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ABSTRACT

Identifying the aetiology of fever is challenging in paediatric patients,
particularly in resource-limited settings like Malawi. Most infectious diseases,
including malaria, present with overlapping clinical signs associated with fever.
This study aimed to identify specific serum biomarkers that differentiate
malaria from non-malarial fever in paediatric patients in Blantyre, Malawi.
Ninety archived serum samples obtained from paediatric patients who presented
with fever were grouped into non-malarial (n=25), malarial (n=46) and healthy
controls (n=19) based on temperature and mRDT results. Serum samples were
used to measure the concentration of CRP, ICAM-1, IL -6, IL-1p, IL -10, Ang-
2 and vWF-1 biomarkers using Luminex xXMAP® technology. The biomarker
and haematology results obtained from participants’ records were analysed
using R statistics software. Malaria cases presented with a higher temperature
(p=0.0089), low platelet counts (p=0.02) and haemoglobin levels (p=0.01)
compared to non-malarial fever. Malarial fever had elevated IL-6
(AUROC=0.66, p= 0.04), IL-10 (AUROC = 0.81, p= <0.0001) and CRP
(AUROC=0.60, p=0.09) compared to non-malarial fever and controls. Non-
malarial fever had elevated IL-1p (AUROC =0.9, p=0.02), ICAM-1 (AUROC=
0.76, p=<0.05), Ang -2 (AUROC=0.79, p=0.005), vWF-1 (AUROC=0.71, p <
0.001) compared to malaria and controls. IL-10 and IL-1f correctly differentiate
malarial fever from non-malarial fever with IL-10 levels increased in malarial
fever and IL-1P increased in non-malarial fever. These biomarkers can
significantly enhance diagnostic accuracy and treatment outcomes in resource-

limited settings and can be effectively utilized in point-of-care testing.
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CHAPTER ONE

INTRODUCTION

This chapter gives a general overview of the study by providing
background information, problem statement, objectives and study limitations.
This study aimed at identifying serum biomarkers that differentiate malaria
from non-malaria fever in Malawian paediatric patients. The rationale is to
improve diagnostic accuracy of causes of fever, thereby enabling timely and

targeted interventions and potentially reducing mortality rates.

Background to the study

Malaria continues to be one of the most prevalent infectious diseases
affecting human health, mainly in the tropics (Obeng-Aboagye et al., 2023). It
is estimated that malaria cause death of 435,000 lives annually with Africa
topping the table. The protozoan Plasmodium falciparum is the prevalent cause
of malaria (Doumbe-Belisse et al., 2021). It is spread to humans when female
Anopheles mosquitoes feed on human blood through bites (Caminade et al.,
2019).

Recently, there has been a remarkable progress in malaria control.
Despite such strides, the disease remains a major global health problem. The
estimated cases of malaria were 247 million and 409,000 deaths were reported
in 2021 pooled data from 84 malaria-endemic countries (7he 2023 WHO World
Malaria Report - The Lancet Microbe, n.d.). In 2021, approximately 96% of
malaria deaths and 95% of all cases occurred in the WHO-Africa area alone

with 80% of deaths occurring in children under 5 years (Venkatesan, 2024).
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Five known species of plasmodium parasites cause malaria in humans.
Most of the more severe and deadly cases affect pregnant women and children
under 5 years (Danis, 2023). In sub-Saharan Africa, Plasmodium falciparum is
the most common parasite while Plasmodium vivax is the dominant parasite in
Asia and causes significant morbidity. Less frequently occurring parasites that
rarely cause severe disease are Plasmodium ovale and Plasmodium malariae
(Millar & Cox-Singh, 2015; Singh & Daneshvar, 2013).

Malawi is found in the southern eastern region of Africa and lies within
a region endemic to malaria and other neglected tropical diseases. The World
Health Organisation report of 2021 indicated that Malawi has a child mortality
rate of 41.9 deaths in every 1,000 live births. At Kamuzu Central Hospital, a
major referral hospital in Malawi, 743 paediatric deaths in that year were
recorded in a study looking at acute and inpatient care (Fitzgerald et al., 2024).
In the same study, it was reported that the mortality rate from infectious diseases
in Malawi ranged monthly from 2.2% to 4.4%. Sepsis, HIV-related diseases,
malnutrition and malaria were the leading causes of mortality. The most
common causes of death in paediatrics are sepsis, infection of the lower
respiratory, acute gastroenteritis, malaria and meningitis. It was also noted that
Klebsiella pneumoniae, Escherichia coli and Staphylococcus aureus were the
commonly isolated bacteria in paediatric fever cases (Escadafal et al., 2020).

An increase in body temperature above the typical daily range is what
defines a fever (Baltzell et al., 2019). Children under 5 years present with fever
due to a lot of health issues and it accounts for 15-25% of hospital visits in
primary care (Dorado et al., 2024; Weghorst et al., 2022; Whitburn et al., 2011).

In children younger than five years old, fever denotes systemic inflammation,
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usually caused by a bacterial, viral, parasitic, or less frequently, a non-infectious
aetiology (Herlihy et al., 2016) In malaria-endemic regions, including Malawi,
fever is thought to be caused by malaria and is treated as such, excluding the
possibility of other causes including viruses and bacteria.

Fever is one of the most prevalent symptoms in children and its similar
clinical characteristics pose a challenge to clinicians due to the vast range of
possible aetiologies (Madut et al., 2021). It is challenging to implement
diagnostic strategies that target the potential causes of fever and for many
patients, the causative organism remains unknown. Determining the real source
of fever is still a challenge in many situations where numerous co-infecting
organisms are present. Fever is mostly caused by viral and bacterial
bloodstream infections (Babigumira et al., 2017). Antimicrobial resistance has
become more common in bacterial isolates in recent times, especially with the
spread of Salmonella enterica which is resistant to fluoroquinolones and
extended-spectrum B-lactamase-producing Enterobacteriaceae (Kalumbi et al.,
n.d.). This can be attributed to improper use of medications due to misdiagnosis
and un-rational use by safe medication (Essack et al., 2017; Pokharel et al.,
2020).

Malaria caused by Plasmodium falciparum revolves between female
anopheline mosquito and humans. During a blood meal, sporozoites are injected
into human blood. Firstly, the sporozoites infect liver cells, where they
proliferate in an asymptomatic replication cycle. Hepatocytes release invasive
merozoites, which infect red blood cells and where they repeatedly proliferate,
replicate, emigrate and invade new RBCs. Fever, headaches and exhaustion are

among the symptoms that arise at this stage of erythrocyte infection, which is a
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symptomatic stage (Mawson, 2013; Shahbodaghi & Rathjen, 2022; Walker &
Rogerson, 2023)

Malaria mainly presents as an uncomplicated febrile illness associated
with fever, vomiting, general body pains and headache which resolves within a
short time (Frimpong et al., 2022; Obeng-Aboagye et al., 2023). On the other
hand, malaria advances to a severe and sometimes fatal illness in 1-2% of cases.
Age, exposure and immunological state are a few factors that could affect this
progression (Wassmer et al., 2015). Children under 5 years old can develop
serious malaria infection due to their immune system which is still developing.

Fever is a condition associated with a temperature of >37.5 °C and can
be grouped as fever with or without origin. A fever with a known origin is one
with an identified cause and a fever with an unknown origin is the one with no
known cause. Fever with unknown origin is commonly caused by viral and
bacterial infections and sometimes autoimmune inflammatory diseases (Dayal
& Agarwal, 2016). In endemic regions such as Malawi, limited resources force
healthcare workers to issue fever diagnosis based on symptoms such as fever
longevity, headache, nausea, vomiting, dizziness, joint pain and a patient’s
history of malaria (Mandala et al., 2022; Munyenyembe et al., 2018).

In a study of Asian adults, it was established that shivering, fever and
sweating are shown to be less significant in malaria diagnosis because other
infectious diseases present with the same (Bria et al., 2021). In a related study
in Sierra Leone, it was found that a lot of people were doing self-diagnosis of
fever related diseases and there was poor hospital-seeking behaviour. In a total
of 882 households that were home to 5410 individuals, 41% of the 910 people

who reported having symptoms that the household believed to be malaria in the
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previous month had a similar diagnosis made by a medical expert or a laboratory
test (Ansumana et al., 2013; Thomson et al., 2011). This demonstrates the
destructive action of diagnosing fever by clinical symptoms.

Early and accurate diagnosis is paramount for ensuring prompt and
effective treatment of all kinds of infectious diseases. Assessment of fever and
pinpointing the causative agent is challenged by the lack of proper guidelines
in Saharan Africa (Birhanu et al., 2016; Mandala et al., 2022). In paediatric
patients, diagnosis becomes even more challenging due to the non-specific
clinical presentation that is often observed. Paediatric patients frequently
present with fever and a range of non-specific symptoms that can be difficult to
differentiate among infectious diseases (World Health Organization (WHO),
n.d.) This makes it arduous for healthcare providers to pinpoint the exact cause
of the fever.

In Malawi, where malaria is endemic and co-infections with other
pathogens are common, the diagnostic dilemma is escalated. Children under the
age of five suffer mostly from bacterial infections, with Streptococcus (GBS),
Staphylococcus aureus and Streptococcus pneumoniae being the main culprits
(Okomo et al., 2019). Diagnostic methods such as light microscopy and Malaria
Rapid Diagnostic Tests (mRDT) are limited in their capacity to identify and
differentiate coinfections leading to misdiagnosis or delayed diagnosis
(Calderaro et al., 2024). Misdiagnosis and delayed diagnosis are associated with
several adverse outcomes, including inadequate treatment, disease progression
and even death. Paediatric patients are vulnerable to these consequences due to
their developing immune system and limited capacity to communicate their

symptoms effectively (Wambani & Okoth, 2022).1t is therefore imperative to
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develop innovative diagnostic markers that can enhance the precision of
distinguishing between malaria and non-malaria fever in paediatric.

The importance of accurately and promptly diagnosing malaria and its
differentiation from other feverish conditions is unquestionably necessary. The
need is escalated primarily in situations where normal Rapid Diagnostic Tests
(RDTs) are unreliable (Calderaro et al., 2024). Microscopy of blood smears is
still on the cutting edge of diagnosing malaria and is regarded as the gold
standard procedure, however, it requires training and personal skills to achieve
quality results (Cohen et al., 2020; Varo et al., 2020; Zhang et al., 2024).

Rapid diagnostic tests (RDTs) are used to diagnose malaria; however,
the validity of these tests is jeopardised by mutations in the target protein, the
histidine-rich Plasmodium falciparum protein (Feleke et al., 2021). Low
parasite counts can also result in decreased test sensitivity. Once the sensitivity
is low, malaria fever can be presumed to be a fever of either bacterial or viral
origin. It is hard to rely on microscopic examination since it takes more time
(Bisoffi et al., 2012). Diagnosis is delayed at most clinics, particularly in rural
regions where there is a shortage of qualified microscopists, instead, samples
are sent to state-of-the-art laboratories. If an epidemic breaks out, things might
get really bad and thus finding new methods of diagnosing malaria is crucial.

At any stage of infection, the immune system produces proteins that act
as markers of inflammation. Biomarkers are substances that could be detected,
evaluated and employed as a sign of pathogenic stress, biological processes or
a patient's reaction to a treatment (Bhardwaj & Baran, 2023). Biomarkers can
be used to identify the organism causing an illness, distinguish it from non-

infectious diseases, assign disease risk profiles, forecast results, help choose and
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monitor treatment (Eggimann et al., 2019; Sridharan & Chamberlain, 2013;
Stoma et al., 2017; van Engelen et al., 2018).

Prior research has indicated that proteins produced during infection may
act as transcript signatures and markers that can be used to determine disease
progression, prognosis and diagnosis of infectious diseases (Prtucha et al., 2018;
van Engelen et al., 2018). Disease identification and therapy follow-up can
depend heavily on biomarkers. Diseases are usually treated with the highest
chance of success when identified early. Unfortunately, the full promise of
biomarkers is not being realised due to a variety of technical issues with existing
technology for biomarker detection (Bodaghi et al., 2023). Biomarkers that can
reliably identify malarial and non-malarial fever at an early stage using
straightforward experimental techniques will therefore undoubtedly help to
solve diagnostic challenges. Here, there is a lot of promise for the application
of novel serum biomarkers in fever diagnosis.

Certain proteins like C-reactive protein (CRP), Intercellular Adhesion
Molecule-1 (ICAM-1), Interleukin -6 (IL-6), Interleukin -10 (IL-10),
Angiotensin -2 (Ang-2) and von Willeband Factor-1 (vVWF-1) have shown
potential in aiding the differential diagnosis of infectious and inflammatory
conditions (Henriquez-Camacho & Losa, 2014). In the diagnosis and prognosis
of complicated malaria, several biomarkers, including CRP, Ang- 2,
angiopoietin-2/1 ratio, platelet levels and HDR- 2, have produced promising
findings (Foko et al., 2022).

The most utilised laboratory parameters as indicators of paediatric fever
are procalcitonin, CRP and Full Blood Count (FBC) (Cantey & Lee, 2021;

Mathur & Behera, 2019; Weitkamp, 2021). Biomarkers can help diagnose
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bacterial and other illnesses more accurately and help track the course of the
infectious process. Though many novel biomarkers associated with infectious
diseases have been studied, only a few have made it to the point where they may
be applied in clinical settings (Foko et al., 2022). Although there are currently
several biomarkers for therapeutic use in sepsis, their efficacy is frequently
constrained by their low sensitivity and specificity (Weitkamp, 2021). An in-
depth evaluation of biomarkers can have the potential to serve as reliable
indicators for distinguishing between malaria fever and non-malarial fever,
even in the presence of co-infections.

