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CONVERGENCE OF A SPECTRUM OF NODES TO INFORM AND INFLUENCE KEY PERFORMANCE INDICATORS (KPI)

How to transform SOFT ideas into HARD reality 

Explore Parts 3, 2 and 1 – here - https://dspace.mit.edu/handle/1721.1/153283



Understand 
the dogma 
(founding 
principle)   
of biological
systems.

CONNECTIVITY

nothing comes from nothing



CONNECTIVITY

Closed-loop connectivity between feed-back and feed-forward mini sub-systems are hallmark of 
most biological networks in molecular metabolism, general physiology and maintenance of 

homeostasis (impairment causes dysfunction or external agents may induce disease).  

Almost all “what’s next” events 
or scenarios depend on a priori 
status (what was before). Hence, 
most bio-systems are continuous 
networks (inextricably linked by
intra- and inter- dependencies).
Mathematically, all data are 
time-series data which are not
discrete (values cannot be / are 
not independent) but continuous
(as are the dependent variables). 



Healthcare users are not 
customers. Healthcare is not a 

business-as-usual profit model.

The healthcare industry suffers from the greatest 
information asymmetry between providers and users.

Why? The “information asymmetry” between patients and doctors. 
https://www.nobelprize.org/prizes/economic-sciences/2001/summary/ 

https://www.nobelprize.org/prizes/economic-sciences/2001/summary/


                          NBC didn’t change media.        
Y                       YouTube did. NASA didn’t                                                                             
r reinvent space exploration. 
SpaceX did. GM didn’t innovate electric 
car. Tesla did. AT&T didn’t create smart 
phones. Apple did. Walmart could not 
innovate retail. Amazon did.

www.matshore.com/849-2/

The electric bulb didn’t 
result from incremental 

improvement of candles.

https://yourstory.com/2013/09/silcon-valley-legend-vinod-khosla-plans-slowdown-next-25-years 

https://yourstory.com/2013/09/silcon-valley-legend-vinod-khosla-plans-slowdown-next-25-years


NBC didn’t change media.  YouTube did. 
NASA didn’t reinvent space exploration. 
SpaceX did. GM didn’t innovate electric car. 
Tesla did. AT&T didn’t create smart phones. 
Apple did. Walmart could not innovate 
retail. Amazon did. Pfizer did not create 
CoVID-19 mRNA vaccine. *BioNTech did.

In Business Outsiders Innovate ? 
Faux naïveté in its purest distillate ?



*BioNTech was created by scientists who 
were original inventors. Plant based oral 
vaccines (POV) is a science-based effort in 
need of scientific knowledge and 
leadership as well as wisdom for 
implementing POV to use science to 
benefit society. Greed has no place but 
ethical profitability is not impossible. 

Healthcare is NOT a Business 
Patients are NOT Customers

https://pristina.mfa.gov.hu/eng/news/katalin-kariko-has-been-awarded-the-2023-nobel-prize-in-medicine 

Why? The “information asymmetry” between patients and doctors. 
https://www.nobelprize.org/prizes/economic-sciences/2001/summary/ 

https://pristina.mfa.gov.hu/eng/news/katalin-kariko-has-been-awarded-the-2023-nobel-prize-in-medicine
https://www.nobelprize.org/prizes/economic-sciences/2001/summary/


Healthcare is NOT a Business 
Businesses have FAILED to provide 

for “profit only” healthcare services.

FAILED BUSINESS
https://corporate.walmart.com/news/2024/04/30/walmart-health-is-closing

https://www.aha.org/aha-center-health-innovation-market-scan/2024-04-09-
walgreens-shutters-160-villagemd-clinics-after-6-billion-loss

www.vcloudinfo.com/2011/08/rip-google-health-another-cloud-service.html

https://www.nytimes.com/2014/06/17/upshot/apples-healthkit-probably-
wont-bring-a-new-age.html

https://www.fiercehealthcare.com/health-tech/amazon-care-shutting-down-
end-2022-tech-giant-said-virtual-primary-care-business-wasnt 

https://www.usatoday.com/story/money/2024/10/01/cvs-layoffs-
2024/75466456007/ 

https://medcitynews.com/2020/05/gawande-steps-down-as-ceo-of-haven-underscoring-how-hard-it-is-to-change-healthcare/

https://corporate.walmart.com/news/2024/04/30/walmart-health-is-closing
https://www.aha.org/aha-center-health-innovation-market-scan/2024-04-09-walgreens-shutters-160-villagemd-clinics-after-6-billion-loss
http://www.vcloudinfo.com/2011/08/rip-google-health-another-cloud-service.html
https://www.nytimes.com/2014/06/17/upshot/apples-healthkit-probably-wont-bring-a-new-age.html
https://www.nytimes.com/2014/06/17/upshot/apples-healthkit-probably-wont-bring-a-new-age.html
https://www.fiercehealthcare.com/health-tech/amazon-care-shutting-down-end-2022-tech-giant-said-virtual-primary-care-business-wasnt
https://www.fiercehealthcare.com/health-tech/amazon-care-shutting-down-end-2022-tech-giant-said-virtual-primary-care-business-wasnt
https://www.usatoday.com/story/money/2024/10/01/cvs-layoffs-2024/75466456007/
https://www.usatoday.com/story/money/2024/10/01/cvs-layoffs-2024/75466456007/


This is not a discussion about pecuniary interests.





Digital 

Convergence

of 

Biological

Transactions 
Data-Informed Decision Support (DIDS) Systems

Distributed Secure Near Real-time Mobile Digital Health Services 

Closed-loop biological response using bioelectronic sensing



Therapeutic interventions in vivo to provide 
longitudinal health monitoring & modulation

https://meche.mit.edu/people/faculty/ritur%40mit.edu 

SOFT

https://meche.mit.edu/people/faculty/ritur%40mit.edu


https://www.nobelprize.org/prizes/medicine/1937/szent-gyorgyi/facts/ 

https://www.nobelprize.org/prizes/medicine/1937/szent-gyorgyi/facts/


Transaction Cost

Understanding the principle of transaction cost economics 
(TCE in DIGITAL HEALTH) 

https://www.nobelprize.org/prizes/economic-sciences/1991/coase/facts 

https://www.nobelprize.org/prizes/economic-sciences/1991/coase/facts


This is not a discussion about pecuniary interests.

 
But, it will be foolhardy not to point out the instances 

where science may intersect with business, for the 
greater good, even if greed takes a bite out of it.   



BIOBANKS

Been there, done that, plenty more to do …



UK Biobank is an intensively characterised prospective cohort of 500,000 adults aged 
40–69 years, recruited between 2006 and 2010. The study was established to enable 
researchers worldwide to undertake health-related research in the public interest.
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Feng Q, Lacey B, Bešević J, Omiyale W, Conroy M, Starkey F, Calvin C, Callen H, 
Bramley L, Welsh S, Young A, Effingham M, Young A, Collins R, Holliday J, Allen 
N. UK biobank: Enhanced assessment of the epidemiology and long-term impact of 
coronavirus disease-2019. Cambridge Prism Precis Medicine. 2023 August 29;1:e30.   
doi: 10.1017/pcm.2023.18. PMID: 38550926; PMCID: PMC10953745.



Boutin NT, Schecter SB, Perez EF, Tchamitchian NS, Cerretani XR, Gainer VS, Lebo MS, Mahanta LM, Karlson EW, Smoller JW. Evolution of 
a Large Biobank at Mass General Brigham. J Personaized Medicine. 2022 August 17;12(8):1323. doi: 10.3390/jpm12081323. PMID: 36013271; 
PMCID: PMC9410531. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9410531/pdf/jpm-12-01323.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9410531/pdf/jpm-12-01323.pdf




BIOBANKS
(US) Stanford Biobanks https://med.stanford.edu/biobank.html

https://med.stanford.edu/day-lab/biobank 

https://med.stanford.edu/scvibiobank/publications.html 

(US) MGH MGB Biobank 135,000 participants www.massgeneralbrigham.org/en/research-and-innovation/participate-in-
research/biobank

