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Abstract: In tropical developing regions, typhoid fever and malaria often co-occur, posing serious
health risks. The two illnesses have similar symptoms, which makes diagnosis and treatment more
difficult. Through a thorough analysis of existing literature on typhoid fever, malaria, and co-
infection, including research articles, case studies, and review papers, this review seeks to
understand the dynamic interactions between typhoid fever and malaria co-infection. The review
highlights important problems with co-infection between typhoid and malaria, such as higher
morbidity and death, diagnostics-related challenges, and antibiotic resistance. Overlapping
symptoms and limitations in current diagnostic tests impede accuracy. Treatment plans are made
more difficult by the advent of typhoid strains that are resistant to drugs. The analysis concludes by
highlighting the necessity of developing more sensitive and specific diagnostic methods in order to
accurately diagnose co-infections. Going forward, the review emphasizes the need for more
investigation into the immunological connections between malaria and typhoid illnesses.
Essentially, this paper offers a thorough summary of the difficulties and possibilities related to co-
infection between typhoid and malaria. It provides a framework for upcoming studies and
initiatives that seek to improve public health and patient outcomes in the face of these intricately
linked health problems.
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Introduction

Typhoid fever and malaria are among the most common infections in tropical developing
countries such as Ghana, raising major public health problems (Mutua et al., 2015a). Malaria is caused
by five different species of protozoan parasites from the genus Plasmodium (Plasmodium falciparum,
P. vivax, P. malariae, P. ovale, and P. knowlesi) (Talapko et al., 2019). P. falciparum is the leading cause of
nearly all malaria-related deaths in humans, with the majority occurring in Sub-Saharan Africa
(Batire et al., 2022). The protozoa in the saliva of an infected female Anopheles mosquito gain entry
into the circulatory system through a bite and mature and multiply in the liver; this is the most
common form of disease transmission (Martens, 2000).

Malaria was regarded as endemic in 91 countries and territories at the beginning of 2016, down
from 108 in 2000. Even with these advancements, malaria still has a devastating impact on people
worldwide. Globally, there were 212 million cases in 2015, resulting in 429,000 deaths, the majority
of which were in children under five in Africa (Shretta et al., 2017). This disease impedes economic
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growth and the advancement of living standards while causing widespread premature deaths,
suffering, and financial hardships for low-income households. The annual economic growth rate has
been lowered by 1.3 percent due to malaria infections. The illness primarily affects weak and
vulnerable populations, such as newborns and children, and is responsible for about 20% of
childhood deaths in Africa (WHO, 2023).

Over a million people die from malaria each year, and that number may reach nearly three
million if malaria's contribution to deaths from other illnesses is taken into account. The World
Malaria Report, 2011, states that there were approximately 216 million cases of malaria and 655,000
deaths from the disease in 2010 (Birhanie et al., 2014). Most deaths in endemic areas occur in children
younger than five. About 25% of all child deaths between the ages of 0 and 4 in areas with stable
endemic transmission have been directly linked to malaria (Dasgupta, 2018). Malaria is common in
pregnant women and can result in congenital infections, low birth weight, miscarriages, and neonatal
and infant mortality. Both acute and chronic malaria infections can impact the immune system and
the body's response to immunizations (Sachs & Malaney, 2002). Malaria symptoms include
headaches, vomiting, fever, and lethargy. In severe situations, seizures, yellow skin, coma, or even
death are possible results (Kéllander et al., 2004; Sohanang Nodem et al., 2023)

In tropical developing nations, typhoid fever is a severe public health concern, particularly in
areas with limited access to clean water and other sanitation measures (Nas et al., 2018). Low- and
middle-income nations have a high Salmonella infection rate (>100 per 100,000 infected individuals
annually) (Wilairatana et al., 2021). Salmonella Typhi-a Gram-Negative, oxidase-negative bacteria,
through contaminated foods and water, causes typhoid fever known as acute systemic infection.
Mohammad et al. state that there are approximately 33 million cases of typhoid fever globally, with
endemic areas accounting for 216,000 fatalities (Mohammed et al., 2020; Sohanang Nodem et al.,
2023). Typhoid fever is caused by Salmonella enterica serotype typhi (S. typhi) and Salmonella enterica
serotype paratyphi (S. paratyphi A, S. paratyphi B, and S. paratyphi C), with S. typhi been the most
prevalent strain in causing typhoid fever (Crump, 2019). In developing nations, improper handling
of human waste, inadequate latrine facilities, inadequate hand-washing practices, and the use of
untreated water are the primary factors contributing to the spread of typhoid fever (Bennett et al.,
2018). The epidemiological patterns of typhoid and related diseases in third-world countries—
including most in Africa, Asia, and Latin America—have changed in recent years (Paul &
Bandyopadhyay, 2017). It is estimated that more than 33 million cases and more than 500,000 deaths
due to typhoid fever occur each year (Phan et al., 2000). S. typhi and the paratyphoid bacilli thrive in
the intestinal tract and cause invasive typhoid diseases, with symptoms ranging from mild to severe.
Symptoms become noticeable between six to thirty days after exposure and build up into fever over
several days (Ammah et al., 1999).

