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2.  
 

Abstract 

 

Antibiotic resistance is a global public health crisis, with 

drinking water systems emerging as critical reservoirs and 

transmission pathways for antibiotic-resistant bacteria (ARB). 

This review focuses on the comparative analysis of antibiotic 

resistance in biofilms across different drinking water sources, 

with a specific emphasis on Nigeria. Biofilms, structured 

communities of microorganisms encased in a self-produced 

matrix, play a pivotal role in the persistence and 

dissemination of ARB within water systems. In Nigeria, biofilm 

formation is widespread across various water sources, 

including surface water, groundwater, and treated 

municipal water. These biofilms often harbor multidrug-

resistant bacteria, exacerbating the public health 

challenges in a country with limited access to advanced 

healthcare and water treatment technologies. Through a 

detailed comparison with other continents, this review 

highlights the unique environmental, infrastructural, and 

socioeconomic factors that influence biofilm formation and 

antibiotic resistance in Nigeria. Regions such as Africa, Asia, 

and South America face similar challenges due to 

inadequate water treatment and high antibiotic usage, 

whereas Europe and North America have mitigated these 

risks through stringent water quality regulations and 

advanced treatment methods. The review further explores 

the public health implications of ARB in biofilms, emphasizing 

the heightened risks for vulnerable populations in Nigeria 

and the global environmental impact of the spread of 

resistance through water systems. Key findings underscore 

the need for comprehensive surveillance, enhanced water 

treatment infrastructure, and public education to combat 

antibiotic resistance in biofilms. The review also identifies 

foundation for developing targeted interventions to mitigate 

the risks associated with biofilm-associated antibiotic 
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critical research gaps, particularly in understanding the mechanisms 

of resistance transfer within biofilms and the influence of Nigeria's 

tropical climate on biofilm dynamics. Recommendations include 

strengthening regulatory frameworks, promoting interdisciplinary 

research, and fostering global cooperation to address this pressing 

issue. This review contributes to the growing body of literature on 

antibiotic resistance in drinking water systems and provides a 

foundation for developing targeted interventions to mitigate the risks 

associated with biofilm-associated antibiotic resistance in Nigeria and 

beyond. 

 
Keywords: Antibiotics, Biofilms, Resistance, Water, Environment, 
Surveillance, Nigeria 
 
Introduction 

 

1.1 Background on Antibiotic Resistance in Drinking Water 

 
Antibiotic resistance has emerged as one of the most pressing global 
public health challenges of the 21st century. This phenomenon occurs 
when bacteria evolve mechanisms to withstand the effects of 
antibiotics that were once effective in treating infections they cause.  
 
The widespread and often indiscriminate use of antibiotics in human 
medicine, agriculture, and animal husbandry has accelerated the 
spread of antibiotic-resistant bacteria (ARB) across various 
environments, including aquatic ecosystems [1]. Drinking water, a 
fundamental human need, has become an unintended reservoir and 
transmission route for antibiotic-resistant bacteria and resistance 
genes (ARGs). The World Health Organization (WHO) has highlighted 
the critical need to address antibiotic resistance as part of global 
water safety and health strategies [2]. The presence of ARB in drinking 
water poses significant health risks, particularly in regions with 
compromised water treatment infrastructure and high population 
density, where the potential for disease transmission is amplified. 
 
In Nigeria, the issue of antibiotic resistance is particularly acute due to 
a combination of factors, including over-the-counter access to 
antibiotics, inadequate regulation, and insufficient public awareness 
[3]. The country's water infrastructure, especially in rural and semi-
urban areas, is often underdeveloped, leading to reliance on 
untreated or inadequately treated water sources. These sources, 
including rivers, lakes, wells, and boreholes, are often contaminated 
with pathogenic bacteria, some of which carry antibiotic resistance 
genes. A growing body of research indicates that drinking water 
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sources in Nigeria are increasingly contaminated with antibiotic-
resistant bacteria. This contamination is not limited to surface water 
but also extends to groundwater and municipal water supplies. For 
instance, studies have reported the presence of multidrug-resistant 
(MDR) bacteria in drinking water sources across various Nigerian 
states, highlighting the widespread nature of this public health threat 
[4, 5]. 
 
