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Abstract

Antibiotic resistance is a significant public health challenge that
necessitates acom-prehensive approach to maintain antibiotic effectiveness.
In developing countries, in-adequate treatment infrastructure has led
to wastewater being a potential source of antibiotic-resistant bacteria
(ARB) and genes which give rise to antibiotic resistance, referred to in
this paper as antibiotic-resistant genes (ARGs). This article reviews cur-
rent strategies to address ARGs and ARB in wastewater in developing
countries. Our review emphasizes the importance of enhancing wastewater
treatment infrastructure to effectively remove ARB and ARGs and reduce
their release into the environment. Additionally, it addresses the need for
monitoring and surveillance to track the pres-ence and dissemination of
ARB and ARGs in wastewater. We also discuss potential ob-stacles and
challenges to implementing these approaches and the need for further
re-search to assess their real-world effectiveness. Overall, this review
underscores the need for a comprehensive strategy to combat ARB and
ARGs in wastewater in devel-oping countries to safeguard public health.
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Introduction

This review elaborates on potential methods to reduce the levels of antibi-
otic-resistant bacteria (ARB) and antibiotic-resistant genes (ARGs), which
give rise to antibiotic resistance, in wastewater in underdeveloped nations.
ARGS are defined as a mutation in a bacterial chromosome that leads to
resistance to a particular antibiotic and are dangerous to public health and to
the environment (1). At the same time, drug-resistant pathogens themselves,
which include bacteria and viruses, are spread-ing in wastewater and are also
causing significant impacts on water quality, public health, animal health,
and food safety (2, 3). Developing countries are more vulnerable to these
potential threats than developed countries because of geographical and socio-
economic factors (4). One effective strategy to reduce the risk these threats
pose could be to improve water treatment plants in developing countries to
remove antibiotic residues, thereby reducing the entry of these resistant genes
and bacteria into essential water sources.

In addition, the importance of detecting parasites resistant to disinfectants
or treatments in wastewater cannot be overstated for several reasons. First,
early detec-tion of resistant parasites aids in safeguarding public health by
identifying potential risks and enabling prompt interventions to mitigate
infection spread (4, 55). Second, consistent monitoring of resistance in
wastewater facilitates the development of im-proved disinfection techniques
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and treatment approaches to counter resistance (4, 55-56).
Third, identifying resistant parasites in wastewater can
guide the establishment of targeted regulations and policies
for industries that contribute to this issue, thereby reducing
the release of resistant parasites into the environment (57).
Lastly, the early detection of resistant parasites supports
global efforts in tracking and understanding the emergence
and dissemination of resistance, promoting international
cooperation to tackle this escalating problem (57). In this
paper we are focused on bacteria rather than parasites.

Resistance can lead to treatment failures and the spread
of antibiotic-resistant in-fections, which can be challenging
to treat and have serious consequences, including increased
morbidity and mortality (3-4). The World Health Organization
(WHO) has identified antibiotic resistance as one of the
biggest threats to global health (57). Ap-proximately 700,000
deaths worldwide are caused by antibiotic-resistant infections
each year. One potential source of ARB is wastewater,
which can harbor high levels of antibiotics, ARB and ARGs.
In developing countries, where wastewater treatment in-
frastructure is often inadequate, untreated sewage can
be released into the environ-ment, spreading ARBs and
ARGs. Common ARGs found in wastewater include genes
conferring resistance to tetracyclines (such as tetA and tetB),
beta-lactams (such as blaCTX-M, blaKPC, blaTEM, blaSHV,
blaAMPC, and blaTEM), and sulfonamides (such as sull and
sul2) (38-39). In addition, common ARBs found in wastewater
treatment plants include the Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and Enterococcus
species. These bacteria can harbor various ARGs, including
those that confer resistance to tetracyclines, beta-lactams,
sulfonamides, and multiple classes of antibiotics (such as the
multidrug resistance gene, mecA) (39-40). This is a significant
issue in nations that are still growing and developing, as these
countries often have limited access to effective antibiotics
and may be highly vulnerable to the negative impacts of
antibiotic-resistant infections. Developing nations are
especially vulnerable due to their limited resources, weak
infrastructure, and often underdeveloped political and social
institutions. These countries typically struggle to respond
effectively to cri-ses such as natural disasters, economic
shocks, or public health emergencies. Addition-ally, they
face challenges in addressing long-term issues like poverty,
inequality, and environmental degradation, which can
exacerbate their vulnerability to external shocks.

Given the urgent need to mitigate the rise of antibiotic-
resistance in vulnerable nations, this review article summarizes
current knowledge on strategies to combat an-tibiotic
resistance in wastewater in developing countries. We focus
on three main are-as: first, improving wastewater treatment
infrastructure to effectively remove antibi-otics, ARB and
ARGs from water sources. Second, implementing measures
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to reduce the release of antibiotics into the environment, and
third, monitoring and surveillance to track the presence and
spread of ARB in wastewater. We also discuss the potential
challenges and barriers to implementing these strategies and
the need for further re-search to determine their effectiveness.
Our review highlights the need for a compre-hensive approach
to address antibiotic resistance in wastewater in developing
coun-tries and underscores the importance of addressing this
issue to protect public health.

