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Abstract
The Sustainable Development Goal on sanitation aims to achieve universal access to good
health, affordable drinking water, sanitation and an end to open defeacation by 2030. The
recent ranking of Nigeria as first globally for open defecation is of public and environmental
health concern. This study assessed the sanitary condition and the microbiological quality of
well and surface waters of Panhauya community and Ahmadu Bello University farm, Zaria, and
the antibiogram of the bacterial isolates.. Based on the WHO criteria, the sanitary inspection
showed that 16.7%, 54.2%, 25% and 4.2% of the water sampling points had a very high, high,
intermediate and low risk of contamination respectively. Occurrence of Escherichia coli,
Giardia lamblia, Entamoeba histolytica, Pseudomonas aeruginosa, Salmonella spp and Vibrio
cholerae in water samples from Panhuaya community was 87.5%, 75%, 68.8%, 50%, 25% and
12.5% respectively. In ABU farm Shika, the occurrence was; E. coli (75%), E. histolytica (63%),
G. lamblia and Salmonella spp. All E. coli isolates exhibited high multidrug resistance to
antibiotics screened with a MAR index of 0.3-0.8. The drinking water sources in Panhuaya and
ABU farm were unsafe and the presence of these pathogens in the water samples may be
attributed to a number of factors including poor sanitation, manure application and open
defecation practice. This indicates a public health risk to the residents and emphasises the
need for safe water supplies sanitation and antibiotic stewardship.
Keywords: Well water; surface water; sanitary inspection; open defecation; water-borne
pathogens; Zaria.
INTRODUCTION
Despite the efforts by the Sustainable
Development Goal on sanitation to achieve
access to good health, affordable drinking
water, and an end to open defecation by 2030,
892 million people in the world still practice
open defecation (WHO 2018, Saleem et al.,
2019).Poor drinking water sources such as wells
and surface water are used by over 663 million
people worldwide with most of them in SubSaharan Africa and Asia. Ten percent of the
world’s population is thought to consume food
irrigated by waste water.
Unsafe water
supplies, open defecation, indiscriminate waste
disposal and poor environmental sanitation are
linked to the transmission of water-borne
diseases (Squire and Ryan, 2017, WHO, 2018).
The contamination of water sources is mainly
attributed to pollution by on-site sanitation
facilities such as pit latrines and defecation
along boundaries of water sources (Okullo et
al. 2017).
Although, improvements in sanitation have
been recorded, open defecation remains a
public health concern particularly in many
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developing countries (Okullo et al., 2017). The
2019 ranking of Nigeria as first globally for open
defecation is of public and environmental
health concern (Punch, 2019). In Nigeria, open
defecation is practiced in rural and urban
communities due to inadequate toilet facilities,
poor standard of living and hygiene (Salaudeen,
2017). This may be linked to the high morbidity
and mortality from water-borne diseases such
as typhoid and cholera annually (WHO, 2018).
Like many communities in Nigeria, the
residents of Panhauya community of Giwa local
government, Kaduna rely on well, surface
water and sachet water occasionally. These
water sources may be exposed to faecal
contamination due to open defecation and poor
sanitation. Hence, this study was carried out to
assess the occurrence of some bacteria
(Escherichia coli, Vibrio cholerae, Salmonella
spp and Pseudomonas spp) and parasites
(Giardia lamblia and Entameoba histolytica) in
well and surface waters of Panhauya
community and Ahmadu Bello University (ABU)
farm Shika.
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The study objectives include; 1) to identify
possible factors and sources of contamination
MATERIALS AND METHODS
of water sources in Panhauya community and
Study Area
ABU farm, 2) to detect the presence of some
The study areas were Panhauya community and
selected bacteria and parasites in well and
Ahmadu Bello University Farm at Shika Zaria
surface water samples in Panhauya community
both in Giwa Local Government of Kaduna state
and ABU farm, and 3) to assess the antibiogram
(Figure 1).
of the bacteria isolated from well and surface
water samples.

