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Background: Globally, malaria is one of the six major causes of deaths from communicable
diseases. In South Africa, malaria is known to be endemic in three provinces. Two large trials,
AQUAMAT and SEAQUAMAT, demonstrated the superiority of intravenous (IV) artesunate
compared to quinine. A systematic review (including the above trials) demonstrated a
mortality benefit for adult patients treated with artesunate, but included studies that were
conducted in Asia with no adult data available for Africa. Given the lack of local data, we
conducted this study to investigate the use of artesunate for the treatment of severe malaria at
two academic adult intensive care units (ICUs) in Johannesburg.

Methods: We undertook a retrospective patient record review. All patients admitted to the
two ICUs and treated for severe malaria using artesunate were included. The study period
extended from April 2010 to April 2014. The primary outcome was to determine the observed
mortality and relate it to the predicted mortality based on the Acute Physiology and Chronic
Health Evaluation (APACHE II) severity of illness score. The ratio of the observed mortality to
the expected mortality based on the APACHE Il severity of illness score provides a standardised
mortality ratio (SMR). Clinical and laboratory parameters data were analysed.

Results: There were 56 patients included in the study, of which 40 were male (71.4%). The
mean APACHE II score was 19 (standard deviation 5.4). We observed a lower than predicted
mortality rate of 21.4% (SMR 0.66). Human immunodeficiency virus (HIV) was the most
prevalent comorbidity (32%). There was no travel history in 26.8% of patients. Heart rate,
respiratory rate and Glasgow Coma Scale (GCS) all improved significantly from admission to
the time of discharge (p < 0.01). Acidaemia, bilirubin, urea and bleeding risk (platelet count)
also improved (p < 0.01). Mechanical ventilation was associated with an increased risk of death
(OR 35; CI17.0-182).

Conclusion: In this retrospective two-centre study, IV artesunate was associated with a lower
than predicted mortality in adult patients with severe malaria requiring ICU admission.
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Background

According to the 2013 World Health Organization (WHO) World Malaria Report, malaria is a
major cause of mortality and morbidity in malaria-endemic areas of the world. In 2018, 228 million
cases of malaria were estimated to have been reported throughout the world with 85% of cases in
sub-Saharan Africa and India.! This makes malaria the second most common cause of infectious
disease-related deaths in the world, after tuberculosis.?

Malaria is prevalent throughout most of the tropical regions of the world.? Plasmodium falciparum
predominates in Africa, New Guinea, the Dominican Republic and Haiti. Plasmodium vivax is
more common in Central America and Asia.*

In South Africa, malaria is known to be endemic in three provinces, namely Mpumalanga,
KwaZulu-Natal and Limpopo.® The highest transmission occurs in north-eastern Limpopo whilst
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Mpumalanga has recently seen a significant reduction in
cases.® Over seven thousand (7626) cases of malaria were
reported throughout South Africa in 2011.”7 Globally, malaria
is one of the six major causes of deaths from communicable
diseases and locally there were between 10 000 and 30 000
notified cases of malaria per year in South Africa (2015-2019).
Malaria cases and related deaths are also reported in Gauteng
and attain a peak during the rainy summer season. This is
because of travellers returning from malaria-endemic areas
during the summer holidays.”

Although quinine has been the mainstay of treatment for
severe malaria, complications such as quinine-induced
hyperinsulinaemia, hypoglycaemia, arrhythmias, sterile
abscesses and painful intramuscular (IM) injection, make it
less desirable. Furthermore, the SEAQUAMAT trial showed
mortality benefit with the use of intravenous (IV) artesunate
over quinine and these findings were replicated by the
AQUAMAT trial in African children (excluding South
Africa).®!° It is noteworthy that a systematic review that
demonstrated a mortality benefit for adult patients treated
with artesunate included studies that were conducted in Asia
with no adult data from Africa." This may be important as
the adult mortality (Asia) was higher than the paediatric
mortality (mainly from Africa).

Artesunate was an unregistered drug for treating severe
malaria in South Africa during the study period and was
used under Section 21 of the Medicines and Related Substances
Act and the Parenteral Artesunate Access Programme."? It
has subsequently been registered with the South African
Health Products Regulatory Authority (SAHPRA) during
2017. Given the lack of local data regarding the treatment of
severe malaria in critically-ill adult patients using artesunate,
we decided to evaluate its efficacy.

Methods
Study design and setting

This was a retrospective, descriptive study conducted at two
tertiary-level academic intensive care units (ICUs) in
Johannesburg, which is a non-endemic area for malaria.

