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The biomechanical mechanisms underlying the protective effect of sickle cell trait against severe malaria were investigated 
by comparing the mechanical properties of wild type (HbAA) and sickle (HbAS) red  blood cells infected with 

Plasmodium falciparum at distinct intraerythrocytic maturation stages. A microfluidic platform mimicking capillary vessel 
cross-sectional dimensions and physiological  flow velocities enabled the visualization of individual RBCs at 36,000  
frames  per second. 

The RBCs  were biinarized, ellipse fitted, and the temporal evolution of ellipse height was analysed with an exponential 
function based on the standard linear solid (SLS) model to quantify dynamic shape recovery after cell deformation in the 
constriction, specifically measuring initial elastic recovery  and characteristic recovery time (τ). Uninfected HbAS  RBCs 
exhibited significantly impaired initial elastic recovery and a prolonged viscoelastic recovery time τ compared to wild type 
cells, consistent with known cytoskeletal dysfunctions. 

Following P. falciparum infection,  wild type RBCs showed a progressive, stage dependent reduction in initial elastic recovery 
and an increase in τ, displaying a distinct mechanical response from infected sickle RBCs which show no consistent increase 
for tau  during infection. Notably, at ring stage, only wild type RBCs exhibited diminished initial elastic recovery, potentially 
reflecting differences in cytoskeletal modulation due to altered phosphorylation and protein export in sickle cells. 

These findings indicate that sickle RBCs undergo distinct, stage-dependent  biomechanical  remodelling during malaria 
infection. Further studies employing targeted protein knockouts could elucidate the molecular determinants underlying 
these protective biomechanical phenotypes.
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