In areas where malaria is widespread, the creation of precise and
effective diagnostic instruments based on biomarkers may completely change
how paediatric patients with febrile diseases are treated. It would facilitate
timely and appropriate treatment, reduce the risks associated with misdiagnosis
and improve overall patient outcomes (Cantey & Lee, 2021; Weitkamp, 2021).
Additionally, the research in this area lays the foundation for the creation of
cost-effective and accessible diagnostic solutions that are well-suited for
resource-limited settings, where the burden of infectious diseases like malaria
is the highest. Thus, the pursuit of novel diagnostic markers in Malawian
paediatric patients represents a critical step toward advancing healthcare and

mitigating the region's experience with malaria and other fever diseases.

Statement of the problem

Malaria and other infections pose a significant public health challenge
in Malawi, especially among children under 5 years (Mandala et al., 2022;

Munyenyembe et al., 2018). Distinguishing malaria from other febrile illnesses

Digitized by Sam Jonah Library



University of Cape Coast https://ir.ucc.edu.gh/xmlui

in paediatric cases is complicated by presentation with non-specific symptoms
and co-infections that further confound clinical assessment. In many cases, any
clinical presentation of fever is taken as malaria thereby overlooking the
possibility of bacterial and viral infections (Madut et al., 2021). Current
methods for diagnosing malaria, such as microscopy and rapid diagnostic tests,
are not always reliable and have serious limitations.

The use of serum biomarkers can alleviate the problem by providing an
alternative way of diagnosing and differentiating malaria and other infectious
diseases. Such markers could facilitate a targeted and timely intervention,
potentially reducing mortality rates associated with malaria and co-infections.

This current study aimed to identify serum biomarkers distinguishing
malaria from non-malaria fever in Malawian paediatric patients. The study used
C-reactive protein, ICAM-1, Interleukin -6, Interleukin -1B, Interleukin -10,
ANG-2 and vWF-1 profiles to distinguish malaria and other infections. The
findings could have a positive impact on health by enhancing more accurate and
reducing delay in diagnosis of malaria and other infections in children, which

could potentially reduce mortality rates.

Aims, objectives and research hypothesis

Aim of the study

The study aimed at exploring biomarker profiles that differentiate malarial fever

from non-malarial fever in paediatrics in Blantyre, Malawi.
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Specific objectives

1. To determine the biomarker profiles of CRP, ICAM-1, IL -6, IL-
1 B, IL -10, Ang-2 and vWF-1 in pediatric patients with malaria
fever to those with non-malarial fever.

2. To compare levels of biomarkers (CRP, ICAM-1, IL -6, IL-1 S,
IL -10, Ang-2 and vWF-1) in paediatrics with malaria fever to
those with non-malarial fever.

3. To distinguish between malaria fever and non-malaria fever using
the identified biomarker profiles.

4. To assess the diagnostic accuracy of biomarker profiles (CRP,
ICAM-1, IL -6, IL-1 g, IL -10, Ang-2 and vWF-1) in

differentiating malarial fever from non-malarial fever

Research hypothesis

The study hypothesis was that profiles of CRP, ICAM-1, IL -6, IL-1 g, IL -10,
Ang-2 and vWF-1 will be highly expressed in malarial fever and in non-malaria

fever in paediatric patients in Blantyre.

Significance of the study

This study tackles a critical gap in understanding childhood fevers by
exploring seven potential biomarkers expressed in fever either due to malaria
or non-malarial fever. This study is significant in paediatric healthcare as it
investigates the biomarker profiles of C-reactive protein, [CAM-1, Interleukin
-6, Interleukin -1 g, Interleukin -10, Ang-2 and vWF-1 in paediatric patients to
improve diagnostic precision for febrile illnesses. The comparison of biomarker
levels in malaria and non-malarial fever contributes valuable data for
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understanding pathophysiological processes and refining targeted diagnostic
strategies.

The focus on differentiating malaria from non-malarial fever holds
promise for the development of new diagnostic tools. Additionally, the
assessment of diagnostic accuracy has direct implications for optimizing
treatment interventions, preventing unnecessary antimalarial use and improving
resource allocation in paediatric healthcare. In essence, this research has the
potential to enhance diagnostic approaches, inform treatment decisions, and

impact public health strategies in the paediatric population.

Delimitations

The study focuses specifically on paediatric patients and this limits the
generalizability of its findings to other age groups. The biomarkers under
investigation— C-reactive protein, I[CAM-1, Interleukin -6, Interleukin -1 f,
Interleukin -10, ANG-2 and vWF-1 —were chosen based on their relevance to
paediatric febrile illnesses, potentially excluding other biomarkers that could be
of significance in different contexts.

The study's geographical scope is Blantyre. The location can have
effects on the generalizability of findings to broader geographic settings with
different epidemiological profiles. The research also relied on the availability
of certain laboratory resources and technologies such as the availability of
equipment and variations in these resources across different settings could
impact the reproducibility of the study.

While efforts are made to distinguish between malaria and non-malarial

fever, the study acknowledges the potential influence of confounding factors
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that might affect the accuracy of diagnostic categorization. The presence of
autoimmune infections, other undetectable causes of fever, and co-infections
with other pathogens can complicate the clinical picture and lead to
misdiagnosis. Additionally, factors such as patient age, nutritional status, and
underlying health conditions can impact immune response and fever
presentation, further obscuring diagnostic clarity. The retrospective nature of
the study design may introduce limitations in data availability and
completeness, as historical records may lack comprehensive information on all
relevant variables, including prior medical history and laboratory test results.
Furthermore, variations in diagnostic criteria and practices across different
healthcare settings could lead to inconsistencies in how fever cases are

categorized.

Limitations

There are a lot of proteins that are produced in response to infection.
The study only focused on a specific set of biomarkers and this may overlook
other potentially relevant markers not included in the investigation. The
generalizability of findings is constrained by the study's location, limiting the
applicability of results to broader geographic settings with distinct
epidemiological characteristics. Due to the unavailability of data on
bacteriological and viral tests, all non-malarial fevers were not grouped into
bacterial or viral. This can limit the understanding of the results since some
markers can be elevated in viral and not in bacterial fevers. Additionally,
variations in healthcare infrastructure and laboratory resources may impact the

reproducibility of the study in different settings.
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Definition of terms

1. Paediatric Patients: Individuals within the age range of infancy to
adolescence, typically up to 5 years old.

2. Febrile Illnesses: Conditions characterized by fever, including but not
limited to malaria, non-malarial fever, and co-infections.

3. Biomarkers: Molecules measurable in the body, indicating biological
processes, pathogenic stress, or responses to therapy.

4. Protozoan: A group of single-celled microorganisms, including
Plasmodium falciparum that cause malaria.

5. Endemic: Prevalent or regularly found in a particular geographic area.

6. Sensitivity: a diagnostic test's capacity to accurately identify those who
have the illness.

7. Sepsis: an extreme, potentially fatal response to an infection that may
result in organ failure.

8. Gold Standard: A diagnostic or treatment method widely accepted as the

most effective

Organisation of the study

The study is organised into 5 chapters.

Chapter One: This chapter provides an introduction to the study, a summary of
the goals, background and significance of the research.

Chapter Two: This chapter gives a thorough review of the literature. Much focus
is on looking at pertinent research on the differentiation of malarial from non-

malarial fever in paediatric patients.
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Chapter Three: Chapter Three explains the methodology which provides
detailed descriptions of research methods, including participant selection
criteria and data collection processes for biomarker analysis.

Chapter Four: Presents findings on biomarker expression across different fever
conditions.

Chapter Five: The last chapter contains a conclusion and summarises key

findings, discusses their implications, and highlights the study's contributions.
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CHAPTER TWO

LITERATURE REVIEW
Introduction

This chapter includes literature related to the diagnosis of malarial fever
and non-malarial fever using biomarkers. Patterns and epidemiology of
infectious diseases have been explored. Much focus has been put on exploring
different markers that are associated with either malaria or non-malarial fever

in paediatric patients.

Meaning and causes of fever

Fever is a naturally occurring adaptive mechanism and forms part of the
immune system's inflammatory response. It is characterised by an unnatural rise
in body temperature that takes place in response to certain physiological
alterations regulated and mediated by the Central Nervous System (CNS)
(Bakalli et al., 2022; Madut et al., 2021). Herlihy et al. (2016) indicated that
fever is interpreted as a temperature of 38 degrees Celsius (rectal or tympanic),
37.5 degrees Celsius (oral) or 37.5 degrees Celsius (axillary). This fever
response aims to provide an unfavourable environment for the infecting
pathogen and hence aid in its clearance.

Paediatricians and other healthcare professionals treat fever as one of
the most prevalent clinical presentations in paediatrics (Babigumira et al.,
2017). Fever can be with a known origin or with an unknown origin. Fever with
a temperature higher than 38.3 degrees Celsius for longer than three weeks or
the one that does not improve after one week of inpatient testing is considered
fever of unknown origin(Dayal & Agarwal, 2016). Fever in paediatrics can be
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due to viral, bacterial, parasitic, or less commonly non-infectious causes
(Bakalli et al., 2022; Herlihy et al., 2016). Studies in infectious disease have
demonstrated that salmonellosis, tuberculosis, malaria, Staphylococcus
aureus, Pseudomonas aeruginosa and Streptococcus pneumoniae are the
common causes of fever (Dayal & Agarwal, 2016; Orimadegun et al., 2022).
Even though most fevers are viral in origin, there has been less attention to viral
causes of fever (Bakalli et al., 2022). This can be attributed to inadequate testing
mechanisms for viral infections. Fever in younger patients makes up 15-25%
of consultations in emergency rooms and primary care clinics (Weghorst et al.,
2022; Weitkamp, 2021; Whitburn et al., 2011). Therefore, it is crucial to quickly
make decisions on the diagnosis of the aetiology of fever and hence issue

treatment.

The burden of fever-related illnesses in children

Infectious diseases mostly present with fever. Overall, infections
account for 26.5% of the worldwide burden of disease and mortality (Adedokun
& Yaya, 2020). In paediatrics, 25% of all deaths worldwide are because of
infections. The clinical manifestations of these infections vary from minimal
symptoms such as fever and headache to sepsis which presents with multiple
organ failure and death (Minderhoud et al., 2020; Rudd et al., 2020; Vincent,
2020). Six infectious diseases—lower respiratory infections, diarrhoea, malaria,
meningitis, whooping cough and STI —are identified in the Global Burden of
Disease (2019) report as the top causes of hospitalisation and mortality in

paediatrics. These illnesses all frequently manifest with fever.
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Studies done at Kamuzu Central Hospital in Malawi and other research
institutions consistently identify malaria, pneumonia/bronchiolitis, sepsis, and
diarrheal diseases as primary contributors to childhood mortality (Connon et al.,
2021; Fitzgerald et al., 2024). Fitzgerald ef al. (2018) results are consistent with
data from the World Health Organisation (2021) that there is a high rate of
fever-related mortality indicated at 41.9 fatalities per 1000 live births in Malawi.
Despite these findings, there remains a lack of consensus on rapid and accurate
diagnostic tools that could potentially improve outcomes by enabling timely and
targeted diagnosis of fever-presenting diseases.

Escadafal et al. (2020) agree with Fitzgerald et al. (2024) by
demonstrating that sepsis, lower respiratory tract infections, acute
gastroenteritis, malaria and meningitis are the top five causes of death in
childhood. In all these studies, the causes of clinical illness present with fever
and this brings in a diagnosis challenge. These studies did not pinpoint a
diagnostic measure that can be used to quickly identify the cause of fever and

prevent disease deterioration.

Overview of malaria

Malaria parasite transmission, epidemiology and life cycle

Malarial fever has been documented in Egyptian and Chinese texts
dating back to 2700 BC (Garcia, 2010). According to World Health
Organisation reports, over 249 million people globally are afflicted with
parasites that cause malaria, especially Plasmodium species. Malaria causes the
death of about 580,000 annually, the majority of them being minors

(Venkatesan, 2024)
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Malaria is endemic in more than 85 nations accounting for 40% of the
global population (Kawaguchi et al., 2022; World Health Organization (WHO),
2022). In areas of continuous transmission of malaria, children <5 years of age
and pregnant women experience the most morbidity and mortality from the
disease(Phillips et al., 2017). The World Health Organisation (2023) has
classified Sub-Saharan Africa as the world's most malaria-endemic zone. Over
90% of the 580,000 malaria deaths worldwide were in Sub-Saharan Africa, of
which over 260,000 were in paediatrics(Sarfo, Amoadu, Gyan, et al., 2023;
Sarfo, Amoadu, Kordorwu, et al., 2023). This means that one child will pass
away every two minutes.

No medication is universally effective in treating malaria and despite
numerous ongoing efforts to create a vaccine, there is no single vaccine that is
fully effective ((Garcia, 2010; Okoro et al., 2020; Venkatesan, 2024).
Prevention of malaria is also difficult due to the need to control mosquitoes and
conduct awareness (Diema Konlan et al., 2019). The burden of malaria
infection among school-age children in sub-Saharan Africa (ages 5 to 15) is a
major source of Plasmodium falciparum transmission from humans to
mosquitoes (Cohee et al., 2020).

