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ABSTRACT

Antibiotic resistance in typhoid fever, particularly due to Salmonella enterica serotype Typhi (S. Typhi), has
emerged as a critical public health challenge in Uganda. With approximately 11 million global cases reported
annually, Uganda remains endemic to typhoid fever, which predominantly affects children and adolescents. The
disease is transmitted via the fecal-oral route, with factors such as poor sanitation, inadequate access to clean
water, and inadequate sewage disposal exacerbating its spread. Traditional antibiotic treatments, including
ampicillin and chloramphenicol, have seen alarming resistance rates ranging from 60% to 80%. The rise of
multidrug-resistant (MDR) strains complicates clinical management, leading to increased healthcare costs and
treatment failures. This review examines the trends and challenges associated with antibiotic resistance in typhoid
fever in Uganda, including molecular mechanisms of resistance and contributing factors such as overuse of
antibiotics, inadequate healthcare infrastructure, and poor sanitation. It emphasizes the need for improved
surveillance systems, antimicrobial stewardship, and public health interventions to mitigate the impact of
antibiotic resistance. Collaborative efforts among government, healthcare providers, and communities are essential
to combat this growing threat and enhance health outcomes.
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INTRODUCTION

Typhoid fever, an infectious disease caused by Salmonella enterica serotype Typhi (S. Typhi), represents a major
public health challenge in Uganda, where it remains endemic. The World Health Organization (WHO) estimates
that there are approximately 11 million cases of typhoid fever globally each year, with the highest burden found in
low- and middle-income countries [17]. In Uganda, typhoid fever has been linked to significant morbidity and
mortality, particularly among children and adolescents, who are at heightened risk due to various social
determinants of health.

Transmission of .§. T’yphi primarily occurs through the fecal-oral route, with contaminated water and food sources
acting as the main vehicles for infection. In Uganda, factors such as poor sanitation, inadequate access to clean
drinking water, and a lack of effective sewage disposal systems exacerbate the risk of outbreaks [27. Urban slums
and rural areas often face challenges related to water quality and sanitation, creating ideal conditions for the
transmission of typhoid fever. Seasonal variations, including heavy rains, can also lead to increased contamination
of water sources, further elevating the incidence of the disease [87]. The clinical presentation of typhoid fever is
characterized by a range of symptoms, including prolonged fever, abdominal pain, diarrhea or constipation,
headaches, and malaise. In severe cases, complications such as intestinal perforation, gastrointestinal bleeding, and
septicemia can occur, significantly increasing the risk of mortality if not promptly treated. The clinical
management of typhoid fever has traditionally relied on antibiotic therapy, which has proven effective in
alleviating symptoms and reducing mortality [47]. However, the emergence of antibiotic-resistant S. Typhi strains
poses a serious threat to effective treatment options. Historically, typhoid fever has been effectively managed with
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antibiotics such as ampicillin, chloramphenicol, and trimethoprim-sulfamethoxazole. These agents have played a
critical role in reducing morbidity and mortality associated with the disease. However, the emergence of antibiotic
resistance, particularly among S. Typhi strains, has led to a paradigm shift in the management of typhoid fever [57].
Resistance to first-line antibiotics has been documented in various regions of Uganda, with reports indicating
resistance rates ranging from 60% to 80% for ampicillin and chloramphenicol. Furthermore, resistance to
fluoroquinolones, which have become the treatment of choice due to their efficacy, is also rising. Some studies
indicate that resistance to ciprofloxacin, a commonly prescribed fluoroquinolone, is approaching 20% in certain
Ugandan populations. The increasing prevalence of multidrug-resistant (MDR) strains complicates the clinical
management of typhoid fever, leading to treatment failures and increased healthcare costs [67]. This review aims
to provide a comprehensive overview of the current trends in antibiotic resistance related to typhoid fever in
Uganda. By highlighting the prevalence of resistant strains, the underlying factors contributing to the emergence
of resistance, and the implications for public health, the review seeks to inform healthcare providers, policymakers,
and researchers about the urgent need for effective strategies to address this growing challenge. Furthermore, the
review will explore potential interventions, including improved surveillance systems, antimicrobial stewardship
programs, and public health initiatives aimed at reducing the burden of typhoid fever and its associated
complications in Uganda [77]. By examining the complexities of antibiotic resistance in typhoid fever, this review
will contribute to a deeper understanding of the issue and the necessity for coordinated efforts to mitigate the
impact of this preventable and treatable disease on the Ugandan population.
Antibiotic Resistance Trends