EuroBioBank 150,000 samples https://www.eurobiobank.org/ 

https://www.eurobiobank.org/publications/ 

Estonian Biobank 200,000 participants https://genomics.ut.ee/en/content/estonian-biobank

https://www.broadinstitute.org/publications/broad5522

(US) UPenn Biobank 264,000 participants https://pmbb.med.upenn.edu/

https://pmbb.med.upenn.edu/publications.php 

CanPath – Canadian Partnership 330,000 participants https://canpath.ca/

https://canpath.ca/publications/ 

UK Biobank 500,000 participants https://www.ukbiobank.ac.uk/

https://www.ukbiobank.ac.uk/enable-your-research/publications 

FinnGen 500,000 participants https://www.finngen.fi/en and https://www.finngen.fi/en/publications 

https://www.nature.com/collections/ahigjjgihc

(UK) China Kadoorie Biobank 510,000 participants https://www.ckbiobank.org/

https://www.ckbiobank.org/publications 

(WHO) IARC IBB Biobank (IBB) 562,000 participants https://ibb.iarc.fr/

https://www.iarc.who.int/cards_page/iarc-publications/ 

https://publications.iarc.who.int/ 
(US) NIH “All of Us” Biobank 790,000 participants https://allofus.nih.gov/ 

https://www.joinallofus.org/

https://www.researchallofus.org/publications/ 
Biobank Graz 20 million samples https://biobank.medunigraz.at/en

https://bbmri.at/for-researchers/biobank-cohorts/ 

Source: https://www.biobanking.com/10-largest-biobanks-in-the-world/

De Souza YG, Greenspan JS (2013) Biobanking past, present and future: responsibilities and benefits. AIDS. 2013 January 28; 27(3):303-312. 
doi: 10.1097/QAD.0b013e32835c1244 PMID: 23135167; PMCID: PMC3894636. https://pmc.ncbi.nlm.nih.gov/articles/PMC3894636/pdf/nihms506367.pdf 

Elena L. Grigorenko and Susan Bouregy (2018) Biobanking on a Small Scale: Practical Considerations of Establishing a Single-Researcher Biobank. Stanford Journal of Law, 
Science and Policy. https://law.stanford.edu/wp-content/uploads/2018/05/grigorenko.pdf 

https://med.stanford.edu/biobank.html
https://med.stanford.edu/day-lab/biobank
https://med.stanford.edu/scvibiobank/publications.html
http://www.massgeneralbrigham.org/en/research-and-innovation/participate-in-research/biobank
http://www.massgeneralbrigham.org/en/research-and-innovation/participate-in-research/biobank
https://www.eurobiobank.org/
https://www.eurobiobank.org/publications/
https://genomics.ut.ee/en/content/estonian-biobank
https://www.broadinstitute.org/publications/broad5522
https://pmbb.med.upenn.edu/
https://pmbb.med.upenn.edu/publications.php
https://canpath.ca/
https://canpath.ca/publications/
https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/enable-your-research/publications
http://www.finngen.fi/en
https://www.finngen.fi/en/publications
https://www.nature.com/collections/ahigjjgihc
https://www.ckbiobank.org/
https://www.ckbiobank.org/publications
https://ibb.iarc.fr/
https://www.iarc.who.int/cards_page/iarc-publications/
https://publications.iarc.who.int/
https://allofus.nih.gov/
https://www.joinallofus.org/
https://www.researchallofus.org/publications/
https://biobank.medunigraz.at/en
https://bbmri.at/for-researchers/biobank-cohorts/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3894636/pdf/nihms506367.pdf
https://law.stanford.edu/wp-content/uploads/2018/05/grigorenko.pdf


What about blood bank

and cord blood bank

epidemiology?

Not much, yet.



www.nhlbi.nih.gov



Blood Bank 

and 

Cord Blood Bank

Epidemiology ??

www.brighamandwomens.org/obgyn/cord-blood-donation

www.dana-farber.org/how-you-can-help/get-involved/donate-bone-marrow-stem-cells 

https://www.brighamandwomens.org/obgyn/cord-blood-donation
http://www.dana-farber.org/how-you-can-help/get-involved/donate-bone-marrow-stem-cells


A key element of DHHS 

LIQUID BIOPSIES
SCALE POPULATION HEALTH USING LIQUID 
BIOPSIES VIA COMMUNITY BLOOD BANKS?

Angioni D, Delrieu J, Hansson O, Fillit H, Aisen P, Cummings J, Sims JR, Braunstein JB, Sabbagh M, Bittner T, Pontecorvo M, Bozeat S, Dage JL, Largent E, 
Mattke S, Correa O, Gutierrez Robledo LM, Baldivieso V, Willis DR, Atri A, Bateman RJ, Ousset PJ, Vellas B, Weiner M. Blood Biomarkers from Research Use 
to Clinical Practice: What Must Be Done? A Report from the EU/US CTAD Task Force. J Prev Alzheimers Dis. 2022; 9(4):569-579. doi: 10.14283/jpad.2022.85. 
PMID: 36281661; PMCID: PMC9683846. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9683846/pdf/nihms-1846920.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9683846/pdf/nihms-1846920.pdf


LIQUID BIOPSY (LB) 
why it can scale

Liquid biopsies (LB) using blood can scale to reveal 
personal as well as population health signals 
(predictive) because blood draw in clinics and 
blood donation in community blood banks can be 
accomplished with relative ease and at a low cost 
even for resource constrained communities. 
Key performance indicators (KPI) for liquid biopsies 
are sensitivity, predictive outcome (precision and 
accuracy). Key performance driver (KPD) is cost. 

Castro-Giner F, Gkountela S, Donato C, Alborelli I, Quagliata L, Ng CKY, Piscuoglio S, Aceto N. Cancer Diagnosis Using a Liquid 
Biopsy: Challenges and Expectations. Diagnostics (Basel). 2018 May 9 ;8(2):31. doi: 10.3390/diagnostics8020031. PMID: 29747380; 
PMCID: PMC6023445. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6023445/pdf/diagnostics-08-00031.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6023445/pdf/diagnostics-08-00031.pdf


Priming agents (PA) reduce the clearance of cell-free (cf) DNA and enhance the sensitivity of liquid biopsies.
Priming agents transiently attenuate natural clearance mechanisms for cfDNA and consist of nanoparticles that act on the cells 
responsible for cfDNA clearance (top left) or DNA-binding antibodies that protect cfDNA from cellular uptake and enzymatic 
digestion (bottom left). In preclinical models, priming agents increased the half-life of cfDNA, enhanced recovery of circulating tumor 
(ct) DNA, and improved tumor molecular profiling from ctDNA and sensitivity of ctDNA testing (middle). PA’s administered 1 to 2 
hours prior to a blood draw, improves recovery of ctDNA and may boost the sensitivity of many types of liquid biopsy tests (right).

LIQUID BIOPSY - surpassing sensitivity limits by transiently augmenting the level of circulating tumor DNA 
(ctDNA) in blood (using nanoparticle priming agents) to attenuate clearance of cell-free DNA (cfDNA) in vivo.

www.ncbi.nlm.nih.gov/pmc/articles/PMC9882213/

Martin-Alonso C, Tabrizi S, Xiong K, Blewett T, Patel S, An Z, Sridhar S, Bekdemir A, Shea D, Amini AP, Wang ST, Kirkpatrick J, Rhoades J, Golub TR, Love JC, Adalsteinsson VA, Bhatia SN. A nanoparticle 

priming agent reduces cellular uptake of cell-free DNA and enhances the sensitivity of liquid biopsies. bioRxiv [Preprint]. 2023 January 14:2023.01.13.524003. doi: 10.1101/2023.01.13.524003. PMID: 36711603

https://www.science.org/doi/10.1126/science.adf2341 

https://www.science.org/doi/10.1126/science.adf2341


Twitter Data Analytics from Geo Tagged Social Signals      
Dr Monica Stephens

Humboldt State University



Dr Monica Stephens

Humboldt State University

Instead of mapping hate, let us map anonymized 

liquid biopsy data by zip code (e.g., cancer clusters?)
Dr Monica Stephens https://geog.space/ (mstephens@gmail.com)

https://geog.space/
https://geog.space/


LIQUID BIOPSY 
(population genetics?) 
from BLOOD BANKS ?

Published March 13, 2024 N Engl J Med 2024;390:973-983 DOI: 10.1056/NEJMoa2304714



Chung DC, Gray DM 2nd, 
Singh H, Issaka RB, 
Raymond VM, Eagle C, Hu 
S, Chudova DI, Talasaz A, 
Greenson JK, Sinicrope
FA, Gupta S, Grady WM.   
A Cell-free DNA Blood-
Based Test for Colorectal 
Cancer Screening.               
N Engl J Med. 2024 March 
14; 390(11):973-983. doi: 
10.1056/NEJMoa2304714. 
PMID: 38477985.



LIQUID BIOPSY 
using samples from 
cord BLOOD BANKS

There is an immense (yet cryptic) 

potential for multi-generational epidemiologic studies 
to analyze bio-markers and specific precision changes 
in personal profiles over time and/or before/after any 

metabolic event (e.g., CoVID-19, CVD, COPD, PKD). 
The molecular metabolic signatures may be analyzed 
from stored blood in blood banks and pathology labs.  



