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Abstract

The World Health Organization (WHO) strict defining criteria were used to identify severe
malaria among Ghanaian patients clinically diagnosed as uncomplicated malaria. From
each study participant, blood haemoglobin (Hb) and plasma bilirubin levels were estimated
using automated analyzers. According to the WHO, the criteria for diagnosing severe
malaria among children (< 12 years) was assessed using Hb < 5 g/dL and among other
patients > 12 years, Hb < 7 g/dL with parasitemia > 10,000/uL, plasma bilirubin > 50 ymol/L
amidst parasitemia > 100,000/uL and P. falciparum hyperparasitaemia (> 500,000 para-
sites/uL). Patients initially diagnosed with asymptomatic malaria (n = 347) were recruited.
The parasitemia range was 540-863,402 parasite/uL. Overall, 86.2% of the patients had
uncomplicated malaria while 13.8% of the patients were diagnosed with severe malaria of
various origins. In children < 12 years, 10.8% (17/157) had Hb < 5g/dL with parasitaemia <
10,000 parasites/uL and in other patients (> 12 years), 6.3% (12/190) of them recorded Hb
< 7g/dL with parasitaemia < 10,000 parasites/uL. Furthermore, 13.8% (48/347) had serum
bilirubin levels > 50 ymol/L with parasitemia > 100,000/uL. In all the patients with hyperbiliru-
binemia, Hb levels fell below either 5g/dL or 7g/dL, for patients less than and 12 years or
more, respectively. Finally, 1.7% (6/347) of the patients with malaria had parasite counts (>
500,000 parasites/uL). Irrespective of the etiology, patients diagnosed with severe malaria
presented with pallor, vomiting, diarrhea, chills, fever and nausea, concurrently. Without
comprehensive laboratory evaluation, patients with severe malaria could be misdiagnosed.
Therefore, healthcare facilities need adequate human and logistical resources to be able to
diagnose severe malaria for appropriate management to avert any untoward outcomes.
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Background

Plasmodium falciparum is the most common cause of malaria in Ghana [1]. Infection out-
comes of P. falciparum are either asymptomatic [2] or clinical malaria [3]. Among patients
with clinical malaria, cases could be presented as uncomplicated [4], complicated which is also
referred to as severe malaria [5], or cerebral malaria [6]. The type of malaria and the degree of
severity is influenced by the host immunity and the extent of unchecked parasite multiplica-
tion [7-9]. Uncomplicated malaria is mostly characterized by the absence of organ damage
[10], but organ damage is common in severe malaria [11]. In both types of malaria, pallor,
fever, anorexia, dyspepsia, epigastric discomfort, nausea, vomiting, and watery diarrhoea are
evident. The only difference is that in severe malaria, these presentations are persistent while
an irregular pattern is seen in the uncomplicated [5, 12]. Without prompt treatment, almost
half of patients with severe malaria may die [11], while early detection and prompt treatment
increase survival rate [13].

Malaria is still endemic in Ghana [14], with children under 5 years of age and pregnant
women being the most vulnerable [15]. In 2022, the last nationwide survey for malaria put the
average prevalence at 16.4%, with approximately 0.35 per 1000 deaths [16].

In clinical practice, most cases of clinical malaria, are managed as uncomplicated malaria.
In resource-constrained areas, clinicians are trained to identity severe or complicated malaria
when convulsions occur with positive malaria rapid diagnostic test outcome [5]. This could be
misleading since other conditions may result in convulsion and severe malaria could occur
without convulsion. Therefore, it is essential to properly classify all malaria cases before man-
agement, since in Ghana and elsewhere, management of uncomplicated malaria differs from
severe malaria. Since 2004, the national antimalarial medicine policy adopted the use of oral
artemisinin-combination therapy as the first and second line treatment options for uncompli-
cated malaria whereas all cases of severe malaria require hospitalization together with intra-
muscular (IM) or rectal artesunate or IM quinine [17].