Emergence of Resistance: The rise of antibiotic resistance in typhoid fever is an urgent public health concern,
particularly in Uganda, where several studies have documented increasing resistance rates among Salmonella
enterica serotype Typhi (S. Typhi) isolates. Traditionally, first-line treatment regimens for typhoid fever included
antibiotics such as ampicillin, chloramphenicol, and trimethoprim-sulfamethoxazole [87]. However, over the past
two decades, resistance to these antibiotics has escalated alarmingly, with reported resistance rates ranging from
60% to 80% across various regions of Uganda. This substantial level of resistance has not only led to treatment
failures but has also contributed to prolonged illness and increased healthcare costs for patients and the healthcare
system. In recent years, fluoroquinolones, particularly ciprofloxacin and ofloxacin, have emerged as the preferred
treatment options for typhoid fever due to their proven efficacy and favorable pharmacokinetic profiles [97.
Nevertheless, the emergence of fluoroquinolone-resistant S. Typhi strains has been documented, with reports

indicating resistance rates approaching 20% in certain Ugandan populations. The growing prevalence of

multidrug-resistant (MDR) 8. Typhi, defined as resistance to at least ampicillin, chloramphenicol, and
trimethoprim-sulfamethoxazole, raises significant concerns regarding available treatment options and the overall
management of typhoid fever. The increasing occurrence of MDR strains complicates clinical decisions, often
necessitating the use of more expensive or less effective alternatives, thereby straining healthcare resources and
leading to poorer patient outcomes.

Molecular Mechanisms of Resistance: Understanding the molecular mechanisms underlying antibiotic
resistance in S. Typhi is crucial for developing effective strategies to combat this public health threat. The
mechanisms are diverse and include genetic mutations as well as the acquisition of resistance genes through
horizontal gene transfer [107]. Plasmid-mediated resistance is particularly concerning, as it allows for the rapid
dissemination of resistance traits among bacterial populations.

Specific mutations in key target genes are significant contributors to the observed antibiotic resistance. For
instance, mutations in the gyrd and parC genes, which encode proteins involved in DNA replication and
transcription, lead to altered drug-binding sites that reduce the efficacy of fluoroquinolones [117. These mutations
result in a reduced affinity of the antibiotic for its target, rendering it less effective in inhibiting bacterial growth.
Surveillance data further suggest that certain .S. Typhi strains, especially those circulating in densely populated
urban areas, harbor multiple resistance genes, complicating treatment regimens. The presence of extended-
spectrum beta-lactamases (EESBLs) and plasmid-mediated quinolone resistance (PMQR) determinants is
increasingly being reported, indicating that resistance can be multifactorial and not limited to single antibiotic
classes.

In addition to genetic factors, environmental factors also play a crucial role in the emergence and dissemination of
antibiotic resistance [(127]. Poor sanitation and hygiene practices, inadequate access to clean water, and the misuse
of antibiotics in both human medicine and agriculture contribute to the selective pressure that fosters the
development of resistant strains.

Overall, the trends in antibiotic resistance among S. Typhi in Uganda underscore the need for robust surveillance
systems to monitor resistance patterns and guide treatment protocols. Furthermore, public health initiatives aimed
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at improving sanitation, promoting responsible antibiotic use, and increasing awareness of the implications of
antibiotic resistance are vital for mitigating this growing challenge and ensuring effective management of typhoid
fever in the population [137].