Globally, the role of drinking water in the dissemination of antibiotic 
resistance is well-reported [6, 7]. However, in the Nigerian context, 
there is a critical need for comprehensive studies that not only identify 
the prevalence of ARB in water sources but also explore the 
mechanisms by which these bacteria persist and spread. This review 
aims to address this gap by focusing on the role of biofilms complex 
communities of microorganisms that adhere to surfaces in promoting 
antibiotic resistance within Nigerian drinking water systems. 
 
1.2 Role of Biofilms in Antibiotic Resistance 

 
Biofilms are structured communities of bacteria and other 
microorganisms embedded in a self-produced matrix of extracellular 
polymeric substances (EPS). This matrix, composed of polysaccharides, 
proteins, and nucleic acids, provides a protective environment that 
enhances the survival of bacteria under adverse conditions, including 
exposure to antibiotics. In drinking water systems, biofilms typically 
form on the inner surfaces of pipes, reservoirs, and other infrastructure, 
where they can persist for extended periods [8]. The formation of 
biofilms in drinking water systems is influenced by various factors, 
including water chemistry, flow conditions, and the presence of 
nutrients. Once established, biofilms can serve as reservoirs for 
antibiotic-resistant bacteria, facilitating the horizontal transfer of 
resistance genes among different microbial species [9]. This gene 
transfer is often mediated by mobile genetic elements such as 
plasmids, transposons, and integrons, which can spread resistance 
traits rapidly within the biofilm community. 
 
In Nigeria, where water distribution systems are often aging or poorly 
maintained, these conditions are conducive to biofilm formation. The 
presence of biofilms in these systems poses a significant challenge to 
water treatment efforts, as the EPS matrix can shield bacteria from 
disinfectants such as chlorine, leading to the persistence of ARB even 
after treatment [10]. Moreover, the intermittent water supply in many 
Nigerian communities can exacerbate biofilm formation by creating 
conditions of low flow and stagnation, which are ideal for biofilm 
development. Comparatively, biofilm formation and its contribution to 
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antibiotic resistance have been extensively studied in other regions, 
particularly in Europe [11, 12] and North America [13, 14], where 
advanced water treatment technologies are employed. These studies 
have provided insights into the complex interactions between biofilms 
and antibiotic resistance, revealing that biofilms can act as both 
reservoirs and amplifiers of resistance. However, there is limited 
research on the dynamics of biofilm-associated antibiotic resistance in 
the unique context of Nigerian drinking water systems, where factors 
such as climate, infrastructure, and antibiotic usage patterns differ 
significantly from those in more developed regions. 
 
This review will therefore explore the formation and role of biofilms in 
promoting antibiotic resistance in Nigerian drinking water systems, 
drawing comparisons with findings from other continents. By doing so, 
it seeks to highlight the specific challenges and opportunities for 
addressing antibiotic resistance in Nigeria, with a focus on biofilm-
associated resistance in drinking water sources. 
 
2.0 Drinking Water Sources 

 

2.1 Overview of Drinking Water Sources in Nigeria 

 
Nigeria, with its diverse geography and rapidly growing population, 
relies on a variety of drinking water sources, each with unique 
challenges related to contamination and biofilm formation. The 
country's water sources can be broadly categorized into surface 
water, groundwater (borehole, well), treated municipal water, 
commercially sold packaged water and alternative sources such as 
rainwater. 
 
2.1.1 Surface Water 

 
Surface water sources, including rivers, lakes, and reservoirs, are vital 
for both urban and rural communities in Nigeria. Major rivers such as 
the Osun, Niger and Benue, along with numerous smaller water 
bodies, provide water for drinking, agriculture, and industrial activities. 
However, these surface water sources are often subject to 
contamination from human and industrial activities. Runoff from 
agricultural lands, improper waste disposal, and effluent from 
industries contribute to the high levels of pollutants in surface water 
[15]. These pollutants include organic matter [16], heavy metals [17], 
and antibiotics [18], all of which can promote the growth of biofilms 
and the persistence of antibiotic-resistant bacteria (ARB). 
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In the context of biofilm formation, surface waters are particularly 
vulnerable due to their exposure to a wide range of microbial 
contaminants and environmental factors that favor biofilm 
development [19]. The high nutrient load and the fluctuating 
environmental conditions, such as temperature and pH, create an 
ideal environment for biofilms to form on natural and man-made 
surfaces within these water bodies [20]. Moreover, the seasonal 
variations in water flow and quality, driven by Nigeria's tropical 
climate, further influence the dynamics of biofilm formation in surface 
water sources. 
 