There have also been reports of transmission by flies, such as Musca domestica. The infection's
most noticeable symptom is a fever that progressively increases to a high plateau (Cirillo, 2006). The
incidence of typhoid is prevalent in areas with poor sanitation and inadequate water supply, and due
to multidrug resistance development and altered presentation patterns in recent times, it is
increasingly difficult to diagnose and treat typhoid fever (Chowta & Chowta, 2005). The primary
symptoms of the infection are high fever and other unfavorable conditions such as nausea, stomach
cramps, and irregular bowel movements (Crump et al., 2015). The diagnosis of typhoid fever is
carried out by analyzing blood, stool, or bone marrow samples from infected people, and traditional
malaria diagnosis is achieved through microscopy (Cao et al., 2021).

Malaria and Typhoid Co-Infection - Typhomalaria

Typhomalaria was first identified in 1862 among young soldiers afflicted with a feverish illness
that appeared to be typhoid (including intestinal lesions discovered at postmortem) but had fever
patterns also suggestive of intermittent fever by army physician J ] Woodward (1833-1884). He
thought it might be a hybrid rather than a novel illness species. However, laboratory testing had
disproved this hypothesis by the end of the 19th century, finding that co-infection with both S. typhi
and the malaria plasmodium was either rare or nonexistent (Keong & Sulaiman, 2006). Although the
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two diseases have different causes and transmission modes, intriguing connections between them
contribute to public health issues and fall into two categories: False diagnosis and true co-infection
(Mutua et al., 2015a). Their mimicking symptomatology frequently results in total misdiagnosis and
mistreatment (Ammah et al., 1999). The main challenges in managing malaria and typhoid are true
co-infection, false positive results from testing methods, and false diagnoses based on similar signs
and symptoms, which result in inappropriate control procedures (Mutua et al., 2015b). Major public
health issues arise from the co-occurrence of typhoid fever and malaria, particularly in tropical and
subtropical regions where both diseases are co-endemic. Without laboratory confirmation, clinicians
frequently treat both infections at the same time. Concurrent treatment, however, has consequences
for public health since overuse of antibiotics or antimalarials can result in drug resistance, needless
expense, and patient exposure to unneeded side effects (Tanko Rufai et al., 2022).

Both illnesses have been linked to rising rates of poverty, declining levels of sanitation,
inadequate public health services, and worsening drug resistance of the two etiological agents. People
living in endemic areas can get both infections at the same time. Typhoid fever and malaria share
many similar signs and symptoms. As a result, the feverish patient may receive incorrect diagnosis
and treatment due to the similar clinical features of the two illnesses (Birhanie et al., 2014; Tanko
Rufai et al.,, 2022). The intertwined challenges of malaria and typhoid fever underscore the
importance of accurate diagnosis and appropriate management to mitigate the burden of these
diseases in endemic regions. A comprehensive approach involving effective surveillance, improved
sanitation, and access to healthcare services is crucial for addressing these public health challenges
(Florence et al., 2003).

Typhoid Malaria

Loss of appetite Fatigue
Fever
Chills
Skln RaSh Vomltlng Dry Cough
Muscles aches
Diarrhea Headache
Nausea Sweating
Abdominal pain

Figure 1. Venn Diagram showing symptoms of Typhoid, Malaria and those common to them.

Both conditions frequently have similar symptoms and share a similar transmission factor. This
is why many medical professionals attempt to treat typhoid fever and malaria simultaneously in
every suspected Salmonella infection and vice versa (Qureshi et al., 2019). Numerous factors,
including similar epidemiological factors like population density and inadequate sanitation practices,
predispose to coinfection. Furthermore, the pathophysiology of malaria results in complement factor
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exhaustion, which puts the patient at risk for Salmonella infection. Additionally, the hemolysis
brought on by malaria also causes intracellular iron to deposit inside liver cells, which promotes the
growth of intracellular pathogens like Salmonella (Bhawna Sharma et al., 2016). Even though typhoid
fever and malaria are frequently found together in tropical regions, the difficulties in diagnosing the
condition and its effects on public health have yet to be investigated thoroughly (Adamu et al., 2023).