Plasmodium species such as Plasmodium vivax, Plasmodium
falciparum, Plasmodium malariae, Plasmodium ovale and Plasmodium
knowles are the common plasmodium species that infect humans (Phillips et al.,
2017). The most prevalent parasite, Plasmodium falciparum, is more likely to
cause fatal malaria. According to the World Malaria Report (2022),

Plasmodium ovale is primarily restricted to central West Africa and a few South
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Pacific islands, Plasmodium falciparum is typically limited to the tropics and
Plasmodium malariae is occasionally found around the world.

During the rainy season and in warmer climates, malaria is more
frequently transmitted (Mhalu, 2005). The life cycle of Plasmodium falciparum
is shared by humans and female anopheline mosquitoes. The mosquito injects
sporozoites as it feeds on human blood. During infection, the sporozoites first
infect liver cells, where they proliferate throughout a seven-day asymptomatic
replication cycle. Hepatocytes release invasive merozoites, which infect red
blood cells and cause the parasites to repeatedly proliferate, replicate, emigrate,
and invade. Fever, headaches, and exhaustion are some of the symptoms that
occur during this phase of erythrocyte infection, which is known as the

symptomatic illness (Shahbodaghi & Rathjen, 2022; Zdrodowska et al., 2000).

Epidemiology of paediatric malaria in Malawi

One of the causes of illness and death, particularly in Sub-Saharan
African nations, is malaria. Paediatrics and pregnant women are the most
vulnerable populations when it comes to malaria (Semakula et al., 2023).
Malawi is found in the tropics and among the countries in sub-Saharan Africa
where malaria is endemic. In 2023, the World Health Organisation Malaria
Report showed that Malawi holds 1.8% of the total malaria burden and 1.2% of
the total deaths in paediatrics. In a study by (Gaston et al., 2021; Gaston &
Ramroop, 2020), the prevalence of malaria was estimated to be 37.2% of all the
children who were tested using mRDTs. Malaria accounted for 20% of all
deaths in the paediatrics. This indicates that malaria is a serious health concern

in the nation and that additional studies employing diverse techniques are
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required to pinpoint the risk factors linked to the illness and develop novel
diagnostic approaches, particularly for children under five.

Different other studies have indicated the prevalence and incidence of
malaria in Malawi. Studies looking at determinants of malaria infection
established that, 35.4% of paediatrics had malaria at hospital visitation. The
results suggested factors such as gender-based violence, education level and age
were associated with the level of risk of being infected with malaria. Most
Malawian mothers have less to no secondary school education and thus the risk
of malaria is higher(Chilanga et al., 2020). This increase in risk can be attributed

to a lack of knowledge of malaria prevention methods.

Epidemiology of non-malarial fever in Malawi

Data retrieved from Malawi has demonstrated that non-malarial illness
prevalence in Malawi was at 72% in children < 5 years. Among febrile patients
with negative mRDT results, respiratory infections (46%) were the most
common clinical diagnosis, followed by sepsis (29%), gastroenteritis (13%),
musculoskeletal discomfort (9%) and malaria (5%) (Kapito-Tembo et al.,
2020). Many other studies have demonstrated that at least 50% of fever in
paediatrics is non-malarial fever ((Baltzell et al., 2019). Studies have shown that
most non-malarial fevers are mainly caused by bacterial infections and less
commonly parasitic and virial aetilogy (Wainaina et al., 2022). This suggests
that in areas where there is a lack of diagnostic tests, malaria over-diagnosis can

occur due to overlapping symptoms.

Clinical presentation of malaria, viral and bacterial infections
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Manifestations of infectious diseases may be local such as in abscess or
systemic in which fever is most common (EI-Radhi, 2019). Severe systemic
infections may have life-threatening conditions such as septic shock and sepsis.
Most manifestations resolve with successful treatment of the underlying
infection. The clinical symptoms and progression of the disease depend on age,
inoculation dose and virulence of the infecting pathogen (van Seventer &
Hochberg, 2017). Most viral and bacterial systemic infections lead to sepsis
which may present as fever and other organ symptoms (EI-Radhi, 2019).

Sepsis is a condition characterised by a dysregulated response to
infection and potentially leading to a fatal organ failure. The immune system is
triggered when a pathogen enters the body, causing the production of several
pro-inflammatory cytokines and acute-phase proteins. Sepsis results from this
reaction if it is not controlled (Henriquez-Camacho & Losa, 2014; Minderhoud
et al., 2020; van Engelen et al., 2018). Different gram-positive and negative
bacterial species are common causes of sepsis in individuals. The indications
and symptoms in a clinical context include fever, hypotension, oliguria and
disorientation (Baltzell et al., 2019). The cross-presentation of clinical
symptoms in different infectious diseases leads to diagnostic turmoil.

Malaria mainly presents as an uncomplicated febrile illness associated
with fever, vomiting, general body pains and headache(Frimpong et al., 2022;
Obeng-Aboagye et al., 2023). In many cases, malaria resolves within a short
time but in 1% to 2 % of cases, malaria advances to a serious potentially fatal
illness (Angchaisuksiri, 2014). Immune state, age and exposure may all have an
impact on this progression. Malaria symptoms include, but are not limited to,

fever, headaches, and overall body weakness (Wassmer et al., 2015).
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The challenge of finding the causative agent of fever in malaria-endemic
regions

The majority of paediatric patients in resource-limited countries present
with acute fever. This is often attributed to malaria and treatment is given
without any laboratory evidence ((Penda et al., 2023). In developing countries
like Malawi, laboratory infrastructure and personnel are inadequate making
testing more challenging (Chilanga et al., 2020).

In endemic areas, mainly the tropics, Malaria often co-exist with other
infectious diseases such as bacterial and viral infections. The co-existence leads
to misdiagnosis, poor prognosis and poor differentiation between malarial fever
and other infectious diseases (Long, 2016). The challenge is escalated due to
the overlapping of clinical signs and symptoms between malaria and non-
malaria fever. The available RDTs, culture and microscopy have limitations and
in certain circumstances cannot identify the source of fever (Baltzell et al.,
2019). Finding the fever source becomes a challenge, especially in resource-
limited areas where technology and personnel are scarce.

A lot of studies have been done to find biomarkers in many viral diseases
and inflammation because of the shortcomings of existing diagnostic
procedures, which may have low sensitivity and extended turnaround times. In
this situation, a biomarker could quickly and accurately differentiate non-
infectious causes of systemic inflammatory disease from bacterial, viral and
parasite infections (Califf, 2018). By doing this, a biomarker might be employed
to help with treatment planning and decision-making by enabling the early

detection of sepsis, viral infections and parasite infections.
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Diagnostic approaches to bacterial, viral and parasitic infections

Both adults and children contract infections regularly. New diagnostic
techniques have allowed us to learn more about pathophysiology and
epidemiology of infectious diseases. Recently, emerging infections have
surfaced, prompting health authorities to issue alerts. In addition, novel anti-
infective therapies have been identified; however, it is critical to understand
when to employ them to prevent drug abuse and misuse, which may result in
adverse effects such as antimicrobial resistance (Chiappini et al., 2009; Pricha

et al., 2018; Yang & Rothman, 2004).

Malaria diagnosis

Different geographic regions are home to different Plasmodium species
that cause malaria. Many areas have extensive infection with rising medication
resistance, and the illness share clinical similarities with other infectious
diseases (Mandala et al., 2022). The control of malaria involves strategies for
controlling mosquito populations and also quick methods of diagnosing and
treating malaria cases (Hemingway, 2015).

Malaria diagnosis in Malawi relies on multiple techniques to identify
the presence of parasites in blood (Baltzell et al., 2019). Although rapid
diagnostic tests (RDTs) have quickly taken the place of primary diagnostic tests
in many endemic areas, microscopy remains the oldest method and the gold
standard (Sarfo, Amoadu, Kordorwu, et al., 2023). For malaria laboratory
diagnosis, using a light microscope, blood smear slides are examined and
parasite densities are noted (Bisoffi et al., 2012). Microscopy has limitations

such as low sensitivity, it’s time-consuming and there is a need for a skilled and
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experienced technician to view the slides (Mahende et al., 2016; Varo et al.,
2020).

There is a need for more precise diagnostic techniques because many
slides that test positive for malaria are classified as negative because of low
parasite densities (Cardona-Arias et al., 2020). Investigations have discovered
notable false positive and false negative results when Plasmodium parasites are
routinely rechecked using microscopy on slides (Elven et al., 2020).
Additionally, there was an over reporting of malaria in Malawi and a reported
lower grade in parasite species identification on panel testing ((Gidey et al.,
2021; Nega et al., 2020). The creation of mRDTs was prompted by this
difficulty.

On the other hand, mRDTs are mostly used in endemic areas. They are
designed to detect specific malaria antigens or enzymes. The current mRDTs
use plasmodial lactate dehydrogenase (pLDH), plasmodial aldolase and
Plasmodium falciparum histidine-rich protein 2 (PfHRP2). More than 90% of
malaria RDTs now in use are tests that target HRP2. However, these tests'
specificities, sensitivities, false positive and false negative rates, and
temperature tolerances vary widely, highlighting the problems and obstacles in
the performance (Mouatcho & Dean Goldring, 2013; Requena et al., 2015). The
rapid tests are also specific to a species of plasmodium and also the
concentration of the target protein, this makes it difficult to identify other
species in areas where the most prevalent is Plasmodium falciparum. The
targets are also prone to mutation and hence false negatives (Feleke et al., 2021;
Jimenez et al., 2017). This complicates the whole process of malaria diagnosis

and cements the need for new markers for testing.
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Additionally, the syndromic approach is the most common method of
malaria diagnosis in resource-scarce settings. This method is based on
symptoms like fever, fatigue and headache to diagnose malaria (Varo et al.,
2020). It is more unreliable due to overlap with other febrile illnesses such as
bacterial infections and the risk of misdiagnosis is high. In different studies
across sub-Saharan Africa, it was indicated that there is a challenge in
differentiating malarial fever from non-malarial fever based on this method
(Mahende et al., 2016). Owing to this, a new simple method using biomarkers

that can work in rural settings can alleviate the challenge.

Bacterial infection identification methods

Bacterial infections are commonly diagnosed using traditional culture-
based methods, wherein bacterial pathogens are isolated and identified by the
inoculation of clinical specimens on a specific medium (Herlihy et al., 2016).
However, these methods are time-consuming and may not provide rapid results
necessary for timely patient management. For the identification of bacteria,
ELISA and molecular methods such nucleic acid amplification tests and
polymerase chain reaction provide quicker and more accurate options (Pricha
et al., 2018; van Seventer & Hochberg, 2017). These molecular methods have
revolutionized bacterial diagnosis by providing rapid and accurate results,
enabling prompt initiation of targeted antimicrobial therapy. The challenge with
molecular methods is that they are expensive and impractical in resource-scarce
situations (Azad & Patel, 2024) . Different studies have investigated the
expression of markers such as CRP, procalcitonin and lactate in bacterial and

viral diagnosis with promising results (Mathur & Behera, 2019; Sridharan &

25

Digitized by Sam Jonah Library



University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chamberlain, 2013; Xiao et al., 2017). Even though there have been extensive

studies, many of these markers never made it to the final stage of utility.

Viral infection identification methods

Unlike bacterial infections, viral infections pose unique challenges in
diagnosis due to the lack of reliable culture-based methods for most viruses.
Instead, viral identification relies heavily on serological assays, antigen
detection tests and molecular techniques (S. Wang et al., 2024). Viral-specific
antibodies or antigens are found in patient serum by serological assays, such as
RDTs, neutralisation tests and enzyme-linked immunosorbent assays (ELISA),
which indicate viral exposure (Li et al., 2021). A good example of this is the
recent testing of COVID-19 antigen-based assays using rapid tests. Antigen
detection tests, including rapid antigen tests and immunofluorescence assays,
identify viral antigens in clinical specimens directly, thereby providing rapid
diagnosis of acute viral infections (Binnicker, 2015). Furthermore, high
sensitivity and specificity viral nucleic acid identification and quantification are
made possible by molecular techniques such as real-time PCR and reverse
transcription PCR (RT-PCR) (Yang & Rothman, 2004). These molecular assays
play a critical role in diagnosing viral infections, particularly in outbreak

investigations and monitoring disease trends.

Advancements and future directions in diagnosis dynamics

Advancements in technology continue to enhance bacterial and viral
identification methods, paving the way for improved diagnostic accuracy and
efficiency. Next-generation sequencing (NGS) technologies offer methods for
characterising and identifying microbes that enable the simultaneous
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identification of viral and bacterial pathogens in clinical specimens (van
Seventer & Hochberg, 2017; Yang & Rothman, 2004). Furthermore, the
advancement of multiplex assays and point-of-care testing (POCT) equipment
allows for the quick and simultaneous identification of several infections, which
speeds up the diagnostic and treatment selection process (Manca et al., 2017;
Tsalik et al., 2017). The amalgamation of artificial intelligence and machine
learning algorithms augments the precision of diagnosis by scrutinising intricate
datasets and pinpointing distinct biomarkers linked to both bacterial and viral
ailments. These advancements hold promise for transforming infectious disease
diagnosis and surveillance, ultimately improving patient outcomes and public

health response.

