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Abstract. A 10-year-old boy with sickle cell disease (SCD) type SC presented with fever and abdominal pain after
travel to Ghana and was diagnosed with Plasmodium falciparum infection. Despite adequate antimalarial treatment, he
developed evidence of hyperinflammation with marked elevated ferritin, C-reactive protein, and triglycerides and subse-
quent bone marrow necrosis, characterized by elevated nucleated red blood cells and significant bone pain. This case
report highlights the possible association between malaria and bone marrow necrosis in patients with SCD. Important
considerations in treatment and workup of patients presenting with malaria and hyperinflammation are discussed.

CASE DESCRIPTION

A 10-year-old boy with sickle cell disease (SCD) type SC
(HbSC), diagnosed by high-performance liquid chromatog-
raphy hemoglobin variant analysis, presented with fever and
abdominal pain 11days after returning from Ghana (Accra
and a nearby village). He did not receive malaria prophylaxis
before or during travel. The family reported multiple mos-
quito bites during the trip.
Initial bloodwork was positive for Plasmodium falciparum

(0.7% parasitemia) by Giemsa stained thick and thin blood
smears. There was mild anemia (hemoglobin 104g/L) and
evidence of hemolysis (increased reticulocytes of 141.5 3
109/L, elevated lactate dehydrogenase of 10,279U/L, in-
creased unconjugated bilirubin of 39mmol/L, and low hapto-
globin of , 0.08 g/L). As per institutional practice for malaria
management, the patient was admitted to the pediatric
medicine ward with infectious diseases and hematology
consultations. On exam, he was clinically stable with a mildly
tender but nonacute abdomen and a normal neurological
exam. The patient was started on intravenous (IV) fluids (dex-
trose 5% and sodium chloride), ceftriaxone, and intravenous
artesunate (2.4mg/kg/dose) because he was unable to toler-
ate oral atovaquone-proguanil due to nausea.
On day of admission (DOA) 2 to the hospital, the patient

remained febrile and developed worsening anemia (hemoglo-
bin 83g/L) and new thrombocytopenia (platelets 99 3 109/L)
(Figure 1). Biochemical markers suggested hyperinflammation
including a marked increase in ferritin from 1,257 to 31,609
(Figure 2). The diagnosis of macrophage activation syndrome
(MAS) in the context of P. falciparum infection, also known as
secondary hemophagocytic lymphohistiocytosis (sHLH), was
considered, and rheumatology was consulted. As the benefits
of treating hyperinflammation outweighed the risks of worsen-
ing malaria while on treatment, a 2-day course of IV pulse
methylprednisolone (1g) was initiated on DOA 3 with subse-
quent steroid taper. After the first dose of methylprednisolone,

the patient defervesced, his inflammatory markers started to
trend down, and ceftriaxone was discontinued.
A switch from artesunate to atovaquone-proguanil was

attempted on DOA 4, but the patient remained nauseous,
and thus he was continued on IV artesunate. On DOA 5, the
patient experienced acute hip, leg, and abdominal pain; had
a new oxygen requirement (heated high flow at 15L/minute,
FiO2 40%); and had recurrence of fever to 39.4 �C. The neu-
rological exam was pertinent for confusion but no focal
deficits. Ceftriaxone was reinitiated for presumed acute
chest syndrome, and a morphine infusion was started.
Bloodwork was significant for a worsening anemia, reticulo-
cytopenia, and thrombocytopenia; a leucoerythroblastic
smear (increased nucleated red blood cells and an immature
shift in white blood cells); and elevated lactate dehydroge-
nase, ferritin, and triglycerides (Figures 1 and 2). The clinical
and laboratory findings were suggestive of bone marrow
necrosis and fat embolism syndrome (BMN/FES). On DOA 7,
the patient was admitted to the pediatric intensive care unit
for treatment of BMN/FES by double volume exchange
transfusion and plasma exchange. Given his clinical deterio-
ration, further daily doses of IV pulse methylprednisolone
over a total of 5 days were given for treatment of HLH, with
subsequent improvement and transfer back to the pediatric
medicine ward on DOA 9. Notably, the patient received a
total of 13days of antimalarial treatment (10days IV artesu-
nate and 3days of oral atovaquone-proguanil) due to fluctu-
ating parasitemia levels. His parasitemia level was highest on
DOA 1 at up to 2% and 1.7% on DOA 2, including few imma-
ture schizont stages. He then had down-trending parasitemia
levels, including 1% on DOA 5, 0.3% on DOA 7, and few to
no parasites detectable thereafter (Figure 3 and Table 1). The
patient required ongoing hospitalization for rehabilitation and
monitoring of end organ function. On DOA 23, the patient
was discharged home to complete a 3-week oral corticoste-
roid taper. He has remained well since discharge.