Pathogenesis and Clinical Presentation of Typhoid Fever and Malaria

Enteric fever, another name for typhoid fever, is a highly deadly illness prevalent in most
developing nations, particularly in Africa and some regions of Asia like India (Crump et al., 2004). It
has been a significant contributor to human mortality and morbidity for over 200 years since its
inception. Salmonella enterica subspecies, gram-negative bacteria, is the primary cause of typhoid
fever, an infection that can be contracted through food or water (Sinha et al., 1999). Nonetheless, it
has also been noted that S. Paratyphi A can occasionally result in typhoid fever. S. typhi primarily
originates from humans, meaning that while the pathogen cannot reproduce outside the human
body, it can only slightly proliferate in the environment. S. typhi is primarily spread orally and
faecally, with infected food and water serving its main reservoirs (Crump, 2019). In addition to
excreta being the primary pathway for S. typhi to leave the body, the bacteria can occasionally be
detected in urine (Sears et al., 1924). Due to some overlapping signs and symptoms, it can be
challenging to distinguish typhoid from other febrile illnesses, particularly malaria in its early stages.
However, the disease's primary symptoms are fever and headache (Nsutebu et al., 2003). Additional
signs and symptoms of the illness include meteorism, coated tongue, anorexia, splenomegaly,
vomiting, abdominal pain, decreased appetite, splenomegaly, anorexia, and hepatomegaly (Mweu
& English, 2008). The bacterium is frequently discovered in contaminated water and food. It passes
through the stomach and the distal ileum, entering the gut epithelium. During the invasion process,
the bacteria actively adhere to the host cell by interacting with receptors on the host cell via
unidentified adhesion molecules on the bacterium. There are 12 fimbrial operons in the chaperone
usher assembly class in S. fyphi, none of which are specific to the species (Townsend et al., 2001).
However, it has a unique combination of fimbrial operons, such as the type IVB pilus operon and the
cystic fibrosis transmembrane conductance regulator (Tsui et al., 2003). Using bacterial-mediated
endocytosis, which involves cytoskeletal reorganization, disruption of the epithelial cell brush
boundary, and the formation of membrane ruffles, Salmonella infects epithelial cells in vitro. Enterica
is activated in conditions similar to the human small intestine. This invasive behavior is partly caused
by Salmonella pathogenicity island (SPI)-1, which alters the host cell and promotes bacterial uptake
(Finlay et al., 1991). Soon after the invasion, Salmonella species come into contact with macrophages
in the gut-associated lymphoid tissue. The interaction between Salmonella and macrophages alters the
expression of host genes, including pro-inflammatory mediators, adhesion molecules or receptors,
and anti-inflammatory mediators. Genes linked to apoptosis or cell death and transcription factors
are other genes up regulated when macrophages engulf the bacteria (Arai et al., 1995). It is commonly
known that Salmonella needs to be able to live inside macrophages and monocytes (Fields et al., 1986).
Without SPI-1 expression, Salmonella-infected macrophages can survive for several hours and serve
as a cellular niche that shields the bacteria from the host immune system. As the disease manifests,
the percentage of intracellular S. typhi in the human host's bone marrow increases (LaRock et al.,
2015).