2.1.2 Groundwater 

 
Groundwater, accessed through wells and bore hole, is a critical 
source of drinking water in many parts of Nigeria, particularly in rural 
areas where surface water quality is compromised. Groundwater 
sources are generally considered less susceptible to contamination 
than surface waters [21], due to the natural filtration provided by soil 
and rock layers. However, the increasing use of boreholes and the 
lack of adequate sanitation facilities in many communities have led to 
the contamination of groundwater with pathogens and antibiotic 
residues. Biofilms in groundwater systems are typically associated with 
the inner surfaces of wells, boreholes, and the distribution infrastructure 
[22]. The conditions in groundwater such as low oxygen levels, stable 
temperatures, and the presence of organic and inorganic nutrients 
support the growth of biofilms. In poorly maintained systems, these 
biofilms can harbor antibiotic-resistant bacteria, which can be 
transported to consumers through the water distribution network [23]. 
 
2.1.3 Treated Municipal Water 

 
Municipal water supplies in Nigeria are designed to provide treated 
water to urban and peri-urban populations. However, the 
effectiveness of water treatment varies widely across the country, with 
many treatment plants facing challenges such as aging infrastructure, 
inadequate funding, and inconsistent maintenance. These issues often 
result in suboptimal water treatment, allowing bacteria, including 
antibiotic-resistant strains, to survive the treatment process [24]. Biofilms 
in municipal water systems pose significant challenges to water quality 
and safety. Despite treatment processes such as chlorination, biofilms 
can persist within the distribution pipes, particularly in areas with low 
flow or intermittent water supply [25]. The protective extracellular 
matrix of biofilms shields bacteria from disinfectants, allowing resistant 
strains to survive and proliferate. Furthermore, the intermittent supply 
of water, common in many Nigerian cities, leads to periods of 
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stagnation in the pipes, which promotes biofilm formation and 
increases the risk of bacterial contamination [26]. 
 
2.1.4 Alternative Water Sources 

 
In response to the challenges associated with conventional drinking 
water sources, many Nigerian communities have turned to alternative 
water sources such as consuming packaged (bottled and sachet) 
water [27],  and rainwater harvesting [28]. Rainwater, while generally 
free from the contaminants associated with surface and groundwater, 
can become contaminated during collection and storage, especially 
when stored in poorly maintained tanks. Packaged (bottled and 
sachet) water, while providing a more reliable supply of water, are 
susceptible to contamination from unhygienic pre-production and 
post production stages and handlers [29], especially in areas with poor 
sanitation. Biofilm formation in these alternative water sources is 
influenced by the storage and distribution conditions. For example, 
rainwater storage tanks can develop biofilms on their inner surfaces, 
particularly if the water is not regularly used or if the tanks are not 
cleaned frequently. In boreholes, biofilms can form within the well 
casing and distribution pipes, potentially harboring antibiotic-resistant 
bacteria if the water source is contaminated with antibiotics or 
resistant pathogens [30]. 
 
2.2 Biofilm Formation Dynamics in Nigerian Water Sources 

 
Biofilm formation in drinking water systems is a complex process 
influenced by various factors, including environmental conditions, 
water chemistry [31], microbial community composition, and the 
design and maintenance of water infrastructure. In Nigeria, these 
factors are often exacerbated by challenges such as intermittent 
water supply, inadequate sanitation, and the widespread use of 
antibiotics. 
 
2.2.1 Environmental Factors 

 
The tropical climate of Nigeria, characterized by high temperatures 
and seasonal rainfall, plays a significant role in biofilm formation [32]. 
High temperatures accelerate microbial growth, while seasonal 
variations in water flow can lead to periods of low flow or stagnation, 
both of which favor biofilm development. Additionally, the high levels  
of organic matter and nutrients in Nigerian water sources, often a 
result of agricultural runoff and waste discharge, provide the 
necessary resources for biofilm formation and growth. 
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2.2.2 Water Chemistry 

 
The chemical composition of water, including pH, hardness, and the 
presence of disinfectants, influences biofilm formation. In Nigeria, the 
use of untreated or inadequately treated water is common, leading 
to water with high levels of organic and inorganic contaminants. 
These contaminants can interact with microbial communities to 
promote biofilm formation. For example, the presence of heavy 
metals and antibiotics in water can select for resistant strains within 
biofilms, further complicating efforts to control bacterial 
contamination [33]. 
 