Materials and Methods

This review article's materials and methods section
describes the process the au-thors followed to identify and
review relevant studies on strategies to combat antibi-otic
resistance in wastewater in developing countries. Specifically,
we conducted a comprehensive literature search using several
electronic databases (PubMed, Google Scholar, Science
Direct, and Elsevier) and identified 58 studies that met our
inclusion criteria. These studies were published between 2010
and 2022 and were written in English. We used a combination
of keywords such as "antibiotic resistance," "wastewater,"
"developing countries," "treatment," "prevention," and
"surveillance" to identify relevant studies. In addition to the
electronic database search, we manually searched reference
lists of relevant articles to identify additional studies. Once
we had identified the relevant studies, we reviewed and
analyzed them to extract information on strategies to combat
antibiotic resistance in wastewater in de-veloping countries.
This information was organized according to its relevance to
the three main areas outlined in the introduction: improving
wastewater treatment infra-structure, implementing measures
to reduce the release of antibiotics into the envi-ronment, and
monitoring and surveillance of ARB in wastewater. For each
of these ar-eas, the authors have summarized the current state
of knowledge, including existing strategies and interventions
and potential challenges and barriers to implementation. Our
review aims to provide a comprehensive overview of current
knowledge on strat-egies to combat antibiotic resistance in
wastewater in developing countries and to identify areas in
need of further research.

Culture-based methods in detecting antibiotic resistance
involve growing bacteria from wastewater samples on
agar plates containing various antibiotics. The bacteria that
grow in certain antibiotics are resistant to those antibiotics.
This method can be time-consuming and may only detect
some ARGs or ARB present in a wastewater sample. Other
methods, such as molecular biology-based methods including
polymer-ase chain reaction (PCR) and quantitative PCR
(qPCR), can detect specific ARGs in wastewater samples.
These methods can be more sensitive and specific than cul-
ture-based methods but require specific reagents, equipment,
and trained personnel. Results obtained on the presence of
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ARGs by molecular techniques do not have to cor-respond
to the expressed phenotype. Metagenomics approaches
such as next-generation sequencing (NGS) can also identify
the resistance gene and the bacteria that harbor it. Unlike
the aforementioned techniques, metagenomics can give a
complete picture of the resistance profile of the wastewater
(40). Among the 43 articles reviewed, several methods for
identifying ARGs in wastewater were found, including
PCR and real-time qPCR. It is important to note that the
essential materials used in PCR and real-time qPCR are
DNA molecules, thermostable DNA polymerase or DNA
replicate enzymes, primers labeled with fluo-rescent or non-
radioactive markers, 5-ATP, magnesium chloride (MgCl12),
and one mM Dithiothreitol (DTT) (6). Among these, all PCR,
real-time qPCR, and metagenomics methods are best for
analyzing scientific samples as these techniques can be used
to check the presence or absence of different types of genes in
biological samples or even determine their levels in samples.
However, researchers must understand the various factors
like time, temperature,season, humidity and light exposure
can influence the results. These days real-time qPCR has
become an essential tool in modern microbiol-ogy because
it has high sensitivity, specificity, and speed in detecting and
quantifying nucleic acids. It allows for rapid identification
and measurement of microorganisms, including pathogens,
in clinical, environmental, and research settings. Real-time
qPCR offers the advantage of monitoring the amplification
process in real-time, providing quantitative data and reducing
the risk of contamination associated with post-amplification
procedures. The technique also allows for multiplexing,
enabling the simultaneous detection of multiple targets in a
single reaction. This combination of features has led to the
widespread adoption of real-time qPCR in areas such as diag-
nostics, epidemiology, food safety, and microbial ecology.

Results

Our review results find several ARBS and ARGs that have
been detected in wastewater treatment plants. One example is
Escherichia coli, which is frequently found in mammals' guts
and is often used as a marker for fecal contamination of water
sources. Strains of E. coli that are resistant to antibiotics such
as ampicillin, tetracy-cline, and sulfonamides have been
discovered in wastewater treatment facilities in developing
countries (39-40). Another common bacterium found in
wastewater is Klebsiella pneumonia, a bacterium which can
cause respiratory, urinary tract, and bloodstream infections. K.
pneumoniae is known to resist multiple antibiotics, including
carbapenems, a group of last-line defense antibiotics used in
cases of antibiotic re-sistance. This resistant strain has been
isolated from wastewater treatment plants. A third bacterium
found in wastewater is Pseudomonas aeruginosa, which
can cause a wide range of infections and is known to be
resistant to multiple antibiotics, including aminoglycosides,
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cephalosporins, and fluoroquinolones. The resistant strain
of P. aeru-ginosa has also been isolated from wastewater
treatment plants.

ARGs have also been commonly found in wastewater
treatment plants. For exam-ple, blaCTX-M is a gene that
confers resistance to cephalosporins, a group of antibiotics
widely used to treat bacterial infections. Specifically,
blaCTX-M is a type of be-ta-lactamase enzyme that can
break down and inactivate these antibiotics, rendering
them ineffective in treating conditions caused by bacteria
carrying this resistance gene. As a result, infections caused
by blaCTX-M-producing bacteria can be challenging to
treat and may require alternative antibiotics or combination
therapy to achieve effec-tive treatment outcomes. The drug
group typically used to combat infections where blaCTX-M
has given rise to resistance are beta-lactam antibiotics, such
as cephalo-sporins, penicillin, and carbapenems. These
antibiotics commonly treat many bacterial infections,
including urinary tract infections, pneumonia, sepsis, and
intra-abdominal infections. Several other genes also give
rise to resistance. qnr is a gene that confers resistance to
fluoroquinolones, a class of drugs utilized to cure various
bacterial infections such as urinary tract infections (UTI),
respiratory tract infections, and gastrointestinal in-fections.
sull, sul2, and sul3 confer resistance to sulfonamides, a
group of antibiotics used to treat bacterial infections like
urinary tract infections, ear infections, and res-piratory tract
infections. ermB, ermC, and ermF are genes that can resist
erythromycin used to treat conditions like respiratory tract
infections, skin infections, and sexually transmitted infections
(40-41).

Table 1: List of ARB and ARGs in wastewater treatment plants.

