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Royal Herbert Hospital Woolwich Ward in Main Building, 1920. The Qualis Photo Co, Wellcome collection, 
https://wellcomecollection.org/works/rp2df6e9

https://wellcomecollection.org/works/rp2df6e9


A dozen scenes presenKng the manifold aspects of a family 
doctor's personality. Wood engraving by M.B. 
Credit: Wellcome CollecKon.

https://wellcomecollection.org/works/wpag3kj7


A dozen scenes presenting the manifold aspects of a family 
doctor's personality. Wood engraving by M.B. 
Credit: Wellcome Collection.

https://wellcomecollection.org/works/wpag3kj7
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“Harnessing the power of  digital technologies is essential 
for achieving the Sustainable Development Goals, 
including universal health coverage and the other “triple 
billion” targets in WHO’s 13th General Programme of  
Work. Such technologies are no longer a luxury; they are 
a necessity.”

Dr Tedros Adhanom Ghebreyesus 
Director-General, World Health Organization 
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Tertiary and Quaternary care

• Robot surgeons, neural nets and artificial hearts
• Very popular in the press
• Very small numbers of patients.



Article

A Deep Learning Approach to Antibiotic Discovery

Graphical Abstract

Highlights
d A deep learning model is trained to predict antibiotics based

on structure

d Halicin is predicted as an antibacterial molecule from the

Drug Repurposing Hub

d Halicin shows broad-spectrum antibiotic activities in mice

d More antibiotics with distinct structures are predicted from

the ZINC15 database

Authors
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In Brief
A trained deep neural network predicts

antibiotic activity in molecules that are

structurally different from known

antibiotics, among which Halicin exhibits

efficacy against broad-spectrum

bacterial infections in mice.
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Primary care



Telemedicine

Advertisement for the Gutta Percha speaking tube.. 
Credit: Wellcome Collection.

https://wellcomecollection.org/works/f5j9p4qm


Online consultations





Health Chatbots Are Prolifera1ng, And VCs 
Love Them, Joanna Glasner

December 9, 2019

https://news.crunchbase.com/news/health-chatbots-are-proliferating-and-vcs-love-them/
https://news.crunchbase.com/news/author/joanna/




Secondary care



The digital hospital





Google streams

 
 

1 
 

Sir David Sloman, Chief Executive  
Royal Free NHS Foundation Trust  
Pond Street 
Hampstead 
London 
NW3 2QC 
 
3 July 2017  
 
Dear Sir David, 
 
RFA0627721 – provision of patient data to DeepMind 
 
I write to confirm that I have concluded my investigation into the above.  
 
In summary, my investigation has determined that the processing of 
approximately 1.6 million SDWLHQWV¶ SHUVRQDO GDWD by DeepMind Technologies 
LLPLWHG (µDHHSMLQG¶) for the purpose of the clinical safety testing of the Streams 
application did not fully comply with the requirements of the Data Protection Act 
1998 (WKH µAFW¶).  
 
This letter explains how my investigation has reached that conclusion and 
highlights my key areas of concern. It explains the steps that I expect The Royal 
Free London NHS Foundation TUXVW (³RR\DO FUHH´) WR WDNH DV D UHVXOW. As the 
letter goes on to explain, this includes RR\DO FUHH LRQGRQ NHS TUXVW¶V DJUHHPHQW 
to the signing of an undertaking.  
 
1.1 Our investigation 

 
First and foremost, my office has made our support for the appropriate use of 
personal data for the purpose of research, development and clinical 
improvements clear. As you may be aware from my recent outreach work and 
public statements, I see the Data Protection Act, transparency for individuals, 
and sound data protection practices as fundamental to innovation. The ICO is 
committed to supporting technological advances in a way that locks in good data 
protection practice by default. We recognise that data analytics has huge and 
varied potential, but we also want to ensure that good data protection practice is 
seen as the positive force for good that we believe it to be.   
 
In relation to health data, my office recognises the benefits that can be achieved 
by using patient data for wider public good and, where appropriate, we support 



Some persistent problems

• Bugs in hospitals
• Computer-generated inefficiency
• Poor procurement
• Poor interoperability
• Poor systems design leading to
• See above!



Are computer bugs worse than real bugs? 

