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Critical Care Medicine ¢ Infectious Diseases

Management of emergency care

Malaria is the infection caused by inoculation with the mostly obligate intraerythrocytic protozoa of the ge-
nus Plasmodium. Severe malaria manifests as multiple organ dysfunction with high parasitemia counts char-
acterized by coma, stupor, and severe metabolic acidosis. Physicians in the United States do not frequently en-
counter patients with malaria, and the drugs are only available through the Centers for Disease Control and
Prevention, which makes the management of this disease somewhat complicated. In 2019, the marketing of
quinine for malaria was discontinued. In May 2020, the US Food and Drug Administration approved the use
of intravenous artesunate for the treatment of adults and children with severe malaria. This case report de-
scribes a case of Plasmodium falciparum malaria in a 55-year-old woman who returned home to Florida from
a visit to Ghana.

A previously healthy 55-year-old woman with no significant past medical history presented to the Emergency
Department (ED) of a hospital in south Florida due to cyclic fever for 7 days. The patient’s family reported men-
tal status changes since symptom onset. The patient had returned from a 10-day trip to Ghana 18 days prior
to admission. On arrival to the ED, the patient appeared lethargic and within hours was in respiratory distress.
She was intubated and mechanically ventilated in the ED for acute hypoxemic respiratory failure. A malaria
smear was positive with 25% parasitemia, and a diagnosis of severe malaria was made, consistent with P. fal-
ciparum infection complicated by multi-organ failure. Infectious disease consultation was obtained and an in-
fusion of intravenous (IV) quinidine and IV doxycycline was emergently started due to the anticipated delay in
obtaining artesunate. During the second day of admission, the patient had QTc prolongation, so quinidine was
switched to IV artesunate. The parasitemia and acidosis started improving by the third day of therapy.

Given that artesunate is more effective, easier to dose, and more tolerable than quinidine, it is now the treat-
ment of choice for severe malaria in the United States.
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Background

Malaria is the infection caused by the mostly obligate in-
traerythrocytic protozoa of the genus Plasmodium, which is
spread to people by the inoculation from infected female
Anopheles mosquitoes. Plasmodium falciparum is the major
cause of severe malaria, which manifests as multiple organ
dysfunction with high parasitemia counts that is characterized
by coma, stupor, and severe metabolic acidosis [1].

Malaria occurs primarily in tropical and some subtropical re-
gions of Africa, Central and South America, Asia, and Oceania,
with an estimated 228 million cases worldwide in 2018 (93%
of them occurring in Africa) [2]. About 2000 cases of malar-
ia are diagnosed in the United States each year. Almost all
these cases are imported by returning travelers or immigrants
from endemic regions, with a limited number possibly occur-
ring through local mosquito-borne transmission [2]. The US
Centers for Disease Control and Prevention (CDC) has report-
ed that among the 2000 cases of malaria diagnosed in the
United States each year, about 300 cases are severe. The ma-
jority of these severe cases involve travelers returning from
sub-Saharan Africa and South Asia [3].

In 2019, the marketing of quinine for malaria was discontin-
ued in the United States. In May 2020, the US Food and Drug
Administration (FDA) approved the use of intravenous arte-
sunate for the treatment of severe malaria, with the recom-
mendation that it should be followed by a full course of oral
antimalarial treatments [4].

Physicians in the United States do not encounter patients with
malaria frequently, and the drugs are only available through the
CDC, which makes the management of this disease somewhat
complicated. Among patients with unexplained fever or clinical
deterioration who have traveled to an endemic area, malaria
must be included in the differential diagnosis to avoid delays
in appropriate treatment of malaria that would increase mor-
bidity and mortality [5,6]. Therefore, it is imperative to have a
better understanding of this disease and also to inform read-
ers about the management and ways of improving it.