To differentiate severe malaria from uncomplicated malaria, the World Health Organiza-
tion (WHO) during its 2013 meeting, adopted strict defining criteria for severe malaria [18].
This study leveraged on routine laboratory analyses available in most districts hospitals in
Ghana to assess malaria severity. Due to that, this study assessed severe malaria using the fol-
lowing criteria; (1) haemoglobin concentration < 5 g/dL in children < 12 years of age or < 7
g/dL in patients > 12 years) together with a parasite count > 10,000/pL, (2) plasma or serum
bilirubin > 50 pmol/L together with a parasite count > 100,000/pL and (3) hyperparasitaemia:
P. falciparum parasitaemia > 500,000 parasites/uL or >10% parasitemia. These criteria were
used to diagnose severe malaria because these tests are available in all district hospitals, poly-
clinics and some health centers in Ghana, where malaria is one of the top five diseases
reported.

In 2022, a document published by the Ghana Ministry of Health and the Ghana Health Ser-
vice reported that 93.1% of all malaria cases were classified as uncomplicated [19]. However,
the document did not indicate the criteria to distinguish uncomplicated malaria from the
other forms of malaria. Therefore, in this study, the WHO defining criteria were used to assess
severe malaria in patients classified as having uncomplicated malaria.

Methods
Study design, study population, and study sites

A cross-sectional study design was employed in this study. Study participants were patients
with clinical malaria whose malaria status was confirmed microscopically. Study participants

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0003158  August 15, 2024 2/13


https://doi.org/10.1371/journal.pgph.0003158

PLOS GLOBAL PUBLIC HEALTH Differential diagnosis of malaria

were conveniently selected from three district hospitals, situated in malaria endemic districts
in the Easter region of Ghana. The hospitals were Begoro District Hospital (Latitude:
6.3980637, Longitude: -0.3683076), Enyiresi District Hospital (Latitude: 6.43696, Longitude:
-0.586211) and Suhum District Hospital (Latitude: 6.03714, Longitude: -0.4455). These hospi-
tals were selected because the hospitals are located in forested part of the region where illegal
mining and land tillage practices for crop farming have created conducive breeding sites for
the malaria vector. Therefore, prevalence rates of malaria in the communities around the hos-
pitals are expected to be high. The study participants were recruited from June-November
2023.

Sample size calculation

The number of samples analysed in this study was determined based on the 2019 microscopy
prevalence of malaria (32%) [20] in the Eastern region of Ghana. Using the formula,

N = w, where N is the sample size, z the confidence level at 95% (standard value of 1.96),

p is the prevalence rate and d is the margin of error at 5%. The minimum sample size was cal-
culated to be 334 participants.

Inclusion and exclusion criteria

Participants included in this study were those aged 5 years and above. Participants above 18
years provided consent while parental consent was sought for participants less than 18 years,
after which child assent was sought. Another inclusion criterion was being classified as having
uncomplicated malaria, confirmed microscopically. However, participants with a history of
sickle cell disease, HIV, hepatitis B, and C viruses, and those who received any parenteral fluids
were excluded. Additionally, adult patients with uncontrolled hypertension and diabetes melli-
tus were excluded. Further, patients previously confirmed to have severe malaria, those on
admission and pregnant women were excluded. Finally, participants who could not provide
the required volume of blood were also excluded.

Selection of participants

Due to the strict exclusion criteria, participants were conveniently recruited. Any patient that
consented to take part in the study, and met the selection criteria was sampled. Participants
were initially screened with CareStart (USA) malaria rapid diagnostic test (mRDT) kit, at the
outpatient Department of the Hospital. Anyone found to be positive for Plasmodium falcipa-
rum-specific HRP2 was sent to the laboratory for microscopy confirmation. The mRDT was
done as previously described [21].

Blood sample collection and pre-analytical processing

Blood samples were collected by a trained Ghana Health Service phlebotomist. The area to be
sampled (the antecubital fossa) was disinfected with 70% ethanol and allowed to air dry. Using
a 23-gauge syringe, whole blood (approximately 4mL) was collected into an EDTA tube and
mixed gently. The punctured side was dressed with cotton wool and covered with phlebotomy
plaster. Haemoglobin estimation was done immediately after sample collection. Plasma was
separated from the cells and kept at -20°C before the biochemical assays were done.

Laboratory procedures

Establishment of active malaria status. Malaria microscopy was only done on samples
that were found to contain P. falciparum specific HRP2 proteins. Microscopy was done using
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approximately 6 pL of blood. Dried blood smears were stained with 10% buffered-Giemsa
stain for 10 minutes. Microscopy was done by two independent assessors, who were oblivious
to the mRDT outcomes. Malaria parasites were quantified according to WHO protocol, as
described elsewhere [3].