Bacteria Gene(s) References
Escherichia coli blaCTX-M, gnrS, tetA, sul1 (39-42)
Pseudomonas blaIMP, sul1, tetA, catB3 (39,41)
aeruginosa

Klebsiella pneumoniae | blaCTX-M, blakKPC, mcr-1 -43
Acinetobacter blaOXA-23, blaOXA-24, (42-43)
baumannii blaOXA-58

Salmonella enterica blaTEM, blaSHV, tetA -38
Staphylococcus mecA, ermB, tetk (38-41)
aureus

These are only some of the most frequently observed cases,
with many other genes responsible for antibiotic resistance
having been found in wastewater, and new genes continually
being discovered. It is also important to note that the presence
of ARGs in wastewater does not necessarily mean that the
corresponding resistance will be found in all bacteria in the
wastewater. Instead, the presence of these genes serves as an
in-dicator of the potential for the development of antibiotic
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resistance in the environ-ment. To tackle this issue, there are
several points below which can serve as a focus for reducing
the presence of ARB and ARGs in wastewater.

Improving wastewater treatment infrastructure

Adequate wastewater treatment is critical for reducing the
levels of ARB and ARGs in wastewater and thus protecting
public health. However, in developing coun-tries, wastewater
treatment infrastructure needs to be improved to reduce the
release of untreated wastewater into the environment. The
combination of centralized and decentralized wastewater
treatment offers several advantages for reducing the pres-
ence of ARB and ARGs. Firstly, decentralized treatment
systems can provide localized treatment, reducing the
transport of untreated wastewater and associated pollutants.
Secondly, decentralized systems often employ natural
treatment processes such as constructed wetlands, which
have been shown to effectively reduce ARB and ARG levels.
On the other hand, centralized systems can employ advanced
treatment tech-nologies such as membrane bioreactors and
ozone disinfection, which have been shown to effectively
remove ARBs and ARGs. Moreover, centralized systems can
treat more significant volumes of wastewater, making them
suitable for managing wastewater from multiple sources.

Recent studies have demonstrated the effectiveness of
combining centralized and decentralized wastewater treatment
for reducing levels of ARB and ARGs. For exam-ple, a study
conducted by (48) in China found that combining centralized
and decen-tralized treatment reduced the abundance of
ARGs in wastewater by 59.3% and the diversity of ARB by
56.7%. Another study by (49) in the United States found that
the combination of centralized and decentralized treatment
reduced the relative abun-dance of ARGs by up to 80% in
the effluent from a wastewater treatment plant. For several
reasons, developing countries often need more centralized
and decen-tralized wastewater treatment systems. Firstly,
more infrastructure and financial re-sources are required to
make investing in wastewater treatment facilities easier for
developing countries. Secondly, the lack of trained personnel
and technical expertise can hinder the development and
operation of wastewater treatment facilities in de-veloping
countries. This canresultininadequate or ineffective treatment,
releasing ARB and ARGs into the environment. In addition,
a lack of awareness and political will can also contribute
to the need for improved wastewater treatment facilities in
developing countries. In many cases, wastewater treatment is
not prioritized due to competing resource demands and a lack
of understanding about the importance of proper wastewater
management. This combination of a lack of infrastructure and
trained personnel has resulted in a situation where untreated
or poorly treated wastewater is usually discharged into nearby
water bodies, leading to environmental pollution and health
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hazards. According to a World Bank Report from March
2020, around 80% of the wastewater generated in developing
countries is discharged into the environment without adequate
treatment. This untreated wastewater contains high levels of
pathogens, nutrients, and chemicals, leading to environmental
degradation and public health risks (50).

Overall, the need for centralized and decentralized
wastewater treatment systems in developing countries is a
significant challenge that must be addressed urgently. Im-
proving access to safe and reliable wastewater treatment
facilities can reduce envi-ronmental pollution, protect
public health, and promote sustainable development. One
approach to enhancing wastewater treatment infrastructure
is the implementation of centralized treatment systems.
These systems involve collecting, treating, and dis-charging
wastewater at a central location, and they are effective at
removing antibiot-ics, ARB and ARGs from wastewater (9).
However, the construction and maintenance of centralized
treatment systems can be expensive, and there may be
challenges in se-curing funding and overcoming logistical
barriers to implementation (10). Another approach is using
decentralized treatment systems, which are smaller and
more locally based. Decentralized systems can be more cost-
effective and easier to implement, es-pecially in areas with
limited infrastructure (10). One example of a decentralized
treatment system is constructed wetlands, which use natural
processes to remove con-taminants from wastewater (11).
However, decentralized systems may be less effective than
centralized systems at removing antibiotics, ARB and ARGs
(10-11). Both centralized and decentralized wastewater
treatment offer a promising ap-proach to reducing the
presence of ARB and ARGs in wastewater. By combining
both approaches, the strengths of each treatment method
can be leveraged, thus providing a more resilient and
effective system for managing wastewater. While improved
infrastructure is a critical approach for reducing the presence
of ARB and ARGs in wastewater in developing countries,
other approaches are key to maximally reducing antibiotic
resistance. Methods that target the reduction of the re-lease
of antibiotics into the environment are another important
strategy for combating antibiotic resistance in wastewater
in developing countries. Several approaches can be taken to
achieve this, including:

Reducing unnecessary antibiotic use

Overuse and misuse of antibiotics are significant
contributors to the development of antibiotic resistance
(12). Efforts to reduce unnecessary antibiotic use, such as by
implementing prescribing guidelines and patient education,
can help reduce the levels of antibiotics in wastewater.
One such approach is Antimicrobial Stewardship Programs
(ASPs). First and foremost, ASPs promote the judicious use
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of antimicrobials, reducing the likelihood of overuse and
misuse, which are vital contributors to the development of
antibiotic re-sistance (58). Secondly, ASPs help improve
patient outcomes by prescribing appropri-ate and targeted
antimicrobial therapy, decreasing the risk of treatment failure
and adverse effects (11,58).

