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ABSTRACT

Background: Majority of malaria morbidity and mortality mostly arise in children
younger than five years and this also happens to be the same period of time they become
co-infected with Epstein —Barr virus (EBV). In areas of endemic malaria transmission,
immunity to non-cerebral severe malaria is expected to be acquired after 1-2 infections
with Plasmodium falciparum. Despite this immunity, 20% infected children die yearly
due to severe malaria. Previous studies have shown that, dual infection of P. falciparum
and EBV is the cause of endemic Burkitt’s lymphoma (eBL). However, there is scanty
of information whether this same co-infection is the reason why malaria in children
tends to be severe.

Aim: The aim was to study the association between co-infection of EBV with P.
falciparum infection and malaria severity in children under five years of age.

Method: The study population comprised of children below 5 years of age who had
been clinically diagnosed and confirmed to have malaria at the Divine Love and
Nkenkensu Government hospitals. The study design was a cross sectional study and the
convenient sampling technique was used to enrol 80 children with malaria. These
children were then classified into two groups; severe malaria and non-severe malaria.
ELISA was used to detect EBV specific immunoglobulins to EBNA-1 EBV antigen in
the plasma of these children.

Results: In all, there were 49 (61.25%) children classified as having severe malaria and
31 (38.75%) children with non-severe malaria. Parasite density levels between the two
groups showed a clear separation. WBC and parasite density also showed statistically
significant differences (both ps< 0.05), compared to both RBC and Hb concentrations
(both ps >0.05) between the two groups. Clinical histories of the two malaria groups for

body temperature, duration of illness, fever and malaise, showed strong statistically



significant differences (all ps <0.0001). The overall seroprevalence of EBV in this study
was 26.25%. The seroprevalence of EBNA-1 in children classified as severe malaria was
32.78%. No EBNA-1 IgG was found in children between 0-7 months. There was no
significant association (p = 0.123) between severe malaria and EBV infection though
children with EBV were more likely to develop severe malaria (Risk ratio 2.024, 95% CI

0.8249 to 4.9686, p = 0.1236) .

Conclusion: The study determined that even though children with severe malaria had
higher seroprevalence of EBV, this was not responsible for malaria severity since
children with non- severe malaria also had EBV present in their blood plasma. Children

with EBV were however, more likely to progress to severe malaria.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Six species of malaria parasites belonging to the family Plasmodidae, of the Phylum
Apicomplexa are the known cause of human malaria. These are Plasmodium vivax, P.
malariae, P. ovale curtsi, P. ovale wallikeri, P. falciparum and P. knowlesi (Warrell et
al., 2012; Poirier et al., 2016). However, the major cause of malaria in humans is P.
falciparum (WHO, 2016). According to the report released by WHO in December 2016,
there were 242 million malaria cases in 2015 and also 429,000 deaths (WHO, 2016).
Sub-Saharan Africa still carries the highest portion of the global malaria burden with
90% of malaria cases and 92% fatality rate as at 2016. In areas of high malaria
transmission intensity, young children at the age of 5 years and below are more
susceptible to this infection. More than 70% of malaria associated deaths occurs within

this age range (WHO, 2016).

Malaria infection is categorized into uncomplicated and severe (complicated) malaria
(CDC, 2015). In uncomplicated malaria, the clinical presentation of the disease includes:
headache, chills and diaphoresis. Other common symptoms are dizziness, mild
diarrhoea, nausea, vomiting and dry cough (Genton & D'Acremont, 2001). Timely and
proper treatment of uncomplicated malaria is very crucial in preventing its progression

into severe disease and consequently death.

Severe malaria accounts for approximately one million mortalities yearly with children
under the age of 5 years being the most susceptible of all (WHO, 2012). Severe malaria

ensues when there are complications in malaria infections as a result of dysfunction of



vital organs or abnormalities in blood components or metabolism (CDC, 2015).
Presentation of severe malaria is characterised by; cerebral malaria, low haemoglobin
level, blood in urine, pulmonary oedema, defect in blood coagulation, low blood
pressure, acute kidney failure, hyperparasitaemia, metabolic acidosis and low glucose
concentration (CDC, 2015). However, the clinical indication of severe malaria in
children under 5 years in Sub-Saharan Africa is characterised by two main outcomes;
cerebral malaria and severe anaemia (WHO, 2014). Other manifestations such as cough,
diarrhoea, and vomiting associated with malaria have also been documented (Anumudu

et al., 2004).

Multifactorial events such as high parasitaemia, longer period of illness prior exposure
to antimalarial treatment or absence of protective interventions against mosquito bites
have been linked to increasing risk of acquiring severe form of malaria (Byakika-
Kibwika, 2009). However, it is yet to understand clearly why infection with malaria
becomes severe in children below 5 years of age and eventually leads to death. Co-
infection with another pathogen could also be a contributory factor to severity of malaria

in a host (Haque et al., 2004).

One such pathogen is Epstein-Barr virus (EBV) otherwise, known as human gamma
herpes virus 4 (HHV4). Epstein-Barr-virus is oncogenic by nature and persists for life in
its host (man). It affects greater than 90% of people worldwide (Chu-Qiong, & Jiman,
2016). In Ghana, Rasti et al. (2005) reported that, 47% of Ghanaian children with
malaria had EBV DNA in their circulation. Epstein-Barr virus clinically manifests as a
subclinical infection or acute mononucleosis (Silins et al., 2001; Young & Rickinson,

2004). The asymptomatic infection is dominant during childhood after primary infection



but if it occurs during adolescence or later in life, the result is acute mononucleosis
(Jayasooriya et al., 2015). Epstein-Barr virus has two replication cycles: the latent and
Iytic cycle. The former persists in B cells and the latter occurs when there is reactivation
of the latent form which consequently leads to it (lytic form) being shed into the saliva

(Rickinson &Kieff, 2001).

Epstein- Barr virus causes many cancers which include B cell lymphoma,
nasopharyngeal carcinoma and endemic Burkitt’s lymphoma (eBL) amongst
immunocompromised hosts (Thompson & Kurzrock 2004). In equatorial Africa, the
childhood cancer, eBL occurs if EBV infection in children remains untreated for a
longer period (Piriou et al, 2012). Co-infection of EBV with holoendemic malaria is a
potential risk factor of eBL (Rainey et al., 2007; Jeanette et al., 2008; Chattopadhyay et
al., 2013). Epstein-Barr-virus and P. falciparum are two pathogens whose infection can
be modulated independently of each other but co-infection can probably become more

lethal than each individual infection (Matar et al., 2015).

1.2 PROBLEM STATEMENT

Plasmodium falciparum still remains the commonest amongst the four human malaria
parasites in Ghana. Malaria mortality is concentrated among those who are
immunocompromised and generally children below 5 years bear the brunt of the burden
of malaria mortality (WHO, 2016). Children born into P. falciparum endemic areas
usually acquire and clear the infections without showing any symptoms of illness,
however, majority of them at some point in their lives will show symptoms of the
infection which is presented as fever. These clinical responses may result in severe

forms of complications and may result in severe complications and may heal naturally,



need medical intervention or better still leads to death (Robert & Omumbo, 2006).
Although much is known about the association of co-infection of EBV and P.
falciparum with eBL (Haque et al., 2004), little is known about its association with

severe malaria in children

As to why some children recover from malaria whilst others do not is a question which
needs to be answered. Hence, the need for finding the possible association between co-
infection of EBV and severity of falciparum malaria in children as well as determining
the prevalence of EBV among children under 5 years of age who have been diagnosed of

severe malaria.

1.3 SIGNIFICANCE OF STUDY

Children in sub-Saharan Africa mostly become co-infected with EBV and P. falciparum.
EBV maintains a latent infection and then persists throughout the life of its host (Speck
& Ganem, 2010). In malaria endemic areas these children are usually seropositive to
EBV by 6 months of age which is in consonance with the decline of maternal antibodies
(Piriou et al., 2012). Almost all infected children would have undergone sero-conversion
by age of 3 years (Arnaud et al., 2009). It is within this age range that children get
infected with P. falciparum resulting in the increasing disease and death among these

children (Matar et al., 2015).

Findings of the research would provide a valuable insight to clinicians in the
management of severe malaria so as to tackle EBV infections through the utilization and

improvement of EBV antibody and therapeutic drugs against the virus in stable malaria



region. This would give some sort of alleviation amid the improvement of severe form

of malaria in these children.

1.4 AIM
The research determined the correlation between co-infection of EBV and P. falciparum

with the severity of malaria in children below 5 years old.

1.5 SPECIFIC OBJECTIVES
The specific objectives were to:

1. determine the overall seroprevalence of EBNA-1 IgG in the children with
malaria as well as the seroprevalence of the children classified as having severe
malaria.

2. compare the clinical histories and haematological profiles of children classified
as having severe malaria to those classified as non-severe malaria.

3. establish any correlation between EBV and both clinical histories and
haematological profiles of the children classified as having severe malaria to
those classified as non- severe malaria.

4. establish any association between the severe malaria group and EBV



CHAPTER TWO

LITERATURE REVIEW

2.1 EPSTEIN-BARR VIRUS (EBV)

2.1.1 Biology

Epstein- Barr virus, originally named as the human herpes virus 4 (HHV-4) is an
enveloped virus composed of 184-kbp double-stranded, linear deoxyribonucleic acid
(DNA) genome that codes for more than 85 genes (Rickinson & Kieff, 2001). It is
bounded by a protein capsid and in between this capsid and envelope is the tegument.
On the outer envelope of the virus are glycoproteins that are essential for targeting
specific cells, host species and for communication with the host cell via ligand-receptor
pathway (Rickinson & Kieff, 2001). The genome is made up of a series 0.5kb repeats
which are terminally arranged in tandem and have internally repeated sequences that
partitions the genome into long and short distinct regions that have majority of the

coding capability (Thompson & Kurzrock, 2004).