Figure 1: Maps showing Panhauya and Ahmadu Bello University Farm, Zaria (Taken from Google
Maps).
Panhauya has the coordinate locations of
11°08'46.5''N
and
7°39'26.7''E.
Panhauya
community is a densely populated rural
settlement located behind Phase II of ABU,
Zaria. The agrarian community living in locally
built mud houses. The community has one
primary school located opposite the village
head’s house and a Primary health care centre.
Their major source of drinking water is surface
water, well water and occasionally sachet
water. There is a surface water/river which
flows from Shika environs and also flows into
the ABU dam; the major water source for the
University community. The ABU farm Shika is
located along the Zaria-Funtua road. It also has
two wells and a river that serve as a source of
drinking water to the animals and some locals.
It also has a large dam containing an estimated
capacity of 945,000m³ of water which ensures
all year-round water for fishing and irrigation
(Schillhorn, 1979; Fatihu, 2016).
Questionnaire Administration and Sanitary
survey
Questionnaire was designed and administered
to gather information on how the waters get
contaminated, what the water is used for,
presence of domestic animals and the state of
the wells in Panhauya community and ABU
farms. Questionnaires were administered to
private well owners and to residents of houses
nearest to the public wells which serve as a
water source. The purpose of a sanitary survey
was to evaluate and identify possible means by
which water especially drinking water may
become contaminated and rendered unsafe for
UMYU Journal of Microbiology Research