2.2.3 Microbial Community Composition 

 
The diversity and composition of microbial communities in Nigerian 
water sources are shaped by factors such as water source type, 
environmental conditions, and human activity. In biofilms, the 
microbial community is typically dominated by bacteria that can 
thrive under the specific conditions of the water system. In Nigeria, 
where antibiotic use is widespread, these communities are likely to 
include a significant proportion of antibiotic-resistant bacteria. The 
close proximity of different bacterial species within biofilms facilitates 
the horizontal transfer of antibiotic resistance genes, contributing to 
the persistence and spread of resistance [7]. 
 
2.2.4 Water Infrastructure and Maintenance 

 
The state of water infrastructure in Nigeria is a critical factor in biofilm 
formation. Aging pipes, inadequate treatment facilities, and 
intermittent water supply all contribute to conditions that favor biofilm 
development. For instance, the frequent interruptions in water supply 
lead to periods of low flow or stagnation in the distribution system [31], 
during which biofilms can form and expand. Additionally, the lack of 
regular maintenance and cleaning of water storage tanks and 
distribution pipes allows biofilms to persist and accumulate over time, 
increasing the risk of contamination with antibiotic-resistant bacteria 
[9]. 
 
2.3 Comparative Analysis of Biofilm Formation in Nigeria and Other 

Continents 

 
While the dynamics of biofilm formation in Nigerian drinking water 
systems are influenced by local conditions, there are similarities and 
differences when compared to biofilm formation in other regions of 



 

 

 

 

 

 

 

 

8 

 

 

 

 

 

 

 

 

 

 

 

 

Corpus Intellectual 

ISSN PRINT 2811-3187 ONLINE  2811-3209    Volume 4 NO 3 2025 
 

the world. This section will explore these comparisons, highlighting key 
findings from studies conducted in different continents. 
 
2.3.1 Africa 

 
In other African countries, biofilm formation in drinking water systems is 
often influenced by similar factors as in Nigeria [34, 35], such as 
inadequate water treatment and sanitation, intermittent supply, and 
high levels of organic matter. Studies from countries like South Africa 
[35], Kenya [36], and Ghana [37] have documented the presence of 
antibiotic-resistant bacteria in biofilms within drinking water systems, 
highlighting the regional nature of this issue. However, there are 
variations in the specific bacterial species and resistance profiles, likely 
due to differences in antibiotic usage patterns and environmental 
conditions. 
 
2.3.2 Asia 

 
In Asia, where water management practices vary widely, biofilm 
formation in drinking water systems is influenced by factors such as 
population density, industrial pollution, and the use of advanced 
water treatment technologies [38]. For instance, in countries like India 
and China, the high population density and industrial activity 
contribute to significant contamination of water sources, leading to 
the formation of biofilms that harbor antibiotic-resistant bacteria [39]. 
However, in more developed regions of Asia, such as Japan and 
South Korea, the use of advanced treatment technologies and 
stringent water quality regulations have led to lower levels of biofilm 
formation and antibiotic resistance in drinking water systems. 
 
2.3.3 Europe 

 
Europe presents a contrasting scenario, where stringent water quality 
regulations and advanced water treatment technologies have 
significantly reduced the prevalence of biofilms in drinking water 
systems. In many European countries [40, 41], the use of continuous 
monitoring and maintenance of water infrastructure, combined with 
effective disinfection practices, has limited the formation of biofilms. 
However, antibiotic resistance remains a concern, particularly in 
hospital settings where biofilms can form on medical devices and 
contribute to healthcare-associated infections. Studies in Europe have 
also explored the role of biofilms in the natural environment, such as in 
rivers and lakes, where they can act as reservoirs for antibiotic-resistant 
bacteria that may enter drinking water sources [42, 43]. 
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2.3.4 America 

 
In North and South America, the dynamics of biofilm formation in 
drinking water systems vary depending on the level of infrastructure 
development and environmental conditions [44]. In North America, 
advanced water treatment and distribution systems have reduced 
the prevalence of biofilms, although they remain a concern in specific 
contexts, such as in older urban infrastructure or in rural areas with less 
stringent water quality controls [45]. In contrast, in parts of South 
America, particularly in rural and underserved areas, biofilm formation 
is more prevalent due to inadequate water treatment and distribution 
infrastructure. Studies from Brazil, for example, have documented the 
presence of antibiotic-resistant bacteria in biofilms from both urban 
and rural water systems [46, 47], highlighting the need for improved 
water management practices in these regions. 
 