Immune responses to infections

The immune system functions in emergence, persistence and
elimination of numerous disorders that threaten the human health. When a
pathogen—such as bacteria, virus, or protozoa— enters the body, the immune
system gets activated. To help fight the infection, it starts producing pro-
inflammatory cytokines like IL-6 as well as acute-phase proteins like CRP. This
initial line of defence is provided through the innate immune system (McComb
et al., 2019). The infectious agent enters the tissue when the physical and
chemical barriers break down. Through the action of phagocytic cells, natural
killer cells, blood proteins, various inflammatory mediators and cytokines, the
tissue's innate response will fight off the infection continuously (Netea et al.,
2020; Nkansah et al., 2024). The body also uses the adaptive mechanism

through the production of antibodies and cytotoxic killer cells. During these
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processes, a lot of proteins are produced as signalling molecules and some
enhance the immune reaction (Netea et al.,, 2020; Nkansah et al., 2024;
Ong’echa et al., 2011). All these proteins when measured in the serum or cell

surface can act as biomarkers for diagnosis or disease prognosis.

Biomarkers in fever

The body reacts to infections and other stressors with fever, which is an
intense yet nonspecific reaction. It is caused by immune cells releasing
cytokines, which raise body temperature through the action of the brain
prostanoid. Cytokines and other proteins can work as markers of disease
presence or absence (Povoa et al., 2020). In this context, biomarkers could be
indicators of infection, dysregulated host response, therapeutic response, or help
medical professionals anticipate patient danger. In the previous several
decades, more than 250 biomarkers have been discovered and examined. Data
that have been published support the use of biomarkers for clinical diagnosis,
pathogen identification, and antibiotic therapy optimisation (Balerdi-Sarasola
et al., 2023).

Biomarkers are biological characteristics that can be assessed
objectively and utilised as an indicator of a drug's activity or as an indicator of
a pathological or physiological process (Bodaghi et al., 2023; Califf, 2018).
Compared to directly measuring the final clinical outcome, using clinical
biomarkers is simpler, less expensive and typically involves measuring the
biomarkers over a shorter period. Because of this, biomarkers have applications

in the diagnosis, prognosis and surveillance of infectious diseases.
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Numerous research has examined the predictive power of inflammatory
indicators and the COVID-19 pandemic has heightened interest in
inflammatory biomarkers for viral infections (Pévoa et al., 2020; Pévoa &
Coelho, 2021). The expression of biomarkers for malaria and non-malarial
fever, C-reactive protein, I[CAM-1, Interleukin -6, Interleukin -1 beta,
Interleukin -10, ANG-2 and vWF-1 have been examined in this work to

differentiate fever etiology in pediatrics presenting with fever.

C-reactive protein (CRP)

CRP is a protein produced by the liver. CRP acts as an acute-phase
reactant protein and a marker of an inflammatory process (Bhattacharya &
Munshi, 2023; Pathak & Agrawal, 2019). The levels of CRP have demonstrated
an increase in response to inflammation due to many infectious diseases ((Noh
et al.,, 2021), CRP exhibits both pro- and anti-inflammatory characteristics
(Rizo-T¢llez et al., 2023). It also contributes to the identification and removal
of damaged cells and foreign infections. This is accomplished by adhering to
the surfaces of injured cells, which include phospholipids, chromatin, histones
and fibronectin. It can hasten the removal of cellular debris, apoptotic cells and
foreign pathogens by activating the complement system and phagocytic cells
via Fc receptors (Bhattacharya & Munshi, 2023; Pathak & Agrawal, 2019)

Different studies have looked at CRP and how it is expressed in different
diseases. Its relevance is mainly in the detection of fever caused by bacterial
infections such as Streptococcus pneumoniae and Salmonellosis. Patients
presenting with bacterial infections have a remarkable increase in CRP levels
than those having either malaria or viral infections (Kilpatrick et al., 2024).
Another study by Bhardwaj et al. (2019), agreed with Kilpatrick et al. (2024)
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that elevated CRP levels are in bacterial infections than malarial infections and
this can help in diagnosis. This therefore makes CRP a good marker for bacterial
infection. Reaching this far, CRP biomarkers have been developed into rapid
tests and are being used in peripheral health settings to identify bacterial
infections.

However, a study in Cameroonian pediatrics found that the role of CRP
in excluding malarial fever from other sources of fever is not significant (Y.
Ngwengi et al., 2023). According to Ngwengi et al. (2023), there is no
discernible difference between the mean CRP levels of bacterial infection and
malaria infection. Furthermore, it was shown that the means of CRP were
considerably higher in cases of malaria or bacterial infection compared to cases
of viral infection. This finding implies that CRP is not a valid biomarker for
differentiating bacterial from malarial infections and thus calls for further
investigation.

In Malawian pediatrics, CRP has been studied in the context of serious
bacterial infection. It was shown that on admission CRP levels correctly
predicted the bacterial infection, particularly pneumococcal bacteremia
(Connon et al., 2021) but did not perform better in differentiation of malarial
from bacterial fever. Therefore, having a platform where CRP is measured in
both malaria, bacterial and viral fever can assist in coming up with a profile of

cut of values to be used in diagnosis.

Intercellular adhesion molecule 1 (ICAM-1)

The transmembrane glycoprotein ICAM-1, commonly referred to as
CD54, is essential for leukocyte trans-endothelial migration. Elevated levels of

ICAM-1 indicate endothelial injury, which can result from infections or other
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inflammatory conditions (Bui et al., 2020; Zhai et al., 2021). During systemic
inflammatory responses, ICAM-1 expression increases due to dysregulated
inflammatory cytokines. Tissue injury can result from inflammation due to the
increased expression of adhesion molecules like ICAM-1. The ICAM-1 can be
measured as soluble ICAM-1 (SICAM-1) in serum. ICAM-1 enables the
infiltration of immune cells to the site of inflammation (Obeng-Aboagye et al.,
2023), causing mediators like chemokines and cytokines to be secreted.

In non-malarial infections, a remarkable increase of ICAM-1 has been
evident in viral infections such as COVID-19 and HIV (Yu et al., 2020) where
ICAM-1 facilitates inflammatory cell recruitment and activation. Beyond its
role in inflammation, ICAM-1 also serves as a receptor for viral entry, notably
in Rhinovirus infections of lung epithelial cells (Shukla et al., 2022). ICAM-1
elevation is not exclusive to viral infections. Bacterial infections like Bacterial
Vaginosis and Mycobacteria Leprae, as well as intestinal bacterial infections,
have demonstrated higher levels (Alcaide et al., 2017; Thurman et al., 2015)

In malaria, ICAM-1 level correlates with endothelial activation
triggered by the sequestration of infected erythrocytes (Suurbaar et al., 2022).
In the brain, Plasmodium falciparum can bind to receptors such as ICAM-1 and
endothelial protein C receptor (EPCR) to cytoadhere to the endothelium (Rowe
et al., 2009) leading to endothelial activation. In severe episodes of malaria,
such as cerebral malaria in children from Malawi, elevated levels of ICAM-1
have been reported (Conroy et al., 2010). Furthermore, compared to uninfected
controls, children with asymptomatic parasitaemia exhibit noticeably higher
ICAM-1 levels in Ghana (Frimpong et al., 2020). This is supported by (Zeukeng

etal., 2014) who noted elevated ICAM-1 plasma levels in Cameroonian malaria
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patients. This implies that ICAM-1 can act as reliable indicator of the severity

of malaria.

Angiopoietin-2 (Ang-2)

Angiopoetin-2 is an indicator of endothelial activity. A class of growth
factors called angiopoietins is necessary for the division of existing blood
vessels into new ones (Conroy et al., 2010). In this family, angiopoietin-1
(Angl) and angiopoietin-2 (Ang2) are the main members. To maintain vessel
integrity and enhance cell survival, Ang-1 stimulates blood vessel development
and stability via binding to the Tie2 receptor on endothelial cells (Ma et al.,
2020). Conversely, Ang-2 operates as an agonist or antagonist of Angl-Tie2
signalling depending on the -circumstances, often promoting vascular
remodelling and destabilisation (Conroy et al., 2010). This process is critical for
the development of tumours and inflammation. Maintaining appropriate
vascular homeostasis and responding to both physiological and pathological
stimuli require Angl and Ang2 activity balance (Akwii et al., 2019).

Limited data is available on the utility of Ang-2 in differentiating
malarial fever and non-malarial fever. Many studies have investigated Ang-2
in either malaria or bacterial infection but not in the same cohort. Numerous
investigations have shown that endothelial activation may be measured
quantitatively using the biomarker angiopoietin 2, which is present in infectious
illnesses such as bacterial pneumonia and COVID-19 (Alay & Laloglu, 2021).
Studies conducted to investigate endothelial activation (Ma et al., 2020; L.
Zhang et al., 2022) found a correlation between the severity and prognosis of
paediatric pneumonia and high admission levels of Ang-2. Ang-2 thus is

suggested to be a reliable indicator of the severity of the infectious condition.
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In terms of malarial fever, elevated levels of Ang-2 levels between
uncomplicated and severe malaria cases in contrast to the control group were
noted in infected participants (Oluboyo et al., 2020). In an investigation of
patients from two different populations—Thai adults and Ugandan children—
who had uncomplicated malaria and were infected with Plasmodium
falciparum, Ang-2 levels were found to be considerably higher in both
populations with malaria than in controls (Lovegrove et al., 2009). Similarly,
Malawian children suffering from cerebral malaria had elevated levels of Ang-
2 in comparison to those with uncomplicated malaria and control groups
(Conroy et al., 2010). These findings imply that Ang-2 can function more
effectively as a measure of severity of malaria infection.

In a quest to find malaria biomarkers, (Ma et al., 2020) created a model
with the highest sensitivity and specificity that combined Ang-2 and CRP.
Combining Ang-2 and CRP could be a useful method for spotting severe
malaria early on. Using a fast predictive test that incorporates the previously
described indicators could improve the management of malaria and potentially
lower the number of hospitalisations and complications among affected

patients.

von Willebrand factor -1(vWF-1)

According to (Ma et al., 2020), vWF-1 is a sizable glycoprotein that is
necessary for hemostasis, the process that ends bleeding. The main function of
vWEF-1 at the sites of vascular damage is to facilitate platelet adhesion and
aggregation (Stockschlaeder et al., 2014). In injured blood arteries and platelets,
vWEF-1 attaches to exposed collagen to promote the creation of a platelet plug.

vWEF-1 also acts as a carrier protein for factor VIII, preventing it from degrading
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quickly and prolonging its half-life in circulation (Lenting et al., 2015;
Seidizadeh et al., 2024).

Malaria and other infectious diseases cause vascular injury and hence it
can lead to vVWF-1 production. Infectious diseases disrupt blood vessel function
through endothelial cell activation. According to studies, these alterations may
be observable and act as biomarkers for infectious disease detection. Patients
with malaria often have blood coagulation activation, which raises vVWF-1
(Lenting et al., 2015; Ma et al., 2020; J. W. Wang et al., 2012). Disseminated
intravascular coagulation (DIC) is clinically linked to a highly serious illness
with a high death rate. In individuals with Plasmodium falciparum infection,
elevated plasma levels of von Willebrand factor-1 (vWF-1) and endothelial
microparticles have been observed (. It has been shown that aberrant circulating
ultra-large vVWF-1 multimers and acute endothelial cell (EC) activation are
linked to severe Plasmodium falciparum infection (Angchaisuksiri,
2014). However, a study by (Masse & Hantson, 2014) showed that a malaria
patient's serum had signs of decreased von Willebrand factor-1 (VWF-1)
activity. This implies that more investigation is required to comprehend how
vWF-1 manifests in malaria instances.

In another study, Staphylococcus aureus infection was connected to
elevated von Willebrand factor-1 levels (VWF-1). It is thought that vVWF-1 binds
to the bacteria cell wall and influences its growth and also activates the
endothelial cells ((Steinert et al., 2020). Another study in Streptococcus
pneumoniae demonstrated that infection with Streptococcus pneumoniae causes

the body to release vVWF-1 hence its increase (Jagau et al., 2019). It is therefore
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important to study vWF-1 in malarial and non-malarial fever and observe the

trends.

Cytokines definitions and classifications

Inflammatory and infectious disorders trigger the immune system to
mount a suitable defence that involves cytokine production. Cytokines are small
proteins that are crucial in cell signalling (Qiao et al., 2019). Cytokines are
released by cells and affect the behaviour of self or other cells. Pathological and
physiological processes such as inflammation, immunology and hemopoiesis
are influenced by cytokines (Silva et al., 2019). They can act in an autocrine,
paracrine or endocrine manner. A range of cells, including immune cells like T
lymphocytes and macrophages as well as non-immune cells like fibroblasts and
epithelial cells, produce cytokines (Tang et al., 2022).

Cytokines are categorized into several types based on their function.
Pro-inflammatory cytokines such as TNF-a, IL-1, and IL-6 stimulate
immunological responses and inflammation. To stop tissue damage, anti-
inflammatory cytokines like TGF-f and IL-10 reduce inflammation(de Oliveira
et al., 2011). Growth and differentiation cytokines like IL-2 and GM-CSF
stimulate cell proliferation and survival and chemokines, including IL-8 and
MCP-1 direct the migration of immune cells to sites of infection (Jarczak &
Nierhaus, 2022). Interferons, such as IFN-a, IFN-B, and IFN-y, are cytokines
that influence the immune system and provide protection against infections
(Kaneko et al., 2019).

In reaction to several stimuli, white blood cells and other cells secrete
regulating proteins called interleukins. The source of this stimulus may be an

infection or a normal bodily process like growth and balance (Jarczak &
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Nierhaus, 2022). Interleukins are produced by cells including lymphocytes,
monocytes and macrophages so they can communicate with other cells.
Interleukins have several roles, including triggering the production of
antibodies by B cells and drawing immune cells, including lymphocytes and
macrophages, to infection sites (Li et al., 2021; Mandala et al., 2022). All these
cytokines work in connection to mount an immune response against infections

such as malaria and also offer homeostasis.

