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Abstract

The microbial quality of swimming pool water is critical to preventing the spread of waterborne diseases.
Public pools are widely used for recreation by diverse age groups, making microbial monitoring an
essential public health measure. This study investigated the bacterial quality and antibiotic resistance
profiles of isolates recovered from selected swimming pools in Ugbowo, Benin City, Edo State, Nigeria.
Water samples were collected, and bacterial isolation, identification, and antimicrobial susceptibility
testing were performed using standard microbiological techniques. The total viable bacterial count in
the sampled pools ranged from 3.05 £ 0.05 CFU/mL to 6.00 £ 0.04 CFU/mL. The bacterial isolates
identified include Pseudomonas sp. Escherichia coli, Klebsiella sp., Streptococcus sp., Staphylococcus
sp. and Enterobacter sp. The highest frequency of occurrence was observed for Staphylococcus sp.
(27.50%), followed by Escherichia coli (15.70%). Escherichia coli and Klebsiella sp. were both resistant
to tetracycline, clindamycin and erythromycin, while Staphylococcus sp. was resistant to carbenicillin,
clindamycin and tetracycline. Antibiotic sensitivity testing revealed that Escherichia coli, Klebsiella
sp., and Staphylococcus sp. exhibited the highest multiple antibiotic resistance (MAR) index of 0.38,
indicating moderate resistance to several antibiotics. The presence of antibiotic-resistant bacteria in the
assayed pool highlights potential public health concerns associated with recreational water use. This
underscores the need for effective water quality management and routine swimming pool monitoring
to mitigate the risk of waterborne infections and combat antibiotic resistance.
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INTRODUCTION

A swimming pool is an artificially enclosed body or basin of water, constructed for swimming,
diving, recreation, or instruction (Kuzgunkaya and Yildirim, 2010). Swimming pools have
evolved into integral facilities in urban areas, serving a wide range of social, recreational, and
fitness-related functions (Balogun, 2022; Aguome et al., 2024). They are frequented by people
of all ages, from children to the elderly, thereby enhancing community engagement and
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encouraging physical activity. While pools provide valuable recreational and health benefits,
they also introduce potential public health hazards when hygiene standards are insufficient
(Fakorede et al., 2024; Aneke et al., 2025). The complex environment of a swimming pool, with
warm water temperatures, heavy bather load, and varied usage patterns, creates an ideal
habitat for the proliferation of diverse microbial pathogens (Ibanga et al., 2020; Aneke et al.,
2025).

Pathogenic bacteria in swimming pools have garnered attention worldwide due to their
association with several waterborne diseases, some of which can escalate into large outbreaks
(Favero, 2018; Kee et al., 2014; CDC, 2018, 2000; Lee et al., 2012; Dziuban et al., 2016). Unlike
natural water bodies, swimming pools are confined and frequently reused environments,
which amplifies the potential for microbial buildup (Ibanga et al., 2020; Fakorede et al., 2024).
Pathogens may enter the water through multiple avenues, including human bodily fluids
such as saliva, mucus, urine, and faeces, as well as from the natural shedding of skin and hair
(Aneke et al.,, 2025). Furthermore, studies indicate that a single swimmer can release
significant amounts of organic and inorganic materials into the pool water, which, without
adequate disinfection and filtration, creates favorable conditions for bacterial proliferation
(Hassanein et al., 2023; Aboudi, 2025; Wlodyka-Bergier et al., 2025). Even seemingly innocuous
actions like sneezing, spitting, and sweating contribute to the microbial load in swimming
pools.

Infections resulting from exposure to contaminated pool water have been reported in recent
years, in swimmers (Kiyohara et al., 2006). Studies indicate that pool water can become
contaminated within hours of use, with microbial load directly proportional to pool
occupancy rates (CDC, 2016). Diseases related to the drinking of contaminated water include
diarrhea, typhoid, hepatitis and cholera (WHO, 2004). Recent improved surveillance data
from the United States and Europe shows that microbial recreational water-related illnesses
are on the rise (Yoder et al., 2008). Globally, Escherichia coli, Pseudomonas aeruginosa, Salmonella
spp., Staphylococcus aureus, and other pathogenic bacteria are recognized as common
contaminants in swimming pools (Benkel et al., 2000; Tate et al., 2022; WHO, 2016). These
bacteria can cause various infections and illnesses. For instance, Escherichia coli is a fecal
coliform bacterium that, when present, suggests contamination by fecal matter, posing risks
of gastrointestinal diseases such as diarrhea and abdominal cramps (Yoder et al., 2008).
Pseudomonas aeruginosa is linked to skin infections like "hot tub rash" and can lead to more
severe respiratory infections, particularly in vulnerable populations like individuals with
compromised immune systems (Streeter and Katouli, 2016; Spernovasilis et al., 2021).

