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ABSTRACT  

BACKGROUND  

In South Africa (SA), malaria is endemic in three provinces, Mpumalanga, 

KwaZulu-Natal and Limpopo and resulted in 87 deaths during 2011. The 

Artesunate versus quinine in the treatment of severe falciparum malaria in 

African children (AQUAMAT) trial showed superiority of intravenous (IV) 

Artesunate compared to quinine, however its use in the intensive care (ICU) 

is not widely studied.  

METHODS  

We performed a retrospective review of artesunate treated malaria patients 

admitted to the 2 academic ICUS’s (April 2010 to 2014).  

RESULTS  

A total of fifty-six patients were included. The mean age of patients was 40.3 

years, standard deviation (SD) 11.6. There were 40 male patients (71.4%). 

The mean Apache II score was 19 (SD 5.4) with a predicted mortality of 

32.2%. A total of 48% of patients had at least one co-morbidity with human 

immune deficiency virus (HIV) being the most prevalent (32%). 71.4% 

travelled to a malaria area, 26.8% had no travel history and 1.8% unknown 

travel. We observed a lower than predicted mortality rate of 21.4%, 

standardised mortality ratio of 0.67. Heart rate, respiratory rate and Glasgow 

Coma Scale (GCS) all improved significantly from admission to discharge, 

(p≤0.01). Markers of severe malaria: acidemia, bilirubin, urea and bleeding 

risk (platelets) also improved, (p≤0.01). Non-survivors had a lower GCS and 

worse acidemia on Day one, (p≤0.01). Mechanical ventilation was associated 

with an increased risk of death, Odds ratio (OR) 35, 95% confidence interval 

(CI) 7.0- 182, as was vasopressor use, OR 4.3, CI 1.7-11.4.  

CONCLUSION  

IV Artesunate was found to be efficacious and associated with a lower than 

predicted mortality in patients with severe malaria requiring ICU admission.  
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1. ARTICLE FOR SUBMISSION    

The efficacy of intravenous artesunate in treatment of severe malaria  
R Tadzimirwa, 1 S Omar, 2 JM Brown, 2 IS Kalla, 3  

1 Department of Medicine, School of Clinical Medicine, Faculty of Health 
Sciences,  

University of the Witwatersrand, South Africa  

2 Intensive Care Unit, Chris Hani Baragwanath Academic Hospital; and 

Department of Critical Care, School of Clinical Medicine, Faculty of Health 

Sciences, University of the Witwatersrand; South Africa   

3 Charlotte Maxeke Johannesburg Academic Hospital; and Department of 

Medicine; Pulmonology, Faculty of Health Sciences, School of Clinical 

medicine, University of the Witwatersrand, South Africa  

1.1 BACKGROUND  

According to the 2013 World Malaria Report, malaria is a major cause of 

mortality and morbidity in malaria endemic areas of the world. In 2010, there 

were an estimated 207 million cases of malaria reported worldwide, with 627 

000 estimated deaths in 2012 and most of the estimated cases and fatalities 

reported in sub-Saharan Africa. (1) This makes malaria the second most 

common cause of infectious disease related deaths in the world, after 

tuberculosis. (2)  

Malaria occurs throughout most of the tropical regions of the world, (3) 

P.falciparum predominates in Africa, New Guinea, the Dominican Republic 

and Haiti whilst P. vivax is more common in Central America and Asia. (4)  

In SA, malaria is endemic in three provinces, Mpumalanga, KwaZulu-Natal 

and Limpopo. (5) The highest transmission occurs in areas bordering the 

Kruger National Park and Swaziland. In 2011 there were 7 626 cases of 

malaria reported throughout SA with 87 deaths reported for the same period. 
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Malaria cases and related deaths are also reported in Gauteng and show a 

peak during the rainy season. This seasonality is related to travellers returning 

from malaria-endemic areas during the summer holidays. (6)   

Although quinine has been the mainstay of treatment for severe malaria, 

complications such as quinine induced hyperinsulinaemic hypoglycaemia, 

arrhythmias, sterile abscesses and painful intramuscular (IM) injection make 

it less desirable. Furthermore the South East Asian Quinine Artesunate 

Malaria Trial (SEAQUAMAT) showed mortality benefit with the use of IV 

artesunate over quinine and these findings were replicated by the AQUAMAT 

trial in African children excluding SA. (7, 8)   

Intravenous artesunate remains an unregistered drug for treating severe 

malaria in SA. Given this problem and the lack of local data regarding the 

treatment of severe malaria with artesunate, we decided to evaluate its 

efficacy.  

1.2 METHODS  

1.2.1 STUDY DESIGN AND SETTING  
A retrospective descriptive study was done at two academic intensive care 

units (ICU’s) in Johannesburg.   

1.2.2 POPULATION AND SAMPLE  
All patients included were admitted to the ICUs of Chris Hani Baragwanath 

Academic Hospital (CHBAH) and Charlotte Maxeke Johannesburg Academic 

Hospital (CMJAH) with a diagnosis of severe malaria, treated with IV 

artesunate, between 1 April 2010 and 30 April 2014, who were part of the 

Parenteral Artesunate Access Programme. Pregnant patients and children 

were excluded.   

1.2.3 ETHICS  
Ethical approval for the study was obtained from the Human Research Ethics 

Committee, Medical (HREC) (approval number M141140), CHBAH and 

CMJAH. Given that artesunate is a section 21 drug, written informed consent 

was required by the treating physician before the Medicine Control Council 

(MCC) would approve the drug administration.  
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1.2.4 OUTCOMES  
The primary outcome was to determine the observed mortality and relate it to 

the predicted mortality based on the APACHE II severity of illness score. 

