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Chapter 13
Malaria

Jorge Hidalgo, Pedro Arriaga, and Bruno Alvarez Concejo

 Introduction

Plasmodium spp. are a protozoan parasite that causes malaria. It has been a compan-
ion to the human species since our inception, before we started our long journey out 
of Africa 60.000 years ago, and has shaped our population, genetics, and behaviors 
like no other organism [1, 2]. Malaria presentation ranges from a mild febrile illness 
to a life-threatening disease with multisystem organ failure. Severe malaria belongs 
in the intensive care unit due to the multitude of potential complications, remaining 
a major cause of mortality worldwide. In the context of a globalized community and 
changing climate, borders’ relevance is ever decreasing. Critical care providers 
familiar with this disease will be equipped to deliver timely and appropriate care in 
the face of this changing epidemiology.

 Epidemiology

Malaria is intrinsically linked to the Anopheles mosquito, and only a minority of its 
species are appropriate vectors [3]. Disease incidence is influenced by interactions 
between environmental factors affecting vector survival and certain characteristics 
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of the vector itself, like resilience, population density, efficiency, and biting habits 
[3, 4]. As such, in conditions of natural disasters, war, and poverty, most of the 
potential anopheline vector species will triumph, but only a few of them could be 
responsible for ongoing endemic infections in certain regions, e.g., Anopheles gam-
biae complex in Africa.

Humans have attempted, and partially succeeded, at altering that balance. 
Although once prevalent throughout much of the inhabited world, after World War 
II, malaria was eradicated from the United States, Canada, Europe, and Russia. 
Nonetheless, it persisted in the tropics. During the ensuing decades, improvement 
in malaria control was few, and morbidity worsened in many areas due to resis-
tance of mosquitoes to insecticides and resistance of the parasite itself to antima-
larials [3, 4].

Only recently, a new large effort to control and eventually eradicate malaria 
has been initiated including renewed ways of delivering insecticides (e.g., impreg-
nating nets or indoor residual spraying), prompt treatment, and prophylactic 
treatment of high-risk groups [5]. This has led to documented decrease in levels 
of morbidity and mortality in parts of Africa, Asia, and Oceania with relatively 
low levels of transmission intensity [6]. Despite these efforts, epidemiologic 
changes in the coming years are hard to predict given the unproven impact of the 
above measures on highly endemic regions and the potential implications of cli-
mate change [7].

 Malaria in Endemic Countries

In 2017, 219 million cases and 435.000 deaths attributed to malaria were identified, 
remaining endemic in 91 countries [8]. This disease remains a disproportionate bur-
den in tropical and subtropical regions of Africa, Asia, and Central and South 
America (Fig. 13.1). Children and pregnant women constitute the main high-risk 
groups. The first one accumulates most of the deaths, and the second one is suscep-
tible to significant morbidity in their offspring when infected by P. falciparum, 
including many deaths secondary to low birth weight.

Malaria mortality is influenced by the complex interaction between immunity 
and specific Plasmodium spp. virulence. Wherever there is year-round transmis-
sion, P. falciparum is usually primarily involved, and, although adults are usually 
immune, children remain vulnerable and accumulate most of the mortality. This is 
the case in sub-Saharan Africa, where the World Health Organization reports 90% 
of malaria deaths occur [8]. In other regions of Asia and Central and South 
America, transmission is intense but concentrated over a few months out of the 
year. As such, people remain susceptible into their adulthood, but since both P. fal-
ciparum and P. vivax have similar incidence, mortality is lessened. These later 
regions are the most influenced by changing economic, social, or environmental 
landscapes [4].
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In highly endemic countries, the effects of malaria are far-reaching. Beyond mor-
tality, it exerts a major toll on child development and significant school and work 
absenteeism. In this way, millions of dollars are lost among the poorest citizens of 
the poorest countries of the world [8, 9]. Interestingly, a direct correlation has been 
made between malaria elimination and income growth, with recognized factors 
including increase in productivity, foreign investment, and economic networks 
within the country [9].

 Malaria in Travelers

In recent decades, there has been a progressive increase in international travels, both 
for business and tourism. Consequently, there has been a progressive increase in 
tropical disease diagnosed in returning travelers [10, 11]. Among them, malaria is 
the most common documented cause of febrile illness in travelers returning from 
the tropics to developed countries, representing 5–29% of patients presenting to a 
specialist and 26–75% of the patients admitted to the hospital [10, 12–15].

In the United States, almost all the cases occur in patients that have recently trav-
eled to regions with ongoing transmission. Nonetheless, malaria is also rarely trans-
mitted when imported parasites are transmitted by local anopheline mosquitoes, by 
blood products or through congenital spread of infection [16]. As of 2015, the CDC 
reports an upgoing trend in cases of malaria reported in the United States, with the 
reduction seen between 2014 and 2015 attributable to changing traveling patterns in 
the face of the Ebola outbreak in West Africa (Fig. 13.2) [16].

Malaria transmission
occurs throughout

Malaria transmission
occurs in some parts

Malaria transmission
is not known to occur

Fig. 13.1 Malaria distribution worldwide. (Source CDC)
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 Plasmodium: A Closer Look

The genus Plasmodium encompasses over 200 species, of which only 5 are consid-
ered infectious to human beings. P. falciparum produces the highest levels of blood 
parasitemia and sequesters in key tissues, and it is the main cause of severe malaria. 
P. vivax usually produces milder disease, but it is increasingly recognized as a cause 
of severe malaria as well, especially in Asia and South America [3]. Two sympatric 
subspecies of P. ovale exist, P.o. curtisi and P.o. wallikeri, and tend to produce 
milder disease, as does P. malariae [17]. All these species are transmitted by the 
female Anopheles mosquito. P. knowlesi is believed to be mainly a zoonotic infec-
tion transmitted from macaques, and its importance is increasingly recognized, 
especially in Malaysia [18, 19]. Co-infections with different species can be seen in 
up to 10–30% of cases [20].

 Parasite Life Cycle

Female mosquitoes carry sporozoites in their salivary glands, which may determine 
specific feeding habits including increased attraction for humans and more frequent 
and smaller feeds [21, 22]. These motile sporozoites are inoculated, circulate to the 
liver, and actively infect hepatocytes, causing asymptomatic liver infection 
(Fig. 13.3). Once they invade hepatocytes, they will mature over 7–10 days to pro-
duce schizonts. These schizonts rupture, releasing thousands of merozoites into the 

1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996

Year

N
o.

 o
f c

as
es

1998 2000 2002 2004 2006 2008 2010 2012 2014

No. of cases

Trend line, R
2

2,000

1,800

1,600

1,400

1,200

1,000

800

600

400

200

0

Fig. 13.2 Malaria cases in the United States. (Source CDC)
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bloodstream that quickly invade erythrocytes, beginning the asexual erythrocyte 
stage (Fig. 13.3). Merozoites develop into trophozoites that will become schizonts 
over a period of 48 h in the cases of P. falciparum, P. vivax, and P. ovale, 72 h in the 
cases of P. malariae, and 24 h in the case of P. knowlesi. Schizonts will then rupture, 
causing hemolysis and releasing many merozoites with every cycle causing clinical 
illness. Some erythrocytic parasites will develop into sexual gametocytes. When 
taken up by the mosquito, a female and a male gametocyte have the capability of 
fusing to produce a zygote. After multiple steps, sporozoites are generated in the 
anopheline salivary glands, completing the cycle. P. vivax and P. ovale generate 
hypnozoites in the liver that can lead to recurrent disease months or years after the 
initial infection (Fig. 13.3).

