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Nanosponge platform 
technology shows 

promise to effectively 
treat emerging 

infectious diseases 
such as COVID-19.

PUTTING 
SARS-CoV-2
IN A BIND

E arly testing indicates “nanosponges” may provide 
an innovative solution for treating COVID-19 and 
other emerging infectious diseases. The Defense 

Threat Reduction Agency’s (DTRA) Chemical and Biological 
Technologies Department in its role as the Joint Science and 
Technology Office (JSTO) for the Chemical and Biological 
Defense Program is investing in medical countermeasure 
research at the University of California San Diego’s 
(UCSD) Department of NanoEngineering to determine if 
nanosponges can provide an effective treatment against 
infectious diseases.
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POC: Lt. Col. Krystal Walker, krystal.m.walker2.mil@mail.mil

Nanosponges are tiny biodegradable polymers 
wrapped by the membrane of target cells, such 
as lung epithelial cells.

Some “good” news about SARS-CoV-2 is that 
it shares most of its gene content with SARS-
CoV that affected humans several years ago. In 

both coronaviruses, there are 
common viral antigens—toxins 
or other foreign substances 
that induce an immune 
response in the body—and 
common proteases—enzymes 
that break down proteins 
and peptides. A recent 
study confirmed that, like 
SARS-CoV, the angiotensin-
converting enzyme-2 (ACE-2) 
processed or “expressed” in 

the lining of the human respiratory tract is the 
entry receptor for SARS-CoV-2. 

These novel nanosponges could potentially 
combat a variety of viruses that enter hosts’ 
airways by acting as a decoy and binding 
to the viruses before they can bind to host 
cells. Zhang et al. recently published results 
showing that SARS-CoV-2 binds to these 
decoy nanosponges that were more than 90% 

effective in causing the virus to lose its ability 
to infect cells in vitro. Once the virus is locked 
into the decoy, it can’t invade any real cells, and 
is then cleared by the body’s immune system. 
UCSD researchers specifically focused on 
overexpressing ACE-2, the key player mediating 
the entry of SARS-CoV-2.

This research shows that nanosponges could 
be used both to prevent disease and as a post-
exposure treatment to better protect warfighters 
and the public from COVID-19 and other 
emerging infectious diseases. 

Nanosponges act 
as a decoy and bind 
with viruses (such 
as SARS-CoV-2) and 
prevent the spread 
of those viruses. Read the study.

Nanosponges attract and capture virus cells 
to help prevent them from causing infection. 
(UC San Diego image)Host Cell
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rable with those of the cell sam
ples (Figure 1D). This indicate

s

that the nanosponges adopted a right-side-out membrane

orientation because inside-out membrane coating would

reduce antibody staining.
15 The membrane coating also

provided cellular nanosponges with extended colloidal stability

in 1× phosphate-buffered saline (Figure 1E).

After confirming the successful fabrication of Epithelial-NS

and MΦ-NS, we sought to evaluate their acute toxicity aft
er in

vivo administration in mice. Given that our intended use is the

deployment of cellular nanosponges for the treatment of

coronavirus infections that pred
ominantly affect the respiratory

tract,9 we elected to study the intratracheal route of

administration using the highest feasible dose of Epithelial-

NS or MΦ-NS (300 μg, based on membrane protein, in a

suspension of 20 μL). Histopathological analysis
of lung tissue

3 days after nanosponge administration revealed that immune

infiltration was similar to baseline levels, and there was no

evidence of lesion formation or tissue damage (Figure 2A).

Furthermore, we examined multiple blood parameters,

including a comprehensive serum chemistry panel and blood

cell counts, 3 days after nanosponge administration (Figure

2B,C). All of the blood markers that were studied, in addition

to red blood cells, platelets, and white blood cell counts, were

consistent with baseline levels,
confirming the short-term safety

of the cellular nanosponges.

We next evaluated the neutralization of infectivity by

authentic SARS-CoV-2 with a plaque reduction neutralization

test. In the study, a low passage sample of SARS-CoV-2 (USA-

WA1/2020, World Reference Center for Emerging Viruses and

Arboviruses)
16 was amplified in Vero E6 cells to make a

working stock of the virus. Vero E6 cells were seeded at 8 ×

105 cells per well in 6-well plates the day prior to the

experiment. Serial quarter-log dilutions of the nanosponges

were mixed with 200 plaque-forming units (PFU) of SARS-

CoV-2. The mixture was incubated at 37 °C for 1 h and then

added to the cell monolayers followed by an additional 1 h of

incubation. Mock-infected and diluent-only infected wells

served as negative and positive controls, respectively.