Ensuring safe and hygienic swimming pool conditions involves addressing both external and
internal sources of contamination. External contaminants, such as rain, dust, animal
droppings, and debris, are particularly challenging to control in outdoor pools. Internal
contaminants are predominantly human in origin. Pathogen entry from swimmers themselves
is a significant issue, as the likelihood of contamination increases with the number of bathers
(Elmir et al., 2007). In Edo State, particularly in Ugbowo (Benin City), urbanization has driven
increased demand for recreational facilities, including swimming pools. With the growing
population and rising interest in leisure activities, many pools have opened in the area,
attracting a wide range of users. However, the microbial quality of pool water in this locality
has not been extensively studied, leaving potential public health risks unaddressed. Hence,
the aim of this study was to ascertain the presence of pathogenic bacteria and their
antibacterial susceptibility patterns in selected swimming pools within Ugbowo, Benin City,
Edo State, Nigeria.
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MATERIALS AND METHODS

Study Area

The study was conducted in Ugbowo, Benin City, Edo State, Nigeria, which is situated in the
South-South geopolitical zone of Nigeria and covering roughly 500 square kilometres. Benin
City is bordered by the latitudes 6° 06' N and 6° 30' N and the longitudes 5° 30' E and 5° 45' E.
The city is surrounded by a sedimentary deposit that consists of a top layer of reddish clay
sand that covers extremely porous, freshwater-bearing loose sands, as well as thin local clay
and shale that are thought to have originated in braided streams (Essien and Okon, 2016;
Ikhile, 2016). It is commonly thought to be highly porous, permeable and abundant in water
production (Omorogieva et al., 2016). This urban area experiences high foot traffic, particularly
around recreational facilities, making it an ideal location for assessing microbial
contamination in public swimming pools. These swimming pools serve a diverse population,
including children, adults, and the elderly, thereby encompassing a wide range of public
health considerations.

Sample Collection

Sampling sites were selected based on usage frequency, pool maintenance practices, and
location accessibility. Four swimming pools in Ugbowo were chosen to ensure a
representative assessment of microbial quality. Water samples were collected in sterilized 1 L
bottles at each selected swimming pool in replicates from different points. Sampling was done
in the early morning before pool usage to avoid interference from high bacterial density, as
well as in the afternoon when contamination rates might have increased due to active usage
and then*transported to the microbiology laboratory aseptically for onward analyses.

Enumeration and Isolation of Total Heterotrophic Bacterial Count

Enumeration of bacteria from the water samples was done according to the method of
Ajuzieogu et al. (2018). Total heterotrophic plate count (Standard plate count) was used to
evaluate the bacteriological quality of the water samples from which 1 mL was plated directly
onto freshly prepared Nutrient Agar (NA) using the pour plate method. The plates were
incubated at 37°C for 24 hours. Colonies were observed, and the number of colonies on each
agar plate was counted and recorded. Distinct colonies were purified by subculturing on NA
plates and later transferred into agar slants for preservation at 4°C for further analysis. The
number of colony-forming units per millilitre (CFU/mL) was calculated using the formula
below:

) CFU number of colonies counted
Bacterial count ( — ) =

(Willey et al., 2008)

volume plated

Ologbosere O. A., Ogbebor A. S., DUJOPAS 12 (1c): 237-245, 2026 239



Bacterial Quality and Antibiotic Resistance Patterns of Isolates from Some Public Swimming Pools in Ugbowo,
Benin City, Nigeria

Antibiogram

The identified bacterial colonies were subjected to an antibiotic susceptibility test to determine
their resistance or susceptibility to common antibiotics used to treat bacterial infections. The
standard discs manufactured by Oxoid, UK, were used to execute the disc diffusion method
employed in this study. For this assay, a fully-grown bacterial culture (18-24 hours) was
grown on Mueller-Hinton agar (MHA). The inoculum corresponding to 1.5 x 108 cells/mL
McFarland standard was streaked using a sterile loop onto the MHA plates before the
introduction of antibiotic discs, and was added to the plates with extreme care using sterile
forceps (Ogofure and Emoghene, 2016; Igbinosa et al., 2022). The susceptibility results were
recorded after incubation for 24 hours at 37 °C, following the CLSI (Clinical Laboratory
Standards Institute) 2017 standards for antibiotic susceptibility testing (AST). The inhibition
zone around each disc (measured using a meter rule in diameter) was assessed and
interpreted based on the 2020 CLSI standard as Resistant (R), Intermediate resistant (I) and
Sensitive (S). The antibiotic discs used in the study, with their corresponding codes and
concentrations, were also included.

