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Abstract

Introduction: Malaria is an issue that has beset huméorityay too long. Many treatments have been propazeithé
eradication of the iliness. Despite efforts, the issneains found in our healthcare systems. Recently, thedWiedlth
Organization (WHO) has deemed thrombocytopenia not of impoetwhen discussing severe malaria.
Thrombocytopenia (platelet count less than 150 x 109/L) érarmn platelet abnormality and hematological change as
well as a common feature of malaria due to all plasomdipecies more recently, low platelet counts have been
associated with mortality in patients with P. falciparand P. vivax infection. However, other studies have not
demonstrated an association between thrombocytopenidgaifitant clinical risk. This analysis was conducted to
establish the comparative platelet counts of patientstadey the different Plasmodium species and to define the
associated risks of morbidity and mortality. Objectiv@eneral objective: To study the association of nzalaith
thrombocytopenia in children at Ibrahim Malik Teaching Hadp&pecific

Objectives: The general objective was to determine Throptbpenia among children with malaria as well as to
determine common symptoms of malaria in children at IbrahaiikNeaching hospital; to identify the complications of
malaria with thrombocytopenia, and finally to identify theécome(s) of malaria and thrombocytopenia.

Materials and methods: This was an analytical case-cdmisglital-based study that was conducted in Ibrahim Malik
Teaching Hospital. The study was conducted on pediatric patdergnosed with malaria in Ibrahim Malik Teaching
Hospital. This was a multi-stage systematic samplingfriéctured data collection sheet was filled by researcher.
Results: A total of 334 cases of malaria were includebis study. Amongst those, the prevalence of thrombocytape
was 28.4 % (95 cases). The mean platelet count was 2418R289. The range was between 7 and 704. The mean age of
participants was 6 years old +5.13; the range was betweear ayd 17 years. In other words, 182 of our participants
(52%) were under 5 years of age and were the largagb @f our participants, followed by participants aged 6 €0y

of age at 80 (23%), followed by 11-14 years olds at 63 184h the remainder 25 (7%) being 15-18 years of age. 182
(52%) of our participants were female, while the remaid8éc were male. Thrombocytopenia was most found in males
ages 5 and under, more specifically in the age range oO2 ur participants, 68.8% were of urban residence, while
remainder 31.2% were of rural residence. Of our particip&®2% (182) were ill for 4-7 days, while 31% (110) ofithe
were ill for 1-3 days prior to hospitalization. Finally7% (59) of our participants were ill for 8 days oremdVean

duration of iliness was 6.04 days + 4.13. All participargsensymptomatic. The most commonly reported symptom was

1JRP 2023, 133(1), 36-60; doi:.10.47119/1JRP1001331920235475 WWw.ijrp.org



Mohammed Abdein Mohammed Ali / International Journal of Research Publications (1JRP.ORG) @ JJRP .ORG

ISSN: 2708-3578 (Online)

37

fever, which was reported in all 334 (100%), followed by vorgireported in 58.3% (203). The 3rd most commonly
reported symptom was diarrhea, which founded in 37.5% (18&)4th most reported symptom was headache, reported
in 20.8% (73). This was followed by fatigability, whicfiezted 12.5% (44).
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Finally, the least reported symptom was nausea which founde2lin(15). Of importance, 56.2% (197) of our participantsaia
least 1 symptom of severe malaria. The parasite countfin this study showed that 66.7% (233) had a parasite doome @ross
(+), only 6.3% (22) had a parasite count of two crossef 28% (88) had a parasite count of three crosses (++itg orly 4.2%
(15) had a parasite count of four crosses (++++). Threséwstrated in figure 4.7 below. In so far as parasient is concerned, a
significant correlation was found between hyperparasitéioia crosses (++++)) and thrombocytopenia. As peelfgts are
concerned, 219 (62.5%) had a platelet count of over 150,a@qtt per microliter of blood, 36 (10.4%) had a platsant of
100,000-149,999 platelets per microliter of blood, 44 (12.5%h)evh had a platelet count of 50,000-99,999 platelets per itecrol
of blood, 36 (10.4%) had a platelet count of 20,000-49,999 elateér microliter of blood. Finally, only 4.2% (15) hadatelet
count of less than 20,000 platelets per microliter of blbittl thrombocytopenia (100,000-150,000) was found in 10.4%, mera
thrombocytopenia (50,000-99,999) in 12.5%, while severe thromboaoysopeas found in 14.6%, divided as follows, 10.4% had a
platelet count of (20,000-49,999) and 4.2% had a platelet countef 20,000. The mean total WBC count was 9.94, with aof SD
4.73. 35 participants (10.42%) founded leucopenia, while 202 (6Gd&dpukocytosis. In so far as total WBC count is conckrne
54.2% (190) of our participants had a high total, 35.4% (@R#jem were of normal range, and the remainder 10.4%¢@6yled

a low total WBC count. The mean Hemoglobin count was 8.4214@dl. No significant correlation was found between HRlkev
and thrombocytopenia. The data illustrated a significameledion between the listed symptoms of severe maldieh founded in
our population and thrombocytopenia as well as a significarglation between high total White Blood Cells (WBCs) and
thrombocytopenia. No significant correlation was found betvRenal Function Test (RFT) and thrombocytopenia. No sigmific
correlation was found between Liver Function Test (LFT)tAnambocytopenia. A statistically significant correlatiwas found
between rural residence and thrombocytopenia. A signifazanélation was found between the youngest age group (uygders

of age) and thrombocytopenia. A significant correlatias found between the male gender and thrombocytopenia. Oagéndi
showed that 58.3% (204) of our participants were treated astisunate (injection).