human use (EPA, 2008). The surroundings of the
wells and surface water in study areas were
surveyed to determine contamination points
and possible means by which the waters are
contaminated. Each sampling point was
surveyed for presence of gutters, drainage
pipes, septic tanks and sediments/detritus, the
fetcher used was examined while dry areas
surrounding the surface water were surveyed
for presence of animal dung and human faeces
and any other source of contamination. A
sanitary inspection was conducted with World
Health Organisation (WHO) sanitary inspection
forms in accordance with their guidelines. The
sanitary inspection form consists of structured
questions to be provided with a ‘yes’ or ‘no’
answers. Where “yes” answer score 1 point
and indicate the presence of risk of
contamination (ROC) while ‘no’ answers score 0
point and indicates a negligible risk. The total
score or ROC score is interpreted as very high
risk (9-11), high risk (6-8), intermediate risk (35) and low risk (0-2). A high ROC implies a
greater risk that the drinking water is
contaminated by the poor sanitary condition
and faecal contamination around the water
source. Sanitary inspection of all the water
sources was conducted and followed by ROC
calculation and interpretation (Okullo et al.,
2017).
Collection of Water Samples
In Panhauya community, a total of 13 well
water samples (5 private wells and 8 public
wells) and 3 samples from the river (three
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different points; PSW1, PSW2 and PSW3) were
collected.
Biochemical characterization of bacterial
isolates
From Ahmadu Bello University Farm Shika,
Following Gram staining as described by
surface water samples were collected from the
river (six different points; SSW1, SSW2, SSW3,
Cheesbrough (2006), biochemical tests were
SSW4, SSW5 and SSW6) and the two wells on
conducted to characterize the different
the farm (one sample each) following approval
bacterial isolates. For Escherichia coli, the
of the farm manager. All samples were
following tests were carried out indole test,
collected during the raining season between
Methyl Red-Voges Proskauer (MR-VP) test and
8am and 10am. Sterile sample bottles were
Citrate utilization test. For Vibrio cholerae
used to collect two litres of the well and
these included oxidase test, string test and
surface water for the detection of Entamoeba
sugar fermentation test on Kligler Iron Agar
histolytica and Giardia lamblia (Gyang et al.,
(KIA). Salmonella and Pseudomonas isolates
2017). Another set of sterile 500 mL bottles was
were characterized with the indole test, MR-VP
used to collect well and surface water samples
test, Citrate utilization test, urease and
for the isolation of bacteria. The samples were
motility test, Triple Sugar Iron (TSI) test,
placed in ice cold packs and transported to the
Catalase test and Oxidase test (Cheesbrough
laboratory for analyses.
2006).
Analysis of Water Samples
Antibiogram Assay
Water quality assessment and isolation of
Antibiogram assay was carried out using disc
Escherichia coli
diffusion method (Kirby Bauer technique) as
described by the Clinical and Laboratory
The Most Probable Number (MPN) method was
Standards Institute (CLSI) standard. For
used to assess the water quality and the
Escherichia coli, Pseudomonas aeruginosa and
selective
isolation
of
Escherichia
coli
(Cheesebrough, 2006).
Salmonella spp, the following antibiotic discs
Isolation of Vibrio cholerae
(Oxoid) were used: gentamicin (CN) 10µg,
To isolate Vibrio cholerae from collected water
augmentin (AU) 30µg, amoxacillin (AM) 30µg,
sample, 3ml of each water sample was enriched
sparfloxacin (SP) 30µg, chloramphenicol (C)
30µg, streptomycin(S) 30µg, septrin (SXT) 30µg,
in an equal volume of double strength Alkaline
