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UPDATE ON 
OUR WORK ON 
POCT DEVICES 
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1. Overview and Problem  

2. Examples and Patents  

3. Multiplexing  

4. Di!erent matrices such as Saliva and 
Urine  

5. Moving to Food Testing  

6. Target Product Profile  

7. Last Mile 

UPDATE ON NUTRIPHONE 





PROBLEM  

5

1. Access to a!ordable and reliable 
micronutrient status testing remains sparse  

1.1. Population level  

1.2. Personalized  

1.3. Food testing  

2. Challenges for targeting/designing 
interventions as well as monitoring 
response and impact evaluation  

3. Can point-of-care devices help? 

PROBLEM STATEMENT 



VISION/GOALS 
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1. Sensitivity/Specificity - Screening 
vs. Diagnostic   

2. Minimal Sample  

3. Minimal Infrastructure  

4. Minimal Training  

5. Minimal Cost  

6. Extend the reach of traditional 
laboratories 

UPDATE ON NUTRIPHONE 



NutriPhone bridges the gap
2. Test reaction 

takes 10 
minutes

Tests have been developed for: Vitamin D, Vitamin 
B12, Vitamin A, CRP, Iron, AGP 

1. Finger-stick 
applied to custom 

test-strips

3. Reader images 
test and sends to 

phone

More details and list of papers at insight.cornell.edu/projects 

http://insight.cornell.edu/projects


Testing Protocol



NutriPhone Mobile App

Mobile app provides step-by-step guidance to user



Current Reader Format and Footprint 



M
ED

IC
A

L
SC

IE
N

CE
S

EN
G

IN
EE

RI
N

G

Rapid diagnostic testing platform for iron and
vitamin A deficiency
Zhengda Lu

a
, Dakota O’Dell

b
, Balaji Srinivasan

c
, Elizabeth Rey

a
, Ruisheng Wang

d
, Sasank Vemulapati

a
,

Saurabh Mehta
c,e,1

, and David Erickson
a,c,e,1

aSibley School of Mechanical and Aerospace Engineering, Cornell University, Ithaca, NY 14853; bApplied and Engineering Physics, Cornell University, Ithaca,
NY 14853; cDivision of Nutritional Sciences, Cornell University, Ithaca, NY 14853; dMeinig School of Biomedical Engineering, College of Engineering, Cornell
University, Ithaca, NY 14853; and eInstitute for Nutritional Sciences, Global Health, and Technology, Cornell University, Ithaca, NY 14853

Edited by Alfred Sommer, Johns Hopkins University, Baltimore, MD, and approved November 2, 2017 (received for review June 26, 2017)

Micronutrient deficiencies such as those of vitamin A and iron

affect a third of the world’s population with consequences such

as night blindness, higher child mortality, anemia, poor preg-

nancy outcomes, and reduced work capacity. Many efforts to

prevent or treat these deficiencies are hampered by the lack

of adequate, accessible, and affordable diagnostic methods that

can enable better targeting of interventions. In this work, we

demonstrate a rapid diagnostic test and mobile enabled platform

for simultaneously quantifying iron (ferritin), vitamin A (retinol-

binding protein), and inflammation (C-reactive protein) status.

Our approach, enabled by combining multiple florescent mark-

ers and immunoassay approaches on a single test, allows us to

provide accurate quantification in 15 min even though the physi-

ological range of the markers of interest varies over five orders of

magnitude. We report sensitivities of 88%, 100%, and 80% and

specificities of 97%, 100%, and 97% for iron deficiency (ferritin

<15 ng/mL or 32 pmol/L), vitamin A deficiency (retinol-binding

protein <14.7 µg/mL or 0.70 µmol/L) and inflammation status

(C-reactive protein >3.0 µg/mL or 120 nmol/L), respectively. This

technology is suitable for point-of-care use in both resource-rich

and resource-limited settings and can be read either by a standard

laptop computer or through our previously developed NutriPhone

technology. If implemented as either a population-level screening

or clinical diagnostic tool, we believe this platform can transform

nutritional status assessment and monitoring globally.

micronutrient deficiency diagnostics | smartphone | point-of-care
diagnostics | multicolor lateral flow | fluorescence immunoassay

I
ron deficiency (ID) and vitamin A deficiency (VAD) are two
of the most prevalent micronutrient deficiencies worldwide.