Malaria is yet another serious global health issue, with the majority of cases occurring in Sub-
Saharan Africa and Southeast Asia (Postels & Birbeck, 2013). The Plasmodium parasite-carrying
female Anopheles mosquito bite is the only way that malaria, an infectious disease, can spread.
Malaria is primarily caused by parasitic plasmodium species, specifically falciparum, vivax, ovale,
malariae, and Knowlesi (Nogueira & Lopes, 2011). The two most prevalent species among the five,
falciparum and vivax, are responsible for the elevated mortality and morbidity rates associated with
malaria. Fever, shivering, and sweating are some initial signs and symptoms of malaria infection
(Bria et al., 2021). Malaria shares early symptoms with other feverish illnesses, but it differs from
them in that it also presents with additional symptoms like fatigue, headache, diarrhea, limpness,
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and muscle aches (Barcus et al., 2007). For those who have previously contracted Plasmodium
infections, malaria symptoms may be mild; however, malaria can be fatal for newborns, children
under five, HIV/AIDS patients, and expectant mothers (WHO, 2023). Plasmodium has two different
hosts to complete its life cycle; humans are the vertebrate host in the asexual cycle, known as
schizogony. The product of schizogony is called a merozoite. Anopheles, the invertebrate host,
performs the sexual cycle, or sporogony, and the end product is called a sporozoite (Sato, 2021).
Sporozoites, an infectious form of Plasmodium, pass into human hosts when a female Anopheles
mosquito bites them. They enter the hepatocytes through the bloodstream and proliferate there to
create merozoites or pre-erythrocytic schizogony (Mota et al., 2001). This fits the description of an
incubation phase during which the peripheral blood is sterile, the patient is asymptomatic, and the
infection is not contagious. Hepatocyte rupture releases merozoites into the bloodstream, entering
red blood cells and starting the erythrocytic schizogony process. A tiny percentage stays latent for
years and then causes a malarial relapse, or they re-enter the hepatocytes to perform the exo-
erythrocytic schizogony (only in the cases of P. vivax and P. ovale) (Milner, 2018). During erythrocytic
schizogony within RBCs, a single merozoite transforms into an early trophozoite (ring form), then a
late trophozoite, and finally goes through multiple mitotic divisions to create the schizont. This
corresponds to the stage of prodromal symptoms, which involves the release of numerous
merozoites, that are transformed from the schizonts, and cause the malarial paroxysm of fever with
chills. When the RBC ruptures, this phenomenon occurs and the rupture of red blood cells causes
anemia (Menendez et al., 2000). These merozoites then attack other RBCs. Only a tiny portion mature
into gametocytes, both male and female. After a female anopheles ingests the blood of an infected
human, the plasmodium life cycle is complete. The mosquito consumes the gametocytes and turns
them into sporozoites using the sexual cycle (WHO, 2023). The two illnesses have many symptoms
in common, even though they are caused by very different pathogens and spread through different
routes. This presents a challenge that can result in early diagnostic errors (Ohanu et al., 2003).
Therefore, a definitive laboratory-based diagnosis is needed to distinguish between the two disorders
and identify coinfections. When a link between typhoid fever and malaria was found in the middle
of the 19th century, the United States Army named the illness typho-malarial fever (Uneke, 2008). It
is not always true that a high titer antibody against Salmonella means the infection is active. Due to
the frequent finding of high antibody titer of these Salmonella serotypes in malaria patients, some
people have come to believe that typhoid can develop from malaria or that typhoid and malaria
always co-infect all patients. Accordingly, some people treat both typhoid and malaria concurrently
if they have a high titer of antibodies to Salmonella serotypes, even in cases where there is insufficient
test diagnosis for malaria, and vice versa (Eze et al., 2012). While all 25 subjects had antibody titers
against Salmonella serotypes, only 3 (12%) of the malaria patients had isolated Salmonella species from
their blood and stool samples, according to the findings of Eze et al. The study found that it is
necessary to perform confirmatory tests by isolating Salmonella spp. from stool or blood because the
Widal test can identify infections other than Salmonella infections that can increase antibody responses
against H and O antigens, which are similar to those of Salmonella serotypes (Eze et al., 2012). When
a victim also has malaria and typhoid fever, their health and financial situation worsen. There are
negative consequences for the mother, the fetus, and the children from this illness during pregnancy
and childhood. These consequences may include fever, anemia in the mother or fetus, abortion,
stillbirth, or even the mother's or child's death before or soon after delivery (Mohammed et al., 2020).
Additionally, the statistical correlation between continuous fever and chill patterns and malaria-
typhoid fever coinfection may aid in the differential diagnosis of malaria-typhoid coinfection (Batire
et al., 2022). In a different study, the rates of nausea, vomiting, stomach pain, and diarrhea were
significantly higher in subjects who also had coinfection. In addition, compared to the dry seasons,
the highest number of malaria and typhoid fever cases occurred during the rainy/wet season
(August). This is primarily due to how the parasite Plasmodium and the bacteria Salmonella reproduce
and spread (Khan et al., 2009).


https://doi.org/10.20944/preprints202405.0844.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 doi:10.20944/preprints202405.0844.v1

Malaria Predisposes Typhoid Fever.