Secondary outcomes included the clinical changes from admission to 

discharge, the incidence of documented hypoglycemia (complication), length 

of ICU stay and the markers of disease severity.  

1.2.5 DATA COLLECTION  

Collection of data from patients’ ICU records was done using a standardized 

data collection sheet. This was then entered into an electronic spreadsheet 

(MS Excel). No identifying data was entered into the study collection tools.  

1.2.6 STATISTICAL ANALYSIS  
Data was analysed using Statistica version 13.3. All data was evaluated for 

normal distribution. Normally distributed data was described using mean and 

standard deviation (SD) while non parametric data using medians and 

interquartile ranges (IQR). 

 
Continuous variables were compared using Wilcoxon’s matched pairs test or 

T-test for dependent variables depending on distribution. Binary data was 

compared with the chi squared test.  

1.3 RESULTS  
A total of fifty-six patients were admitted with severe malaria to two academic 

ICU’s during the 49 month study period. The mean age of patients was 40.3 

years with a standard deviation (SD) of 11.6 years. The majority of the 

patients were men (71.4%). Table 1. 

Nearly half of the patients had at least one co-morbidity (48.2%). The most 

common co-morbidity was HIV (32.1%).Table 2. Travel outside of 

Johannesburg, to a malaria endemic region within the past 30 days was 

recorded. Figure 1. Of note, 26.8% of patients had no history of travel to a 

malaria endemic region - this called Odessan malaria. The most commonly 

visited malaria region was Mozambique (33.9%). Figure  

1.  
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1.3.1 PRIMARY OUTCOME  
The mean APACHE II score was 19 points SD 5.4 points. The predicted 

mortality for this group of patients was 32.2%. We observed a lower than 

predicted mortality rate of 21.4%. The standardized mortality rate (SMR) was 

0.67. The SMR was obtained as: actual mortality divided by predicted 

mortality. There was no significant difference in the mortality rates of those 

with a travel history (9/40, 22.5%) vs. those with no travel history (2/15, 13%), 

p=0.365 Fisher exact test.   

1.3.2 SECONDARY OUTCOMES  
Heart rate (HR), respiratory rate (RR) and Glasglow Coma Scale (GCS) all 

improved from admission to discharge. These improvements were clinically 

and statistically significant. Table 3. Mean systolic blood pressure increased 

from 105mmHg at admission to 118mmHg at discharge but this was not 

statistically significant. There were statistically significant improvements in 

several indicators of severe malaria, between admission and discharge. 

Acidemia, total bilirubin, markers of acute kidney injury (AKI) and bleeding 

risk (platelets) all improved. Table 4  

1.3.3 SURVIVORS VS. NON-SURVIVORS  
Non-survivors had a lower GCS and more severe metabolic acidosis on 

admission (Day 1). There was a trend towards a lower parasitemia in the non-

survivors. As expected, non-survivors had a higher Apache II score. Table 5. 

Patients who were mechanically ventilated had an increased risk of death, 

Odds ratio (OR) of 35, (Confidence Intervals (CI) 7.0- 182). Similarly, patients 

requiring vasopressors were also at increased risk of death (OR 4.3, CI 1.7-

11.4)   

The frequency of complications and indicators of severity are given in table 6. 

There were 7 patients with seizures during their ICU stay. Four patients had 

single seizures, 2 patients had 2 seizures and one had 4 seizures.  

1.4 DISCUSSION  
Our group consisted of an older cohort (mean age 40.3 years) with almost 

half having at least one co-morbidity (48.2%) and 32.2% being HIV positive. 

There was a greater level of acidemia (median TC02 was 17mmol/l on 
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admission) and a greater level of renal dysfunction (median urea 22.4mmol/l 

on admission). In addition, our group required significantly more organ 

support: 49% renal replacement therapy, 31% vasopressor support and 30% 

mechanical ventilation. Despite a more severely ill group of patients in our 

cohort, the mortality was similar (21.4%). This, together with a higher 

predicted mortality for our group (32.2%) provides support for the efficacy of 

IV artesunate, in severe falciparum malaria requiring ICU. Another reason for 

the similar level of mortality, despite our group having more disease severity, 

is that our group had better organ support by way of haemodialysis and were 

all cared for in ICU.  

The largest adult randomized clinical trial comparing IV artersunate and 

quinine for severe falciparum malaria was the SEAQUAMAT trial which 

included 1461 patients, of which 86% (1259) were adults. The mean age in 

this study was 27.9 years. The acidemia and renal dysfunction were relatively 

mild, median TC02 of 22mmol/l in the total patient cohort and median urea of 

9.2 and 10.4mmol/l for the 2 study groups. The utilization of organ support 

was also relatively low:  8% renal replacement therapy, 3% vasopressor 

support. Mechanical ventilation in the 2 groups was 4 and 5%. The overall 

mortality for the study was 19%. (7)  

Odyssean malaria describes the occurrence of malaria in a person with no 

history of recent travel to a malaria endemic region. It is also colloquially 

known as airport, suitcase, minibus or taxi-rank malaria. (9) It is most likely 

that an anopheles malaria vector mosquito has been inadvertently 

transported from a malaria area to a non- malaria region and affects local 

residents. (9) 8 outbreaks with 14 laboratory proven cases and 8 probable 

cases were identified between 2007 and 2013 where the case fatality rate 

was 10 fold higher than the national case fatality rate. (9) This may in part be 

explained by a delay in the diagnosis, possibly due to the lack of a significant 

travel history.   