Case Report

A previously healthy 55-year-old woman with no significant
past medical history presented to the Emergency Department
(ED) of a hospital in south Florida owing to a fever for 7 days.
Fever was quantified with readings of 40°C coming every 48 h,
associated with various nonspecific symptoms such as mal-
aise, fatigue, decreased appetite, productive cough for 2-3
days, and abdominal pain with associated watery diarrhea for
2-3 days. The patient’s family reported mental status changes
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(nonresponsive to her name, visual hallucinations) since symp-
tom onset. The patient denied headache, loss of conscious-
ness, neck rigidity, seizure, focal neurological symptoms, chest
pain, hemoptysis, and difficulty breathing at the time of pre-
sentation. She denied any similar episodes in the past. She
reported allergy (rash) to penicillin. No pertinent family his-
tory was noted. She lived with her son, who was asymptom-
atic, and worked as a biomedical engineer. The patient had
returned from a 10-day trip to Ghana 18 days prior to admis-
sion, and she had also traveled to California 1 week before
admission. She denied receiving malaria prophylaxis or vac-
cination against yellow fever and hepatitis A virus. She de-
veloped symptoms while in California and went to a hospital
there, but she was discharged following unremarkable exam-
ination and normal laboratory results.

A few hours after arrival to the ED, the patient became lethar-
gic and was found to be in respiratory distress. Vital signs were
an oral temperature of 38.6°C, heart rate 121 beats/min, blood
pressure 100/51 mmHg, respiratory rate 45 breaths/min, and
Sp0, 93% on room air. She had dry mucous membranes, de-
creased bilateral breath sounds, and tenderness to palpa-
tion of the left lower quadrant abdomen. No obvious jaun-
dice, enlarged lymph nodes, or splenomegaly was observed.
On neurological examination, she was lethargic and confused
with Glasgow coma scale (GCS) score of 14 (E4V4M6); her pu-
pils were equal, round, and reactive to light; she had no cra-
nial nerve or sensory deficit; and her neck was supple, with
Brudzinski’s and Kernig’s signs both being negative.

Initial laboratory studies revealed leukocytosis with white cell
count of 19 800/uL with 44% neutrophils, 22% lymphocytes,
and 1% eosinophil; platelets 51 000/uL; hemoglobin 11.8 g/dL;
hematocrit 35.3%; red blood cell distribution width 16.9%;
lactate dehydrogenase 2714 U/L; haptoglobin <8 mg/dL; pro-
thrombin time/international normalized ratio 14.9/1.4; tropo-
nin 0.161 ng/mL; blood glucose 26 mg/dL; blood urea nitro-
gen 157 mg/dL; creatinine 7.52 mg/dL; estimated glomerular
filtration rate 6 mL/min; bicarbonate 5 mmol/L; anion gap 36;
lactic acid 16.2 mmol/L; sodium 131 mmol/L; potassium 5.5
mmol/L; chloride 91 mmol/L; alanine transaminase 542 U/L;
aspartate transaminase 1328 U/L; total bilirubin 14.5 mg/dL;
and albumin 2.2 mg/dL. A malaria smear was positive with
25% parasitemia initially, and ring forms/trophozoites and a
few elongated structures suggestive of developing gameto-
cytes were reported (Figure 1). An arterial blood gas obtained
in the ED on 3 L of oxygen via nasal cannula showed pH of
7.03 and pCO, of 20 and HCO, of 0.

The patient’s mental status gradually deteriorated while
she was being evaluated at the ED. Her GCS score after 3 h
of presentation was 10/15 (E2V3M3), and she had to be in-
tubated and mechanically ventilated in the ED for acute
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Figure 1. Numerous malaria organisms are present, affecting
approximately 25% of red blood cells. Ring forms/
trophozoites have 1 or 2 chromatin dots. Multiply-
infected red cells are not uncommon (2-4
trophozoites). A few elongated structures suggestive of
developing gametocytes are seen.