Monolayers were overlaid and incubated for 2 days followed

by viral plaque enumeration. Following the incubatio
n, cultures

without adding Epithelial-NS s
howed a viral count comparable

to that in the negative control, confirming viral entry and

infection of the host cells. Inhib
ition of the infectivity increased

as the concentration of Epithelial-NS increased, suggesting a

dose-dependent neutralization
effect (Figure 3A). Based on th

e

results, a half-maximal inhibitory concentration (IC50) value of

Figure 2. In vivo safety of cellular nanosponges. (A) Hematoxylin and eosin (H&E) staining of representative lung sections taken 3 days after

intratracheal administration of the cellular nanosponges (s
cale bar: 250 μm). (B) Comprehensive serum chemistry panel performed 3 days after

intratracheal administration of the cellular nanosponges (n = 3; mean + standard deviation). ALB, albumin; ALP, alkaline phosphatase; ALT,

alanine aminotransferase; AMY, amylase; BUN, urea nitrogen; CA, calcium; CRE, creatinine; GLOB, glo
bulin (calculated); GLU, glucose; K

+,

potassium; NA+, sodium; PHOS, phosphorus; TBIL, total bilirubin; TP, total protein. (C) Blood cell counts 3 days after intratracheal

administration of cellular nanosponges (n = 3; mean + standard deviation).

Figure 3. Cellular nanosponges neutr
alize SARS-CoV-2 infectivity. The neutralization against SARS-CoV-2 infection by (A) Epithelial-NS, (B)

MΦ-NS, and (C) nanosponges made from red blood cell membranes (RBC-NS, used as a control) was tested using live SARS-CoV-2 viruses on

Vero E6 cells. The IC50 values for Epithe
lial-NS and MΦ-NS were found to be 827.1 and 882.7 μg/mL (membrane protein concentration),

respectively. In all data sets, n = 3. Data are presented as mean + standard deviation. Horizontal dashed lines mark the zero levels. IC50 values were

derived from the variable slope model using Graphpad Prism 8.
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macrophages both express CD147 and have been reported to

play a significant role in the infection by frequent interactions

with virus-targeted cells through chemokines and phagocytosis

signaling pathways.13Based upon the current knowledge of SARS-CoV-2, we

fabricated two types of cellular nanosponges, human lung

epithelial type II cell nanosponge (denoted “Epithelial-NS”)

and human macrophage nanosponge (denoted “MΦ-NS”).

The resulting cellular nanosponges were thoroughly charac-

terized for their physicochemical and biological properties,

followed by in vivo evaluation of their safety in the lungs. Then,

these samples were independently tested in a biosafety level 4

(BSL-4) laboratory for inhibitory effects on human SARS-

CoV-2 virus and demonstrated clear antiviral efficacy in vitro.

To prepare cellular nanosponges, cell membranes of human

lung epithelial cells and macrophages were derived with a

differential centrifugation method and verified for purity. The

membranes were then coated onto polymeric nanoparticle

cores made from poly(lactic-co-glycolic acid) (PLGA) with a

sonication method to form Epithelial-NS and MΦ-NS,

respectively. When examined with dynamic light scattering,

both Epithelial-NS and MΦ-NS showed hydrodynamic

diameters larger than that of the uncoated PLGA cores

(Figure 1B). The surface zeta-potential of the nanosponges

was less negative than that of the PLGA cores but comparable

to that of the source cells (Table S1). These changes are

consistent with the addition of a bilayer cell membrane. Cell

membrane coating allows nanosponges to inherit the viral

receptors related to coronavirus entry into the host cells. For

verification, Western blot analysis showed the presence of viral

receptors such as ACE2, transmembrane serine protease 2

(TMPRSS2), and dipeptidyl peptidase IV (DPP4) on the

Epithelial-NS, and ACE2, C-type lectin domain family 10

(CLEC10), and CD147 on the MΦ-NS (Figure 1C).12,13 The

results also showed that the nanosponge preparation facilitated

membrane protein retention and enrichment on the nano-

sponges, without contamination from intracellular proteins

(Figure S1). For viral neutralization, right-side-out membrane

orientation, driven by the asymmetric repulsion between the

cores and the extracellular membrane versus the intracellular

membrane, is essential.14 To examine the membrane sidedness,

we stained cellular nanosponges and their source cells

containing equal amounts of membrane content using

fluorescently labeled antibodies against select membrane

antigens. After the removal of free antibodies, cellular

nanosponge samples showed fluorescence intensities compa-

Figure 1. Fabrication and characterization of cellular nanosponges. (A) Schematic mechanism of cellular nanosponges inhibiting SARS-CoV-2

infectivity. The nanosponges were constructed by wrapping polymeric nanoparticle (NP) cores with natural cell membranes from target cells such

as lung epithelial cells and macrophages (MΦs). The resulting nanosponges (denoted “Epithelial-NS” and “MΦ-NS”, respectively) inherit the

surface antigen profiles of the source cells and serve as decoys to bind with SARS-CoV-2. Such binding interaction blocks viral entry and inhibits

viral infectivity. (B) Dynamic light scattering measurements of hydrodynamic size (diameter, nm) and surface zeta-potential (ζ, mV) of polymeric