3.0 Prevalence of Antibiotic Resistance  

 
3.1 Prevalence and Mechanisms in Nigeria 

 
Antibiotic-resistant bacteria (ARB) in biofilms across Nigerian drinking 
water sources are a growing public health concern. The prevalence 
of these resistant organisms is influenced by various factors, including 
the widespread use of antibiotics, inadequate water treatment, and 
poor sanitation practices. In Nigeria, common antibiotic-resistant 
bacteria found in biofilms include Escherichia coli, Pseudomonas 

aeruginosa, and Klebsiella pneumonia [48], all of which have been 
shown to exhibit resistance to multiple antibiotics, particularly those 
frequently used in both human and veterinary medicine. 
 
Resistance mechanisms in biofilms are primarily driven by the biofilm's 
structural and functional properties [49]. The extracellular polymeric 
substances (EPS) matrix, which encases the bacterial cells, acts as a 
barrier that limits the penetration of antibiotics. Moreover, the close 
proximity of cells within a biofilm facilitates horizontal gene transfer 
(HGT) of resistance genes through plasmids, transposons, and 
integrons [50]. In Nigerian drinking water systems, these mechanisms 
are exacerbated by environmental factors such as intermittent water 
supply, which can lead to stagnation and the subsequent growth of 
biofilms. 
 
Several studies have documented the presence of multidrug-resistant 
(MDR) bacteria in biofilms from different Nigerian water sources [51, 
52]. For example, groundwater samples from boreholes in rural areas 
have shown high levels of resistance to commonly used antibiotics, 
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including beta-lactams [53] and tetracycline [54]. Similarly, surface 
water sources such as rivers and lakes have been found to harbor 
biofilms containing bacteria resistant to quinolones [33, 55] and 
aminoglycosides [56, 57] .  
 
3.2 Comparative Analysis with Other Continents 

 
The prevalence and mechanisms of antibiotic resistance in biofilms 
are not unique to Nigeria; they are observed globally, albeit with 
regional variations influenced by factors such as water management 
practices, antibiotic usage patterns, and environmental conditions. 
 
Africa: In other African countries, similar challenges are observed. For 
instance, South Africa has the most reported biofilms prevalent in 
drinking water systems and are known to contain ARB because to 
variables including insufficient sanitation, high levels of organic matter, 
and inconsistent water treatment [58]. Studies have reported the 
presence of MDR bacteria in biofilms from urban and rural water 
sources [59, 60], highlighting the regional spread of this issue across the 
continent. However, there are differences in the specific bacterial 
species and resistance profiles, likely due to varying antibiotic usage 
and environmental factors. 
 
Asia: Asia presents a diverse scenario, with some regions experiencing 
severe biofilm-related issues due to high population density and 
industrial pollution [61]. In countries like India and China, biofilms in 
drinking water systems are common and often contain ARB due to the 
heavy use of antibiotics in agriculture and healthcare [62, 63]. 
Conversely, in more developed regions such as Japan and South 
Korea, advanced water treatment technologies and stringent 
regulations have reduced biofilm formation and the associated 
antibiotic resistance, although challenges persist, particularly in areas 
with older infrastructure [64]. 
 
Europe: Europe benefits from advanced water treatment systems and 
stringent water quality regulations, which have significantly reduced 
the prevalence of biofilms in drinking water systems. However, 
antibiotic resistance remains a concern, particularly in clinical settings 
where biofilms on medical devices contribute to healthcare-
associated infections. In natural water bodies, biofilms can still act as 
reservoirs for ARB, although the impact on drinking water is generally 
well-managed through effective treatment practices [41]. 
 
America: In North America, the prevalence of biofilms in drinking 
water systems is relatively low, thanks to well-developed infrastructure 
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and water management practices. However, biofilms can still form in 
older urban areas or rural regions with less stringent water quality 
controls. In South America, particularly in rural and underserved 
regions, biofilm formation is more prevalent due to inadequate water 
treatment. Studies from Brazil, for example, have shown the presence 
of ARB in biofilms from both urban and rural water systems, indicating 
a need for improved water management and antibiotic stewardship 
[46]. 
 