Improving the disposal of antibiotics

Proper disposal of antibiotics is also essential to prevent
their release into the en-vironment. Improvement can be
achieved by implementing programs to collect and safely
dispose of expired or unused antibiotics (12).

Regulating the discharge of antibiotics from point
sources

Point sources, such as hospitals and pharmaceutical
manufacturing facilities, can significantly contribute to the
levels of antibiotics in wastewater (9). Regulations that limit
the discharge of antibiotics from these sources help reduce
their release into the environment.

Monitoring and surveillance:

Effective monitoring and surveillance systems are
essential for tracking the pres-ence and spread of ARB in
wastewater in developing countries. The information col-
lected by such systems can identify potential outbreaks
and inform public health in-terventions. There are several
approaches to monitoring and surveillance of Arb and ARGs
in wastewater, including:

Routine monitoring

Regular monitoring of wastewater can provide valuable
information on the levels of antibiotics and ARB present. This
can be done using monitoring systems installed at wastewater
treatment plants (10).

Targeted monitoring

Targeted monitoring can focus on specific antibiotics or
ARB of concern (10,11). This can be useful for identifying
emerging trends or hotspots of antibiotic resistance.

Why Antibiotic Resistance is a Global Problem:

Results suggest that pathogens isolated from various
sources such as food pro-cessing industries, the pharmaceutical
industry, livestock farms, sewage systems, and nature have
been found to resist aminoglycoside antibiotics (13,14).
Several reports in-dicate that resistance gene transfer is
standard across global regions with a higher presence in
developing countries in continents such as Africa and South
Asia (15). Antibiotic resistance is a global problem, so this
topic is of widespread importance (14-16). Modern illnesses
lead to the large-scale use of antibiotics. The excessive use of
antibiotics is due to the overuse of these medications, which
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has increased the inci-dence of antibiotic-resistant bacterial
strains. Many of these strains are pathogenic, in-creasing the
threat of them causing epidemics globally (17). Spontaneous
growth mechanisms drive antibiotic resistance, and so are
not nec-essarily caused by deliberate actions by humans. Yet
it is indisputable that antibiotic resistance is a major public
health threat related to many aspects of human activity:
lifestyle choices, social conditions, economic development,
and agricultural production (16-17). However, in many
situations, people can unknowingly contribute to the spread
of antibiotic-resistant pathogens through various measures,
including (as men-tioned) the overuse and misuse of
antibiotics, poor hygiene practices, consuming con-taminated
food and water, and not completing prescribed courses of
antibiotics. It is essential to be aware of these actions and
take steps to minimize the spread of ARB.

Recently, scientists researched detecting genes and
bacteria in wastewater treat-ment. The new findings show
that ARB and ARGs were prevalent in wastewater across
the globe (18). Observation shows that the country's waste
management systems, rules, and regulations are essential in
influencing the prevalence of ARGs in wastewater (20-22).
Further results show that Nepal detected a few genes which
can be traced back to humans hosted in hospital settings and
animal sources as they discuss their envi-ronmental impacts
(15). Russia had a comparatively lower amount of ARGs
detected than other European countries (23). In contrast,
Hungary mainly had agricultural sources and medical
facilities as their main contributors to the total amount of
ARB. Below are the problems underdeveloped countries face
when it comes to antibiotic re-sistance:

Laboratory infrastructure: Underdeveloped countries
often need more laboratory infrastructure for detecting ARB
and ARGs, such as PCR machines and sequencing platforms,
which are more widely available in developing countries
(Smith et al., 2014).

Access to antibiotics: In underdeveloped countries,
access to antibiotics may be limited or non-existent, while
in developing countries, antibiotics may be more readily
available, but often without prescription or regulation, leading
to overuse and misuse (51).

Clinical practices: Clinical practices in underdeveloped
countries are often subop-timal due to a lack of resources and
training, resulting in the overuse of antibiotics and the spread
of ARB (52).

Disease burden: The disease burden in underdeveloped
countries is often domi-nated by infectious diseases, including
those caused by ARB, whereas in developing countries, the
disease burden is more diverse, with non-communicable
conditions also playing a significant role (53).
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Surveillance systems: Developing countries are more
likely to have established surveillance systems for tracking
antibiotic resistance, while underdeveloped countries often
lack these systems (52-53).

Data quality: Data on antibiotic resistance in
underdeveloped countries may be of poor quality due to a
lack of infrastructure and resources. In contrast, in developing
countries, the quality of data is generally better but still
imperfect (54).

Research capacity: Developing countries often have more
research capacity and expertise in antibiotic resistance than
underdeveloped countries, although both are typically limited
(52, 54).

Resource allocation: Developing countries may be better
able to allocate resources to combat antibiotic resistance,
while underdeveloped countries often need more fi-nancial
and political support to address this issue (54).

In summary, while there are some similarities in the
challenges faced by under-developed and developing
countries in detecting ARB and ARGs, there are also signif-
icant differences as described above. Understanding these
differences can guide efforts to improve the detection and
management of antibiotic resistance in different settings.