Determination of haemoglobin levels. In all facilities, the levels of haemoglobin were
determined by Sysmex haematology analyser (Kobe, Japan). Well-mixed EDTA-anticoagu-
lated whole blood was subjected to the analyser. Haemoglobin concentration was measured by
cyanide-free colorimetric method. In-house quality control (QC) measures were employed to
ensure the accuracy of the results. To ensure reliable, accurate and precise results from the
three different analysers at the respective hospitals, the 15, Westgard rule [22] was used. Com-
mercial QC samples (XN Check Low Level / Normal Level / High Level, Brooklyn, USA) were
procured from DCL Laboratory Products, Ghana. The commercial QC samples were used to
generate a Levey-Jenning chart, on which daily readings were plotted. Using the 155 Westgard
rule, any QC reading outside the +3s range violates this rule, hence, analysis will not be done
till the anomaly is rectified.

Determination of plasma bilirubin levels. Bilirubin estimation was done by using the
Biobase Biochemistry analyser (Guangzhou, China) and Elitech reagents obtained locally but
manufactured by the ELITech Clinical Systems (France). The reagents were procured from
DCL Laboratory Products, Ghana. Total bilirubin was estimated based on the Malloy-Evelyn
modified, endpoint method. The accuracy and precision of the analyser were checked using
the Elitrol I and IT quality control commercial sera (ELITech Clinical Systems, France).

Diagnosis of severe malaria. Among the study participants with malaria, severe malaria
was diagnosed using the following strict definitions. Having haemoglobin level < 5g/dL
and < 7 g/dL amidst parasite count > 10,000 parasites/uL for children less than and 12 years
and above, respectively. Separately, patients having plasma bilirubin levels > 50 pmol/L
together with parasite count > 100,000 parasites/uL was diagnostic of severe malaria. Finally,
patients with parasite count > 500,000 parasites/uL, irrespective of haemoglobin and bilirubin
levels, was diagnostic of severe malaria. These defining criteria were recommended by the
WHO for diagnosing severe malaria [18].

Statistical analyses

All statistical analyses were performed using SPSS version 25 (IBM Corp, Armonk, NY).
Descriptive statistics including frequencies, and percentages were used to summarize the
demographic and clinical characteristics of the study population. Means and standard devia-
tions for continuous variables were calculated and the geometric mean was utilized for parasite
count since it tends to have a skewed distribution. Chi-square tests were used to assess associa-
tions between categorical variables. This included comparing proportions with severe malaria
criteria across study sites, age groups, gender, and source of participants. It also included com-
paring clinical presentations, abstracted from participants’ clinical records, across the severe
malaria criteria. The three criteria were used differently to define severe malaria among the
study participants. The number of children less than or > 12 years that had haemoglobin levels
less than 5 g/dL or less than 7 g/dL, respectively, with parasite count > 10,000 parasites/uL was
divided by the total number of children less than or 12 years and above to obtain the percent-
age of children or other patients that had severe malaria. On the other hand, the number of
patients (of all ages) with plasma bilirubin levels > 50 pmol/L with parastaemia > 100,000 par-
asites/pL or parasitaemia > 500,000 parasites/uL was divided by the total number of the study
participants to obain the percentage of patients who had severe malaria regarding the respec-
tive criteria. Statistical significance was defined as a two-tailed p-value < 0.05.
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Institutional review board statement

This study was reviewed and approved by the Ghana Health Service Ethics Review Committee
(GHS-ERC 001/10/22). Written consent was sought from each participant and guardians of
patients less than 18 years old. This work was carried out in accordance with The Code of Eth-
ics of the World Medical Association (Declaration of Helsinki) for experiments involving
humans. Participants were however, recruited anonymously.

Results
Demographic features of the study participants

At the end of the study period, blood samples were collected from 388 patients with uncompli-
cated malaria. Forty-one samples were rejected due to their unsuitability for hematological
and biochemical analyses. The remaining 347 samples and their corresponding clinical infor-
mation were further analyzed. Among the patients with valid samples, most of them were
recruited from Begoro District Hospital 40.3% (140/347) and were within the aged group 5-14
years 40.9% (142/347). Additionally, the majority were females (62.8%), 43.5% under marital
age (< 16 years), and minority (0.6%) of them were divorcees. Of the total, 3.7% had no formal
education. Two hundred and thirty-two (232) of the patients were at various stages in their for-
mal education, most of them were in pre-school while a minority (2.1%) of them were tertiary
students. Finally, 102 of the patients had completed various levels of formal education; most of
them (33.3%) being junior high school leavers. The frequencies of the other variables are
shown in Table 1.