In humans, there are two recognized types of EBV; EBV-1 and EBV-2 also referred to
as Type A and B. These two vary in the gene sequence that encodes the EBV nuclear

antigens; EBNA-2, EBNA-3A/3, EBNNA-3B/4 and EBNA-3C/6 (Sample et al., 1990).

2.1.2 Epidemiology

Epstein-Barr virus is widely spread and infects almost all population sub-clinically
during childhood and thereafter: maintains a life- long persistence in its host. The virus
establishes itself in antibody-producing memory B cells which serve as the ideal
environment for its long-term residence (Crawford, 2001). According to the World

Health Organisation International Agency for Research of Cancer (IARC), EBV is
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categorized under group 1 carcinogen and it is known to directly have a role in the
pathogenesis of eBL, narsopharyngeal carcinoma, gastric carcinoma and a subclass of
Hodgkin lymphoma (IARC, 1997). The childhood cancer, Burkitt’s lymphoma which is
characterised by jaw tumour with multiple quadrants is chiefly caused by the Co-
infection of EBV and P. falciparum (Mutalima et al., 2008). Not less than 90% of eBL
cases have been proven to be EBV-associated with supportive corroborations such as the
existence of EBV-DNA clonally integrated in tumour tissue and sero-epidemiological

associations with EBV antibodies (Sugden, 2014).

Currently, there are two distinct types of EBV isolates which have been identified. These
isolates were originally classified as A and B but presently designated as type land 2
(IARC, 1997). EBV-1 and EBV-2 do not only differ in their sequence of genes that
encodes EBV nuclear antigen (EBNA) (Buisson et al., 1994) but also in their
geographical distribution. They are both found all over the world but with different
geographical distribution. Although the EBV-1 is more predominant than EBV-2, in
some regions including Western New Guinea, Central Africa and north-western part of
Canada, EBV-2 is more common (Kwok et al., 2015). In equatorial Africa for instance
where holoendemic malaria and Endemic Burkitt’s lymphoma are very common about
half of Endemic Burkitt’s lymphomas have been proven to carry EBV-2. However, in

Taiwan, more than half of nasopharyngeal carcinomas carry EBV-1 (Shu et al., 1992).

The underlying mechanism associating infection of EBV with the development of
malignant B cells leading to jaw tumour is unknown. There seems however to be two
compelling theories even though totally unrelated to elucidate the association between

EBV and P. falciparum as the cause of eBL (Rochford et al., 2005). One theory



proposes that, P. falciparum activates the proliferation of polyclonal B cell and lytic
EBV reactivation that leads to increase in numbers of latently infected B cells and the
propensity of c-myc translocation; a hallmark of eBL. The second theory suggests that,
EBV-specific T-cell immunity is disrupted in the course of P. falciparum co-infection
due to enhanced B cell replication thus leading to loss of viral control (Moormann et al.,

2011).

Primary infection with EBV have been found to damage the production of malaria-
specific antibodies derived from the humoral immune response that control plasmodium
parasitaemia thereby rendering a non-severe malaria infection to become severe and

probably lethal (Matar et al.,2015)

2.1.2.1 Age of primary infection

The age at which primary EBV infection has remained a debatable one among
researchers as others argue that EBV infection cannot occur earlier in the lives of
children whereas others uphold the fact that primary EBV infection can actually occur in
their early life. Among those researchers of the former hypothesis are Biggar et al.
(1978) who hypothesized that, infection of EBV at a younger age is not possible because
infants have maternal antibodies circulating in their blood and this serves as immunity to
various infections and EBV is no exception. According to Biggar et al. (1978), EBV
infection in children can occur only after waning of maternal antibodies. This finding is
also parallel to the findings of Chan et al. (2001) who also proposed that primary

infection with EBV among infants below six (6) months old is not possible.



Contrary to the findings of these researchers, de Thé et al. (1978) hypothesized that
infection of children at an earlier age is possible and may lead to poor control of the
virus by the host and this serve as a risk factor of eBL. Additionally, it has also been
proposed that, infection with EBV mostly arises in individuals at a younger age in
developing countries due to low socio-economic status and poor hygienic conditions
(IARC, 1997). In Africa for instance, most children become infected early in their lives
and by three (3) years of age, antibodies of EBV are known to circulate in the serum or
plasma of most of them. However, primary EBV infection in developed countries is

known to delay till adolescence (Hjalgrim et al., 2007).

EBV infection has also been hypothesized by Slyker et al. (2013) to occur earlier in the
life of children of HIV-infected mothers as compared to their counterpart born to HIV-
negative mothers. Malaria transmission intensity according to Priou et al. (2012) is also
a contributory factor by which children acquire EBV earlier in their life. In this work,
two cohorts of infants in two areas with divergent malaria exposure were being
followed. Results from the work showed that infants from Kisumu (stable /high malaria
transmission region) were significantly infected with EBV at younger age compared to
children in Nandi (unstable malaria transmission). Rasti et al. (2005) in their work also
found greater percentage (47%) of EBV in the plasma of children in Ghana (aged
between 5months and twelve years) and 34% amongst non-malaria group but was
completely not detected in Ghanaian adults and Italian children. Their data also provides
supportive evidence that EBV infection arises later in the life of children in affluent
countries than in the lives of children in poorer countries like Ghana. Thus, the age of

primary EBV infection in children differs due to geographical location and co-infection



with other pathogens like P. falciparum and Human Immnune Deficiency Virus (HIV)

among others.

2.1.2.2 Sero-epidemiology

EBV maintains latency in B cells of most healthy individuals, hence it becomes
imperative to determine whether EBV has a causal association with a specific disease or
it is just a passer-by. Previously, heterophiles antibodies, specifically sheep aggluttin
discovered by Paul and Bunnell in 1932 were used to detect the antigens of EBV. It was
observed that these antibodies were highly elevated in infectious mononucleosis and not
any other form of diseases, hence its use for diagnosis of EBV. These heterophile
antibodies have been defined as “having the tendency to react to certain antigens which
are quite different and phylogenetically unrelated to the one primarily mounting the
immune response” (Paschale & Clerici, 2012). The rate at which false negative occur is
greatest in children whereas false positives are only few among patients with abnormal
immune response to their normal body part (Paschale & Clerici, 2012). This limitation
has thus, led to the development of serological laboratory test method like Enzyme-
immunosorbent Assay (EIA) to detect EBV distinct immunoglobulins as a means of

diagnosis and monitoring of the infection.

Different patterns of EBV antibodies have been recognised during lytic and latent
infection of health carriers as well as in viral reactivation and in numerous diseases
associated with EBV. In the lytic phase for instance, regulatory proteins which belong to
immediately early antigen (IEA) and early antigen are the ones being produced to ensure

the synthesis of EBV DNA, virion protein structure and membrane proteins.
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The lytic phase destroys the infected cells whilst releasing viral particles. EBV can
likewise persist in the host’s cell without completely producing virus by undergoing
replication in episomes after certain selected viral genes have been expressed (Rickinson
& keiff, 2001). These genes result in perpetuation of the B cells leading to blast

transformation (Tierney et al., 2006; Paschale & Clerici 2012).

In the latent cycle however, EBNAs and the three latent membrane proteins (LMPs) are
being expressed. The EBNAs comprise of a complex of a minimum of six (6) proteins:
(EBNAL- 6). EBNA-1 maintains the episomal nature of the virus DNA whereas EBNA-
2 is involved in immortalisation of B cell (Leight & Sugden, 2001). A study by Henle et
al. (1978) revealed that, in Infectious mononucleosis, antibodies specific to EBNA-2
were the first to arise and after attaining maximum titres, they dropped again to a very
low or better still undetectable level. Anti- EBNA-1 antibodies however arose after
several days or weeks of decline of EBNA-2 and then progressively reached titres at
which they continued indeterminately. About 20%-30% of healthy individuals who have
previous infection with EBV have EA (D) IgG (Bauer, 2001). In addition to high titres
of VCA and IgA, EA (D), IgG are also expressed in patients with nasopharyngeal
carcinoma (NPC) (Tiwawech et al., 2003). Currently, antibodies against EBV immediate
transactivator protein (Zta) also referred to as ZEBRA are used to diagnose individuals
at a risk of having nasopharyngeal carcinoma (NPC) (Chan et al., 2003; Dardari et al.,
2009; Njie et al., 2009). EA(R) IgG has been discovered in children below the age of
two (2) years, in patients suffering from eBl and furthermore, in already infected people

at a low titre (Jenson, 2004).
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Parameters of EBV serology incorporate the recognition of IgM, IgG and less frequently
IgA directed against EBNAs, Viral capsid antigen (VCA) and early antigens (EA) which
are partitioned into two segments: EA-D encoded by (BMRF-1) and EA-R (a human
Bcl-2 homologue encoded by BHRF-1) (IARC, 1997). The IgG and (IgM) of the viral
capsid antigen (VCA) together with the IgG of the EBV nuclear antigen (EBNA-1)
make it easy to discriminate between early and past infection. The existence of IgM and
IgG to VCA devoid of 1gG to EBNA-1 is a potential indication of an early infection
whereas the presence of IgG to both VCA and EBNA-1 portray past infection (Paschale
& Clerici, 2012). The role of antibodies can therefore not be underestimated in terms of

diagnosis of EBV infection.