ciprofloxacin (CPX) 10µg, ofloxacin (OFX) 10µg,
Peptone Water (APW) in a tube, the tube was
incubated at 37°C for 6–8 hours. Thiosulfate
and pefloxacin (PEF) 30µg. For Vibrio cholerae,
Citrate Bile Salts (TCBS) agar was inoculated
containing Chloramphenicol, Tetracycline and
Trimethoprim-sulfamethoxazole/Cotrimoxazole
with a loopful of the enriched water sample
(septrin) were used as recommended by the
and incubated at 37°C for 24 hours. The
suspected colonies of Vibrio cholerae which
(CDC, 1999; Cheesbrough, 2006). Percentage
antibiotic resistance (AR) of the isolates was
produce yellow shiny colonies and were 2–3 mm
calculated by dividing the number of antibiotics
in diameter on TCBS agar were subcultured
onto Nutrient agar slants for further studies
to which the isolates exhibited resistance
(Cheesbrough, 2006; Alam et al., 2014; Alam et
divided by the number of antibiotics used for
al., 2015).
the antibiotic assay and expressed in
Isolation of Salmonella and Pseudomonas
percentage.
species
Detection of cyst of Entamoeba histolytica
Pseudomonas aeruginosa and Salmonella spp
and Giardia lamblia
were isolated by pre-enrichment method
The water samples were analysed using the
followed by inoculation onto a selective
calcium carbonate flocculation method. Onemedium. About 1ml of each of the water
litre of the water sample was treated with 10
samples was transferred onto 9ml lactose broth
mL of Calcium Chloride solution and 10 mL of
and swirled gently. Tubes prepared for the
Sodium bicarbonate solution in a labelled
isolation of Pseudomonas aeruginosa and
beaker. The pH of the solution was adjusted to
Salmonella spp were incubated at 370C and
10 by the addition of 10 to 15 mL Sodium
430C (to enhance isolation) respectively.
Hydroxide solution depending on the initial pH
Aseptically,
the
broth
cultures
were
of the water. The solution was mixed
subcultured on cetrimide agar (Pseudomonas
thoroughly using a glass stirrer and allowed to
isolation) and xylose-lysine-deoxycholate agar
settle for a minimum of two hours at room
(Salmonella isolation) and incubated at 37°C
temperature. The supernatant was carefully
for 24 hours. The pure isolates were maintained
discarded and sediments dissolved by adding 20
on Nutrient agar slants and kept in the
mL of 10% weight/volume sulphuric acid. The
dissolved sediments were centrifuged at
refrigerator at 4°C for further laboratory
3000/rpm for 15 minutes.
investigations (Cheesbrough, 2006).
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A drop of the sediment obtained after
secondary and tertiary education. Only one out
centrifugation was placed on clean grease free
of the 13 households with wells treats the
slide for wet mount observation after which a
water by boiling or use of alum before drinking.
drop of Lugol’s iodine was added to improve
All the households have pit latrines as the toilet
the contrast. It was covered with a cover slip
facility but residents still practice OD especially
and viewed under x10 and x40 objective lens. A
while at their farms due to lack of toilet
coloured atlas was used in the identification of
facilities.
Sanitary inspection
the parasite (Gyang et al., 2017; Omolade and
Gbadamosi, 2017).
The survey revealed the sanitary condition of
the wells sampled with potential impact on
RESULTS
water quality (Table 1). Based on the WHO
guidelines, a very high, high, intermediate and
Household characteristics
With respect to the educational level of the
low risk of contamination was observed for
16.7%, 54.2%, 25% and 4.2% of the sampling
respondents in 13 households with wells at
points respectively.
Panhauya community, 7, 5 and 1 had primary,
Table 1: Potential contaminants around water sources and MPN index of water sampled from
Panhauya community and ABU farm Shika.
Sampling
site