This study confirms the significance of odyssean malaria in SA and 

particularly in Gauteng where our study was performed. We found that 26.8% 

of our malaria cases could in fact be attributed to odyssean malaria. Our data, 
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although small suggests a trend to a lower mortality (13%) for those with 

odyssean malaria vs 22.5% for those with a travel history. A possible 

explanation for this finding is that it may well be fortuitous that the patients 

with odyssean malaria in this cohort of patients had a relatively high 

parasitaemia (13%) making for an easier diagnosis and rapid initiation of 

treatment. However, with regards to the low parasitaemia in non-survivors, 

it’s possible that non-survivors were non-immune to malaria, as opposed to 

patients living in malaria endemic areas. 

Regarding the possible adverse effects of artesunate, there were no episodes 

of hypoglycemia (≤2.2mmol/l). However, there were 3 cases were glucose 

levels were <3.5mmol/l with no documented clinical sequalae. There were 7 

patients with seizures during their ICU stay. We were unable to determine the 

cause of the seizures due to missing clinical information.   

1.5 LIMITATIONS  
This was a retrospective study. However, the efficacy of IV artesunate has 

already been shown in falciparum malaria. Patients may have received initial 

quinine prior to consent for artersunate therapy. A second limitation in this 

study was the small sample size, and incomplete patient records. 

1.6 CONCLUSION  
Our data serves to affirm the efficacy in a specific subgroup with severe 

falciparum malaria requiring intensive care.  

1.7 DISCLOSURE STATEMENT  
The authors have no conflict of interest to declare  
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1.8 TABLES  

Table 1: Baseline Patients Description  
Variable  Mean/Median  n  

Age mean (SD)  40.3 y (11.6)  56  

Gender male (%)  40 (71.4%)  40/56  

Weight mean (SD)  73 kg (15.3)  44  

%Parasitemia 
(Falciparum) median  
(IQR)  

10.6 (13.2)  44  

Apache II mean (SD)  19 (5.4)  35  

Predicted mortality  32.2%    

  

Table 2: Past Medical History  
  Description  n  Percentage  

1  No known co-morbidities  29  51.8  

2  HIV positive  18  32.1  

3  Any Other co- morbidities  9  16.1  

  

Table 3: Clinical Characteristics Compared From Admission 
(Day 1) To Discharge (DC) Using Wilcoxon Matched Pairs Test 
Or T Test For Dependent Samples  

Parameter  Day 1  Discharge  n  P value  

Heart rate/min- mean (SD)  108 (21.4)  98 (24.5)  55  0.001  

Respiratory rate- mean 
(SD)   27 (9.4)  23 (7.2)  53  0.007  

GCS below 15- median 
(IQR)  3 (6)  0 (2)  38  0.000  

Systolic BP median (IQR)  105 (50)  118 (45)  54  0.55  
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Table 4: Changes In Indicators Of Severe Malaria From Admission 
(Day 1) To Discharge (DC) Using Wilcoxon Matched Pairs For 
Dependent Samples  
Parameter  Day 1  Discharge  n  P value  

TC02 meq/l- median (IQR)  17 (8)  23 (7)  50  0.000  

Total Bilirubin- median (IQR)   63 (101)  53 (88)  34  0.013  

Urea mmol/l- median (IQR)  22.4 (17.2)  11.5 (10.4)  52  0.000  

Platelets 103/ul -median (IQR)  48 (56)  89.5 (92)  53  0.000  

  

Table 5: Differences Between Survivors and Non-Survivors Using 

The Mann  

Whitney U Test for Independent Samples  
Parameter  Non 

Survivors  
Survivors  n  P value  

GCS below 15 median (IQR)  7.5 (2.5)  2 (5)  44  0.000  

TC02 meq/l median (IQR)  13 (8.5)  18.5 (6)  40  0.010  

Parasitemia % median (IQR)  6.6 (10)  11.2 (14.3)  33  0.053  

Apache II mean (SD)  22.5 (4.9)  18.2 (5.3)  35      *  

* not reported as the value is not clinically relevant  
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Table 6: Frequency of Complications/ Disease Severity of Malaria  
Number  Complication  N   % Frequency  

1  Lactate ≥ 4.0  26  50  

2  Requiring RRT  28  49  

3  pH ≤ 7.25  21  37.5  

4  Prolonged ICU stay > 4d  19  34  

5  Requiring inopressor  16  31  

6  Requiring invasive MV  21  30  

7  Hb ≤ 7.0  14  28.6  

8  Na <130  12  21.4  

9  K<3.5 or >6.0  11  19.6  

10  Platelets ≤ 25  7  12.5  

11  Seizures  7  12.5  

12  HGT <3.5  3  5.5  
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1.9 FIGURES  

Figure 1: 
Travel history  
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2. APPENDIX A: EXTENDED LITERATURE REVIEW AND 
APPROVED PROTOCOL  

2.1 INTRODUCTION  
Malaria is a disease caused by the protozoa, Plasmodium. It is transmitted to 

humans by the bite of an infected female anopheles mosquito. There are five 

species of the genus Plasmodium and they all have the potential to cause 

disease in humans; Plasmodium (P) falciparum, P.vivax, P.ovale, P.malariae 

and P.knowlesi. P.knowlesi is a monkey malarial parasite which is found only 

in South East Asia and can cause disease in humans. (3) The life cycle of the 

Plasmodium parasite takes place in both the human body and in the mosquito.  