ID affects 2 billion people and is a common cause of ane-
mia, which may reduce physical work capacity in adults or lead
to impaired brain development in children (1). VAD causes
night blindness, mostly among children and pregnant women,
affecting about 29% of the population in low- and mid-income
countries (2). VAD also negatively affects the immune system
and results in lowered erythropoiesis (3). Moreover, ID and
VAD often coexist (4) and the interaction between ID and
VAD may exacerbate each deficiency (5–7). Therefore, simul-
taneous access to iron and vitamin A status among popula-
tions at risk is important. ID and VAD due to dietary inade-
quacy can be potentially effectively treated at early stages by
changing diet and/or taking supplements (8–10), although it
can be challenging at the population level. Measuring ID and
VAD status represents an important first step in managing these
deficiencies.

Ferritin and retinol-binding protein (RBP) in serum are com-
mon biomarkers used for assessment of iron and vitamin A
status. Ferritin serves to store and transport iron in blood, an
indicator of ID (11). The normal range of ferritin in serum is
between 15 ng/mL (32 pmol/L) and 150 ng/mL (316 pmol/L)
for females or 200 ng/mL (421 pmol/L) for males, while the
cutoff for depleted iron storage in children less than 5 y old is

<12 ng/mL (26 pmol/L) and <30 ng/mL (63 pmol/L) if inflam-
mation presents. Nearly all retinol, the circulating form of vita-
min A in serum, is bound to RBP, so RBP concentrations in
blood can be used as an indicator of vitamin A status (12). How-
ever, different RBP cutoffs such as 14.5 µg/mL (0.69 µmol/L),
14.7 µg/mL (0.70 µmol/L), and 17.4 µg/mL (0.83 µmol/L) for
a diagnostic of VAD have been proposed (13–16), because the
molar ratio between retinol and RBP depends on many factors.
For the purposes of this paper, we consider a serum RBP con-
centration lower than 14.7 µg/mL (0.70 µmol/L) as vitamin A
deficient. This cutoff corresponds to the diagnostic standard for
VAD at 0.70 µmol/L of serum retinol concentration, assuming
a 1:1 retinol to RBP ratio in circulation (17), which has also
been demonstrated in previous research (15, 18). A challenge to
diagnosing ID and VAD, however, is that RBP and ferritin are
both acute phase proteins. This means that RBP concentrations
in blood can be temporarily reduced and ferritin concentrations
can be temporarily increased by acute infection and inflamma-
tion (19–21). Therefore, readings taken during acute infection or
inflammation periods can result in a false deficiency/sufficiency
diagnosis. As such, C-reactive protein (CRP) or similar mark-
ers of inflammation should also be measured, to correctly inter-
pret iron and vitamin A status. For people with moderate infec-
tion, serum CRP concentration is usually higher than 5.0 µg/mL

Significance

We demonstrate a technology that we believe could trans-

form the way nutritional deficiency testing is done world-

wide. Micronutrient deficiencies such as vitamin A and iron

affect a third of the world’s population with consequences

such as blindness, higher child mortality, anemia, poor preg-

nancy outcomes, and reduced work capacity. Our testing

platform simultaneously quantifies concentrations of ferritin,

retinol-binding protein, and C-reactive protein, allowing one

to diagnose iron and vitamin A deficiency and inflammation

status (to better inform and help with the interpretation of

the result) in about 15 min. Our approach combines multiple

florescent markers and immunoassay approaches on a single

test strip, allowing us to span the five orders of magnitude

difference in the physiological range of these markers.
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NutriPhone/FeverPhone Biomarkers
Nutritional Status 

• Vitamin B12 
• Vitamin A - RBP 
• Ferritin 
• Soluble Transferrin Receptor 
• Vitamin D - 25(OH)D3 
• Folate  

Food Safety  
• Aflatoxin  

• In blood, urine, milk  
• In food  

• Fumonisin  

Inflammation Status 
• Alpha-1 acid glycoprotein (AGP) 
•C-reactive protein

Cancer Biomarkers 
• Alpha Fetoprotein (AFP) 
•Prostate-specific antigen

Infectious Diseases 
• Dengue 
• Chikungunya 
• Chagas 
• Leptospirosis 
• Malaria 
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Created using biorender.com by Elena Cherchi  

http://biorender.com


SAFE-Phone 

Primary Work by:  Primary Work by:  

Primary Work by:  
Balaji Srinivasan, PhD, Research Associate  
Zhengda Lu, PhD, Former Graduate Student 
Amit Barui, PhD, Former Postdoctoral Associate  

Smartphone-Based Aflatoxin 
Evaluation at the Point-of-Need 



SAFE-Phone 
̔4’’ diagonal size, with a touch screen. 

̔Able to transmit data  

̔Confocal fluorescence optical sensor  

̔Europium nanoparticle (EuNPs) lateral flow assay  

̔Ultra-compact reader  

̔~100 times more sensitive than state-of-art technology 



SAFE-Phone - BIOMARKERS 

AFLATOXIN B1 
FOOD

AFLATOXIN M1 
URINE

AFLATOXIN B1-ALBUMIN/
AFLATOXIN B1-LYSINE 

BLOOD



Test line- monoclonal anti-aflatoxin 
(Abcam plc.)1-3 

Control line- anti-rat IgG (Jackson 
ImmunoResearch Inc.) 