DISCUSSION

Endemic in many tropical and subtropical countries, malaria
is one of the most important travel-acquired infections that
can present and be diagnosed in nonendemic regions. Typical
symptoms range from mild flulike illness to severe malaria with
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cerebral disease and end organ failure.1 In rare cases, malaria
can also trigger secondary inflammatory conditions, leading
to life-threatening complications.2 Hemoglobinopathies have
been shown to variably reduce the risk of developing severe
malaria.3–7 Literature suggests that different hemoglobin var-
iants have been naturally selected among the population due
to the protection they confer from malaria. For example, a
meta-analysis of case–control and prospective studies looking
at hemoglobinopathies and malaria showed that HbAS is con-
sistently associated with large reductions in the risk of devel-
oping severe malaria.4 Both homozygous and heterozygous
alpha-thalassemia has also been shown to protect against
severe malaria.4,5 Various mechanisms for protection have
been proposed, including enhancement of IgG responses to
the parasites major cytoadherence ligand and virulence factor
P. falciparum erythrocyte membrane protein, impaired parasite
growth, enhanced immune clearance of parasitized erythro-
cytes, and induction of protective immunomodulatory mecha-
nisms.6,7 These proposed mechanisms do not appear to
prevent parasitemia but rather reduce the likelihood of devel-
oping severe disease.4 In contrast, in patients with the homo-
zygous recessive form of SCD (HbSS), a higher mortality has
been reported in children hospitalized with malaria than in con-
trols.8,9 It has been suggested that mortality is associated with
effects of infection such as hypovolemia, acidosis, severe
anemia, and malaria-associated bacteremia, rather than with
malaria infection itself.8 Type SC is thought to be more protec-
tive of malaria than HbSS, with a slightly reduced overall

incidence of malaria in patients with HbSC.8 However, similar
to HbSS, due to the underlying clinical hematology disease,
the HbSC population is at higher risk of increased severity of
morbidity and mortality if they do contract malaria.9

Macrophage activation syndrome is a life-threatening clini-
cal syndrome caused by excessive proliferation and activa-
tion of T lymphocytes and well-differentiated macrophages.
Infections are a common trigger of MAS, and at least two
case reports describe P. falciparum malaria as a rare cause
of MAS/sHLH.2,10 Identification of hyperinflammation in the
context of malaria is important because MAS is primarily
treated with systemic corticosteroids, which would other-
wise not be recommended in patients with malaria.11 In our
patient, MAS was suspected due to the significant hyperin-
flammation (hyperferritinemia, elevated C-reactive protein
and triglycerides) and bicytopenia associated with recurrent
fever on appropriate antimalarial treatment. Recent literature
has suggested clinical suspicion as a key component to
making the diagnosis of MAS.12

Notably, our patient had initial defervescence on DOA 3
but quantifiable parasitemia levels up to DOA 7, meeting
WHO classification for late parasitological failure.13 Labora-
tory malaria examination findings are reported in Table 1.
Although both rapid diagnostic testing and polymerase
chain reaction can remain positive for weeks after therapy
due to residual post-parasiticidal products and should not
be used to monitor response, the prolonged detection of
P. falciparum ring-stage parasites while on parenteral artesunate