hypoxemic respiratory failure and transferred to the Intensive
Care Unit (ICU). Severe malaria was diagnosed, consistent with
Plasmodium falciparum malaria complicated by multi-organ
failure including respiratory, renal, and hepatic failure; septic
shock; and disseminated intravascular coagulation. The acute
toxic-metabolic encephalopathy was most likely due to cere-
bral malaria. The acute hypoxemic respiratory failure evolved
into acute respiratory distress syndrome driven by the shock
and severe acidemia, so vasopressors and steroids were start-
ed. Infectious disease consultation was obtained and an in-
fusion of intravenous (IV) quinidine at a rate of 115.2 mg/h
and IV doxycycline 100 mg every 12 h was emergently started
due to the anticipated delay in obtaining artesunate. This was
done with close monitoring of QTc, blood glucose, and para-
sitemia, while the CDC was contacted to request the emer-
gent release of the artesunate. Empiric broad-spectrum anti-
biotic coverage was started with IV meropenem 1 g every 12
h and intermittently dosed IV vancomycin. Exchange transfu-
sion was considered as a salvage therapy in case of nonre-
sponse to medical therapy.

Table 1. Daily parasitemia percentage.

Malaria smear

During the second day of admission, the patient had QTc pro-
longation, so quinidine was switched to IV artesunate every 24
h. The parasitemia and acidosis started improving and the pos-
itive end-expiratory pressure and FiO, requirements decreased.
Computed tomography of the brain was unremarkable, and
a lumbar puncture showed 3 white blood cells per high-pow-
er field, 12% neutrophils, 48% lymphocytes, 38% monocytes,
and no organisms on gram stain. Vancomycin and meropen-
em were discontinued due to no evidence of bacterial menin-
gitis. By the third day of therapy, the parasitemia decreased
to 0.3% and was negative on day 6 (Table 1). The multi-organ
failure and septic shock were treated with supportive care in-
cluding renal replacement therapy and platelet transfusions,
and the patient was clinically improving. A 5-day course of IV
artesunate and doxycycline was completed with an addition-
al 7-day course of oral doxycycline at discharge to a rehabil-
itation facility with a favorable outcome and recuperation.

Discussion

This case illustrates the need to recognize severe malaria, es-
pecially cerebral malaria, and the need for more readily avail-
able parenteral artesunate in the United States. Severe malaria
is defined as P. falciparum parasitemia >10% and signs of ma-
jor organ dysfunction including impaired consciousness, pros-
tration, 2 or more convulsive episodes in 24 h, acidosis (bicar-
bonate <15 mmol/L), hypoglycemia (glucose <40 mg/dL), severe
anemia (hemoglobin <6 g/dL), recurrent or prolonged bleed-
ing, renal impairment (creatinine >3 mg/dL), pulmonary ede-
ma, and shock. Less commonly, severe malaria can be caused
by other Plasmodium species. Severe malaria tends to occur
in young children in endemic areas and adults traveling to en-
demic countries owing to their lack of immunity; these popu-
lations are also at the highest risk for cerebral malaria for the
same reasons [7,8]. The incubation period for P. falciparum is
12-14 days (range of 7-30 days). Severe malaria can cause
many complications, with cerebral malaria being one of the
most important to recognize due to its poor prognosis. It pres-
ents as impaired consciousness, delirium, and/or seizure [9].

Treatment of severe malaria requires prompt antimalarial ther-
apy with supportive care and management of complications
because mortality is highest in the first 24 h of presentation
[8,10,11]. Prompt treatment is especially critical if cerebral
malaria is suspected because it has a 15-20% mortality rate
when treated and above 30% in cases with multiple vital organ
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Table 2. Antimalarial therapy.