Case Studies: 

 
In South Africa, a study on biofilms in high risk effluent water systems 
revealed the presence of MDR Pseudomonas aeruginosa, resistant to 
multiple classes of antibiotics, including cephalosporins and 
carbapenems [59]. 
 
In India, biofilms from drinking water pipelines in Karnataka were found 
to contain Escherichia coli strains resistant to fluoroquinolones and 
aminoglycosides, posing a significant risk to public health [65]. 
 
In Brazil, research on biofilms from water distribution systems in Rio de 
Janeiro documented the presence of Acinetobacter species resistant 
to colistin, a last-resort antibiotic, highlighting the severe implications 
of biofilm-associated antibiotic resistance in regions with compromised 
water infrastructure [66]. 
 
4.0 Risk Assessment  

 
4.1 Risk Assessment in the Nigerian Context 

 
The presence of antibiotic-resistant bacteria (ARB) in biofilms within 
Nigerian drinking water sources presents a significant public health risk. 
Given the widespread reliance on untreated or inadequately treated 
water, particularly in rural and peri-urban areas, the potential for 
exposure to ARB is high. The health risks associated with these biofilms 
are multifaceted, affecting not only those who directly consume 
contaminated water but also broader community health through the 
spread of resistant infections. 
 
Public Health Risks: In Nigeria, the public health implications of 
antibiotic-resistant biofilms are exacerbated by the country's high 
burden of infectious diseases, including diarrheal diseases, which are 
among the leading causes of morbidity and mortality, particularly in 
children under five. The ingestion of water containing ARB can lead to 
infections that are difficult to treat due to the limited effectiveness of 
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commonly available antibiotics [59]. This is particularly concerning in a 
healthcare setting where the availability of advanced medical 
treatment is limited, leading to prolonged illness and increased 
mortality rates. The health risks are not confined to bacterial infections 
alone. Biofilms in drinking water systems can also harbor and protect a 
range of pathogens, including viruses and protozoa, which can lead 
to co-infections that complicate diagnosis and treatment. Moreover, 
the horizontal gene transfer within biofilms can lead to the emergence 
of new resistant strains, potentially exacerbating the public health crisis 
[26]. 
 
Vulnerable Populations: Vulnerable populations, including children, 
the elderly, and individuals with compromised immune systems, are at 
greater risk of severe outcomes from exposure to antibiotic-resistant 
biofilms. In communities with poor access to healthcare, the spread of 
resistant infections can lead to outbreaks with devastating 
consequences, particularly in areas where water supply and 
sanitation infrastructure are lacking [43]. 
 
Comparison with Public Health Implications in Other Continents:  
While the public health risks associated with ARB in biofilms are a 
global concern, the severity and nature of these risks vary by region. In 
Africa, including Nigeria, the risks are magnified by factors such as 
inadequate water treatment, high levels of antibiotic misuse, and 
limited healthcare infrastructure. In contrast, regions with more robust 
healthcare systems and advanced water treatment technologies, 
such as Europe and North America, have more effective mechanisms 
in place to mitigate these risks, although challenges still exist, 
particularly in underserved communities and areas with aging 
infrastructure. In Asia, densely populated countries like India and 
China face significant public health challenges due to the high 
prevalence of ARB in water systems, driven by industrial pollution and 
widespread antibiotic use. In South America, particularly in rural areas, 
the lack of consistent water quality monitoring and treatment further 
amplifies the public health risks associated with ARB in biofilms [7]. 
 
These regional differences highlight the need for tailored risk 
assessment and management strategies that consider the unique 
challenges and resources of each region. In Nigeria, a comprehensive 
approach that includes improved water treatment, public education 
on antibiotic use, and enhanced monitoring of water quality is 
essential to mitigate the public health impact of antibiotic-resistant 
biofilms [34]. 
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4.2 Environmental Spread and Global Impact 

 
The environmental implications of antibiotic-resistant biofilms extend 
beyond public health, influencing ecosystems and contributing to the 
global spread of antibiotic resistance. Biofilms act as reservoirs for ARB, 
facilitating their persistence and dissemination in the environment, 
particularly in aquatic ecosystems. 
 