• Therac-25
• injured or killed six people
• A case study in poor software engineering practice

• Multidata Systems International  RTP/2
• killed five people (so far)

• Glucose monitoring software at Princess of Wales Hospital
• 70 nurses disciplined and five sent to court
• Database evidence thrown out of court

Computer Bugs in Hospitals: a new killer, Martyn Thomas and Harold Thimbleby, Gresham Lecture Feb  2018 



Are computers really efficient?

RESULTS: Clinicians spent 355 minutes (5.9 hours) of an 11.4-hour
workday in the EHR per weekday per 1.0 clinical full-time equivalent: 
269 minutes (4.5 hours) during clinic hours and 86 minutes (1.4 hours) 
after clinic hours. Clerical and administrative tasks including 
documentation, order entry, billing and coding, and system security 
accounted for nearly one-half of the total EHR time (157 minutes, 
44.2%). Inbox management accounted for another 85 minutes (23.7%).

Arndt, B. G., Beasley, J. W., Watkinson, M. D., Temte, J. L., Tuan, W. J., Sinsky, C. A., & Gilchrist, V. J. (2017). Tethered to the EHR: Primary Care 
Physician Workload Assessment Using EHR Event Log Data and Time-Motion Observations. Annals of family medicine, 15(5), 419–426. 
https://doi.org/10.1370/afm.2121



Procurement disasters



Interoperability

Warren LR, Clarke J, Arora S, et al. Improving 
data sharing between acute hospitals in 
England: an overview of health record system 
distribution and retrospective observational 
analysis of inter-hospital transitions of care. 
BMJ Open 2019;9:e031637. doi:10.1136/ 
bmjopen-2019-031637 

6 Warren LR, et al. BMJ Open 2019;9:e031637. doi:10.1136/bmjopen-2019-031637

Open access 

Figure 2 Map of England indicating the probability of 
patients in each Lower Layer Super Output Area having 
an encounter recorded on the same type of health record 
system, where consecutive encounters were at different 
trusts. Proportions range from zero (white) to high (dark 
purple) probability of attending a different trust using the 
same health record system.

patients transition between different acute NHS hospitals 
each year. These hospitals use several different health 
record systems and there is minimal coordination of 
health record systems between the hospitals that most 
commonly share the care of patients. The resulting frag-
mentation of patient records between multiple health 
record ‘silos’ has implications for the provision of high 
quality, cost- effective and safe care.

In this study we initially identified the current distribu-
tion of health record systems in 152 acute hospital trusts 
in NHS England. We found that 23% of the included 
hospital trusts still used paper records, accounting for 
23.3% of total inpatient, outpatient and A&E encoun-
ters. The majority of trusts (77.0%) used an EHR system 
and over half of these used one of three vendor systems, 
despite 21 different EHR vendor systems being iden-
tified. The distribution of systems around the country 
showed substantial variation. Some areas demonstrated a 
degree of geographical alignment of EHR systems, such 
as the use of Cerner systems in several trusts in London. 
Residual effects of previous policies such as the National 
Program for Information Technology can be observed in 
some regions.11

Through analysis of HES data, we identified 3 931 255 
patients that attended two or more trusts during the 1 year 
study period. This represented one- quarter (25.0%) of 

patients that had more than one hospital encounter over 
the study period. We showed that patients commonly 
move between trusts that have different record systems. 
Nine per cent of all hospital encounters involved patients 
presenting to a hospital using a different record system 
to their previous hospital attendance. Currently, patients 
living in 84% of LSOAs in England achieve almost no 
enhanced interoperability as a result of nearby hospi-
tals using the same EHR systems. In only 0.6% of LSOAs 
does this interoperability enhancement exceed 10% of 
encounters.

There were several pairs of trusts that commonly cared 
for many of the same patients over the 1 year study period. 
For example, of the 3 931 255 patients that attended two 
or more trusts, more than half (53.6%) had consecutive 
encounters shared between 20 pairs of hospitals. Despite 
their frequent collaborative efforts to care for individual 
patients, only two of these pairs of trusts used the same 
EHR systems. With interoperability between different 
EHR systems currently limited, this represents a signifi-
cant barrier to the efficient sharing of digital records for 
millions of patients that move between these trusts.