Treatment Dosing
Artesunate Intravenous (IV): 2.4 mg/kg/dose at 0, 12, and
24 h; then 2.4 mg/kg once daily
Quinidine IV: Initially 6.25 mg base/kg (10 mg salt/kg)
gluconate loading dose over 1-2 h

Then 0.0125 mg base/kg/min (0.02 mg

salt/kg/min) infusion over 24 h until tolerating

oral intake

Oral: 2 capsules (542 mg base=648 mg salt) 3

Quinine sulfate
times daily

Doxycycline IV and oral: 100 mg twice daily
Clindamycin IV: 10 mg base/kg for 1 dose (maximum
900 mg) followed by 15 mg base/kg/day in
3 equal doses (maximum 1350 mg)
Oral: 20 mg base/kg/day in 3 equal doses
(maximum 1800 mg)
Atovaquone- Oral: 4 adult tabs once daily (250-100 mg per
Proguanil tab)
Mefloquine Oral: 684 mg base (750 mg salt) initial dose
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Duration

Depends on parasitemia:
e <1%
o Tolerating oral intake: switch to oral therapy
o Not tolerating oral intake: continue artesunate for 6
days or switch to IV doxycycline or clindamycin for 6
days
e If >1%
o Continue artesunate until <1% (maximum 7 days),
then switch to oral therapy

Tolerating oral intake: switch to oral therapy

Not tolerating oral intake: continue quinidine for 3-7 days
depending on where malaria was acquired:

* 3 days if acquired in Africa or South America

¢ 7 days if acquired in Southeast Asia

Must be given with 7 days total of doxycycline or
clindamycin

3-7 days depending on where malaria was acquired:
¢ 3 days if acquired outside of Southeast Asia

e 7 days if acquired within Southeast Asia

Must be given with 7 days total of doxycycline or
clindamycin

followed by 456 mg base (500 mg salt) 6-12 h

after initial (total dose 1250 mg salt)

dysfunction [9,12]. For severe malaria, the WHO recommends
parenteral artesunate (if the artesunate of reliable quality is
available); otherwise, treatment with quinidine is recommend-
ed. Quinidine was used in the United States because artesu-
nate was neither approved by the FDA nor was it was com-
mercially available before May 2020 [13].

Treatment is generally parenteral initially. It is then complet-
ed with oral antimalarial if the patient is tolerating oral intake
and parasitemia is <1% when using artesunate. Completion
of oral antimalarial therapy is 3—-7 days afterward depending
on the regimen, which can include doxycycline, clindamycin,
quinidine, atovaquone-proguanil, and mefloquine (refer to
Table 2 for dosing and duration of therapy) [12,14]. Mefloquine
should be avoided if the patient has cerebral malaria due to
the increased risk of neuropsychiatric effects, and it is not
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recommended if malaria was acquired in Southeast Asia due
to drug resistance [8,12,14].

FDA approval for the use of intravenous artesunate was based
on evidence from multiple randomized controlled trials abroad,
including Europe, as well as trials in adults and children from
endemic areas in Asia and Africa [8,10-13]. The benefits tend
to be most pronounced in patients with hyperparasitemia in
endemic/nonendemic areas (reduced ICU and hospitalization
length of stays). The patients also tend to have faster para-
site clearance from the blood by about 1-2 days when treat-
ed with artesunate. The difference in outcomes is less pro-
nounced with parasitemia less than 5% [10-14]; nonetheless,
adult travelers to endemic areas have a higher likelihood of
developing hyperparasitemia, so artesunate would likely still
provide a benefit over quinidine. The mechanism of action for
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artesunate is incompletely understood, but it is hypothesized
to involve the formation of free radicals that interfere with par-
asitic function and it has a broader spectrum of action against
ring-stage parasites. By preventing maturation and sequestra-
tion of infected erythrocytes, artesunate improves removal by
the spleen and allows for less microvascular obstruction and
subsequent organ damage. This may explain why the bene-
fits of artesunate are the most profound in patients with hy-
perparasitemia [10,11,15,16].