2.2 EPIDEMIOLOGY  
According to the 2013 World Malaria Report, malaria is still a major cause of 

mortality and morbidity in malaria endemic areas of the world. In 2010, there 

were an estimated 207 million cases of malaria reported worldwide, with 627 

000 estimated deaths in 2012 and most of the estimated cases and fatalities 

reported in sub-Saharan Africa. (1)This makes malaria the second most 

common cause of infectious disease related deaths in the world, after 

tuberculosis. (2)  

 

Malaria occurs throughout most of the tropical regions of the world. (3) 

P.falciparum predominates in Africa, New Guinea, the Dominican Republic 

and Haiti. P. Vivax is more common in Central America and Asia. (4) The 

prevalence of both P.falciparum and P. vivax is approximately equal in South 

America, the Indian subcontinent, eastern Asia and Oceania. P.malariae is 

found in most endemic areas especially throughout sub-Saharan African, but 

is much less common. P.ovale is relatively unusual outside of Africa and, 

where it is found, comprises less than 1% of isolates. Patients infected with 

P. knowlesi have been identified on the island of Borneo and to a lesser extent 

elsewhere in South East Asia where the main hosts, long-tailed and pig-tailed 

macaques, are found. (3, 10)  

Endemicity of malaria traditionally has been defined in terms of parasitaemia 

rates or palpable-spleen rates in children between the ages of 2-9 years old. 
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It’s hypoendemic if rates are less than 10%, mesoendemic if 11 - 50%, 

hyperendemic is 51 - 75% and holoendemic if greater than 75%. In 

holoendemic areas and hyperendemic areas, where there is intense P 

falciparum transmission, people may sustain more than one infectious 

mosquito bites per day and are infected repeatedly throughout their lives. (6) 

In such settings, rates of morbidity and mortality due to malaria are 

considerably higher during early childhood. Immunity against disease is hard 

won in these areas, and the burden of disease in young children is high. By 

adulthood, most malaria infections are asymptomatic. (3)  

Constant, frequent, year-round infection is termed stable transmission. In 

areas where transmission is low, erratic or focal, full protective immunity is 

not acquired, and symptomatic disease may occur at all ages. This situation 

usually exists in hypoendemic areas and is termed unstable transmission. (3, 

11) Malaria can behave like an epidemic disease in some areas particularly 

those with unstable transmission such as Northern India, Sri Lanka, Iraq, 

Turkey, the horn of Africa, Rwanda,  

Madagascar and Central Asia. (3)  

In SA, malaria is known to be endemic in three provinces; Mpumalanga, 

KwaZulu-Natal and Limpopo. (5) The highest transmission occurs in areas 

bordering the Kruger National Park and Swaziland. In 2011, 7 626 cases of 

malaria were reported throughout SA resulting in 87 deaths. Despite Gauteng 

being a nonmalaria area, malaria and related deaths are also reported in this 

province, peaking during the rainy season. This seasonality is related to 

travellers returning from malariaendemic areas, particularly Mozambique. (6) 

The National and Provincial malaria control programmes have been very 

successful in reducing the malaria risk in SA. Notified malaria cases in SA 

have dropped by 80% over the last decade due to key interventions on 

preventive measures. (12)   

2.3 PATHOGENESIS  
Human infection occurs after a female anopheles mosquito bite which 

releases sporozoites into the body. Sporozoites reach the liver via the 

bloodstream where they invade hepatocytes.  
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In the liver reproduction is asexual and results in formation of daughter 

merozoites. The hepatocytes become swollen and burst to release 

merozoites into the bloodstream. Merozoites invade red blood cells (RBCs) 

and multiply over and over again into trophozoites. (3) In P.vivax and P.ovale 

infections, dormant forms called hypnozoites remain in hepatocytes and may 

cause disease within three weeks but may remain dormant for up to a year. 

(13)  

After forty-eight hours, trophozoites have used up most of the host 

haemoglobin and have matured into schizonts. When each infected RBC 

ruptures, it releases six to thirty daughter merozoites. Each of these 

merozoites can invade a new RBC and repeat the cycle. In the case of 

P.falciparum, after a number of asexual cycles, some of the parasites develop 

into male and female gametocytes. With the rest of the Plasmodium species, 

male and female gametocytes develop immediately after release from the 

liver. When the female anopheles mosquito bites an infected human it ingests 

the male and female gametocytes which then form a zygote in the mosquito’s 

midgut. The zygote matures into an ookinete then into an oocyst in the gut 

wall. The oocyst expands and bursts to release sporozoites which migrate to 

the salivary glands of the mosquito to be released into a human with the next 

bite. (3, 14)  

The following processes in the pathogenesis of Falciparum malaria are 

important in disease causation and subsequent progression of disease to 

severe malaria. Adhesion of infected RBCs to human endothelium is 

considered a key event in the pathogenesis of severe malaria. (15) RBCs 

infected with P. falciparum exhibit:  

1. cytoadherence: attachment to venular and capillary endothelium  

2. rossetting: adherence to uninfected RBCs  

3. agglutination: adherence to other infected RBCs.  