Conclusion: In conclusion, our study found a significant coiceldietween severe malaria and thrombocytopenia. Additignally
was found that high total WBC count was significantly dateal with thrombocytopenia in malaria. Furthermore, wadothat
thrombocytopenia was significantly correlated with rueasidence, young age (namely under 5), and male gender. tioddo
correlation was found between thrombocytopenia and Renaliéumennd Liver Functions. We, therefore, find it approptiate
conclude that thrombocytopenia was associated with a numbignsfand symptoms (as well as laboratory investigatmns)
malaria.

Recommendation(s): The immediate recognition of thrombpeytia as a marker of severe malaria
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In the context of absence of investigations for malaria (Blood Film For Malaria (BFFM)), the above findirggs be used to
hypothesize the presence of malaria
Seeing to it that pediatricians recognize the importafitlerombocytopenia in the context of malaria
Authorities reminding doctors of the importance of obserpiatelet counts in malaria patients
The establishment and funding of further research in this (dpiambocytopenia in malaria)

Keywords: Type your keywords here, separated by s#anis ;

1. Introduction

Malaria is a protozoan disease caused by parasite genoBiam (1) transmitted to man by infected female
anopheles mosquito of which there are five species pldismm (falciprum, vivax, ovale, malarie and knowelsi) (2).
Malaria is a major health problem worldwide, there westimated 243 million per year cases of malaria madsieof
about 85% were in African region followed by south east Astgion 10% and east Mediterranean 4%. Malaria
accounts for an estimated 1-3 million deaths worldwideygar, of which 89% in African region followed by east
Mediterranean 6% and south east Asia 5%. Most deaths of medarsed by plasmodium falciprum infection which
causes life threatening (cerebral, respiratory, renal, isehatnodynamic, hematologic) dysfunction.

Malaria is a major health problem in Sudan, it leads3onillion cases and 35,000 deaths every year.

In malaria all blood components are affected. Thrombocytagers been associated with malaria and considered as
characteristic of malaria and in some places it is usedlastor for malaria in patient presenting with fever.

The normal platelets count amongst Africans is 100,000-300,008)ymithrombocytopenia is defined as a platelet
count < 100,000/ml (3) or <150,000/ml (4) and classified as mild (<15@&0606- 50,000) moderate (<50,000 and >
20,000) and severe (< 20,000) , platelets of < 150,000/ml irectieadikelihood of malaria by 12 - 15 times.
Thrombocytopenia (platelet count less than 150 x 109/L) iharabmmon platelets abnormality and hematological
change, as well as a common feature of malaria dueglasmodium species particularly in falciparum malaria
(occurs in up to 70% of falciparum malaria patients) (3,5}eRtasurvival is reduced to 2-4 days in severe falciparu
malaria. The pathophysiology of malaria associateditbozytopenia and reduced platelet survival rate are multi
factorial. It has been associated with a variety ofdtelngical insults arising from hemolysis, host infraatory
response, hematopoietic suppression, enhanced splenic upsaiestration and DIC (platelets may be removed
from the circulation at sites of fibrindeposition. Sgroet, as expected, not all, studies have shown tha thestrong
association between thrombocytopenia and severity @rimaBSeverity and mortality of patients with faleipa
malaria are increased with severe thrombocytopenia.

Thrombocytopenia seems to rarely found in acute malaria (3).

Of interest, children under 5 years of age who found higttatitees that can be attributed to malaria seem to be
asymptomatic for COVID-19 (6).

Rationale:

Malaria remains an important threat to public health, paatiluin communities with poor resources. Although
Plasmodium falciparum accounts for the majority of sewealarial disease in sub-Saharan Africa, outside of #fric
nonfalciparum malarias are responsible for an inanggsioportion of infections.

Thrombocytopenia (platelet count less than 150 x 109/L) is anconplatelet abnormality and hematological change
as well as a common feature of malaria due to all plasmodpecies more recently, low platelet counts have been
associated with mortality in patients with P. falciparama P. vivax infection. However, other studies have not
demonstrated an association between thrombocytopethgigaificant clinical risk. This analysis was condudied
establish the comparative platelet counts of patientstedday the different Plasmodium species and to define the
associated risks of morbidity and mortality.

Objectives:

To study the association of malaria with thrombocytopenéhildren at Ibrahim Malik Teaching Hospital

Specific Objectives:

1) To determine common symptoms of malaria in childrenrahiin Malik teaching hospital

2) To determine the association between malaria and thoytapenia in children at Ibrahim Malik Teaching
Hospital.