Role of Biofilms in Spreading Antibiotic Resistance: In Nigeria, where 
environmental conditions such as high temperatures and heavy 
rainfall contribute to the spread of contaminants, biofilms in water 
systems can serve as a continuous source of ARB. These resistant 
bacteria can be released into the environment through various 
pathways, including untreated wastewater discharge, agricultural 
runoff, and contaminated drinking water systems. Once in the 
environment, ARB can spread through water bodies, soil, and even 
the air, reaching distant locations and potentially entering the food 
chain. 
 
Global Impact: The spread of antibiotic-resistant bacteria from biofilms 
in Nigerian water systems has global implications, as antibiotic 
resistance is not confined by borders. Migratory birds, international 
trade, and travel can all contribute to the transboundary movement 
of resistant bacteria. Additionally, the export of agricultural products 
contaminated with ARB can introduce these bacteria into new 
environments, further complicating global efforts to control antibiotic 
resistance. 
 
Comparative Analysis of Environmental Dissemination Patterns:  
The environmental spread of ARB from biofilms is a concern 
worldwide, with variations in dissemination patterns influenced by 
local environmental conditions, water management practices, and 
regulatory frameworks. In regions with advanced water treatment 
facilities, such as Europe and North America, the release of ARB into 
the environment is more controlled, although not entirely prevented. 
In contrast, regions with less stringent environmental regulations, such 
as parts of Asia and Africa, including Nigeria, face greater challenges 
in controlling the spread of ARB from biofilms. For example, in countries 
like India and China, industrial pollution and inadequate wastewater 
treatment are major contributors to the environmental dissemination 
of ARB. Studies have shown that rivers and lakes in these countries 
often contain high levels of resistant bacteria, posing risks not only to 
local populations but also to downstream ecosystems and 
communities. In South America, the Amazon basin has been identified 
as a potential hotspot for the spread of ARB due to the interaction 
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between human activities and the region's vast and interconnected 
water systems (Figure 1). 
 
Figure 1: Regional Prevalence on Antibiotic- Resistance in Drinking 
Water Systems [2]. 
 
 

38.90%  Africa
22.20%  South America
11.10%  Europe
27.80%  Asia

 
Source: Author 
 
Global Strategies for Mitigation: Addressing the environmental spread 
of antibiotic-resistant biofilms requires a coordinated global effort. Key 
strategies include strengthening regulations on wastewater discharge, 
improving the management of agricultural runoff, and enhancing 
international cooperation on antibiotic resistance surveillance. In 
Nigeria, adopting best practices from regions with more effective 
control measures, such as the European Union's Water Framework 
Directive, could help mitigate the spread of ARB in the environment. 
Moreover, public awareness campaigns and education on the 
environmental impact of antibiotic use are crucial for reducing the 
release of antibiotics into the environment. In Nigeria, efforts to reduce 
the environmental spread of ARB should focus on improving 
wastewater treatment infrastructure, promoting sustainable 
agricultural practices, and enhancing the capacity of regulatory 
agencies to monitor and enforce environmental standards. 
 
5.0 Conclusion 

 

5.1 Summary of Findings 
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This review has provided a comprehensive analysis of antibiotic 
resistance in biofilms across different drinking water sources, with a 
focus on Nigeria and comparative insights from other continents. The 
key findings of this review highlight the pervasive nature of antibiotic-
resistant bacteria (ARB) in Nigerian drinking water systems and the 
critical role biofilms play in harboring and promoting resistance. 
 
Biofilm Formation and Antibiotic Resistance in Nigeria: Biofilms are 
prevalent in various drinking water sources across Nigeria, including 
surface water, groundwater, and municipal water systems. These 
biofilms often contain multidrug-resistant (MDR) bacteria, posing a 
significant public health threat. The formation and persistence of 
biofilms in Nigerian water systems are influenced by factors such as 
intermittent water supply, poor sanitation, and the widespread use of 
antibiotics. 
 
Comparative Analysis with Other Continents: While biofilm-associated 
antibiotic resistance is a global issue, the specific challenges and 
mechanisms vary by region. In Africa, Asia, and South America, the 
prevalence of antibiotic-resistant biofilms is exacerbated by 
inadequate water treatment and environmental factors. In contrast, 
regions like Europe and North America have implemented more 
effective water management practices, although antibiotic resistance 
remains a concern, particularly in clinical and natural settings. 
 
