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Abstract

Malaria remains a significant global health concern, particularly in
endemic regions. Despite the availability of preventive measures,
cases continue to emerge in the United States of America (USA),
especially among travelers such as missionaries, military personnel,
and aid workers to endemic areas. Factors contributing to morbidity
and mortality include suboptimal prophylactic protocols, delayed
diagnosis and treatment, and the limited availability of life-saving
antimalarial medications like artesunate. This case report exam-
ines the clinical course and challenges faced by a 47-year-old male
American missionary who developed severe malaria after return-
ing from Nigeria. Initially, the patient was misdiagnosed with sepsis
due to his nonspecific symptoms, which included fever, weakness
and hematuria. However, a peripheral blood smear later confirmed
he was infected with malaria. Despite receiving oral antimalarial
therapy, the patient’s condition worsened, leading to disseminated
intravascular coagulation (DIC) and severe malaria. Artesunate, the
recommended treatment for severe malaria, was not immediately
available at our hospital, prompting the urgent transportation of the
medication from a tertiary care center. After receiving artesunate,
the patient’s condition improved, and he was discharged to outpa-
tient care 6 days later. This case study highlights the significant
challenges related to nonadherence to malaria chemoprophylaxis
protocols, and the shortage of artesunate in US hospitals, and sug-
gests potential frameworks to improve prophylactic guidelines and
clinical outcomes.
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Introduction

Malaria remains a significant global health challenge, particu-
larly in regions where it is endemic. According to the World
Health Organization (WHO), there were an estimated 263 mil-
lion malaria cases and 597,000 malaria deaths worldwide in
2023 [1]. The disease is particularly prevalent in sub-Saharan
Africa, where 94% of malaria cases and 95% of malaria deaths
occur [2]. In the United States of America (USA), malaria
is relatively rare, with most cases being imported by travel-
ers returning from endemic areas. In 2019, there were 2,048
confirmed malaria cases reported to the Centers for Disease
Control and Prevention (CDC), with a significant reduction in
2020 due to decreased travel during the coronavirus disease
2019 (COVID-19) pandemic [3].

While primarily affecting regions in Africa, Southeast
Asia, and South America, malaria poses a persistent threat to
travelers from non-endemic areas, particularly missionaries,
military personnel, and aid workers who may have stayed in
endemic regions. For example, in 2023, 39 members of the
US Armed Forces were diagnosed with malaria, demonstrat-
ing the ongoing risk for these individuals [4]. Nonadherence to
prevention strategies among US travelers on stays in endemic
regions, often due to premature cessation, missed doses or
side effects, can lead to increased risk [5]. In 2018, 75% of US
travelers diagnosed with malaria had not taken any prophylac-
tic medication, emphasizing the need for improved awareness
and adherence to preventive strategies [6].

One critical factor in malaria-related mortality is the time-
ly administration of intravenous (IV) artesunate, the first-line
treatment for severe malaria in the USA. Failure to promptly
administer this life-saving medication can significantly in-
crease morbidity and mortality [7]. However, timely interven-
tion is currently complicated by the limited availability of IV
artesunate in smaller hospitals [8].

This case report details the challenges faced by a mis-
sionary who traveled to Nigeria, a region where malaria is
endemic, and later developed severe malaria with disseminat-
ed intravascular coagulation (DIC). The patient did not take
prophylactic measures and experienced a delayed diagnosis,
as his condition was initially misdiagnosed as sepsis. It was
only after the patient developed severe thrombocytopenia and
deterioration in his health that the medical team reconsidered
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Table 1. Comparison of Significant Laboratory Values During Hospital Course

Serum/hematologic Reference values [9] Day 1? Day 3P Day 8¢
Platelets (x 103/uL) 150 - 350 92 (L) 25 (L) 127 (L)
Erythrocyte count, male (x 10%/uL) 45-59 5.07 4.65 4.02 (L)
WBC count (x 103/uL) 4.0-10.0 32(L) 4.7 6.1
Hemoglobin, male (g/dL) 14-18 16 14.7 12.4 (L)
Hematocrit, male (%) 42-50 46.2 42 36 (L)
Glucose, serum (mg/dL) 70 - 99 117 (H) 100 (H) 109 (H)
AST (U/L) 10 - 40 88 (H) 139 (H) 86 (H)
ALT (U/L) 10 - 40 101 (H) 125 (H) 170 (H)
Total bilirubin (mg/dL) 03-1.0 1.1 (H) 2.7 (H) 1.1 (H)
Sodium (mEq/L) 136 - 145 133 (L) 136 132 (L)
Potassium (mEq/L) 35-50 4 3.4 () 3.8