3) To identify the complications of malaria with thrombmpenia

4) To identify the outcome(s) of malaria and thrombocytopenia
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Literaturereview:

Malaria is a life-threatening disease caused by parasgi@a@hodium species that transmitted to people through a bite
from infected female anopheles mosquito which is malettor. there are five malaria species that are krtown

infect human {p.falciparum, p.vivax, p.ovale, p.malarie akd@ulesi} of which p. falciprum and vivax are the
greatest threat (7) Children under 5 years are the mosrable group affected by malaria in 2019 and account for
67% of all malaria deaths worldwide, the WHO African regicasies a disproportionally high share of global malaria
prudency, in 2019 the region was whom 94% malaria caskedemths (7). total funding for malaria control and
elimination reached an estimated 3 billion dollars, coutidb from government of endemic countries accounted 900
million dollars represented 31% of total funding. accaydimlast world malaria report released in 13, Noven2620
there were 229 million cases of malaria in 2019 compar@@& million in 2018, the estimated number of deaths stood
at 409,000 in 2019 compared to 411,000 deaths in 2018 (7)

The life cycle of malaria started by transmission ogpladium spirocytes via bite from an infected female of
anopheles , spirocytes then travel from a salivarydglaf mosquito through the blood stream of the hosvéo li

where they invade the hepatocytes ,these cells diviéey thousands until mature tissue schizonts are formed and
each contains thousands of daughter merozoytes, this poegtibphase is asymptomatic (8).

The liver schizonts rupture after 6-30 days and relgemesands merozoyte into the blood stream where thvagén

red blood cells, when the cell purists they invade medecells. clinical symptoms including fever occur inchyiony
with rupture of red blood cells. in some red blood ceksrtterozoyte mature successfully from ring form to
trophozoite and gametocyte over 24 hours, circulate imdbdtream and are ingested during mosqituo bite, the @thest
gametocytes develops in mosgito in to mature sex cellshvd@velops into ookinetes which actively burrow through
the mid gut of the mosquito and form oocytes in which agesl thousands of active sporozytes which pursit to travel
to salivary glands of mosquito and the cycle of humagctidn begins again (9).

As beautifully articulated by Milner:

'Pathogenesis, the manner of development of a diseasehfiman malaria clinical iliness is a complex stbat has
many players, settings, and potential outcomes. As withraly successful parasite, the observed outcome of
evolution in malaria is the undisturbed transition frowsguito to human to mosquito with little impact on theeec
and host. Although impact of malaria can be seen anttididual, community, country, and global level, frone th
parasite’s perspective, a healthy host serving as two blood meals with a bit of fever in between is the norm. In fact,

human clinical disease is quite rare relative toglbbal interaction network of mosquitoes and humans. idtegy of
Plasmodium falciparum malaria parasites, as measungtta, is finite, predictable, and easily experimégta
perturbed during the 48-hour life cycle. In the mosgtiitonan life cycle, however, this parasite, along withotier

five species infecting humans (Plasmodium vivax, Plasmodiate wallickeri, Plasmodium ovale curtisi,
Plasmodium malariae, and Plasmodium knowlesi), undergoasm®re morphological states, replicate from a single
to 10,000 cells, and vary in total population from one samymmore than 106 organisms.'(8) As per a 2012 paper:
'‘Disruption of the endothelial cell (EC) barrier leads tihpimgy via edema and inflammation. During infections,
pathogens are known to invade the EC barrier and modulatgaapermeability. However, ECs are semi-
professional antigen-presenting cells, triggering T-aadtimulation and specific immune-cell activatiohisTin turn
leads to the release of inflammatory mediators anddktruction of infected cells by effectors such as CD&ellE-
During malaria, transfer of parasite anti- gens to Bestrface is now established. At the same time, Gifi8adion
seems to play a major role in cerebral malaria' (10).

According to a 2011 paper:

'‘Data on the real burden of thrombocytopenia associgthdnalaria is contradictory in the literature and ihat

usually considered when conducting patient selection.

A study based on 31 American soldiers in Vietham with chlor@grasistant falciparum malaria noted the following
changes in the acute phase of the disease using thepatiemts as their own controls during convalescenceedse

in the platelet count and prothrombim activation timerease in the activated thromboplastin time, and remfuicti
factors V, VIl and VIII with normal fibrinogen .This repouggested that thrombocytopenia was simply a consequence
of the coagulation disorders presented by these patieritieathat persisted for many decades in the literdture.
another series of 21 patients with falciparum malaria, sixdeadloped disseminated intravascular coagulation (DIC).
The authors noted that the patients with more selieoerbocytopenia also had DIC and that there was cooelati
between platelet count and C3 protein levels. Howevergthection in C3 was proportional to that in parasitaemia,
suggesting that thrombocytopenia was not independentlyiatezbaith C3. In Manaus, 2004, a study with falciparum
and vivax patients demonstrated a negative correlattoveba platelet counts, thrombin-anti-thrombin complex and
D-dimers, suggesting that the activation of coagulationddoalpartially responsible for thrombocytopenia

The spleen in malaria has played a crucial role in the immesmmnse against the parasite, as well as controlling
parasitaemia due to the phagocytosis of parasitised red tdlls (RBCs). Some data suggested that platelets were
sequestered in the spleen during the acute infectighelaxperimental model with Plasmodium chabaudi
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thrombocytopenia was absent in splenectomised mice, sgdhat the spleen was essential for thrombocytopehie. T
term hypersplenism was proposed to describe the clinitar of the enlarged spleen followed by the decreaseen o
or more peripheral blood lineages (usually reverted gitensctomy), probably due to sequestration or destruction of
cells inside the spleen.

