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Background and Significance

 Current multiplexed molecular diagnostics for febrile illnesses
such as malaria, Ebola, Zika, dengue, and chikungunya viruses
are situated outside the intersection of affordability, high
performance, and suitability for use at the point-of-care in
resource limited settings.

e |nsufficient diagnostic capabilities are a key limitation facing
current infectious disease management strategies in the
developing world.

 Transport of diagnhostic specimens to centralized diaghostic
laboratories introduces delays as well as logistical and
biosecurity concerns when infection with highly pathogenic
organisms are suspected.

e We demonstrate highly sensitive and specific detection of
febrile pathogens by coupling reverse-transcription loop-
mediated isothermal amplification (RT-LAMP) with an easy to
use inexpensive and ultra-portable smartphone operated
device: SmartLAMP.

Smartphone Enabled Pathogen Detection
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e We conduct reactions in a simple, inexpensive and portable
“LAMP box” supplemented with a consumer class smartphone.
The entire assembly can be powered by a 5V USB source such
as a USB power bank or solar panel.

Sandia National Laboratories is a multimission laboratory managed and
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QUASR RT-LAMP Robustly detects Febrile Custom on board Smartphone App

PathOgenS Control Panel Sample selection Cnloir;jn;egt;it;-#:lTsigance

e QUASR is an endpoint fluorescence detection technique that
improves upon common non-specific detection techniques for RT- Bluetooth connection to LAMP box
LAMP by providing bright, target-specific, multiplexable sighals with Wircless temperafure control
reduced false-positive results. S— -

e We developed a panel of four multiplex assays for 7 targets: P -
falciparum, Ebola virus, yellow fever virus, Lassa virus, chikungunya deendenty contlphone camers o
virus, West Nile virus, and dengue virus (serotypes 1-4), with limits of forbest possile Ightng
detection (LODy,) in the range of 10 — 1000 copies for most targets. — . H
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A. Cross-reactivity
within the panel

P. falc. 10° parasites
EBOV 108 copies
YFV 7x10° copies
LASV 5x10° copies
CHIKV 7x10% copies
WNYV 1.5x10’ copies
DENV-1 2x10° copies
DENV-2 2x10° copies
DENV-3 5x10° copies
DENV-4 2x10° copies
No template

Empty wells

e We also developed a QUASR RT-LAMP assay for Zika virus that
detects as few as 50 copies (LODg), within 10-30 minutes, in a variety
of clinical sample matrices (urine, saliva, whole blood, or serum). 0.18

B. Cross-reactivity with
related off-target viruses

Marburg virus 102 copies

winvirus 10°copies ——— FluOrescence Image Analysis on a Smartphone
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St. Louis enc. virus 1000 PFU

Zika virus 2x10° copies

llheus virus 1000 PFU

Buffer Blood Urine Saliva

o570

CIEy

5% human whole blood

Dual-positive controls

Detection sensitivity of ZIKV (PFU/mL)
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e We observed no difference in sensitivity when assays were

performed with intact infectious virus, or extracted RNA.

log(copies/rxn) log(copies/rxn)

. 1 2 3 4 5 0 1

€ O > 1.00F

c l BraZ|I =

; 30F A Honduras 'c% 075}

S @ Puerto Rico 5

-‘§ 20 2 0.50}

- O

O 3

ig 0 o A 0.00—& |

1 2 3 4 5 6 -1 0 1
log(PFU equivalent/mL) log(PFU/mL)
= 20 ; ‘_ 10° PFU/mL
ﬁ - > 10 I@mf;w@
= e % -
£ ?ﬁ; 75 :
T e Y -
o o 10 o % 50 :
E 2 - .
%Eﬁ ) :
T U & B U

* Our smartphone employs a novel algorithm utilizing chromaticity
to analyze fluorescence signals, which improves the discrimination

Vr==orum of positive/negative signals by 5-fold when compared to detection
g op L with traditional RGB intensity sensors or the naked eye.
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of sophisticated diagnostics to distributed field sites.
 These advancements make it possible to build a complete DNA/RNA
analysis system at a cost of ~$100 (SUS).
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