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Background: Malaria remains one of the deadliest diseases in the tropic. Its

severe form represents a major public health concern in sub-Saharan Africa.

The study aimed to describe and analyze clinical features and outcomes of

severe malaria in children from Libreville.

Methods: Medical records (March 2018- to December 2019) from the

emergency ward of the “Mother and Child University Hospital” were analyzed.

Children hospitalized for malaria who met one or more criteria of the severe

form rating according to the WHO guideline were included in the study.

Results: One hundred thirty-four children (134) children were included in the

study. All children were anemic with 44% of children showing severe anemia.

Thirty-three percent (33%) of admitted children were comatose or agonizing.

The most frequent form of severe malaria was cerebral malaria with 101 cases

(75.4%). The death rate was 18.6% (25/134). Twenty-one (21) children (84% of

the deceased) died within the first 48 hours of hospitalization. In the subgroup

of the deceased children, hepatomegaly was significantly more frequent (88%)

than in the subgroup of those who survived (2.8%) (c2 = 97.38; p<0.0001);

Leukocytosis was more pronounced in the subgroup of the children under one

year p<0.0001). Deep acidotic breathing was more frequent in cerebral malaria

(c2 = 5.4; p = 0.02).

Conclusions: Data revealed a high malaria-associated fatality rate. Cerebral

malaria was the most frequent severe form of malaria. The relatively high

frequency of comatose and/or agonizing children on admission raises the

question of parents’ awareness and poor initial assessment of children’s

clinical state.
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Introduction

Malaria caused by Plasmodium falciparum is one of the most

deadly, infectious diseases in Africa. In 2020 96% of all malaria

cases and 98% of malaria associated death occurred in Africa (1).

In the WHO African region, malaria cases rose from 211 million

to 228 million cases between 2018 and 2020 (2). The number of

deaths also increased from 533 000 to 602 000 deaths during the

same period (2). It has been shown that younger children under

the age of 5 years old are more susceptible to severe or life-

threatening malaria regardless of transmission intensity (3).

Eighty percent of Africans who died from malaria in 2020 were

children under the age of 5 years old (1). High parasitemia, the

subsequent anemia, hypoglycemia, acidosis and are conditions

that characterize and worsen severe malaria outcomes (4).

In Gabon, the number of confirmed malaria cases decreased

from 264 676 to 80 266 cases, and the number of deaths from

591 to 224 cases between 2018 and 2020 (2). Previous reports

revealed in the Gabonese context, that severe malaria represents

18.4% to 32% of malaria cases, and that the malaria-associated

death rate ranged between 3.1% and 9% (5, 6).

More than fifteen (15) years ago, Dzeing-Ella and colleagues

reported that most children (92.3%) presenting with severe

falciparum malaria were less than 5 years old (6). In their study

anemia was the most frequent feature of severe malaria (67.8% of

cases), followed by respiratory distress (31%), cerebralmalaria (24%),

hyperlactatemia, and hypoglycemia (16%) [5]. Seventeen (17) years

later, has the frequency or weight of these characteristics changed?

We investigated the epidemiologic aspects, clinical, paraclinical,

and outcomes of severe forms of malaria caused by Plasmodium

falciparum in children attending the emergency room (ER) of the

Mother and Child University Hospital in Libreville, Gabon.
Methods

We retrospectively analyzed medical records (between

March 2018- to December 2019) from the emergency ward of

the “Mother and Child University Hospital in Libreville, Gabon”.

Children hospitalized with a Plasmodium falciparum positive

smear test (complemented by a rapid diagnostic test (RDT))

and who met one or more criteria of the severe form grading

according to the WHO guideline were included in the study (7).

We analyzed patients’ parasitemia, hemoglobin concentration,

full blood count, glycemia, urea, creatinine, transaminases,

bilirubin, ionogram, blood gas, alkaline plasma reserves (and

pH), plasma lactate concentration, and chest x-ray.
Parasitemia

Blood smear were grades based on the number of parasites

by ml (<1 000parasites (p)/ml, 1 000–9 999p/ml, 10 000–99 999 p/
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ml, 100 000–249 999 p/ml and ≥ 250.000 p/ml). The diagnosis of
hyperparasitaemia was made when the parasite density exceeded

250000p/µl of blood.
Anemia

Anemia was characterized as severe if the level of Hb was

below 5g/dL (Hb < 5 g/dL); moderate if the concentration was

between 5 and 8 g/dL: (5 <Hb <8 g/dL) and mild if the

concentration was between 8 and 11 g/dL (8 ≤ Hb <11 g/dL).
Hypoglycemia

Hypoglycemia was considered when the glycemia was below

2.2 mmol/L.
Impaired kidney function

Impaired kidney function was considered when creatinine

concentration was above 265 µmol/L.
Acidosis and hyperlactatemia

Acidosis and hyperlactatemia were established when

sanguine pH was below 7.35 or bicarbonates below15mmol/L.