2.1.3 Transmission

Epstein —Barr virus is most frequently transmitted from host to host primarily via contact
with saliva (Mbulaiteye et al., 2006). Infants get infected by saliva on toys, fingers,
crowding and/or the act of pre-chewing of foods by their mothers (Hjalgrim et al.,
2007a). Saliva is predominantly the mode of transmission by which children get infected
whereas intimate Kissing has been proposed to be major route of transmission in
adolescents (Hjalgrim et al., 2007). About half of primary EBV infection during

adolescent age leads to clinical infectious mononucleosis (CDC, 2006).

Breast milk has also been proposed by Ibrahim et al. (2015) to be another possible route
of transmission among infants. Their result also showed that pregnant women who have
been confirmed to have malaria during pregnancy had greater likelihood of having
detectable EBV DNA than their counterpart women who lacked any sign of malaria

infection in the course of pregnancy (64% vs 36%, P=0.01).
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Epstein- Barr virus has again been identified in cervical fluids, semen and body tissue
scraped from the penile sulcus of teenage girls and young adult women and men
respectively (Israel et al., 1991; Elbom et al., 2001) implying that sexual transmission is
one of the routes of infection even though its evidence still remains elusive. According
to Van et al. (2000), homosexuality is one of the means by which people acquire
infection to EBV but this mode of transmission is limited because it is almost impossible
to differentiate sexual mode of transmission from oropharyngeal contact and intimate

Kissing.

2.3.4 Host Range and Target Site

Even though EBV is ubiquitous in nature, it is only humans which serve as its natural
host. Most of the advanced primates also possess a virus similar to EBV. The antibodies
to EBV in these primates are attributed to the presence of cross-reactive antibodies

against their own species-specific EBV (IARC, 2012).

Just like any other herpes virus, EBV maintains latency in lymphocytes and can
stimulate proliferation of these cells. EBV is therefore said to be a B lymphotropic virus
(Young & Rickinson, 2004). EBV binds to the B cell through the attachment of its outer
major glycoprotein, gp350/gp220 with the cellular receptor for the C3d complement

component CR2 (CD21) (Lindsey, 2007).

Not only does EBV infect B cells but also T-lymphocytes and epithelial cells resulting in
distinct clinical conditions. Infection of T-lymphocytes can cause Hodgkin and non-

Hodgkin lymphoma whereas infection in the epithelial cells brings about epithelial cell
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tumours including nasopharyngeal and gastric carcinoma (Thompson & Kurzrock,
2004). A different CD21-independent pathway may also account for infection of other

cells than the B cells (Janz et al., 2000; Lindsey, 2007).

2.1.4 Pathogenesis

Epstein-Barr virus exhibits two different phases in its life cycle: the latent and lytic
phase (Fig. 1). In the course of a latent infection, EBV expresses a restricted quantity of
its genes that serves to stimulate the proliferation of cells, inhibition of apoptosis,
blocking of viral lytic replication and also ensuring exact division of the viral episome to
the daughter cells (Markus & Wolfgang, 2012). In the lytic phase however, a greater
amount of the viral genes are expressed that codes for enzymes and various proteins
required for nucleotide biosynthesis, RNA processing, viral DNA replication and capsid

and viral envelope synthesis (Markus & Wolfgang, 2012).

Since EBV is primarily transmitted from an infected host to an uninfected host through
saliva. Acute infection of EBV takes place at the oropharyngeal epithelium which
happens to be the place where the lytic phase is initiated resulting in the release and
amplification of viral particles (Young & Rickinson, 2004; Thorley-Lawson & Allday,
2008). Naive B cells subsequently become infected with the virus by moving closer to
the epithelial cells. The result is a manifestation of a clinically apparent or milder form
of infectious mononucleosis in normal individuals. In acute EBV infection of B
lymphocytes, the B cells become activated and undergo clonal expansion by using the
growth transcription programme (Latency I1l) (Young & Rickinson, 2004; Thorley-

Lawson & Allday, 2008). An EBV specific cytotoxic lymphocytes (CTL) is elicited
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Fig. 1: Pathogenesis of EBV infection (Source: Oludare et al., 2011).

which down-regulates the large number of B cells. This perhaps is the reason why EBV
infected B cells decrease from a high level of about ten 10% in primary EBV infection to

1 in 10° cells during convalescence.

Immunoglobulins IgM, 1gG and IgA are produced and these attack the viral capsid
antigen of the virus during primary infection. IgA and IgG are also the two
immunoglobulins produced in response to early antigen R (Jenson, 2011). In latency
phase of EBV, the nuclear antigens; EBNA-3A, EBNA-3B and EBNA-3C all stimulate
specific Cytotoxic T cell response against the latent proteins of the virus (Hislop et al.,

2007).
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The virus initiates the infection of B cells by attaching its gp350/220 to the
costimulatory molecule, CD21 on the lymphoid cells (Thompson & Kurzrock, 2004).
The CD21 receptor molecule on the B cells become entangled and stimulates a signal
which makes the naive B lymphocytes ready for infection with EBV. After binding of
the glycoprotein to CD21, a subclass of protein kinase; tyrosine kinase Ick is
immediately activated for calcium mobilisation (Raphael et al., 1994; McClain et al.,
1995). This event is successfully followed by an increase level of mMRNA production,
blast transformation, homotypic cell adhesion, expression of surface CD23 and the
production of interleukin (IL)-6 (Lindsey, 2007). The virus then uncoats itself and its
nucleocapsid moves into the nucleus of the cell and becomes circular in nature. The
circularisation of the genome and expression of W promoter result in the expression of
all the EBNA proteins and the two latent membrane proteins (LMPS) being expressed
(Paul, 2013). The first proteins to be recognised upon EBV infection are the EBNA-
nuclear antigen leader protein (EBNA-LP) and EBNA-2 proteins. Within 1 or 2 days of
infection, a shift in promoter happens which allows a C promoter (cp) to be utilized to

support the underlying W promoter (Paul, 2013). .

Previously, the shift in promoter was thought to occur at the same time as the switch to
an expanded form of splicing that allows EBNA-3A, EBNA-3B, EBNA-3C and EBNA-
1 to be expressed (Maria et al., 2007). It has been established now that, expanded
pattern of splicing perhaps occurs before the switch in promoter (Hughes et al, 2011).
This finding is parallel to a number of studies (Kume et al., 1999; Wu et al., 2000; Zur
Hausen et al., 2000) which propose that, the downstream EBNAs control the activation
of C promoter. The majority of EBNA transcriptional products are involved in

transcriptional control and take part in the stimulation of the viral LMP-encoding genes
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expression (LMP-1 andLMP-2) and many cellular genes. The synergistic activity of
these viral and cellular proteins is responsible for beginning the S-phase 1-2 days after
infection (Young et al., 2004). Epstein-Barr then persists in circulating subclass of
memory B cells after initial infection in healthy individuals at a recurrence rate of

approximately 1 in 1x10° to 1x108 cells (Thompson & Kurzrock, 2004).

The genome of the virus is mostly episomal and it exists in low levels in the nucleus of
the host. Immunocompromised states permit the episomal virus to naturally replicate in
the circulating B cells as seen in acute infectious mononucleosis (Thompson &
Kurzrock, 2004).). Healthy carriers suppress EBV latent infection through cytotoxic T
lymphocytes (CTL). The absence of cytotoxic T Ilymphocytes may allow the
development of lymphoma. Other cells such as epithelial cells, T cells and cells of the
macrocytic, granulocytic and natural Killer lineages are also target sites of the virus. The
mechanism through which these cells become infected differs from the CD21-mediated

endocytosis in B cells (Thompson & Kurzrock, 2004).

2.2 MALARIA

2.2.1 History

Malaria is an ancient disease which was originally called “mal-aria”, an Italian word
which means “bad air”. It was also being called with other names such as marsh fever,

ague, Roman fever, and periodic fever (Olowe et al., 2015).

Back in the 1870s and 1880s, numerous scientists and researchers attempted to find the
causative agent of malaria. Following Pasteur and Koch discoveries, some prominent

scientist also set forth to find the bacterial cause of various diseases and malaria was no

17



exception (Francis, 2010). In 1879 however, the notion that malaria could be caused by a
bacterium started fading out. During this time, two debatable theories were proposed
regarding whether the causative agent of malaria were transmitted by either air and

inhalation or by water and ingestion (Francis, 2010)

Two prominent microbiologists, Tommasi-Crudeli and Klebs claimed that, Bacillus
malariae was the causative agent of malaria. This made Charles Louise Alphones
Laveran, an unknown French army officer to challenge their claim. He began to look out
for pigments in fresh unstained blood of patients. He found that the erythrocytic stage of
the organism was present in blood of malaria patients and not in healthy individuals. He
realised that what he found was a protozoan malaria parasite and amidst the heated
debate as to what causes malaria, his discovery led to the conclusion in 1890 that malaria
was caused by a Plasmodium parasite (Francis, 2010). Within this period three different
species of the parasite with distinct periodicity had also been discovered. These were
benign tertian (Haemoeba vivax), malignant tertian (Laverean malariae) and quartan
(Haemamoeba malariae) malaria which presently are designated as Plasmodium vivax,

P. falciparum and P. malariae, respectively (Francis, 2010).

The search for the true vector of the malaria parasite remained an unanswerable
question. In 1897, while Ronald Ross was working in India, he discovered that avian
malaria parasites were transmitted by Culicine mosquitoes and thus, hypothesized that
human malaria could also be transmitted by mosquitoes. It was not until 1889 that he
concluded that malaria parasites were undoubtedly transmitted by Anopheles mosquitoes

(Arora &Arora, 2008).
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2.2.2 Epidemiology

Most of the malaria cases experienced in Africa are as a result of infection of P.
falciparum and P. vivax. Plasmodium falciparum has the widest spread in Africa and it
accounts for the majority of the malaria-associated death worldwide (WHO, 2015).
Infection of humans is also caused by P. ovale and P. malariae and in some parts of the
South- Eastern Asia, P. knowlesi; the parasite in monkeys (Kantele & Jokiranta, 2011).
Children who are less than five (5) years of age are the most susceptible to P. falciparum
infection resulting in high mortality and morbidity (Caline et al., 2015). Pregnant
women, infants, HIV patients as well as non-immune migrants, mobile populations and
travellers are also considered to have a greater risk of contracting severe malaria (WHO,

2016).