Several theories explain why malaria may increase the risk of contracting Salmonella bacteremia.
However, it is still unclear what the precise underlying mechanisms are that explain how typhoid
fever infection and malaria are related (Keong & Sulaiman, 2006). One of them is a decreased
antibody response to S. typhi during acute malaria episodes. It has been shown that an acute malaria
infection reduces the antibody response to the somatic (O) antigen of S. typhi (Greenwood et al.,
1972). Moreover, the enzyme heme oxygenase 1, released during malarial hemolysis, demobilizes the
granulocytes involved in cellular immunity against Salmonella, raising the risk of bacterial infections
(Mooney et al., 2018). Because malaria alters immunological reactivity, it may increase the risk of
bacterial super-infection. When malaria reaches severe levels, as when there is hemolysis, impaired
leucocyte, and macrophage function due to parasite phagocytosis, accumulation of malaria pigment,
and immunosuppression, the invasive bacteria multiply and cause septicemia and bacteremia (Prada
et al., 1993). Iron overload in the liver and complement deficiency in malaria predispose a person to
typhoid (Sohanang Nodem et al., 2023). It has been shown that anemia due to hemolysis (in the event
of Malaria infection) leads to iron deposition in the liver; hence, the extra iron feeds the causative
organism that causes typhoid fever (Bashyam, 2007). However, intracellular bacteria such as S. typhi
have an obligate requirement for iron to support intracellular growth and survival in their host
(Ratledge & Dover, 2000). The complements (C3, C4, and Clq) in our immune system are like
superheroes fighting off infections when it comes to coping with both Salmonella and Plasmodium.
These complement levels decrease with severe malaria, impacting our immune system. Lack of Clq
increases our susceptibility to Salmonella, similar to missing an essential amour piece, according to
studies conducted on mice. Children without C4b are more likely to get blood infections, which
necessitates the need to look at the relationship between Salmonella and decreased complement levels
in malaria (Prasanna Pradhan, 2011).

Diagnostic Challenges and Laboratory Techniques

Due to the difficulty in differentiating coinfection from single infections and the simultaneous
presence of multiple pathogens in an individual, coinfection presents significant diagnostic
challenges (Bicudo et al., 2020). Their overlapping symptoms and clinical manifestations further
compound the burden of infectious diseases on the world's health. When coinfections occur, the
clinical presentation becomes complex because the presence of multiple pathogens affects treatment
response, changes test results, and masks symptoms. Since many pathogens exhibit similar
symptoms, such as fever, exhaustion, and malaise, it is unreliable to differentiate between them only
based on clinical presentation (Molaeipoor et al., 2014). For example, bacterial pneumonia and
influenza can mimic one another, and HIV and malaria can present with nonspecific complaints that
are similar to one another. One infection can mask the signs of another, underestimating the full
clinical relevance. HIV infection is a well-known example, as it compromises immunity and can
prevent the manifestation of opportunistic infections like tuberculosis (Molaeipoor et al., 2014).
Standard diagnostic test accuracy may be affected by coinfection. Cross-reactivity in viral serological
testing can produce false-positive results, and the most common pathogen in bacterial cultures can
dominate and mask the presence of other pathogens (Bhat et al., 2015). Nonspecific inflammatory
markers such as elevated C-reactive protein (CRP) or white blood cell count are frequently triggered
by infections. Because of these markers' low discriminatory power, it is difficult to distinguish
between coinfections and single infections (Bhat et al., 2015). Pathogens that co-infect can interact,
changing the pathogen's virulence and clinical presentation. HIV, for instance, compromises
immunity, predisposing one to TB and other opportunistic infections, which makes both conditions
manifest more severely (Parker et al., 2020). Advanced diagnostic tools like multiplex PCR may not
be available in resource-constrained settings, which makes it more challenging to accurately identify
multiple pathogens, especially when there are low bacterial or viral loads (Parker et al., 2020).
Identifying the dominant pathogen causing the clinical menace can be difficult, mainly when
symptoms are caused by more than one infection. Treatment decisions may result from this
inadvertently.
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Table 1. Diagnostic tests for Typhoid fever and Malaria.
Typhoid Fever Description Pros Cons References
Blood Cultures Gold standard for identifying bloodstream Conclusive results essential for Susceptible to contamination, slow Tsalik et al., 2010; Lagier
infections. directing antibiotic treatment. turnaround time (24-48 hours), et al.,, 2015

incapacity to identify some cultured

organisms.
Typhidot Test Serological test detecting IgM and IgG Sensitive and specific, aids in Potential for cross-reactivity, especially Khoharo, 2011; Jesudason
antibodies against S. typhi . diagnosing enteric fever. in cases of previous infections or et al., 2002
distinct Salmonella serotypes.
Widal Test Detects increasing titers of antibodies against S. Historical method, discontinued in Low sensitivity and specificity, Jason B. Harris & Edward
typhi's H and O antigens. developed nations due to low dependence on matching samples T. Ryan, 2015; Mawazo et
sensitivity and specificity. separated by 10 to 14 days. al., 2019
TUBEX Test Inhibits reaction between patient IgM Rapid results, relatively high Limited sensitivity (42%), inability to Khan et al., 2017;

antibodies and monoclonal antibodies specific
to S. typhi.