Interleukin 6 (IL-6)

In the innate immune response, interleukin 6 (IL-6) is an essential
cytokine. IL-6 induces the production of CRP and functions in the clusters of
differentiation of cells (Rose-John, 2018). Also, IL-6 triggers the activation of
haptoglobin, fibrinogen, serum amyloid A, CRP, and al-antichymotrypsin
during inflammation(Majidpoor & Mortezaee, 2022). This activation is
important in the immune against infections because it amplifies inflammation,
promotes blood clotting and prevents oxidative damage (McElvaney et al.,
2021). Conversely, IL-6 decreases transferrin, albumin, and fibronectin
synthesis (Tanaka et al., 2014). This is done to conserve energy and also reduce
iron which may aid in pathogen growth. Levels of IL-6 have been shown to
increase in both malarial fever and non-malarial fever.

IL-6 has been linked to severe malaria cases, even if it's still uncertain
if this connection is causative or if modifying IL-6 levels could affect outcomes
in severe malaria (Hamilton & John, 2013). According to (Wilairatana et al.,
2022), large levels of interleukin-6 are produced when a person is infected with
malaria parasites. This release is linked to malaria's immunopathogenesis.

Patients with severe malaria exhibit mean IL-6 levels that are greater than those
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of controls and non-severe malaria patients. Moreover, the mean IL-6 levels of
patients with uncomplicated malaria are higher than those of the controls.
Similarly, Mandala et al., (2022), discovered that children from Malawi who
had malaria had elevated levels of IL-6. Patients suffering from cerebral malaria
exhibited the highest levels of IL-6 among the three forms of malaria, indicating
that IL-6 may be a useful indicator of the severity of malaria.

The expression of IL-6 is not only limited to malaria infection. In a study
by Qiao & Fu. (2020), children infected with adenovirus and coronavirus
expressed higher levels of IL-6. In another study by (Garcia-Hernandez et al.,
2016), Interleukin-6 demonstrated superior diagnostic accuracy for bacterial
meningitis (AUC = 0.937, 95% CI: 0.895-0.978) from aseptic meningitis
compared to traditional biomarkers. This is also supported by a comparison of
biomarkers in malaria infection and bacteremia (Post et al., 2021) discovered
that IL-6 levels in bacteremia cases were considerably higher than in malaria
and health controls Burkina Faso Plasmodium Falciparum infection.
Furthermore, previous research has demonstrated that in feverish newborns,
interleukin-6 is a sensitive and specific marker for the presence of a severe
bacterial infection(Pratt & Attia, 2007; Vujevic et al., 2017).This therefore
needs further investigations to ascertain the involvement of IL-6 in fever caused

by different infectious diseases including malaria.

Interleukin 1 beta (IL-1p)

One well-studied pro-inflammatory protein in the interleukin-1 (IL-1)
family is IL-1B. IL-1p is a key mediator of inflammation that causes fever and
immunological activation by binding to IL-1 receptor 1 (Kaneko et al., 2019).

IL-1B triggers inflammatory signalling pathways that induce cytokine
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production, immune cell activation and tissue responses crucial for defence and
repair during infections and inflammatory conditions (Yazdi & Ghoreschi,
2016a).

During malaria infection, particularly with Plasmodium falciparum,
erythrocytes become infected. This sets off the host's innate immune response,
which causes monocytes and macrophages to produce pro-inflammatory
cytokines, such as IL-1. Fever, chills and other typical malaria symptoms are
caused by IL-1B, which is a key player in the inflammatory cascade (Mota &
Madden, 2022). Studies have shown that plasma concentrations of IL-1p are
considerably greater in cases of severe malaria (Acero et al., 2022; Mahittikorn
et al., 2022), and malaria coinfections than in uncomplicated malaria and
controls (Dinarello, 2011; Kotepui et al., 2024; Yazdi & Ghoreschi, 2016b).
This shows that IL-1 can be used to define malaria severity.

Additionally, studies have revealed that patients with bacterial sepsis
have higher levels of IL-1f than patients with malarial illnesses (Baltzell et al.,
2019). This difference likely arises from the distinct immune response patterns
elicited by malaria parasites and bacterial infection. Furthermore, in bacterial
infections, early reactions to Staphylococcus aureus bacteriemia are exhibited
by IL-1p, which is also linked to the length and fatality of the illness (Dinarello,
2011). Moreover, fever attacks in patients with mediterranean viral fever have
been found to significantly elevate serum concentrations of pro-inflammatory
cytokines IL-1 when compared to control (Caldiran et al., 2021). In a
Vietnamese study of dengue fever, the clinical outcome of dengue infection was
examined in connection to the levels of IL-1P in patients. The findings

demonstrated that dengue patients' IL-1f levels were considerably higher than

38

Digitized by Sam Jonah Library



University of Cape Coast https://ir.ucc.edu.gh/xmlui

those of health controls (Tuyen et al., 2020). This cross increase of IL-1 among
malarial and non-malarial fever requires further investigation to ascertain its

role in the inflammation process.

Interleukin 10 (IL-10)

One important anti-inflammatory cytokine that is essential for
controlling immune responses and preserving immunological homeostasis is
interleukin-10. T cells, B cells, macrophages, dendritic cells and regulatory T
cells are among the immune cells that produce IL-10 (Edwards, Ng, de
Labastida Rivera, et al., 2023). It works by inhibiting the synthesis of pro-
inflammatory cytokines, including interleukin-1, interleukin-6, interleukin-12
and tumour necrosis factor-alpha (Saraiva et al., 2020). Nevertheless,
overproduction of IL-10 may impair the body's ability to mount an efficient
defence against diseases, such as malaria, even though it is necessary for
immunological tolerance maintenance and the prevention of excessive
inflammation (Acero et al., 2022; Lyke et al., 2004).

Research on IL-10 has highlighted its dual role in immunity, acting as a
double-edged sword by both suppressing inflammatory responses and
potentially impeding pathogen clearance (Saraiva et al., 2020). Understanding
the regulation of production of IL-10 and its effects on immune function is
crucial for developing therapeutic strategies for various diseases, including
autoimmune disorders, inflammatory conditions and infectious diseases
(Kumar et al., 2019).

IL-10 levels in malaria have shown different outcomes in line with
diagnosis. While some studies show a correlation with severity, others show an

inverse relationship. As part of the immune system's reaction to the malaria
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parasite, IL-10 production is frequently increased in cases of malaria fever
(Lyke et al.,, 2004). Studies have shown that IL-10 can help regulate
inflammation and prevent tissue damage during malaria infection (Edwards,
Ng, De Labastida Rivera, et al., 2023). As observed in severe malaria
syndromes, elevated IL-10 levels in malaria fever may be linked to the severity
and course of the disease. Monitoring IL-10 levels in malaria fever patients
could provide insights into the immune response and potential complication. On
the other hand, a negative association between the expression of IL-10 and
parasitemia and the severity of the disease was found in a study by Mahanta et
al. (2015), indicating that IL-10 is the primary cytokine involved in tipping the
scales in favour of an inflammatory response. However, because these
indicators lack specificity, it is recommended to combine several biomarkers
implicated in several malaria pathophysiology pathways.

In terms of non-malarial fever, studies have found that 1L.-10 can aid in
the early diagnosis of bloodstream infections and hence help in quick diagnosis.
Significant variations were noted between the IL-10 levels of individuals with
bloodstream infections caused by bacteria and those in the control group
(Kumar et al., 2019). Similar to this, L. Zhang et al. (2022),showed that IL-10
in addition to other cytokines can be helpful in the detection and differentiating
of bacteraemia and lung bacterial infection.

Studies combining malarial and bacterial or viral infections have
demonstrated an increase in IL-10 in malaria patients than in bacterial
infections. In Malawian paediatrics, IL-10 was found to be significantly higher

in malarial sepsis than in non-malarial sepsis (Baltzell et al., 2019). The increase
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in IL-10 in malarial fever shows that there is a stronger anti-inflammatory

response in malarial fever.

Chapter summary

From this literature review, it has been demonstrated that IL-10, IL-1,
IL-1B, ICAM-1, vWF-1, Ang-2 and CRP are both expressed in infectious
diseases such as malaria and non-malarial fever. IL-10 acts as a good marker
of malarial infection and severity. IL-6 and IL-1 beta have shown a potential to

identify non-malarial fever.
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CHAPTER THREE

RESEARCH METHODS
Introduction

This study aimed at finding serum biomarkers distinguishing malaria
from non-malaria fever in paediatric patients in Blantyre District in Malawi.
This chapter discusses the research design, study place, sample collection and
analysis methods. The chapter also discusses data interpretation strategies that

were used and ethical clearance.

Research design

To find serum biomarkers distinguishing malaria from non-malaria
fever in pediatric patients in Blantyre District, a retrospective cross-sectional
study was conducted. 90 Serum samples from pediatrics were taken from
archives of a previous study titled “Understanding the Immunological Basis of
Concurrent Plasmodium falciparum Malaria and Invasive Bacterial Diseases in
Malawian Children”. All serum samples were collected from pediatrics aged
between 6—60 months who presented with fever at the time of visiting Queen
Elizabeth Central hospital or any of the satellite clinics in Blantyre, Malawi.
Amongst the 90 samples, 53 were males and 47 were females. The children
included in the study were recruited from a variety of backgrounds, reflecting
the heterogeneity of the population that seeks medical care in the district, which
includes both urban and rural children. Queen Elizabeth Central Hospital and
surrounding satellite clinics serves a large catchment area and treats a range of

infectious diseases that are common in the region. The cross-sectional design
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was appropriate for this study because it allowed on-point biomarkers that
differentiate the etiology of fever at the point of a hospital visit.

The retrospective nature of this study had a challenge due to a potential
bias caused by reliance on data and samples collected for another study, which
may limit the ability to control all variables or ensure consistency in sample
collection protocols. To address this, a thorough review of the documentation
and methods used for data and sample collection from the initial study was
done. Documentation of any inconsistencies or variations that could affect the

interpretation of results was also conducted.

Study area

The study was carried out in Blantyre which is located in southern
Malawi with a population of approximately one million people. Blantyre is
anchored by Queen Elizabeth Central Hospital, a regional referral facility, along
with numerous satellite clinics. Annually, these healthcare centres receive over
900,000 paediatrics, both locally and through referrals from surrounding areas.
Blantyre's tropical climate supports a thriving population of mosquitoes and
other vectors that transmit infectious diseases. Despite being a developing
nation with high poverty rates, Malawi face challenges in equipping its
healthcare system with adequate resources required for precise infectious illness

diagnosis and treatment.

43

Digitized by Sam Jonah Library



University of Cape Coast https://ir.ucc.edu.gh/xmlui

Population, sampling procedure and inclusion criteria
Population, sampling methods and inclusion criteria used in the initial

study

The initial study collected 156 blood samples from pediatrics who
presented with fever in Blantyre, Malawi. The initial study collected blood
samples from male and female pediatrics aged between 6—60 months. Children
with no fever, malaria, or a history of sickness within the preceding three
months served as controls. Convenience sampling was used to identify study
participants. At the time of enrolment, three sets of paediatrics were recruited.
The fever group consisted of those with an axillary temperature of > 37.5°C.
This was further divided into malarial and non-malarial fever based on MRDT
results. Children having HIV infection, chronic illness, hypoglycaemia (serum
glucose <45 mg/dL), severe anaemia, and abnormal Blantyre coma score were
excluded. Study field workers gathered healthy controls from the immunisation
clinic who had no fever or malaria. Each participant underwent a clinical
assessment conducted by a skilled research nurse. Venous blood samples (3
mL) were drawn from each participant at the time of recruitment and analysed
within 4 hours. Blood samples were processed into whole blood, plasma, serum
and dried blood spots for specific analysis (Nyirenda et al., 2015). At the point
of enrolment, all blood samples were subjected to a Malaria rapid diagnostic
test using the SD Bio line Malaria Antigen Pf RDT for Plasmodium falciparum.
This separated participants into malaria fever and non-malaria fever and health
controls. Thick blood smear stained with field stains A and B was used to
confirm mRDT results. Two qualified, impartial and non-blinded microscopists

read and validated the smear. A thin smear stained with Giemsa was used to
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identify the species. A Beckman Coulter analyzer was used to provide a full
blood count. A thick smear was used to count the number of parasites against
the white blood cells (WBCs) (Nyirenda et al., 2015). Written informed consent
was obtained from the guardians of all clients. The Malawi College of Medicine
Research Ethics Committee granted ethical permission for the study (protocol
number P.08/15/1785). All the remaining serum samples were archived at

—70°C for storage and further analysis.

Population, sampling methods and inclusion criteria used in the current

study

For the current study, 90 serum samples were pulled from the 156 serum
samples that were archived at —70°C. This study selected paediatrics with
available serum from the pool of paediatrics who presented with fever in the
previous study. Fever was defined as a temperature of > 37.5°C. Malaria
infection was determined as per the previous study results. Children with fever
and mRDT positive were classified as having a malarial fever; children with
fever and mRDT negative result were classified as having a non-malarial fever;
controls included children without fever and mRDT negative. Controls were
from paediatrics with no fever or malaria and no medical conditions in the last
3 months. The serum samples were grouped into malarial fever (n=46), non-
malarial fever (n=25) and controls (n=19). Figure 1 shows how serum samples

were accorded to groups.
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Participants (N=90)

/N

No Fever[Controls]
(Temperature > 37.5°C)(n=71) (Temperature <= 37.5°C)(n=19)

O\

Malarial Fever [MRDT Pos] (n=46)  Non-Malarial Fever[MRDT Neg] (n=25)

Figure 1: Sample classification criterion used in grouping paediatric samples
into malarial, non-malarial fever and controls

Data collection procedures and instruments

Demographics and preliminary Laboratory results

Participants’ demographic characteristics such as age and gender;
laboratory results including Hgb, platelets, RBC, WBC, parasite count and
Glucose; clinical assessment results such as height and weight were collected

from the participant enrolment forms that were used in the initial study.