Public Health and Environmental Implications: The presence of 
antibiotic-resistant biofilms in Nigerian water sources poses serious 
public health risks, particularly for vulnerable populations. Additionally, 
these biofilms contribute to the environmental spread of ARB, which 
has global implications. The transboundary movement of resistant 
bacteria underscores the need for international cooperation in 
addressing this issue. 
 
Overall, the review underscores the urgent need for targeted 
interventions to mitigate the impact of antibiotic-resistant biofilms in 
Nigeria, drawing on global best practices and adapting them to local 
conditions. 
 
5.2 Research Gaps and Recommendations 

 
Despite the progress made in understanding antibiotic resistance in 
biofilms, several research gaps remain, particularly in the Nigerian 
context. Addressing these gaps is crucial for developing effective 
strategies to combat antibiotic resistance in drinking water systems. 
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Research Gaps: 
 
Comprehensive Surveillance: There is a lack of comprehensive 
surveillance data on the prevalence and distribution of ARB in biofilms 
across Nigeria. More studies are needed to map the geographic 
distribution of resistant biofilms in different water sources and to 
identify the most affected regions. 
 
Mechanisms of Resistance Transfer: While the role of biofilms in 
facilitating horizontal gene transfer (HGT) of resistance genes is well-
documented, there is limited understanding of the specific conditions 
and factors that enhance this process in Nigerian water systems. 
Research on the molecular mechanisms underlying resistance transfer 
within biofilms is needed to inform targeted interventions. 
 
Impact of Water Treatment Practices: The effectiveness of existing 
water treatment practices in Nigeria in removing or controlling biofilms 
and ARB is not well understood. Studies evaluating the impact of 
different treatment methods on biofilm-associated antibiotic 
resistance are necessary to optimize water treatment protocols. 
 
Role of Climate and Environmental Factors: The influence of Nigeria's 
tropical climate and environmental conditions on biofilm formation 
and resistance patterns is not fully explored. Research on how factors 
such as temperature, rainfall, and nutrient load affect biofilm 
dynamics and resistance is critical for developing context-specific 
solutions. 
 
Recommendations: 

 
Enhanced Water Treatment Infrastructure: Investment in modern 
water treatment infrastructure is essential to reduce the prevalence of 
biofilms in Nigerian drinking water systems. This includes upgrading 
existing facilities, implementing continuous monitoring systems, and 
adopting advanced treatment technologies such as UV disinfection 
and membrane filtration. 
 
Public Awareness and Education: Public education campaigns on the 
risks associated with antibiotic misuse and the importance of proper 
sanitation are crucial. These campaigns should target both healthcare 
providers and the general public to reduce the inappropriate use of 
antibiotics and limit their release into the environment. 
 
Strengthening Regulatory Frameworks: Nigeria should strengthen its 
regulatory frameworks governing water quality and antibiotic use. This 
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includes enforcing existing regulations on wastewater discharge, 
promoting the safe disposal of antibiotics, and adopting international 
best practices for water management. 
Interdisciplinary Research and Collaboration: Addressing antibiotic 
resistance in biofilms requires an interdisciplinary approach that 
integrates microbiology, environmental science, public health, and 
engineering. Collaborative research involving local and international 
institutions is essential to develop innovative solutions and share 
knowledge across borders. 
 
Global Cooperation: Given the global nature of antibiotic resistance, 
Nigeria should actively participate in international efforts to combat 
this issue. This includes contributing to global surveillance initiatives, 
sharing data, and adopting policies that align with international 
standards. 
 
Future Research Directions: 

 
Development of Anti-Biofilm Strategies: Research on developing and 
testing new strategies to prevent biofilm formation or disrupt existing 
biofilms in water systems is critical. This could include exploring the use 
of bacteriophages, enzymes, or biofilm-disrupting chemicals that are 
safe for human consumption. 
 
Longitudinal Studies: Conducting longitudinal studies to monitor 
changes in biofilm composition and antibiotic resistance patterns over 
time will provide valuable insights into the effectiveness of 
interventions and the evolving nature of resistance. 
 
Impact of Climate Change: Investigating the potential impact of 
climate change on biofilm formation and antibiotic resistance in 
Nigerian water systems will help in planning for future challenges. 
Understanding how shifts in climate patterns may affect water quality 
and biofilm dynamics is essential for long-term water management. 
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