 Furthermore, the three processes above result in the sequestration of RBCs 

containing mature forms of the Plasmodium falciparum in vital organs, 
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particularly in the brain, lungs and kidney. There the parasites interfere with 

microcirculatory flow and metabolism. Severe malaria is associated with 

reduced deformability of uninfected RBCs. This compromises their passage 

through the partially obstructed capillaries and venules and shortens RBC 

survival. (3)  

2.4 DETAILED PATHOGENETIC CHARACTERISTICS OF SEVERE 
MALARIA  

2.4.1 CYTOADHERENCE  
According to Aution et al., mature forms of parasites, can adhere to the 

vascular endothelium of several organs, including lung, heart, brain, liver, 

kidney, subcutaneous adipose tissues and the placenta. This feature of the 

disease, has been related exclusively to P. falciparum. (16) Parasite 

sequestration is thought to be the pathological basis of the severe 

manifestations of malaria, including cerebral malaria. It causes blood flow 

impairment leading to local hypoxia. It enhances parasite replication and 

resetting (the sticking of infected red blood cells (IRBC) to non-infected 

RBC’s). (16) Sequestration is mostly mediated by mature parasite forms, 

approximately twenty hours after RBC invasion.  The parasites produce new 

proteins that are exported to the IRBC surface and increase the adhesiveness 

of IRBC to the endothelium. (15, 16) Some of these proteins include the P 

falciparum erythrocyte membrane protein 1 (PfEMP1) and the P.Falciparum 

Histidine – Rich Protein (PfHRP). (3, 15, 16) These ligands are responsible 

for the establishment of knobs, which are symmetric membrane 

arrangements that appear on the surface of infected RBC. PfEMPI, a 

multimetric protein encoded by the var (variant) gene protrudes from the 

knobs and plays a major role in sequestration and thus virulence. (16)  

To adhere to the endothelium, the parasites first adhere, roll and then become 

firmly attached to the endothelium adhesion molecules. These molecules 

include  Intercellular Adhesion Molecule 1 (ICAM-I) and CD 36. ICAM 1 is a 

major sequestration receptor and mediates cerebral sequestration by serving 

as a rolling receptor. (13, 16) On the other hand, CD 36 gives stationary and 

staple adherence under flow. (16)   
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Sequestration is also seen in pregnancy, when parasites adhere to the 

placenta. PfEMPI is again the main adhesion receptor which adheres to the 

trophoblastic villous endothelium mainly through chondroitin – 4 - sulfate 

(CSA) and other sugars. As such malaria in pregnancy can be severe for 

mothers and can lead to fetal mortality. (16) 

2.4.2 ROSETTING  
Rosetting is one of the forms of cytoadherence of late stages of IRBC, to 

nonparasitized red blood cells and/or platelets. (15, 16) The IRBC ligand 

involved in rosette formation is PFEMPI, and there are three receptors 

associated with rosetting. These are complement receptor 1, (CRI), Heparan 

sulfate (HS) and the ABO blood group. (16) Although P. falciparum , P.vivax 

and P.ovale are all able to form rosettes, only those caused by P. falciparum 

have been associated with severe malaria and may enhance microcirculatory 

obstruction. (16)  

2.4.3 HOST RESPONSE TO PLASMODIAL INFECTION  
Initially, the host responds to plasmodial infection by activating non-specific 

defence mechanisms. (3) Both splenic immunologic and infiltrative clearance 

functions are augmented, and the removal of both parasitized and uninfected 

RBCs is accelerated. (3)  

The parasitized cells that escape splenic removal are destroyed when the 

schizont ruptures. The material released on rupture induces the activation of 

macrophages and the release of pro-inflammatory cytokines. These cytokines 

cause fever and exert other pathologic effects. Temperatures of ≥ 40°C 

damage parasites in untreated infections. The effect of such temperatures is 

to further synchronise the parasitic cycle, with eventual production of the 

regular fever spikes and rigors. (3) 

 

The geographic distribution of sickle cell disease, haemoglobin C and E, 

hereditary ovalocytosis, the thalassaemias, and glucose-6-phosphate 

dehydrogenase (G6PD) closely resemble that of malaria before the 

introduction of control measures. This similarity suggests that these genetic 

disorders confer protection against death from P.falciparum infection, (3, 17) 
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for example, Haemoglobin A/Haemoglobin S (HBA/S) heterozygotes (sickle 

cell trait), have a six fold reduction in the risk of dying from severe malaria. 

This decrease in risk appears to be related to impaired parasite growth at low 

oxygen tensions and reduced parasitized red cell cytoadherence. (3, 17)  

Nonspecific host defence mechanisms stop the infection’s expansion, and the 

subsequent strain-specific immune response that controls the infection. 

Eventually, exposure to sufficient strains confers protection from high-level 

parasitaemia and disease but not from infection. (3, 14) As a result of this 

state of infection without illness (premonition) asymptomatic parasitaemia is 

common among adults and older children living in regions with stable and 

intense transmission (holo and hyperendemic areas). Both humoral and 

cellular immunity are necessary for protection. (3)  

 

2.5 CLINICAL MANIFESTATIONS OF MALARIA  
In non-immune individuals infected with P.falciparum , the incubation period 

is 10 days with a range of 5 to 10 days. For non- falciparum malaria, the 

incubation period may be 15 to 16 days and up to 21 days. (3, 18) 

Uncomplicated malaria is characterised by fever, headache, sweating, 

myalgia/arthralgia, abdominal discomfort, nausea and vomiting. Paroxysms 

in which fever spikes, chills, and rigors occur at regular intervals are relatively 

unusual and suggest infection with P.vivax or P.ovale. The fever of 

P.falciparum infections is usually irregular. The usual examination findings in 

uncomplicated malaria include elevated temperature, anaemia, and an 

enlarged spleen. Slight enlargement of the liver is also common particularly 

among young children. Mild jaundice is also common and may be seen even 

in patients with uncomplicated malaria. (3, 19) The jaundice is due to 

increased haemolysis. 