Determination of biomarker concentration using Luminex multiplex bead

assay

The current study used Luminex multiplex bead assay (Luminex,
Austin, TX) to measure the concentration of biomarkers in serum samples. By
following the manufacturer's instructions, Luminex multiplex bead assay was

used to measure concentrations of CRP, ICAM-1, IL -6, IL-1B, IL -10, Ang-2
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and VWF-1 in paediatric serum samples. To measure biomarker concentration
from serum, Multiplex Luminex beads were added to a 96-well plate and
washed using an automatic magnetic washer. Each serum sample was loaded to
the 96 well-plate in duplicate. Standards having low concentration and high
concentration and a blank were added to the same plate. Serum samples were
added and incubated in the dark for 2 hours at room temperature. After that, the
mixture was washed to remove unbound analytes. A biotinylated detection
antibody was added, followed by streptavidin-phycoerythrin (SAPE)
incubation. The plate was read using a Luminex machine and biomarker
concentrations were calculated by plotting Mean Fluorescence Intensity (MFI)
against a standard curve generated from the standard. Data were exported to
Excel for further analysis. Luminex assay was chosen because it uses less
volume of sample, it is highly sensitive and it can detect multiple analytes at a
single point.

To ensure the accuracy and reliability of biomarker measurements,
several key quality control steps were implemented during the assay process.
All Luminex plates included standards that were supplied by the manufacturer,
with concentrations ranging from low concentration to higher concentration. All
samples were run in duplicate. Additionally, two blanks containing no sample
was included to account for background fluorescence, with the blank's values
subtracted from the MFI of the standards and serum samples to correct for
background noise. The Luminex machine was calibrated by using calibration
beads followed by validation. Furthermore, the Luminex machine is equipped
with safe testing function that makes assessment on machine performance,

hence ensuring accuracy and reliability.
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Data processing and analysis

Firstly, data was entered into a Microsoft Excel file (2019). For all the
analysis R statistics software was used. To begin with, specific results for each
test were assessed for normality by the Shapiro-Wilk test in the R packages. For
Shapiro-Wilk test result of p-value greater than 0.05, indicating normally
distributed data, then a two-way ANOVA was applied for further analysis.
Conversely, if the Shapiro-Wilk test yielded a p-value less than or equal to 0.05,
suggesting non-normal distribution, the significance of variations in the data
was assessed using the Kruskal-Wallis method. The Dunnet test (post-hoc) was
used to find the p-value between malarial and non-malarial groups, this was
done after running either two- way ANOVA or Kruskal Wallis.

To compare the levels of biomarkers, box plots were drawn using R
studio. Each box plot represented the median, extreme values, 75" percentile
and the 25 percentiles. P values were calculated as discussed above. In order to
identify a biomarker that differentiates malaria from non-malarial fever,
AUROC was performed in R studio. Biomarkers with a higher ROC were
deemed to have a better discriminatory capability. This method allowed for
both visual and statistical visualisation.

Finally, machine learning techniques, specifically Support Vector
Machine (SVM) was utilized to process the biomarker data and identify patterns
that could differentiate between malaria fever and non-malarial fever. This
advanced analytical approach allowed for the identification of the most
effective biomarkers for distinguishing between different febrile conditions in

paediatric patients using precision, recall, sensitivity and F1 scores.
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Data visualization techniques, such as box plots, graphs and tables were
employed to visually represent the distribution of biomarker levels across
different patient groups. These visual representations provided a clear and
intuitive way to understand the differences in biomarker expression between

malaria fever and non-malarial fevers, aiding in the interpretation of the results.

Chapter summary

The study aimed to identify serum biomarkers to distinguish between
malaria and non-malarial fever in paediatric patients in Blantyre, Malawi. A
retrospective cross-sectional study design was employed, utilizing baseline data
and serum samples from paediatric patients aged 6—60 months presenting with
fever at clinical visits. The study analysed biomarker profiles including C-
reactive protein, ICAM-1, IL-6, IL -10, IL-1B, vWF-1 and Ang-2 using the
Luminex bead assay. By comparing biomarker levels in different patient
groups, the study aimed to differentiate between malaria and non-malarial fever.
This provides insights into diagnostic accuracy and potential applications in
paediatric healthcare. The study's significance lies in addressing gaps in
understanding childhood fevers, refining diagnostic strategies and potentially
developing new diagnostic tools. Limitations include the focus on paediatric

patients which limits generalizability to other age groups.
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CHAPTER FOUR

RESULTS AND DISCUSSION

Introduction

This chapter summarises results to identify biomarkers that can
differentiate malarial fever from non-malarial fever in paediatric patients
presenting with fever. A retrospective study was conducted using 90 serum
samples. A thorough analysis of baseline characteristics was undertaken. The
data for this analysis was sourced from patient’s clinical report forms and
laboratory results collected at the point of enrolment in the main study. Serum
samples were grouped into malarial fever, non-malarial fever and controls based
on the Malaria Rapid Test and temperature. The Luminex multiplex test was
employed to quantify the biomarker levels in non-malarial fever, malarial fever
and control subjects. All results were analysed using statistical packages in R
studio. Analysis such as AUROC, Shapiro, Kruskal Wallis and two-way
ANOVA were utilised. For this study, df=2 was used in comparing three groups,
df=3 was used for comparing 4 groups for either Kruskal Wallis or two-way
ANOVA depending on data normality. Data visualisation was done by

boxplots, graphs and tables.

Baseline patient results

Temperature

Participants in this study were divided into a fever group and a non-fever
group based on a temperature threshold of >37.5°C. Figure 2 illustrates the
temperature distributions across malarial fever, non-malarial fever, and control

groups. A follow-up group was included to assess whether the clinical
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symptoms of malarial fever were short-lived or long-lived at 14 days. The box
plot represents the 25th percentile, median, 75th percentile, outliers, while the
diamond dot indicates the mean temperature, and small dots represent
individual outcomes in the dataset. All temperatures above 37.5°C indicate
fever. First, the Shapiro-Wilk test was conducted for the statistical analysis to
ensure the normality of the data. For Shapiro-Wilk test result of p-value greater
than 0.05, indicating normally distributed data, then a two-way ANOVA was
applied for further analysis. Conversely, if the Shapiro-Wilk test yielded a p-
value less than or equal to 0.05, suggesting non-normal distribution, the
significance of variations in the data was assessed using the Kruskal-Wallis
method.

The differences in temperature across the malarial, non-malarial, and
control groups were analysed using the Kruskal-Wallis test, yielding a p-value
of 0.0089 (test of significance: Kruskal Wallis, Degrees of freedom: 2). The p-
value of 0.0089 indicates that with 2 degrees of freedom, the likelihood of the
observed differences being due to random chance is very low, leading to
conclude that the differences in temperature across the three groups are
statistically significant. The analysis revealed that children with malarial fever
had higher mean temperatures compared to those with non-malarial fever and

controls.
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Figure 2: A Box plot of temperature distribution, averages, median and
percentiles in malaria fever, non-malarial fever, follow-up and controls in
paediatrics presenting with fever and those in without in Blantyre, Malawi

Laboratory results and demographics

Children with malarial fever exhibited distinct clinical profiles
compared to those with non-malarial fever. Table I shows demographics,
baseline laboratory results and previous medical history for the malarial fever,
controls and non-malarial fever. The test of statistical significance was Kruskal
Wallis with df=3, based on Shapiro result which demonstrated non-normally
distributed data. Malarial fever was associated with lower average platelet
counts and haemoglobin levels. Mean glucose was higher in malarial fever
although the differences in glucose levels were not statistically significant.
Laboratory results indicated a significant variation in platelet counts (p=0.02)
between the groups, with the control group showing the highest counts. While
differences were also noted in WBCs, glucose, and RBCs across the groups,
these variations did not achieve statistical significance. WBCs and RBCs count

were elevated in non-malarial fever. There were significant differences in
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haemoglobin (p-value=0.01) across groups with malarial fever having the
lowest value. There was a significant difference between the number of
participants that received antimalarials in the past 3 months (p=0.02). The
malarial fever group had the highest number of participants who received

antimalarials in the past 3 months.
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Table 1: Demographics and baseline laboratory results of paediatric patients with or without fever in Blantyre, Malawi

Non-Malarial Malaria Malaria Follow Up  Control P value across

Fever(n=25) (n=32) (n=14) (n=19) group
Demographics
Average age (median (interquartile 21 (10-27) 24 (11-29) 19 (9-25) 21(10-27) 0.1
range))
Male gender (n/group total) 9/25 17/32 11/14 7/19 N/A
Nutritional status
Weight (mean, (SD)) 12.08(3.4) 12.07(2.6) 18.45(23.6) 10.62(2.27) 0.1
Height (mean, (SD)) 92.72(15.5) 98.84(12.54) 96.0(13.8) 84.68(14.95) 0.2
Laboratory Results
Haemoglobin g/dL(mean, (SD)) 11.2(1.2) 10.48(2.3) 11.01(2.3) 11.41(1.4) 0.01**
Red blood cells count *10"3 (mean, 4.49(0.9) 4.25(0.8) 4.28(0.78) 4.8(0.7) 0.3
(SD))
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White blood cells, g/dL(mean, (SD)) 9.34(3.6) 9.15(4.4) 9.07(3.7) 8.89(3.4) 0.9
Platelets (mean, (SD)) 233.6(123.2) 207.3(114.5) 229.1(65.1) 308.8(112) 0.02%*
Glucose mg/dL (mean, (SD)) 104.5(20) 104.6(18.9) 115.9(11.7) 102.2(15.8) 0.1

3 months medical report

Antibiotics [n/N(%)] [17/25(68)] [14/32(44)] [3/14(21)] [0/19(0)] 0.2
Antimalarials[n/N(%)] [1/25(44)] [7/32(22)] [6/14(42)] [0/19(0)] 0.02%*
Hospital admission[n/N(%)] [1/25(21)] [1/32(0)] [0/14(0)] [0/19(0)] 0.4
Immunisation history

Rotavirus[n/N(%)] [23/25(92)] [32/32(100)] [14/14(100)] [17/19(86)] 0.1
Pneumococcal [n/N(%)] [25/25(100)] [32/32(100)] [14/14(100)] [17/19(86)] 0.2

** indicates a significant difference, Test of significance: Kruskal Wallis, df=3
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Clinical manifestations in malaria, non-malarial fever and controls

Further to laboratory results, a comparison of clinical features was
carried out to further distinguish malarial fever from non-malarial fever. In
particular, spleen palpability, vomiting, diarrhoea, shortness of breath (SOB)
and cough were recorded in all groups. Table 2 shows the frequencies of the
clinical symptoms. The most prevalent clinical presentation of both malaria
fever and non-malarial fever were cough, vomiting and diarrhoea. Malarial
fever was associated with higher spleen palpability than non-malarial fever and
controls.

Table 2: Frequency of clinical symptoms in malaria fever, non-malarial fever,
controls and follow-up

Malarial Non-malarial Controls Malarial
fever (n=32) fever (n=25) (n=19) follow up
Variable (n=14)

Cough 18 16 0 1
Diarrhea 7 8 0 1
SOB 1 0 0 0
Spleen grade 16 2 0 1
Vomiting 15 13 0 1

Correlation of malaria parasite count with haematology results,

Temperature, glucose and pulse rate

Figure 3, 4, 5 and 6 shows how malaria parasite counts correlated with
different clinical measured parameters. The correlation of each variable and the

number of parasites was determined using the Pearson correlation coefficient
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(r). The coefficient was calculated together with p values using either Kruskal
Wallis or two-way ANOVA based on data normality. The study used Graph
Pad prism (version 10) to calculate linear regression and Pearson’s correlation
coefficient. Even though there was a positive correlation between different
haematological and clinical assessments, none of these showed a significant

correlation.
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Figure 3: Correlation of parasitaemia to Glucose and Haemoglobin in paediatrics with malarial fever in Blantyre, Malawi
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Figure 4: Correlation of parasitaemia to Pulse rate and Platelets in paediatrics with malarial fever in Blantyre, Malawi

59

Digitized by Sam Jonah Library



University of Cape Coast

https://ir.ucc.edu.gh/xmlui

Correlation of Parasitemia and RBCs
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Figure 5: Correlation of malaria parasitaemia and Temperature and RBCs in paediatrics with malarial fever in Blantyre, Malawi
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Figure 6: Correlation of parasitaemia and WBC in paediatrics with malarial fever in Blantyre, Malawi
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Biomarker profiles

When it comes to the diagnosis and distinction of feverish conditions in
paediatric patients, biomarkers can be quite important. This study aimed to
profile and compare biomarker levels in children presenting with malarial fever,
non-malarial fever and control groups. This was done to identify potential
markers that could aid in distinguishing between malarial and non-malaria
fever. The biomarker profiles included in this study are C-reactive protein,
ICAM-1, Interleukin-6, Interleukin -10, IL-1p, vWF-1 and Ang-2. All the
biomarkers were tested using the Luminex multiplex bead assay.