Proof is in the Pudding ?

FRAMINGHAM HEART STUDY

https://www.nhlbi.nih.gov/science/framingham-heart-study-fhs



FHS began in 1948. This is 
what was reported in 2024

FRAMINGHAM HEART STUDY

https://www.nhlbi.nih.gov/science/framingham-heart-study-fhs 

Li C, Stražar M, Mohamed AMT, Pacheco JA, Walker RL, Lebar T, Zhao S, Lockart J, Dame A, Thurimella K, Jeanfavre S, Brown EM, Ang QY, Berdy B, Sergio D, Invernizzi R, 
Tinoco A, Pishchany G, Vasan RS, Balskus E, Huttenhower C, Vlamakis H, Clish C, Shaw SY, Plichta DR, Xavier RJ. Gut microbiome and metabolome profiling in Framingham 
heart study reveals cholesterol-metabolizing bacteria. Cell. 2024 March 21: S0092-8674(24)00305-2. doi: 10.1016/j.cell.2024.03.014 https://pubmed.ncbi.nlm.nih.gov/38569543/ 

https://www.nhlbi.nih.gov/science/framingham-heart-study-fhs
https://pubmed.ncbi.nlm.nih.gov/38569543/


FRAMINGHAM HEART STUDY - started in 1948 and still helpful

https://www.nhlbi.nih.gov/science/framingham-heart-study-fhs 

Stool metagenomics and metabolomics from 1,429 Framingham Heart Study 

participants revealed microbiome and metabolome composition. Specifically, the 

study found bacterial species from the Oscillibacter genus were associated with 

decreased fecal and plasma cholesterol levels. A bacterial enzyme called ismA can 

metabolize cholesterol into coprostanol, a lipid excreted, instead of absorbed by 

the body. Gut bacteria, including several Oscillibacter species, correlate with lower 

cholesterol levels in people. These bacteria could also metabolize cholesterol in 

lab experiments. Whether these bacteria can directly influence blood cholesterol 

in people needs to be confirmed. If delivered to the right place in the gut, it might 

lead to new treatments using bacteria to transform artery-clogging cholesterol into 

a more harmless form. How about direct enzyme (ismA) delivery using mRNA? 

Li C, Stražar M, Mohamed AMT, Pacheco JA, Walker RL, Lebar T, Zhao S, Lockart J, Dame A, Thurimella K, Jeanfavre S, Brown EM, Ang QY, Berdy B, Sergio D, Invernizzi R, 
Tinoco A, Pishchany G, Vasan RS, Balskus E, Huttenhower C, Vlamakis H, Clish C, Shaw SY, Plichta DR, Xavier RJ. Gut microbiome and metabolome profiling in Framingham 
heart study reveals cholesterol-metabolizing bacteria. Cell. 2024 March 21: S0092-8674(24)00305-2. doi: 10.1016/j.cell.2024.03.014 https://pubmed.ncbi.nlm.nih.gov/38569543/ 

https://www.nhlbi.nih.gov/science/framingham-heart-study-fhs
https://nature.us17.list-manage.com/track/click?u=2c6057c528fdc6f73fa196d9d&id=777b83a8c4&e=93748019fd
https://nature.us17.list-manage.com/track/click?u=2c6057c528fdc6f73fa196d9d&id=137f6b3662&e=93748019fd
https://nature.us17.list-manage.com/track/click?u=2c6057c528fdc6f73fa196d9d&id=03ae38e13d&e=93748019fd
https://nature.us17.list-manage.com/track/click?u=2c6057c528fdc6f73fa196d9d&id=03ae38e13d&e=93748019fd
https://pubmed.ncbi.nlm.nih.gov/38569543/


> FHS is a longitudinal study



What is possible using data 

from research on stored 

blood bank samples          

(cord blood)?                      

Molecular metabolomics, 

proteomics & genetics of diseases?



this is happening …



Blood Bank Repositories for Research



Just think of one 
example 

Tsunami                 
of research findings, waiting to happen!

EBV



https://www.infectedbloodinquiry.org.uk/reports/inquiry-report

https://www.infectedbloodinquiry.org.uk/reports/final-report-volume-1.html

Volume 1
https://www.infectedbloodinquiry.org.uk/sites/default/files/

Volume_1.pdf

Volume 2
https://www.infectedbloodinquiry.org.uk/sites/default/files/

Volume_2.pdf

Volume 3
https://www.infectedbloodinquiry.org.uk/sites/default/files/

Volume_3.pdf

Volume 4
https://www.infectedbloodinquiry.org.uk/sites/default/files/

Volume_4.pdf

Volume 5
https://www.infectedbloodinquiry.org.uk/sites/default/files/

Volume_5.pdf

Volume 6
https://www.infectedbloodinquiry.org.uk/sites/default/files/

Volume_6.pdf

Volume 7
https://www.infectedbloodinquiry.org.uk/sites/default/files/

Volume_7.pdf 

https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_1.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_1.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_2.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_2.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_3.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_3.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_4.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_4.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_5.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_5.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_6.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_6.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_7.pdf
https://www.infectedbloodinquiry.org.uk/sites/default/files/Volume_7.pdf


90% of the adult population is 
infected with Epstein-Barr 

Virus (EBV), worldwide.

Maroui MA, Odongo GA, Mundo L, Manara F, Mure F, Fusil F, Jay A, Gheit T, Michailidis
TM, Ferrara D, Leoncini L, Murray P, Manet E, Ohlmann T, De Boevre M, De Saeger S, 
Cosset FL, Lazzi S, Accardi R, Herceg Z, Gruffat H, Khoueiry R. (2024) Aflatoxin B1 
and Epstein-Barr virus-induced CCL22 expression stimulates B cell infection. 
Proceedings of the National Academy of Sciences U S A. 2024 April 16; 
121(16):e2314426121. doi: 10.1073/pnas.2314426121. Epub 2024 April 4.                  
PMID: 38574017 https://pubmed.ncbi.nlm.nih.gov/38574017/ 

Proceedings of the National Academy of Sciences, USA

https://pubmed.ncbi.nlm.nih.gov/38574017/


Can we detect EBV in 
stored blood samples?

Data                      
from cross-sectional research, still chained in blood banks and labs?

Yes
?

Gulley ML. Molecular diagnosis of Epstein-Barr virus-related diseases. J Mol Diagn. 2001 Feb; 
3(1):1-10. doi: 10.1016/S1525-1578(10)60642-3. PMID: 11227065; PMCID: PMC1907346. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1907346/pdf/0043.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1907346/pdf/0043.pdf


Ayee R, Ofori MEO, Wright E, Quaye O. (2020) Epstein Barr Virus Associated Lymphomas and 
Epithelia Cancers in Humans. J Cancer 2020; 11(7):1737-1750. doi:10.7150/jca.37282. 
https://www.jcancer.org/v11p1737.htm  

Transmission of EBV through transplantation and blood transfusion has been reported. EBV establishes latent infection in B 
lymphocytes where it expresses limited sets of proteins (ETPs, EBNAs, LMP) and EBER. Hematopoietic cell derived tumors include 
but not limited to Burkitt's lymphoma, Hodgkin lymphoma, post-transplant lymphoproliferative disorders, and natural killer (NK)/T 
cell lymphoma. EBV also causes epithelia derived malignancies such as nasopharyngeal cancer, gastric cancer, and breast cancer.

EBV associated cancers

https://www.jcancer.org/v11p1737.htm


If we can’t detect, we 
can’t treat, we can’t cure

Information                 
from research findings just from 

one virus may save millions of lives.

Blood
Banks

?

Real potential for cross-sectional data to feed and morph into longitudinal epidemiologic study.



60 YEARS AGO

That’s  why it  is  called Epstein-Barr Virus.  



60 YEARS AGO
90% of 8 billion people are infected with EBV



Sir Michael Anthony Epstein, pathologist who identified the first known human cancer–causing 
virus, died on 6 February 2024 at the age of 102. His team’s pioneering work investigating 
primary tumor tissue and cultured tumor specimens from Ugandan children with jaw tumors 
identified the virus that now bears his name: the Epstein-Barr virus (EBV). EBV is associated with 
the tumor Epstein was studying, now known as Burkitt lymphoma, as well as a variety of other 
cancers and illnesses, including infectious mononucleosis and multiple sclerosis.

