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C o r r e s p o n d e n c e

Hidden Biomass of Intact Malaria Parasites  
in the Human Spleen

To the Editor: Intraerythrocytic malaria para-
sites are assumed to have predominantly intra-
vascular tropism, with the spleen considered to 
be principally a site for parasite destruction, as 
is evident after antimalarial treatment.1 We hy-
pothesized a more complex role for the spleen in 
human malaria and explored the possibility that 
viable, plasmodium-infected red cells accumu-
late in this organ.2,3 In a prospective study, we 
obtained spleen tissue and peripheral blood 
from 15 largely untreated, asymptomatic adults 
in malaria-endemic Papua, Indonesia, whose 
infection with Plasmodium falciparum (9 patients) 
or P. vivax (6 patients) was confirmed on poly-
merase-chain-reaction assay. All the patients had 
undergone splenectomy, mostly due to trauma 
(for cohort characteristics, see Table S1 in the 
Supplementary Appendix, available with the full 
text of this letter at NEJM.org).

Nonphagocytosed, intact red cells infected 
with P. falciparum or P. vivax in all stages of devel-
opment were observed under microscopic ex-
amination of Giemsa-stained spleen sections 
and quantitated with the use of a counting 
method validated in an earlier study.4 These ob-
servations were confirmed on electron micros-
copy and on immunohistochemical analysis con-
ducted with the use of a P. vivax apical membrane 
antigen-1 marker and the macrophage marker 
CD68 (Fig. 1A and 1B, respectively). Further 
analysis (available in the Supplementary Appen-
dix) revealed a large, previously unrecognized 
biomass of asexual-stage parasites accumulating 
in the spleen. Nonphagocytosed red cells in-
fected with parasites were observed in densities 
hundreds to thousands of times higher than in 
circulating blood (P = 0.02 for the comparison 
with P. falciparum, and P = 0.03 for the compari-
son with P. vivax; see Fig. 1C and 1D, respec-
tively). Splenic infection with P. vivax was unde-

tectable in the peripheral blood of 1 patient and 
splenic infection with P. falciparum was undetect-
able in the peripheral blood of 2 patients on 
polymerase-chain-reaction assays (Table S1 in 
the Supplementary Appendix). Splenic tropism 
was greatest in P. vivax infections, in which the 
median splenic density was 3590 times as high 
as that in peripheral blood (range, 2300 to 4210) 
and far greater than the estimated spleen-to-
blood ratio in P. falciparum infections (median, 
289; range, 18 to 1530) (in Fig. 1E). In spleens 
infected with P. falciparum, the mean percentage 
of asexual-stage parasites characterized as rings 
or trophozoites was 81% (95% confidence inter-
val [CI], 66 to 96) and the mean percentage 
characterized as schizonts was 19% (95% CI, 4 
to 34). In spleens infected with P. vivax, these 
proportions were 95% (95% CI, 86 to 100) and 
5% (95% CI, 0 to 14), respectively. Parasite via-
bility was confirmed in seven of nine P. falci-
parum infections (Fig. S1A in the Supplementary 
Appendix). Estimates of intrasplenic and periph-
eral biomasses (Fig. S1B) indicated that among 
the total number of asexual-stage P. vivax para-
sites, the spleen contained 98.7% (95% CI, 89.4 to 
99.8) and the circulation contained 1.3% (95% CI, 
0.2 to 10.6) (Fig. 1F). Estimates of the asexual-
stage P. falciparum splenic biomass, given the as-
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sumption that one mature form was sequestered 
for each circulating ring,5 suggested that it was at 
least two times as large as that in the circulation.

In conclusion, in our small cohort study of 

asymptomatic persons naturally infected with 
P. falciparum or P. vivax, a large biomass of intact, 
infected red cells accumulated in the spleen. The 
circulating compartment is important for path-

Circulating
peripheral

blood

Spleen
10–4

10–3

10–2

10–1

100

101

102

In
fe

ct
ed

 R
ed

 C
el

ls
 (%

)

10–4

10–3

10–2

10–1

100

101

102

In
fe

ct
ed

 R
ed

 C
el

ls
 (%

)

P=0.02

Circulating
peripheral

blood

Spleen

P=0.03

P. falciparum P. vivax
10

100

1000

10,000

R
at

io

Peripheral asexual biomass Splenic asexual biomass

6.9%

93.1%

P. falciparum

1.3%

98.7%

P. vivax

B Infection with P. vivax

D Density of Asexual Infected
Red Cells

F Total Intrasplenic and Circulating Peripheral Parasite Biomass

C Density of Asexual Infected
Red Cells

E Ratio of Nonphagocytosed, Asexual-Stage, Infected Red-Cell Density
in the Spleen vs. Peripheral Blood