The relationship between malaria and auto-immumaty been discussed in the literature and the first epidegitalo
association was made based on the presence of fetwenauune diseases in malarigenous are as The forndtion
circulating immune complexes (CIC) in vivo in malaria, as aslin other infectious diseases, is a continuous process
from antigens and antibodies and/or complement elem@lsseems to modulate the immune response to several
antigens that remain sequestered in B lymphocyte or diengkil-rich follicles for a longer time, which contrilastto
the formation of B-cell immunological memory, as sgewaccine studies. During acute malaria, thrombocytopenia i
most probably associated with the binding of parasitgems to the surface of platelets to which antimdlaria
antibodies also bind, leading to the in situ formatibimmune complexes (ICs)

Platelets from patients with acute malaria are hightgitize to adenosine diphosphate (ADP) addition in \atrd it is
believed that ADP release following hemolysis could cbntg to higher platelet aggregation. Actually, the indohat
of platelets with P. falciparum-parasitized RBCs alsociases platelet aggregation per se in vitro, especiadly aft
ADP and thromboxane A2 addition even electron microsaamamination of non-stimulated, fresh platelets from
malarial patients show centralization of dense granglgspgen depletion and microaggregates and phylopoids as
sign of in vivo activation, which could be responsiolea pseudo-thrombocytopenia due to sequestration of these
activated particles in the interior of the vessels

Free radicals may play an important role in the Platigstruction in malarial infection. There is evidence that
decrease in total cholesterol in vivax malaria is dugpidic peroxidation.

The finding of a P. vivax trophozoite inside a humanghaitsuggested that thrombocytopenia could be the result of
invasion of these particles by the parasites themseiaar to what was classically proposed for RBCs'.(11)
Severe malaria, on the other hand, is, for the mostqaused by Plasmodium falciparum (12). This is believéz to
because of its ability to induce infected (RBC) cytoadherémthe vascular endothelium and consequent end-organ
dysfunction (12). Other plasmodium species can cause seveasaland AKI (12). Their ability to cause coma is
rather questionable for the time being (12).

The most characteristic symptom of malaria is fevehe©Otommon symptoms include chills, headache, myalgias,
nausea, and vomiting. Diarrhea, abdominal pain, and coughcasiatally seen. As the disease progresses, some
patients may develop the classic malaria paroxysm withslmfuiness alternating with symptom-free periods. The
malaria paroxysm comprises three successive stages. 3ths fir15:0-60-minute cold stage characterized by
shivering and a feeling of cold. Next comes thte-B-hour hot stage, in which there is fever, sometimeshieg

41°C, flushed, dry skin, and often headache, nausea, andngriinally, there is the 83-4 hour sweating stage
during which the fever drops rapidly and the patient swéatsl types of malaria, the periodic febrile response is
caused by rupture of mature schizonts. In P vivax aoghle malaria, a brood of schizonts matures every 48 ligso
periodicity of fever is tertian (“tertian malaria”), whereas in P malariae diseaseyvkr occurs every 72 hours (“quartan
malaria”). The fever in falciparum malaria may occur every 48 hr, but is usually irregular, showing no distinct

periodicity. These classic fever patterns are usuallgeenh early in the course of malaria, and thereforatibence of
periodic, synchronized fevers does not rule out a diagobsaislaria

Physical findings in malaria are nonspecific and dfftte aid in diagnosis. In many cases there may bpasitive
findings other than fever. Splenomegaly is common but magaapparentearly in disease. Hepatomegaly, jaundice,
hypotension and abdominal tenderness may also be selemiaMimes not cause lymphadenopathy and is not
associated with a rash

many of the deaths from malaria are the result of déldisgnosis and treatment because the health care prdidde
not suspect malaria. The diagnosis of malaria requinéghaindex of suspicion; malaria should be consideredyn a
individual who has a fever and has visited an endemicfareaalaria, received a blood transfusion, or used
intravenous drugs. Although 95 percent of individuals infectéldl malaria develop their primary iliness within 6
weeks of exposure, some may have primary attacks upe@arafter exposure, and relapses of malaria can occur up to
2-3 years after exposure. Therefore, individuals having a feliméss and a history of exposure in the las? ears
should be evaluated for malaria.

Definitive diagnosis of malaria generally requires diaservation of malaria parasites in Giemsa-statiniedd and

thin blood smears. Thick blood smears are more difftoutiterpret than thin blood smears but they are much more
sensitive, as more blood is examined. Thin blood smigewd)ich parasites are seen within erythrocytes, are osed t
determine the species of the infecting parasite. Theepoe of diagnostic forms can vary markedly with thgestd

the life cycle, especially early in disease. In faldipamalaria, most organisms are not present in thehszepblood
because they are sequestered in the microvascular dissiiernal organs. If malaria is suspected, blood smeatgdsh
be examined every 6 to 12 hr for at least 2 days. New oitigrmethods include a rapid antigen-capture dipstick test
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and a technique for detecting parasites with a fluoresteint Both of these tests are fast, easy to perdomdrare
highly sensitive and specific

Other diagnostic methods include assays to detect matgitzdies and antigens, and polymerase chain reaction/DNA
and RNA probe techniques. These techniques are used primagidemiologic studies and immunization trials and
rarely in the diagnosis of individual patients. (13)