 Pathogenicity

A key pathogenic characteristic of P. falciparum is its ability to mediate adherence 
of infected erythrocytes to endothelial cells. Erythrocytes that are infected with 
more mature stages of this parasite remain within small tissue vessels, including the 
brain. This process is termed cytoadherence, and it is thought to be caused by the 
expression of Plasmodium falciparum erythrocyte membrane protein 1 (Pfemp1) in 
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the erythrocyte membrane. Parasites avoid passing through the spleen where abnor-
mal erythrocytes would be cleared while also being more likely to cause local tissue 
damage. This protein is member of the var family and continuously changes among 
more than 60 subtypes, impairing antigen recognition and host response [23, 24]. 
Moreover, subtypes of Pfemp1 may confer tissue specificity, as is the case with the 
affinity to endothelial protein C receptor and cerebral malaria [25]. The severity of 
disease is associated with both the increased parasitemia and a higher biomass of 
sequestered parasites [26].

Reinforcing a previously made point, P. falciparum’s life cycle requires a year- 
around transmission to survive, only possible in regions of the world with a high 
endemic rate. Given their capability to develop into hypnozoites, P. vivax and 
P. ovale can inhabit subtropical areas with marked seasonal patterns, remaining 
dormant until optimal conditions are met.

 Immunity

Human immunity against malaria is still incompletely understood. Nonspecific host 
defense mechanisms control the infection initially [27]. After that, both humoral 
and cellular immunities are thought to contribute to protection.

In endemic countries where P. falciparum is prevalent, disease occurs primarily in 
children. The first few months of life are normally spared, likely due to protection 
conferred by maternal antibodies. Young children are infected frequently, experienc-
ing repeated febrile malaria illness and being at high risk of severe disease. With 
repeated exposure, children develop partial immunity. Gradually, they gain protection 
against severe malaria and then increasingly to symptomatic illness and eventually 
strong protection against infection. Nonetheless, antimalarial immunity is incom-
plete, and malaria can occur in individuals of any age, and asymptomatic parasitemia 
is common in adults and older children living in areas with high transmission rates.

It is important to underline this only occurs in regions where there is constant 
exposure, year-round, but it is absent in areas where exposure is more seasonal or 
episodic. A corollary is adults that return to a highly endemic area after extended 
stay in a non-endemic area are at increased risk.

 Genetics

No other disease has shaped human genetics as much as malaria [28]. Erythrocytes 
are the main host cell for Plasmodium species in our bodies, and certain changes 
may render them more or less susceptible to infection. Specific changes in hemoglo-
bin generate environments that are more hostile to the parasite, e.g., decrease para-
site growth at low oxygen tension or reduce cytoadherence [29].
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Over the millennia, these changes have accumulated in certain regions, corre-
sponding to the distribution of malaria prior to modern interventions [28]. 
Simultaneously, these changes have shaped the epidemiology of Plasmodium, prob-
ably the best example being P. vivax. As mentioned above, it is dependent on the 
presence of Duffy antigen in the erythrocyte membranes. As the population in 
Africa accumulated mutations rendering their erythrocytes Duffy-negative, P. vivax 
has all but disappeared from Africa, and it is now located in Asia and Central and 
South America [30, 31].

 Clinical Presentation

 Uncomplicated Malaria

Most cases of malaria, including when caused by P. falciparum malaria, present as 
a mild febrile illness. The incubation period is typically 12–14 days with P. falci-
parum and a little longer for the non-falciparum species. The incubation period may 
be longer in patients that have received certain antibiotics (tetracyclines, 
trimethoprim- sulfamethoxazole, quinolones, or macrolides) or inhabitants of 
endemic areas. Non-falciparum malaria is more likely to present with highly syn-
chronous infections, leading if untreated to regular cycles of fever every 48 (P. vivax 
and P. ovale) or 72 (P. malariae) hours, often with minimal symptoms between 
episodes. Nonspecific symptoms are common like headache, malaise, myalgias, 
arthralgias, rigors, confusion, nausea, vomiting, diarrhea, abdominal pain, etc. 
Physical exam findings maybe include signs of anemia, jaundice, splenomegaly, 
and mild hepatomegaly, but may well be absent. Rash and lymphadenopathy are not 
typical in malaria and should trigger suspicion for alternative possibilities. 
Laboratory studies commonly show anemia, thrombocytopenia, and liver and renal 
function abnormalities.

 Severe Falciparum Malaria

Severe malaria has a specific definition by the World Health Organization, applica-
ble to both endemic and non-endemic cases (Table 13.1) [32]. It is mostly caused by 
P. falciparum, although P. vivax is increasingly recognized as a cause in certain 
regions.

Severe malaria is normally a rapidly progressing disease. One series of imported 
malaria reported a median of 9.5 days (IQR 3-14) between return from a malaria- 
endemic area and hospital admission [33]. Progression to severe disease is highly 
variable, but the best available evidence reported a mean duration of symptoms of 
5.5 days before ICU admission [34].

13 Malaria



220

 Diagnosis

 Fever in a Returning Traveler: A Framework

Tropical disease accounts for up to 20–30% of critical care admissions in certain 
countries of Asia, Africa, and South America [35]. Critical care physicians in these 
areas of the world are familiar with the different presentations of different infectious 
agents, and their index of suspicion is high at baseline. People are traveling more 
than ever before and are being exposed to these pathogens, often presenting upon 
returning from traveling [11]. Modifying the base rate of disease based on certain 
epidemiological factors is one the hardest things we are required to do as diagnosti-
cians [36]. Having a framework may reduce the change of experiencing biases. A 
thorough review is out of the scope of this chapter, but the astute clinician will be 
aware of the importance of understanding malaria’s place within a diagnostic 
schema. We refer the interested reader to specific reviews on the topic, great exam-
ples being the recent articles by Fink et al. or Thwaites et al. or the critical care- 
focused by Karnad et al. [35, 37, 38].

In brief, the differential diagnosis of severe malaria is broad and varies depend-
ing on specific travel history. Consider both local and foreign causes of infectious 
disease, as well as non-infectious causes of fever. Prioritize highly contagious 
 diseases, like hemorrhagic fevers, measles, Middle Eastern respiratory syndrome- 

Table 13.1 Criteria for severe malaria

Impaired consciousness: A Glasgow coma score <11 in adults or a Blantyre coma score <3 in 
children
Prostration: Generalized weakness so that the person is unable to sit, stand, or walk without 
assistance
Multiple convulsions: More than two episodes within 24 h
Acidosis: A base deficit of >8 mEq/L or, if not available, a plasma bicarbonate level of 
<15 mmol/L or venous plasma lactate ≥5 mmol/L. Severe acidosis manifests clinically as 
respiratory distress (rapid, deep, labored breathing)
Hypoglycemia: Blood or plasma glucose <2.2 mmol/L (<40 mg/dL)
Severe malarial anemia: Hemoglobin concentration ≤5 g/dL or a hematocrit of ≤15% in 
children <12 years of age (<7 g/dL and <20%, respectively, in adults) with a parasite count 
>10,000/μL
Renal impairment: Plasma or serum creatinine >265 μmol/L (3 mg/dL) or blood urea 
>20 mmol/L
Jaundice: Plasma or serum bilirubin >50 μmol/L (3 mg/dL) with a parasite count 100,000/μL
Pulmonary edema: Radiologically confirmed or oxygen saturation <92% on room air with a 
respiratory rate >30/min, often with chest indrawing and crepitations on auscultation
Significant bleeding: Including recurrent or prolonged bleeding from the nose, gums, or 
venepuncture sites; hematemesis or melena
Shock: Compensated shock is defined as capillary refill ≥3 s or temperature gradient on leg 
(mid to proximal limb), but no hypotension. Decompensated shock is defined as systolic blood 
pressure <70 mmHg in children or <80 mmHg in adults, with evidence of impaired perfusion 
(cool peripheries or prolonged capillary refill)
Hyperparasitemia: P. falciparum parasitemia >10%

Adapted from World Health Organization, Global Malaria Programme [32]
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coronavirus virus (MERS-CoV), and others explored in this book. Obtain a detailed 
travel history with special emphasis on all the locations the patient might have vis-
ited (including layovers), activities that he/she engaged in, as well as exposures 
(e.g., mosquito bites, fresh water, or sexual commerce). The incubation period is 
crucially important in this presentation, as is the physical examination (e.g., con-
junctival suffusion, skin rash, jaundice, or hepatosplenomegaly). Probably most rel-
evant for critical care physicians, the pattern of organ involvement might also 
suggest specific etiologies [35].