Multiple Antibiotic Resistance Index

The multiple antibiotics resistance (MAR) index was determined employing the method
reported by Chitanand et al. (2010). In this study, the MAR index was determined by
employing the methods delineated by Igbinosa et al. (2022). Itis a general rule that MAR index
greater than 0.20 is indicative of the fact that the bacterium originates from areas where
antibiotics have been used regularly (or abused) or from areas of high-risk source of
contamination. The formula below was used to decipher MAR index of bacterial isolates;

MAR index = y/nx

Where y = number of resistance recorded,
n = number of isolates and
x = total number of antibiotics used

RESULTS

Figure 1 presents the total viable bacterial counts (TVBC) recorded in water samples collected
from selected swimming pools in Ugbowo, Benin City, Edo State. The 2bacterial counts are
expressed in colony-forming units per milliliter (CFU/mL). The counts ranged from 3.05 +
0.05 to 6.00 + 0.04 CFU/mL; the lowest bacterial count was recorded in sample A, 3.05 + 0.05
CFU/mL, while the highest count was in sample D, 6.00 + 0.04 CFU/mL. Bacterial isolates
identified include Pseudomonas sp. Escherichia coli, Klebsiella sp., Streptococcus sp.,
Staphylococcus sp. and Enterobacter sp. Figure 2 represents the percentage frequency of
occurrence of bacterial isolates identified from swimming pools in Ugbowo. Staphylococcus sp.
had the highest occurrence at 46.90%, indicating its widespread presence in all the sampled
locations. Escherichia coli was observed at a frequency of 15.80%, reflecting a moderate
prevalence. Both Klebsiella sp. and Enterobacter sp. were observed at 13.70% each. Pseudomonas
sp. was recorded at 6.70%, while Streptococcus sp. had the lowest frequency at 3.20%. Table 1
presents the antibacterial sensitivities and multiple-antibiotic-resistance (MAR) indices of
bacterial isolates from swimming pools in Benin City. E. coli, Klebsiella sp., and Staphylococcus
sp. exhibited the highest MAR index of 0.38, indicating moderate resistance to tested
antibiotics. Enterobacter sp., Pseudomonas sp., and Streptococcus sp. had an MAR index of 0.25.
Most bacterial isolates were sensitive to ciprofloxacin, gentamicin, amoxicillin/ clavulanic acid,
and colistin. Resistance was frequently observed against clindamycin and erythromycin,
while tetracycline and carbenicillin showed intermediate activity for some isolates.
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Figure 1. The total viable bacterial counts (TVBC) recorded in water samples collected from selected swimming
pools in Benin City, Edo State
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Figure 2. Percentage frequency of occurrence of bacterial isolates identified from swimming pools in Benin City

Table 1: Antibacterial Susceptibility and multiple resistance index of the bacterial isolates

Isolates CIP GEN AG CB cs CD TE E MAR INDEX
E. coli S S S S R R R 0.38
Staphylococcus spp. S S I R S R R I 0.38
Klebsiella spp. S S I S I R R R 0.38
Pseudomonas spp. I S S R S I R I 0.25
Streptococcus spp. S S S I S R I R 0.25
Enterobacter spp. S S S R S R S S 0.25

KEY: Resistant (R) = 0-10mm, Intermediate (I) = 11-16mm, Sensitive (S) =17mm and above, Ciprofloxacin (CIP);
Gentamicin (GEN); Amoxycillin + Clavulanic Acid (AG); Carbenicillin (CB); Colistin (CS); Clindamycin (CD);
Tetracycline (TE) and Erythromycin (E).
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DISCUSSION

Swimming pools are commonly used as recreational spaces that provide an environment for
physical exercise, relaxation, and social activities. They are especially popular in urban areas
like Benin City, Edo State, where access to natural bodies of water might be limited.
Swimming pools, however, require regular maintenance to ensure water quality and prevent
the growth of harmful microorganisms. The presence of pathogens in pool water can pose
significant health risks to swimmers, making it essential to monitor and control microbial
contamination (Stec et al., 2022). This study focused on the isolation and identification of
bacteria from selected swimming pools in Benin City. The total viable bacterial counts (TVBC)
recorded in water samples from the swimming pools ranged from 3.05 + 0.05 CFU/mL to 6.00
1 0.04 CFU/mL These values are indicative of the microbial load present in the pool water.
The variation in bacterial counts across the different pools may be attributed to several factors,
including differences in water management practices, pool maintenance routines, frequency
of water changes, and the number of pool users. These findings agree with previous studies
conducted by Elmar et al. (2007) and Petterson et al. (2021), which also found increased levels
of microorganisms after heavy bather loads. It was observed that humans may not necessarily
be the sole source of contamination of the pool because wind carrying dust particles also settle
on the water bodies.