Hyperlactatemia was considered when plasma lactations were

above 4 mmol/L.
Cerebral malaria

Cerebral malaria was defined in children whose comatose

state progressed in less than 30 minutes and or had at least two

episodes of generalized seizure within 24 hours and/or were in a

convulsive status.
Antimalarial therapy

The treatment aimed to ensure parasitic clearance, correct

the electrolyte imbalance, normalize the level of hemoglobin and

blood sugar, and alleviate hyperthermia. The doses of the

antimalarial (Artesunate) were 3 mg/kg/dose every 12 hours in

children under 20 kg and 2.4 mg/kg/dose when it exceeded the

mass of 20 kg (a total of 5 doses administered intravenously

(IV)) with a positive effect. To correct electrolyte imbalance,

intravenous electrolytes infusions were administered. To

normalize of hemoglobin in children with the level of

hemoglobin above 8 g children were given 2 to 3 mg of iron
frontiersin.org
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per day for 3 months. For children with their hemoglobin levels

below 8 g blood transfusion was considered. Hypoglycemia was

corrected by administering 7 g of glucose/kg (monitored

every hour).
Data analysis and statistics

The patient’s demographic clinic and medical records were

extracted from a hospital information system. Data were

analyzed with Stata 9.2 (Stata Corporation, College Station, TX

USA). The differences between the groups were evaluated using

Pearson c (2). In case of non-compliance with the confirmed

restrictions, the exact Fisher test, Student’s t-test, and analysis of

variants (ANOVA) or Kruskal-Wallis test were calculated as

appropriate, the relative risk with confidence intervals being

equal to 95% (95% CI). A p-value of less than 0.05 was

considered statistically significant.
Results

A total of 134 patients (71 women (F) and 63 men (M)) aged

0 and 15 years old were included in the study (Table 1). Data

analysis showed a total of 64% of patients were brought first to

the hospital emergency service or room (ER). Thirty-six percent

(36%) of patients were referral patients from other services or

healthcare facilities (Table 2).
Anemia

All severe malaria cases had anemia, 59 (44%) had severe

anemia, 57 (42.5%) had moderate anemia and 18 (13.4%) had

mild anemia.
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Cerebral malaria

Based on neurological manifestations, 101 (75.4%) children

were diagnosed with cerebral malaria (Table 3), a consequence

of brain damage during marsh access. Forty-four (44) of cerebral

malaria cases (43.6%) had hyperparasitaemia. Details on

patients’ symptomatology are described Table 3. Seizures were

most commonly noted in infants in their first year of life (63.6%)

and children under five (5) years of age (11.4%). Twenty percent

(20%) of children with cerebral malaria fell into a coma. The

coma was characterized by very discreet occipital stiffness,

unaccompanied by photophobia or the abolition of corneal

reflexes. In 4.5% of coma cases, opisthosoma redness was

found, which had an unfavorable prognosis (rapid death) (p

<0.05). Deep acidic breathing was more prevalent in cerebral malaria

cases than non-cerebral malaria (24.8% vs 6.1%; RR = 1.304; p = 0.02).

Signs of dehydration in cerebral malaria occurred in 60.4% of cases.

Hemorrhagic syndrome was more frequent in non-cerebral malaria

cases (27.3% vs 9.9%; RR = 0.665; p = 0.013).
Hyperparasitaemia

Hyperparasitaemia was observed in 58 patients (76% had

cerebral malaria). However, hyperparasitaemia was not

associated with cerebral malaria (RR = 1.2; p > 0.05)
Comatose

Comatose on admission was observed in 37 (27.6%) cases and

was predominant in males (36.5%) than female (19.7%) (RR = 2;

p = 0.03). Seven (7) children (5.2%) were agonizing at the time of

hospitalization. Seven (7) children (5%) were agonizing on

admission. Thus, 33% of admitted children were comatose

or agonizing.
TABLE 1 Patients’ age and gender distribution.

Age Gender

Female Male Total

0-12 months 7 ± 0.5* 9 ± 0.3* 8 ± 1.1

14 (19.7%) 14 (22.2%) 28 (20.9%)

1-5 years 3.1 ± 1.8* 4.8 ± 0.2* 3.8 ± 1.6

49 (69.0%)* 31 (49.2%)* 80 (59.7%)

5-15 years 11.7 ± 3.5 9 ± 4.8 9.8 ± 4.6

8 (11.3%)* 18 (28.6%)* 26 (19.4%)
fron
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TABLE 2 Patients’ provenance and clinical status on admission.