A Infection with P. falciparum

Rings Trophozoites Schizonts Gametocytes

TEM CD68 IHC

Rings Trophozoites Schizonts Gametocytes

AMA1 IHC CD68 IHC

Cords

Sinus
lumen

10 µm

Cords

Infected
red cell

Infected
red cell

Infected
red cell

Sinus
lumen

10 µm

5 µm

5 µm

m
m

m

m

m

m

5 µm

10 µm

1 µm

5 µm

The New England Journal of Medicine 
Downloaded from nejm.org on June 4, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



Correspondence

n engl j med 384;21 nejm.org May 27, 2021

ogenesis and transmission, but, especially in 
P. vivax, it is neither the main site of the parasite 
biomass nor the main site of parasite interac-
tions with cells mediating innate and adaptive 
immunity. The accumulation of young and ma-
ture parasites in stages proportional to their 
asexual life cycle in vivo and the magnitude of 
the ratio of the infected red cells in the spleen 
as compared with the peripheral blood suggest 
an endosplenic life cycle in both species, and one 
of greater magnitude in P. vivax (see the Supple-
mentary Appendix for computations). Chronic 
malaria may be viewed primarily as an infection 
of the spleen rather than exclusively as an infec-
tion of the blood.
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Figure 1 (facing page). Accumulation of Intact, Asexual-Stage P. falciparum and P. vivax, in the Spleens of Patients with Asymptomatic 
Infection.

Tissue sections of the spleen were stained with Giemsa and assessed for the presence of infection with plasmodium species at a magni-
fication of 400. Representative Giemsa fields within the red pulp are shown in the spleens from two patients, one infected with P. falciparum 
(Panel A) and the other with P. vivax (Panel B), with clear distinction of architectural zones. Nonphagocytosed, intact, infected red cells 
were observed frequently (arrowheads) and were categorized into developmental stages on the basis of their morphologic appearance 
(ring forms, trophozoites, schizonts, and gametocytes). Structures resembling pigmented phagocytes were also present (arrows). Non-
phagocytosed red cells infected with P. falciparum were also observed on transmission electron microscopy (TEM). Immunohistochemi-
cal (IHC) staining with CD68 confirmed the localization of infected cells outside macrophages (m). Antibodies against P. vivax apical mem-
brane antigen-1 (AMA-1), a marker for P. vivax mature stages (staining red), supported the existence of P. vivax trophozoites and schizonts 
in the patient spleen (representative examples shown). Parasite counts revealed that densities of intact, infected red cells were significantly 
higher in the spleen than in the peripheral blood with both P. falciparum (Panel C, seven patients) and P. vivax (Panel D, six patients). 
The median ratio of asexual-stage infected red-cell density in the spleen versus circulating peripheral blood was higher with P. vivax than 
with P. falciparum (Panel E, with circular points representing untreated patients and triangular points recently treated patients). Spleen 
weight and estimated total blood volumes were used to calculate the total biomass in the spleen as a percentage of the total intrasplenic 
and circulating peripheral biomass for the two species (Panel F). Paired data points, assessed with the use of the Wilcoxon test, are shown 
in Panels C and D, and medians are shown in Panels E and F. Unadjusted P values <0.05 indicate statistical significance.
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Race and Genetic Ancestry in Medicine

To the Editor: In arguing that ancestral geno-
type should complement race categories in bio-
medical research, Borrell et al. (Feb. 4 issue)1 
misstate a finding that less than 2% of trials 
funded by the National Cancer Institute focused 
on any racial or minority population as their pri-
mary emphasis2 and instead state that less than 
2% of such trials included non-White partici-
pants. This error highlights the difference be-
tween bona fide and token inclusion.

ClinicalTrials.gov shows that the number of 
minority-focused trials has not grown, even 
though enrollment of non-Whites has nearly 
doubled over the past two decades.3 This finding 
implies that most trials still lack the threshold 
for race-specific or genotypic analyses to be ad-
equately powered.

For inclusion goals to work, we need to con-
duct more trials with non-White participants 
and enroll substantially more non-White partici-
pants in each trial. This challenge would be best 
met cooperatively, since individual medical cen-
ters, even when they are well positioned to re-
cruit non-White participants, struggle to do so.4

The National Institutes of Health requires that 

subgroup data provide adequate power if they 
are to be separately analyzed5 but demands no 
specific level of minority participation and does 
not address the need for minority-focused trials. 
We believe the Biden administration should fix 
these shortcomings.
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