species,
while the lowest range was observed in Aba-baale
(Table 4). However, given each season, Araromi-
looji and Aba-baale had the highest and the lowest
range in the rainy season while Tekunle-oga and the
trio of Araromi-looji, Aba-baale, and Odoye had the
highest and lowest range in the dry season.

Table 2: Microbial load of water samples during rainy and dry seasons

Study Area Rainy (10*cfu/ml) Dry (10*cfu/ml)

Apr May Jun July Aug Sept Oct Nov Dec Jan Feb Mar
Mamu 1.20 1.36 1.33 1.52 1.86 1.80 1.50 1.35 1.14 1.16 1.10 1.02
Araromi looji 2.02 1.96 3.20 3.10 3.00 3.05 2.70 1.20 1.22 1.30 1.15 1.02
Odoye 2.00 2.10 2.50 2.65 2.72 2.80 2.00 2.00 1.17 1.20 1.12 1.00
Okenugbo 1.06 1.10 1.25 1.40 1.40 1.42 1.38 1.30 1.05 1.10 1.02 1.02
Tekunle-oga 1.10 1.80 2.12 2,20 2.20 1.80 1.82 1.60 1.14 1.12 1.18 1.09
Aba-baale 1.70 1.16 1.82 1.98 1.90 1.92 1.80 1.70 1.82 1.36 1.20 1.20
Table 3: Seasonal prevalence of pathogenic microorganism
Isolates - Seasonal prevalence Overall prevalence

Rainy Dry
Salmonella sp. 8.3% (5/60) 4.8% (3/62) 6.5% (8/122)
Escherichia coli 10% (6/60) 12.9% (8/62) 11.5% (14/122)
Serratia sp. 1.7% (1/60) 1.6% (1/62) 1.6% (2/122)
Acinetobacter sp. 10% (6/60) 17.7% (11/62) 13.9% (17/122)
Shigella sp. 10% (6/60) 4.8% (3/62) 7.3% (9/122)
Klebsiella sp. 26.7% (16/60) 12.9% (8/62) 19.7 (24/122)
Pseudomonas sp. 5% (3/60) 3.2% (2/62) 4.1% (5/122)
Yersinia sp. 5% (3/60) 14.5% (9/62) 9.8% (12/122)
Enterobacter sp. 21.7% (13/60) 27.4% (17/62) 24.6% (30/122)
Proteus sp. 1.7% (1/60) 0% (0/62) 0.8 (1/122)
Table 4: Seasonal distribution of bacteria isolates across sample areas
Mamu Tekunle-oga Araromi-looji Aba-baale Odoye Okenugbo

Isolates R D R D R D R D R D R D
Salmonella sp. + + + + + - - - - - + -
Escherichia coli + - + + - - + + - + - -
Serratia sp. + - - - - - - - - - - +
Acinetobacter sp. + - - - + + - - + + - +
Shigella sp. + + + + + - - - + - + -
Klebsiella sp. + + + + + - + - + - + -
Pseudomonas sp. - - + + + + - - - - - -
Yersinia sp. - + - - + + - + + - - +
Enterobacter sp. - + + + + - - + - + + +
Proteus sp. - - - - - - + - - - - -

R - Rainy, D - Dry. Key: Present (+), Absent (-)
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DISCUSSION

Our study examined the enteric bacteria community
present in surface water serving as a major source of
domestic water in the selected rural communities. The
significance of this microbial community should not
be overlooked due to their pathogenic which might
cause outbreaks of water-borne diseases. However,
seasonal changes might influence the bacteria
community structure present in the stream water,
which is not surprising and supports previous
findings (Bucci ef al., 2014; Ren et al., 2019).

The microbiological, chemical and physical
constituents of water affect its overall quality, hence
it affects its taste, odour, or colour. However,
according to WHO, highly turbid or coloured water
having an objectionable odour or taste is very unsafe
and should be prohibited (WHO, 2017). On this
note, the samples obtained in this study were labeled
unsafe due to the expression of colour and turbidity.
Even though, they were all odourless and tasteless.
The presence of fecal contaminants also observed in
this study opposes the WHO guidelines on safe
water, although this finding is consistent with some
previous studies such as Divya and Solomon (2015)
and Neher et al. (2020), water sources remain
unpleasant for domestic use, therefore ensuring the
safety of water sources in this community should be
highly prioritized (Divya and Solomon, 2016;
WHO, 2017; Neher et al., 2020).

The impact of seasonal dynamics on the
bacteria community was analyzed in this study.
Changes in seasons have an impact on bacteria
population and composition as a result of multiple
environmental pressures and this has been proven by
various studies exploring the impact of seasonal
changes on bacteria community in diverse
ecosystems (Kaevska et al., 2016; Wang et al.,
2019; Yadav et al., 2019). Therefore, obtaining
seasonal samples allowed the analysis of the bacteria
population during each season. Comparative
analysis of the microbial load of different seasons
observed in this study revealed the highest microbial
load during the rainy season, this is consistent with
the findings of similar studies carried out by Sun
et al. (2017) and Yadav et al. (2019). Notably,
cooler temperatures and increased water flow might
make the bacteria favour the rainy season over the
dry season. The dry season may expose the bacteria
to frequent desiccation which may consequently
result in the reduction of growth rate.

Palpably, the enteric bacteria family which also
functions as fecal indicators was primarily
investigated in this study. In recent times, the impact
of seasonal variation on the presence of enteric
bacteria in water used for drinking and other
domestic purposes has been investigated in different
environments. Ten members of this family were
identified and characterized from samples obtained
from the surface water sources investigated from
this study. These findings are in concord with
previous studies carried out by Tripathi et al. (2011),

Diwan et al. (2018), Kumpel et al. (2017) and Yadav
et al. (2019); where the impact of seasonal variation
on enteric bacteria was also observed. Enterobacter
sp and Klebsiella sp were observed to be the most
predominant species in the rainy and dry seasons
respectively. These organisms have been reported in
previous studies as frequent contaminants of water
sources and can be used to indicate the potential
health risks attributable to their pathogenic
potentials (Podschun et al., 2001; Dwivedi et al.,
2013; Barati et al., 2016; Price and Wildeboer, 2017;
Onyango et al., 2018). The presence of enteric
bacteria which functions as indicators of fecal
pollution demonstrates the level of contamination of
the water sources used by the rural communities
studied, treatment of water sources, and disease
prevention strategies should be carried out to avert
the future potential of outbreaks.

Seasonal variations have an impact on the
bacteria population but other factors such as nutrient
composition, pH, rate of pollution among other
factors could influence the bacteria population.
Also, the molecular methods which were not used in
this study would have provided more accuracy
during bacteria identification and characterization.

CONCLUSION

The surface water sources of the rural communities
examined in this study were contaminated with
bacteria of fecal origins particularly during the rainy
season. These fecal contaminants have high
pathogenic potential and cause diseases such as
diarrhea, which could lead to a disease outbreak in
rural communities where these water sources are
situated. Therefore, from the findings of this study,
the water sources should be treated to provide safe
water to these rural communities. Alternatively,
other sources of water with assured safety should be
provided for rural communities.
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