    

2.6 SEVERE FALCIPARUM MALARIA  
Severe malaria is defined by clinical and laboratory evidence of organ 

dysfunction and includes:  

• impaired consciousness including unarousable coma   
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• prostration   

• multiple convulsions   

• acidotic breathing   

• acute pulmonary oedema   

• acute respiratory distress syndrome (ARDS)  

• acute kidney injury   

• coagulopathy  

• circulatory collapse or shock (systolic blood pressure <80mmHg in 

adults and  

<50mmHg in children   

• clinical jaundice plus   

• evidence of other vital organ dysfunction. (20)   

Furthermore, the following laboratory findings in malaria patients are evidence 

of severe malaria:  

• hypoglycaemia of <2,2mmol/l or <40mg/dl   

• metabolic acidosis (plasma bicarbonate <15mmol/l)   

• severe normocytic anaemia (haemoglobin <5g/dl in adults or <7g/dl in 

children),   

• thrombocytopaenia  

• haemoglobinuria  

• hyperlactataemia (lactate >5mmol/l),   

• renal impairment (serum creatinine >265micromoles per litre) and   
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• radiological findings in keeping with pulmonary oedema and ARDS. 

(20)   

2.7 CLINICAL MANIFESTATIONS OF SEVERE MALARIA  
Most of the major manifestations of severe malaria are described below.   

2.7.1 CEREBRAL MALARIA  
The onset of cerebral malaria may be dramatic with a generalised seizure or 

gradual with initial drowsiness and confusion. (18) Once coma ensues, it is 

associated with death rates of approximately 20% in adults and 15% in 

children. Whereas adults rarely suffer neurological sequelae (<3 % of cases), 

approximately 5% of children surviving cerebral malaria have residual 

neurologic deficits when they regain consciousness. These may include 

serious sequelae such as hemiplegia, cerebral palsy, cortical blindness, 

deafness and impaired cognition and learning. Fortunately, these deficits 

improve or resolve completely within 6 months. (18)  

2.7.2 HYPOGLYCAEMIA  
This is a common complication of severe malaria and is an independent risk 

factor for death. (21) Hypoglycaemia in malaria results from a failure of 

hepatic gluconeogenesis and an increase in the consumption of glucose by 

both host and parasites. (22) In the case of patients treated with quinine, 

quinine is a powerful stimulant of pancreatic insulin secretion. Hypoglycaemia 

is a significant risk factor for an adverse outcome in pregnant women 

receiving quinine. (22)  

2.7.3 ACIDOSIS  
Acidosis results from accumulation of organic acids. In adults co-existing 

renal dysfunction worsens the acidosis. (3) Increased lactate production and 

impaired metabolism, as well as impaired metabolism of ketoacids and other 

organic acids have been implicated in the development of metabolic acidosis. 

(22)  

2.7.4 NON-CARDIOGENIC PULMONARY OEDEMA   
The pathogenesis of non-cardiogenic pulmonary oedema in malaria is not 

clear. However, the mortality rate is >80%. Non cardiogenic pulmonary 
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oedema can be aggravated by overly vigorous administration of intravenous 

(IV) fluids. (23)  

2.7.5 RENAL IMPAIRMENT  
This is one of the common manifestations of severe malaria. The 

pathogenesis of renal involvement is unclear but may be related to 

proliferation of glomerular cells, protein deposition in the glomerular space, 

and decrease in the glomerular area. However, it has also been postulated 

that renal impairment results from erythrocyte sequestration and agglutination 

interfering with renal microcirculatory flow and metabolism, leading to acute 

tubular necrosis. (3, 23) Renal replacement therapy is often necessary when 

acute indications for dialysis are noted.  

2.7.6 HAEMATOLOGIC ABNORMALITIES  
Haematologic abnormalities include anaemia, thrombocytopaenia and 

leukopaenia. (24) Although not completely understood, it is thought that 

anaemia results from a combination of haemolysis of parasitized and 

unparasitized red blood cells, depressed as well as ineffective erythropoiesis. 

(24) Other contributing factors may include decreased red blood cell 

deformability and splenic phagocytosis. (24) Leukopaenia is common, though 

leucocytosis may occur.   

2.7.7 LIVER DYSFUNCTION  
Deranged liver functions are commonly seen as a complication of severe 

malaria. Presence of raised hepatic enzymes with near normal coagulation 

parameters suggests malarial hepatopathy. (25) Hepatic dysfunction 

contributes to hypoglycaemia, lactic acidosis and impaired drug metabolism. 

(25)  

2.8 DIAGNOSIS OF MALARIA  
The diagnosis of malaria rests on the demonstration of asexual forms of the 

parasites in stained peripheral blood smears. If negative, repeat smears 

should be done if there is a high index of suspicion. Both thick and thin smears 

should be routinely requested. (3, 26) The gold standard for diagnosis of 

malaria remains the examination of thick and thin films for parasites, with thick 

films being more sensitive at identifying parasites and thin films being 
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important for identification of malaria species. Alternative diagnostic 

modalities include fluorescence microscopy of parasite nuclei stained with 

acridine orange and polymerase chain reaction assays. Bedside antigen 

testing is commonly employed which detects the presence of histidine-rich 

protein-2 of P. falciparum (PfHRP) or a parasite-specific lactate 

dehydrogenase. (18, 27)  

2.9 TREATMENT OF SEVERE MALARIA  
Malaria represents a medical emergency because it may rapidly progress to 

severe complications and death without prompt and appropriate treatment. 

