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Annual Research Highlights

(1) “Massive image-based single-cell profiling reveals
high levels of circulating platelet aggregates in patients
with COVID-19”

With the increasing number of global case reports since the
beginning of the COVID-19 pandemic, it has become clear
that COVID-19-associated microvascular thrombosis is
one of the key factors for the severity and mortality of
COVID-19. In fact, COVID-19 autopsy reports have
shown  widespread  thrombotic =~ microangiopathy
characterized by extensive diffuse microthrombi within
peripheral capillaries and arterioles in lungs, hearts, and
other organs, resulting in multiorgan failure. However, the
underlying process of COVID-19-associated
microvascular thrombosis remains elusive due to the lack
of tools to statistically examine platelet aggregation (i.e.,
the initiation of microthrombus formation) in detail. Here
we report the landscape of circulating platelet aggregates
in COVID-19 obtained by massive single-cell image-based
profiling and temporal monitoring of the blood of COVID-
19 patients (n = 110). Surprisingly, our analysis of the big
image data shows the anomalous presence of excessive

platelet aggregates in nearly 90% of all COVID-19 patients.

Furthermore, results indicate strong links between the
concentration of platelet aggregates and the severity,
mortality, respiratory condition, and vascular endothelial
dysfunction level of COVID-19 patients.
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Fig. 1 Massive image-based profiling of circulating platelets and
platelet aggregates at single-cell resolution. (a) Experimental
workflow consisting of blood draw, sample preparation, high-
throughput imaging, and digital image analysis. (b) Evolution of
the platelet aggregate concentrations of different severity groups
(mild, moderate, severe).
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(2) “All-dielectric chiral-field-enhanced Raman optical
activity”

Since its first demonstration in the 1970s, Raman optical
activity (ROA) has exhibited its powerful ability to
identify the absolute conformational information and
behavior of chiral molecules in aqueous solutions as well
as its advantages over X-ray crystallography and nuclear
magnetic resonance (NMR) spectroscopy in sample
preparation and cost performance. However, ROA is
extremely weak (3—5 orders of magnitude weaker than
spontaneous Raman scattering), which makes ROA much
less popular among users than X-ray crystallography and
NMR spectroscopy. Localized surface plasmon resonance
(LSPR) on metallic nanoparticles has been employed to
enhance ROA signals, but is hindered by detrimental
spectral artifacts due to its photothermal heat generation
and inability to efficiently transfer and enhance optical
chirality of excitation light from the far field to the near
field. Here we report our development of on-chip chiral-
field-enhanced ROA by harnessing a silicon nanodisk
array that tailors the chiral field to significantly increase
the interaction between the excitation light and chiral
molecules via exploiting a dark mode. Specifically, we
used the array with a pair of biological enantiomers to
show >100x enhanced chiral light-molecule interaction
with negligible artifacts for ROA measurements. With
these capabilities, we think our silicon nanodisk array is
expected to open an efficient, cost-effective, reliable way
for absolute conformational analysis of trace chiral
molecules which cannot be analyzed by X-ray
crystallography and NMR spectroscopy and hence holds
promise in diverse fields such as analytical chemistry,
structural virology, and pharmaceutical science.
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Fig. 2 Chiral-field enhanced Raman optical activity by a silicon
nanodisk array. (a) Concept of chiral-field enhanced Raman
optical activity by a silicon nanodisk array. (b) ROA spectra of
(+)-tartaric acid (a pair of biological enantiomers) with and
without the chiral-field enhancement by the silicon nanodisk
array.
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