Sampling
points

No. of
contaminants
observed

Sources of
Contamination
observed

Distance between
contaminant and
sampling site (meters)

MPN index
(per ml)

ROC
score*

Panhauya

PSW1
PSW2
PSW3
PuW1

1
1
1
3

1
4
5
2

>11
>11
11
2.4

7
5
5
5

PuW2

3

1

1.5

7

PuW3

3

2

1.5

4

PuW4

3

2

0.15

9

PuW5

2

1

1.5

2

PuW6

2

1

0.15

7

PuW7

2

1

ND

5

PuW8

2

2

0.93

7

PrW1
PrW2

1
3

10
4

4.6
0.93

6
10

PrW3
PrW4
PrW5
FW1

2
2
1
3

54
4
10
1

ND
0.20
11
1.5

8
9
3
8

FW2

3

1

1.5

9

SSW1
SSW2
SSW3

1
1
3

2
4
1

>11
>11
>11

8
8
8

SSW4

2

Cow dung
Cow dung
Detritus
Liquid waste,
detritus, algal
growth
Sewage, liquid
waste, detritus
Gutters, septic
tank, drainage
Animal dung,
detritus, algal
growth
Animal dung,
detritus
Detritus, algal
growth
Detritus, algal
growth
Animal dung,
detritus
Pit latrine
Drainage, animal
dung, pit latrine
Detritus, pit latrine
two pit latrines
Pit latrine
Cow dung, detritus,
algal growth
Cow dung, detritus,
algal growth
Detritus
Detritus
faeces, animal
dung, detritus
Detritus, cow dung

2

>11

8

SSW5

3

2

>11

8

SSW6

2

3

>11

8

ABU farm

faeces, detritus,
cow dung
Cow dung, detritus

FW: Farm well; ND: Not detected; PrW: private well; PSW: Panhauya Surface Water; PuW: public
well; ROC: risk of contamination; SSW: Shika Surface Water; *Contamination risk score: 9-11 very
high; 6-8 high; 3-5 intermediate; 0-2 low.
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Microbiological quality of water samples and
antibiogram assay
The MPN index was higher in the surface water
samples compared to well water samples
except that of one private well PrW5 with MPN
index equal to those of the surface water at
Panhauya (Table 1). With respect to the
sampling sites, the occurrence of Escherichia
coli and E. histolytica was higher (100%) in the
surface water samples compared to the well
water samples. The two Vibrio cholerae
isolated were from private wells in Panhauya
community. The occurrence of Giardia lamblia,
Salmonella spp and Pseudomonas aeruginosa
were higher in the public wells (25%) compared

ISSN: 2616 - 0668

to the private wells (12.5%) and surface water
samples (12.5%) in Panhauya (Table 2). The
distribution of the bacteria and parasites with
respect to some characteristics of the wells in
Panhauya is presented in Table 3. Occurrence
of Escherichia coli and Entamoeba histolytica
were higher in surface water compared to those
of the well water collected at ABU farm, Shika
(Table 4). Amongst the bacteria isolated, all E.
coli isolates exhibited higher multidrug
resistance to antibiotics screened with a MAR
index of 0.3-0.8 (Table 5 and 6). Augmentin and
amoxacillin resistance was common to all the E.
coli isolates (Tables 5 and 6).