specificity.

detect IgG antibodies. Feleszko et al., 2004

Polymerase Chain

Molecular technique for detecting pathogens

Highly sensitive and specific, can

High cost, technical complexity, Achonduh-Atijegbe et al.,

Reaction (PCR) from clinical samples. detect multiple organisms limited accessibility in resource-limited2016; Fortina et al., 2002
simultaneously. settings.
Malaria Description Pros Cons References
Microscopy TechniqueExamination of blood films stained with Recognized laboratory procedure, Labor-intensive, requires skilled Warhurst & Williams,
Giemsa, Wright's, or Field's stain. allows species identification. personnel, low sensitivity in cases of  1996; Moody, 2002
low parasitaemia.
Malaria Rapid Immunochromatographic tests detecting Rapid results (10-15 minutes), Limited sensitivity and specificity Obeagu et al., 2018;
Diagnostic Tests specific malaria antigens in blood. suitable for remote locations. compared to microscopy, potential for WHO, 2009
(RDTs) false positives or negatives.
PCR Molecular technique offering high sensitivity =~ High sensitivity, speed, and species High cost, technical expertise required, Hawkes & Kain, 2007;

and species identification capabilities.

identification, especially useful in
cases of low parasitaemia.

longer turnaround time compared to Nandwani et al., 2005
RDTs.
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Typhoid Fever Treatment Strategies and Antibiotic Resistance

Antimicrobial medication is required for the treatment of enteric fever and associated
complications. Penicillins, cephalosporins, aminoglycosides, macrolides, fluoroquinolones, and
tetracyclines are examples of common antibiotics (Richard A. Harvey (Ph.D.), 2007).
Chloramphenicol, the most effective treatment for typhoid fever, inhibits protein synthesis by
attaching to the 50S ribosomal subunit and inhibiting direct bacterial protein synthesis, killing the
bacterium. Many fluoroquinolones block DNA gyrase, including Ciprofloxacin, Ofloxacin,
Levofloxacin, and Moxifloxacin. Ceftriaxone, cefotaxime, and cefoperazone are examples of third
generation cephalosporins that are useful against S. typhi infections resistant to several medications
(D. R. Arora & B. Arora, n.d.). These cephalosporins work by inhibiting penicillin-binding proteins,
which block the bacterial cell wall and the pathway that leads to the manufacture of peptidoglycan
(Hartman et al., 2021; Ramdhani et al.,, 2021). Nowadays, ofloxacin and ciprofloxacin are the
recommended treatments for most instances of typhoid fever. Ofloxacin is an excellent antibiotic for
treating typhoidal Salmonella because it has higher bactericidal activity and improved intracellular
and plasma penetrations (Veeraraghavan et al., 2018; Wain et al., 2021). Following this, more strains
that exhibit plasmid-mediated multidrug resistance (MDR) to ampicillin, cotrimoxazole, and
chloramphenicol have been reported. With the emergence of strains with MDR, fluoroquinolone
(ciprofloxacin and ofloxacin) has become the preferred medication (Veeraraghavan et al., 2018). Tran
et al. conducted a paired, open, randomized study during a multidrug-resistant typhoid outbreak in
southern Vietnam. The study compared two short-course ofloxacin regimens for treating
uncomplicated typhoid fever: 15 mg/kg daily for three days and 10 mg/kg daily for five days. 228 of
the 438 patients who were enrolled —286 of whom were younger than 14—had blood cultures that
tested positive for Salmonella species (S. typhi, 207; S. Paratyphi A, 19; and S. Choleraesuis, 2). A patient
who experienced one treatment failure took a single ofloxacin dose. Apart from that, both regimens
were successful; no carriers were identified, and there was no indication of toxicity, especially in
young patients. Simple, multidrug-resistant typhoid fever was successfully treated with a three-day
ofloxacin course, which proved safe and highly effective (Tran et al., 1995). Multidrug-resistant
typhoid fever (MDRTF) is typhoid fever that is resistant to all three first-line prescribed treatments
(chloramphenicol, ampicillin, and cotrimoxazole) (Zaki & Karande, 2011). Pediatricians worldwide
prescribed ciprofloxacin at the onset of the illness after it was found less expensive, safe, and effective.
However, fluoroquinolones are now the drug of choice for treating MDRTF worldwide. Both
industrialized and African countries have reported cases of MDRTF, with most cases involving
travelers returning from regions where MDR strains had caused outbreaks or been endemic (Zaki &
Karande, 2011). Studies have indicated that drug resistance can develop in clinical isolates of S. typhi
obtained before the introduction of antibiotics. Foreign genes acquired through plasmids and
chromosomal alterations are the causes of S. typhi resistance (Holt et al., 1994). S. typhi can acquire
plasmid-mediated resistance to tetracycline, ampicillin, chloramphenicol, and cotrimoxazole from
other food bacteria (Mandal et al., 2012). S. typhi can develop antibiotic resistance through decreased
permeability, inactivation, efflux, and target site modification. Drug resistance in S. typhi is primarily
caused by genetic changes, such as chromosomal mutations and the acquisition of plasmids or
transposons (Denyer S et al., 2004). Plasmid-mediated resistance is often caused by the acquisition
of resistance plasmids, leading to drug inactivation, reduced membrane permeability, target site
modification, and rapid antibiotic extrusion or efflux (Munita & Arias, 2016). This resistance
mechanism is caused by bacteria obstructing medication entrance and preventing antimicrobial
drugs from passing across the membrane due to changes in membrane permeability (Zhang &
Cheng, 2022). S. typhi and other sulfonamide-resistant bacteria have evolved enzymes with a high
affinity for p-aminobenzoic acid (PABA) and a low affinity for sulfonamide in order to survive and
flourish in the presence of sulfonamides (Landy et al., 1943). Rapid extrusion, also referred to as
efflux, occurs when pathogens pump the antibiotic out of the cell after it has entered. Certain
pathogens have plasma membrane translocases, or efflux pumps, responsible for injecting drugs.
Resistance to sulfonamides is mediated by a plasmid-encoded transport mechanism that actively
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exports the drug out of the cell (Andersen et al., 2015). Chromosome resistance presents fewer clinical
challenges than plasmid-mediated resistance, brought on by mutations in genes encoding either drug
targets or transport systems that control drug uptake (Denyer et al., 2004). Resistance to sulfonamides
and fluoroquinolones is primarily caused by mutations in the chromosomal gene encoding for the
target enzyme dihydropteroate synthase (Kai et al., 1999).