 Diagnosing Malaria

High index of suspicion is essential for diagnosing malaria, and any individual with 
a febrile illness and risk factors should be investigated. As mentioned above, it is the 
most common identifiable cause of fever in the returning traveler and in many areas 
of the world. Keeping an open mind to other possibilities will be key while attempt-
ing to perform a formal diagnosis and trying to identify the specific Plasmodium 
species (Fig. 13.4).

Thick and thin blood smears continue to be standard of care. In this procedure, 
one drop of blood is allowed to dry on a slide, erythrocytes are lysed, and parasites 
are then stained with Giemsa. Parasites are easily identified by trained personnel, 
and parasite density can be estimated on the basis of counts relative to those of 
leukocytes. However, thick blood smears do not allow identification of erythrocyte 
morphology, helpful in species diagnosis, and are difficult for those with limited 
training. Giemsa-stained thin blood smear offers an improved means of character-
izing parasite morphology, but the process is much less efficient than for thick 
smears. As such, thick smear is standard of care in areas of high endemic burden, 
while thin are reserved for areas in which there is more trained personnel, with 
more time available to them. Finally, it is paramount to understand that a negative 
blood film does not exclude malaria and might very well be positive 8–12 h later 
[32, 39].

Antigen detection is a new way of diagnosing malaria. Multiple simple tests are 
now available that use calorimetric detection of one or two antigens in an assay that 
requires limited training and only a few minutes. The most used assays in Africa use 
histidine-rich protein-2, only able to detect P. falciparum [32]. Other assays are able 
to detect all human malarial species, as they detect lactate dehydrogenase and aldol-
ase. Combination tests, that aim to detect both P. falciparum and Plasmodium spp., 
are now available. Issues are arising with standardization given the heterogeneity of 
manufacturers and tests available.

Other diagnostic techniques available include serology and polymerase chain 
reaction (PCR). Serology utility is limited since the antibody response is slow and 
tends to persist for a long period of time. PCR is likely the most sensitive test avail-
able to date and useful for research purposes. Nonetheless, it is not scalable as it is 
time and resource intensive. Furthermore, patients might have a not clinically 
 significant parasitemia that would still be detected.
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All patients traveling to an endemic area
within the last 6 months should be

evaluated for Malaria.

If within 3 weeks, other etiologies should
be considered and infection control

measures discussed

Early diagnosis and
severity assessment is

key to avoid death

Symptoms, might non-
specific: fevers, chills,
myalgia, headache, diarrhea,
jaundice, confusion, seizure.

Countries visited and date of
return. Falciparum normally
within 3 months, can be delayed
prophilaxis or partial treatment.

Malaria prophylaxis (drug,
dose and adherence)
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Basic Metabolic Panel
Liver Function Panel=
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Urinalysis and urine culture
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Coagulation studies, arterial blood gases
and a 12-lead EKG are required in
complicated cases.

Pregnancy test

Vivax

Initiate antimalarials immediately
Consider admission to the
intensive care unit.
Seek early advice from specialist.
Oxygen therapy.
Careful fluid balance.
Monitor glucose regularly
(especially if IV quinidine).
EKG monitoring (especially if IV
quinidine).
Repeat CBC, BMP, clotting, LFTs,
and parasite count daily.
In shock, treat for gram negative
bacteremia.

Falciparum
Mixed infections

Impaired consciousness (measure
GCS and MSQ) or seizures check
blood glucose urgently
Hypoglycaemia
Parasite count > 2% (lower counts
do not exclude severe malaria)
Haemoglobin <8 g/dL
Spontaneous
bleeding/disseminated
intravascular coagulation
Haemoglobinuria (without G6pD
deficiency)
Renal impairment or
electrolyte/acid–base
disturbance (pH < 7.3)
Pulmonary oedema or adult
respiratory distress syndrome

Unknown

Empirical treatment for malaria
might be warranted if the

patient is critically ill
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Consider other travel related
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threshold for testing.

Key points in history
and examination

Initial tests

Blood tests
show

A single negative film/antigen
does not exclude malaria

Blood films daily for
2 more days

Malaria is unlikely with 3
negative blood films

If P. falciparum is isolated

Malaria - Algorythm for initial assessment and management in adults

Triage

Outpatient therapy might be
approriate if no findings of severe

malaria.

Severe malaria if one or more of the
following:

Essential managament of severe
malaria

Shock (algid malaria) may be due
to Gram negative becteraemia

Fig. 13.4 Algorithm for initial diagnosis and management of suspected Malaria in the returning 
traveler. (Source http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1240212774627)
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 Treatment

 Antimalarials: Overview and Resistance Emergence

Early in the twentieth century, there was a pressure to find a substitute for quinine as a 
treatment for malaria. This led to the discovery of primaquine and quinacrine and 
finally chloroquine in 1934 [40]. The United States later generalized its use, making it 
the drug of choice by the end of World War II [41]. Chloroquine quickly became one 
of the most important drugs ever developed against an infectious agent [40]. It is key to 
understand this in the context of the discovery of DDT and other vector control mea-
sures. Optimism was such that WHO launched an eradication campaign in 1955. 
Although we fell short and it had to be cancelled on 1969, the extraordinary impact that 
chloroquine had in vulnerable areas like the sub-Saharan Africa is undeniable [40, 41].

Its widespread use was not without consequence. P. falciparum initially found to 
develop resistance in the 1950s–1960s in foci in Colombia and Southeast Asia [42]. 
Resistance steadily spread during the 1960s, finally getting to Africa in the 1980s 
[42]. P. vivax was found to develop resistance to chloroquine first in Papua New 
Guinea in 1989 but is now found in Asia and South America [40].

Quinine, in the 1970s, would take back its place as the drug of choice [4, 39, 40]. 
The most common dose dependent is cinchonism (nausea, vomiting, blurred vision, 
reversible hearing loss, and headache). Despite this and other side effects like hypo-
glycemia, it would remain the treatment of choice until 2005, when the first trials 
comparing it with artemisinin(s) derivatives were published.

Artemisins, derived from the Chinese herb qinghausu or wormwood, have been 
used by Chinese traditional healers for millennia but have been adopted in the Western 
world only recent years. One of its derivatives, artesunate, was recently found in two 
large randomized control trials to be superior to quinine. SEAQUAMAT randomized 
patients in South and Southeast Asia, almost all adults, and found a reduction in mor-
tality in patients treated with artesunate compared with quinine (15% vs. 22%) [43]. 
The subsequent AQUAMAT focused on children in 11 countries in sub-Saharan 
Africa and demonstrated a similar reduction in mortality (8.5% vs. 10.9%) [44].