All biomarker results were tested for normality using Shapiro Wilk test.
Kruskal Wallis was used for this analysis since data was not normally
distributed (Degrees of freedom, df =2). Figure 7 shows Boxplots for (A) CRP:
malaria vs. non-malarial fever (p = 0.09), (B) IL-10: malarial vs. non-malarial
fever (p <0.0001), Figure 8: (C) vWF-1: malaria vs. non-malaria (p < 0.001),
(D) IL-6: malaria vs. non-malarial fever (p = 0.04), Figure 9: (E) IL-1 beta:
malaria vs. non-malarial fever (p< = 0.01), (F) ICAM-1: malaria vs. non-
malarial fever (p = <0.005), and Figure 10: (G) ANG-2: malaria vs. non-
malarial fever (p = 0.005). There were significant differences for IL-10, IL-6,
IL-1B, Ang-2 and vWF-1 between the malarial and non-malaria fever groups.
Fever from malaria was marked by higher levels of IL-10, IL-6 and increased
CRP levels. Non-malarial fever had a remarkable increase of IL-1p3, ICAM-1,
Ang -2 and vWF-1. None of these markers were increased in controls. The
concentrations were converted to log 10 to carter for some concentrations that

were too small.
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Figure 7: Boxplots of concentration of (A) C-reactive protein and (B) IL-10 across paediatrics with malarial fever, non-malaria fever and

controls
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Figure 8: Boxplots of concentration of (C) vWF-1 and (D) IL-6 across paediatrics with malarial fever, non-malaria fever and controls
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Figure 9: Boxplots of concentration of (E) IL-1fand (B) ICAM-1 across paediatrics with malarial fever, non-malaria fever and controls
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Figure 10: Boxplots of concentration of (G) Ang-2 across paediatrics with malarial fever, non-malaria fever and controls
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To find a specific biomarker profile that correctly predicts the fever
source, Area under the Receiver Operating Characteristic Curve (AUROC) test
was done. This test tells the probability of a marker to correctly identify either
malaria fever or non-malarial fever. AUROC are presented with Confidence
intervals (CIs) which provide the uncertainty around a sample statistic, such as
a mean or proportion. A CI provides a range of values within which we can be
confident that the true population parameter lies, typically at a specified
confidence level (commonly 95%). A narrow confidence interval indicates a
high level of precision and reliability in the estimate, suggesting that repeated
sampling would yield similar results. This precision enhances the biomarker's
reliability as a diagnostic tool, as it implies consistent performance across
different populations or settings. On the other hand, a wide confidence interval
reflects greater variability and uncertainty in the estimate, which can diminish
the biomarker's reliability. A wide interval suggests that the true effect could
vary significantly, making it harder to trust the biomarker's diagnostic
capabilities. Therefore, narrower confidence intervals generally enhance the
credibility of a biomarker, while wider intervals may raise concerns about its
consistency and applicability in clinical practice.

Table 3 summarizes the AUROC (Area Under the Receiver Operating
Characteristic Curve) values for each biomarker, along with their corresponding
confidence intervals (CI Lower and CI Upper). AUROC values indicate the
discriminatory ability of each biomarker in distinguishing between individuals
with malarial fever and non-malarial fever, with higher values indicating better

discriminatory performance. Confidence intervals offer a range of reasonable
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values for the actual AUROC, taking into consideration estimation uncertainty
resulting from sampling variability. The comparison of biomarker responses
between malaria fever and non-malarial fevers revealed specific patterns
indicative of the underlying pathophysiology of each condition. AUROC values
are from 0.5 (indicates no discriminative ability) to 1.0 (perfect discrimination),
with higher values indicating better performance.

Specifically, as shown in Figures § and Figure 9, markers such as IL-6
(AUROC= 0.66; CI=95%), IL-10 (AUROC= 0.81; CI=95%) and CRP
(AUROC=0.76; CI=95%) were elevated in individuals with malaria compared
to those with non-malarial fevers. Interleukin-6 and Interleukin-10 showed
higher levels in malaria-infected individuals and the difference with non-
malarial fever was statistically significant. CRP, despite being increased in
malarial fever, it had a non-significant difference across the groups and a
moderate discriminatory ability. IL-10 had a better discriminatory ability in
differentiating malarial fever from non-malarial fever.

All markers of endothelial activation assessed in this investigation
demonstrated higher levels in individuals with non-malarial fevers compared to
those with malaria as shown in Table 3. ICAM-1 (AUROC=0.76; CI=95%),
vWF-1 (AUROC=0.71; CI=95%) and ANG-2 (AUROC= 0.79; CI=95%) were
elevated in non-malarial fevers, suggesting a distinct mechanism involving
endothelial dysfunction in response to bacterial or other non-malarial
inflammatory stimuli. IL-1p, an inflammatory cytokine involved in the host
response to infections and inflammatory processes, was also elevated in non-

malarial fevers than in malarial fever and controls. IL-15 (AUROC=0.9;

68

Digitized by Sam Jonah Library



University of Cape Coast https://ir.ucc.edu.gh/xmlui

CI=95%) showed a better predictability of non-malarial fever than malarial

fever.

Table 3: Area Under the Receiver Operating Characteristic Curve (AUROC)
with 95% confidence intervals (CI) for various biomarkers in differentiating
malarial fever and non-malarial fever

Biomarker AUROC CI Lower level CI Upper level
CRP 0.6 0.5 0.79

IL-1P 0.9 0.6 0.9

ICAM-1 0.76 0.6 0.9

vWEF-1 0.71 0.62 0.87

IL-10 0.81 0.7 0.95

Ang-2 0.79 0.67 0.92

IL-6 0.66 0.52 0.8

Support vector machine (SVM) learning for differentiating malarial fever

and non-malarial fever

Table 4 presents Support Vector Machine (SVM) Learning for
differentiating malarial from non-malarial fever. Table 4 summarizes how
different biomarkers identify a condition (malarial fever or non-malarial fever).
Caret package in R Studio was used to calculate Precision, Recall, Specificity
and F1 Score for each biomarker. Support vector machine (SVM) learning uses
key metrics for evaluating performance including Precision, Recall, Specificity
and F1 Score. Precision measures the proportion of true positive predictions
among all positive predictions, indicating the model's accuracy when predicting
positive cases; high precision is crucial in scenarios where false positives can

have serious consequences. Recall, or sensitivity, assesses how well the model
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identifies actual positive cases, which is vital in applications like disease
detection. Specificity measures the proportion of actual negative cases correctly
identified, highlighting the model's ability to minimize false positives. Finally,
the F1 Score combines precision and recall into a single metric, providing a
balanced evaluation, especially in cases of imbalanced class distributions.
Together, these metrics offer a comprehensive view of the SVM model's
performance, highlighting its strengths and weaknesses in classifying instances.
The results in Table 4 indicate that IL-10 is the most effective biomarker among
those tested, with a Precision of 0.86, Recall of 0.75, Specificity of 0.84, and an
F1 Score of 0.80. This suggests that IL-10 is both accurate and reliable in
identifying malarial cases, which can make it a valuable tool in clinical
diagnostics. IL-14 showed a good discriminatory effect and had a higher score
for correctly identifying non-malarial fever. In this case, a finding of low IL-
1 and high IL-10 in paediatric fever may suggest malaria. All the other markers
had lower F1 values and hence had poor diagnostic accuracy.

Table 4: Support Vector Machine (SVM) Learning for differentiating malarial
fever and non-malarial fever

Biomarker Precision Recall Specificity F1 Score
CRP 0.64 0.56 0.60 0.60
IL-1B 0.7 0.64 0.80 0.76
ICAM-1 0.36 0.31 0.28 0.33
VWEF-1 0.43 0.38 0.36 0.40
IL-10 0.86 0.75 0.84 0.80
Ang-2 0.29 0.25 0.20 0.27
IL-6 0.64 0.56 0.60 0.60
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Discussion

Fever is a naturally occurring adaptive mechanism and forms part of the
immune system's inflammatory response. It is characterised by an unnatural rise
in body temperature that takes place in response to certain physiological
alterations regulated and mediated by the Central Nervous System (CNS)
(Bakalli et al., 2022; Madut et al., 2021). Herlihy et al. (2016) indicated that
fever is interpreted as a temperature of 38 degrees Celsius (rectal or tympanic),
37.5 degrees Celsius (oral) or 37.5 degrees Celsius (axillary). This fever
response aims to provide an unfavourable environment for the infecting
pathogen and hence aid in its clearance.

For this study, paediatrics aged between 6 and 60 months were classified
as having malarial fever or not based on the Rapid Malaria test and Microscopy.
Luminex was used to identify profiles for the biomarkers in malarial and non-
malarial fevers. Haematological results and demographics were collected from

the study enrolment forms.

Haematological and clinical features associated with malarial fever and
non-malarial fever
Temperature

A fever is defined as a rise in body temperature that is more than the
typical daily range (Herlihy et al., 2016). For this study, an axillary temperature
of >37.5 was used to define fever. This is in agreement with (Plucinski et al.,
2020) ,who suggested that the lower limit to define fever is 37.5 degrees Celsius
based on Mozambican febrile patients. Numerous other studies have used a

temperature of >37.5 to define fever (Baltzell et al., 2019). Identification of
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fever by using temperature is the first clinical feature used to suggest a
diagnosis.

In Figure 2, the findings of this study showed that there was a
significant difference (p=0.0089) in temperature across malarial fever, non-
malarial fever and controls. Malarial fever patients presented with the highest
mean temperature. Similarly, studies have shown that temperature is much
higher in malaria fever than in non-malarial fevers (Baltzell et al., 2019;
Plucinski et al., 2020). The temperature differences indicate a different
underlying pathophysiological activity in malarial and non-malarial fever with
malaria causing a release of more pro-inflammatory cytokines. These findings
are crucial for clinical practice as they highlight the importance of temperature
measurement in the initial differential diagnosis of febrile illnesses. Higher
temperatures in children living in endemic regions can be used to suggest
malarial fever. A study by (Okoro et al., 2020) in Nigerian children with fever
suggested that temperature at admission can be used as a feature to identify
malarial fever from non-malarial fever with higher temperature indicating
malaria. This implies that higher temperatures during a hospital visit are
indicative of malarial fever and can provide guidance for the treatment of

pediatrics patients.

Hematological features associated with malaria and non-malarial fever

Paediatric patients with malarial fever demonstrated low mean platelet
and mean haemoglobin counts with significance levels at p=0.02 and p=0.01
respectively as shown in Table 1. These findings agree with previous findings
that platelet (McMorran et al., 2009; Morrell, 2014) and haemoglobin (Antwi-
(Antwi-Baffour et al., 2023) were significantly lower in malarial fever. This
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occurrence was also noted in Ethiopian children attending Sibu Sire Health
Centre(Bayisa & Dufera, 2022) . The decrease in platelets is due to peripheral
destruction of platelets or the release of unmatured platelets (Adly et al., 2015;
Golwala et al., 2016; Leal-Santos et al., 2013). In a related study, platelets were
found elevated in bacterial and viral infections than in malarial fever in Sudan
children (Bilal et al., 2016). Platelets have an important role in pathogen binding
and subsequent reduced levels can mark malarial fever in paediatrics presenting
with fever. Haemoglobin is reduced in malaria fever because of the anaemia
resulting from the sequestration of infected red blood cells for destruction in the
spleen. This also leads to an inflamed spleen which was common in malarial
fever in this study. In agreement with this, studies done in Ghana and Sri Lanka
respectively found that a palpable spleen grade was one of the clinical factors
associated with malaria in paediatrics and adults (Kularatne et al., 2023; Osei-
Kwakye et al., 2013). There was a significant difference in the number of
paediatrics that received antimalarials (p=0.02) in the past three months.
Paediatrics who were on malarial treatment in the past three months had
presented more with malaria and this can be evidence of re-infection. This could
be due to several factors, including incomplete treatment, drug resistance, or
high exposure to malaria vectors in endemic areas, leading to recurrent
infections despite previous treatment. The haematological and clinical features
give a picture of the fever source with high spleen palpability and low platelet

and haemoglobin suggesting malarial fever.

Correlation of malaria parasite count to different clinical results

In terms of the correlation of clinical tests to malaria parasite count in

Figure 3 and Figure 4, Haemoglobin (r=0.3), RBC (r = 0.2) and platelets (r =
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0.2) demonstrated a moderate correlation with parasite density. This suggests
that as the parasite count increases, there is a tendency for haemoglobin,
platelets and RBC levels to decrease, albeit not significantly. The decline in
RBC and haemoglobin could be attributed to the haemolysis of infected red
blood cells (Kularatne et al., 2023; Osei-Kwakye et al., 2013), a common
occurrence in malaria-infected individuals and it positively correlates with the
parasite count. In Figure 6, White blood cell count against malaria parasite
count have a negative correlation, which suggests that WBCs are not the main

players in malaria clearance and cannot be used to determine parasitaemia.

Biomarkers in malarial fever and non-malarial fever

It is known that cytokine dysregulation plays a role in the pathological
processes of infectious diseases like malaria (Davenport et al., 2016). Malarial
fever and non-malarial fever present distinct clinical and immunological
profiles, which were reflected in the biomarker responses observed in this study.
Malaria typically manifests with cyclical febrile episodes coinciding with the
parasite's life cycle. These febrile episodes are usually followed by a range of
systemic symptoms, including chills, sweating, headache, and myalgia, which
are linked to the production of cytokines and other inflammatory mediators in
response to parasite invasion and replication within red blood cells (Ong’echa

etal., 2011; Zdrodowska et al., 2006).