Swimming pools, being heavily used recreational spaces, are prone to contamination by
various microbial agents, including bacteria, fungi, and viruses (Aboudi, 2025). The higher
TVBC recorded suggests that, despite the presence of chlorine and other disinfectants, the
pool might be more prone to bacterial contamination. Factors such as overcrowding,
insufficient filtration, and inadequate maintenance could contribute to the higher bacterial
load.

A total of six (6) bacteria were isolated from the swimming pool water samples: Pseudomonas
sp., Escherichia coli, Klebsiella sp., Streptococcus sp., Staphylococcus sp. and Enterobacter sp. These
bacteria are commonly found in aquatic environments and can indicate contamination from
various sources, including human activity, environmental factors, and inadequate pool
sanitation (Emir et al., 2007; Aboudi, 2025). The bacteria isolated in this study align with the
work of Okoruwa and Ukpene (2023), who identified Staphylococcus epidermidis, Escherichia
coli, Staphylococcus aureus, Enterobacter aerogenes, Klebsiella aerogenes, Pseudomonas aeruginosa,
Klebsiella pneumoniae and Streptococcus faecalis in selected swimming pools in Edo State,
Nigeria. The bacterial isolates in this study also align with those reported by Odo (2019), who
identified similar isolates.

Staphylococcus sp., found in all sampled pools, is a ubiquitous organism often associated with
human skin and mucosal surfaces. Its widespread presence in swimming pool water may
suggest contamination from swimmers or improper handling of pool equipment (Okoruwa
and Ukpene, 2023). E. coli and Enterobacter sp. were also found in the majority of pools,
highlighting the potential for faecal contamination. The presence of these coliform bacteria is
of particular concern. The American Society of Public Health stated that coliform standards
are a major factor in assessing the sanitary quality of swimming pools (Payus et al., 2018).

Klebsiella sp. and Streptococcus sp. were identified in two of the four pools, suggesting localized
contamination in those pools. Klebsiella species, an air-borne pathogen, also constitutes the
majority of bacteria isolated in this study and can cause disease of the air way such as
pneumonia (Odo et al., 2023). Also, Pseudomonas sp. had a frequency of 5.90%. Pseudomonas
spp. known for its environmental resilience and ability to survive in disinfected water, was
detected in three out of the four pools. The presence of Pseudomonas spp. in swimming pool
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water highlights the need for stringent monitoring, as it has been linked to causing skin
infections, eye infections, and respiratory illnesses.

The bacteria were generally sensitive to antibiotics such as Ciprofloxacin, Gentamicin,
Amoxicillin + Clavulanic Acid, and Colistin, which are commonly used to treat infections
caused by them. The fact that these bacteria showed resistance to commonly used antibiotics,
such as Clindamycin and Erythromycin, is concerning, as it suggests the presence of
antibiotic-resistant strains in the pool water. This is particularly worrisome given the high
levels of human contact with the swimming pool water. The MAR index is an important tool
in assessing the extent of antibiotic resistance in bacterial populations. A MAR index of 0.38
indicates moderate resistance, while an index of 0.25 suggests lower resistance. The findings
show that E. coli, Klebsiella sp., and Staphylococcus sp. exhibited the highest MAR index of 0.38,
indicating moderate resistance to the tested antibiotics. The presence of Staphylococcus sp. with
a MAR index of 0.38 is notable, as certain strains of Staphylococcus aureus, including
Methicillin-resistant Staphylococcus aureus (MRSA), can cause skin infections and are often
resistant to multiple antibiotics. On the other hand, Enterobacter sp., Pseudomonas sp., and
Streptococcus sp. exhibited lower MAR indices, indicating reduced resistance.

The presence of antibiotic-resistant bacteria in swimming pool water presents a significant
public health concern. Although chlorine is commonly used to disinfect swimming pools, it
may not be effective in eliminating all bacterial species, particularly those that form biofilms
or are resistant to chlorine.

The risk of infection from swimming pool water is particularly high for individuals with
compromised immune systems, such as the elderly, children, and those with pre-existing
health conditions. In addition to skin and soft tissue infections, swimmers may be at risk of
gastrointestinal, respiratory, and ocular infections caused by the pathogens identified in this
study. Therefore, proper sanitation practices, including regular disinfection, filtration, and
water quality testing, are essential to minimize the risk of infection in recreational water
environments (WHO, 2003).

CONCLUSION

The results obtained in this study highlight significant bacterial contamination in the water
samples from swimming pools in Benin City, with various bacterial species identified across
the different pools. The presence of antibiotic-resistant bacteria in the assayed water samples
is of concern, underscoring the importance of stringent pool maintenance practices and
effective disinfection protocols. Further research and continuous monitoring are necessary to
ensure that swimming pool water remains safe for public use, particularly in light of the
growing concern over antibiotic resistance and waterborne diseases.
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