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ABSTRACT

Typhoid fever, caused by Salmonella enterica serotype Typhi, remains a major public health challenge, particularly in
low- and middle-income countries where diagnostic capabilities are often inadequate. Traditional diagnostic
methods, including blood cultures and the Widal test, are hindered by issues of sensitivity, specificity, and
turnaround time, leading to delays in diagnosis and treatment. As a result, the disease continues to burden healthcare
systems, contributing to morbidity and mortality, especially in areas with poor sanitation and limited healthcare
infrastructure. Recent advancements in diagnostic techniques, including molecular methods such as Polymerase
Chain Reaction (PCR), Loop-Mediated Isothermal Amplification (LAMP), and Next-Generation Sequencing (NGS),
offer promising alternatives that provide faster, more accurate results. Additionally, antigen detection assays and
imaging techniques such as ultrasound have further enhanced diagnostic accuracy and enabled early detection of
complications. However, the integration of these advanced methods into clinical practice faces challenges such as
high costs, limited healthcare infrastructure, and the need for trained personnel. This review explores the potential
of these innovations to improve the diagnosis of typhoid fever, reduce antimicrobial resistance, and ultimately
enhance patient outcomes in endemic regions.
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INTRODUCTION

Typhoid fever, a potentially life-threatening infectious disease, remains one of the most significant public health
challenges in many low- and middle-income countries. It is caused by the bacterium Salmonella enterica serotype
Typhi, which is typically transmitted through the ingestion of food or water contaminated with human feces [17.
While the disease is treatable with antibiotics, it continues to impose a substantial health burden in regions with
poor sanitation and limited access to healthcare. The clinical presentation of typhoid fever includes prolonged fever,
abdominal pain, malaise, and gastrointestinal disturbances, with complications such as intestinal perforation,
septicemia, and, if untreated, death [27]. Despite the widespread availability of antibiotics, the persistence of typhoid
tfever as a public health problem can be attributed to several factors, including inadequate diagnostic capabilities,
delays in diagnosis, and the emergence of antimicrobial resistance. Effective management of typhoid fever depends
on prompt and accurate diagnosis, but traditional diagnostic methods such as blood cultures and the Widal test are
often unreliable in resource-poor settings due to issues of sensitivity, specificity, and turnaround time [37.
Consequently, there is an urgent need to explore and adopt advanced diagnostic techniques that can provide quicker,
more accurate results to help reduce morbidity and mortality associated with the disease. This review explores the
recent advancements in diagnostic techniques for typhoid fever, with a focus on molecular, serological, and imaging
methods. In doing so, it aims to provide an overview of the challenges and opportunities involved in incorporating
these new technologies into clinical practice, especially in regions where the disease burden is highest [47.

Typhoid fever has been a persistent global health problem for centuries, with the World Health Organization
(WHO) estimating that approximately 11—20 million cases occur worldwide annually, resulting in over 100,000
deaths. Sub-Saharan Africa, parts of Asia, and Latin America are the regions most affected by this disease [57]. The
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incidence of typhoid fever in these areas is often exacerbated by factors such as poor sanitation, contaminated water
sources, and inadequate healthcare infrastructure. In many of these settings, typhoid fever remains a diagnostic
challenge. Traditional diagnostic methods, such as blood cultures, are often slow, require laboratory facilities that
may not be available, and can yield false-negative results in the early stages of infection. The Widal test, another
commonly used diagnostic method, relies on detecting antibodies to Salmonella antigens in a patient's blood [67.
However, it has been criticized for its low sensitivity and specificity, particularly in endemic areas where prior
exposure to Salmonella Typhi may lead to false positives. The limitations of these traditional methods highlight the
urgent need for more effective diagnostic tools. Recent advances in molecular biology, immunology, and imaging
technologies have the potential to significantly improve the diagnosis of typhoid fever, enabling earlier detection,
more accurate identification of the pathogen, and better management of the disease [77]. Molecular techniques such
as PCR (polymerase chain reaction) have shown promise in detecting Salmonella Typhi DNA in clinical samples,
offering higher sensitivity and specificity than traditional methods. Similarly, new serological assays that detect
antigens rather than antibodies are also being developed to provide faster and more accurate results. In addition to
laboratory-based methods, imaging techniques such as ultrasound have been explored for diagnosing complications
of typhoid fever, including intestinal perforation [87]. These advancements are especially critical in low-resource
settings, where healthcare workers may not have immediate access to advanced diagnostic tools or timely results
from blood cultures. The integration of these advanced techniques into clinical practice, however, presents several
challenges. These include issues of cost, availability of trained personnel, and the need for infrastructure to support
molecular testing. Despite these barriers, the potential benefits of improved diagnostics are significant, particularly
in reducing the morbidity and mortality associated with untreated or misdiagnosed typhoid fever [97.