Population, sample and anti-malarial drug treatment:

Data belonging to all patients admitted to the ICUs of Chris
Hani Baragwanath Academic Hospital and Charlotte
Maxeke Johannesburg Academic Hospital with a diagnosis
of severe malaria, treated with IV artesunate, between 01
April 2010 and 30 April 2014 were included. All these
patients participated in the Parenteral Artesunate Access
Programme.' Parenteral artesunate had been recommended
for use in preference to quinine for the treatment of severe
malaria, given its significant mortality and safety benefits.
As the product had not yet been registered for use in South
Africa, the Parenteral Artesunate Access Programme was
launched to reduce malaria-related mortality. Pregnant
patients were also treated in the maternity high-care unit
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and this meant that our data were likely to be incomplete for
the period under investigation for this group. Artesunate
was used intravenously initially and oral doxycycline was
added as soon as the patient’s enteral tolerance was
established. IV artesunate was used for a minimum of 48 h
and a maximum of 7 days followed by oral artemether or
lumefantrine for 3 days.

Outcomes

The primary outcome was to determine the standardised
mortality ratio (SMR). This is the observed mortality, related
to the predicted mortality based on the Acute Physiology
and Chronic Health Evaluation (APACHE) II severity of
illness score. An SMR less than 1 indicates a better than
predicted outcome, whilst an SMR greater than 1 indicates
mortality worse than expected.”® Secondary outcomes
included the clinical changes from admission to discharge,
the changes in the indicators of severe malaria between
admission and discharge, differences between survivors and
non-survivors and the frequency of WHO indicators of
severe malaria.

Data collection

Collection of data from patients’ ICU records was carried out
using a standardised data collection sheet. These data were
then entered into an electronic spreadsheet. No identifying
data were captured.

Statistical analysis

We used Statistica v13 for analysis."* All data were assessed
for normality. Normally-distributed data were described
using mean and standard deviation (SD), whilst non-
normally-distributed data used medians and interquartile
ranges (IQR, Q3-Q1). Continuous variables were compared
using Wilcoxon’s matched pairs test or T-test for dependent
variables depending on the distribution. Proportions and
percentages were compared using the Chi square test and
confidence intervals for the SMR were calculated using the
Mid P test.

Results

There were 56 patients admitted with severe malaria to two
academic ICUs during the 49-month study period. Table 1
provides a baseline description of the patients.

TABLE 1: Patients description.

Variable % Mean SD Median  IQR n
Age - 40.3 11.6 - - 56
Gender (male) 71.4 - - - - 40/56
Weight (kg) . 73.0 15.3 = . a4
Parasitaemia % - - - 10.6 13.2 44
(P. falciparum)

APACHE Il - 19.0 5.4 - - 35
Predicted mortality 32.2

SD, standard deviation; IQR, Interquartile range; APACHE Il, Acute Physiology and Chronic
Health Evaluation.
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Nearly half of the patients had at least one co-morbidity
(48.2%). The most common co-morbidity was human
immunodeficiency virus (HIV) (32.1%) (see Table 2).

Travel outside of Johannesburg, to a malaria-endemic region
within the past 30 days was recorded. Figure 1 gives the
regions and distribution of patients travelling to these regions.
Of note, 26.8% of patients had no history of travel to a malaria-
endemic region. The most commonly visited malaria-endemic
region was Mozambique (33.9%) (see Figure 1).

Primary outcome

The mean APACHE II score was 19 (5.4 SD). The predicted
mortality for this group of patients was 32.2%. We observed
a lower than predicted mortality rate of 21.4% (12/56). The
SMR was 0.66 (CI 0.45-0.96). There was no significant
difference in the mortality rates of those with a travel history
(9/40, 22.5%) versus those with no travel history (2/15, 13%),
p =0.365 (Fisher’s exact test).

Secondary outcomes

Heart rate, respiratory rate and Glasgow Coma Scale
(GCS) all improved from admission to discharge. These
improvements were clinically and statistically significant
(See Table 3). Systolic blood pressure increased from 105 mm
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FIGURE 1: Travel history.

TABLE 2: Past medical history.

Number Description N %

1 No known co-morbidities 29 51.8
2 HIV positive 18 321
3 Any other co-morbidities 9 16.1

HIV, human immunodeficiency virus.
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Hg at admission to 118 mm Hg at discharge, but this was not
statistically significant.

There were statistically significant improvements in several
indicators of severe malaria between admission and
discharge. Acidaemia, total bilirubin, markers of acute
kidney injury (AKI) and bleeding risk (platelet count) all
improved (see Table 4).

Survivors versus non-survivors

Non-survivors had a lower GCS and more severe metabolic
acidosis on admission (D1). There was a trend towards a
lower parasitaemia in the non-survivors. As expected, non-
survivors had a higher APACHE II score (see Table 5).
Patients who were mechanically ventilated had an increased
risk of death (odds ratio (OR) 35, CI 7.0-182). Similarly,
patients requiring vasopressors were also at increased risk of
death (OR 4.3, CI 1.7-11.4).