In the acute setting, while treating severe malaria, intravenous quinine therapy 
requires close monitoring of QTc interval as well as capillary blood glucose, while 
artesunate is safe in both of those regards. Nonetheless, the latter cannot be used as 
a single agent due to its short biological half-life, as it leads to prompt recrudes-
cence. Availability of artesunate is limited to specialized centers, and access to it 
might prove challenging. It is important to recognize that treatment with quinine 
should not be delayed while attempting to obtain artesunate.

For outpatient or consolidation treatment, artemisin combination treatments 
(ACTs) are now the standard of care for P. falciparum and recommended by the 
WHO in 3-day regimens [32]. This treatment combines artesunate with other active 
antimalarial agents, some of them are once daily (e.g., artesunate-mefloquine), 
while others require twice-daily dosing (e.g., artemether-lumefantrine). These ther-
apies should be used in every patient confirmed to have P. falciparum, or in which 
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the species involved is in doubt, after an initial administration of parenteral 
artesunate.

Chloroquine remains the treatment of choice for non-falciparum malaria and the 
few areas that have not registered any resistance (primarily Central America and the 
Caribbean). For P. vivax and P. ovale, it should always be given to eradicate hepatic 
hypnozoites. Also, chloroquine-related compounds are found on ACTs active 
against P. falciparum.

The development of resistance to quinine has been relatively slow [45]. It had 
been in use for over two centuries by the time the first resistance was first described. 
As a comparison, for chloroquine and proguanil, it only took 12 and 1 year, respec-
tively [46]. Quinine resistance has been extensively documented in Asia and South 
America, but it seems relatively uncommon in Africa [47–51]. Quinine normally 
retains some efficacy, although its activity might be delayed or diminished. A recent 
meta-analysis of multiple randomized clinical trials demonstrates that the recrudes-
cence rates after quinine treatment have been relatively stable for over 30 years [52]. 
With all the side effects and drawbacks pointed before, quinine seems to remain a 
viable treatment option.

Artesunate resistance was first reported in western Cambodia, and it was further 
confirmed by randomized control trials [53]. This was characterized by decreased 
clearance of parasites in vivo but hardly any sign on susceptibilities in vitro. Of 
note, the rapid parasite elimination is one of the main advantages of artemisin thera-
pies and accounts for a significant part of its rapidity of therapeutic response and 
could drastically affect outcomes. Sadly, this has continued to be reported in other 
areas of the Southeast Asian subcontinent [49, 53, 54]. Worrisome laboratory data 
points the possibility of extreme artemisin resistance and, under the appropriate 
in vitro conditions, was accompanied with more complex patterns of multiple drug 
resistance [55]. As of now, contentment of resistant strains and judicious use of cur-
rent available therapies and multiple agent regimens in the face of clinical failures 
are the only measures available.

 Treatment of Severe Malaria

As any septic patient, treatment should immediately follow or be concurrent with 
treatment. Stabilizing the patient and isolating and treating the causative agent, here 
with parenteral antimalarials, is imperative. Although both P. vivax and P. knowlesi 
are increasingly recognized as causes of severe malaria, P. falciparum should be 
assumed to be the causative agent until proven otherwise.

 Initial Stabilization

Aggressive fluid resuscitation is considered an intrinsic part of initial sepsis man-
agement, but evidence is mounting it might be detrimental in patients with malaria 
due to difference in pathogenesis and increased vascular permeability [56, 57].
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In adults with malaria, the base deficit is the strongest predictor of mortality, and 
the degree of acute kidney injury (AKI) is an additional risk factor [58, 59]. 
Hypovolemia is present in severe malaria and can exacerbate both conditions [60, 
61]. Nonetheless, the microvascular pathology of malaria is unique since impaired 
tissue perfusion is mostly caused by sequestration of infected erythrocytes [56]. The 
degree of acidosis and AKI is intrinsically related to sequestration, especially in the 
kidney and liver [56, 62, 63]. We have increasing evidence that fluid resuscitation 
cannot reverse this pathological process.

The recent FEAST trial suggested that among sub-Saharan African children with 
a particular definition of shock, saline and albumin bolus resuscitation appeared to 
increase mortality when compared to no-bolus strategy. Malaria was the reason for 
the admission in 57% in these children [64]. It is hard to translate these results 
directly to resource-rich countries, as it might be safe to assume the time of presen-
tation to the hospital might be prolonged, as well the potential effect of the absence 
of tools like mechanical ventilators. Moreover, children with severe malaria rarely 
develop AKI, as opposed to 45% of adult patients.

More evidence is mounting fluid resuscitation might be detrimental, even with 
close monitoring. In a completely different study, they evaluated liberal vs. conser-
vative fluid strategy while monitoring extracellular water with a well-validated 
tool, PiCCO™ [65]. Even though only hypovolemic patients were recruited, the 
acid- base status deteriorated after a reasonable amount of fluids (mean 5450 mL 
over the first 24 h). Pulmonary edema—secondary to increased pulmonary vascu-
lar permeability—was common, unpredictable, and exacerbated by fluid loading. 
Lactate, the strongest mortality predictor, was correlated with the degree of visual-
ized microvascular sequestration of parasitized erythrocytes (i.e., decreased flow 
velocity by orthogonal polarized spectroscopy) and not impacted by fluid resusci-
tation [66]. In fact, 70% of patients’ acid-base status deteriorated after fluid resus-
citation [65].

Multiple studies have associated fluid resuscitation with worse outcomes in 
malaria [64, 65, 67]. Beyond early initiation of antimalarials, we recommend against 
overzealous liberal fluid resuscitation and for a rapid escalation to vasopressor ther-
apy for hemodynamic management. Clinicians should be vigilant of the various 
complications associated with increased vascular permeability seen in this disease.

 Antimalarials

Standard therapy for severe malaria is parenteral quinine, under continuous car-
diac monitoring. As mentioned above, evidence is mounting that artesunate is 
superior, in terms of efficacy and safety profile, but availability is still a major 
issue. In the United States, IV quinine is not available in all hospitals, and IV 
artesunate should be requested on a name patient basis to the Center for Disease 
Control. As such, treatment should be started with whatever agent may be admin-
istered first (Table 13.2). After the three initial doses, patients that tolerate the 
oral route should receive oral medications, including the regimen mentioned 
above [32].
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 Adjunctive Measures

Adjunctive measures as exchange transfusion have been proposed in the treatment 
of severe falciparum malaria. Although it seems to address the issue at its core, the 
evidence to support its use is still lacking. There are several case reports document-
ing successful use, but the only retrospective review available showed no improve 
in parasite clearance or outcomes [68–70].

 Complications

 Cerebral Malaria

Cerebral malaria is more common in children from Africa. Patients may present 
with stupor, coma, seizures, decerebrated posturing, and raised intracranial pres-
sure. More strictly, cerebral malaria is defined by coma (GCS < 9) in a patient with 
malaria in which all other causes have been ruled out. More broadly, any patient 
with altered mental status should be presumed to have cerebral malaria after ruling 
out common causes like hypoglycemia. Cerebral malaria is associated with worse 
outcomes [71].

Patients with cerebral malaria have subclinical seizures [72]. Although prophy-
lactic anticonvulsants reduce seizure incidence, a meta-analysis showed they may in 
fact worsen outcomes [73]. The main criticism is that the trials reported thus far were 
mainly done with phenobarbital, so the increase in mortality was attributed to respi-
ratory depression. Whether the use of other antiepileptics is of any use remains to be 
determined. Regardless, current evidence discourages routine  electroencephalogram 
monitoring and use of prophylactic phenobarbital. Clinical seizures should be treated 
appropriately.

Cerebral edema is a well-recognized complication of severe malaria. Multiple 
interventions have been tested in randomized clinical trials without success, includ-
ing steroids and mannitol [74–76]. As such, no adjunctive therapies are currently 
recommended for cerebral malaria at the moment.