2.2.2.1 Transmission

Malaria is the most predominant infectious parasitic disease of human beings which
infects the erythrocyte. Plasmodium parasites are the causative agent of malaria and they
are transmitted to humans via the bite of an infected female Anopheles mosquito (WHO,

2015).

According to epidemiologists, malaria can be classified as epidemic and endemic. In
epidemic malaria, there is an abrupt increase in the number of cases in a defined
population whereas endemic occurs when there is a definite and measurable incidence of

cases over a period of years (Oaks et al.,1991).

About four different malaria transmissions have been identified due the differences in

transmission intensity that exist between and within malaria-endemic regions. These are
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holoendemic, hyperendemic, mesoendemic and hypoendemic (Oaks et al., 1991).
Holoendemic region is characterised by an intense year-round malaria transmission and
the immunity to malaria in this population is very high. In contrast to holoendemic,
malaria transmission in hyperendemic is seasonal. This does not provide adequate
immunity to all age groups. In mesoendemic however, even though there is some level
of malaria transmission, epidemics can result in poor health outcome due to low level of
immunity in this population. Nonetheless, hypoendemic regions have slight or certainly
no immunity at all to the parasite because of its limited malaria transmission (Oaks et

al., 1991).

The intensity at which malaria is transmitted depends on density, longevity, biting habits
and efficiency of the mosquito vector. About 25 out of the over 400 Anopheles
mosquitoes are known to be competent vectors (Sinka et al., 2012). Competent vectors,
e.g. An. gambiae complex in Africa, have a long-life span and are also able to withstand
environmental change, breed readily, occur in higher densities in tropical climates and
have the affinity of biting humans. In South and Central America and Asia where
transmission intensity is very low, the prevalence of P. falciparum and P. vivax are
almost equal and also entomological inoculation rate is very low. In sub-Sahara Africa
and parts of Oceania, transmission intensity is very high and P. falciparum has the
highest prevalence. Entomological inoculation therefore can reach as high as 1000 per

year in such areas (Gething et al., 2011; Gething et al.,2012).

2.2.3 Life Cycle of Plasmodium Parasites
The life cycle of Plasmodium parasites comprises of two hosts (Fig. 2): mosquito and

human. Upon feeding on a blood meal of a human host, an infected female Anopheles
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mosquito injects sporozoites into the host. These sporozoites migrate and individually
infect hepatocytes within which they mature into schizonts. Upon rupture in about a
week, schizonts release the merozoites within them. In P. vivax and P. ovale however,
inactive stages, hypnozoites can continue to remain in the liver cells and result in
recurrence by entering the bloodstream for weeks or even years. The initial replication in
the liver is termed as exo-erythrocytic schizogony (CDC, 2016). The released
merozoites then invade and undergo asexual multiplication in the red blood cells
(erythrocytic schizogany) to form ring trophozoites which then mature into schizonts
releasing more merozoites upon rupture. Some of these merozoites differentiate into

blood stage gametocytes whilst others re-invade the erythrocytes and repeat the cycle.

The microgametocytes (male) and macrogametocytes (female) are taken up by a female
Anopheles mosquito whilst sucking the blood of an infected human host. Whiles in the
stomach of the mosquito, the microgametes fuse with macrogametes to form motile
zygotes which become elongated and eventually form ookinetes. The ookinetes develop
into oocyst after invading the wall of the midgut. The oocysts grow and release
sporozoites upon rupture. The multiplication of the parasites in the mosquito is termed as
sporogony. These sporozoites then find a way into the mosquito’s salivary gland.
Injection of the sporozoites man during a blood meal perpetuates the malaria life cycle

(CDC, 2016).
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Fig. 2: Diagrammatic representation of the life cycle of Plasmodium parasites.

(Source: Nicholas et al., 2014).

2.2.4 Symptoms

Manifestation of the symptoms of malaria is principally due to the rupture of schizonts
and damage of the red blood cells by the Plasmodium parasite. Symptoms are felt when
numbers of asexual parasites reach roughly 100 million in circulation (Nicholas et al.,
2014). The disease can have a gradual or a sudden and severe form with prodrome
symptoms. The symptoms of malaria sometimes look like viral infection and this causes
a delay in its diagnosis (Andrej et al., 2003). Most patients experience fever, chills,
headaches and diaphoresis. Fever is the highest symptom recorded amongst most
malaria patients with diaphoresis being the lowest. Nausea, abdominal pain, dizziness,
malaise are other common symptoms of the disease. Physical signs of the disease also
include jaundice, pallor amongst others. Complications involve the brain, respiratory,

renal and / or haematopoietic system (Andrej et al., 2003).
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2.2.5 Humoral Immune Response

The humoral response to malaria is one of the effective means of downregulating the
level of peripheral parasitaemia in both humans and mice thereby serving as a protective
immunity (Langhorne et al., 2008). However, identifying which of the antibodies confer
protection given the large number of the antigens present in the parasite remains elusive
(Moorman, 2009). A polyclonal B cell activator, CIDR 10 antigenic structure of PfEM1
quite earlier on was identified (Chéne, 2009). Research has shown that antibodies from
immune individuals recognise numerous distinct antigenic determinants in P. falciparum
from different geographical areas (Osier et al., 2008). Through the transfer of IgG from
immune adults, anti-malarial immunity can be acquired which confers protection
demonstrating the importance of generating malarial-specific antibody response (Dobbs

& Dent, 2016).

Specific antibodies to each of the parasite stage exist. Antibodies of sporozoites
specifically prevent infection by preventing them from entering the liver (Johanna et
al.,2014). It has been reported that, after a mosquito bite, a greater number of the
parasite stay in the skin and a subset of these moves to lymph nodes (Amino et al.,
2006). The lymph node is a critical target site for the stimulation of protective immunity
against sporozoites and also serves as the first place where sporozoite-specific CD8" is
recognised. Removal of the lymph node with the spleen has also been shown to totally
eradicate RAS-mediated protection (Chakravarty et al., 2007). B cells which happen to

be target cells of EBV assume a crucial role in the production of antibodies.

Generally, when a B cell encounters an antigen, it attaches itself to the B cell receptor

(BCR) causing it to be sensitized. In the context of major histocompatibility complex

23



(MHC) I molecule the B cell presents the antigen to T helper cell (CD4) which by this
process also gets activated (Boundless, 2016). This causes it to release cytokines which
differentiates into T helperl (Thl) and T helper 2 (Th2) subset development. Thl
releases cytokines like IL-10 which induces the proliferation of the B cell (Lucia &
Salvatore, 2002) and consequently its differentiation that leads to the formation of short-
lived plasma cells or “early memory B cells’” ( B cells that do not enter germinal centre)
and germinal centre B cells (Zotos & Tarlinton, 2012). The germinal B cells are noted
for maintain antibody titres in the circulation against circumsporozoite antigens.
Memory B cells are known to keep “memory” of the parasite so as to provide immediate
protective immunity in case of a secondary infection with the same Plasmodium
parasite. According to Hviid et al. (2015), in stable malaria transmission areas, partial
immunity is can be developed after many years of exposure and repeated infection and
memory B cells may not always be a prerequisite for protection. They also identified
that antibody longevity varies in an exposure- and age-dependent manner. Interestingly,
the same B cells which provide immunity to malaria are the cells that serve as a target

sites of EBV.

Antibody mediated immunity is thus aimed at (i) blocking parasite invasion of the RBC
by agglutination of the merozoites or by blocking the interaction of ligands-receptors on
the RBC surface (ii) promoting antibody-dependent cytotoxicity of infected blood cell
(IRBC) mediating their target to macrophages and other phagocytic cells (iii) Blocking
the activity of parasite toxins and (iv) the inhibition of the development of

intraerythrocytic parasites (Langhorne et al., 2008).
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2.2.6 Cell-mediated Immunity

Unlike the innate immunity, cell -mediated immunity depends on previous anti-malaria
immune response. The mechanisms associated with cell-mediated immunity are (i)
activation of macrophage by interferon gamma (IFN-y) obtained from natural killer cells
(NK) or T helper 1 (Thl) cells for pronounced phagocytosis or killing of infected
erythrocytes (Fievet et al., 2001) and (ii) Priming of CD8+ cytotoxic and IFN—y
producing T cells that prevent the growth and development of the parasite inside the
hepatocyte (Tsuji & Zavala, 2003). The severe form of malaria has been linked to the
increased intensities of inflammatory cytokines such as tumour necrosis factor (TNF),
interleukin-1 (IL-1) and IL-6. IFN-y is said to have a devastating effect because of its
ability to stimulate macrophages which subsequently leads to the production of TNF-a,
IL-1 and IL-6 resulting in a cascade of inflammation (Leanne et al., 2009). Anti-
inflammatory cytokines like the tumour growth factor-f and IL-10 suppress the
pathological effect of the proinflammatory cytokines. T helper cells play a very
important function in the immunity of P. falciparum blood stages, production of IFN—y
and provision of assistance to the innate component of immunity. Cytotoxic T cells are
great effectors against parasite liver stages (Sano et al. 2001; Overstreet et al., 2008) but

do not seem to participate in clearance of merozoites.