Strategies to Combat Antibiotic Resistance

The research undertaken by this study collated numerous
strategies to combat ARB and ARGs in wastewater,
including sludge screening by toxicology, epidemiology,
genetic analysis, and sterility (14, 17). Furthermore, ARB and
ARGs must be monitored closely to determine whether they
are increasing in wastewater, how much they are increasing,
and what potential problems this could cause. In this case, it
is also neces-sary to identify and provide information about
known sources of resistance (4). This procedure will also help
to reduce infections through the inappropriate use of antibi-
otics. Researchers can help to identify sources of antibiotic
resistance in the environ-ment, such as contaminated water
sources, soil, and food animals. This can be done by reporting
any unusual or concerning observations, such as changes in
water quality or fish die-offs, to the appropriate authorities.
In addition, they can help to raise aware-ness about antibiotic
resistance by sharing information with others, including
family members, friends, and healthcare providers. This
helps ensure that all stakeholders are informed about the risks
associated with antibiotic resistance and that they are taking
appropriate steps to prevent its spread. Overall, identifying
and providing information about known sources of antibiotic
resistance is an essential step in combating this global public
health threat. By working together and taking collective
action, we can all help to slow the spread of ARB and preserve
the effectiveness of these life-saving drugs.
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Table 2: Comparison of developing and developed world in
detecting genes and bacte-ria in wastewater treatment.

Developing Countries Developed Countries

The study suggested that
existing wastewater treatment
processes in developing
countries must be improved
to combat ARB and ARGs in
wastewater.

Developed countries have
made great strides to improve
the efficiency of municipal
wastewater discharge treatment
and promote a cleaner
environment (23).

The study also suggested that In contrast to developing
testing a new bacterial species | countries, rich nations have built
may be required to meet the treatment facilities to deal with

complete defense against the problem of spotting ARB and
multidrug-resistant organisms ARGs in wastewater treatment
@) (51).

There are challenges in
developing countries, such
as the high cost of operation
and poor awareness among
citizens to prevent and manage
potential risks (13).

Developed nations destroy
bacteria before releasing
wastewater into the environment
using chlorine, UV light, or both.
This makes their cities safer to
live in (4, 5).

In addition, developed countries generally have higher
levels of awareness and education about the importance of
detecting genes and bacteria in wastewater treat-ment and
the risks associated with antibiotic resistance. In contrast,
developing coun-tries may have lower awareness and
education. Partially as a result of this gap in awareness and
education, there is a significant difference in the prevalence
and diver-sity of ARB and ARGs in developed and developing
countries (46).

Prevalence

Studies have shown that the prevalence of ARB and
ARGs is generally higher in developing countries than in
developed countries. This discrepancy is likely due to various
factors, such as higher levels of antibiotic use and inadequate
wastewater treatment infrastructure in developing countries
(43).

Diversity

ARB and ARG diversity are generally higher in
developing countries. This trend can be attributed to a
combination of factors, such as greater exposure to different
sources of antibiotics, including those used in agriculture and
aquaculture, and a greater diversity of bacterial populations
in developing countries. Moreover, the genetic diversity of
bacterial populations in developing countries may contribute
to the greater variety of ARB and ARGs observed in these
regions. The high prevalence of mobile genetic elements,
such as plasmids and transposons, in de-veloping countries'
bacterial populations, may also facilitate the spread of ARGs
(44, 47). Overall, the higher diversity of ARB and ARGs in
developing countries highlights the need for a global approach
to addressing this issue. Efforts should focus on im-proving
the appropriate use of antibiotics, developing alternative
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strategies to reduce the need for antibiotics, and promoting
sustainable agriculture and aquaculture prac-tices that reduce
the use of antibiotics. (44, 47).

Antibiotic resistance mechanisms

Multidrug-resistant strains of bacteria are prevalent in
developed countries and can carry many resistance genes.
In contrast, developing countries tend to have a higher
prevalence of resistant strains, each taking fewer resistant
genes. This differ-ence in resistance patterns may be due
to differences in antibiotic usage, healthcare practices, and
the genetic diversity of bacterial populations. In developed
countries, antibiotics are often overused and misused,
leading to the selection of multi-drug-resistant strains. In
contrast, in developing countries, resistance may arise from
the spread of multiple resistant strains, each with a different
set of resistance genes. This highlights the importance of
global efforts to combat antibiotic resistance, in-cluding the
appropriate use of antibiotics, the development of alternative
therapies, and the promotion of sustainable agriculture and
aquaculture practices (43-44). Overall, understanding the
differences in resistance patterns between developed and
developing countries can help to guide efforts to address the
global public health threat of antibiotic resistance.

Type of resistance

Developed countries often resist broad-spectrum
antibiotics such as beta-lactams, fluoroquinolones, and
erythromycin. Developing countries often resist drugs
such as tetracyclines and sulfonamides, commonly used in
agriculture and aquaculture, and have less access to newer,
more expensive antibiotics (45-46). It is vital to note that
these are general trends, and significant variations can exist
within and between countries. A combination of approaches
is likely most effective in combating antibiotic re-sistance in
wastewater in developing countries. Additional studies are
necessary to es-tablish the best combination of the methods
mentioned above for reducing the pres-ence of ARB and
ARGs in wastewater and to identify potential obstacles or
hurdles to their execution.

Discussion

The results of our review suggest that a multifaceted
approach is needed to effec-tively combat antibiotic
resistance in wastewater in developing countries. Improving
wastewater treatment infrastructure, implementing measures
to reduce the release of antibiotics into the environment,
and monitoring and surveillance are all essential strategies
that can help to address this issue. Improving wastewater
treatment infra-structure is critical for removing antibiotics,
ARB and ARGs from wastewater and protecting public
health. While centralized treatment systems -effectively
remove these contaminants, they can be expensive and
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challenging to implement in specific settings. Decentralized
treatment systems, such as constructed wetlands, can be
more cost-effective and easier to implement. However, they
may be less effective at remov-ing antibiotics and ARB and
thus need improving. Reducing the release of antibiotics
into the environment is another important strategy for
combating antibiotic resistance in wastewater. Efforts to
reduce unnecessary antibiotic use and improve the disposal
of antibiotics can reduce the levels of these substances in
the environment. In addition, regulating the discharge of
antibiotics from point sources, such as hospitals and phar-
maceutical manufacturing facilities, can also help to reduce
their release into the en-vironment. Effective monitoring
and surveillance systems are essential for tracking the
presence and spread of ARB and ARGs in wastewater. This
information can identify potential outbreaks and inform
public health interventions. Routine and targeted monitoring
can provide valuable information on the levels of antibiotics,
ARB, and ARGs in wastewater. Surveillance of outbreaks can
help identify the source and extent of an epidemic and also
inform public health interventions. Overall, our review high-
lights the need for a comprehensive approach to addressing
antibiotic resistance in wastewater in developing countries.
Improving wastewater treatment infrastructure, reducing the
release of antibiotics into the environment, and implementing
effective monitoring and surveillance systems are all essential
strategies that can help to protect public health and address
this growing global health concern.