Limitations of the study
While generating an overview of the health record systems 
used by trusts in NHS England, there were some limita-
tions in interpretation of the definition of ‘using’ an EHR 
system. Some trusts may use part, but not all functions 
of an EHR. For example, a trust may use an EHR inter-
face that includes viewing of investigation results, but not 
use the electronic record for patient notes. Other trusts 
defined the use of an Electronic Document Management 
System as ‘using’ an EHR. In eight cases, the ‘use’ of an 
EHR was unclear, and a consensus decision was made 
between the authors considering all available informa-
tion. Furthermore, the hospital trust- level use and spatial 
distribution of EHR systems is dynamic and changes to 
systems are frequent. Even where the same EHR systems 
are used by different trusts, data interoperability between 
those trusts may not be straightforward. These limitations 
associated with the definition and dynamic nature of EHR 
usage and interoperability are an unavoidable complexity 
of research in this field but did not significantly impact the 
main conclusions of this study. Clearer policy definitions 
of EHR usage and maintenance of a regularly updated 
national database of hospital health record systems would 
aid future analyses of contemporaneous patterns of care 
transitions between health record systems. Although the 
methods used in this study may translate to other inter-
national settings, similar limitations regarding the defini-
tions of EHR usage and dynamic nature of health record 
systems in hospitals may exist.

Comparison with other studies
Although there is a growing body of literature on health 
data sharing and interoperability, there is no published 
empirical research exploring transitions between hospi-
tals and health record systems in the setting of the NHS in 
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Looking forwards

Given that
soYware cannot be trusted in life-threatening sitaZons
procurement is poor
IT infrastructure is poor…

Can we do anything at all?



Simulation





Patient preferences

“Benign prostate disease. Patients typically seek treatment 
because of  urinary symptoms. Surgery can ameliorate 
these symptoms, but there is a trade-off. Many patients 
suffer from a form of  post-surgical sexual dysfunction. 
An observational study showed that when patients 
were well informed about the trade-off, 40 per cent 
fewer preferred surgery (Wagner et al 1995)”

Patients’ preferences matter; stop the silent misdiagnosis, Al Mulley, Chris Trimble, Glyn Elwyn, The King’s Fund 
2012, ISBN 978 1 85717 637 7 



Decision aids

Decision aids for people facing health treatment or screening decisions (Review); Stacey D, Légaré F, Lewis K, Barry MJ, BenneQ CL, 
Eden KB, Holmes-Rovner M, Llewellyn- Thomas H, LyddiaQ A, Thomson R, Trevena L; Cochrane Database of Systema2c Reviews 
2017, Issue 4. Art. No.: CD001431. 
DOI: 10.1002/14651858.CD001431.pub5. 

haps://www.healthwise.net/ohridecisionaid/
Content/StdDocument.aspx?DOCHWID=zx181
5

https://www.healthwise.net/ohridecisionaid/Content/StdDocument.aspx%3FDOCHWID=zx1815


WHO Guidelines

 page xxii

While the recommendations included in this guideline are based on distinct digital interventions, 
they all contribute to the health systems’ needs in different but interlinked ways. For health system 
managers, the recommendation on digital stock notification aims to drive availability of commodities 
at the point of services.  From the clients’ and patients’ perspectives, this would include ability 
to access health information and services more immediately, such as through client to provider 
telemedicine and targeted client communication. Likewise, health workers need to be accessible and 
adhere to practices for delivering high-quality care, through interventions such as decision support 
and mLearning. Figure 4 illustrates the linkages across the different recommendations and the 
interlinked ways that these digital interventions can cohesively address health system needs. 

Health workers can provide 
appropriate and high quality care

Births are notified  
and accounted  

for to receive services

Individuals  
can access  
health services  
and information 

Health workers  
are knowledgeable 
about which services 
to provide

Deaths are 
notified and 
accounted for

Health workers 
are accessible

Health commodities 
and supplies are 
available at the 

point of care

Health workers can 
follow-up to ensure 
individuals receive 
appropriate services

Recommendation 1

Birth notification 
Recommended in specif ic  conditions

ACCOUNTABILIT Y

Recommendation 2

ACCOUNTABILIT Y

Death notification 
Recommended in the context 
of  r igorous research and 
specif ic  conditions

Recommendation 6

Targeted client 
communication 
Recommended in specif ic  conditions

DEMAND

Client-to-provider 
telemedicine  
Recommended in specif ic  conditions

SUPPLY

Recommendation 4

SUPPLY

Stock notification &  
commodit y management 
Recommended in specif ic  conditions