2.2.7 Immunity to Malaria in Infants

Infants seem to have partial protection from malaria infection and suffer from its
consequences in the first six months of their lives. In those infants who become
susceptible, infection tends to be of low parasite density and asymptomatic and gets
cleared within a month (Brebin, 1990). Maternal antibodies of IgG isotypes can cross

trans-placentally thereby conferring protection to the infants. Plasmodium falciparum
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specific 1gG1 and IgG3 are readily transferred from mother to child compared to 1gG2
and 1gG3 (Wilcox et al., 2017). A study by Duah et al. (2010) revealed that maternal
antibodies are depleted by the age of 4 months and this intend instigates the development

of naturally acquired immunity or specific immunity in infants.

2.2.8 Severe Malaria
Severe malaria is said to occur when asexual stage of the Plasmodium parasite are
detected in the blood together with a potentially fatal clinical manifestation or

complication of malaria in whom other diagnoses have been ruled out (WHO, 2010).

In malaria endemic areas, severe form of the disease predominantly occurs in children
and this is acquired from infancy to almost 5 years of age. Severe malaria is rare in older
children and adults due to the fact that specific acquired immunity gives some sort of
increasing protection. Almost 90% of the severe malaria in the world occurs in young
children in sub-Sahara Africa (Black et al., 2010). In patients with severe malaria, high
parasitaemia and mortality increase with age. Though, severe form of malaria is more
common in children it is less frequent in fatality compared with complicated cerebral

malaria in children (Dondorp et al., 2008).

WHO in 1990 established criteria for severe malaria so as to make it easier for future
clinical and epidemiological studies (WHO, 1990). Nonetheless, in 2000, WHO made a
revision to these criteria which included other clinical and laboratory findings pertaining
to poor health outcome based on clinical experience in patients who have acquired
partial immunity (WHO, 2000). In clinical practice however, irrespective of the WHO

criteria, any individual who is suspected to have severe malaria even though not meeting
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the criteria proposed by WHO is still treated as having severe malaria (Alessandro &

Lorenzo, 2012)

2.3 CO-INFECTION OF EPSTEIN- BARR VIRUS AND PLASMODIUM
FALCIPARUM

The two pathogens, EBV and P. falciparum are the known etiological agents of eBL. In
the course of co-infection, should any of the two pathogens disturb the immune system,
it results in an imbalance between the host immunity and the pathogens ability to cause
disease. This would eventually make the disease severe which would not have happened
if the pathogen was the only one (Chene et al., 2011: Buttler et al., 2013: Pradhan and
Gosh, 2013). Similarly, Griffiths et al. (2014) pointed out that, infections with more than
one pathogen including malaria parasites are often linked with poor health outcomes as a
result of higher parasite densities compared to those with single infection and these Co-

infections result mostly in reduced treatment efficacies and increased cost of treatment.

In sub-Saharan Africa, children test positive to EBV by six months age (Callan et
al.,1996) and EBV infected children residing in holoendemic areas in Kenya have been
demonstrated by (Piriou et al., 2012) to have a poorly controlled viral infection; a clue to
the eBL. In another study by Chattopadhyay et al. (2013), exposure to holoendemic
malaria has been associated with alteration in the differentiation of Epstein-Barr virus —
Specific CD8" T cell. Most studies (Moorman et al., 2005; Rasti et al., 2005, Piriou et
al., 2005) that investigated co-infection of EBV and malaria established the fact that co-

infection with these two pathogens is responsible for eBL.
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The association between co-infection of EBV and P. falciparum with severe malaria in
children on the other hand has not gained much popularity compared to its association
with eBL. In spite of this, in a study by Caline et al (2015), mouse models of EBV
(murine gamma herpes virus 68 (MHV68) and malaria (P. yoelii XNL)] were used to
elucidate that acute gamma herpes virus infection can dysregulate the production of
antibodies that regulate Plasmodium parasites and then cause a non-severe P. yoelii
XNL infection to become severe, eventually leading to death. This points out that
asymptomatic primary acute EBV infection and recurrent malaria infections can lead to

severe malaria in children (Caline et al., 2015).

A study by Wedderburn (1988) also showed that marmoset Callithrix jacchus infected
with P. brasilianum and EBV had higher parasitaemia than did the animals infected with
only P. brasilianum, the outcome of which was glomerulonephritis. In P. falciparum
endemic regions, data from mathematical models suggests that, it is only after 1-2
infections with P. falciparum that acquisition of immunity to severe non-cerebral

malaria in children can be attained (Langhorne et al., 2008).

2.3.1 Gamma Herpes Virus and Malaria Immunity

A breakthrough study which involved the use of a mouse model co-infected with murine
herpes virus (MHV-68) and P. chabaudi or P. yoelii XNL has provided an insight into
how EBV influences antimalarial immunity. A significant similarity between MHV-68
and human gamma herpes virus has been established in terms of pathogenesis and
biology (Vigin & Speck, 1999; Doherty et al., 2001). Hence, MHV-68 has been used to
show that gamma herpes virus can suppress the innate immunity to malaria thereby

rendering a non-severe form of malaria transforming into a lethal one.
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The consequences of acute MHV68 on the pathogenesis of malaria seemed to be evident
from the changes in antimalarial adaptive immune response which is generally driven by
innate immunity. Gamma herpes virus ability to regulate the humoral immunity of
malaria may have interesting inference on the immunobiology of malaria during co-
infection (Fig. 3) (Matar et al, 2015). The use of a mouse model, C57BL/6 infected with
1000PFU of MHV-68 and 10° parasitized erythrocytes of P. yoelii XNL or P. chabaudi
AS has proven that, infection with either Plasmodium was not severe but amid co-

infection with MHV68 mouse, P. yoelii caused 100% deaths (Matar et al., 2015).

Cytokines and chemokines play a fundamental part in humoral immunity to the
pathogen. Gamma herpes virus just like Plasmodium also induces type 1 IFN production
from antigen presenting cells (APC) through ligation of Toll-like Receptor (TLR) 9 by
DNA/protein complexes confined in haemozoin crystals (Parroche et al., 2007; Wu et
al., 2010). Type | IFN has been demonstrated to stimulate haematopoietic stem cell
exhaustion in Plasmodium infection (Essers et al., 2009; Sato et al., 2009) and in a
context with viral infection, type 1 has been proven to have inhibitory properties on
haematopoiesis during infection with lymphocytic choriomeningitis virus (LCMV)
(McNab et al., 2015). This proposes a possible role for chronic type 1 IFN signaling in
aggravating severe malarial anaemia, a condition where erythropoeitic and
haematopoietic suppression is a hallmark (Lamikanra, 2007). In a study using P. berghei
Anka model of malaria, type 1 IFN has been shown to suppress its CD4" T cell response

(Haque, 2004). The phenomenon by which this occurs still remains vague.
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However, a school of thought has proposed that, it is likely due to an effect on antigen
presentation cells (APC) which activate T-helper cells. MHV68 —infected dendritic cells
have been found not to be able to up-regulate activation markers and provide efficient

antigen presentations compared to those unexposed to MHV68 (Smith et al.,2007).

Similarly, infection of monocytes by EBV is known to prevent their maturation into
dendritic cells and eventually promoting apoptosis (Li et al., 2002). IL-10 has been
found to circulate in the plasma of patients with acute malaria (do Rosério et al., 2012).
Infection with a gamma herpes virus has also been known to up-regulate levels of 1L-10.
The MHV68 achieve this through the M2 gene product (Moorman et al, 2007; Moorman

et al., 2009). EBV codes for a viral 1L-10 homolog (Slobedman et al., 2009) and EBV -
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induced IL-10 production is proposed to increase the proliferation of B-cell thereby
leading to the expansion of the latency reservoir. The cytokine, IL-10 has the ability to
immunosuppress THI responses (Saraiva & Garra, 2010) and IL-10 can impair the
immunity to Plasmodium falciparum infection. Nonetheless, IL-10 has a vital role in the
protection against extensive inflammatory response which leads to the pathogenesis of

malaria (Freitas et al., 2012).

IL-10 has been associated with the stimulation of the enzyme, 2, 3 dioxygenase (IDO).
This enzyme is responsible for catalyzing the catabolism of tryptophan (TRP) via the
kynurenine pathway (Munn & Mellor, 2013). IDO also negatively modulates Th1 CD4*
/ CD8'T cells whilst stimulating the CD4" FOXP3 T regulatory subset. Nonetheless,
there is no corroboration that either of the T cells or T regulatory cells is transformed
during plasmodium and murine herpes virus co-infection in the mouse. This implies that,
the reason for the antagonic effect of MHV68 on antibody- mediated immunity to

malaria is not due to IDO (Matar et al., 2011).

31



CHAPTER THREE

MATERIALS AND METHODS

3.1 STUDY DESIGN

A cross sectional study was conducted among children with malaria. These children
were further grouped into those who had severe malaria and those who did not have
(non-severe malaria). Those with non-severe malaria were used as a comparison group
to detect whether any association existed between severe malaria and Co-infection with

EBV.