Epstein was thus familiar with both cancer-causing viruses and electron microscopy when he 
happened to attend a lunchtime lecture by Denis Burkitt on a cancer prevalent in African children. 
Burkitt was a British Colonial Service medical officer based in Uganda, on leave in the UK. He 
described a tumor that typically arose in the jaw and quickly led to death, but what most 
interested Epstein was Burkitt’s data showing that the geographical distribution of the tumor in 
Africa depended on temperature and rainfall. This suggested to Epstein that, as he wrote later, “a 
biological agent must play a part in causation,” and he immediately “postulated a climate-
dependent arthropod vector spreading a cancer-causing virus.” Epstein decided to halt his 
current work and look for a virus in the lymphoma. He obtained funding from the British Empire 
Cancer Campaign (later Cancer Research UK) to travel to Uganda to, as he wrote, “work out how a 
regular supply of lymphoma samples” could be flown to his laboratory in London for testing.

Born in London, England, on 18 May 1921, Epstein studied medicine at Trinity 
College at the University of Cambridge and Middlesex Hospital Medical School in 
London. After national service with the Royal Army Medical Corps in India, he 
returned to the Middlesex Hospital, where there was interest in, as he wrote in his 
chapter of Epstein Barr Virus Volume 1, “the then deeply unfashionable chicken 
cancer viruses.” In 1911, Peyton Rous had characterized a virus in chickens that led 
to cancer, but there had been little interest in the implications. In 1956, Epstein 
spent a year studying electron microscopy with George Palade at the Rockefeller 
Institute in New York City. Palade convinced Epstein that viruses could be 
categorized on the basis of how they looked. Epstein again returned to the 
Middlesex Hospital, where he investigated the morphology of Rous sarcoma virus 
with electron microscopy and showed that it was an RNA virus.https://doi.org/10.1126/science.adp2961



Blood Bank 
is a 

“pooled 
repository”

Liu JM, Liu A, Leal J, McMillan F, Francis J, Greiser A, Rider OJ, Myerson S, Neubauer S, Ferreira VM, Piechnik SK. Measurement of 
myocardial native T1 in cardiovascular diseases and norm in 1291 subjects. J Cardiovasc Magn Reson. 2017 September 28;19(1):74. 
doi: 10.1186/s12968-017-0386-y https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5618724/pdf/12968_2017_Article_386.pdf 

Data analyses from blood banks are a cross-sectional study with potential for longitudinal research

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5618724/pdf/12968_2017_Article_386.pdf


Will protein bio-markers suffer from storage lesions?
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6861460/pdf/PJMS-35-1697.pdf 

Delobel J, Rubin O, Prudent M, Crettaz D, Tissot JD, Lion N. (2010) Biomarker analysis of stored blood 
products: emphasis on pre-analytical issues. Int J Mol Sci. 2010 November 17;11(11):4601-4617.                         
doi: 10.3390/ijms11114601. www.ncbi.nlm.nih.gov/pmc/articles/PMC3000103/pdf/ijms-11-04601.pdf 

https://doi.org/10.1182/blood-2016-06-721688

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6861460/pdf/PJMS-35-1697.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3000103/pdf/ijms-11-04601.pdf
https://doi.org/10.1182/blood-2016-06-721688


Isiksacan Z, D'Alessandro A, Wolf SM, McKenna DH, Tessier SN, Kucukal E, Gokaltun AA, William N, Sandlin RD, Bischof J, Mohandas N, Busch MP, Elbuken C, Gurkan 
UA, Toner M, Acker JP, Yarmush ML, Usta OB. Assessment of stored red blood cells through lab-on-a-chip technologies for precision transfusion medicine. Proc Natl Acad
Sci U S A. 2023 August 8; 120(32):e2115616120. doi: 10.1073/pnas.2115616120 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10410732/pdf/pnas.202115616.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10410732/pdf/pnas.202115616.pdf


Kynurenine is a marker of osmotic fragility, and its levels are reproducible within a donor across donations.
Polymorphisms in SLC7A5, ATXN2 are associated with kynurenine levels in stored RBCs, Hgb increments, and 
in vivo hemolysis upon transfusion. https://doi.org/10.1182/blood.2023022052

Not only proteomic biomarkers but also genetic sign-posts using microarrays?

https://www.sciencedirect.com/topics/medicine-and-dentistry/kynurenine
https://www.sciencedirect.com/topics/medicine-and-dentistry/ataxin-2
https://doi.org/10.1182/blood.2023022052


Data analyses from cord blood are a cross-sectional study with potential for longitudinal research.

Cord 
Blood

Diagnostics

Bio-markers on-a-chip may 

lead to predictive/prognostic 

clues for personalized risk 

mitigation clinical strategies.

Guibert N, Pradines A, Favre G, Mazieres J. Current and future applications of liquid biopsy in non-small cell lung cancer from early to 
advanced stages. Eur Respir Rev. 2020 February 12; 29(155):190052. doi: 10.1183/16000617.0052-2019. PMID: 32051167; PMCID: 
PMC9488537. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9488537/pdf/ERR-0052-2019.pdf

ŠutićM, VukićA, Baranašić J, Försti A, Džubur F, Samaržija M, JakopovićM, Brčić L, Knežević J. (2021) Diagnostic, Predictive, and 
Prognostic Biomarkers in Non-Small Cell Lung Cancer (NSCLC) Management. J Pers Med. 2021 October 27;11(11):1102.                   
doi: 10.3390/jpm11111102. PMID: 34834454; https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8624402/pdf/jpm-11-01102.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9488537/pdf/ERR-0052-2019.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8624402/pdf/jpm-11-01102.pdf


Proteomics

Riba M, Sala C, Culhane AC, Flobak Å, Patocs A, Boye K, Plevova K, Pospíšilová Š, Gandolfi G, Morelli MJ, 
Bucci G, Edsjö A, Lassen U, Al-Shahrour F, Lopez-Bigas N, Hovland R, Cuppen E, Valencia A, Poirel HA, 
Rosenquist R, Scollen S, Arenas Marquez J, Belien J, De Nicolo A, De Maria R, Torrents D, Tonon G. The 
1+Million Genomes Minimal Dataset for Cancer. Nat Genet. 2024 May 3. doi: 10.1038/s41588-024-01721-x

What epidemiology of blood donors can reveal about population public health 

The Minimal Dataset for Cancer of the 1+Million Genomes Initiative www.biorxiv.org/content/10.1101/2023.10.07.561259v1.full.pdf+html 

https://www.nature.com/articles/s41588-024-01721-x.pdf 

Imagine the treasure trove of data hiding in stored blood samples  in blood banks

http://www.biorxiv.org/content/10.1101/2023.10.07.561259v1.full.pdf+html
https://www.nature.com/articles/s41588-024-01721-x.pdf


Genomics (genotype) is not necessarily phenotype (proteomics)
https://media.nature.com/original/magazine-assets/d41586-024-01280-5/d41586-024-01280-5.pdf 

https://media.nature.com/original/magazine-assets/d41586-024-01280-5/d41586-024-01280-5.pdf


Will there be bumps on 
the road to success? 

Undoubtedly.
Humanity needs dreamers

https://pccm.princeton.edu/events/humanity-needs-dreamers-visit-marie-curie-1 

https://www.cambridgema.gov/cpl/calendarofevents/2018/04/19/humanityneedsdreamersavisitwithmariecurie

www.colorado.edu/cuwizards/2020/11/14/december-5-2020-humanity-needs-dreamers-visit-marie-curie-susan-marie-frontczak

l'humanité a besoin de rêveurs 

https://pccm.princeton.edu/events/humanity-needs-dreamers-visit-marie-curie-1
https://www.cambridgema.gov/cpl/calendarofevents/2018/04/19/humanityneedsdreamersavisitwithmariecurie
http://www.colorado.edu/cuwizards/2020/11/14/december-5-2020-humanity-needs-dreamers-visit-marie-curie-susan-marie-frontczak
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https://analyticalsciencejournals.onlinelibrary.w
iley.com

/doi/10.1002/pm
ic.201200280 

https://analyticalscience.wiley.com/content/article-do/blood-bank-bias-protein-biomarkers-stored-red-blood-cells
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/pmic.201200280


If ethical profitability of social businesses can help 

improve healthcare for even 10% of the global 

population, then we helped ~800 million more! 

If only 1% of the global population      

(~8 billion people) use diagnostics         

& treatment, imagine the business 

potential of research results!

BUT



Leukapheresis to enrich for T (CAR-T) 
lymphocytes for non-affluent nations?

https://www.nature.com/articles/d41586-024-00809-y.pdf 

https://www.nature.com/articles/d41586-024-00809-y.pdf


The social business of medicine guided by 
ethical profitability for for-profit ventures? 
Model for non-affluent non-OECD nations?