“L” signifies lab values below the reference range; “H” indicates values above the reference range. All blood drawings were performed at the same
time of day (i.e., 1200, military time). 2Day of hospital admission. PDay of IV artesunate administration. Day of discharge. IV: intravenous; AST: as-
partate aminotransferase; ALT: alanine aminotransferase; WBC: white blood cell.

the diagnosis, ultimately confirming malaria through a blood
smear. The situation was further complicated by a shortage of
in-house IV artesunate, which necessitated emergency trans-
port of the medication from a tertiary care center to our facility.
This study underscores the critical importance of: 1) promot-
ing a culture of prophylactic treatment for individuals traveling
to malaria-endemic areas; 2) routine screening for malaria in
patients with recent travel to such regions; 3) enhancing phy-
sician awareness and training concerning malaria symptoms,
diagnosis, and treatment protocols; and 4) ensuring that life-
saving medications, like artesunate, are available in smaller
hospitals to prevent delays in critical treatment.

Case Report

A 47-year-old male American missionary presented to the
emergency department with fever, cough, and weakness for
the past 2 weeks. It was of note that he had recently traveled to
Nigeria for 2 months without chemoprophylaxis for malaria.
When he returned to the USA 2 weeks ago, he developed fever,
chills, myalgia, headache, and hematuria.

Upon admission (i.e., day 1), his complete blood count
demonstrated thrombocytopenia (92,000 platelets/ul) with
mild leukopenia (3,200 cells/uL). His comprehensive meta-
bolic panel was significant for elevated aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) of 88 and
101 U/L, respectively. Mild hyperbilirubinemia of 1.1 mg/dL,
hyponatremia of 133 mEq/L, and serum glucose of 117 mg/
dL were additional abnormal findings (Table 1 [9]). Urinalysis
was positive for blood and revealed a red blood cell (RBC)
count of 51 RBCs/high-power field (HPF).

On day 2 of admission, malaria was seen on a peripheral
blood smear (Fig. 1). Upon further review of the smear, the
microscopic description showed small ringed trophozoites,
some with double chromatin dots. Scattered cells were notable
for the presence of dual trophozoites. No distinct gametocytes

were appreciated. The leukocytes were comprised largely of
granulocytes, and bands were not uncommon. Lymphocytes,
while morphologically normal, were decreased in number.
Occasional monocytes were noted. One thousand RBCs were
counted, and 0.6% contained material parasites, equaling a
parasite count of 28 x 103 parasites/uL.

As the patient had recently traveled to Nigeria, there was
suspicion that the patient was infected with a resistant strain of
Plasmodium falciparum. The hospital pharmacy only carried
the antimalarial medications hydroxychloroquine, primaquine,
and quinidine. Therefore, the patient was immediately started
on quinidine 600 mg every 8 h and doxycycline 100 mg every
12 h (doxycycline shifted to one dose of clindamycin 800 mg,
then 400 mg every 8 h).

On the evening of day 2, the patient became tachypneic,
and the measured lactate was 3.1 mmol/L with fever. Platelets
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Figure 1. Peripheral blood smear demonstrating red blood cells infect-
ed with malaria parasites (0.6% of erythrocytes, or 28 x 102 parasites/
uL). Additional hematologic findings include moderate lymphocytope-
nia, consistent with a diagnosis of malaria.
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Table 2. Coagulation Profile and ISTH DIC Scoring

Points in ISTH DIC scor-

Parameter Patient’s value Typical DIC expectation ing (approximation)

Platelet count 25,000/uL Often < 50,000/uL due to consumption 2

D-dimer 35.2 pg/mL Significantly elevated (consistent with strong fibrin degradation) 3

Fibrinogen 302 mg/dL Typically low in frank DIC (< 100 mg/dL); however, may be normal 0
or elevated in early/compensated DIC or in acute-phase response

PT 144s Often prolonged; in prolonged by > 3 s compared 0 - 1 (depends on local
to normal, this adds to the score reference ranges)