NP cores before and after coating with cell membranes (n = 3; mean + standard deviation). (C) Selective protein bands of cell lysate, cell

membrane vesicles, and cellular nanosponges resolved with Western blotting analysis. (D) Comparison of the fluorescence intensity measured from

cellular nanosponges (100 μL, 0.5 mg/mL membrane protein concentration) or source cells (100 μL, approximately 2.5 × 106 cells) containing

equal amounts of membrane content and stained with fluorescently labeled antibodies (n = 3; mean + standard deviation; n.s.: not significant;

statistical analysis was performed with paired two-tailed t-test). (E) Stability of cellular nanosponges in 1× phosphate-buffered saline determined by

monitoring particle size (diameter, nm) over a span of 7 days (n = 3; mean ± standard deviation).

Nano Letters
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Click here to read the article
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New studies that find 
equivalence between 
venous and finger-stick 
blood collection could 
improve diagnostic 
testing for warfighters in 
austere environments.

OUT FOR
BLOOD

Warfighters are often deployed to locations where they 
risk exposure to rare tropical diseases, emerging 
viral pathogens, or biological warfare agents. The 

ability to quickly diagnose an illness at the point of exposure 
and administering timely medical countermeasures can aid 
in protecting the warfighter, stopping the spread of disease, 
and supporting the mission. While there have been significant 
advances made in versatile diagnostic capabilities, collecting a 
blood sample using venipuncture—blood drawn from a vein—
requires trained medical personnel, and the warfighter may have 
to travel a great distance for this procedure. If capillary blood 
from a simple finger stick could yield the same test results, then 
the warfighter could be diagnosed and treated closer to the 
deployment location and in less time. 

L E S S
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The Defense Threat Reduction Agency’s (DTRA) 
Chemical and Biological Technologies Department in its 
role as the Joint Science and Technology Office (JSTO) 
for the Chemical and Biological Defense Program 
invested in a study to determine if blood from a finger 
stick instead of venipuncture could be used for relevant 
diagnosis of chemical and biological threats. To test the 
equivalence of the different methods, DTRA-JSTO used 
the Laboratory Analysis and Clinical Evaluation program 
at one site in South America and another in West Africa. 

The Naval Medical Research Unit #6 monitors a well-
studied population of a half million residents in the 
remote city of Iquitos, Peru, on the Amazon River. Since 
the mosquito-borne dengue virus is the predominant 
infection seen at the clinic, researchers compared the 
precision of laboratory-based polymerase chain reaction 
(PCR) conducted on both blood from venipuncture and 
from finger stick. Of the 327 paired samples, 74 were 
positive for dengue serotype 1, and 10 for dengue 
serotype 2. Researchers determined the positivity rates 
were nearly identical, which confirmed that consistent 
results could be obtained from the venous and capillary 
blood samples.

FilmArray assays being performed by Umaru Bangura and 
Rashid Ansumana. (Photo by Tomasz Leski)

Victoria Baio extracts DNA from patient samples. (Photo by Chris Taitt)

Similarly, the Naval Research Laboratory conducted 
a study in a smaller city in Bo, Sierra Leone, of about 
175,000. They performed PCR using the FilmArray 
Global Fever Panel and a multiplex Q-PCR assay to 
analyze the paired venous and capillary blood of 141 
people exhibiting symptoms of malaria to detect the 
presence of Plasmodium parasites. The researchers 
found no difference in malaria detection between 
venous and capillary blood using two different PCR-
based detection assays. This data supports the use of 
capillary blood for PCR-based malaria diagnostics.

While the sample sizes were small, these studies 
revealed preliminary evidence of the accuracy of 
using finger-stick capillary blood rather than venous 
blood for rapid testing with molecular diagnostic 
assays. This research supports eliminating the need 
for transporting warfighters from deployed locations 
to skilled medical technicians in a hospital or point-of-
care setting by using simpler but accurate diagnostic 
methods to identify and treat biological threats and help 
stop the spread of disease. 
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Within the Defense Threat Reduction 
Agency’s Research and Development
Directorate resides the Chemical and 
Biological Technologies Department 
performing the role of Joint Science 
and Technology Office for the 
Chemical and Biological Defense 
Program. This publication highlights 
the department’s advancements in 
protecting warfighters and citizens 
from chemical and biological threats 
through the innovative application of 
science and technology. DTRA.mil
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