Table 13.2 Complicated falciparum malaria or unable to tolerate oral medications

IV artesunate 2.4 mg/kg every 12 h on day 1 and then daily for 2 additional 
days

Or
IV quinidine gluconate 10 mg/kg over 1–2 h and then 0.02 mg/kg/min

or
15 mg/kg over 4 h and then 7.5 mg/kg over 4 h every 8 h

Or
IV quinidine dihydrochloride 20 mg/kg over 4 h and then 10 mg/kg every 8 h
Or
IM artemether 3.2 mg/kg IM and then 1.6 mg/kg/day
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 Severe Anemia and Coagulopathy

Anemia in patients with malaria is more than just a hemolytic process. It also 
involves dyserythropoiesis and removal of infected erythrocytes from the circula-
tion by the spleen. Uninfected erythrocytes can be indirectly affected by antigens, 
antibody activation, and minor alterations in red cell membranes. WHO defines 
severe anemia as a Hgb of <5 mg/dL [32]. However, this degree of anemia is mainly 
seen in endemic areas and is likely to be multifactorial [77, 78]. It is exceptionally 
rare on imported cases [33, 34, 66]. Transfusion thresholds are currently the same 
as with any other critically ill patient.

Coagulopathy is seen in 5% to >20% of patients with severe malaria [33, 34]. 
Severe thrombocytopenia is common in severe and non-severe malaria secondary to 
increased platelet destruction, sequestration within the spleen, or both. Disseminated 
intravascular coagulation occurs in 5–10% of patients and should be treated with 
supportive transfusions [33, 34, 66].

 Metabolic Changes

Lactic acidosis is a marker of poor prognosis [4, 58, 65]. It has been attributed 
mainly to microvascular obstruction secondary to parasite cytoadherence and lead-
ing to hypoperfusion. Other factors contributing are thought to be direct production 
of lactate by the parasite and decreased clearance in the setting of liver dysfunction 
[58]. As we have pointed out before, this differs from other Type A lactic acidosis, 
and treating it as we would any other might result in deleterious effects [65, 79].

Hypoglycemia defined by a blood sugar <40 mg/dL (<2.2 mmol/L) is common 
in severe malaria, and it is associated with worse outcomes specially in children [32, 
80, 81]. This seems to be applicable to imported cases of malaria, where although 
the prevalence is smaller, it is correlated with worse outcomes [33, 66]. The patho-
genesis is incompletely understood but likely involves direct glucose consumption 
by the parasite as well as impaired gluconeogenesis in the liver, paired with hyper-
insulinemia [82]. It has also been shown to be more frequent when patients are 
treated with quinine as compared to artesunate (combined HR < 0.55) [83].

Clinical features include decreased level of consciousness and seizures. Blood 
glucose should be regularly assessed specially in patient treated with quinine. Early 
enteral feeding is recommended for any critically ill patient but could be particu-
larly beneficial in patients with malaria [84, 85].

 Pulmonary Complications

The WHO includes as pulmonary manifestations for malaria deep breathing, respi-
ratory distress, and pulmonary edema [32]. Tachypnea might be caused by fever, 
anemia, and metabolic acidosis but also primary lung pathology like pulmonary 
edema and acute respiratory distress syndrome (ARDS). The reported incidence of 
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ARDS varies, in part due to the use of different definitions, but ranges from 3% to 
30% [33, 34, 66, 86]. It is more common in adults as compared to children [57, 86]. 
It portends a worse prognosis [34, 87, 88].

Pulmonary complications of malaria are attributed to direct toxicity by the 
cytoadherence of P. falciparum paired with a hyperactive host response [86, 89]. 
Concurrent bacteria pneumonia and pulmonary edema are other important causes of 
respiratory distress in this population.

 Acute Kidney Injury

Acute kidney injury (AKI) is mainly associated with P. falciparum although it has 
been described with other species [90]. The WHO uses a different criterion 
(>265 mmol/L or ≥ 3 mg/dL) to qualify severe malaria than what is currently used 
in any other disease [32]. Interestingly, acute kidney injury is more frequent in 
patients with primoinfection [90–92]. As such, AKI is much more frequent in 
patients with imported malaria (ranging from 23% to >50%) as compared to 
endemic cases (1–5%) [33, 34, 66, 91].

The pathophysiology is likely multifactorial with cytoadherence in glomerular 
and tubular vasculature likely playing a major role, but with contribution from hypo-
volemia, hemolysis, immune-complex deposition, and cytokine release [62, 90].

All patients should be screened for AKI, which may be absent initially [90]. 
Once discovered, the treatment is mainly supportive with avoidance of further neph-
rotoxic agents, maintenance fluids, and controlling electrolytes and acid-base dis-
turbances, including renal replacement therapy when indicated. Improving perfusion 
with dopamine and epinephrine has been tested and failed to improve renal out-
comes [93]. The prognosis is usually good, with complete resolution in most cases 
upon infection control [33].

 Jaundice

Hyperbilirubinemia can be multifactorial. It may occur in the setting of hemolysis, 
cholestasis, and hepatocyte dysfunction. Bilirubin can be significantly elevated, but 
transaminases are normally less affected. In a cohort of critically ill patients, 
Krishnan et al. found that hyperbilirubinemia to more than 6 mg/dL was seen in 
26% of patients and a transaminase level more than three times the upper limit of 
normal was seen in less than half. The patients with elevated transaminases had a 
higher incidence of hypoglycemia and worse mortality [94].

 Interactions with Other Infections

In endemic areas, concurrent gram-negative infection, especially non-typhoidal 
Salmonella has been shown in up 10% of children [93, 95, 96]. Some community 
studies point to up to two thirds of community bacteremia to be related to 
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 co- infection with malaria. When this happens, it is associated with a worse prog-
nosis [95, 96].

Rates of community-acquired bacterial infection have been reported to be 
between 5% and 10% in patients admitted to intensive care units with imported 
cases of malaria [33, 34]. Community-acquired pneumonia is the commonest.

The use of prophylactic antibiotics remains controversial. Bacterial co-infection 
should be suspected in patients with significant neutrophilia or focal signs of infec-
tion. In these cases, blood cultures should be drawn and therapy de-escalated or 
tailored based on culture results. As with any other critically ill patient, physicians 
should remain vigilant for nosocomial infections, including ventilator-associated 
pneumonia or catheter-related sepsis, with common stewardship practices (i.e., 
monitor for extubating readiness or limiting use of urinary catheters) applying in a 
similar manner.

 Prognosis

Patients with P. falciparum malaria tend to respond well if treatment is started 
promptly. The mortality rate in those with uncomplicated P. falciparum is about 
0.1%. Nonetheless in the critical care population, high-level parasitemia or clinical 
features might determine worse outcomes. However, with aggressive support, even 
individuals with severe disease can often experience complete recoveries. As an 
example, Marks et al. report a mortality of only 4% and Antinori et al. a mortality 
of 0% [33, 97]. Moreover, non-falciparum malaria usually responds well to treat-
ment and makes an uneventful recovery.

Resistance emergence and changing epidemiology might be the greatest chal-
lenge we will face in the future. A judicious use of existing therapies, careful moni-
toring, and attention to other co-occurring complications will help us navigate the 
changing landscape of the treatment of malaria in our critical care units.

References

 1. Tanabe K, Mita T, Jombart T, Eriksson A, Horibe S, Palacpac N, et al. Plasmodium falciparum 
accompanied the human expansion out of Africa. Curr Biol. 2010;20(14):1283–9.