Rates of severe malaria misdiagnosis among patients with uncomplicated
malaria

Severe malaria was assessed using WHO defining criteria, as recently published (White, 2022).
The defining criteria for severe malaria in this study were as follows.

1. Low hemoglobin level and parasite count > 10,000 parasites/pL (for children < 12 years of
age, haemoglobin should be < 5g/dL and for patients > 12 years, hemoglobin < 7g/dL).

2. For all age groups, plasma bilirubin > 50 umol/L together with parasitemia > 100,000 /pL.
3. Parasitemia > 10% or > 500,000/uL (hyperparasitemia).

Overall, 8.3% of the patients were misdiagnosed as uncomplicated malaria. Among the
children (< 12 years), the rate was 10.8% (17/157) while in the patients > 12 years with
malaria, the rate was 6.3% (12/190) (x> = 0.61, p = 0.687). Irrespective of the age of the
patient, severe malaria was associated with the male gender. Using bilirubin as an indicator,
13.8% (48/347) of patients with severe malaria were misclassified. This criterion signifi-
cantly identified more severe malaria cases by 5.4% (p = 0.039) than using haemoglobin as
an indicator. Using bilirubin as an indicator, severe malaria was associated with
children < 12 years (p = 0.011) and female gender (p = 0.026). Finally, using hyperparasite-
mia as an indicator, 1.7% (6/347) of patients with severe malaria were misclassified as
uncomplicated malaria (Table 2).

Clinical presentations associated with a particular class of severe malaria

The study participants with severe malaria exhibited 13 different signs and symptoms. The
prevalence was as follows; pallor (57%, n = 198), vomiting (45.5%, n = 158), diarrhea (56.2%,
n = 195), chills (67.4%, n = 234), and fever (78.9%, n = 274). Others were nausea (56.5%,
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Table 1. Demographic characteristics of the study participants.

Variable Frequency Percent (%)
Study sites
Begoro District Hospital 140 40.3
Enyiresi District Hospital 71 20.5
Suhum District hospital 136 39.2
Age range (yrs)
5-14 142 40.9
15-24 89 25.6
25-34 38 11.0
35-44 24 6.9
45-54 14 4.0
> 54 40 11.5
Gender
Male 129 37.2
Female 218 62.8
Marital status
Under marital age (< 16 years) 151 43.5
Single 109 31.4
Married 74 21.3
Divorced 2 0.6
Widow/widower 11 3.2
Highest education
No formal education 13 3.7
Ongoing
Pre-school 99 28.5
Junior high 33 9.5
Primary 63 18.2
Senior high 34 9.8
Tertiary 3 0.9
Completed
Primary 14 4.0
Junior high 34 9.8
Senior high 27 7.8
Tertiary 27 7.8

https://doi.org/10.1371/journal.pgph.0003158.t001

n = 196), headache (60.2%, n = 209), fatigue (41.2%, n = 143), muscle ache (31.7%, n = 110),
dizziness (1.7%, n = 6), anorexia (2.0%, n = 7), malaise (0.6%, n = 2) and abdominal pain
(2.9%, n = 10). However, not all the WHO classified severe malaria cases presented with these
signs and symptoms. Table 3 shows the malaria presentations that were presented by those
who met the WHO classification for severe malaria. Patients with severe malaria, defined by
low hemoglobin and high bilirubin levels, significantly presented with pallor, vomiting, diar-
rhea, fever, nausea, chills, and headache but not muscle aches. Finally, severe malaria is classi-
fied by hyperparasitemia associated with all symptoms except headache and muscle aches.
From the foregoing, severe malaria due to low hemoglobin (< 7 g/dL), elevated bilirubin

(> 50 umol/L) and hyperparasitemia (> 500,000 parasites/pL) should be suspected in patients
with malaria with multiple presentations of pallor, vomiting, diarrhea, chills, fever, nausea and
headache.
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Table 2. Factors associated with severe malaria among study variables.