The potential for blood banks and blood 
donors as a source for CAR-T cells?  

www.nature.com/articles/d41586-024-00470-5 

http://www.nature.com/articles/d41586-024-00470-5


http://dx.doi.org/10.1016/j.bbmt.2015.01.012 1083-8791/  

http://dx.doi.org/10.1016/j.bbmt.2015.01.012%201083-8791/


Matsumoto MM, Dajani R, Matthews KR. Cord Blood Banking in the Arab World: Current Status and Future Developments. 
Biol Blood Marrow Transplant. 2015 July; 21(7):1188-94. doi: 10.1016/j.bbmt.2015.01.012. Epub 2015 Feb 14. PMID: 25687797.

The potential for cord blood banks as 
an autologous source for CAR-T cells?  



Kalos M, Levine BL, Porter DL, Katz S, Grupp SA, Bagg A, June CH. T cells 
with chimeric antigen receptors have potent antitumor effects and can 
establish memory in patients with advanced leukemia. Sci Transl Med. 
2011 August 10; 3(95):95ra73. doi: 10.1126/scitranslmed.3002842 
www.ncbi.nlm.nih.gov/pmc/articles/PMC3393096/pdf/nihms384661.pdf

Porter DL, Levine BL, Kalos M, Bagg A, June CH. Chimeric antigen receptor-
modified T cells in chronic lymphoid leukemia. N Engl J Med. 2011 Aug 
25;365(8):725-33. doi: 10.1056/NEJMoa1103849. Epub 2011 Aug 10. Erratum 
in: N Engl J Med. 2016 Mar 10;374(10):998. doi: 10.1056/NEJMx160005
www.ncbi.nlm.nih.gov/pmc/articles/PMC3387277/pdf/nihms-320786.pdf 

www.pennmedicine.org/news/news-blog/2023/august/carl-june-on-the-boundless-potential-of-car-t-cell-therapy

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3393096/pdf/nihms384661.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3387277/pdf/nihms-320786.pdf


•Renier Brentjens, Katherine Anne Gioia Endowed Chair of Medicine and deputy director of Roswell Park Comprehensive Cancer Center

•Zelig Eshhar, professor emeritus, the Weizmann Institute of Science, chair of Immunology, Division of R&D, Sourasky Medical Center, Israel

•Carl June, Richard W. Vague Professor in Immunotherapy, University of Pennsylvania Perelman School of Medicine

•Michel Sadelain, Stephen and Barbara Friedman Chair, founding director of the Center for Cell Engineering at Memorial Sloan Kettering Cancer Center

https://hms.harvard.edu/news/2024-warren-alpert-prize-honors-four-pioneers-car-t-cell-therapy 

https://www.roswellpark.org/renier-brentjens
https://www.nasonline.org/member-directory/members/20054155.html
https://pathology.med.upenn.edu/department/people/447/carl-h-june
https://www.mskcc.org/research/ski/labs/michel-sadelain
https://hms.harvard.edu/news/2024-warren-alpert-prize-honors-four-pioneers-car-t-cell-therapy


Former CEO of a Blood Bank

Potential for blood banks / cord blood 
banks in cellular & molecular therapy   

FUTURE FORWARD RESEARCH – THINK VERY FAR BEYOND THE HORIZON

 Take any blood and transform HLA gene expression to match recipient (HLA 
typing) for transfusion medicine

 Apheresis of donor blood to enrich for desired cell types (e.g., CAR-T) and 
induce HLA gene expression for immune match

 Use CD34+ cord blood cells and induce (iPSC) to make immuno-compatible 
tissue (any tissue, organoid) for transplantation 



Digital Health and Hematology

Wireless Controller
Mesh-net Gateway

Local Wireless Sensor Mesh Network

Secure
Cloud

Data-Informed Decision Support (DIDS) Systems
Distributed Secure Near Real-time Mobile Digital Health Services 





Izadifar, Z., Cotton, J., Chen, S. et al. Mucus production, host-microbiome interactions, hormone sensitivity, and innate immune 
responses modeled in human cervix chips. Nat Commun 15, 4578 (2024). https://doi.org/10.1038/s41467-024-48910-0

https://hms.harvard.edu/news/cervix-chip-accelerate-research-womens-health 

https://hms.harvard.edu/news/cervix-chip-accelerate-research-womens-health


Mahajan G, Doherty E, To T, Sutherland A, Grant J, Junaid A, Gulati A, LoGrande N, Izadifar Z, Timilsina SS, Horváth V, Plebani R, 
France M, Hood-Pishchany I, Rakoff-Nahoum S, Kwon DS, Goyal G, Prantil-Baun R, Ravel J, Ingber DE. Vaginal microbiome-host 
interactions modeled in a human vagina-on-a-chip. Microbiome. 2022 Nov 26; 10(1):201. doi: 10.1186/s40168-022-01400-1

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9701078/pdf/40168_2022_Article_1400.pdf 
https://wyss.harvard.edu/news/a-breakthrough-in-bacterial-vaginosis-treatment-for-womens-health/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9701078/pdf/40168_2022_Article_1400.pdf
https://wyss.harvard.edu/news/a-breakthrough-in-bacterial-vaginosis-treatment-for-womens-health/


https://www.nhlbi.nih.gov/news/2021/future-medicine-lab-chip-devices-starting-make-impact 

https://www.nhlbi.nih.gov/news/2021/future-medicine-lab-chip-devices-starting-make-impact


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3779643/pdf/nihms506695.pdf 

Is it in practice? Yes! Massachusetts General Hospital, Harvard Medical School

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3779643/pdf/nihms506695.pdf


University of Washington researchers 
have developed a new blood-clotting 
test that uses only a single drop of blood 
and a smartphone with a plastic 
attachment that holds a tiny cup [shown 
here] beneath the phone’s camera.

Chan J, Michaelsen K, Estergreen
JK, Sabath DE, Gollakota S. 
Micro-mechanical blood clot 
testing using smartphones. 
Nature Commun. 2022 Feb 11;
13(1):831. doi: 10.1038/s41467-
022-28499-y. PMID: 35149711; 
PMCID: PMC8837659.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8837659/pdf/41467_2022_Article_28499.pdf 

https://spectrum.ieee.org/smartphone-blood-test 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8837659/pdf/41467_2022_Article_28499.pdf
https://spectrum.ieee.org/smartphone-blood-test


From the journal Clinical Chemistry and Laboratory Medicine (CCLM)
https://doi.org/10.1515/cclm-2024-0242

https://www.degruyter.com/journal/key/cclm/html
https://doi.org/10.1515/cclm-2024-0242


Rosen Vollmar AK, Lin EZ, Nason SL, Santiago K, Johnson CH, Ma X, Godri Pollitt KJ, Deziel NC. Per- and polyfluoroalkyl substances (PFAS) and thyroid hormone measurements in dried blood spots and neonatal characteristics: a
pilot study. J Expo Sci Environ Epidemiol. 2023 September; 33(5): 737-747. doi: 10.1038/s41370-023-00603-4. Epub 2023 Sep 20. PMID: 37730931; PMCID: PMC10541328. https://www.nature.com/articles/s41370-023-00603-4.pdf 

https://w
w

w
.niehs.nih.gov/health/topics/agents/pfc 

MIT Library  https://dspace.mit.edu/handle/1721.1/153648

Is a PFAS smartphone sensor in the works? 

https://www.nature.com/articles/s41370-023-00603-4.pdf
https://www.niehs.nih.gov/health/topics/agents/pfc


 Think cable TV

Remember PAY PER VIEW ?
 Think plain old telephone system (POTS)

Remember PAY PER CALL ?
 Think purchasing power parity (PPP) of the next billion users

Remember PAPPU (PAY A PENNY PER USE) 

Business strategy of low usage fees lowers the barrier to market entry.

Don’t think market of millions. Think about creating markets for the

NEXT BILLION USERS with mobile phones! 