 2. Bruce-Chwatt LJ. Paleogenesis and paleo-epidemiology of primate malaria. Bull World Health 
Organ. 1965;32:363–87.

 3. Ashley EA, Pyae Phyo A, Woodrow CJ. Malaria. Lancet. 2018;391(10130):1608–21.
 4. White NJ, Pukrittayakamee S, Hien TT, Faiz MA, Mokuolu OA, Dondorp AM.  Malaria. 

Lancet. 2014;383(9918):723–35.
 5. Cotter C, Sturrock HJ, Hsiang MS, Liu J, Phillips AA, Hwang J, et al. The changing epide-

miology of malaria elimination: new strategies for new challenges. Lancet. 2013;382(9895): 
900–11.

 6. Noor AM, Kinyoki DK, Mundia CW, Kabaria CW, Mutua JW, Alegana VA, et al. The chang-
ing risk of Plasmodium falciparum malaria infection in Africa: 2000-10: a spatial and temporal 
analysis of transmission intensity. Lancet. 2014;383(9930):1739–47.

13 Malaria



230

 7. Caminade C, Kovats S, Rocklov J, Tompkins AM, Morse AP, Colon-Gonzalez FJ, et  al. 
Impact of climate change on global malaria distribution. Proc Natl Acad Sci U S A. 
2014;111(9):3286–91.

 8. World Health Organization. World malaria report 2017. Geneva: WHO; 2017.
 9. Gallup JL, Sachs JD. The economic burden of malaria. Am J Trop Med Hyg. 2001;64(1–2 

Suppl):85–96.
 10. Leder K, Torresi J, Libman MD, Cramer JP, Castelli F, Schlagenhauf P, et  al. GeoSentinel 

surveillance of illness in returned travelers, 2007-2011. Ann Intern Med. 2013;158(6):456–68.
 11. Harvey K, Esposito DH, Han P, Kozarsky P, Freedman DO, Plier DA, et al. Surveillance for 

travel-related disease--GeoSentinel Surveillance System, United States, 1997-2011. MMWR 
Surveill Summ. 2013;62:1–23.

 12. Gautret P, Schlagenhauf P, Gaudart J, Castelli F, Brouqui P, von Sonnenburg F, et al. Multicenter 
EuroTravNet/GeoSentinel study of travel-related infectious diseases in Europe. Emerg Infect 
Dis. 2009;15(11):1783–90.

 13. Mizuno Y, Kudo K. Travel-related health problems in Japanese travelers. Travel Med Infect 
Dis. 2009;7(5):296–300.

 14. Parola P, Soula G, Gazin P, Foucault C, Delmont J, Brouqui P. Fever in travelers returning from 
tropical areas: prospective observational study of 613 cases hospitalised in Marseilles, France, 
1999–2003. Travel Med Infect Dis. 2006;4(2):61–70.

 15. Stienlauf S, Segal G, Sidi Y, Schwartz E.  Epidemiology of travel-related hospitalization. J 
Travel Med. 2005;12(3):136–41.

 16. Mace KE, Arguin PM, Tan KR. Malaria surveillance—United States, 2015. MMWR Surveill 
Summ. 2018;67(7):1–28.

 17. Phillips MA, Burrows JN, Manyando C, van Huijsduijnen RH, Van Voorhis WC, Wells 
TNC. Malaria. Nat Rev Dis Primers. 2017;3:17050.

 18. Brock PM, Fornace KM, Parmiter M, Cox J, Drakeley CJ, Ferguson HM, et al. Plasmodium 
knowlesi transmission: integrating quantitative approaches from epidemiology and ecology to 
understand malaria as a zoonosis. Parasitology. 2016;143(4):389–400.

 19. Davidson G, Chua TH, Cook A, Speldewinde P, Weinstein P. The role of ecological linkage 
mechanisms in Plasmodium knowlesi transmission and spread. EcoHealth. 2019; https://doi.
org/10.1007/s10393-019-01395-6.

 20. Ginouves M, Veron V, Musset L, Legrand E, Stefani A, Prevot G, et al. Frequency and distribu-
tion of mixed Plasmodium falciparum-vivax infections in French Guiana between 2000 and 
2008. Malar J. 2015;14:446.

 21. Das S, Muleba M, Stevenson JC, Pringle JC, Norris DE. Beyond the entomological inoculation 
rate: characterizing multiple blood feeding behavior and Plasmodium falciparum multiplicity 
of infection in Anopheles mosquitoes in northern Zambia. Parasit Vectors. 2017;10(1):45.

 22. Busula AO, Verhulst NO, Bousema T, Takken W, de Boer JG. Mechanisms of Plasmodium- 
enhanced attraction of mosquito vectors. Trends Parasitol. 2017;33(12):961–73.

 23. Flick K, Chen Q.  Var genes, PfEMP1 and the human host. Mol Biochem Parasitol. 
2004;134(1):3–9.

 24. Marks M, Gupta-Wright A, Doherty JF, Singer M, Walker D. Managing malaria in the inten-
sive care unit. Br J Anaesth. 2014;113(6):910–21.

 25. Turner L, Lavstsen T, Berger SS, Wang CW, Petersen JE, Avril M, et al. Severe malaria is asso-
ciated with parasite binding to endothelial protein C receptor. Nature. 2013;498(7455):502–5.

 26. Dondorp AM, Desakorn V, Pongtavornpinyo W, Sahassananda D, Silamut K, Chotivanich 
K, et  al. Estimation of the total parasite biomass in acute falciparum malaria from plasma 
PfHRP2. PLoS Med. 2005;2(8):e204.

 27. Buffet PA, Safeukui I, Deplaine G, Brousse V, Prendki V, Thellier M, et al. The pathogen-
esis of Plasmodium falciparum malaria in humans: insights from splenic physiology. Blood. 
2011;117(2):381–92.

 28. Wellems TE, Hayton K, Fairhurst RM. The impact of malaria parasitism: from corpuscles to 
communities. J Clin Invest. 2009;119(9):2496–505.

J. Hidalgo et al.

https://doi.org/10.1007/s10393-019-01395-6
https://doi.org/10.1007/s10393-019-01395-6


231

 29. Bunn HF. The triumph of good over evil: protection by the sickle gene against malaria. Blood. 
2013;121(1):20–5.

 30. Gething PW, Elyazar IR, Moyes CL, Smith DL, Battle KE, Guerra CA, et  al. A long 
neglected world malaria map: Plasmodium vivax endemicity in 2010. PLoS Negl Trop Dis. 
2012;6(9):e1814.

 31. Howes RE, Battle KE, Mendis KN, Smith DL, Cibulskis RE, Baird JK, et al. Global epidemi-
ology of Plasmodium vivax. Am J Trop Med Hyg. 2016;95(6 Suppl):15–34.

 32. World Health Organization, Global Malaria Programme. WHO guidelines approved by the 
Guidelines Review Committee. In:  Guidelines for the treatment of malaria. 3rd ed. Geneva: 
World Health Organization; 2015.

 33. Marks ME, Armstrong M, Suvari MM, Batson S, Whitty CJ, Chiodini PL, et  al. Severe 
imported falciparum malaria among adults requiring intensive care: a retrospective study at 
the hospital for tropical diseases, London. BMC Infect Dis. 2013;13:118.

 34. Bruneel F, Tubach F, Corne P, Megarbane B, Mira JP, Peytel E, et al. Severe imported falci-
parum malaria: a cohort study in 400 critically ill adults. PLoS One. 2010;5(10):e13236.

 35. Karnad DR, Richards GA, Silva GS, Amin P.  Tropical diseases in the ICU: a syndromic 
approach to diagnosis and treatment. J Crit Care. 2018;46:119–26.