Thrombocytopenia (platelet count less than 150 x 109/L) is conptadelets abnormalities and hematological changes
as well as a common feature of malaria due to all plasmodpecies particularly in falciparum malaria (occurs in up
to 70% of falciparum malaria patients) Platelet survisakduced to 2-4 days in severe falciparum malaria The
pathophysiology of malaria associated thrombocytoperda@duced platelet survival rate are multifactorial. & ha
been associated with a variety of hematological inganising from hemolysis, host inflammatory response,
hematopoietic suppression, enhanced splenic uptake or satjoesind DIC (platelets may be removed from the
circulation at sites of fibrin deposition. Some but albstudies have shown that there is strong associagitoveen
thrombocytopenia and severity of malaria Severity andatity of patients with falciparum malaria are incregsvith
severe thrombocytopenia (14)

Ideally malaria treatment should not be initiated ungéldiagnosis has been established by laboratory testing.
“Presumptive treatment”, i.e., without prior laboratory confirmation, should be reserved for extreme circumstances,
such as strong clinical suspicion of severe diseasasettiag where prompt laboratory diagnosis is notlabig. Once
the diagnosis of malaria has been made, appropriateadatial treatment must be initiated immediately

For pediatric patients, the treatment options are tme s& for adults except the drug dose is adjusted by patient
weight, and artemethénmefantrine (Coartem™) and atovaquone-proguanil (Malarone™) can only be used in children
>5 kg. The pediatric dose should never exceed the recommended adult dose. Pediatric dosing with quinine may be

difficult due to unavailability of non-capsule forms oistlantimalarial. If using a quinine-based regimen for chiid
less than 8 years old, doxycycline and tetracyclieeganerally not recommended; therefore, quinine can be giv
combination with clindamycin as recommended above. In rat@nioss, doxycycline or tetracycline can be used in
combination with quinine in children less than 8 years obthiér treatment options are not available or are not
tolerated, and the benefit of adding doxycycline aatgicline is judged to outweigh the risk. For infectiottistauted

to “species not identified” in areas with chloroquine resistance that are subsequently diagnosed as being due to P. vivax
or P. ovale, additional treatment with primaquine or tadeine should be administered (see P. vivax and P. ovale,
section below). P. falciparum or Species Not Identified\cquired in Areas Without Chloroquine Resistance for P.
falciparum infections acquired in areas without chlorogtriesistant strains, which include Central America west of
the Panama Canal, Haiti, and the Dominican Republic, paittant be treated with oral chloroquine, or, alternatively,
hydroxychloroquine at recommended doses. In addition, atheatgimens listed for the treatment of chloroquine-
resistant malaria may be used for the treatment ofafliine-sensitive P. falciparum malaria. Prompt indiatf an
effective regimen is vitally important, so using any onthefeffective regimens that is readily available wouldhee t
preferred strategy. Due to the risk of progression to selisease in patients with P. falciparum infection, pasie
should be hospitalized to monitor clinical response, ardicharasite density every-224 hours until clinical
presentation improves and a decrease in parasite densityég apparent. Then, treating clinicians can consider
outpatient completion of treatment for patients witlpriaved clinical symptoms and decreasing parasite deifsity.
infections initially attributed to “species not identified” are subsequently diagnosed as being due to P. vivax or P. ovale,
additional treatment with primaquine or tafenoquine shouldib@rastered

Patients with any foundations of severe malaria, mgaired consciousness/coma, hemoglobin <5g/dL, acute kidney
injury, acute respiratory distress syndrome, circulatotiapse/shock, acidosis, jaundice (with other signswére
malaria), diseminated intravascular coagulation, and/or parasite density of >5% should be treated promptly and
aggressively with parenteral antimalarial therapy, regasabf the species of malaria seen on the blood smear. If
severe malaria is strongly suspected but a laboratoryaiegeannot be made at that time, blood should be adlect
for diagnostic testing to be done as soon as it bes@wailable and parenteral antimalarial drugs shoustiied.

All patients with severe malaria, regardless of infegspecies, should be treated with intravenous (IV)artesunate.
Clinicians caring for patients with severe malaria abspital wherecommercially-available IV artesunate ctibe
obtained within 24 hours, should call CDC to obtain IV anese, which is available through CDC as part of an
expanded-use investigational new drug (IND) protocol.

Severe malaria can progress to a fatal outcome rapidlg seatment should be initiated as soon as possible.
Clinicians at hospitals where IV artesunate is notagksshould consider interim treatment with an effectiva or
antimalarial while obtaining IV artesunate.

Whichever is fastest. If the patient is unable tor&dkeoral medications, clinicians will need to consalternative

ways to administer oral medications while awaiting IV anede. For example, for patients with nausea and vaitin
an anti-emetic preceding the antimalarial may held, for comatose patients, a nasogastric tube can baleoedi
(15).
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Plasmodium vivax and plasmodium falciparum frequently founditbozytopenia as a hematological alteration in
their finding (16,17).

Furthermore, it seems as if thrombocytopenia is rather foumdividuals with splenomegaly and non-palpable
spleens (18,19)

Published data indicates an association between |éat#ming malaria requiring endotracheal intubation and
thrombocytopenia (20). Which is rather frightening.