Table 2: Occurrence of selected pathogens in well and surface water at Panhauya community,
Zaria
Total
EC
VC
PA
Salmonella
GL
No. of
spp
samples
Public wells
8 (50%)
7 (87.5%)
0
4 (25%)
2 (12.5%)
6 (75%)
Private wells
5 (31%)
4 (80%)
2 (40%)
2 (12.5%)
1 (6.25%)
5 (100%)
Surface water
3 (19%)
3 (100%)
0
2 (12.5%)
1 (6.25%)
1 (33.3%)
Total
16
14
2
8 (50%)
4 (25%)
12 (75%)
(100%)
(87.5%)
(12.5%)
Key: EC = E. coli, VC = V. cholerae, PA= P. aeriginosa, GL = G. lamlia, EH = E. histolytica
Sampling site

EH

5(62.5%)
3(60%)
3(100%)
11(68.8%)

Table 3: Occurrence of selected pathogens with respect to characteristics of wells sampled at
Panhauya community, Zaria.
Factors

EC

VC

Salmonella
spp

PA

EH

GL

2(15.4%)
11(84.6%)

0
2(100%)

0
3(100%)

0
6(100%)

5(38.5%)
8(61.5%)

0
11(100%)

Physical cover
of wells

Covered
Uncovered

No of
wells
(n= 13)
(PrW=
5)
(PuW=
8)
0
13(100)

Outer hygiene
of the well

Clean
Unclean

3(23%)
10(77%)

2(15.4%)
9(69.2%)

1(50%)
1(50%)

0
3(100%)

4(66.7%)
2(33.3%)

2(15.4%)
7(53.8%)

4(36%)
7(67%)

Yes
No

7(54%)
6(46%)

5(38.5%)
6(46.2%)

2(100%)
0

0
3(100%)

4(66.7%)
2(33.3%)

3(23.1%)
5(38.5%)

8(73%)
3(27%)

Presence of
roaming animals

Present
Absent

10(77%)
3(23%)

9(69.2%)
2(15.4%)

1(50%)
1(50%)

2(66.7%)
1(33.3%)

3(50%)
3(50%)

6(46.2%)
2(15.4%)

8 (73%)
3(27%)

Distance
between the
well and septic
tank/ Pit
latrine*

0-20m
20-40m

4(80%)
1(20%)

3(60%)
0

2(100%)
0

1(100%)
0

1(50%)
1(50%)

2(40%)
1(20%)

4(80%)
1(20%)

Topography of
septic tank/ Pit
latrine to well*

Sidestream
Up-stream

4(80%)
1(20%)

3(60%)
1(20%)

1(50%)
1(50%)

1(100%)
0(0%)

2(100%)
0(0%)

2(40%)
0

4(80%)
1(20%)

Casting

Subcategory

Key: PrW= Private well; PuW= Public well
* indicates data collected for PrW only
Key: EC = E. coli, VC = V. cholerae, PA= P. aeriginosa, GL = G. lamlia, EH = E. histolytica
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Table 4: Occurrence of selected pathogens in well and surface
Sampling site
Total No.
Escherichia
Salmonella spp
of samples
coli
Well water
2(25%)
2 (100%)
2(25%)
Surface water 6(75%)
4 (67%)
2(25%)
Total
8(100%)
6 (75%)
4(50%)

ISSN: 2616 - 0668

waters at ABU farm, Shika
Entamoeba
Giardia
histolytica
lamblia
2(25%)
1 (50%)
3(38%)
3 (50%)
5(63%)
4 (50%)