Typhoid fever remains a leading cause of morbidity and mortality in many parts of the world, particularly in regions
with inadequate healthcare infrastructure. The disease is primarily transmitted through contaminated food and
water, which is common in areas with poor sanitation and limited access to clean drinking water. Although
antibiotics can effectively treat the disease, delays in diagnosis and inaccurate or unavailable diagnostic tools
contribute to its continued burden. The limitations of traditional diagnostic methods, including blood cultures and
the Widal test, hinder timely and accurate diagnosis [107. Blood cultures, the gold standard for diagnosing typhoid
fever, are often slow, require specialized laboratory facilities, and may yield false negatives in the early stages of the
infection. The Widal test, which detects antibodies against Salmonella Typhi, sufters from poor sensitivity and
specificity, leading to misdiagnosis, particularly in endemic areas where previous exposure to the pathogen is
common. These diagnostic challenges contribute to delayed treatment, increased risk of complications, and higher
mortality rates. Moreover, the emergence of antimicrobial resistance in Salmonella Typhi strains complicates
treatment options and necessitates more accurate and faster diagnostic methods to guide appropriate antibiotic
therapy [117]. The increasing burden of drug-resistant typhoid fever underscores the importance of early and
accurate detection, particularly in resource-limited settings. Given these challenges, there is an urgent need to
explore new diagnostic methods that are more sensitive, specific, and accessible. Molecular techniques, rapid
serological assays, and imaging methods have shown promise in improving the diagnosis of typhoid fever, but their
integration into clinical practice remains limited, particularly in low-income and resource-poor settings [127].

The primary objectives of this review are centered on advancing the diagnosis of typhoid fever, a disease that remains
a significant public health concern, particularly in low-resource settings. First, the study will evaluate current
diagnostic methods such as blood cultures and the Widal test, identifying their limitations, including issues with
sensitivity, specificity, and turnaround time. The review will then explore recent innovations in molecular
diagnostics, particularly PCR and DNA sequencing, highlighting their advantages over traditional techniques in
detecting Salmonella Typhi in clinical samples. Additionally, the study will examine the potential of novel serological
assays, including antigen detection methods, which could provide faster and more reliable results for early detection.
Imaging techniques, such as ultrasound, will also be explored, particularly for diagnosing complications like
intestinal perforation, and how they can complement traditional methods. Furthermore, the study will discuss the
challenges of integrating these advanced techniques into clinical practice, especially in resource-limited settings, and
propose strategies to improve diagnostic capacity in high-burden areas. By addressing these objectives, the study
aims to contribute to the reduction of diagnostic delays, improve treatment outcomes, and support efforts to combat
antimicrobial resistance, thus enhancing overall healthcare delivery in endemic regions.

Traditional Diagnostic Methods

Traditional diagnostic methods for typhoid fever, such as blood culture and the Widal test, are widely used but come
with certain limitations that impact their effectiveness in diagnosing the disease. Blood culture is considered the
gold standard for diagnosing typhoid fever, as it directly identifies the causative agent, Salmonella enterica serovar
Typhi. However, its sensitivity can be compromised in patients who have received prior antibiotic treatment or those
with a low bacterial load [1387. Additionally, blood culture requires specialized laboratory facilities, and the results
typically take several days to process, making it less suitable for timely diagnosis, especially in resource-limited
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settings. On the other hand, the Widal test, a serological assay that detects antibodies against .S. Typhi antigens
(specifically the O and H antigens), is another widely used diagnostic tool. While it is less resource-intensive, its
reliability is often questioned due to cross-reactivity with other Salmonella species and previous infections. The test's
accuracy can also be influenced by the patient's immune response and the endemic nature of typhoid fever in the
region, making its interpretation challenging [14]. Despite these limitations, both tests continue to be essential
tools for diagnosing typhoid fever, particularly in areas with limited access to advanced diagnostics.

Molecular Diagnostic Methods

Molecular diagnostic methods have revolutionized the detection of typhoid fever, significantly enhancing both
sensitivity and specificity compared to traditional techniques. These methods not only provide faster results but also
offer greater accuracy, making them invaluable for early diagnosis and timely intervention [157. One of the most
prominent molecular techniques is Polymerase Chain Reaction (PCR), which amplifies specific DNA sequences of
Salmonella Typhi, enabling highly sensitive and specific detection. PCR can be performed on various samples,
including blood, stool, and urine, with results available within hours. Recent innovations, such as multiplex PCR,
allow for the detection of S. Typhi alongside other pathogens, offering a broader diagnostic scope [167]. Another
promising method is Loop-Mediated Isothermal Amplification (LAMP), which stands out due to its simplicity and
rapid results. Unlike PCR, LAMP requires no specialized equipment, making it ideal for use in resource-limited
settings. It operates at a constant temperature and has been shown to detect S. Typhi with high sensitivity.
Additionally, Next-Generation Sequencing (NGS) has emerged as a powerful tool for obtaining detailed genomic
data on S. Typhi and co-infecting pathogens, including antimicrobial resistance profiles. While currently expensive
and complex, NGS is gaining traction in research, and advancements may eventually make it more accessible for
routine clinical applications [177].