PTT 39s May be prolonged; however, less specific -

A score consistent with DIC is 5 or greater [10]. Our patient scored either a 5 or 6, thus meeting the criteria for DIC. DIC: disseminated intravascular
coagulation; ISTH: International Society on Thrombosis and Haemostasis; PT: prothrombin time; PTT: partial thromboplastin time.

had dropped precipitously to 41,000 platelets/uL, an indica-
tion of progression to severe malaria. The process for ordering
artesunate was initiated in anticipation of the development of
severe malaria, but neither the pharmacy nor other local hospi-
tals carried artesunate. The CDC was therefore contacted, and
information was forwarded to the pharmacy. The patient was
subsequently transferred to the intensive care unit (ICU) and
was continued on quinidine and clindamycin while waiting for
IV artesunate.

On day 3 of admission, the patient’s thrombocytes had de-
clined to 25,000 platelets/uL, with a target to transfuse plate-
lets at 20,000. Liver enzymes continued to increase throughout
his stay (i.e., AST and ALT levels of 139 and 125 U/L, respec-
tively), and his hyperbilirubinemia worsened to 2.7 mg/dL.
The patient also developed hypokalemia (3.4 mEq/L) (Table
1 [9]). Diffuse petechiae were observed on his bilateral lower
extremities, and coagulation studies demonstrated great con-
cern for DIC (Table 2 [10]). As the patient had met the criteria
for DIC, his infection was now classified as severe malaria. On
the same day, the hospital received IV artesunate, and prompt
administration was initiated. Three doses of artesunate were
administered across the first 24 h at 12-h intervals, followed
by one dose of artesunate each day for 2 days.

By day 5, the patient’s thrombocytopenia had improved
to 57,000 platelets/uL. On day 6 of admission, parasite lev-
els were reduced to < 1% and the patient was switched to ar-
temether, an oral version of artesunate. His thrombocytes and
leukocytes continued to increase throughout his course, and by
discharge on day 8, he had complete resolution of petechiae
in the bilateral lower extremities with a thrombocyte count of
127,000 platelets/uL and improved total bilirubin (1.1 mg/dL).
His hemoglobin (Hb) (12.4 g/dL) and hematocrit (36%) con-
tinued to decline steadily, and although AST had improved to
86 U/L, his ALT remained elevated at 170 U/L at discharge
(Table 1 [9]). He was scheduled to follow up with his primary
care physician a week later.

Discussion

Malaria is a parasitic disease caused by Plasmodium protozoan
parasites and transmitted by Anopheles mosquitoes. There are
five different species of Plasmodium that cause infection in

humans: P. falciparum, P. malariae, P. ovale, P. vivax, and P.
knowlesi [11]. The P. falciparum species is present in Western
and sub-Saharan Africa and presents with the highest mor-
bidity and mortality of the Plasmodium species. Our patient
traveled to Nigeria, a country in Western Africa, and he was
assumed to be infected by the P. falciparum species. Like all
Plasmodium species, P. falciparum’s life cycle is divided into
the sexual reproduction stage in the mosquito vector, and the
asexual replication stage in humans.

Infection of the erythrocytes by merozoites marks the be-
ginning of the “blood stage” of the asexual cycle. Innate im-
munity responds first via monocyte and macrophage phagocy-
tosis of merozoite-infected erythrocytes within the splenic red
pulp. Adaptive immunity then follows, responding to toxin-
induced interferon gamma (IFN-y) and tumor necrosis factor
alpha (TNF-a) by class switching of cluster of differentiation 4
(CD4)-positive lymphocytes [12, 13]. The TNF-a response to
the merozoites causes the host to be anemic, and the inability
of the host to keep up with the rapidly infected erythrocytes
leads to massive hepatosplenomegaly [11]. The accumulated
toxins released by merozoites cause systemic symptoms, such
as high fever, chills, shivering, sweating, headache, abdomi-
nal and back pain, nausea, vomiting, and diarrhea. Increased
splenic sequestration, immune-mediated destruction, and
shortened platelet survival are potential causes of thrombocy-
topenia [14]. Afterwards, if an Anopheles mosquito sucks the
blood of a human host with malaria, the process starts again
in the mosquito vector, which may ultimately infect another
human. Due to the pathophysiology of malaria, receiving anti-
malarial prophylaxis is highly essential.

