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 Perspective on “Hypertension Increases 

usceptibility to Experimental Malaria in 

ice” 

he recent paper by Kandalgaonkar et al. 1 was read with high 

nterest as this is the only publication that raised the possibil- 
ties of an association between malaria and hypertension with 

n inverse direction of association. The authors tried to estab- 
ish, although in mice, that a hypertensi v e state incr eases the 
susceptibility” to malaria. This paper is of interest to the scien- 
ists working in this area because all the previously published 

iterature hypothesized that exposure to malaria may predis- 
ose an individual to an elevated risk of hypertension through 

ir ect (inflammator y) and indir ect (genetic) mechanisms. 2 The 
uthors 1 performed compr ehensi v e anal yses on the pathophys- 
ological dynamics of Plasmodium infection in hypertensi v e mice, 
howing, for the first time, that malaria pathology may be pro- 
onged in hypertension. These findings are intriguing for both 

esear c hers and physicians as they may be helpful in explaining 
he co-occurrence of malaria and hypertension in certain areas 
f the globe. However, Kandalgaonkar et al. 1 leave us with cer- 
ain concerns that need attention of resear c hers w orking in the 
rea so that the validity of the conclusions drawn by the authors 
ay be further ascertained. 

Models of hypertension and malaria: Human hypertension 

s a complex and multifactorial disease for which a perfect ani- 
al model is still a distant dream. Although a spontaneously 

ypertensi v e rat model is pr eferr ed, mouse models are not 
 good c hoice . 3 , 4 This is particularly true for the genetically 
odified BPH/2 mice used by Kandalgaonkar et al., 1 which is 
 good model for neurogenic hypertension but not for vas- 
ular hypertension. 5 , 6 Ther efor e , c hoice of animal model for 
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ypertension is critical for external validity of the experimen- 
al results using animal models. 3 The same is true for using 
he rodent model, P. yoelli , for malaria. Plasmodium berghei and P. 
 oelli hav e a str ong pr edilection for inv ading r eticulocytes, which
ight mimic human-infecting parasites, P. vivax and P. ovale , 

ut not for P. falciparum. In addition, the blood stage duration 

f P. yoelli is ∼18 h in contrast to ∼48 h for P. falciparum and P.
ivax . 7 Ther efor e, P. y oelli might not be a good choice for using
hem to r e pr esent the er ythr ocytic sta ges of Plasmodium , partic-
larl y wher e r eticuloc yte d ynamics ar e alter ed as r e ported by
andalgaonkar et al. 1 This limitation could be partly circum- 
ented by using blood from hypertensive and non-hypertensive 
ndividuals for establishing ex vivo / in vitro cultures of P. falci- 
arum parasites and not only comparing the parasitemia pro- 
ression but also assessing the stage-specific progression of the 
arasite growth and development across multiple erythrocytic 
ycles. 

Red blood cell (RBC) anomalies in hypertension and Plas- 
odium infection: RBCs have impaired membrane deformabil- 

ty (reduced fluidity/increased viscosity) in hypertension, which 

esults in a stiffer membr ane . 8 Although the complete biome- 
hanics of Plasmodium invasion in red cells is not fully decoded, 
t has been shown that raised RBC membrane tension deters par- 
site invasion 

9 , 10 with a bidirectional threshold tension range 
ey ond whic h inv asion is extr emel y unlikel y. 11 In addition,

ncreasing RBC membr ane fr agility has been shown to signif- 
cantly lower the intraer ythr ocytic parasite growth. 12 , 13 Hyper- 
ensi v e state is also associated with increased RBC osmotic 
ragility (OF) in humans, 8 but Kandalgaonkar et al. 1 showed 

ecreased RBC OF in hypertensive mice with high membrane 
igidity. These findings favor a reduced surface/volume of RBCs 
r a laxed RBC membrane akin to a r elati v el y dehydrated RBC, 14 
an Physiological Society. This is an Open Access article distributed under 
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nd the same is supported by the blood picture (microcytosis) of
ypertensi v e mice. Both high (HbE) and low (HbAS, thalassemia,
nd HbAC) OF states deter parasite inv asion and gr owth in
BCs and thus offer pr otection/r esistance to malaria. 13 , 14 There-

or e, high “susce ptibility” claimed by the authors may not be
xplained by altered RBC dynamics in hypertensi v e mice. Fur-
her, reticulocytes are considered to be osmotically more sta-
le as compared to mature erythrocytes, 15 and the same might
e true in hypertension. Considering compensatory reticulo-
ytosis, the OF curve might have been biased to war d shift-
ng to the left as r e ported by Kandalgaonkar et al. 1 How-
v er, compensator y r eticulocytosis might lead to some incr ease
n parasitemia, which can compensate for the lower para-
ite invasion and growth due to the above-mentioned RBC
nomalies. Targeted in vitro studies may be done to confirm
he role of hypertension-induced RBC anomalies, particularly
cr oss differ ent RBC OF gradients, to assess the effects on par-
site inv asion, gr owth, and egr ess as suggested by pub lished
iter ature . 9 , 14 , 16 , 17 

Susceptibility and sustained parasitemia: Because the term
malaria” is a clinical entity that is determined by demon-
tr ation of intr aer ythr ocytic asexual form of the parasite
n peripheral blood coupled with a febrile state that is
nexplained otherwise, the term “susceptibility” to malaria

mplies that RBCs are more prone/favorable to parasite inva-
ion/gr owth/dev elopment/r e plication and/or the infected per-
on is more prone to de velop fe ver at a low er par asitemia.
ince RBC membranes are already fragile in hypertension and
his fragility is further increased by Plasmodium infection, it is
xpected that the egress of the merozoites is prematurely pre-
ipitated by the fragility and ther efor e the duration of intraery-
hroc ytic c ycle is shortened and accompanied by slo w intraery-
hr ocytic gr owth, which is expected to lead to a lower number of

erozoites per schizont and therefore low er par asitemia. This
s contrary to what authors concluded. 1 Further, transient sus-
ained parasitemia, as shown by the authors, may not be termed
ncr eased susce ptibility to malaria but rather be reflected as
ltered pathology. It would have been more pertinent if the
uthors had tried to dissect the intraer ythr ocytic sta ge-specific
r ogr ession of the parasites in both the hypertensi v e and the
on-hypertensi v e gr oups. 

Thus, it is not expected that the RBC anomalies in hyperten-
i v e state per se will promote parasite invasion and/or sustained
ar asite infection. How e ver, a h yper- or pr o-inflammator y state,
ompr omised imm unity, and/or compensator y r eticulocytosis
ould pr ematur el y pr ecipitate the symptoms of malaria and
ustain infections with parasites that prefer reticulocytes for
nvasion and therefore make an individual more “susceptible”
o malaria. However, such pathologies are ubiquitous and may
ot be restricted to hypertension. Although Kandalgaonkar et
l. 1 is a seminal step forward in assessing the association of
alaria and hypertension from a novel perspective and has

pened a fascinating area for further resear c h, w e believe that
he claim that hypertension increases malaria “susceptibility”
ooks a bit pr ematur e at the moment considering the evidence
ited by the authors. To further test the hypothesis, we suggest
sing b lood fr om hypertensi v e patients and RBCs with anoma-

ies found in hypertension for P. falciparum culture to assess the
ole of these variables independently. However, with malaria and
ypertension both being clinical entities with complex patho-
hysiology, the ultimate way to test this hypothesis would be to
onduct a cohort study in areas where both these diseases are
r ev alent such as in sub-Saharan Africa and certain regions in
ndia. 
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