Table 5: Antibiotic resistance profile of selected bacteria isolated from well and surface water
samples collected from Panhauya community, Zaria.
Bacteria
Source
Antibiotic resistance
AR (%)
MAR index
profile
E. coli
PSW1
CPX, AU, AM
3(30)
0.3
PSW2
CPX, AU, AM, SP
4(40)
0.4
PSW3
CPX, AU, AM
3(30)
0.3
PuW1
CPX, AU, AM
3(30)
0.3
PuW2
OFX, CPX, AU, AM, SP
5(50)
0.5
PuW3
OFX, CPX, AU, AM, SP
5(50)
0.5
PuW4
CPX, AU, AM, SP
4(40)
0.4
PuW5
CPX, AU, AM, SP
4(40)
0.4
PuW6
OFX, CPX, AU, AM, SP
5(50)
0.5
PuW8
CPX, AU, AM, SP
4(40)
0.4
PrW1
CPX, AU, AM, SP
4(40)
0.4
PrW2
AU, SXT, AM
3(30)
0.3
PrW4
PEF, AU, AM, SP
4(40)
0.4
PrW5
PEF, AU, AM, SP
4(40)
0.4
V. cholerae
PrW2
SXT
1(33.3)
0.33
PrW4
SXT
1(33.3)
0.33
P. aeruginosa
PSW2
S
1(10)
0.1
PSW3
S, SXT, AU, AM
4(40)
0.4
PuW2

CN

1(10)

0.1

PuW4
S
1(10)
0.1
PuW5
CN
1(10)
0.1
PuW8
S, SXT, AU, AM
4(40)
0.4
PrW1
CN
1(10)
0.1
PrW5
CN, AU, AM
3(30)
0.3
Salmonella spp
SSW3
S, CN, PEF, AM
4(40)
0.4
PuW2
AU, AM
2(20)
0.2
PuW7
S, PEF, AU, AM
4(40)
0.4
PrW4
CN, AM
2(20)
0.2
AR: Antibiotic Resistance; MAR: Multiple Antibiotic Resistance; PrW: private well; PSW: Panhauya
Surface Water; PuW: public well; ROC: risk of contamination. AM: amoxacillin (30µg); AU:
augmentin (30µg); C: Chloramphenicol (30µg); CN: gentamicin (10µg); CPX: ciprofloxacin (10µg);
FW: Farm well; MAR: Multiple Antibiotic Resistance; OFX (10µg); Ofloxacin; PEF:pefloxacin (30µg);
S: Streptomycin; SP: sparfloxacin (30µg); SXT: Septrin (30µg);
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Table 6: Antibiotic resistance profile of selected bacteria isolated from well and surface water
samples collected from ABU farm Shika, Zaria.
Bacteria
Source
Antibiotic resistance
AR (%)
MAR index
profile
E. coli
FW1
SXT, AM, AU, PEF, OFX, S
6(60)
0.6
FW2
SXT, CH, AM, AU, CN, OFX,
7(70)
0.7
S
SSW3
SXT, CH, AM, AU, S
5(50)
0.5
SSW4
SXT, CH, AM, AU, PEF
5(50)
0.5
SSW5
SXT, AM, AU, PEF
4(40)
0.4
SSW6
SXT, CH, AM, AU, CN, PEF,
8(80)
0.8
OFX, S
Salmonella
SSW1
AM
1(10)
0.1
spp
SSW2
AU, AM
2(20)
0.2
SSW3
AM
1(10)
0.1
SSW4
AM
1(10)
0.1
AR: Antibiotic Resistance; ROC: risk of contamination; FW: Farm well; MAR: Multiple Antibiotic
Resistance; AM: amoxacillin (30µg); AU: augmentin (30µg); C: Chloramphenicol (30µg); CN:
gentamicin (10µg); CPX: ciprofloxacin (10µg); OFX (10µg); Ofloxacin; PEF:pefloxacin (30µg); S:
Streptomycin; SP: sparfloxacin (30µg); SXT: Septrin (30µg); SSW: Shika Surface Water.
DISCUSSION
Sanitary survey of the sampling sites revealed a
range of potential contaminants including
human faeces and animal dung. Hence, these
pose a high risk of contamination of the water
source by different pathogens as shown by ROC
scores. Occurrence of the selected pathogens in
the water samples from Panhuaya community
was in the order; Escherichia coli, Giardia
lamblia, Entamoeba histolytica, Pseudomonas
aeruginosa, Salmonella spp and Vibrio cholerae
with 87.5%, 75%, 68.8%, 50%, 25% and 12.5%
respectively. For ABU farm Shika, the
occurrence was in the order; E. coli (75%), E.
histolytica (63%), Giardia lamblia
and
Salmonella spp.
Previous studies have associated the presence
of the contaminants such as faeces with the
presence of pathogens in wells and surface
water (Adagbada et al., 2012 and Taylor et al.,
2015). Sanitary survey carried out by Fonseca
et al. (2014) in Brazil and Okullo et al. (2017)
in Kenya linked the presence of contaminants in
the environment to the presence of waterborne pathogens in wells, streams and rivers.
The occurrence rate of Escherichia coli in
Panhauya (87.5%) and ABU farms (75%) is
comparable to the 75% at Nkonkobe, South
Africa and 99.3% in Northeast Georgia reported
by Momba et al. (2006) and Cho et al. (2018)
respectively. The occurrence of Vibrio cholerae
(12.5%) in this study differs from 2.4% reported
by Bulus et al. (2015) but comparable to a
12.9% occurrence reported by Aryal et al.
(2015). Bulus et al. (2015) study was carried
out in Zaria, Nigeria while Aryal et al. (2015)
study was carried out at Kathmandu Valley,
UMYU Journal of Microbiology Research