Conclusion

In summary, antibiotic resistance poses a significant
public health challenge that calls for a comprehensive
response. One key contributor to the emergence of ARB is
inadequately treated wastewater in developing nations, which
can introduce substan-tial amounts of antibiotics and ARB
into the environment. This review underscores the urgency
of enhancing wastewater treatment infrastructure, instituting
measures to curb the discharge of antibiotics into the
environment and employing monitoring and surveillance to
track the existence and dissemination of ARB in wastewater.
Addition-ally, we touched upon the possible obstacles and
hindrances in executing these strate-gies and emphasized the
necessity for further research to evaluate antibiotic resistance
in developing countries. In short, a comprehensive approach
is needed to address antibiotic resistance in wastewater
in developing countries and to protect public health. This
approach should involve a combination of strategies,
including improving wastewater treatment infra-structure,
reducing the release of antibiotics into the environment, and
implementing effective monitoring and surveillance systems.
By working together, we can help re-duce the threat of
antibiotic resistance and protect the health of communities
world-wide.

Citation: Sunil Pandey, Jennifer L salerno, Shyam Prakash Dumre. Practical Approaches for Combating Antibiotic-Resistant Bac-teria and
Genes in Wastewater Within Developing Countries. Archives of Microbiology and Immunology 9 (2025): 21-30



Pandey S, et al., Arch Microbiol Immunology 2025

Journals DOI:10.26502/ami.936500207

Funding: Not applicable

Institutional Review Board Statement:

Not applicable
Informed Consent Statement: Not applicable

Conflicts of Interest: The authors declare no conflict of
interest.

References

1. Mukherjee, Maitreyee, Edward Laird, Terry J. Gentry,
et al. Brooks, and Raghupathy Karthikeyan. "Increased
antimicrobial and multidrug resistance downstream of
wastewater treatment plants in an urban watershed."
Frontiers in Microbiology 12 (2021): 657353.

2. Uluseker, Cansu, Krista Michelle Kaster, Kristian Thorsen,
Daniel Basiry, et al. "A review on occurrence and spread
of antibiotic resistance in wastewaters and wastewater
treatment plants: mechanisms and perspectives." Frontiers
in Microbiology 12 (2021): 7178009.

3. Amabile-Cuevas, Carlos F. "Have antibiotics and
antibiotic resistance genes always been out there?." In
Antibiotics and Antibiotic Resistance in the Environment
(2015): 57-66.

4. Larsson DG and Carl-Fredrik Flach. "Antibiotic resistance
in the environment." Nature Reviews Microbiology 20
(2022): 257-269.

5. Reinthaler FF, J Posch G. Feierl, G Wiist, D Haas, G
Ruckenbauer, et al. "Antibiotic resistance of E. coli in
sewage and sludge." Water Research 37 (2003): 1685-
1690.

6. Ratnayake, Oshani, Dinuka Lakmali Jayasuriya, Dilani
K Hettiarachchi and Neelamanie Yapa. "Microbiology of
Wastewater Management: Challenges, Opportunities, and
Innovations." Waste Technology for Emerging Econo-
mies (2022): 149-166.

7. Verlicchi, Paola. Hospital Wastewaters: Characteristics,
Management, Treatment, and Environmental Risks.
Basingstoke: Springer (2017): 1-2.

8. Rodriguez-Molina, Daloha, Petra Mang, Heike Schmitt,
Mariana Carmen Chifiriuc, Katja Radon, et al. "Do
wastewater treatment plants increase antibiotic-resistant
bacteria or genes in the environment? Protocol for a
systematic review." Systematic Reviews 8 (2019): 1-8.

9. Xu, Jian, Yan Xu, Hongmei Wang, Changsheng Guo,
Huiyun Qiu, et al. "Occurrence of antibiotics and
antibiotic resistance genes in a sewage treatment plant
and its effluent-receiving riv-er." Chemosphere 119
(2015): 1379-1385.

10. Li, Xiugiang, Renxing Lin, George Ni, Ning Xu, Xiaozhen

Volume 9 « Issue 1 28

Hu, et al. "Three-dimensional artificial transpiration for
efficient solar wastewater treatment." National Science
Review 5 (2018): 70-77.

11. Carr, Steve A, Jin Liu, and Arnold G. Tesoro. "Transport
and fate of microplastic particles in wastewater treatment
plants." Water Research 91 (2016): 174-182.

12. Lapolla, Pierfrancesco, Regent Lee, and Andrea Mingoli.
"Wastewater as a red flag in COVID-19 spread." Public
Health 185 (2020): 26.

13. Barancheshme F and M Munir. "Strategies to combat
Antibiotic resistance in the wastewater treatment plants.
Front Microbiol 8 (2017): 2603.

14. Fernandez S, R Wassmuth, I Knerr, C Frank, and JP
Haas. "Relative quantification of HLA-DRAI1 and-
DQA1 expression by real-time reverse transcriptase—
polymerase chain reaction (RT—PCR)." European journal
of Immunogenet-ics 30 (2003): 141-148.