Defining criteria Hb < 5g/dL/ Hb < 7 g/dL/ Plasma bilirubin > 50 pmol/L / Parasitemia > 500,000/
parasitemia > 10,000/uL parastemia > 10,000/uL parasitemia > 100,000 /uL uL
Total Children < 12 years Patients > 12 years
Study sites
Begoro District 140 (63, |6 (12.6%) 5(6.4%) 20 (11.7%) 0 (0.0%)
Hospital 77)!
Enyiresi District | 71 (34, 3(8.8%) 4 (10.8%) 9 (12.6%) 0 (0.0%)
Hospital 37)!
Suhum District | 136 (60, | 8 (11.6%) 3(3.9%) 19 (13.9%) 6 (1.7%)
hospital 76)"
p-value 0.564 0.422 0.836 0.009*
Age range (years)
<12 157 Not applicable Not applicable 31(19.7) 5 (3.2%)
>12 190 Not applicable Not applicable 17 (8.9%) 1(0.5%)
p-value Not applicable Not applicable 0.011* 0.063
Gender
Male 129 11 (8.5%) 8(6.2%) 10 (7.8%) 3(2.3%)
Female 218 6(2.8%) 4 (1.8%) 38 (17%) 3(1.4%)
p-value 0.022* 0.038* 0.026* 0.512
! (children < 12 years, other patients > 12 years)
* Significant associations at p<0.05
https://doi.org/10.1371/journal.pgph.0003158.t002
Discussion

To the best of our knowledge, this is the first time severe malaria is being assessed in patients
with uncomplicated malaria in Ghana, using three World Health Organization (WHO) defini-
tions. This study has shown that about 14% of patients with severe malaria were managed as
uncomplicated malaria, which could have an unfavorable outcome on the patients. Using low
hemoglobin as an indicator, 10.8% of the children less than 12 years old and 6.3% in patients
12 years old and over were found to have severe malaria. Elevated bilirubin and hyperparasite-
mia defining criteria also respectively identified severe malaria in 13.8% and 1.7% of the
patients with malaria. Compared to patients > 12 years, the prevalence of severe malaria,

Table 3. Clinical presentations in patients with severe malaria.

Hb < 5g/dL/ Hb <7 g/dL/ Plasma bilirubin > 50 umol/L / Parasitemia > 500,000/pL
parasitemia > 10,000/uL parastemia > 10,000/uL parasitemia > 100,000 /uL
Clinical presentations Children < 12 years Patients > 12 years
Total (n=17) p-value Total (n =12) p-value Total (n = 48) p-value Total (n = 6) p-value
Pallor (198) 14 (82.3%) <0.001 8 (66.7%) <0.001 41 (85.4%) <0.001 5 (83.3%) 0.002
Vomiting (158) 14 (82.3%) <0.001 7 (58.3%) <0.001 46 (95.8%) <0.001 4(66.7%) 0.029
Diarrhoea (195) 11 (64.7%) <0.001 7 (58.3%) <0.001 38(79.1%) <0.001 4 (66.7%) 0.029
Chills (234) 17 (100%) 0.002 6 (50%) 0.009 40 (83.3%) <0.001 6 (100%) 0.008
Fever (274) 15 (88.2%) 0.018 8 (66.7%) <0.001 43 (89.6%) 0.004 6 (100%) 0.002
Nausea (196) 17 (100%) <0.001 9 (75%) <0.001 33 (68.8%) <0.001 5(83.3%) 0.002
Headache (209) 14 (82.3%) <0.001 9 (75%) <0.001 23 (47.9%) <0.001 2(33.3%) 0.174
Muscle ache (110) 9 (75%) 0.124 2(16.7%) 0.104 14 (29.2%) 0.205 1 (16.7%) 0.425
p-values were generated by Chi-square test
https://doi.org/10.1371/journal.pgph.0003158.t003
PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0003158  August 15, 2024 7/13


https://doi.org/10.1371/journal.pgph.0003158.t002
https://doi.org/10.1371/journal.pgph.0003158.t003
https://doi.org/10.1371/journal.pgph.0003158