Peculiar Associations:

A major point illustrated by researchers from GhanathadJK is that the fight against malaria seems telandered
the efforts set forth in the fight against malaria (6).

Data seems to suggest that there exists an associati@eheABO blood groups and P. Falciparum infections (21)
Similar Studies:

Despite a rather small data-base, evidence is suggekavarong association between P. vivax infectionsavere
thrombocytopenia (22).

Data collected in Sudanese children concluded that stwrerabocytopenia is associated with falciparum malaria
infection and malarial hyperparasitemia (23).

Another study from Sudan illustrated that most (69.4%) of iilestwere with P. falciparum as well as that severe
malaria was associated with hyperparasitemia and B, tlva same study also showed that AKI was the only
significant mortality risk factor (24).

A third study from Sudan illustrated that 22.2% of their pgodiots (all of whom had severe P. vivax infections)
suffered from thrombocytopenia (25). A study conducted in White Nile State in Sudan reported that ‘The median
platelet count was significantly lower in P. falciparimfected patients, with thrombocytopenia being signifia
associated with falciparum malaria’ (26).

In 2011, a paper from India showed a significant associbdtmeen P. vivax infection and thrombocytopenia (27), so
much so that the authors clearly advocated for the insastithrombocytopenia in the criteria of severe malari
diagnosis.

Authors from a 2003 study wrote the following in regards to the topic ‘Initial thrombocytopenia was present in 43-58%
of childrenwith P falciparum malaria but was not more frequent in severe outcome or cerebral malaria’ (28).

In neighboring Ethiopia, a study strongly suggested a correlation between ‘platelet indices’ and the predictability of
severe malaria (29).

Platelet count and parasite count were negatively cteckla another study (30).

Resear ch M ethodol ogy:

Study design

This is an analytical case-control hospital-based study

Study area

The study was conducted in Ibrahim Malik Teaching HospgilaBahafa, Khartoum, Khartoum, Sudan. The hospital is
approximately 2.5 Kilometers South of Khartoum Internatiorigh@kt (GHQ2+RV Khartoum, Sudan). It is
surrounded by a neighborhood of middle socioeconomic stteshospital is public and contains an Emergency
Room, Internal Medicine Department, Surgery Departnidjatrics Department, and Obstetrics and Gynecology
Department.

Study population

The study was conducted on pediatric patients diagnosednaltria in Ibrahim Malik Teaching Hospital

Inclusion and exclusion criteria

Inclusion criteria:

All pediatric patients investigated for malaria and throoytopenia presented to study area during study period
Exclusion criteria:

Patients with malaria and thrombocytopenia due to congemitither acquired causes were excluded from the study
and those who or their co-patient refuses to participattudySampling methodology:

This was a multi-stage systematic sampling targetiagwird and ER of Ibrahim Malik Teaching Hospital. The
systematic sampling will take place in the followingnmer:

i) We will give the participants numbers (so as to assonfidentiality) (on basis of 2)

i) These numbers were placed into an online randonmbeugenerator

iii) The numbers picked by the generator were sampled

iv) The sample size was calculated based on the equain.b
For example, the numbers 8, 17, 22, 25, 60, 99, 77, and 32 wetedris&n the generator; the generator will pick one

half of them (e.g.: 8, 25, 77, 32); following this, particitsawith these numbers were sampled.
Equation:n=N1+N(D)2
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n = Sample size
D = Degree of Precision

N = Sample
n = 7501+750 (0.04)2
n =334

Study variables:

Independent variables:

Age, gender, residence

Constant variables:

1) Symptoms and signs of malaria

2) Platelet count3.6 Data collection tools and methods:

A structured data collection sheet was filled by reses

The data was collected from patients or co- patientsmétahe inclusion criteria by interview questionnairegraft
explanation in a simple language, about research plajestiobs, and the accepted outcome. All patients or co-
patients participated in the study were consented, identfifredgh reviewing of their medical report. This took place
in the aforementioned hospital’s ER and ward.

3.7 Ethical consideration

First, Ethical clearance was obtained from ethicalrale@e committee of Sudan Medical Specialized Board Council
Then, Ethical clearance was obtained from EDC. Following this, the Khartoum State Ministry of Health (MOH)’s

ethical committee was contacted &hical clearance. Finally, the Hospital administration’s approval was obtained.
Written Informed Consent was obtained from all participaRrivacy of collected data was considered [no nante, da
coded and interpreted in form of statements, tablekfigares].

Results

A total of 334 cases of malaria were included in this stAdyongst those, the prevalence of thrombocytopenia was
28.4 % (95 cases). The mean platelet count was 247.42 + 18fe3fage was between 7 and 704.

The mean age of participants was 6 years old +5.13; tige rsas between 1 year and 17 years. In other words, 182 of
our participants (52%) were under 5 years of age and tveldargest group of our participants, followed by
participants aged 6-10 years of age at 80 (23%), followed by 11at4 glels at 63 (18%), with the remainder 25 (7%)
being 15-18 years of age. These are illustrated in figarardd table 4.1 below. 182 (52%) of our participants were
female, while the remainder 48% were male (illustratefijure 4.2 and table 4.2). Thrombocytopenia was mastdo
in males ages 5 and under, more specifically in the age @f2-3.