15. Adhikari, Rameshwar and Santosh Thapa eds. Infectious
Diseases and Nanomedicine III: Second International
Conference (ICIDN-2015) (2015): 15-18.

16. Sosa, Anibal de J, Denis K. Byarugaba, Carlos F. Amabile-
Cuevas, Po-Ren Hsueh, Samuel Kariuki, and Iruka N.
Okeke, eds. Antimicrobial resistance in developing
countries. New York: Springer: Springer (2014).

17. Hashmi, Muhammad Z. Antibiotics and Antimicrobial
Resistance Genes: Environmental Occurrence and
Treatment Tech-nologies. Basingstoke: Springer Nature
17 (2020).

18. Wengenroth, Laura, Fanny Berglund, Hetty Blaak,
Mariana Carmen Chifiriuc, et al. "Antibiotic resistance
in wastewater treatment plants and transmission risks for
employees and residents: The concept of the AWARE
study." Antibiotics 10 (2021): 478.

19. Amarasiri, Mohan, Tsubasa Takezawa, Bikash Malla,
Takashi Furukawa, et al. "Prevalence of antibiotic
resistance genes in drinking and environmental water
sources of the Kath-mandu Valley, Nepal." Frontiers in
Microbiology 13 (2022).

20. Food and Agriculture Organization of the United Nations.
Soil pollution: a hidden reality. Rome: Food & Agriculture
Org 26 (2018).

21.Freitas, Flavia CP, Thiago S. Depintor, Lucas T.
Agostini, Danielle Luna-Lucena, et al. "Evaluation of
reference genes for gene expression analysis by real-time
quantitative PCR (qPCR) in three stingless bee species
(Hymenoptera: Apidae: Meliponini)." Scientific reports 9
(2019): 1-13.

Citation: Sunil Pandey, Jennifer L salerno, Shyam Prakash Dumre. Practical Approaches for Combating Antibiotic-Resistant Bac-teria and
Genes in Wastewater Within Developing Countries. Archives of Microbiology and Immunology 9 (2025): 21-30



Pandey S, et al., Arch Microbiol Immunology 2025

Journals DOI:10.26502/ami.936500207

22.SA Deepak, KR Kottapalli, R Rakwal, G Oros, KS
Rangappa, et al. "Re-al-Time PCR: Revolutionizing
Detection and Expression Analysis of Genes." Current
Genomics 8 (2007): 234-251.

23.Samtiya, Mrinal, Anil K. Puniya, Monica Puniya,
Nagendra P. Shah, et al. "Pro-biotic Regulation to
Modulate Aging Gut and Brain Health: A Concise
Review." Bacteria 1 (2022): 250-265.

24.Vickers, Neil J. "Animal communication: when I am
calling you, will you answer too?." Current Biology 27
(2017): R713-R715.

25.Liu, Jin-Lin, and Ming-Hung Wong. "Pharmaceuticals
and personal care products (PPCPs): a review on
environmental contamination in China." Environment
international 59 (2013): 208-224.

26. WHO. Antibiotic resistance (2019).

27. Xu, Jian, Yan Xu, Hongmei Wang, Changsheng Guo, et al.
"Occurrence of antibiotics and antibiotic resistance genes
in a sewage treatment plant and its effluent-receiving
river." Chemosphere 119 (2015): 1379-1385.

28. Hettiarachchi, Hiroshan, and Reza Ardakanian. Safe
Use of Wastewater in Agriculture: From Concept to
Implementation. Basingstoke: Springer 14 (2018).

29. Karkman, Antti, Thi Thuy Do, Fiona Walsh, and Marko
PJ Virta. "Antibiotic-resistance genes in the wastewater."
Trends in microbiology 26 (2018): 220.

30.Kralik, Petr, and Matteo Ricchi. "A Basic Guide to
Real-Time PCR in Microbial Diagnostics: Definitions,
Parameters, and Everything." Frontiers in Microbiology
8 (2017).

31.Marti, Elisabet, Juan Jofre, and Jose L. Balcazar.
"Prevalence of Antibiotic Resistance Genes and Bacterial
Community Composition in a River Influenced by a
Wastewater Treatment Plant." PLoS ONE 8 (2013).

32.Max, MAURIN. "Antibiotics, Antibiotic Resistance and
Environment." Encyclopedia of the Environment. Last
modi-fied May 7 (2019).

33. Mutuku, Christopher, Zoltan Gazdag, and Szilvia Melegh.
"Occurrence of Antibiotics and Bacterial Resistance
Genes in Wastewater Resistance Mechanisms and
Antimicrobial Resistance Control Approaches." Which
Factors Contribute to Innovative Performance? A Case
Study Applied to the Food and Beverage Industry (2022).

34. Walsh F. The multiple roles of antibiotics and Antibiotic
resistance in nature. Lausanne: Frontiers Media SA 26
(2015).

35. Young, Cristin C, Dibesh Karmacharya, Manisha Bista,

Volume 9 « Issue 1 29

Ajay N. Sharma, et al. "Antibiotic resistance genes of
public health importance in livestock and humans in an
informal urban community in Nepal," Scientific Reports
12 (2022).

36. Serwecinska, Liliana. "Antimicrobials and antibiotic-
resistant bacteria: a risk to the environment and public
health." Water 12 (2020): 3313.

37. Pandey, Sunil. "Detection of Beta-Lactamase Variants in
Municipal Wastewater and Fresh Water" (2019).

38. Grehs BWN, Linton MAO, Clasen B, de Oliveira Silveira
A, Carissimi E. Antibiotic resistance in wastewater
treatment plants: understanding the problem and future
perspectives. Arch Microbiol 203 (2021): 1009-1020.