 36. Tversky A, Kahneman D. Judgment under uncertainty: heuristics and biases. Science (New 
York, NY). 1974;185(4157):1124–31.

 37. Fink D, Wani RS, Johnston V. Fever in the returning traveller. BMJ. 2018;360:j5773.
 38. Thwaites GE, Day NP.  Approach to fever in the returning traveler. N Engl J Med. 

2017;376(6):548–60.
 39. Karnad DR, Nor MBM, Richards GA, Baker T, Amin P. Intensive care in severe malaria: report 

from the task force on tropical diseases by the World Federation of Societies of Intensive and 
Critical Care Medicine. J Crit Care. 2018;43:356–60.

 40. Wellems TE, Plowe CV. Chloroquine-resistant malaria. J Infect Dis. 2001;184(6):770–6.
 41. Coatney GR.  Pitfalls in a discovery: the chronicle of chloroquine. Am J Trop Med Hyg. 

1963;12:121–8.
 42. Payne D.  Spread of chloroquine resistance in Plasmodium falciparum. Parasitol Today. 

1987;3(8):241–6.
 43. Dondorp A, Nosten F, Stepniewska K, Day N, White N. Artesunate versus quinine for treat-

ment of severe falciparum malaria: a randomised trial. Lancet. 2005;366(9487):717–25.
 44. Dondorp AM, Fanello CI, Hendriksen IC, Gomes E, Seni A, Chhaganlal KD, et al. Artesunate 

versus quinine in the treatment of severe falciparum malaria in African children (AQUAMAT): 
an open-label, randomised trial. Lancet. 2010;376(9753):1647–57.

 45. Achan J, Talisuna AO, Erhart A, Yeka A, Tibenderana JK, Baliraine FN, et al. Quinine, an old 
anti-malarial drug in a modern world: role in the treatment of malaria. Malar J. 2011;10:144.

 46. Peters W. Antimalarial drug resistance: an increasing problem. Br Med Bull. 1982;38(2):187–92.
 47. Legrand E, Volney B, Meynard JB, Mercereau-Puijalon O, Esterre P. In vitro monitoring of 

Plasmodium falciparum drug resistance in French Guiana: a synopsis of continuous assess-
ment from 1994 to 2005. Antimicrob Agents Chemother. 2008;52(1):288–98.

 48. Mayxay M, Barends M, Brockman A, Jaidee A, Nair S, Sudimack D, et al. In vitro antimalarial 
drug susceptibility and pfcrt mutation among fresh Plasmodium falciparum isolates from the 
Lao PDR (Laos). Am J Trop Med Hyg. 2007;76(2):245–50.

 49. Miotto O, Almagro-Garcia J, Manske M, Macinnis B, Campino S, Rockett KA, et al. Multiple 
populations of artemisinin-resistant Plasmodium falciparum in Cambodia. Nat Genet. 
2013;45(6):648–55.

 50. Tinto H, Rwagacondo C, Karema C, Mupfasoni D, Vandoren W, Rusanganwa E, et al. In-vitro 
susceptibility of Plasmodium falciparum to monodesethylamodiaquine, dihydroartemisinin 
and quinine in an area of high chloroquine resistance in Rwanda. Trans R Soc Trop Med Hyg. 
2006;100(6):509–14.

 51. Pradines B, Mabika Mamfoumbi M, Parzy D, Owono Medang M, Lebeau C, Mourou 
Mbina JR, et al. In vitro susceptibility of Gabonese wild isolates of Plasmodium falciparum 

13 Malaria



232

to artemether, and comparison with chloroquine, quinine, halofantrine and amodiaquine. 
Parasitology. 1998;117(Pt 6):541–5.

 52. Myint HY, Tipmanee P, Nosten F, Day NP, Pukrittayakamee S, Looareesuwan S, et  al. 
A systematic overview of published antimalarial drug trials. Trans R Soc Trop Med Hyg. 
2004;98(2):73–81.

 53. Dondorp AM, Nosten F, Yi P, Das D, Phyo AP, Tarning J, et  al. Artemisinin resistance in 
Plasmodium falciparum malaria. N Engl J Med. 2009;361(5):455–67.

 54. Akunuri S, Shraddha P, Palli V, MuraliSantosh B. Suspected Artesunate resistant malaria in 
South India. J Global Infect Dis. 2018;10(1):26–7.

 55. Tyagi RK, Gleeson PJ, Arnold L, Tahar R, Prieur E, Decosterd L, et al. High-level artemisinin- 
resistance with quinine co-resistance emerges in P. falciparum malaria under in vivo artesunate 
pressure. BMC Med. 2018;16(1):181.

 56. Dondorp AM, Ince C, Charunwatthana P, Hanson J, van Kuijen A, Faiz MA, et  al. Direct 
in vivo assessment of microcirculatory dysfunction in severe falciparum malaria. J Infect Dis. 
2008;197(1):79–84.

 57. Charoenpan P, Indraprasit S, Kiatboonsri S, Suvachittanont O, Tanomsup S. Pulmonary edema 
in severe falciparum malaria. Hemodynamic study and clinicophysiologic correlation. Chest. 
1990;97(5):1190–7.

 58. Day NP, Phu NH, Mai NT, Chau TT, Loc PP, Chuong LV, et al. The pathophysiologic and prog-
nostic significance of acidosis in severe adult malaria. Crit Care Med. 2000;28(6):1833–40.

 59. Hanson J, Lee SJ, Mohanty S, Faiz MA, Anstey NM, Charunwatthana P, et al. A simple score 
to predict the outcome of severe malaria in adults. Clin Infect Dis. 2010;50(5):679–85.

 60. Sitprija V, Napathorn S, Laorpatanaskul S, Suithichaiyakul T, Moollaor P, Suwangool P, et al. 
Renal and systemic hemodynamics, in falciparum malaria. Am J Nephrol. 1996;16(6):513–9.

 61. Davis TM, Krishna S, Looareesuwan S, Supanaranond W, Pukrittayakamee S, 
Attatamsoonthorn K, et al. Erythrocyte sequestration and anemia in severe falciparum malaria. 
Analysis of acute changes in venous hematocrit using a simple mathematical model. J Clin 
Invest. 1990;86(3):793–800.

 62. Nguansangiam S, Day NP, Hien TT, Mai NT, Chaisri U, Riganti M, et al. A quantitative ultra-
structural study of renal pathology in fatal Plasmodium falciparum malaria. Trop Med Int 
Health. 2007;12(9):1037–50.

 63. Prommano O, Chaisri U, Turner GD, Wilairatana P, Ferguson DJ, Viriyavejakul P, et  al. 
A quantitative ultrastructural study of the liver and the spleen in fatal falciparum malaria. 
Southeast Asian J Trop Med Public Health. 2005;36(6):1359–70.

 64. Maitland K, Kiguli S, Opoka RO, Engoru C, Olupot-Olupot P, Akech SO, et al. Mortality after 
fluid bolus in African children with severe infection. N Engl J Med. 2011;364(26):2483–95.

 65. Hanson JP, Lam SW, Mohanty S, Alam S, Pattnaik R, Mahanta KC, et al. Fluid resuscitation 
of adults with severe falciparum malaria: effects on acid-base status, renal function, and extra-
vascular lung water. Crit Care Med. 2013;41(4):972–81.

 66. Santos LC, Abreu CF, Xerinda SM, Tavares M, Lucas R, Sarmento AC.  Severe imported 
malaria in an intensive care unit: a review of 59 cases. Malar J. 2012;11:96.

 67. Nguyen HP, Hanson J, Bethell D, Nguyen TH, Tran TH, Ly VC, et al. A retrospective analysis 
of the haemodynamic and metabolic effects of fluid resuscitation in Vietnamese adults with 
severe falciparum malaria. PLoS One. 2011;6(10):e25523.