FIGURE 1. The patient’s day of admission is plotted on the x-axis, and the components of the complete blood cell count are plotted on the
y-axis. The corresponding units are denoted in the y-axis of each panel. The line graph shows the trend of each component throughout the
patient’s course of disease.
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monotherapy and atovaquone–proguanil is noteworthy. Artemi-
sinin partial resistance, defined by the WHO as delayed parasite
clearance by day 3 of artesunate monotherapy or artemisinin-
based combination therapy, is well described in the greater
Mekong subregion and increasingly recognized in some African
countries such as Eritrea, Rwanda, and Uganda, but is not yet

documented in Ghana.14 Artemisinin-induced ring-stage dor-
mancy is also reported regardless of resistance phenotype,
although it is usually associated with either submicroscopic
parasitemia levels or less typical ring-stage morphology.15

Subtherapeutic dosing could theoretically lead to delayed
parasitological clearance, however the patient received the
recommended WHO dosing to accommodate interindividual
variability in parenteral artesunate plasma concentrations.16

Unfortunately, neither drug resistance testing nor plasma
level monitoring were available for our patient at the time of
publication.
Another potential explanation for the late parasitological

failure could be the relative severity of infection seen in our
patient in the context of ongoing inflammation with subse-
quent MAS and BMN/FES, which may lead to a hyperstimu-
lated but ineffective immune response. That said, in previous
case reports describing P. falciparummalaria as a rare cause
of MAS, the parasitemia cleared within 2 to 4days after initi-
ation of antimalarial treatment.2,10 Alternatively, aspects of
SC disease may have impaired the host response in clearing
the parasite.13

There was initial improvement with systemic steroids, but
our patient subsequently developed BMN/FES as suggested
by his clinical presentation, fever, cytopenias, leucoerythro-
blastic smear, and hyperinflammatory markers. Although
no definitive diagnostic criteria exist for BMN/FES, the con-
stellation of HbSC with clinical findings of unusually severe
pain, neurological symptoms, and respiratory deterioration,

FIGURE 2. The patient’s day of admission (DOA) is plotted on the x-axis, and markers of bone marrow necrosis (BMN)/inflammation are plotted
on the y-axis. The corresponding units are denoted in the y-axis of each panel. Manual nucleated red blood cells were not calculated after DOA
10. The line graph shows the trend of BMN/inflammatory markers throughout the patient’s course of disease.

FIGURE 3. The patient’s day of admission (DOA) is plotted on the
x-axis, and the parasitemia index level is plotted on the y-axis. Parasi-
temia measurements were discontinued on DOA16.
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as well as the laboratory findings of leukoerythroblastosis,
anemia, thrombocytopenia, and elevated LDH and ferritin
are strongly suggestive of BMN/FES in this patient. The
patient did not have a bone marrow biopsy to evidence
necrosis or histological evidence of fat or necrotic marrow
emboli. However, bone marrow biopsy and histology are
not required because the diagnosis is made clinically.15 A
rare but severe complication seen in patients with SCD,
especially HbSC, BMN/FES is associated with high rates
of morbidity and mortality. Bone marrow necrosis results
from vaso-occlusive crisis within the bone marrow, which
releases necrotic marrow, hematopoietic cells, fat globules,
and phospholipids into the venous circulation. This leads to
mechanical obstruction from lipids and inflammation second-
ary to phospholipids, which can present as respiratory failure,
stroke, end organ dysfunction, and even death. Prompt iden-
tification and treatment is critical for patient outcomes, and
red cell exchange with or without plasma exchange should
be initiated immediately in all patients for whom the condition
is suspected. We hypothesize that the patient’s malaria infec-
tion alongside the evident hyperinflammation may have
triggered the BMN and FES because it has previously and
similarly been reported for parvovirus B19, herpes simplex
virus, and dengue virus. To our knowledge, this is the first
FES/BMN case associated with a malaria infection.
Interestingly, elevated ferritin, lactate dehydrogenase,