Victoria Morgan, Lisseth Casso-Hartman, David Bahamon-Pinzon, Kelli McCourt, Robert G. Hjort, Sahar Bahramzadeh, Irene Velez-Torres, Eric McLamore, Carmen Gomes, Evangelyn C. Alocilja, Shoumen 
Palit Austin Datta and Diana C. Vanegas (2019) Sensor-as-a-Service: Convergence of Sensor Analytic Point Solutions (SNAPS) and Pay-A-Penny-Per-Use (PAPPU) Paradigm as a Catalyst for Democratization of 
Healthcare in Underserved Communities. Diagnostics 2020, 10 (1), 22 https://doi.org/10.3390/diagnostics10010022 and download from the MIT Library https://dspace.mit.edu/handle/1721.1/123983 

https://doi.org/10.3390/diagnostics10010022
https://dspace.mit.edu/handle/1721.1/123983


Glucose Sensor

Cholesterol Sensor

EBV Sensor

BLOOD BANK
TEST SENSOR

NK Labs
ARA Prototype

Hot swappable, modular, smart

SARS-CoV-2 Sensor

PAY PER USE ◦ Analytics-Lab-on-a-Chip-on-a-Flash Drive

There’s

an app

for that



Glucose Sensor

Cholesterol Sensor

EBV Sensor

BLOOD BANK
TEST SENSOR

SARS-CoV-2 Sensor

Digital Health: Analytics-Lab-on-a-Chip-on-a-FlashDrive

Wireless Controller
Mesh-net Gateway

Blood Bank, Hospital, Clinic, Home
WSN Wireless Sensor Mesh Network

Secure
Cloud





Poudineh M, Maikawa CL, Ma EY, Pan J, Mamerow D, Hang Y, 
Baker SW, Beirami A, Yoshikawa A, Eisenstein M, Kim S, 
Vučković J, Appel EA, Soh HT. (2021) A fluorescence sandwich 
immunoassay for the real-time continuous detection of glucose 
and insulin in live animals. Nat Biomed Eng. 2021 Jan; 5(1):53-
63. doi: 10.1038/s41551-020-00661-1. Epub 2020 December 21. 
PMID: 33349659; PMCID: PMC7856282. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7856282/pdf/
nihms-1646031.pdf 

https://medicalxpress.com/news/2024-01-biomarker-quality-blood-donations.html 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7856282/pdf/nihms-1646031.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7856282/pdf/nihms-1646031.pdf
https://medicalxpress.com/news/2024-01-biomarker-quality-blood-donations.html


Former CEO of a Blood Bank



Digital Health and Hematology

Wireless Controller
Mesh-net Gateway

Local Wireless Sensor Mesh Network

Secure
Cloud

Data-Informed Decision Support (DIDS) Systems
Distributed Secure Near Real-time Mobile Digital Health Services Wireless Sensors



Datta, 2018 / Datta, 2023
Data-Informed Decision Support (DIDS) Systems

Distributed Near Real-time Mobile Detection Services 

Rong Y , Padron AV , Hagerty KJ , Nelson N , Chi S , Keyhani NO , Katz J , Datta
SPA , Gomes C , McLamore ES (2018)  Post hoc support vector machine 
learning for impedimetric biosensors based on weak protein-ligand 
interactions. Analyst. 2018 April 30;143(9):2066-75 doi: 10.1039/c8an00065d

Proof of Concept – Principles & Practice of DIDS

Near Real-time depends on material science (sensor engineering), biochemical & physical chemistry** 
of molecular interactions (binding kinetics, affinity, equilibrium), timing in software systems (∆t) and 
network engineering infrastructure with respect to telecommunications (latency, bandwidth and jitter).

** McLamore, Eric S. and Datta, Shoumen P.A. (2023) A Connected World: System-Level Support 
through Biosensors Annual Review of Analytical Chemistry (Palo Alto, CA) 2023 June 14; 16(1):285-309. 
doi: 10.1146/annurev-anchem-100322-040914. Epub 2023 April 5. PMID: 37018797.
https://doi.org/10.1146/annurev-anchem-100322-040914
MIT Library https://dspace.mit.edu/handle/1721.1/123983 

https://doi.org/10.1146/annurev-anchem-100322-040914
https://dspace.mit.edu/handle/1721.1/123983


Rong Y , Padron AV , Hagerty KJ , Nelson N , Chi S , Keyhani NO , Katz J , Datta
SPA , Gomes C , McLamore ES . Post hoc support vector machine learning for 
impedimetric biosensors based on weak protein-ligand interactions. 
Analyst. 2018 Apr 30;143(9):2066-75 doi: 10.1039/c8an00065d PMID: 29629449.

https://pubs.rsc.org/en/content/getauthorversionpdf/c8an00065d 

P r o o f  o f  C o n c e p t :  D a t a - I n f o r m e d  D e c i s i o n  S u p p o r t  ( D I D S )



EDGE COMPUTING

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9386735/pdf/nihms-1827456.pdf 

McLamore ES, Palit Austin Datta S, Morgan V, Cavallaro N, Kiker G, Jenkins DM, Rong Y, Gomes C, Claussen J, 
Vanegas D, Alocilja EC. SNAPS: Sensor Analytics Point Solutions for Detection & Decision Support Systems. 
Sensors (Basel). 2019 November 13; 19(22):4935. doi: 10.3390/s19224935. PMID: 31766116
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6891700/pdf/sensors-19-04935.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9386735/pdf/nihms-1827456.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6891700/pdf/sensors-19-04935.pdf


Data-Informed Decision Support (DIDS) Systems
Distributed Secure Near Real-time Mobile Digital Health Services 

Digital Health and Healthcare Services

TBD



www.science.org/content/article/ultimate-blood-substitute-us-military-betting-46-million



WILL THERE BE 
SUFFICIENT BLOOD ?

40% of the global blood supply is 

collected in high-income countries 

with < 20% of the world’s population.

Schlenke P. (2023) How to Ensure Blood Supply and Blood Safety in the Future. Transfus
Med Hemother. 2023 March 7; 50(2):105-106. doi: 10.1159/000529872. PMID: 37051487



www.nejm.org/doi/pdf/10.1056/NEJMp2403596



doi: 10.1126/science.za6bz9o



Universal Medium of Health, Healing, Humanity

~ 5 million Americans will need a blood transfusion each 

year. Someone needs blood every 2 seconds. 1 in 7 people 

entering a hospital need blood. ~ 22,000 liters of donated 

blood used each day, i.e., almost ~ 1,000 liters of blood 

transfused every hour, every day, every year, to save lives.
www.aha.org/news/headline/2024-01-29-groups-release-updated-statistics-us-blood-donation-use www.bloodbankofalaska.org/blood-facts 

https://americasblood.org/about/leadership/

https://www.hhs.gov/givingequalsliving/

https://www.aha.org/news/headline/2024-01-29-groups-release-updated-statistics-us-blood-donation-use
http://www.bloodbankofalaska.org/blood-facts


Convergence
Another founding principle of biological systems.





Body-Machine Interface (BMI)



Manish Bhaiyya, Debdatta Panigrahi, Prakash Rewatkar, and Hossam Haick (2024) Role of Machine Learning Assisted 
Biosensors in Point-of-Care-Testing For Clinical Decisions. ACS Sensors DOI: 10.1021/acssensors.4c01582

Digital Health and Healthcare Services 

Will DHHS (cartoon) evolve to SAMS-HIL (semi-autonomous medical systems with humans in the loop) ?

https://mdpnp.mgh.harvard.edu/saams-center/ 

Goldman JM, Weininger S, Jaffe MB. (2020) Applying Medical Device Informatics to Enable Safe and Secure Interoperable 
Systems: Medical Device Interface Data Sheets. Anesthesia and Analgesia 2020 Sep;131(3):969-976. PMID: 31804406

https://mdpnp.mgh.harvard.edu/saams-center/




Digital Health : The new BMI ??

Body-Machine Interface (BMI)

not if, but when

Data-Informed Decision Support (DIDS) Systems
Distributed Secure Near Real-time Mobile Digital Health Services 



Therapeutic interventions in vivo to provide 
longitudinal health monitoring & modulation

https://meche.mit.edu/people/faculty/ritur%40mit.edu 

SOFT

https://meche.mit.edu/people/faculty/ritur%40mit.edu


SOFT



Roh, H., Cunin, C., Samal, S. et al. Towards organic electronics that learn at the 
body-machine interface: A materials journey. MRS Communications 12, 565–577 
(2022). https://doi.org/10.1557/s43579-022-00269-3 

Body-Machine Interface (in a material world)
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https://doi.org/10.1557/s43579-022-00269-3
https://dmse.mit.edu/faculty/aristide-gumyusenge


Is this the soul of BMI (body-machine interface) ? 
Bio-sensing using organic electrochemical transistors

https://docs.google.com/document/d/e/2PACX-1vSJplrGJdAe40FKzeA_pb85Haumn0ZNh-oIKHbb-QRPnUeJMt_fHulub89ZzP-jug/pub

https://dmse.mit.edu/faculty/aristide-gumyusenge  https://www.aristide.mit.edu  

https://dmse.mit.edu/faculty/aristide-gumyusenge
https://www.aristide.mit.edu/


CONVERGE ?
Population genetics (local, global) 
from metabolomic data acquired 
from blood bank (blood donors)      
and blood (cord) bank samples 

with 
BMI (body-machine interface) data

What is the question? Only good questions will unlock the potential of convergence.