PLOS GLOBAL PUBLIC HEALTH Differential diagnosis of malaria

defined by very low hemoglobin, was about 2-fold higher in children. Previous studies have
found that children were more vulnerable to severe forms of malaria probably because of rela-
tively low or partial anti-malaria immunity compared to adult patients [23-25]. It is not sur-
prising that mortality due to malaria is high in children less than 12 years [26]. The mean
hemoglobin concentration of the children less than 12 years with malaria was 4.8 g/dL
(19,060-693,490 parasites/pL) and that of patients 12 years or more was 6.9 g/dL (28,949-
863,402 parasites/pL of blood). The very low anemia amidst parasitemia > 10,000 parasites/uL
could be due to direct hemolysis induced by the parasites [23]. Further, the presence of para-
sites inside the red blood cells is known to reduce the deformability of the red cells. This phe-
nomenon augments red cell hemolysis and clearance by the spleen [27]. Additionally, it has
been established that P. falciparum hyperparasitemia promotes the elevation of serum tumor
necrosis factor-alpha [28], which suppresses hematopoietic potential of the blood forming cells
through marrow hypoplasia seen in acute malaria, and dyserythropoiesis, which results in inef-
fective erythropoiesis [29].

Bilirubin level above 50 pmol/L and parasitemia above 100,000 parasites/uL of blood was
the second WHO criterion used to assess severe malaria. The criterion identified an overall
prevalence of 13.8%. Patients 12 years or more with malaria and female patients with severe
malaria were found to be significantly affected. Excessive production of bilirubin, especially
the unconjugated form, has been attributed to the massive breakdown of red blood cells [30].
Hyperbilirubinemia is very common in malaria [10] and the direct relationship between
malaria parasitemia and bilirubin levels have been revealed [31]. Parasitemia above 100,000
parasites/uL without bilirubin estimation cannot satisfy the severe malaria definition. There-
fore, laboratory evaluation of bilirubin levels is essential to correctly classify severe malaria. It
must, therefore, be noted that severe malaria with elevated serum bilirubin levels (>3 mg/dL
or 50 umol/L) and clinically evident yellow discoloration of the sclera and mucous membranes
may indicate liver dysfunction [5]. Whereas, jaundice in severe malaria is primarily due to
hemolysis of infected red blood cells [32], resulting in increased bilirubin production and
impaired hepatic bilirubin clearance.

Finally, severe malaria defined by hyperparasitemia (parasitemia > 500,000 parasites/uL or
>10% parasitemia) was 1.7%. Compared to the other defining criteria for severe malaria,
severe malaria attributed to hyperparasitemia was low. This is explained by the fact that about
25-33% of the P. falciparum infected erythrocytes undergo cyto-adherence to vascular endo-
thelium [33]. This reduces peripheral blood parasitemia [34], therefore, using peripheral blood
may underestimate malaria parasitemia and accordingly underestimate severe malaria due to
parasitemia. In low transmission areas, severe malaria may result with a parasite density of
over 100,000 parasites/pL where malaria mortality could occur [35], while in high transmission
areas, higher parasite densities may be tolerated [27]. Therefore, every malaria transmission
zone should establish its own parasitemia cut-off range to define severe malaria. Columbia, for
instance, has defined its cut-off parasitemia for severe malaria as > 50,000 parasites/uL of
blood [35]. In spite of the foregoing, microscopy remains the gold standard for malaria diag-
nosis [36]. The microscopy technique is the only technique that is able to quantify the parasites
in the peripheral blood when thick blood films are prepared [37]. Microscopy is also very use-
ful when malaria rapid diagnostic test kits are unable to detect some parasites with histidine-
rich protein 2 gene deletion [38]. When thin blood films are made, malaria parasite species
identification becomes possible [39]. To be able to make the appropriate follow up after
malaria treatment, microscopy plays a key role. This will help to suspect and confirm artemisi-
nin resistance in resource limited settings in malaria endemic areas [40].

Several clinical presentations were recorded for patients with malaria. However, pallor,
vomiting, diarrhea, chills, fever, and nausea were associated with all the defining criteria except
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headache which did not associate with hyperparasitemia. Therefore, this array of clinical pre-
sentations could be used to suspect severe malaria in patients with a parasite count of over
10,000 parasites/pL. Upon suspicion, laboratory confirmation is essential in such cases.

Severe malaria of any origin is a medical emergency [5], hence accurate classification of the
disease and prompt treatment with the recommended therapy are recommended. This is
essential to reduce associated mortality. In this study, 1.7-13.8% of the patients with severe
malaria were managed as uncomplicated malaria. It is noteworthy that mortality due to severe
malaria is very high and poor management could be a contributing factor. Misdiagnosis of
severe malaria is likely to worsen the disease condition with its attendant fatality through
coma, metabolic acidosis and anaemia [41, 42].