and cytopenias are overlapping features of MAS and BMN/
FES.12,17 Hemophagocytosis, a key feature of MAS, has also
been identified on bone marrow biopsies from BMN/FES
patients.18 We cannot definitively confirm whether the patient’s
presentation was due to both MAS and BMN/FES. However,
given the two peaks in inflammatory markers and slightly
different clinical presentations between DOA 2 and DOA 5,
we hypothesize that the malaria infection triggered a hyper-
inflammatory state, and the BMN/FES of SCD evolved sec-
ondarily as his bone pain, leukoerythroblastosis, and

confusion, which are BMN/FES features, developed a few
days after the MAS. Moreover, inflammatory markers de-
creased after corticosteroid initiation and subsequently
increased at the time of onset of bone pain and confusion.
Although blood and plasma exchange transfusion was largely
targeted at the BMN/FES, it can also be used to treat MAS
and might have therefore led to improvement of both clinical
syndromes. Exchange transfusion is no longer estimated to
benefit most cases of severe or complicated malaria; there-
fore, its direct impact on the patient’s underlying infection is
uncertain.19 Although malaria and the subsequent hyperin-
flammation are the most likely triggers for the patient’s
BMN/FES, steroids have also been described to trigger
BMN/FES and therefore cannot be ruled out as a contributing
cause of his BMN/FES presentation.20

Prompt diagnosis and treatment of both MAS and BMN/
FES is critical for a favorable outcome because they each
require distinct management. This case reinforces the impor-
tance for clinicians to investigate actively for both MAS and
BMN/FES based on patients’ comorbidities, particularly for
patients presenting with persistent fever, cytopenias, and
markers of inflammation, despite appropriate antimalarial
therapy.
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TABLE 1
Timeline of microbiological investigations for malaria

doa

Thick and thin smear microscopy BinaxNOW RDT

PCR Ct valueRing forms Trophozoite forms Schizont forms Parasitemia (%) T1 band (PfHRP2) T2 band (Aldolase)

1 Moderate Rare None 0.3 Very strong Very strong 22
2 Many Rare Rare 0.5 Very strong Very strong NP

Many Rare Rare 2.0 NP NP NP
3 Numerous Few Rare 1.7 Very strong Very strong NP
4 Numerous Few Rare 1.1 NP NP NP

Numerous None None 1.2 Very strong Moderate NP
5 Many Few None 1.0 Strong Faint NP

Numerous None None 0.4 Very strong Strong NP
6 Numerous None None 0.5 Very strong Moderate NP

Numerous None None 0.5 Strong Faint NP
7 Many None None 0.4 NP NP NP
8 Many None None 0.3 Strong Faint NP
11 Few None None <0.1 Very faint None NP

Few None None <0.1 Very faint None NP
12 Few None None <0.1 Very faint None NP
13 None None None Neg Very faint None 25.5
14 Rare None None <0.1 None None 28.6
15 Rare (thick only) None None <0.1 None None NP
16 Three rings (thick only) None None <0.1 None None NP

Ct5 cycle threshold; DOA5 date of admission; NP5 not performed; PCR5 polymerase chain reaction; PfHRP25 Plasmodium falciparum histidine-rich protein 2; RDT5 rapid diagnostic test.
Thick and thin smear microscopy was performed by the hospital hematology laboratory and confirmed by the provincial reference laboratory, which confirms 200 to 300 positive malaria specimens
per year. Parasitemia was calculated from thin smears as a percentage of infected red blood cells, with a minimum of 2,000 red blood cells assessed across randomly obtained fields of view and
excluding gametocytes. Subjective quantities of each Plasmodium stage are also described. Immunochromatographic testing was performed by the BinaxNOW RDT (Abbott, Chicago, IL).
Subjective band intensity is also described. Real-time PCRwas conducted as previously clinically validated for academic purposes.21 Bolded text refers to positive results.
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