What type of metabolome ? 
Clues for target molecules ?

Molecular fingerprint from senescence-associated 

secretome phenotype (SASP) / inflammation markers 

Birch J, Gil J. (2020) Senescence and the SASP: many therapeutic avenues. Genes 
Dev. 2020 Dec 1; 34(23-24):1565-1576. doi: 10.1101/gad.343129.120. PMID: 33262144
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7706700/pdf/1565.pdf 

Cellular senescence is a stress response that elicits a permanent cell cycle arrest and triggers 
phenotypic changes, e.g., production of a bioactive secretome, referred to as the senescence-
associated secretory phenotype (SASP). Acute senescence induction protects against cancer and 
limits fibrosis, but lingering senescent cells drive age-related disorders. Targeting senescent cells 
to delay aging and limit dysfunction, known as “senotherapy,” could be a fool’s errand. Yet, drugs 
that selectively kill senescent cells, termed “senolytics” are gaining momentum. SASP-centered 
molecules are targets for senescence-associated diseases. Should we target these molecules, too?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7706700/pdf/1565.pdf


CAUSAL (??) METABOLITES         
FOR BIOLOGICAL AGING ?

Eicosenoylcarnitine and β-
cryptoxanthin were positively 
causal to the healthy aging 
metabolic (HAM) index (HAMI) 
whereas prolyhydroxyproline had 
a negative impact on HAMI. Other 
metabolites, for example, 3,4 
dihydroxybutyrate were seen to 
negatively impact β-cryptoxanthin 
and eicosenoylcarnitine. 
Prolyhydroxyproline was 
identified to positively influence      
3,4 dihydroxybutyrate, suggesting 
cross talk between these group of 
metabolites (implicated in HAM 
and biological aging). 
Could these molecules also 
serve as targets for testing 
donor blood samples?

https://onlinelibrary.wiley.com/doi/epdf/10.1111/acel.14104

Hamsanathan S, Anthonymuthu T, Prosser D, Lokshin A, Greenspan SL, Resnick NM, Perera S, Okawa S, Narasimhan G, Gurkar
AU. A molecular index for biological age identified from the metabolome and senescence-associated secretome in humans. 
Aging Cell. 2024 April; 23(4):e14104. doi: 10.1111/acel.14104. Epub 2024 March 7. PMID: 38454639; PMCID: PMC11019119.

www.ncbi.nlm.nih.gov/pmc/articles/PMC11019119/pdf/ACEL-23-e14104.pdf 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11019119/pdf/ACEL-23-e14104.pdf


CAUSAL (??) METABOLITES         
FOR BIOLOGICAL AGING ?

Could these molecules also 
serve as targets for testing 
donor blood samples?

Can we envision a longitudinal 
epidemiological study where we 
test for these metabolites in 
stored blood samples from 
repeat blood donors in blood 
banks, locally and globally?

Will such analyses provide time 
series metabolomic data on the 
dynamics of these metabolites?

Can such data reveal target 
molecules for future cellular 
and molecular therapies?

https://onlinelibrary.wiley.com/doi/epdf/10.1111/acel.14104

Hamsanathan S, Anthonymuthu T, Prosser D, Lokshin A, Greenspan SL, Resnick NM, Perera S, Okawa S, Narasimhan G, Gurkar
AU. A molecular index for biological age identified from the metabolome and senescence-associated secretome in humans. 
Aging Cell. 2024 April; 23(4):e14104. doi: 10.1111/acel.14104. Epub 2024 March 7. PMID: 38454639; PMCID: PMC11019119.

www.ncbi.nlm.nih.gov/pmc/articles/PMC11019119/pdf/ACEL-23-e14104.pdf 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11019119/pdf/ACEL-23-e14104.pdf


MORE
MOLECULAR TARGETS

PROTEIN CLOCKS



Plasma proteins play key roles in health and may be used to 

measure biological age, allowing risk prediction for age-related 

diseases, multimorbidity and mortality. A proteomic age clock in 

the UK Biobank (n = 45,441) used proteomic platform comprising 

2,897 plasma proteins and explored its utility to predict disease 

morbidity and mortality. 204 proteins that predict chronological 

age (Pearson r = 0.94) was associated with the incidence of 18 

chronic diseases (heart, liver, kidney and lung, diabetes, cancer 

and neurodegeneration), as well as with multimorbidity.

www.nature.com/articles/s41591-024-03164-7
www.nature.com/articles/d41586-024-02576-2
www.nature.com/articles/s41586-023-06802-1 

http://www.nature.com/articles/s41591-024-03164-7
http://www.nature.com/articles/d41586-024-02576-2
http://www.nature.com/articles/s41586-023-06802-1


204 proteins was then reduced to 20 most 

indicative proteins - it predicted age almost 

as well as the 204-protein clock did. The 20 

proteins included elastin and collagen

(support structure between cells), and 

proteins involved in immune response and 

hormone regulation.
Argentieri MA, Xiao S, Bennett D, Winchester L, Nevado-Holgado AJ, Ghose U, Albukhari A, Yao P, 
Mazidi M, Lv J, Millwood I, Fry H, Rodosthenous RS, Partanen J, Zheng Z, Kurki M, Daly MJ, Palotie
A, Adams CJ, Li L, Clarke R, Amin N, Chen Z, van Duijn CM. 2024) Proteomic aging clock 
predicts mortality and risk of common age-related diseases in diverse populations. Nat Med. 
2024 August 8. doi: 10.1038/s41591-024-03164-7. Epub ahead of print. PMID: 39117878.

20 PROTEIN MODEL (2024)
MOLECULAR TARGETS FOR BLOOD ANALYSES?



BLOOD CHEMISTRY (2022)
43 clinical markers of health/disease

Oh HS, Rutledge J, Nachun D, Pálovics R, Abiose O, Moran-Losada P, Channappa D, Urey DY, Kim 
K, Sung YJ, Wang L, Timsina J, Western D, Liu M, Kohlfeld P, Budde J, Wilson EN, Guen Y, Maurer 
TM, Haney M, Yang AC, He Z, Greicius MD, Andreasson KI, Sathyan S, Weiss EF, Milman S, 
Barzilai N, Cruchaga C, Wagner AD, Mormino E, Lehallier B, Henderson VW, Longo FM, 
Montgomery SB, Wyss-Coray T. Organ aging signatures in the plasma proteome track health 
and disease. Nature. 2023 December; 624(7990):164-172. doi: 10.1038/s41586-023-06802-1. 
Epub 2023 December 6. PMID: 38057571; PMCID: PMC10700136. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10700136/pdf/41586_2023_Article_6802.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10700136/pdf/41586_2023_Article_6802.pdf


20 PROTEIN MODEL
(BLOOD TEST 2024)
Associations between individual 
protein markers and each disease 
studied. For each outcome, a Cox 
proportional hazards model 
(n = 45,441) was calculated with all 20 
proteins from the proteomic age clock 
20 proteins model (ProtAgeGap20) 
score, adjusted for age, sex (except 
prostate cancer), ethnicity, Townsend 
deprivation index, recruitment center, 
IPAQ activity group, smoking status. 
TOP - association between each 
protein and incident disease is 
colored by z-score.
BOTTOM - importance of each 
significant protein with a relative 
contribution.

www.nature.com/articles/s41591-024-03164-7 

http://www.nature.com/articles/s41591-024-03164-7


CONVERGE
Population genetics (local, global) 
from metabolomic data acquired 
from blood bank (blood donors)      
and blood (cord) bank samples 

with 
BMI (body-machine interface) data, 

proteomic markers of health and 
disease predictors, etc. 

Hence, it bears to be reiterated …



Invention? 
Innovation??

connecting “spaces unrelated” to catalyze discovery 



• Connecting 

“spaces 

unrelated” 

to catalyze 

discovery? 

CROSS-POLLINATE ?