Patients
Female (N: 71) Male (N: 63) All (N: 134)

Provenance

Patients arriving from their home 52 (73.2%) 34 (54%) 86 (64%)

Patients transferred from other services or healthcare facilities 19 (26.8%) 29 (46%) 48 (46%)

Clinical Status

Comatose state 14* (19.7%) 23* (36.5%) 37 (27.6%)

Agonizing state 2 (2.8%) 5 (7.9%) 7 (5.2%)

Total dead, inclusive: 12 (16.9%) 13 (20.6%) 25 (18.7%)

Died within 24 hours of addressing 6 (50%) 3 (23.1%) 9 (36%)

Died within 48 hours of hospitalization 3 (25%) 9 (69.2%) 12 (48%)

Died after 48 hours of hospitalization 3 (25%) 1 (7.7%) 4 (16%)
Frontiers in Tropical Diseases
 04
*Statistical difference at p <0.05.
TABLE 3 Clinical characteristics of cerebral malaria and outcomes.

Cerebral
malaria
( N =101)

Other forms of
malaria
( N =33)

RR, II Deceased
children
( N=25 )

Children
who

survived
( N =109)

RR, II

Fever (°C) 38,6* ± 1,2 37,9* ± 1,3 38,4* ± 0,9 37,7* ± 1,1

The pallor of the conjunctiva and/or soles/palms 99 (98.0%)* 22 (66.7%)* 5.32 (1.48-
19.08)

24 (96.0%) 97 (89.0%)*

Jaundice of the skin and/or sclera 12 (11.9%) 6 (18.2%) 11 (44.0%)* 7 (6.4%)* 5.06 (2.74-
9.36)

Consciousness desorders 88 (87.1%)* 0 (0%)* 3.54 (2.23-
5.61)

25 (100%)* 63 (57.8%)*

Prostration 99 (98.0%)* 0 (0%)* 17.5 (4.56-
67.22)

23 (92.0%)* 76 (69.7%)* 4.07 (1.01-
16.36)

Repeated seizures: more than 2 episodes in 24 42 (41.6%)* 0 (0%)* 1.56 (1.34-
1.82)

9 (36.0%) 33 (30.3%)

Excessive salivation 11 (10.9%)* 0 (0%)* 1.367 (1.23-
1.52)

9 (36.0%)* 2 (1.8%)* 6.29 (3.68-
10.74)

Convulsions manifested by involuntary contractions of the
lips, facial muscles

41 (40.6%)* 0 (0%)* 1.55 (1.33-
1.80)

13 (52.0%)* 28 (25.7%)* 2.46 (1.23-
4.92)

Status convulsive(15 min) 9 (8.9%) 7 (21.2%) 16 (64.0%)* 0 (0%)* 13.111 (7.00-
24.57)

Blantyre score (≤2) (under 5 years) 18 (17.8%) 4 (12.1%) 21 (84.0%)* 1 (0.9%)* 26.73 (10.17-
70.27)

Glasgow score 9(> 5 years) 4 (4%) 1 (3%) 4 (16.0%)* 1 (0.9%)* 4.91 (2.73-
8.84)

Pain syndrome 10 (9.9%) 8 (24.2%) 2 (8.0%) 16 (14.7%)

Signs of dehydration 61 (60.4%)* 11 (33.3%)* 1.31(1.07-
1.62)

21 (84.0%)* 51 (46.8%)* 4.52 (1.64-
12.46)

Repeated vomiting 92 (91.1%)* 20 (60.6%)* 2.01(1.21-
3.34)

20 (80.0%) 92 (84.4%)

Diarrhea 31 (30.7%) 9 (27.3%) 9 (36.0%) 31 (28.4%)

Cough 23 (22.8%)* 19 (57.6%)* 0.65(0.48-
0.86)

6 (24.0%) 36 (33.0%)

Deep acidic breathing and respiratory distress 25 (24.8%)* 2 (6.1%)* 1.30(1.11-
1.53)

19 (76.0%)* 8 (7.3%)* 12.55 (5.56-
28.35)

(Continued)
f
rontiersin.org

https://doi.org/10.3389/fitd.2022.985890
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org