(18) Although IV quinine has been the mainstay of treatment for severe 

malaria, complications such as quinine induced hyperinsulinaemic 

hypoglycaemia, arrhythmias, sterile abscesses and painful intramuscular (IM) 

injection make it less desirable. Furthermore, hypoglycaemia is an 

independent risk factor for death in severe malaria, and even dosage 

adjustments of quinine did not reduce the frequency or severity of 

hypoglycaemia. (21)  

2.9.1 ARTESUNATE BACKGROUND  
Artemesinin derivatives are manufactured from the Chinese wormwood plant, 

artemesinin annua and have been used in the treatment of malaria for over 

1000 years in this region. They were developed to improve solubility and 

bioavailability for oral use which has been incorporated into the management 

of malaria in various combinations from the 1970s. (28) IV artesunate is 

rapidly metabolised via esterase hydrolysis to its active metabolite 

dihydroartemisinin (DHA) in less than 25 minutes. The active metabolite 

undergoes metabolism via UDP-glucuronosyltransferase system and its half-

life after IV administration ranges from 18 minutes to 2.14 hours. This implies 

that the pharmacokinetics of the drug should not be significantly altered by 

other drugs. (29)  

2.9.2 ARTESUNATE AS FIRST LINE THERAPY  
In 2011, the World Health Organisation guidelines recommended IV 

artesunate as first line therapy for severe malaria after artesunate was shown 

to be far superior to quinine in South East Asian adults. There, its use resulted 

in a 38.6 % reduction in mortality, as well as African children where a 22% 
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reduction in mortality was achieved in two landmark randomised controlled 

trials. (7, 8)  

In the Democratic Republic of Congo, these findings were reflected with 

artesunate and other artemisinin derivatives, achieving reduction in 

parasitaemia and clinical resolution faster than quinine (23 versus 24 hours, 

p<0.001). (30)  

In a Cochrane review by Jones  et al (2010),  six trials that were carried out 

in Asia using artesunate and quinine were analysed and the findings provided 

further evidence that treatment with artesunate resulted in a significant 

reduction in mortality, parasite clearance time, and hypoglycaemia in people 

with severe malaria in Asia. (31) 

Furthermore, the preparation and administration of IV artesunate as boluses 

is easier and its use eliminates the need for cardiac monitoring, rate-

controlled infusions or the hypoglycaemia associated with quinine infusion. 

(32)  

In addition, time to drug administration and parasite clearance from the time 

of admission is shorter than with quinine and artesunate costs less per person 

when compared to quinine. (30) However, the artemisinin derivatives have 

relatively short half-lives which necessitates use of oral antimalarials after the 

initial IV infusions to prevent relapse.  

2.9.3 ADVERSE REACTIONS  
Artesunate was well tolerated with no serious drug related side effects 

(including serious cardiac or neurological side effects). Post treatment 

hypoglycaemia was less frequent in patients assigned to artesunate than to 

quinine. (8) Adverse reactions to artesunate include Type 3 hypersensitivity 

reactions occurring at a rate of 1:3000 people treated with artesunate.   

Post-artesunate haemolytic anaemia affects 20% of European travellers with 

severe imported malaria, 60% of whom required blood transfusion in initial 

retrospective reports, however, a larger prospective French study, showed 

less than 5% of their cohort required blood transfusion. It occurs 2 to 3 weeks 

after initial treatment with artesunate and clearance of parasite, with 
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resolution during weeks 3 to 6. It is characterised by raised Lactate 

Dehydrogenase and supressed haptoglobin in the absence of conventional 

causes of haemolysis. It has not been shown to cause death. (33 - 35)   

2.9.4 ARTEMISNIN RESISTANCE  
Another prominent concern is the emergence of artesunate resistance as 

evidenced by prolonged time to parasite clearance and relapse after oral 

treatment of patients with uncomplicated malaria in Cambodia and Thailand, 

where interventions are urgently required to minimise spread of resistant 

malaria. (36, 37)  

2.9.5 ARTESUNATE USE IN SA  
Prior to its registration in SA, provision had been made for compassionate 

use. There has been an access project since April 2010, where selected 

patients with severe malaria were treated with artesunate through the 

Parenteral Artesunate Access Programme managed by the University of 

Cape Town (UCT) which was available only at certain hospitals called sentinel 

hospital sites. The supplier of artesunate to the sentinel sites is Guillian 

Pharmaceuticals (China) via a local distributor, Equity Pharmaceuticals. 

Countries that have already approved the use of artesunate, include United 

Kingdom, People’s Republic of China, Nigeria, Ghana, Kenya, Tanzania, 

Zambia, Thailand, Cameroon, Sierra Leone. (20) With the widespread 

approval of IV artesunate as well as that World Health Organisation WHO, 

has replaced IV quinine with artesunate, it becomes important in SA to 

perform research and publish information on use of artesunate use in South 

African patients with severe malaria. To date no local or international literature 

is available to show that any research has been done and published on use 

of artesunate on South African patients. We are hoping that this study will add 

to the body of knowledge on the use of artesunate in severe malaria in SA.   

 

Therefore, the aim of this study is to do a retrospective description of a cohort 

of patients that were treated with intravenous artesunate for severe malaria 

in the Intensive Care Unit (ICU) at Chalortte Maxeke Johannesburg Academic 

Hospital (CMJAH) and Chris Hani Baragwanath Academic Hospital (CHBAH) 
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from the inception of the Parenteral Artesunate Access Programme in April 

2010 at these hospitals.  

2.10 THE PROTOCOL   

2.10.1 RESEARCH  TOPIC  
Descriptive analysis of a cohort of patients admitted and treated with 

intravenous artesunate at Charlotte Maxeke Johannesburg Academic 

Hospital (CMJAH) and Chris Hani Baragwanath Academic Hospital (CHBAH) 

from April 2010 to April 2014.  

2.10.2 HYPOTHESIS  
Treatment of patients with severe malaria with IV artesunate significantly 

reduces risk of death and improves other outcomes.  