Table 2. Malaria treatment strategies and Antibiotic resistance.

Treatment Strategy =~ Description Reference
Artemisinin-based First-line treatment for acute, uncomplicated malaria. Meshnick, 2002
Combination Therapies Artemisinin interacts with heme in red blood cells, leading
(ACT) to the formation of free radicals that damage the parasite.
Quinine and Recommended for pregnant women in the first trimester; Eastman &
Clindamycin injectable artesunate for severe malaria. Fidock, 2009
Tafenoquine and Authorized drugs to destroy hypnozoites; primaquine used Markus, 2019
Primaquine in clinical settings to prevent P. falciparum transmission
and act on stage V gametocytes.
Sulfadoxine- Recommended for seasonal malaria in children ages 3 to 59 van Eijk et al.,
Pyrimethamine (SP)  months. SP-resistant parasites in east and southern Africa 2019
plus Amodiaquine pose a threat to intermittent chemoprevention effectiveness.
Antibiotic Resistance Description Reference
Genetic Modifications Primary cause of drug resistance in malaria, leading to Klein, 2013
inefficiency and emergence of resistance phenotypes.
Poverty and Self- Poverty contributes to the inability to eradicate malaria, Breman et al.,,
Medication exposing individuals to counterfeit drugs from 2006; Hyde,
neighborhood pharmacies or drug stores. 2007
Treatment Noncompliance exposes parasites to lower levels of Breman et al.,
Noncompliance medication, aiding in the selection of resistant parasites. 2006
Examples include missing doses or stopping therapy too
soon.
Asymptomatic Asymptomatic individuals carry circulating parasites, Sutherland et
Infections encouraging the development of gametocytes with genetic al., 2002

changes that confer drug resistance.