 68. Zodda D, Procopio G, Hewitt K, Parrish A, Balani B, Feldman J. Severe malaria presenting to 
the ED: a collaborative approach utilizing exchange transfusion and artesunate. Am J Emerg 
Med. 2018;36(6):1126.e1–4.

 69. Sagmak Tartar A, Akbulut A, Gokmen Sevindik O, Akbulut HH, Demirdag K. A case of severe 
Plasmodium falciparum malaria co-infected with HIV improved with exchange transfusion. 
Turkiye Parazitol Derg. 2017;41(4):219–22.

 70. Lin J, Huang X, Qin G, Zhang S, Sun W, Wang Y, et  al. Manual exchange transfusion for 
severe imported falciparum malaria: a retrospective study. Malar J. 2018;17(1):32.

J. Hidalgo et al.



233

 71. Hunt NH, Golenser J, Chan-Ling T, Parekh S, Rae C, Potter S, et al. Immunopathogenesis of 
cerebral malaria. Int J Parasitol. 2006;36(5):569–82.

 72. Crawley J, Smith S, Muthinji P, Marsh K, Kirkham F. Electroencephalographic and clinical 
features of cerebral malaria. Arch Dis Child. 2001;84(3):247–53.

 73. Meremikwu M, Marson AG. Routine anticonvulsants for treating cerebral malaria. Cochrane 
Database Syst Rev. 2002;(2):CD002152.

 74. Roberts I, Yates D, Sandercock P, Farrell B, Wasserberg J, Lomas G, et al. Effect of intrave-
nous corticosteroids on death within 14 days in 10008 adults with clinically significant head 
injury (MRC CRASH trial): randomised placebo-controlled trial. Lancet. 2004;364(9442): 
1321–8.

 75. Mohanty S, Mishra SK, Patnaik R, Dutt AK, Pradhan S, Das B, et al. Brain swelling and man-
nitol therapy in adult cerebral malaria: a randomized trial. Clin Infect Dis. 2011;53(4):349–55.

 76. Warrell DA, Looareesuwan S, Warrell MJ, Kasemsarn P, Intaraprasert R, Bunnag D, et  al. 
Dexamethasone proves deleterious in cerebral malaria. A double-blind trial in 100 comatose 
patients. N Engl J Med. 1982;306(6):313–9.

 77. White NJ. Anaemia and malaria. Malar J. 2018;17(1):371.
 78. Haldar K, Mohandas N.  Malaria, erythrocytic infection, and anemia. Hematology Am Soc 

Hematol Educ Program. 2009;2009:87–93.
 79. Kraut JA, Madias NE. Lactic acidosis. N Engl J Med. 2014;371(24):2309–19.
 80. Willcox ML, Forster M, Dicko MI, Graz B, Mayon-White R, Barennes H. Blood glucose and 

prognosis in children with presumed severe malaria: is there a threshold for “hypoglycaemia”? 
Trop Med Int Health. 2010;15(2):232–40.

 81. Jallow M, Casals-Pascual C, Ackerman H, Walther B, Walther M, Pinder M, et al. Clinical 
features of severe malaria associated with death: a 13-year observational study in the Gambia. 
PLoS One. 2012;7(9):e45645.

 82. Taylor TE, Molyneux ME, Wirima JJ, Fletcher KA, Morris K.  Blood glucose levels in 
Malawian children before and during the administration of intravenous quinine for severe fal-
ciparum malaria. N Engl J Med. 1988;319(16):1040–7.

 83. Sinclair D, Donegan S, Isba R, Lalloo DG.  Artesunate versus quinine for treating severe 
malaria. Cochrane Database Syst Rev. 2012;(6):CD005967.

 84. Mehta NM, Skillman HE, Irving SY, Coss-Bu JA, Vermilyea S, Farrington EA, et  al. 
Guidelines for the provision and assessment of nutrition support therapy in the pediatric criti-
cally ill patient: Society of Critical Care Medicine and American Society for Parenteral and 
Enteral Nutrition. JPEN J Parenter Enteral Nutr. 2017;41(5):706–42.

 85. Maude RJ, Hoque G, Hasan MU, Sayeed A, Akter S, Samad R, et al. Timing of enteral feeding in 
cerebral malaria in resource-poor settings: a randomized trial. PLoS One. 2011;6(11):e27273.

 86. Taylor WRJ, Hanson J, Turner GDH, White NJ, Dondorp AM. Respiratory manifestations of 
malaria. Chest. 2012;142(2):492–505.

 87. Robinson T, Mosha F, Grainge M, Madeley R. Indicators of mortality in African adults with 
malaria. Trans R Soc Trop Med Hyg. 2006;100(8):719–24.

 88. Marsh K, Forster D, Waruiru C, Mwangi I, Winstanley M, Marsh V, et al. Indicators of life- 
threatening malaria in African children. N Engl J Med. 1995;332(21):1399–404.

 89. Mohan A, Sharma SK, Bollineni S. Acute lung injury and acute respiratory distress syndrome 
in malaria. J Vector Borne Dis. 2008;45(3):179–93.

 90. Das BS. Renal failure in malaria. J Vector Borne Dis. 2008;45(2):83–97.
 91. Mishra SK, Das BS. Malaria and acute kidney injury. Semin Nephrol. 2008;28(4):395–408.
 92. Eiam-Ong S. Malarial nephropathy. Semin Nephrol. 2003;23(1):21–33.
 93. Nadjm B, Amos B, Mtove G, Ostermann J, Chonya S, Wangai H, et al. WHO guidelines for 

antimicrobial treatment in children admitted to hospital in an area of intense Plasmodium fal-
ciparum transmission: prospective study. BMJ. 2010;340:c1350.

 94. Krishnan A, Karnad DR. Severe falciparum malaria: an important cause of multiple organ 
failure in Indian intensive care unit patients. Crit Care Med. 2003;31(9):2278–84.

13 Malaria



234

 95. Scott JA, Berkley JA, Mwangi I, Ochola L, Uyoga S, Macharia A, et al. Relation between fal-
ciparum malaria and bacteraemia in Kenyan children: a population-based, case-control study 
and a longitudinal study. Lancet. 2011;378(9799):1316–23.

 96. Berkley J, Mwarumba S, Bramham K, Lowe B, Marsh K. Bacteraemia complicating severe 
malaria in children. Trans R Soc Trop Med Hyg. 1999;93(3):283–6.

 97. Antinori S, Corona A, Castelli A, Rech R, Borghi B, Giannotti C, et al. Severe Plasmodium 
falciparum malaria in the intensive care unit: a 6-year experience in Milano, Italy. Travel Med 
Infect Dis. 2017;17:43–9.

J. Hidalgo et al.


	Chapter 13: Malaria
	Introduction
	Epidemiology
	Malaria in Endemic Countries
	Malaria in Travelers

	Plasmodium: A Closer Look
	Parasite Life Cycle
	Pathogenicity
	Immunity
	Genetics

	Clinical Presentation
	Uncomplicated Malaria
	Severe Falciparum Malaria

	Diagnosis
	Fever in a Returning Traveler: A Framework
	Diagnosing Malaria

	Treatment
	Antimalarials: Overview and Resistance Emergence
	Treatment of Severe Malaria
	Initial Stabilization
	Antimalarials
	Adjunctive Measures

	Complications
	Cerebral Malaria
	Severe Anemia and Coagulopathy
	Metabolic Changes
	Pulmonary Complications
	Acute Kidney Injury
	Jaundice
	Interactions with Other Infections


	Prognosis
	References