CONVERGE ?



convergence

HARD

EPIDEMIOLOGY

Healthcare-Associated Research & Development



Dis-moi ce que tu manges
et je te dirai qui tu es 

Drees BM, Barthel B. We Are What We Eat. Mo Med. 2022 September-October; 119(5):479-480 https://pmc.ncbi.nlm.nih.gov/articles/PMC9616445/pdf/ms119_p0479.pdf

www.niddk.nih.gov/news/media-library/18315



Dis-moi ce que tu manges
et je te dirai qui tu es 

Oral Microbiome

Fecal
Microbiome



Dis-moi ce que tu manges
et je te dirai qui tu es 

Epidemiology
of

Human Health
ORAL

Microbiome
FECAL
Microbiome



ORAL – FECAL MICROBIOME

Epidemiology
of

Human Health
ORAL

Microbiome
FECAL
Microbiome

The Bookends of 

Human Health Epidemiology





Clemente JC, Ursell LK, Parfrey LW, Knight R. (2012) The impact of the gut microbiota on human health: an 
integrative view. Cell. 2012 March 16; 148(6):1258-1270. doi: 10.1016/j.cell.2012.01.035. PMID: 22424233; 
PMCID: PMC5050011. https://pmc.ncbi.nlm.nih.gov/articles/PMC5050011/pdf/nihms-602714.pdf   

Bull MJ, Plummer NT. Part 1: The Human Gut Microbiome in Health and Disease. Integr Med (Encinitas). 2014 Dec;13(6):17-22. https://pmc.ncbi.nlm.nih.gov/articles/PMC4566439/pdf/17-22.pdf
Bull MJ, Plummer NT. Part 2: Treatments for Chronic Gastrointestinal Disease & Gut Dysbiosis. Integr Med (Encinitas). 2015 Feb;14(1):25-33. https://pmc.ncbi.nlm.nih.gov/articles/PMC4566455/pdf/25-33.pdf 

https://pmc.ncbi.nlm.nih.gov/articles/PMC5050011/pdf/nihms-602714.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC4566439/pdf/17-22.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC4566455/pdf/25-33.pdf


Boverhoff D, Kool J, Pijnacker R, Ducarmon QR, Zeller G, Shetty S, Sie S, Mulder AC, van der Klis F, Franz E, Mughini-Gras 
L, van Baarle D, Fuentes S. (2024) Profiling the fecal microbiome and its modulators across the lifespan in the Netherlands. 
Cell Rep. 2024 September 24; 43(9):114729. doi: 10.1016/j.celrep.2024.114729. Epub 2024 September 11. PMID: 39264809. 
https://www.cell.com/action/showPdf?pii=S2211-1247%2824%2901080-5



Epidemiology
of

Human Health
ORAL

Microbiome
FECAL
Microbiome

Collaborative Consortium of 

Human Health Epidemiology

Microbiologists are not epidemiologists. Epidemiologists are not microbiologists. 

Microbiome microbiologists, tissue bank researchers and blood bank biomarker

analysts, in collaboration with epidemiologists, will unleash new insights about 

preventive public health, healthcare and treatment of long-term chronic diseases. 



Data. Think Differently. Research for greater good.

Rather than socio-spatial data mapping for 
murder, hate, why not find data for cures?



DON’T MAKE THIS 
MISTAKE WITH DATA

PLEASE DON’T LET

AI

CORRUPT AND RUIN YOUR DATA ANALYTICS



REMEMBER CONNECTIVITY

Closed-loop connectivity between feed-back and feed-forward mini sub-systems are hallmark of 
most biological networks in molecular metabolism, general physiology and maintenance of 

homeostasis (impairment causes dysfunction or external agents may induce disease).  

Almost all “what’s next” events 
or scenarios depend on a priori 
status (what was before). Hence, 
most bio-systems are continuous 
networks (inextricably linked by
intra- and inter- dependencies).
Mathematically, all data are 
time-series data which are not
discrete (values cannot be / are 
not independent) but continuous
(as are the dependent variables). 





Don’t subject your data to hallucinations 

Who is Rodney Brooks?  https://people.csail.mit.edu/brooks 

https://people.csail.mit.edu/brooks
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https://arxiv.org/pdf/2402.03927 
https://leak-llm.github.io/ 

https://arxiv.org/pdf/2402.03927
https://leak-llm.github.io/




What to do with ideas & 
uncorrupted data from 

research outcomes?

Here’s one option, perhaps …



Lead Change for Good 
Collaborate Globally
Create Partnerships
Foster Key Alliances
Aspire to Inspire
Be Exemplary
Credibility
Dignity
Ethics
Teach
Learn
STEM
R&D

H a p p i n e s s  i s  k e y  t o  s u c c e s s .  S u c c e s s  i s  n o t  t h e  k e y  t o  h a p p i n e s s .



EQUIPMENT &
REPOSITORIES

BUSINESS
DEVELOPMENT

GOVERNMENT
LIAISON & PR

RESEARCH &
CREDIBILITY

SCIENCE &
SCIENTISTS

GRANTS &
DONORS

WORKFORCE
DEVELOPMENT

PRODUCTS &
MARKETING

CONVERGENCE OF A SPECTRUM OF NODES TO INFORM AND INFLUENCE KEY PERFORMANCE INDICATORS (KPI)

How to transform TBD ideas into global reality 

Explore Parts 3, 2 and 1 – here - https://dspace.mit.edu/handle/1721.1/153283



Anahita Dua, M.D., M.B.A., M.S.C., F.A.C.S., Vascular Surgeon, Associate Professor of Surgery, HMS                                      
Director, Vascular Lab; Co-Director, PADC/LEAPP; Assoc Director, Wound Care Center, Massachusetts 
General Hospital, Harvard Medical School www.massgeneral.org/doctors/20714/anahita-dua 
https://vascular.org/news-advocacy/articles-press-releases/dr-anahita-dua-named-presidential-
leadership-scholar 

Sheela Magge M.D., M.S.C.E., Professor of Pediatrics, Lawson Wilkins Endowed Chair of Pediatric 
Endocrinology and Director, Division of Pediatric Endocrinology                                                              
Johns Hopkins University School of Medicine 
https://profiles.hopkinsmedicine.org/provider/Sheela+Magge/2700667
https://clinicalconnection.hopkinsmedicine.org/participant/sheela-natesh-magge-md-msce
www.niddk.nih.gov/-/media/Files/News/Meetings/Magge_Bio_508.pdf      

Julian Goldman, M.D., F.A.S.A. Massachusetts General Hospital, Harvard Medical School 
Anesthesia, Critical Care and Pain Medicine, MGH Research Institute
Director, Biomedical Engineering, Mass General Brigham (MGB) https://mdpnp.mgh.harvard.edu 
https://researchers.mgh.harvard.edu/profile/14161732/Julian-Goldman 

Sanjay Sarma, Ph.D., Vice-President, Massachusetts Institute of Technology (MIT) 
Fred and Daniel Fort Flowers (1941) Professor of Mechanical Engineering, MIT
President, CEO and Dean, Asia School of Business (MIT Sloan, Kuala Lumpur, Malaysia) 
https://meche.mit.edu/people/faculty/sesarma@mit.edu
https://asb.edu.my/about/leadership-team/sanjay-sarma/ 

Thomas H. McCoy, M.D., Assistant Prof of Medicine & Psychiatry, Harvard Medical School
CGM Psychiatry, Massachusetts General Hospital Research Institute; Psychiatrist, MGH
https://researchers.mgh.harvard.edu/profile/6264601/Thomas-McCoy 
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https://vascular.org/news-advocacy/articles-press-releases/dr-anahita-dua-named-presidential-leadership-scholar
https://vascular.org/news-advocacy/articles-press-releases/dr-anahita-dua-named-presidential-leadership-scholar
https://profiles.hopkinsmedicine.org/provider/Sheela+Magge/2700667
https://clinicalconnection.hopkinsmedicine.org/participant/sheela-natesh-magge-md-msce
http://www.niddk.nih.gov/-/media/Files/News/Meetings/Magge_Bio_508.pdf
https://mdpnp.mgh.harvard.edu/
https://researchers.mgh.harvard.edu/profile/14161732/Julian-Goldman
https://meche.mit.edu/people/faculty/sesarma@mit.edu
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Shoumen Palit Austin Datta
MDPnP Lab and Cybersecurity Program, Department of Anesthesiology, Massachusetts General Hospital,       
Harvard Medical School, Partners Research Building, 65 Landsdowne Street, Cambridge, MA 02139, USA
(sdatta8@mgh.harvard.edu) https://mdpnp.mgh.harvard.edu

&

MIT Auto-ID Labs, 35-208, Department of Mechanical Engineering, Massachusetts Institute of 
Technology, 77 Massachusetts Avenue, Cambridge, MA 02139, USA                                                                
(shoumen@mit.edu) https://autoid.mit.edu/shoumen-datta http://autoid.mit.edu/people-2
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