2.10.3 STUDY OBJECTIVES  
1. To describe the demographics of patients with severe malaria who were 

treated at  

Charlotte Maxeke Johannesburg Academic Hospital and Chris Hani 

Baragwanath Academic Hospital from April 2010 to April 2014.  

2. To describe the clinical conditions of these patients on admission at or 

before initiation of intravenous artesunate therapy.  

3. To describe the course taken by the illness while on intravenous 

artesunate.  

4. To describe the complications that occurred in any of the patients.  

5. To describe the outcome of the treatment of these patients with 

intravenous artesunate:  

1. Length of stay in ICU  

2. Morbidity  

3. Mortality  

4. Adverse events  

5. Hypoglycaemia  
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6. Convulsions  

7. Disease severity markers including need for inotropic support, 

ventilation, dialysis  

 

2.10.4 METHODOLOGY  

2.10.4.1 Study Design  
The study is a retrospective, descriptive study.  

2.10.4.2 Study Population and Sample  
The collection of data from patient’s records took place in the Intensive Care 

Units of Charlotte Maxeke Johannesburg Academic Hospital and Chris Hani 

Baragwanath Academic Hospital.  

The study population was all patients that were admitted to the ICUs at 

CMJAH and CHBAH with severe malaria and were treated with intravenous 

artesunate. The study sample covered all patients who were treated on the 

Parenteral Artesunate Access Programme from April 2010 to April 2014.   

Inclusion Criteria: All adult patients (>18yrs) that had severe malaria and were 

treated with intravenous Artesunate at CMJAH and CHBAC. That means that 

these were the same patients that met the eligibility criteria for the Parenteral 

Artesunate Access Programme. The Parenteral Artessunate Access Program 

did allow the treatment of paediatric patients, but for the purpose of this study 

only adults >18yrs were included in this analysis.  

Exclusion Criteria:  Pregnancy (1st trimester of pregnancy)  

Consent: Because Artesunate is a section 21 drug, all patients that received 

it would have given consent for treatment. If the patients were too ill to do so, 

their family or supervisor would have given consent on their behalf.  

Confidentiality:  Strict confidentiality was maintained with handling of patients’ 

records.  
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Only authorised persons could handle the patients’ records. All information 

obtained during the course of this research, including: hospital records, 

personal data and research data was kept strictly confidential. Data that may 

be reported in scientific journals will not include any information that identifies 

individual patients.  

2.10.4.3 Detailed Description of methods and techniques to be used  
Collection of data from patients’ records was done using data collection 

sheets. The data collection sheets required the same information from each 

patient’s record. For each patient, there was a data collection sheet at the 

time of admission. There were subsequent data collection sheets for each 

patient showing subsequent monitoring of patients.  

All clinical records of each patient (manual and/or electronic) were used in 

order to gather all information required to complete the data capturing sheets. 

The ward admission book was also used for data collection.  

1. Variables: 1=continuous, 
2=categorical The following variables 
were used for the study  
 

Variable  Continuous  Categorical  

Age  1    

Gender    2  

Blood Pressure  1    

Pulse  1    

Respiratory rate  1    

Temperature  1    

Variable  Continuous  Categorical  

Haemoglobin  1    

Blood sugar  1    
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Ph  1    

Pregnancy test    2  

Country visited in last 4 weeks    2  

Lactate  1    

Parasite percentage  1    

Urea  1    

Creatinine  1    

Bicarbonate  1    

Jaundice    2  

Abnormal bleeding    2  

Glasgow coma scale  1    

Platelets  1    

Potassium  1    

Sodium  1    

Total bilirubin  1    

Direct bilirubin  1    

AST  1    

ALT  1    

Albumin  1    

  

2.10.5 STATISTICAL ANALYSIS  
We will use Statistica version 13.3 for analysis. All data will be evaluated for 

normal distribution. Normally distributed data will be described using mean 

and standard deviation (SD) while non parametric data using medians and 

interquartile ranges (IQR). 
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Continuous variables will be compared using Wilcoxon’s matched pairs test 

or T-test for dependent variables depending on distribution. Binary data will 

be compared with the chi squared test.  

2.10.6 TIMING AND ETHICS  
The protocol was submitted to the Ethics Committee in November 2014 and 

to the  

Protocol Assessment Committee in February 2015. Data collection started in 

March  

2015 pending Protocol Assessment Committee approval. (see Gantt chart 

below) Unconditional ethics approval has been granted.   

 

                      
Literature 
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Protocol                                                              
Ethics  
Application                                                              
Protocol  
Assessment                                                              
Collecting 
Data                                                              
Data         
Analysis                                                              
Writing up - 
Thesis                                                              
Writing up - 
Paper                                                              

  

2.10.7 FUNDING  
I do not require funding for this study. As the principal investigator I will do my 

own photocopying as the need arises.  
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2.10.8 PROBLEMS  

Since it’s a retrospective study the biggest problems were missing information 

as well as missing records. Illegible handwriting by colleagues may also be a 

problem.  

2.10.9 DEPARTMENTS INVOLVED  
The general intensive care units of CHBAH and CMJAH. CHBAH is a 34 bed 

ICU unit with 9 paediatric beds, 9 trauma, 9 general and 9 high care beds. 

Patients from my study occupied the 9 general ICU beds. There is 24 hour 

medical cover. CMJAH is a  

20 bed general medical ICU which manages medical and surgical patients. It 

includes 12 main ICU beds, 7 beds high care and 1 isolation bed.   

2.10.10 PUBLISHING INTENT  
• The research was being done for MMed purposes but also with an 

intention to publish in a journal.  

• Each hospital reserves the right to retain the intellectual property rights of 

data collected at their individual hospitals. 
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