Vaccines as a Public Health Intervention

MALARIA: The World Health Organization (WHO) authorized the RTS, S/AS01 vaccine
(MosquirixTM), the first vaccine against malaria, for widespread use in 2021. (El-Moamly & El-
Sweify, 2023). According to White et al., RTS, S/AS01, the most promising candidate for a malaria
vaccine, partially promotes effectiveness by producing antibodies against the Asn-Ala-Asn-Pro
[NANP] core repeat of the circumsporozoite protein. R21 is a novel pre-erythrocytic malaria vaccine
candidate. Central repetitions of the CSP and HBsAg attached to the C-terminus are present in both
R21 and RTS, S, and they self-assemble into virus-like particles in yeast. R21 lacks the extra HBsAg
found in RTS, S. When HBsAg monomers are expressed alone, RTS, S comprises 80% of them,
whereas R21 alone has fusion protein moieties. This variation may result in a lower CSP coverage of
the surface of the virus-like particle (Regules et al., 2011; Collins et al., 2017; Mehreen S. Datoo et
al., 2023). The C-terminal region of the circumsporozoite protein from P falciparum strain NF54 fused
to the N-terminus of HBsAg forms the basis of the virus-like particle known as the R21 vaccine.
Novavax's Matrix-M (MM) adjuvant produces R21 (Leshem & Wilder-Smith, 2021). Considerable
ongoing research and development has benefited malaria vaccination research by advancing the
development of circumsporozoite protein-based vaccines like RTS and S; other pre-erythrocytic
approaches like whole sporozoite vaccines; and candidates that use different life-cycle stages as their
antigenic targets (Chitnis et al., 2020). Creating malaria vaccines has been fraught with difficulties,
such as polymorphic antigens, low field-trial efficacy, and currently restricted vaccine supply, which
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has prevented the vaccine's widespread use. In a licensure trial conducted on African children, RTS,
S/AS01, the most effective malaria vaccine candidate, showed 56% efficacy against uncomplicated
clinical malaria over 12 months. In a phase IIb trial conducted in Burkina Faso, we discovered that a
novel R21 nanoparticle in the saponin adjuvant Matrix demonstrated over 75% efficacy against a
similar endpoint with seasonal administration (Datoo et al., 2021). R21 is immunogenic in BALB/c
mice at very low doses, as Katharine A. Collins illustrates, and when combined with the adjuvants
Abisco-100 and Matrix-M, it produces sterile protection against transgenic sporozoite challenge.
Combining R21 with TRAP-based viral vectors also resulted in the simultaneous induction of strong
humoral and cellular immune responses, significantly increasing protective efficacy. Furthermore,
only a minimal antibody response to the HBsAg carrier was induced, in contrast to RTS, S. These
investigations uncover a vaccine component against sporozoites that could enhance the top
performing RTS, S malaria vaccine currently in use. Clinical trials conducting Phase 1/2a are currently
evaluating R21 (Collins et al., 2017)

TYPHOID: The oral, live attenuated Ty21a vaccine needs to be taken in four doses separated by
48 hours (Booth et al., 2019). If exposure occurs again, this vaccine needs to be administered every
two years, and it needs to be repeated every five years. Patients six years and older can receive the
vaccination (Qadri et al., 2021). Due to the vaccine's live nature, pregnant or immunocompromised
individuals should not receive it (Jackson et al., 2015). In the intestinal tract, the oral, live-attenuated
Ty21a vaccine triggers a local immune response (Galen et al., 2021). By causing lipopolysaccharide
biosynthesis, the attenuated strain triggers a defensive immune response. The intracellular
accumulation of lipopolysaccharide intermediates by the inactivated bacterial cells in the vaccine
causes them to lyse prior to virulent infection. Four vaccination doses spaced out over different days
are needed for the response (Van Camp & Shorman, 2023). The Typhoid Vi polysaccharide vaccine
caused an increase in anti-Vi antibodies following vaccination. During a 20-month follow-up, it was
74% successful in preventing infection in kids between the ages of two and four in Katmandu, Nepal
(Theiss-Nyland et al., 2021). The injection of the Vi capsular polysaccharide vaccine is administered
intramuscularly; it only needs to be given once, with a booster shot every two years. For use in
individuals two years of age and above, a single intramuscular injection of 0.5 mL is administered
(Bentsi-Enchill & Pollard, 2018).

Conclusion and Recommendation

Accurate diagnosis of typhoid and malaria is challenging due to their common clinical signs and
symptoms. When there is a coinfection, medical practitioners frequently turn to prescribing broad-
spectrum antibiotics to treat the illness because appropriate diagnostic tests are not always available.
This literature review has determined that new quick and precise diagnostic instruments are needed
to identify co-infection between typhoid and malaria. Low sensitivity and specificity were discovered
in the RDTs frequently used as point-of-care diagnostic tests. Additionally, healthcare facilities in the
endemic countries lacked easy access to molecular techniques with very high sensitivity and
specificity, like PCR. As a result, it is advised that if patients exhibit overlapping symptoms and signs,
susceptible and specific RDTs should be developed to aid in diagnosing these infections and their
coinfections. Effective treatment plans are also required because most antibiotics are susceptible to
antimicrobial resistance (AMR), particularly in endemic countries. Effective vaccination programs
are necessary to enable people to guard against contracting these illnesses.
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