The WHO recommends artesunate for the treatment of severe
malaria because it has been shown to reduce the adult mor-
tality rate by about 39% relative to quinidine (24% greater re-
duction in the child mortality rate) [6], has fewer adverse ef-
fects and drug-drug interactions, and is easier to dose [9-11].
Quinidine is known to cause QTc prolongation, ototoxic ef-
fects, and hyperinsulinemic hypoglycemia. Artesunate is rel-
atively quick acting and tolerated, but patients on this treat-
ment must be monitored for delayed hemolytic anemia at 7,
14, and 30 days after completion of therapy [8,12,14].

The patient presented in this case had severe malaria, specif-
ically cerebral malaria, 18 days after returning to the United
States from a 10-day trip to Ghana. Other causes for the pa-
tient’s symptoms were excluded, including viral infection, men-
ingitis, bacteremia, and so forth. When the patient was start-
ed on quinidine, there was minimal effect on the parasitemia
(25% to 23.43% in 24 h). Once treatment was switched to arte-
sunate due to QTc prolongation, the parasitemia dropped from
23.43% t0 6.8% in 24 h, and the smear was negative within 5

References:

—

. Severe malaria. Trop Med Int Health, 2014; 19(Suppl. 1): 7-131

. World Health Organization (WHO): World malaria report 2019. Geneva,
WHO, 2019 https://www.who.int/publications/i/item/9789241565721

. Centers for Disease Control and Prevention (CDC): About malaria. Atlanta,
GA, CDC, 2020 https://www.cdc.gov/malaria/about/index.html

. Food and Drug Administration: FDA approves only drug in U.S. to treat se-
vere malaria. 2020, https://www.fda.gov/news-events/press-announcements/
fda-approves-only-drug-us-treat-severe-malaria

N

w

S

v

. Kain KC, Harrington MA, Tennyson S, Keystone JS: Imported malaria:
Prospective analysis of problems in diagnosis and management. Clin Infect
Dis, 1998; 27(1): 142-49

. Gerstenlauer C: Recognition and management of malaria. Nurs Clin North
Am, 2019; 54(2): 245-60

. Phillips A, Bassett P, Zeki S et al: Risk factors for severe disease in adults
with falciparum malaria. Clin Infect Dis, 2009; 48(7): 871-78

. Sinclair D, Donegan S, Isha R, Lalloo DG: Artesunate versus quinine for treat-
ing severe malaria. Cochrane Database Syst Rev, 2012; 2012(6): CD005967

. Idro R, Ndiritu M, Ogutu B et al: Burden, features, and outcome of neuro-
logical involvement in acute falciparum malaria in Kenyan children. JAMA,
2007; 297(20): 2232-40

10. Dondorp A, Nosten F, Stepniewska K et al: Artesunate versus quinine for
treatment of severe falciparum malaria: A randomised trial. Lancet, 2005;
366(9487): 717-25

[=))

~

focl

o

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€926097-5

days. This patient had complications from severe malaria but
likely benefited from the faster clearance of malaria from the
blood with artesunate, which the quinidine did not provide.

Ideally, this patient could have prevented contracting malaria
with mosquito bite prevention and by receiving prophylaxis
from a travel clinic, which can provide detailed, individualized,
and effective travel counseling. Prophylaxis with atovaquone-
proguanil, doxycycline, mefloquine, primaquine, tafenoquine,
or rarely chloroquine (due to high rates of resistance) is start-
ed prior to travel, and it is continued during the trip and for
a period of time after returning home. The regimen depends
on the region of travel, length of stay, and local malaria resis-
tance patterns [6,17].

Conclusions

This report presents a case of severe P. falciparum malaria
treated with artesunate in a 55-year-old woman who returned
to Florida from a visit to Ghana. The case highlights the im-
portance of early diagnosis of malaria, particularly in patients
who have returned from travel to countries where malaria
is endemic. It also underscores the use of current diagnostic
guidelines and regulatory approved treatment, which now in-
cludes IV artesunate.
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