Previous works in Ghana that studied uncomplicated malaria were reviewed. In one of such
studies, the prevalence of parasitemia > 100,000/uL was 15.3% [43]. Without bilirubin assess-
ment, patients with severe malaria were missed. A similar Ghanaian study on patients with
malaria with parasite count > 100,000/ uL without bilirubin estimation was published [44].
Even though none of the mean hemoglobin levels fell below 7g/dL, hyperbilirubinemia amidst
parasite count > 100,000/ uL was enough to diagnose severe malaria. Considering that fact
that, in this study, the bilirubin indicator and parasitemia > 100,000/pL identified more
patients with severe malaria than the low hemoglobin indicator. Taken together, hyperbilirubi-
nemia and parasitemia >100,000/pL identified the most patients with severe malaria, com-
pared to using low hemoglobin and hyperparasitemia. Therefore, the use of
bilirubin > 50umol/L together with parasitemia > 100,000/uL is the single most sensitive indi-
cator for identification of severe malaria.

Due to logistics constraints, the assessment of severe malaria was limited to routine labora-
tory evaluation. Other laboratory procedures such as evaluation of metabolic acidosis, electro-
lytes levels, creatinine levels and blood glucose are other options. However, our laboratory
lacks the capacity to measure bicarbonate ions and pH for assessment of metabolic acidosis.
Secondly, because it was unethical to collect multiple samples from very sick children, separate
samples were not collected blood glucose measurements.

Comprehensive assessment of patients for severe malaria is essential to inform the appro-
priate management options. Approximately one third of patients with severe malaria, espe-
cially, children have other conditions, known as Multiple Organ Dysfunction Syndrome
(MODS) [5, 35, 45]. For this reason, other criteria for evaluating severe malaria should be
incorporated into clinical and laboratory assessments. Aside the use of routine laboratory
assessment, White, 2022 [5] has also suggested the use of the Glasgow Coma assessment,
serum lactate measurement, hepatic dysfunction assessment, severe thrombocytopenia, meta-
bolic acidosis and renal impairment assessment. These, undoubtedly, will not only provide an
accurate and comprehensive assessment but also to ensure proper clinical management of
severe malaria. Hypoglycemia, defined as blood glucose levels less than 40 mg/dL or 2.2 mmol/
L in the absence of adequate oral intake [5] is one of the essential assessments for severe
malaria. Occurrence of hypoglycemia in severe malaria may result from increased glucose con-
sumption by parasitized red blood cells, impaired hepatic gluconeogenesis, and altered insulin
secretion [46]. In fact, this can lead to neurological complications such as seizures and coma
[47], if not promptly corrected.

Limitations

This study had some limitations. Due to the cross-sectional study design employed in this
study, the treatment outcome of the patients identified as having severe malaria was not found
out. Additionally, it was unknown whether there was pre-existing anaemia or jaundice before
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the onset of the malaria. Further, for the purpose of dichotomous classification of malaria,
cerebral malaria was not distinguished from severe malaria. Finally, other infectious or non-
infectious diseases could confound the findings reported in this study.

Conclusion

Up to 13.8% of patients with malaria assessed in this study presented with severe malaria. Clin-
ical presentations associated with the severe forms of malaria were pallor, vomiting, diarrhea,
chills, fever, nausea, and headache. Bilirubin levels above 50 umol/L and

parasitemia > 100,000 parasites/uL detected most of the patients with severe malaria. There-
fore, it is recommended that bilirubin levels be measured together with parasite count for all
patients with malaria. This will ensure the accurate diagnosis of severe malaria for proper dis-
ease management decisions to avert any untoward outcomes. That notwithstanding, malaria
differential diagnoses, including influenza, dengue, and other arbovirus infections, must be
emphasized as other causes of fever of unknown origin in endemic regions to avoid misdiag-
nosis and ensure prompt and appropriate treatment. To be able to comprehensively assess
patients for severe malaria, healthcare facilities should be adequately equipped and resourced
to provide both laboratory (blood glucose, lactate, bicarbonate, pH, creatinine, bilirubin,
hemoglobin, platelet and parasite density) and clinical assessments (Glasgow coma, pulmonary
and shock).
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