Factors associated with disease severity and prognosis
include seizures and hypoglycaemia, and are provided in
Table 6.1* There were seven patients with seizures during
their ICU stay. Four patients had single seizures, two patients
had two seizures and one had four seizures. No patient met
the strict definition of hypoglycaemia (glucose level
< 2.2 mmol/L) as standard management institutes corrective
action at levels of 3.5 mmol/L.

Discussion

The main finding of our study was a lower than expected
mortality of 21.4% (expected 32.2%, SMR 0.66). This compares
well with the large SEAQUAMAT trial, the largest adult
randomised clinical trial comparing IV artesunate and quinine
for severe falciparum malaria. It included 1461 patients, of
which 86% (1259) were adults. The mean age in this study was
279 years. The acidaemia and renal dysfunction were less
severe than our study data, median TCO, of 22 mmol/L and
median area of 9.2 to 10.4 mmol/L. The utilisation of organ

TABLE 4: Changes in the indicators of severe malaria from admission (D1) to
discharge or death (DC) using Wilcoxon matched pairs test or 7-test for
dependent samples.

Parameter D1 Discharge N P
Median QR Median 1QR

TCOZT meq/L 17 8 23 7 50 0.000

Total bilirubin 63 101 53 88 34 0.013

umol/L

Urea mmol/L 224 17.2 11.5 10.4 52 0.000

Platelets 10%/uL 48 56 89.5 92 53  0.000

1, TCO,- total carbon dioxide (metabolic state).
IQR, Interquartile range.

TABLE 3: Clinical characteristics compared from admission (D1) to discharge or death (DC) using Wilcoxon matched pairs test or T-test for dependent samples.

Parameter D1 Discharge N P
Mean Median SD IQR Mean Median sD IQR

Heart rate/min 108 - 21.4 98 - 24.5 - 55 0.001

Respiratory rate 27 - 9.4 23 - 7.2 - 53 0.007

GCS below 15 - 3 - 6 0 - 2 38 0.000

Systolic blood pressure - 105 - 50 118 - 45 54 0.550

SD, standard deviation; IQR, Interquartile range; GCS, Glasgow Coma Scale.
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TABLE 5: Differences between survivors and non-survivors using the Mann—-Whitney U test or 7-test for independent samples.

Parameter Non-survivors Survivors N P
Median QR Mean SD Median QR Mean SD

GCS below total score 7.5 2.5 - - 2.0 5 - - 44 0.000

W‘TCOZ meq/L 13 8.5 - - 18.5 6 - - 40 0.010

Parasitaemia % 6.6 10.0 - = 11.2 14.3 - S 33 0.053

APACHE Il - - 22.5 4.9 - - 18.2 53 35 -

+, TCO, — total carbon dioxide.

SD, standard deviation; IQR, Interquartile range; GCS, Glasgow Coma Scale; APACHE Il Acute Physiology and Chronic Health Evaluation.

TABLE 6: Documented World Health Organization indicators'® of severe malaria
and poor prognosis.

Number Complication N Frequency (%)
1 Anaemia (Hb < 7.0 g/dL) 14 28.6

2 AKI requiring RRT 28 49

3 Mechanical ventilation (ARDS) 21 30

4 Hypoglycaemia (HGT < 3.5 mmol/L) 3 5.5

5 Shock (vasopressor use) 16 31

6 TPossible DIC (platelets < 25 x 10°/puL) 7 12.5

7 Seizures 7 125

8 pH<7.25 21 375

T, We used platelet count as an indicator for DIC because of the lack of objective data
regarding bleeding risk.

AKI, acute kidney injury, ARDS, Acute respiratory distress syndrome; DIC, Disseminated
intravascular coagulation; HGT, Hemo Glucose Test; RRT, Renal replacement therapy.

support was also low: renal replacement therapy 8%,
vasopressor support 3% and mechanical ventilation 4% — 5%.
The overall mortality for the study was 19%.”

Our group comprised 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. Our group had more
significant acidaemia (median TCO, was 17 mmol/L at the
time of admission) and a greater level of renal dysfunction
(median urea 22.4 mmol/L at the time of admission). In
addition, our group required significantly more organ
support: renal replacement therapy 49%, vasopressor
support 31% and mechanical ventilation 30%. Despite these
differences, the mortality in our group was similar (21.4%).
Itappears that in critically ill patients with severe falciparum
malaria, the benefit of IV artesunate may be greater than
anticipated.