Voloc et al. 10.3389/fitd.2022.985890
Deaths

Twenty-five patients (19%) died. Nine (9) died in the first 24

hours, 12 between 24 hours and 48 hours, and 4 (3%) later on

during their ER care. Overall, 21 children (15.6% of all admitted

children and 48% of children who died) died within 48 hours of

their ER care. Children with cerebral malaria had higher

fever than those who showed no apparent signs of central

nervous system impairment (Unpaired t-test p = 0.008)

(Figure 1). Deceased children experienced higher fever

compared to children that survived (Unpaired t-test p = 0.002)

(Figure 1B). Hepatomegaly was significantly more frequent

(88%) in deceased children than in the subgroup of those who

survived (2.8%) (RR = 31. 97; p<0.0001). Two (II) and three

(III)-degree splenomegaly (Hackett’s system) was the most

frequently found in the subgroups of the children who

lived (Table 3).
Other features

Leukocytosis was more pronounced in the subgroup of the

children under a year and those between the ages of 5 - 15 years

(Unpaired t-test p<0.0001). Thrombocytopenia (less than 150 x

109) was established in 106 (79.1%) cases, with no predictive

value in the course of the disease and no statistically significant

differences between age and sex. Thrombocytosis, a value

considered greater than 400x109 was found in 13 (9.7%)

without predictive value and significant differences between

study groups.
Discussions

Malaria is still one of the most deadly, infectious diseases in

Africa, with children paying the greatest tribute (1, 2). Our data

showed that all patients were anemic, which was expected, as
Frontiers in Tropical Diseases 05
anemia is a general feature of severe malaria (6, 8). Forty-six

percent (46%) of patients had severe anemia (hemoglobin < 5 g/

dL), which is higher than what was reported in Uganda (9) and

Vietnam (10), but similar to what was reported in a Nigerian

(11) and Ghanaian study (12). In our study, 19% of patients with

severe malaria died, which is not too different from what, was

previously reported in the Gambia and Malawi (13, 14), but

higher than what was observed in Uganda (9). Also, the fatality

rate observed in our study (19%) is higher than what was

observed by Dzeing-Ella et al., (9%) between the years 2000

and 2002 in the setting of Libreville’s largest public hospital (6).

About 7% and 16% of admitted patients died respectively in the

first 24 hours and 48 hours. The 24 hours death rate was low

when compared to a previous study done in Libreville (6).

Factors that were associated with death included high fever,

and hepatomegaly (13).

With 33% of children in the state of comatose or agonizing

on admission, and 64% of children brought directly from home

to the ER by family members, we believe that poor assessment of

the clinical state of patients by parents most probably increases

the time between disease onset and admission to the ER which in

return, impacted the chance of survival (15, 16). Indeed, severe

malaria can progress rapidly to death, and immediate access to

pre-transfer treatment can save lives. Parents’ awareness is key to

limiting malaria-associated morbidity and death. Today self-

testing or home testing for a number of conditions, including

HIV is encouraged. This could also be done for malaria. The

malaria fatality rate remains high due to limited healthcare

access, the delay in soliciting professional healthcare, and the

weakness of preventive measures (15, 17).

Data presented and described here covers outcomes of severe

malaria and its clinical features in an urban, tertiary hospital

settings. This may constitute a limit because to fully grasp the

extend of severe malaria consequences data from primary and

secondary care level hospital would have been necessary. Also,

further studies are required to establish the rate of sever malaria

in different settings.
TABLE 3 Continued

Cerebral
malaria
( N =101)

Other forms of
malaria
( N =33)

RR, II Deceased
children
( N=25 )

Children
who

survived
( N =109)

RR, II

Hemorrhagic syndrome 10 (9.9%)* 9 (27.3%)* 0.67 (0.43-
1.03)

19 (76.0%)* 0 (0.0%)* 19.17 (8.8-
41.78)

Splenomegaly 90 (89.1%)* 19 (57.6%)* 1.88 (1.20-
2.95)

3 (12.0%)* 106 (97.2%)* 0.03 (0.01-
0.10)

Hepatomegaly 9 (8.9%)* 16 (48.5%)* 0.43 (0.25-
0.72)

22 (88.0%)* 3 (2.8%)* 31.97 (10.38-
98.51)
f

*Statistical difference at p <0.05.
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Conclusion

Cerebral malaria was the most common form of severe

malaria, caused by Plasmodium falciparum. Anemia and high

parasitemia were the principal features of severe malaria.

Hepatomegaly appears to have a negative predictive value. More

important malaria programs should address parents’ delay in

soliciting professional healthcare through an awareness campaign.
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FIGURE 1

Body temperatures of: (A) cerebral malaria vs non- cerebral malaria; (B) deceased children vs survivors. The star (**) indicates statistical
significance (p < 0.01, Unpaired t-test).
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