ELISA Kit- Aflatoxin B1 ELISA Kit (# 
K4208, BioVision Inc., CA) 

Test line- monoclonal  anti-AFM1 IgG 
(Agrisera,  Inc.) 

Control line- anti-mouse IgG (Jackson 
ImmunoResearch Inc.) 

ELISA Kit- Aflatoxin M1 ELISA 
(#991AFLM01U, Helica, Inc.) 

FOOD/BLOOD URINE
1. Kanungo L & Bhand S Fluorimetric 

immunoassay for multianalysis of aflatoxins. J 
Anal Methods Chem 2013"584964 (2013). 

2. Parker CO & Tothill IE Development of an 
electrochemical immunosensor for aflatoxin 
M1 in milk with focus on matrix interference. 
Biosens Bioelectron 24"2452-7 (2009). 

3. Parker CO #et al. Electrochemical immunochip 
sensor for aflatoxin M1 detection. Anal Chem 
81"5291-8 (2009).

REFERENCE

SAFE-Phone 



SAFE-Phone Food  
̔Latex nanoparticle (400 nm diameter) 

based lateral flow immunoassay  

̔USDA cut o! for AFB1 in food - 20 ng/ml 

̔Assay covers the aflatoxin concentration 
range 5 - 40 ng/ml (ppb) 

̔Limit of detection as low as 5 ng/ml 

Aflatoxin - absence

Aflatoxin - presence

Anti-aflatoxin gold nanoparticle conjugate Aflatoxin-BSA conjugate Anti-rat antibodyAflatoxin

T = Test line C = Control line

T C 

T C 

T C 

T C 



SAFE-Phone  FOOD 
̔Selection of antibodies and design and development of test 

strip for AFB1 in food completed 

̔Testing of reference standard corn samples and comparison 
with HPLC results  - in partnership with O$ce of the Texas 
State Chemist and Texas A&M University. 

̔Assay development for Fumonisin and multiplexed AFB1, FB1 
test strip - in progress

Figure: Analytics - variation of test line signal with 
time at various concentrations

Figure: calibration curve for measurements at t = 
5 min and 10 min. 



SAFE-Phone - Blood- Challenges   
̔AFB1 in serum is in a complex adduct form at very low concentrations (pg range)  

̔Lack of commercial source for reference standard and calibrators for AFB1-lysine or AFB1- human serum adduct  

̔Lack of commercial sources for antibodies for anti-AFB1-lysine/ anti-AFB1-HSA  

̔Lack of reference antigen standard (AFB1-lysine) limits outsourcing custom development of antibodies  

̔Lack of commercial labs for performing gold standard HPLC testing for AFB1 in serum/urine samples  

̔No prior data on correlation between capillary and venous blood samples 



SAFE-Phone - Blood  
̔Next steps  

̔Substudy - compare capillary vs. venous blood samples for AFB1 concentrations  

̔Calibration e!orts ongoing in partnership with laboratories at UGA and JHU  

̔Validation in samples collected by the Tufts team in Nepal and Uganda 



WHO ASSURED 

WHO’S 
ASSURED 
CRITERIA/ 
TARGET 
PRODUCT 
PROFILE FOR 
POCT DEVICES 
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1. A!ordable by those at risk  

2. Sensitive (Few false-negative results) 

3. Specific#(Few false-positive results)  

4. User-friendly requires#minimal training (simple 
to perform by users with little training) 

5. Rapid (to enable treatment at first visit) and 
Robust (without the need for special storage)  

6. Equipment free (no large instruments that 
need external power supply)  

7. Delivered to those who need it (scale it up with 
sustainable business model to produce) 



Academic                    Industry 
Proof of Concept                                              Large Scale Production 

Optimize assay 
for required 
physiological 
range

Identify biomarker with 
diagnostic need

Commercialize, 
optimization and 
manufacturing

Initial small-scale 
lab validation and 
performance testing

Rigorous diagnostic performance 
evaluation, shelf life, temperature/ 
humidity effects etc

Our current work addresses these goals… How do we do this?

Images: Siemens, creative-diagnostics, biodot, Vossman 



Primary Work by:  Primary Work by:  

ASSAY DEVELOPMENT PIPELINE



Primary Work by:  Primary Work by:  

ASSAY DEVELOPMENT PIPELINE



Primary Work by:  Primary Work by:  

ASSAY DEVELOPMENT PIPELINE
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