Severe malaria is both a clinical and a laboratory diagno-
sis. It is most seen with the P. falciparum species. The defini-
tion of severe malaria is one or more of the following occur-
ring in the absence of an identified alternative cause: impaired
consciousness (Glasgow Coma Scale < 11), acidosis (plasma
bicarbonate < 15 mM), hypoglycemia (glucose < 40 mg/dL),
severe malarial anemia (Hb < 7 g/dL and hematocrit < 20%),
acute kidney injury (creatinine > 3 mg/dL or blood urea > 20
mM), pulmonary edema, significant bleeding (DIC), shock or
hyperparasitemia (P, falciparum > 10%) [15]. The most com-
mon and grave sign of severe P. falciparum malaria is cerebral
malaria [16], specifically leading to generalized tonic-clonic
seizures and eventually coma and death. Fortunately, the mor-
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tality rate of severe P. falciparum malaria has been reduced by
one-third since the administration of IV artesunate [17]. The
second most common sign of severe P. falciparum malaria is
severe malarial anemia. Patients with Hb concentrations < 7
g/dL are considered to have severe anemia [18]. The anemia
from malaria is an acute-on-chronic disease process whereby
repeated or untreated malaria infections result in shortened
erythrocyte survival and protracted dyserythropoeisis [19].
Metabolic acidosis is the third most common sign in those with
severe P. falciparum malaria. Lactate accumulation is an im-
portant component of malaria acidosis, which is often accom-
panied by hypoglycemia reflecting anaerobic glycolysis and
impaired hepatic gluconeogenesis [20]. Severe P. falciparum
malaria is a result of extensive sequestration of erythrocytes
containing mature parasitic forms of P. falciparum in the mi-
crovasculature of vital organs such as the brain, liver, kidneys,
and spleen [21]. Microvascular obstruction by infected eryth-
rocytes, consequent cellular dysfunction, and the liberation of
large quantities of bioactive hemes are considered the main
pathological processes in severe P. falciparum malaria [22].

Our patient was a missionary from the USA who did not
receive antimalarial prophylaxis prior to his travel to Nigeria.
Although missionary organizations generally provide prophy-
laxis before trips to endemic countries, adherence by mission-
aries is the primary issue. In a malaria study from 2009 and
1995, prophylaxis rates ranged from 33% to 62%, respectively
[23, 24]. Among the reasons for travel, missionaries were one
of the groups with the lowest proportion of chemoprophy-
laxis [23]. The most used prophylaxis in these studies was
chloroquine, which has the advantage of a once-weekly dose,
although it does not provide the immediate effect seen with
doxycycline. The prophylaxis rates were highly dependent on
the risk level of the area. In high-risk locations, the antimalar-
ial prophylaxis rate was 78%. In contrast, the prophylaxis rate
in low-risk areas was only 8%. It was found that 34% of the
missionaries belonged to an organization that had a formulated
policy on malarial chemoprophylaxis. However, only 62% of
those missionaries followed the organizational policy [24].

The military’s approach to malaria prophylaxis offers val-
uable insights, particularly for missionary organizations. The
military’s practice of directly observed therapy (DOT) is one
of the most effective strategies in ensuring adherence to proph-
ylaxis or treatment [25]. DOT entails a healthcare worker or
other designated personnel watching a patient swallow each
dose of a prescribed medication. In addition to ensuring ap-
propriate prophylaxis, missionaries will also have the benefit
of talking to the designated workers about issues or side effects
from the medication at each encounter. DOT may either be
conducted in-person or virtually over a smartphone or com-
puter [26]. Furthermore, the use of doxycycline by military
personnel, which provides rapid protection after the first dose,
contrasts with chloroquine’s requirement for several weeks of
pretreatment to reach protective levels. Adopting DOT and
prioritizing rapid-acting prophylactics like doxycycline may
significantly enhance malaria prevention efforts in missionary
settings.