Factors Contributing to Antibiotic Resistance
Overuse and Misuse of Antibiotics: The overuse and misuse of antibiotics are pivotal factors contributing to the
emergence of antibiotic-resistant bacteria, particularly in the context of Salmonella enterica serotype Typhi (S.
Typhz) in Uganda. In many regions, antibiotics are readily available over the counter without the need for a
prescription, which has led to widespread inappropriate usage. Self-medication, where individuals take antibiotics
without medical guidance, is common and often results in incomplete courses of treatment. Such practices not only
fail to eradicate the infection but also create an environment conducive to the development of resistant strains
[147. Additionally, the agricultural sector plays a significant role in the proliferation of antibiotic resistance. The
routine use of antibiotics in livestock to promote growth and prevent disease creates reservoirs of resistant
bacteria that can be transmitted to humans through various pathways, including direct contact, food consumption,
and environmental contamination. The integration of antibiotics into animal husbandry practices has been linked
to the emergence of multidrug-resistant strains of S. Typhi, thereby complicating treatment options for typhoid
fever in humans.
Healthcare Infrastructure: Inadequate healthcare infrastructure significantly exacerbates the problem of
antibiotic resistance in Uganda. Limited access to laboratory diagnostics hampers the ability of healthcare
providers to accurately identify resistant strains of S. Typhi, often leading to empirical treatment decisions based
on historical patterns of resistance rather than individual patient needs. This reliance on empirical treatment can
result in the continued use of ineffective antibiotics, thereby perpetuating the cycle of resistance. Furthermore,
insufficient training and education for healthcare providers regarding appropriate antibiotic prescribing practices
contribute to the high rates of antibiotic resistance [157]. Many healthcare workers lack updated knowledge on
current resistance patterns and evidence-based prescribing guidelines, which leads to inappropriate prescribing
practices. Strengthening the capacity of healthcare professionals through targeted training programs can enhance
their understanding of antibiotic stewardship and promote responsible antibiotic use, ultimately mitigating
resistance.
Sanitation and Hygiene Practices: The link between poor sanitation and hygiene practices and the transmission
of 8. Typhi is well established. In Uganda, inadequate access to clean water and proper sanitation facilities
heightens the risk of typhoid fever outbreaks. When communities lack reliable sanitation infrastructure, the
likelihood of fecal contamination of water sources increases, facilitating the spread of S. Typhi This cycle of
infection not only results in a higher incidence of typhoid fever but also contributes to the selective pressure for
antibiotic resistance.
Public health initiatives aimed at improving sanitation and hygiene are critical for breaking this cycle. Efforts to
enhance access to clean drinking water, implement effective waste management systems, and promote safe food
handling practices can significantly reduce the incidence of typhoid fever [167]. By lowering the number of
infections, these initiatives also decrease the demand for antibiotics, thereby reducing the selective pressure that
drives the development of resistance. In summary, the multifactorial nature of antibiotic resistance in .S. Typhi in
Uganda underscores the need for a comprehensive approach that addresses overuse and misuse of antibiotics,
strengthens healthcare infrastructure, and improves sanitation and hygiene practices. Collaborative efforts among
government bodies, healthcare providers, and community organizations are essential to combat this public health
threat effectively. By implementing targeted interventions in these areas, Uganda can work toward reducing the
burden of antibiotic resistance and improving health outcomes for its population.

Public Health Implications and Strategies

Surveillance and Monitoring: Enhancing surveillance systems for antibiotic resistance in Uganda is essential.
Regular monitoring of resistance patterns among S. Typhi isolates can provide valuable data to inform treatment
guidelines and public health strategies. Implementing nationwide antimicrobial resistance (AMR) surveillance
programs can help identify trends and facilitate timely interventions.
Antimicrobial Stewardship: Promoting antimicrobial stewardship is vital for combating antibiotic resistance.
Educational campaigns targeting healthcare providers and the general public can raise awareness about the
dangers of antibiotic misuse and the importance of completing prescribed treatment courses [87. Encouraging the
responsible use of antibiotics in both healthcare and agricultural settings is crucial for mitigating the development
of resistance.
Strengthening Healthcare Infrastructure: Investing in healthcare infrastructure, including laboratory facilities
and diagnostic capabilities, is essential for improving the management of typhoid fever. Strengthening laboratory

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 37



capacity to perform culture and susceptibility testing can help guide appropriate antibiotic therapy and reduce
reliance on broad-spectrum antibiotics.
Public Health Interventions: Public health interventions aimed at improving sanitation and hygiene practices
are essential for reducing the incidence of typhoid fever and the associated selective pressure for antibiotic
resistance [107. Initiatives to provide access to clean water, promote safe food handling practices, and implement
community-based health education programs can help reduce the burden of the disease.
CONCLUSION
Antibiotic resistance in typhoid fever, particularly due to Salmonella enterica serotype Typhi in Uganda, poses a
significant public health challenge that necessitates immediate and coordinated action. The emergence and spread
of antibiotic-resistant strains are driven by a complex interplay of factors, including the overuse and misuse of
antibiotics, inadequate healthcare infrastructure, and poor sanitation and hygiene practices. As resistance rates for
traditional first-line antibiotics rise, the effectiveness of treatment protocols diminishes, leading to increased
morbidity, prolonged illness, and higher healthcare costs. Addressing antibiotic resistance requires a multifaceted
approach that encompasses enhancing surveillance systems, promoting antimicrobial stewardship, strengthening
healthcare infrastructure, and improving sanitation and hygiene practices. By implementing robust monitoring
programs, healthcare providers can make informed treatment decisions that account for local resistance patterns.
Additionally, educational campaigns targeting both healthcare professionals and the public are essential to
promote responsible antibiotic use and improve adherence to treatment protocols. Investing in public health
interventions aimed at increasing access to clean water and adequate sanitation facilities will not only help reduce
the incidence of typhoid fever but also decrease the selective pressure that fosters antibiotic resistance.
Collaborative efforts among government entities, healthcare institutions, and community organizations are crucial
in creating a sustainable strategy to combat this pressing health issue. In summary, tackling antibiotic resistance
in typhoid fever in Uganda is vital for improving health outcomes and ensuring the efficacy of available treatment
options. By fostering a culture of responsible antibiotic use and prioritizing public health infrastructure
improvements, Uganda can mitigate the impact of antibiotic resistance and pave the way for a healthier future.
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