39. Buriankova, Iva, Peter Kuchta, Anna Molikovéa, Katefina
Sovova, et al. "Antibiotic Resistance in Wastewater and
Its Impact on a Receiving River: A Case Study of WWTP
Brno-Modfice, Czech Republic." Water 13 (2021): 2309.

40. Dincer, Sadik, Yigittekin, Esra. "Spreading of Antibiotic
Resistance with Wastewater" In Biological Wastewater
Treatment and Resource Recovery, edited by Robina
Farooq, Zaki Ahmad. London: IntechOpen (2017).

41.Devarajan, Naresh, Amandine Laffite, Crispin Kyela
Mulaji, Jean-Paul Otamonga, et al. "Occurrence of
antibiotic resistance genes and bacterial markers in a
tropical river receiving hospital and urban wastewaters."
PloS one 11 (2016): e0149211.

42.G Huang, Zhifeng, Wanting Zhao, Ting Xu, Binghui
Zheng, et al. "Occurrence and distribution of anti-biotic
resistance genes in the water and sediments of Qingcaosha
Reservoir, Shanghai, China." Environmental Sciences
Europe 31 (2019): 1-9

43. Wang, Haoze, Bing Li, Jiaheng Zhao, Yongjing Tian, et
al. "Occurrence and Distribution of Antibiotic Resistance
Genes in Municipal Wastewater Treatment Plants with
D-Type Filters" Water 13 (2021): 3398.

44. Ayukekbong, James A, Michel Ntemgwa and Andrew
N. Atabe. "The threat of antimicrobial resistance in
developing countries: causes and control strategies.”
Antimicrobial Resistance & Infection Control 6 (2017):
1-8.

45.Van Boeckel, Thomas P, et al. "Global trends in
antimicrobial resistance in animals in low- and middle-

income coun-tries." Science (New York, N.Y.) 365
(2019): 6459.

46.World Health Organization. Global antimicrobial
resistance and use surveillance system (GLASS) report:
Early implementation (2020).

Citation: Sunil Pandey, Jennifer L salerno, Shyam Prakash Dumre. Practical Approaches for Combating Antibiotic-Resistant Bac-teria and
Genes in Wastewater Within Developing Countries. Archives of Microbiology and Immunology 9 (2025): 21-30



Pandey S, et al., Arch Microbiol Immunology 2025

Journals DOI:10.26502/ami.936500207

47.Bhullar, Kirandeep, Nicholas Waglechner, Andrew
Pawlowski, Kalinka Koteva, et al. "Antibiotic resistance
is prevalent in an isolated cave microbiome." PloS one 7
(2012): €34953.

48.Ji, Bin, Meng Zhang, Jun Gu, Yingqun Ma, and Yu
Liu. "A self-sustaining synergetic microalgal-bacterial
granular sludge process towards energy-efficient and
environmentally sustainable municipal wastewater
treatment.”" Water Research 179 (2020): 115884.

49.Zechman Berglund E, Thelemaque N, Spearing L, Faust
KM, Kaminsky J, et al. Water and wastewater systems
and utilities: Challenges and opportunities during the
COVID-19 pandemic. Journal of water resources planning
and management 147 (2021): 02521001

50. World Health Organization. Wastewater management: a
neglected challenge in many countries (2017).

51.Morgan DJ, Okeke IN, Laxminarayan R, Perencevich
EN & Weisenberg S. Non-prescription anti-microbial use
worldwide: a systematic review. The Lancet infectious
diseases 11 (2011): 692-701.

52.Chapot L, Sarker MS, Begum R, Hossain D, Akter R,
et al. Knowledge, attitudes, and practices regarding
Antibiotic use and resistance among veterinary students
in Bangladesh. Antibiot-ics 10 (2021): 332.

53.Bloom DE, Cafiero E, Jané-Llopis E, Abrahams-Gessel
S, Bloom LR, et al. The global economic burden of non-

Volume 9 « Issue 1 30

communicable diseases (No. 8712). Program on the
Global Demography of Aging (2012).

54. Laxminarayan R, Matsoso P, Pant S, Brower C, Rattingen
JA, et al. Access to effective antimicrobials: a worldwide
challenge. The Lancet 387 (2016): 168-175.

55. Efstratiou A, Ongerth JE & Karanis P. Waterborne
transmission of protozoan parasites: areview of worldwide
outbreaks-an update 2011-2016. Water Research 114
(2017): 14-22.

56. Lautenschlager K, Hwang C, Liu WT, Boon N, Késter O,
et al. A microbiology-based multi-parametric approach
towards assessing biological stability in drinking water
distribution networks. water research 47 (2013): 3015-
3025.

57.Prestinaci F, Pezzotti P & Pantosti A. Antimicrobial
resistance: a global, multifaceted phenomenon. Patho-
gens and global health 109 (2015): 309-318.

58.Baur D, Gladstone BP, Burkert F, Carrara E, Foschi F,
et al. Effect of Antibiotic stewardship on the incidence
of infection and colonization with antibiotic-resistant
bacteria and Clostridium difficile infection: a systematic
review and meta-analysis. The Lancet Infectious Diseases
17 (2017): 990-1001.

59. Anderson, Mi-chael, Michele Cecchini, Elias Mossialos,
et al. Challenges to Tackling Antimicrobial Resistance:
Economic and Policy Responses. Cambridge: Cambridge
University Press 9 (2020).

Citation: Sunil Pandey, Jennifer L salerno, Shyam Prakash Dumre. Practical Approaches for Combating Antibiotic-Resistant Bac-teria and
Genes in Wastewater Within Developing Countries. Archives of Microbiology and Immunology 9 (2025): 21-30



	Title
	Abstract