Biomarkers predicting malarial fever

In malarial fever, the following biomarkers IL-6 (p=0.04, AUROC=
0.66, CI=95%), IL-10 (p=<0.0001, AUROC= 0.81, CI=95%) and CRP (p
=0.09, AUROC=0.76, CI=95%) demonstrated a better discriminatory ability of
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malarial fever than the markers of endothelial activation as shown in 7able 3.
In terms of concentration, Table 3, Figure 7 and Figure 8, showed that IL-6 and
IL-10 demonstrated higher levels in malaria-infected individuals and the
difference with non-malarial fever was statistically significant. CRP had a non-
significant difference across the groups. IL-10 had a better discriminatory
ability to differentiate malarial fever from non-malarial fever.

To differentiate bacterial and non-bacterial infections in individuals
with fever, C reactive protein (CRP), a measure of inflammation, has been the
subject of substantial research (N. Y. Ngwengi et al., 2020). In this study, CRP
concentration difference between malaria and non-malarial fever was p= 0.09,
this indicates a non-significant difference. This finding agrees with (Bertoli et
al., 2021) where CRP levels were higher in malarial fever but it was not able
to distinguish malarial fever from bacterial fever and the difference was
insignificant. CRP has been widely utilised to distinguish between viral and
bacterial fever (Lubell et al., 2015), where it correctly identifies bacterial
infections (Nijman et al., 2014) from viral infections. However, studies in
Ghana found that the role of CRP in excluding malarial fever from other sources
of fever is not significant claimed that the mean CRP levels of bacterial and
malaria infections do not differ significantly (Y. Ngwengi et al., 2023). It was
also established that compared to a viral illness, mean CRP were substantially
higher in cases of malaria or bacterial infection, thus this suggests that CRP can
not be used as a reliable biomarker in distinguishing malarial and bacterial
infections. These results concur with this current study's findings, in which CRP
levels were higher in malarial fever than in non-malarial fever but the

differences were not significant. The non-significant differences in CRP can be
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due to the overlap of immune responses between malarial fever and non-
malarial fever. This suggests that CRP elevation is not specific to either malarial
or non-malarial fever and therefore cannot be utilised as a biomarker to
differentiate malarial fever from non-malarial fever.

For this study, IL-10 (p=<0.0001, AUROC= 0.81, CI=95%) and IL-6
(p=0.04, AUROC= 0.66, CI=95%) were higher in malarial fever than in
controls and non-malarial fever and the differences were of statistical
significance (Figure 7, Figure 8 and Table 3). The equilibrium between the pro-
and anti-inflammatory responses is preserved by IL-10 (Popa & Popa, 2021).
Studies in malaria fever have demonstrated that IL-10 increases in relation to
malaria severity (Sornsenee et al., 2023). IL-10 has also been shown to
influence the growth of malaria parasites in murine malaria (Freitas do Rosario
et al., 2012). Research combining viral, bacterial and malarial infections
showed that IL-10, when applied in a classification tree signature, can reliably
classify patients into viral, bacterial and malarial aetiologies, with an overall 96
and 86% specificity and sensitivity, respectively (Valim et al., 2016). This
agrees with the finding of this study where IL-10 had AUROC of 0.81,
demonstrating a higher discriminatory ability of malarial fever from non-
malarial fever. This demonstrates that increased IL-10 measured in fever
patients predicts malaria infection.

Inflammatory cytokines, such as Interleukin-6, are released by the
immune cells during blood-stage malaria infection. To stop the parasite from
growing and to eradicate it, IL-6 is essential. Many studies have studied IL-6 in
bacterial infections (Chiaretti et al., 2013; Tanaka & Kishimoto, 2012) and viral

fever and Covid-19 (Kang et al., 2015). Studies in non-malarial fever have
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demonstrated that IL-6 performs better in differentiating viral and bacterial
infections with an AUROC of 0.93 (Valim et al., 2016). Scarce data is available
on the comparison of IL-6 on differentiating the cause of fever. With a
significant difference between malarial and non-malarial fever and AUROC=
0.66, this study suggests that IL-6 has a moderate influence in differentiating

the source of fever.

Biomarkers predicting non-malarial fever

Markers of endothelial activation demonstrated higher levels in
individuals with non-malarial fevers compared to those with malaria fever. In
Figure 8, Figure 9, Figure 10 and Table 3; ICAM-1 (p=<0.005, AUROC=0.76,
CI=95%), vVWEF-1 (p =<0.001, AUROC=0.71, CI=95%) and Ang-2 (p=0.005,
AUROC= 0.79, CI=95%) were elevated in non-malarial fevers, suggesting a
distinct mechanism involving endothelial dysfunction in response to bacterial
or other non-malarial inflammatory stimuli.

Data are scarce on the usage of levels ICAM-1, vWF-1, and Ang-2 in
the differential diagnosis of malarial and non-malarial fever. However, higher
levels of ICAM-1, vWF-1, and Ang-2 have been observed in association with
increased severity of infectious diseases (Laurent et al., 2022) such as in viral
infections such as COVID-19 patients (Alay & Laloglu, 2021), and
Mycobacterium avium infection (Ma et al., 2020). A study by Valim et al.,
(2016) found that vWF-1 works better in differentiating bacterial and viral
infections, with higher levels indicating viral infections. However, other studies
have demonstrated that vWF-1 increased in bacterial infections and also aids in
bacterial pathogenesis (Bui et al., 2020; Steinert et al., 2020; Suurbaar et al.,

2022). In this study, ICAM-1 (p=<0.005, AUROC=0.76, CI=95%) and Ang-2;
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p=0.005, AUROC= 0.79, CI=95%) have been shown to have a better
discriminatory effect on malarial fever and non-malarial fever with higher
levels suggesting non-malarial fever. This indicates that there is more
endothelial activation in paediatrics with non-malarial fever than in those with
malarial fever.

IL-1B, a cytokine that promotes inflammation and aids in the host's
reaction to infections and inflammatory processes, was also elevated in non-
malarial fevers, indicative of a robust inflammatory milieu characteristic of
bacterial or other non-malarial infectious agents. In a study of malaria-infected
children in Kenya, children with bacterial infection had higher IL-1f
(Davenport et al., 2016) than those with malaria. In infectious diseases, sepsis
can lead to fever; a study of Malawian children found that IL-1B was the best
biomarker to predict non-malarial sepsis, improving sepsis diagnosis in malaria-
endemic areas (Baltzell et al., 2019). This relates to the current findings where
IL-1B (p=<0.01, AUROC=0.9, CI=95%) showed higher levels in non-malarial

fever than in malarial fever and had a better discriminatory value.

Utility of machine learning in differentiating malarial and non-malarial

fever

This study used Support Vector Machines (SVMs) to further distinguish
malaria from non-malarial fevers using a range of biomarkers. In Table 4,
Interleukin-10 demonstrated an F1 score of 0.80, indicating a balanced strength
in both precision and recall and correctly identifying malarial cases.
Interleukin-1B achieved an F1 score of 0.76 and demonstrated a good

discriminatory ability of non-malarial fever from malarial fever. Conversely,
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CRP and Interleukin-6 exhibited a more moderate performance, reflected in
their F1 scores of 0.60 each. These results show the necessity of proper
biomarker selection in SVM-based diagnostic models. Biomarkers with higher
F1 scores, like IL-10 and IL-1f have the potential to significantly improve the
accuracy of clinical decision-making when differentiating malaria. These
results of SVM agree with Baltzell et al. (2019), where IL-1B correctly
identified non-malarial sepsis. This cross-study consistency emphasises how
strong and accurate IL-1f can be a biomarker for differentiating between febrile
diseases. Furthermore, the modest performance of IL-6 and C-reactive protein
indicates that although they might be useful in this particular diagnostic context

but not as effective as IL-10 and IL-1p.

Mechanisms behind variability of biomarkers in malarial fever and non-

malarial fever

The variability in biomarker performance can largely be attributed to the
differences in immune responses to malaria compared with other types of fever
causing infections. Malaria, caused by the Plasmodium parasite, primarily
induces a Th1/Th2 mixed immune response with significant involvement of
regulatory cytokines like IL-10, which modulate inflammation and parasite
growth (Edwards et al., 2023). In contrast, bacterial and viral infections often
trigger a more intense inflammatory response involving pro-inflammatory
cytokines like IL-6 and IL-1p, as well as endothelial markers like ICAM-1 and
vWEF-1 (Ma et al., 2020). In bacterial and viral infections, endothelial activation
and dysfunction are more pronounced due to the direct effects of toxins or

pathogens on the vascular system, leading to the elevated levels of ICAM-1,
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vWF-1, and Ang-2 seen in non-malarial fevers (Tuyen et al., 2020). These
markers are not typically as elevated in malaria, where the immune response is

more focused on parasite clearance rather than endothelial injury.

Chapter summary

In summary, the study investigated whether different biomarkers could
help distinguish between malaria fever and non-malarial fever in paediatric
patients. Temperature was higher in malarial fever than in non-malarial fever.
Haematological results demonstrated reduced haemoglobin and platelet count
in malarial fever than in non-malarial fever and controls. The findings showed
distinct patterns in biomarker levels between the groups. Children with malaria
had elevated levels of IL-6 and IL-10 compared to the other groups. Notably,
IL-10 appeared to be the most promising biomarker for differentiating malaria
from non-malarial fever. All markers of endothelial activation were increased
in non-malarial fever. IL-1p, ICAM-1, Ang-2 and vWF=1 were increased in
non-malarial fever and demonstrated a good discriminator ability between
malarial and non-malarial fever. Finally, a machine learning technique (Support
Vector Machine) was used to analyse the biomarker data. This analysis
confirmed that IL-10 and IL-1B are the most effective biomarkers for
differentiating malaria fever from non-malarial fever. These findings highlight
the potential of using specific biomarker profiles to improve diagnosis of febrile

illnesses in children.
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATION
Summary

The study aimed to explore the use of serum biomarkers to distinguish
malaria from non-malaria fever in paediatric patients in Blantyre, Malawi. This
was done by analysing serum profiles of specific biomarkers that are expressed
in malarial fever and non-malarial fever. The study aimed to improve
diagnostic accuracy and reduce unnecessary antibiotic use, particularly in
malaria-endemic regions where fever presents a diagnostic challenge due to
overlapping clinical features of different infectious diseases. Temperature was
higher in malarial fever than in non-malarial fever. Haematological results
demonstrated reduced haemoglobin and platelet count in malarial fever than in
non-malarial fever and controls. It was hypothesized that serum biomarkers will
be expressed differently between malaria and non-malaria fever. The Luminex
bead assay method was utilized to measure the biomarkers in the study. IL-10,
IL-1B, ICAM-1, Ang-2, vWF-1, and IL-6 were identified as biomarkers with
notable variations in their levels among malarial and non-malarial fever.
Among these, IL-10 and IL-1B correctly predict fever sources with IL-10
increased in malarial and IL-1p increased in non-malarial fever. Additionally,
all markers of endothelial activation such as [CAM-1, Ang-2 and vWF-1 were
elevated in non-malarial fever than in malaria cases and demonstrated moderate

discriminatory ability.
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Conclusion

In paediatric patients presenting with fever, IL-10 and IL-1f correctly
differentiates malarial fever from non-malarial fever with IL-10 levels
increased in malarial fever and IL-1P increased in non-malarial fever. The
utility of these can aid in the quick diagnosis of aetiology of infections that
cause fever. This study on serum biomarkers in Malawian paediatric patients
has provided novel insights by identifying specific biomarkers, such as IL-10,
IL-1B, ICAM-1, ANG-2, vWF-1, and IL-6, that exhibit significant differences
in expression levels across malaria and non-malarial fever. In addition to the
biomarkers, malarial fever presents with lower haemoglobin and platelets with
increased temperature compared to non-malarial fever. These findings offer
promising prospects for enhancing diagnostic precision in paediatric infectious

diseases.

Recommendations

In order to confirm the diagnostic effectiveness of IL-10 and IL-1f in
differentiating malarial fever from non-malarial fever, further extensive
investigations including a wider range of paediatric patients from several sites
are required. These investigations would validate the results and demonstrate
the dependability of IL-10 and IL-1P biomarkers in various clinical contexts.
Additionally, evaluating the cost-effectiveness and clinical implications of
integrating IL-10 and IL-1fB testing into routine practices is critical, as
understanding their practical and economic impacts will guide their adoption.
Developing and implementing diagnostic algorithms or decision-support tools

that integrate IL-10 and IL-1p with other clinical and laboratory parameters
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could significantly enhance diagnostic accuracy and reliability, improving the
differentiation of fever types in paediatric patients. Extensive research on the
processes behind the distinct regulation of IL-10 and IL-1p in malarial and non-
malarial fever may provide a more profound understanding and improve
diagnostic methodologies. The wider implementation would be supported by
interacting with professional associations to push for these biomarkers'
inclusion in clinical guidelines. To ensure that the diagnostic benefits of IL-10
and IL-1P are broadly applicable and useful, it is imperative to assess the
transportability of these findings to diverse geographical regions and healthcare

settings.

Suggestions for further research

Further research should be done to investigate the longitudinal dynamics
of IL-10 and IL-1f in paediatric patients with malaria and co-infections. This
longitudinal study could focus on monitoring changes in biomarker levels over

time during the course of treatment and recovery.
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