3.2STUDY SITES

The study was carried out at Divine Love hospital (DLH) at Bibiani (Western Region)
and Nkenkensu Government hospital (NKG) at Nkenkensu (Ashanti Region). Bibiani is
a town and capital of Bbiani/Anhwiaso/Bekwai district. The district is positioned in the
north-eastern part of the Western region between latitude 60 N, 30 N and longitude 20
W, 30 W (Bibiani-Anhwiaso-Bekwai District Assembly, 2012). Divine Love hospital is
a general private hospital and is amongst the only four hospitals in the district (Bibiani-
Anhwiaso-Bekwai District Assembly, 2012). The hospital provides healthcare services
to neighbouring towns like Abesinsuom, Gyedi, Degede, Atakrom and others. Although
Bibiani is a mining centre, most of its indigenes are in the agricultural sector. Malaria is
still one of the main health concerns in this district (Bibiani-Anhwiaso-Bekwai District

Assembly, 2012).

Nkenkensu is one of the sub-districts in Akomadan, the capital town of the Offinso-
North District. The district lies in the northern part of the Ashanti region with a

population of about 56,881 (28,581 females and 28,300 males) [Offinso -North District
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Assembly, 2015]. The population is concentrated in the principal towns of Akomadan,
Nkenkensu and Afrancho which are the urban towns. The predominant activity of the
people is agriculture (Offinso -North District Assembly, 2015). Nkenkensu Government
Hospital is the district hospital for Offinso-North. It was established in 1966 and it was
initially a health centre. As at June, 2011, 22, 624 outpatient cases, 1277 admissions and
34.3% of the total deaths in the district were attributed to malaria (Offinso -North

District Assembly, 2012).

3.3STUDY POPULATION AND SAMPLING METHOD

The study population comprised of children below (5) years of age who had been
clinically diagnosed and confirmed to have malaria at the Divine Love and Nkenkensu
Government hospitals. Convenient sampling was used to enrol the children from the two

study sites after informed consent had been obtained from their parents/guardian.

3.3.1 Inclusion Criteria
Inclusion criteria were:
i.  Children under 5 years
ii.  Children clinically diagnosed to have malaria and confirmed to have malaria by
microscopy

i.  Children both sickle cell and HIV negative

3.3.2 Exclusion Criteria

The exclusion criteria were:

i.  Children above 5 years of age
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ii.  Children who had apparent infection besides malaria or pyrexia of unknown
origin

iii.  Both HIV and sickle cell positive children

3.5 SAMPLE SIZE CALCULATION
The sample size was determined using the statistical formula as described by (Daniel,
1999);

[Z]°P(1 - P)
EZ

where Z =1.96 is the standard score for the confidence interval of 95%

P, the sample proportion of EBV seroprevalence in Ghanaian children. Since there is no
specific EBV seroprevalence among Ghanaian children, an assumed prevalence of 50%
was used.

Using a 9% allowable error (E),

[1.96]2(0.5)(1 — 0.5)
0.092

=118 children

3.6 ENROLMENT AND GROUPING OF THE CHILDREN

Any child brought to the laboratories in the two hospitals upon a clinician’s request for
blood film and met the inclusion criteria and whose parents/guardian consented and
signed (Appendix 1) for the child to participate in the study was enrolled. An
identification number was allotted to each of the children and data on demographics was
obtained by a questionnaire (Appendix Il) administered to the parents/guardians.
Clinical and laboratory data was also obtained from the folders of the children. All

children were recruited within a period of 3 months; April to June, 2017.
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3.7 HAEMATOLOGICAL AND PARASITOLOGICAL ANALYSIS

3.7.1 Blood Collection and Processing

A minimum of 500 pl of venous blood was collected into EDTA tubes from each child.
The blood was subjected to thin film, HIV and sickling test after which plasma was
separated from red cells using a Hettich Universal 16A centrifuge at 1500 rpm for 5
minutes. The plasma was then transferred into labelled Eppendorf tubes and stored at -

20°C until further analysis.

3.7.2 Haematological Analysis

Full blood count of whole blood samples was analysed using an automated haematology
analyser (BC-3000 Plus, Shenzhen Mindray Bio-Medical Electronics Co. Ltd., China).
Thin film was used to identify P. falciparum whereas thick film was used to estimate
parasite numbers. Sickling and HIV status were also determined for the participants.

Each laboratory’s standard operating procedures were followed.

3.7.2.1 Sickling test

Sickling test was carried out by the sodium metabisulphite technique. A drop of the
patient’s venous blood was put on a slide and an equal volume of 2% sodium
metabisulphite was added, mixed and then covered with a cover glass and left for 10-15
minutes. The 10x objective lens was first used for focusing and then 40x objective lens

was used for examination of the slide under the microscope.
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3.7.2.2 ldentification of P. falciparum by thin film

Thin film was used in differentiating P. falciparum from other Plasmodium parasites. A
drop of blood was placed at the centre of a labelled grease - free slide and then was
spread to have a smooth end. The slides were made to air-dry and then fixed with
absolute methanol. Afterwards, the slides were first stained with Field stain B and then
an equal volume of field stain A was added to the slides. The slides were left for 60
seconds to stain. Stains were washed off with clean water and made to air-dry. A drop of
oil immersion was put on each slide and then observed under the Olympus light
microscope using the 40x objective lens for focusing and 100x objective lens for

examining.

3.7.2.3 Estimation of P. falciparum density by thick film

Thick film was used in the estimation of P. falciparum density in the blood. A small
drop of blood was placed at the centre of the slides and then spread to make a thick
smear. The smears were air-dried after which each of them was dipped into Field stain A
for 5 seconds. They were then gently washed with clean water and then dipped into field
stain B for 3 seconds. Excess stain was drained off and the slides again washed with
clean water. The backs of the slides were wiped off and then made to air-dry. A drop of
immersion oil was then applied onto the slides. The slides were first observed using 40x
objective lens and then finally the 100x objective lens. Parasites were counted against a
pre-determined WBC of 200x10°%/1 described in Monica (1998) using the formula;

Parasite count x 8000
Number of WBCs counted

Parasites/ul =
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3.7.2.4 Detection of HIV antibodies

The First Response HIV 1-2.0 rapid test (Premier Medical Corporation Ltd., India), was
used to detect the HIV status of each participants according to the manufacturer’s
protocol. One or 2 drops of whole blood were added to the sample well using the sample
pipette. A drop of the assay buffer was also added to the sample well. Results were

interpreted after 15 minutes.

3.7.3 Detection of Epstein-Barr Nuclear Antigen-1 (EBNA-1) 1gG

EBV-specific immunoglobulin (IgG) to EBNA-1 was detected using EBV ELISA Kits
EIA -4246 following the manufacturer’s protocol (DRG Instruments GMBH,
Deutschland). The kit according to the manufacturer has a diagnostic specificity of

100% and a sensitivity of 98%.

3.7.3.1 Assay procedure

Prior to assaying, all samples and reagents were brought to room temperature. A 90
microtiter well plate was used and one well each was allocated for the substrate blank
(A1), negative control (B1) and positive control (E1). Well C1 and D1 were allocated for

cut-off controls.

Each participant’s sample was diluted by adding 1 ml of sample diluent to 10 pl of
serum specimen in Eppendorf tubes. The diluted samples were thoroughly mixed and
incubated for 15 minutes at room temperature (25°C). For each run, 100 ul each of
diluted samples, negative and positive controls was dispensed into the designated wells

with new disposable pipette tips. The wells were covered with a foil and then incubated
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for 1 hour at 37°C. The contents of the plates were discarded and each well was then

rinsed 5 times with 300 ul of wash solutions.

Residual droplets were removed from the wells onto absorbent paper and 100 pl of the
enzyme conjugate dispensed into each well except the blank well. The plate was then
incubated for 30 mins at room temperature. The wells were again rinsed 5 times with a
diluted wash solution (300 ul per well). Then a 100 ul of the substrate solution was
added into all wells followed by incubation in the dark for exactly 15 minutes at room

temperature.

3.7.3.2 Measurement

The enzymatic reaction was stopped by adding 100 ul of the stop solutions into each
well. The absorbance at 450 nm was read within 30 minutes using Multiskan MS
microtiter plate reader (Thermo Labsystems Inc., US) after adding stop solution. The

mean absorbance value for some of the samples which were duplicated was calculated.

3.7.3.3 Results
3.7.3.3.1 Validation
The test run was considered valid after meeting the validation criteria set by the

manufacturer of the assay Kit.

3.7.3.3.1 Calculation

The mean absorbance value of the two cut-off controls was calculated and used to

calculate the optical density (OD) of each sample.
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3.7.3.3.1 Interpretation
An OD of greater than or equal to 0.416 was interpreted as positive whereas an OD less
than 0.34 was interpreted as negative. Optical density that was less than 0.416 or equal

to 0.34 was interpreted as grey zone.

3.8 STATISTICAL ANALYSIS

Children confirmed with parasitaemia levels greater than 10,000/ul) and fever (core
body temperature >37.5° C), diarrhoea, vomiting, malaise, pallor, prostration,
convulsion, respiratory distress and any other symptoms were classified as having severe
malaria (Squire, 2013). Children confirmed to have parasitaemia level less than
10,000/ul, fever (core body temperature >37.5° C) diarrhoea, vomiting and/ or malaise

etc were classified as having non-severe malaria (Squire, 2013).

Differences between severe and non-severe malaria groups in terms of clinical
manifestations and haematological profile were tested. EBV infection between children
with and without severe malaria was also compared. Analyses were carried out using
IBM® SPSS® Statistics version 24 for Windows and GraphPad Prism version 7.00 for
Windows. Continuous variables were compared with the t-test. Chi-square tests or
Fisher’s exact test were used for nominal variables. A p value of less than 0.05 was

considered significant.