Of our participants, 68.8% were of urban residence, whilectimainder 31.2% were of rural residence (Figure 4.3).
Of our participants, 52% (182) were ill for 4-7 days, while 31%0) of them were ill for 1-3 days prior to
hospitalization. Finally, 17% (59) of our participants welréoil 8 days or more. Mean duration of illness was 6.04
days + 4.13 (Figure 4.4) reported in all 334 (100%), followed by wogieported in 58.3% (203). The 3rd most
commonly reported symptom was diarrhea, which founded in 37.5% {34 ¥ith most reported symptom was
headache, reported in 20.8% (73). This was followed by fatigahilhich affected 12.5% (44). Finally, the least
reported symptom was nausea which founded in 4.2% (15) (Figure 4.5).

lllustrated in figure 4.6 are the features of severe niaathat founded in our participants. Of importance, 56.2% (197)
of our participants had at least 1 symptom of severe iaalar

The parasite count found in this study showed that 66.7% (233)gedsite count of one cross (+), only 6.3% (22)
had a parasite count of two crosses (++), 23% (88) had atparasnt of three crosses (+++), while only 4.2%) (15
had a parasite count of four crosses (++++). These argdtied in figure 4.7 below. In so far as parasite count is
concerned, a significant correlation was found to existden hyperparasitemia (four crosses (++++)) and
thrombocytopenia (table 4.2)

As per platelets are concerned, 219 (62.5%) had a platelet @oover 150,000 platelets per microliter of blood, 36
(10.4%) had a platelet count of 100,000-149,999 platelets per micofliikyod, 44 (12.5%) of them had a platelet
count of 50,000-99,999 platelets per microliter of blood, 36 (10.4%) pidealet count of 20,000-49,999 platelets per
microliter of blood. Finally, only 4.2% (15) had a platedetint of less than 20,000 platelets per microliter of blood.
Figure 4.8 illustrates the platelet count, mild thrombgagtoa (100,000-150,000) was found in 10.4%, moderate
thrombocytopenia (50,000-99,999) in 12.5%, while severe thrombagyitopvas found in 14.6%, divided as follows,
10.4% had a platelet count of (20,000-49,999) and 4.2% had a ptatetétof under 20,000.

The mean total WBC count was 9.94, with an SD of 4.73. 3&jpants (10.42%) founded leucopenia, while 202
(60.4%) had leukocytosis. In so far as total WBC count iserored, 54.2% (190) of our participants had a high total,
35.4% (124) of them were of normal range, and the remainder 1868)%ounded a low total WBC count (Figure 4.9).
The mean Hemoglobin count was 8.42 +2.91 g/dl. No significamelation was found between HB levels and
thrombocytopenia (table 4.3)
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The data illustrated a significant correlation betweeriied symptoms of severe malaria which founded in our
population and thrombocytopenia (table 4.1) as wellsagraficant correlation between high total White Blood €ell
(WBCs) and thrombocytopenia (in the context of malaria) (tadle

Fever, vomiting, diarrhea, headache, nausea and fatigatsire run through the same test, but were not fouie to
significant (p-value of over 0.05), these are also illtstrén table 4.1. No significant correlation was foundvieen
Renal Function Test (RFT) and thrombocytopenia (taldlg 4

No significant correlation was found between Liver Fumciiest (LFT) and thrombocytopenia (table 4.5).

A statistically significant correlation was found betmerural residence and thrombocytopenia (table 4.6).

A significant correlation was found between the younggetgroup (under 5 years of age) and thrombocytopenia
(table 4.7)

A significant correlation was found between the matedge and thrombocytopenia (table 4.8)

Our findings showed that 58.3% (204) of our participants weeddd using artisunate (injection), followed by quinine
injection at 27.1% (95), while only 14.6% (51) received coartes tH0% of our participants fully recovered and had
narmal range platelet counts by discharge (Figure 4.10).

B Under 5
M 6-10 years old
= 11-14 years old
© 15-18 years old

Figurel: Distributionof participantdy age
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Gender

m Male

® Female

Figure2: Distributionof participantdy age

Residence
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Figure3: Distributionof participantdy residence
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Figure4: Distributionof participantsy durationof illness
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Symptom
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Figure5: Symptoms
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Figure6: Featuresf severe malaria
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Figurel10: Treatment

Tablel: Correlation between Thrombocytopenia sighsevere malaria

Sign Thrombocytopenia P-value

Jaundice Present 0.02
Absent

L eukocytosis Present 0.04
Absent

TWBC count (normal) Present 0.42
Absent

L eukopenia Present 1.22
Absent

Altered LOC Present 0.03
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Absent

Respiratory distress Present 0.04

Absent

Convulsions Present 0.04

Absent

Prostration Present 0.03

Absent

Shock Present 0.04

Absent

Table2: Correlation between Thrombocytopenia and Parasitetcoun

Par asite count Thrombocytopenia P-value

One-cross (+) Present 0.25
Absent

Two crosses (++) Present 0.32
Absent

Threecrosses (+++) Present 0.06
Absent

Four crosses (++++) Presat 0.02
Absent

Table3: Correlation between Thrombocytopenia and HB level

HB level Thrombocytopenia P-value

Normal Present 0.25
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Absent
High Present 2.01
Absent
Low Present 1.35
Absent
Table4: Correlation between Thrombocytopenia and Renal Fom@tests
RFT test Thrombocytopenia P-value