Nepal. The difference of occurrence between
our findings and those of above-mentioned
studies may be due to the difference in samples
size, study area and nature of samples. The
samples analysed in this study is less compared
to 207 used by Bulus et al. (2015).
The high MAR index particularly for E. coli
agrees with the findings of Olukosi et al.,
(2008) and Mishra et al., (2013). The
antibiogram of the Vibrio cholerae isolates in
this study corresponds to those of Miwande et
al. (2015), Gupta et al. (2016) and Pal et al.
(2018) which all reported a resistance of all
Vibrio cholerae strains to Co-trimoxazole
(septrin) while sensitivity for chloramphenicol
and tetracycline slightly varied. The finding of
sensitivity of the Vibrio cholerae isolates to
chloramphenicol and tetracycline agreed with
that of Gupta et al. (2016).
The occurrence of 75% observed for Giardia
lamblia cyst in water samples from Panhauya
differs from a 33.3% and 50% occurrence
reported by Gyang et al. (2017) and
Odikamnoro et al. (2014) respectively.
However, the 50% occurrence of Giardia
lamblia cyst in water samples from ABU Shika
farm was different from the findings of Gyang
et al. (2017) but agrees with that of
Odikamnoro et al. (2014). Differences may be
attributed to factors such as source of samples,
sample size and study location as Gyang et al.
(2017) study collected 60 samples from wells,
streams,
ponds
and
boreholes
while
Odikamnoro et al. (2014) collected 36 samples
from wells, streams, ponds and boreholes, rain
water and springs.
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The studies by Odikamnoro et al. (2014) and
affected our results. Due to limited resources,
Gyang et al. (2017) were carried out in
few samples were collected and the Salmonella
Ohaukwu Local Government Area, Ebonyi state,
isolates were not characterised to serotypes.
Nigeria and Lafia Local Government Area
The sanitary condition of the water sources has
Nassarawa state, Nigeria. A higher percentage
serious implications as runoff can cause the
of G. lamblia cyst in casted (73%) wells at
water bodies present to get contaminated with
Panhauya
than
uncasted
(27%)
wells
faecal matter and hence, promote the spread
corresponds to the finding of a 43.6% rate of G.
of faecal-oral diseases such as cholera and
lamblia cyst in casted wells and 25.8% for
giardiasis (Okullo et al. 2017). The prevalence
uncasted well by Bishop and Inabo (2015).
of water-borne diseases including diarrhoea is
Similarly, the occurrence of E. histolytica cysts
higher in open defecation rural settings
was higher in wells with internal casting
compared to those that are open defecation(38.5%). Contrary to the study findings of
free (Ayalewet al., 2018). According to WHO,
Bishop and Inabo (2015), G. lamblia cysts were
all potable water should be free of any type of
detected in all the wells irrespective of their
pathogenic organism (WHO, 2019). Hence,
distance from the septic tank/pit latrines.
presence of these pathogens in the well and
The presence of the bacteria and parasite cysts
surface waters raises public health concerns
in
water
bodies
especially
wells
is
particularly for the residents of Panhauya who
multifactorial as factors such as distance of
use them as drinking water sources without
well to septic system, unhygienic surroundings,
proper treatment. This study emphasizes the
fetchers used, uncovered and uncasted wells
public health risk the sanitary practice and
may increase the likelihood of a well being
water sources pose to the communities. There
contaminated. Furthermore, the presence of
is need for potable water supply for these
pathogens may be attributed to the presence of
communities. Of importance is the creation of
other sources of faecal contamination observed
awareness on the need for sanitary practices
during the sanitary inspection as reflected by
(hand washing, waste disposal, use of proper
the ROC scores. A higher percentage of Giardia
toilet
facilities)
and
proper
antibiotic
lamblia and E. histolytica cysts in wells with
stewardship. Further surveillance studies and
internal casting be attributed to some level of
intervention will be needed in the study area as
affinities of the cyst for the components of
well as other communities to reduce the
cement (Ca(OH)2, CaO, CaCO3) or improperly
morbidity and mortality from a range of waterconstructed casts (Bishop and Inabo, 2015). The
borne diseases.
presence of the parasites can also be attributed
to poor construction of the wells which gives
CONCLUSION
room for the influx of runoff waters carrying
The sanitary inspection of water sources in
the parasitic organisms (Bishop and Inabo,
Panhauya community and ABU farm revealed
2015).
the presence of different sources of
The MAR index of >0.2 observed for some of the
contamination including faeces and sewage.
isolates particularly for E. coli isolated from
Also, 16.7%, 54.2%, 25% and 4.2% of the water
Panhauya community (0.3-0.8) and ABU farm
sampling points had a very high, high,
(0.4-0.8), indicates high risk contaminated
intermediate and low risk of contamination
source with frequent use of antibiotics. On the
respectively. Occurrence of Escherichia coli,
other hand, a low MAR index for Pseudomonas
Giardia
lamblia,
Entamoeba histolytica,
Pseudomonas aeruginosa, Salmonella spp and
aeruginosa and Salmonella spp indicates lower
antibiotic exposure to these organisms.
Vibrio cholerae in water samples from
To the best of our knowledge, this is the first
Panhuaya community was 87.5%, 75%, 68.8%,
report on sanitary condition and the occurrence
50%, 25% and 12.5% respectively. For ABU farm
of water-borne pathogens (bacteria and
Shika, the occurrence was; E. coli (75%), E.
parasites) in well and surface waters in
histolytica (63%), G. lamblia and Salmonella
Panhauya community and ABU Shika farm. The
spp. All E. coli isolates had a MAR index of 0.3Calcium carbonate flocculation method used
0.8 and exhibited higher multidrug resistance
has a 72-77% recovery rate of Giardia lamblia
to antibiotics screened.
cyst (Zarlenga and Trout, 2004) and may have
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