3.9 ETHICAL CONSIDERATIONS
Approval of this study was obtained from the Ethics and Protocol Review Committee of
the School of Biomedical and Allied Health Sciences, College of Health Sciences. The

Ethics Identification number is SBAHS-MD. /10551998/AA/5A/2016-2017. Approval
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was also sought from the management of the Divine Love and Nkenkensu Government
hospitals. Parents and/or guardians of the children were provided with written consent

forms to complete.
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CHAPTER FOUR

RESULTS

4.1 DEMOGRAPHIC DATA OF THE CHILDREN

A total of 80 children under 5 years were enrolled into this study. The minimum and
maximum ages were 1 month and 48 months respectively, with a mean of 26.48 + 14.67
months. Of the 80 children, 50 (62.5%) were recruited from Divine Love Hospital
whereas the remaining 30 (37.5%) were from Nkenkensu Government Hospital. In all,
there were 49 (61.25%) children classified as having severe malaria and 31 (38.75%)
children with non-severe malaria (Table 1). No statistically significant differences were
observed between the two groups in relation to age groups (p = 0.8896) and gender p =

0.1650).

There was no significant difference (p = 0.0819) between the use of insecticide- treated

net (ITN) among the two groups, severe and non-severe malaria
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Table 1: Demographic information of the two groups of children

MALARIA GROUP

P-
CATEGORY VARIABLE NON-SEVERE SEVERE
VALUE
(N=31) (N =49)
AGE in months
27.61 £ 2.652 25.76 £ 2.101 0.5842
(Mean + SEM)
AGE GROUPS 1-7 1(33.3) 2 (66.7)
(months) 8-23 10 (35.7) 18 (64.3) 0.8896
24 — 48 20 (40.8) 29 (59.2)
GENDER Male 15 (31.9) 32 (68.1) 0.1650
Female 16 (48.5) 17 (51.5)
USE OF ITN Yes 21 (40.45) 31 (59.6)
0.0819
No 10 (35.7) 18 (64.3)

*The figures in parenthesis represent percentage (%)
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4.2 CLINICAL HISTORY

Table 2 shows the clinical history of the children in the two malaria groups. Both groups
had similar clinical histories: diarrhoea, vomiting, pallor, malaise, respiratory distress,
convulsion and fever. However, there were differences in some of the histories recorded.
Fever was present in all the children in the severe malaria group whilst malaise was

recorded in only one child in the non-severe group.

Statistically significant differences were observed between the two groups for some of
the clinical histories. Core body temperature, duration of illness, fever and malaise, for
example, showed statistically significant differences (all ps < 0.05) between the two

groups.

4.3 HAEMATOLOGICAL ANALYSES

Table 3 shows the haematological analyses of the children in the two malaria groups.
Statistically significant differences were observed between the two groups for some of
the haematological parameters. WBC and parasite density (Fig. 4), for example, showed
statistically significant differences (both ps< 0.05), compared to both RBC and Hb

concentrations (both ps >0.05) between the two groups.
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Table 2: Clinical histories of the two groups of children

MALARIA GROUP

P_
CATEGORY VARIABLE “NON'SEVERE SEVERE VALUE
(N = 31) (N = 49)
CORE BODY
TEMPERATURE 3755+0.1503° 38.4+009184°  0.0001*
(°C)
DURATION _ OF
1613+0.2004° 2286+ 02278  0.0436*
ILLNESS (Days)
FEVER Ve 15 (48.39) 49(100)
<0.0001*
2 16(51.61) 0(0)
DIARRHOEA - 8(25.81) 19(38.78)
23(74.19) 30(61.22) 0.3320
No
VOMITING ves 15(48.39) 32(65.31)
16(51.61) 17(34.69) 0.1650
No
PALLOR ) 5(16.13) 18
0.0748
= 26(83.87) 31
MALAISE A 1(3.23) 22(44.90)
30(96.77) 75.10) <0000
No
RESPIRATORY . __ 3 7
DISTRESS 07308
. 28 42
CONVULSION ves 0(0) 2 (4.08)
G 31(100) 47(2.35) 0.5193

*Significant at <0.05; @Mean + SEM

Figures in parenthesis represent percentage (%) with
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Fig. 4: Parasite density levels between the two groups of children.

Table 3: Haematological parameters of the two groups of children n

MALARIA GROUP

NON- SEVERE®?
CATEGORY P-VALUE
SEVERE®? (N = 49)
(N = 31)

HB (g/dl) 8332+0241  8218+02382  0.7497

9 *
WBC (10°9L) 7010+1299  1224+1066 00126

12
RBC (10%/L) 4529+03982 4.005+0.1178  0.1374
Parasite density (M) 5009 + 4626~ 432933718 <0.0001*

*Significant at <0.05; @Mean £+ SEM
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4.4 DETECTION OF EPSTEIN-BARR NUCLEAR ANTIGEN-1 (EBNA-1) IgG

Figure. 5 shows the distribution of EBV among the two malaria groups. The overall
seroprevalence of EBV in this study was 26.25%. Out of the 31 non-severe malaria
group, 5 (16.1%) children were seropositive to EBV whereas 26 (83.9%) children were
seronegative. In the severe malaria group, 16 (32.78%) children were seropositive to
EBV whilst 33 (67.3%) children were seronegative to EBV. The seroprevalence of EBV
among children within the age range of 8-23 months was 25% whilst the prevalence of
EBV in children within the age range of 24-48 months was 28.57%. No EBNA-1 IgG

was found in children between 0-7 months.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

m Severe malaria

m Non severe
malaria

Frequency (%)

negative positive
EBYV serostatus

Fig. 5: Distribution of EBV among the two malaria groups

Out of the total 33 females, 8 were EBV seropositive and 25 were EBV seronegative. Of

the 47 males, 34 were seronegative to EBV whereas the remaining 13 were seropositive.

There was no significant association between gender and EBV serostatus (p= 0.73).
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4.5 CORRELATION BETWEEN EBV AND BOTH CLINICAL HISTORIES AND
HAEMATOLOGICAL PROFILES OF THE TWO GROUPS OF CHILDREN.

Tables 4 and 5 show the correlations between EBV and both clinical histories and
haematological profiles of the children, respectively. No significant correlations (all ps >

0.05) were observed in all cases.

Table 4: Correlation between EBV and haematological profiles of the children

Parasite
Hb RBC WBC

density

r 0.2017 0.1463 -0.1565 -0.0576
95%
-0.01886 to -0.07586 to -0.3637 to -0.2739 to
confidence
0.4035 0.3546 0.06552 0.1642
interval

p value 0.0728 0.1954 0.1658 0.6118

Table 5: Correlation between EBV and clinical histories of the children

Duration Respirat-
of iliness  Fever Diarrhoea Vomiting Pallor Malaise ory Convulsion
(days) distress
r 0.048 0 1_56 0.175 0.187 -0.065 0.186 -0.0514 0.086

%
% -0.173to  0.363 -0.04652  -0.0337 -0.2808 -0.0352 -0.268to -0.1359to

confidence
interval 0.2654 to 10 0.3801 t00.3909 1t00.1568 t00.3897 0.1703 0.3004
0.065
0.166
p value 0.669 3 0.1205 0.0961 0.566 0.0986 0.651 0.4458
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4.6 ASSOCIATION BETWEEN THE SEVERE MALARIA GROUP AND EBV
Though there was no significant difference between EBV serostatus and malaria (p =

0.123), among the two malaria groups, EBV coinfection was likely to lead to severe falciparum

malaria development (Risk ratio 2.024, 95% CI 0.8249 to 4.9686, p = 0.1236).
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CHAPTER FIVE

DISCUSSION AND CONCLUSIONS

5.1 DISCUSSION

There is robust evidence that, EBV is essential but it cannot on its own suffice to cause
endemic Burkitt’s lymphoma in children. It needs a cofactor, which is P. falciparum
which destroys immunity to EBV thereby resulting in a large number of B cells being
infected with EBV (Moormann et al., 2011), a hallmark of Burkitt’s lymphoma. The
cofactor, P. falciparum has by far been ascribed to be a bad company to EBV in the
pathogenesis of eBL. However, only a limited research has been undertaken to otherwise
find out if EBV can also be a bad company to P. falciparum in the pathogenesis of
severe malaria. This study therefore sought to find out whether there was also an
association between Co-infection of EBV and P. falciparum with malaria severity in

children under 5 years.

In the current study, there were more males than females but the difference in gender
was not statistically significant (p=0.89). This implied that gender might not be a risk
factor for malaria. A study in Uganda by Danielle & Glenda (2016) also found a similar
result. There was also no significant difference (p=0.58) between mean ages of those
grouped as having severe malaria (25.76 = 2.101) and those without severe malaria
(27.61 £ 2.652). The absence of any statistical difference in the ages makes it easier to
make comparison between severe and non-severe malaria group without any bias. There
was also no significant difference (p=0.89) between the age groups of those with severe

and non-severe malaria.
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There was no significant association (P = 0.082) between the use of ITNs for the two
malaria groups. This finding is parallel with the findings of Iwuafor et al. (2016) but
contradicts the findings of Lengler (2004) who reported that, the use of mosquito net can
help curb malaria morbidity and mortality in children. In Gambia for instance, a study by
Choi (1995) also showed that the use of ITNs reduced about 50% of the incidence of
severe malaria leading to death. A study in Benin by Damien (2001) and another study
in Tanzania by (West et al., 2013) did not also observe any association between ITNs
and falciparum malaria infection. The absence of any statistically difference between use
of ITNs by severe and non-severe malaria groups probably means that, the two groups

were equally exposed to the bite of mosquitoes.