Raised Blood Urea Present 0.12
Absent

Raised Serum Creatinine Present 0.35
Absent

Abnormal Serum Sodium Present 1.23
Absent

Abnormal Serum Present 2.12

Potassium
Absent
Table5: Correlation between Thrombocytopenia and Liver Fonctests
LFT test Thrombocytopenia P-value

Raised ASP Present 0.87
Absent

Raised AST Present 0.69
Absent

Total Hyperbilirubinemia Present 0.86
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Absent

Direct Hyperbilirubinemia Present 1.54
Absent

L ow Serum Albumin Present 4.33
Absent

Table6: Correlation between Thrombocytopenia and Residence

Residence Thrombocytopenia P-value
Urban Present 0.98
Absent
Rural Present 0.47
Absent

Table7: Correlation between Thrombocytopenia and Age

Age Thrombocytopenia P-value
Lessthan 5 Present 0.45
Absent
6-10 Present 0.61
Absent
11-14 Present 0.69
Absent
15-18 Present 0.78
Absent
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Table8: Correlation between Thrombocytopenia and Gender

Gender Thrombocytopenia P-value

Male Present 0.35
Absent

Female Present 0.98
Absent

Discussion

Our results were highly similar to those reported theostudies. This research clearly illustrated a Bigmit correlation between severe malaria
and thrombocytopenia as well as a significant caiitgidbetween leukocytosis and thrombocytopenia @cntexf malaria). These are highly
similar to thoseby Mohamedahmed and colleagues (23).

Just like our study, data collected in Sudanese@ilconcluded that severe thrombocytoperiasociated with falciparum malaria infection
and hyperparasitemia (23).

Another study from Sudan illustrated that most (69.d4#infections were withP. falciparumaswell as that severe malaria was associated with
hyperparasitemia and P. vivax, the same study alswed that AKI was the only significant mortalitykiactor (24).

In agreement with our study, third study from Sudlsitated that 22.2%f their participants(albf whom had severe P. vivax infections) suffered
from thrombocytopenia (25).

A study conducted in White Nile State in Sudan reported that ‘The median platelet count was significantly lowePirfalciparum-infected

patients, with thrombocytopenia being significaagociated with falciparumalaria’ (26).

In 2011, a paper from India showed a significant eiasion between P. vivax infection and thrombocytop€27), so much so that the authors
clearly advocated for the insertion of thrombocytdaén the criterieof severe malaria diagnosis. These results are ireagnet withthe above
mentioned findings reported this study.

Authors from a 2003 study wrote the followiimgregarddo thetopic ‘Initial thrombocytopeniawas present in-%8% of children with P
falciparum malaria but was not more frequent in seeateomeor cerebrainalaria’ (28). This is in agreement with the resulie just reported.
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A study from Ethiopia strongly suggested a correlalietweerfplatelet indices’ and thepredictabilitpf severe malaria (29). This stuidycompatible
with our reported findings.

However,in another study, unlike our study, platelet count parasite count were negativelycorrelated (30).

A study from Nigeria reported the following&hile thrombocytopenia was the most commonhaematolofijiciihg and may be of diagnostic
importance, anaemia and leucocytosis were more conmtbe underfives’ (31).

A 2021paper oubf Ghana reported a lower mean platelet level amongstnuresidentssuffering from malaria (32). This isin@tgreement with
our findings reported earlier.

In 2021,a paper outf Nigeria reportedio significant association between gender and platlettin malaria patients (33). These do not agree with
our findings above.

Malarial infection was found to cause low plateletskiopenia and low lymphocyte counts amongst pati@ring in the Thailand-Myanmar
border (34). These are rather similar to ourfindings.

Conclusion:

In conclusion, our study found a significant correlati@iween severe malaria (founded as positive BFFMsgngbtoms of severe malaria) and
thrombocytopenia. Additionally, it was found thagttotal WBC count was significantly correlated witihombocytopeni@n malaria.
Furthermore, we found that thrombocytopenia was Sagmitly correlated with rural residence,young age (glgrander 5), and male gender.

In addition,no correlation was found between thrombocytopenia agmbRFunctions and LiverFunctions.

We, therefore, find it appropriate to conclude ti@bmbocytopenia was associated with anunolbeigns and symptoms (as wa#
laboratory investigationg)f malaria.

Recommendation(s):

l) The immediate recognitioof thrombocytopeniasa markerof severe malaria

2) In the contexbf absencef investigations for malaria (e.g.: Blood Film For MadgBFFM)), heabove findings caheused
to hypothesize the presencEmalaria

3) Seeindo it that pediatricians recognize the importantthrombocytopenian the
contextof malaria

4) Authorities reminding doctorsf the importancef observing platelet countis malaria
patients
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5) The establishment and fundin§further researcn this finding (thrombocytopeniin

List of Abbreviations (in alphabetical order):

BFFM = Blood Film For Malaria

DIC = Disseminated Intravascular Coagulopathy

EC = EndothelialCdl

ER = Emergency Room

LFT = Liver Function Test

LOC = LevelOf Consciousness

PLT = Platelet

RBC = Red Blood Cell

RFT = Renal Function Test

SD = Standard Deviation

WBC = White Blood Cell
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