Serological Methods

Serological methods continue to play a crucial role in the diagnosis of typhoid fever, particularly in resource-
constrained settings where advanced diagnostic tools may not be available. Despite the known limitations of the
traditional Widal test, efforts to improve its accuracy have led to several enhancements. Modifications such as
standardized antigen preparations, refined cut-off values, and the addition of extra antigens have been introduced to
increase the test's sensitivity and specificity. These changes allow for better differentiation between Salmonella Typhi
and other related Salmonella species, thus improving the reliability of results. Another notable advancement is the
development of antigen detection assays, which present a promising alternative to antibody-based testing [187.
These tests target specific S. Typhi antigens found in urine, blood, or stool samples, offering a more direct and rapid
diagnostic method. Antigen detection is especially beneficial in the early stages of infection, when antibody levels
have not yet reached detectable levels. Several commercially available antigen detection kits have shown high
sensitivity and specificity, making them a valuable tool for diagnosing typhoid fever in its initial phase. This approach
offers a timelier diagnosis, enabling faster treatment interventions and potentially reducing the spread of infection
in affected communities.

Imaging Techniques

Imaging techniques, particularly ultrasound, are becoming an integral part of the management of typhoid fever,
especially in detecting and evaluating complications that arise from the disease. While imaging is not typically used
as a primary diagnostic tool for detecting Salmonella Typhi (S. Typhi) infection, it plays a crucial role in identifying
complications associated with the disease, such as intestinal perforation, abscess formation, and other structural
abnormalities in the abdomen. Early detection of these complications through imaging can significantly impact
treatment decisions, enabling healthcare providers to take timely action, such as surgical intervention or targeted
therapy. Intestinal perforation, one of the most severe complications of typhoid fever, can be life-threatening if not
promptly identified and treated. Imaging, therefore, aids in the early detection of such conditions, allowing for more
precise management and improving overall patient outcomes [197. Additionally, ultrasound is a non-invasive,
widely accessible, and cost-effective method, making it particularly useful in resource-limited settings where
advanced imaging technologies may not be readily available. In this context, ultrasound serves as an invaluable
adjunct to clinical examination, enhancing the overall diagnostic and therapeutic approach to managing typhoid
fever.

Challenges and Opportunities in Typhoid Fever Diagnosis

The diagnosis of typhoid fever has seen notable advancements, particularly with the introduction of molecular
diagnostic techniques. However, several challenges persist. The high cost of molecular diagnostic tools remains a
major barrier, particularly in low-income, endemic regions where healthcare infrastructure is already limited.
Furthermore, these regions often lack the trained personnel required to operate and interpret advanced diagnostic
tests, hindering effective disease management [207. Additionally, the growing concern of antimicrobial resistance
(AMR) complicates the accurate identification of the causative agent and the selection of appropriate treatment. The
emergence of AMR underscores the need for timely and precise diagnostic methods to ensure effective treatment
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and reduce resistance further. On the other hand, there are several opportunities to enhance diagnostic capabilities.
Integrating molecular techniques like PCR, LAMP, and antigen detection into routine clinical practice could
significantly improve early diagnosis. Additionally, mobile health technologies and point-of-care devices offer
promising solutions to increase accessibility and affordability of these tests, especially in remote or underserved
areas [217]. Collaboration between researchers, clinicians, and policymakers is essential to developing diagnostic
guidelines and frameworks suited to the specific needs of resource-limited settings, potentially improving diagnosis
and treatment outcomes for typhoid fever globally.
CONCLUSION

Early and accurate detection of typhoid fever is crucial for effective treatment and the prevention of complications.
Advances in molecular diagnostic techniques, such as Polymerase Chain Reaction (PCR), Loop-Mediated Isothermal
Amplification (LAMP), and antigen detection, have significantly enhanced the sensitivity and specificity of detecting
Salmonella typhi, the causative agent of the disease. These innovations hold great promise, particularly in resource-
limited settings, where traditional diagnostic methods are often inadequate. However, the widespread
implementation of these technologies faces challenges such as high costs, limited healthcare infrastructure, and
growing antimicrobial resistance. Despite these obstacles, the potential of molecular diagnostics to improve early
diagnosis and reduce the morbidity and mortality associated with typhoid fever is immense. Continued investment
in research and the development of cost-effective, accessible diagnostic tools is essential. Furthermore, integrating
these new diagnostic methods into existing healthcare systems will be critical in addressing the global burden of
typhoid fever, especially in endemic regions.
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