There were significant differences in the clinical histories for fever, core body
temperature malaise and pallor between participants with severe malaria and those with
non-severe malaria. These were probably due to the fact that participants with severe
malaria had significantly higher parasite densities (p <0.0001) than those with non-
severe malaria. This finding is in agreement with the findings of Bouvier et al. (1997)
who also found out that high parasite density is a likely indicator of an incidence of
fever. Owing to this, it can be said that, the parasite density might also be the reason for
a significant difference in the clinical histories between the two groups. Also, a
significant difference (p = 0.04) between duration of illness prior to attending hospital
amongst the children with severe malaria and non-severe malaria was observed. This
finding agrees with findings of Hassan et al. (2008) who also reported that patients, with
prolonged duration of illness had a higher probability of having higher levels of

parasitaemia.
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The significant differences (p=0.013) in white blood cell counts observed between
severe and non-severe malaria groups was probably also due to differences in the level
of parasitaemia between the two malaria groups. This finding agrees with the report of
Mckenzie et al. (2005), Abro et al. (2008) and Simji et al. (2017) who also found an

association between WBC and parasite density.

In this study, EBNA-1 IgG was detected in the plasma of both children with severe or
non-severe malaria. There seems to be no general prevalence of EBV in children
because age-specific EBV antibodies in children vary from 20% to nearly 100% and this
is dependent on race/ethinicity and geographical location (Balfour et al., 2013;

Lawrence et al., 2014).

Thus, overall prevalence of 26.25% in this study was lower compared to even the
prevalence of 35% in infants who were 6 months old in a holoendemic area in Kenya
(Piriou, 2012). A study by Lawrence et al. (2014) also found EBV prevalence of 25%-
52% among non-hispanic black children between the ages of 1-5 years. In United States,
31% of children were found to be sereopositive to EBV (Condon et al., 2014). With
regards to the hypothesis by de Thé et al. (1978) that almost all children would have
seroconverted by the age of 2 years in developing country; it implies that, the overall
seroprevalence in this study was lower. However, the low seroprevalence of EBV in this
study could be attributed to the fact that only EBNA-1 IgG was used as an indicator of
EBV infection as against other studies that used a variety of EBV antibodies to estimate

the prevalence of infection.

o1



The age-specific prevalence found in this study is lower compared to the age-specific
prevalence found among children in Thailand (Rabporn et al., 2015). The lower age-
specific prevalence is probably due to the fact that anti.-VCA 1gG was used in the
detection of EBV in Thailand children whereas EBNA-1 IgG was used in this study.
Anti-VCA IgG is a marker of recent infection whilst Anti-EBNA-1 IgG is a marker of
past infection (Paschale & Clerici, 2012). It is likely that most children under 5 years are
having recent infection rather than past infection; hence the prevalence of Anti-VCA in
children in Thailand was greater than the seroprevalence of EBNA-1 IgG in this study.
Besides, the prevalence in this study was specific to children presented with only
malaria. The absence of EBV infection in the 0-7 months age group probably means
none of the children within this age range was infected and therefore did not have

maternal antibodies to EBNA-1 in their blood circulation.

The study did not find any significant association between EBV serostatus and the
degree of malaria (p= 0.123). This implies that Co-infection of EBV and P. falciparum
in children with malaria was not linked to severity of malaria in this study. The study did
not also find any significant association (p = 0.73) between gender and EBV serostatus
even though the number of males who seroconverted were more than females. Hence
gender might not be a risk factor in acquisition of EBV infection. This finding agrees
with other studies (Haque et al, 1996; Sdorchuk et al., 2003; Adjei et al., 2008; Balfour
et al, 2013). Male seropositive rate being higher than female seropositive rate can also

be explained by the fact that, there were more males than females in the study.

The lack of significant association (p=0.123) between co-infection of EBV and P.

falciparum in this study might be because the EBNA-1 is in line with the findings of
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Matar et al. (2015) who by using mouse model elucidated the impact of co-infection of
EBV and P. falciparum on the severity malaria, also found that latent EBV infection was

not associated with severe malaria.

One of the limitations of this study was the small sample size used. This was probably
one of the reasons for the study’s lack of power to detect many significant associations
from this data. Secondly, the use of EBNA-1 1gG alone was not enough for EBV
detection in children. Thus, VCA IgG and IgM should have been tested alongside

EBNA-1 IgG.

5.2 CONCLUSIONS

The study determined that even though children with severe malaria had higher
seroprevalence of EBNA-1 IgG, this was not responsible for malaria severity since
children with non- severe malaria also had EBNA-1 IgG present in their blood plasma.
The study also determined that EBV was not responsible for the differences in fever,
malaise and WBC observed between children with severe and non-severe malaria since
there was no correlation between EBV, clinical history and haematological parameters.

Children with EBV were however, more likely to progress to severe malaria.

It is recommended that:
1. Further research is needed to investigate the correlation between EBV and severe
malaria in children under 5 years using combination of antibodies to latent and

lytic antigens.
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2. There should be more longitudinal research in humans to study the impact of

EBV on severity of malaria.

3. A larger sample size can also be used to determine the correlation between EBV

infection and severe malaria in future studies.
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APPENDIXES

Appendix I:
INFORMATION SHEET

TITLE OF STUDY: A study of the correlation between Epstein-Barr Virus infection
and the severity of malaria in Ghanaian children under 5 years of age
Principal Investigator: Bashiru Swabira

Department: Medical Laboratory Sciences

Phone: 0269682869

Purpose of Study

You are being asked to voluntarily make your child take part in this research study. But
before you decide to allow your ward to participate in the study, it is important that you
understand why the research is being carried out and what it entails. Please listen/read
carefully and ask anything that is not clear to you or anything you need more
information on.

The purpose of this study is therefore to find out if EBV in malaria children is the reason
why these children have severe malaria compared to their counterparts who have malaria

but not EBV.

Study Procedure

In order to know if your child has malaria, we have to withdraw at least 150ul of blood
from his/her finger or heel for the diagnosis. IF it is positive, we would set out to look
for the quantity of parasitaemia. More so, with the same blood, we would test for EBV

and if it is also positive we would determine antibody titre using ELISA. We would take
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the blood only once and the blood would be analysed at the Virology department of
School of Biomedical and Allied Health Science (SBAHS).

Risk

There is only a minimal risk associated with drawing of blood from children which may
include a little bleeding, pain, bruising and, rarely, infection. All of these are rarely
common. You are assured that experts would be the ones to withdraw the blood from

your ward and therefore make it as painless as possible.

Benefit

We will be testing for Epstein-Barr virus in your child which is normally not done in our
various medical laboratories and it is therefore a benefit. It is important to know if your
child has EBV and it will tell us if it is the reason his/her malaria is severe. Another
potential benefit of your ward taking part in this study is that, very important
information of your ward sickness will be generated without any cost. These findings
will inform your Doctor on how best to go about his/her treatment without delay. Note

that you will not receive any financial compensation in this study.

Voluntary Participation:

Allowing participation of your child in this research study is entirely voluntary. Refusal
of participation is not going to alter the maximum attention that is going to be given to
him/her with regards to his/her health. It would also not incur any penalty at all or loss of
benefits.

However, should you decide to allow your ward be recruited in the study, you are also
helping in the diagnosis of malaria and findings of this research would attract more

attention on EBV and the need for its treatments in children.
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Confidentiality

If you consent to let your ward be recruited in the study, you are assured that all health
information pertaining to your child would be kept confidential. We would use numbers
rather than names on any sample collected from your ward. When publishing the
findings, the name of your ward would not appear in it.

Should you need more information, you should not hesitate to contact my supervisors as
well.

Dr Alexander Martin-Odoom Dr. Charles Brown
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INFORMED CONSENT FORM

To be completed by the study participant’s parent/guardian

Consent to participate in Research:

The nature and the purpose of the above research study have been openly explained to
me in a language that | understand. | have also been made known the benefit and
possible risk that is involved in the study. | have also been made aware that the entire
study is entirely voluntarily and | can withdraw my ward at any time with/without any
reason without attracting any penalty or being denied maximum treatment for my child.
Signing below therefore indicates that | have been duly informed about the research
study in which I voluntarily agree to my child’s participation. | have asked questions to
clear any doubt and the information given to me has permitted me to make an informed
and free decision about my child’s participation in the study. By signing this consent
form, | do not forgo any legal rights against the investigators and | can also withdraw
from this study at any time. A copy of this consent form will be provided to me.

Name of guardian/parent-----------=---==---=msmmemmmmmeeeeeoo

Signature/ thumbprint of Parent Date
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Appendix 2

Structured Questionaire for interviews for the determination of risk factors of severe

malaria

Q1. Demography of children

Participant

code

Gender

Male:

Female

0-7months

8-23months

AGE [ 24-48months

Age>48months

<60months

Study site

Q3. Clinical data
Fever ()
vomiting ()
Diarrhoea ()

Pallor ()

Malaise .
Convulsion ™)

Respiratory distress ()
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Q2. Indicators (Laboratory Findings) of Severe Malaria

Laboratory findings Quantity
Parasitaemia (parasites/ul)
Haemoglobin(10°/1
White blood cells (10%/1)
Red blood cell(10%/1)
Risk Factors of Underlying Disease
Factors Yes No
1-2 days
Duration of illness 3-4days
5-more days

Use of protective measures | ITNs
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