In cases where prophylaxis is not administered and a pa-
tient develops severe malaria, access to artesunate is crucial.
IV artesunate is the first-line treatment for severe malaria, in-

cluding P, falciparum infections, due to its fast-acting parasiti-
cidal effect that leads to a dramatic reduction in parasite bur-
den within hours of the first dose [27]. Clinical data indicate
that after the first dose of IV artesunate, parasitemia decreases
by approximately 50% within 4 to 5 h, by about 90% at around
15 h, and by roughly 99% after 30 h [27]. This rapid parasite
clearance and prevention of complications (e.g., less hypo-
glycemia) is a key pharmacodynamic advantage of artesunate
over older therapies like quinine [28]. Notably, the IV artesu-
nate has been demonstrated to reduce the risk of death by about
35% versus IV quinine in severe P. falciparum malaria [29].

Our patient exhibited laboratory results indicative of DIC,
which is a serious complication associated with severe malaria
infection [7]. Research suggests that severe P. falciparum ma-
laria can lead to coagulopathy and, in some instances, meet the
criteria for overt DIC similar to our case [30]. The significantly
reduced platelet count (25,000/uL), elevated D-dimer levels
(35.2 pg/mL), and prolonged coagulation times (prothrombin
time of 14.4 s, partial thromboplastin time of 39 s) aligned
closely with the International Society on Thrombosis and Hae-
mostasis (ISTH) scoring criteria, yielding a DIC score of at
least 5, which meets the threshold for overt DIC (Table 2 [10])
[31]. According to CDC guidelines, a confirmed malaria infec-
tion complicated by DIC necessitates immediate initiation of
IV artesunate to effectively manage severe malaria, mitigate
coagulopathy, and reduce the risk of mortality [7].

Despite clear guidelines for malaria prevention, diagnosis,
and treatment, the US healthcare system continues to struggle
with timely diagnosis and clinical management of malaria. For
example, physicians often fail to consider malaria in their dif-
ferential diagnosis. As a result, these delays in diagnosis and
treatment can lead to severe complications of malaria, includ-
ing multiorgan failure and death [32, 33].

The limited availability of IV artesunate in smaller US
hospitals poses a significant challenge to the timely treatment
of malaria. Many facilities do not stock the medication due to
its prohibitive cost and infrequent use; the high launch price of
artesunate and small market deter many hospitals from main-
taining this essential medication in their inventory [8]. The
private company Amivas LLC, which received Food and Drug
Administration (FDA) approval for artesunate, set the price of
artesunate at over $30,000 per average treatment course, pos-
ing a significant strain on the pharmacy budget of smaller hos-
pitals. Furthermore, only 2,000 cases of malaria are reported
nationwide, only 300 of those being categorized as severe, and
these facilities are hence deterred by the risk of expiration of
costly artesunate vials due to a potential lack of use [34].

A few frameworks have been proposed in the literature to
address the limited availability of artesunate in the USA. For
example, Thomas et al proposed a hospital tier system in the
approach to severe malaria that maximizes the efficiency of ar-
tesunate administration. Hospitals with in-house malaria rapid
diagnostic testing (RDT), in-house microscopy, and ICUs
would be considered tier-one hospitals, and they should stock
artesunate abundantly as they have sufficient means to treat
critically ill patients. As our hospital meets all the criteria for
a tier-one hospital, it is imperative that IV artesunate is readily
available in facilities like ours for severe malaria patients.

Hospitals without either an ICU or in-house microscopy
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but still have RDT and send-out microscopy are considered
tier-two hospitals. These facilities should stock at least one
dose of artesunate for prompt administration and subsequently
transfer the patient to a tier-one hospital. Alternatively, tier-two
hospitals may treat the malaria patient themselves instead of
transferring to a tier-one hospital if microscopy results return
in a timely manner for effective clinical management. In this
case, the facility should stock at least one dose of artesunate
in addition to oral artemether-lumefantrine. Finally, tier-three
hospitals are facilities without in-house RDT, prompt micros-
copy, or an ICU. Patients who present to tier-three hospitals
with high clinical suspicion of severe malaria should be imme-
diately treated with an oral antimalarial agent and transferred
to a tier-one or tier-two hospital for further management [8].

Conclusion

This case serves as a stark reminder of the challenges in man-
aging severe malaria, particularly in travelers. To prevent simi-
lar outcomes, we must prioritize improved chemoprophylaxis,
ensure timely access to artesunate and aggressively pursue the
development of adaptable antimalarial frameworks. Further
research and collaborative efforts are crucial to translate these
findings into tangible improvements in patient care.
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