Odyssean malaria is defined as 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. It is distinct from imported malaria'. It is plausible
and likely that an Anopheles malaria vector mosquito has
been inadvertently transported from a malaria-endemic area
to a non-malaria-endemic region and infects local residents.'®
A study in the Gauteng Province of South Africa described 46
cases of odyssean malaria over an 8-year period between
1996 and 2004. The case fatality rate of this group was 13%."
This was about 10 fold higher than the national case fatality
rate of between 0.6% and 1.0%.' This may in part be explained
by the delay in diagnosis and the non-immune status of these
patients.’>16%7

Our data confirm the significance of odyssean malaria in
South Africa and particularly in Gauteng where our study

http://www.sajid.co.za . Open Access

was conducted. We found that 26.8% of our malaria cases had
no documented travel history. Although we did not perform
in-depth family interviews, the numbers we found over the
4 years of the study are in keeping with that reported by Frean
et al.” However, our group with no documented travel
history is different from the odyssean malaria group in the
above-mentioned study. Our cohort comprises critically ill
patients with multi-organ dysfunction and an expected
mortality of approximately 30%. Although we found no
significant difference in mortality between those without a
travel history (13%) compared to those with a travel history
(22%), there appears to be a trend. Note that the mortality of
13% in our study is not dissimilar to 13% in the study by
Frean et al. What is clearly different is the comparator
mortality in the two studies. Our study compares 13%
mortality to 22% for the group with travel history. It is
important to note that our group comprises only cases of
severe malaria and the overall mortality is naturally higher.
The study by Frean et al. uses the national case fatality rate for
comparison. This is obviously much lower, around 1% as it
includes all malaria cases, the majority of which are not severe
malaria. Additionally, the group of Frean et al. does not
provide for severity of illness. Our data are limited by the
retrospective nature of the study and factors such as
undocumented (‘illegal’) migrants who may have withheld
their travel history, or a thorough travel history not being
taken from critically ill patients cannot be excluded. Despite
the limitations of our study, our findings do challenge the
current thinking regarding the impact of odyssean malaria on
mortality, and this needs further research.

Regarding the possible WHO indicators of severe malaria
and possible adverse effects, although we found three
episodes of glucose levels of < 3.5 mmol/L in our study, there
were no episodes of hypoglycaemia (< 2.2 mmol/L). This is in
contrast to 26% hypoglycaemia (< 2.2 mmol/L) described by
Mehta et al.”® The absence of hypoglycaemia in our study
reflects the additional safety component of using artesunate
as compared to quinine. This comparison is reasonable as the
incidences of organ dysfunction between the cohort of Mehta
et al.'® and our study cohort were similar: AKI (49% vs. 49%),
shock (28% vs. 31%), acute respiratory distress (36% vs. 30%)
and disseminated intravascular coagulation (11% vs. 12.5%),
respectively. A systematic review also confirmed the
advantage of artesunate over quinine with regards to the
occurrence of hypoglycaemia.” The study by Mehta et al. also
found a significant number of instances of inappropriate
administration of quinine reflecting more complicated dosing
for this drug. '
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A negative effect observed by other investigators when
comparing artesunate to quinine, was the higher risk of
neurological sequelae with the use of artesunate." We found a
seizure rate of 12.5% in our study, where only artesunate was
used. The study by Mehta et al. where quinine was used found
a seizure rate of 24%." Our data therefore suggest a lower
incidence of seizures when compared to quinine. All other
organ dysfunction was similar in the two studies as previously
described.

When comparing travel history with other data from South
Africa, we found that the most frequent travel was to
Mozambique. This was indeed the most commonly visited
country in a study of over 2000 malaria patients as stated by
Perovic et al.”” Almost 34% of our group had a history of
travel to Mozambique.

Finally with regards to HIV infection, it was the most
common co-morbidity in our study (32%): twice that of all
other co-morbidities combined. Previous data between 2002
and 2004 from South Africa observed HIV in 53% of cases.!®
This study also revealed that patients with HIV were more
likely to have a delayed presentation possibly due to seeking
care from a traditional health care worker prior to
presentation. When comparing survivors to non-survivors,
severity of illness (APACHE II), parasitaemia, acidosis, GCS,
ARDS and vasopressor use (shock) were the differentiators
in our study, but not HIV status.

Limitations

This was a retrospective study with a small number of
patients from only two centres. In addition, the use of SMR,
as opposed to a control group using quinine and the
availability of only 36/56 outcomes, are limitations to the
study. Despite these limitations, it is the only study we are
aware of that evaluated the efficacy of artesunate in critically
ill patients admitted to ICU in South Africa.

Conclusion

In this retrospective two-centered study, IV artesunate was
associated with a lower than predicted mortality in adult
patients with severe malaria requiring ICU admission.
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