SUPPLY

Recommendation 3

QUALIT Y

Provider-to-provider 
telemedicine  
Recommended in specif ic  conditions

Recommendation 5

Recommendation 7

QUALIT Y

Health worker  
decision support 
Recommended in specif ic  conditions

digital tracking + 
decision support
Recommended in specif ic  conditions

QUALIT Y

Recommendation 8

Recommendation 9

digital tracking +  
decision support & targeted 
client communication  
Recommended in specif ic  conditions 

QUALIT Y

Recommendation 10

provision of training 
and educational content 
Recommended

QUALIT Y

Figure 4 Linkages of the recommendations across the health system

WHO guideline: recommendations on digital 
interventions for health system strengthening. 
Geneva: World Health Organization; 2019 
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AI for Pandemic prediction

© International Society of Travel Medicine 2020. Published by Oxford University Press. All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com
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Pneumonia of unknown aetiology in Wuhan, China:
potential for international spread via commercial
air travel
Isaac I. Bogoch1,2,*, Alexander Watts3,4, Andrea Thomas-Bachli3,4, Carmen Huber3,4,
Moritz U.G. Kraemer5,6 and Kamran Khan1,3,4
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Abstract

There is currently an outbreak of pneumonia of unknown aetiology in Wuhan, China. Although there are still several
unanswered questions about this infection, we evaluate the potential for international dissemination of this disease
via commercial air travel should the outbreak continue.

Key words: SARS, air travel, coronavirus, pneumonia, outbreak, zoonosis

On 30 December 2019, a report of a cluster of pneumonia of
unknown aetiology was published on ProMED-mail, possibly
related to contact with a seafood market in Wuhan, China.1

Hospitals in the region held an emergency symposium, and
support from federal agencies is reportedly helping to determine
the source of infection and causative organism. The seafood
market has since been closed, but purportedly sold a variety of
live animal species. On 5 January 2019, the World Health Orga-
nization (WHO) published a document outlining their request
for more information from Chinese public health authorities, and
detailed 44 patients had ‘pneumonia of unknown aetiology’, with
121 close contacts under surveillance (www.who.int/csr/don/
05-january-2020-pneumonia-of-unkown-cause-china/en/). The
WHO reported that 11 patients were severely ill, and many
affected individuals had contact with the Huanan Seafood mar-
ket. Some patients were reported to have fever, dyspnea and pul-
monary infiltrates on chest radiography. At the time of publica-
tion, limited information has been produced directly by Chinese
public health authorities; however, media reports documenting
interviews with such authorities have stated that the aetiology is
not yet identified, that there are now 59 affected patients, and

that severe acute respiratory syndrome (SARS), the Middle East
respiratory syndrome (MERS), avian influenza and several other
common respiratory pathogens have been ruled out (http://news.
hebei.com.cn/system/2020/01/05/100154729.shtml). On 8 Jan-
uary 2019, news outlets and ProMED-mail reported that genetic
sequencing demonstrated a novel coronavirus as the potential
causative organism.2 Given the recent history of zoonotic trans-
mission of a coronavirus emerging from a live-animal market
in China in 2002, and the potential for novel pathogens to
rapidly spread globally via commercial air travel,3,4 we sought
to evaluate international travel patterns from Wuhan, China in
order to anticipate patterns of disease dispersion should this
outbreak evolve.

We evaluated 2018 travel data generated from the Interna-
tional Air Transport Association (IATA) to quantify passenger
volumes originating from the international airport in Wuhan,
China, between January and March, inclusive. IATA data
accounts for ∼90% of passenger travel itineraries on commercial
flights, excluding transportation via unscheduled charter flights
(the remainder is modelled using market intelligence). These data
represent direct origin (Wuhan) to destination trips, and indirect

First scienKfic paper on COVID-19:

Bogoch II, Waas A, Thomas-Bachli A, 
Huber C, Kraemer MUG, Khan K. 
Pneumonia of unknown aeKology in 
Wuhan, China: potenKal for internaKonal 
spread via commercial air travel. J Travel 
Med. 2020;27(2):taaa008. 
doi:10.1093/jtm/taaa008

Produced by BlueDot AI

Uses and ML and NLP to scan reports
Adds travel tracking and hence predicts 
pandemics



Wearables and early warnings

RESEARCH ARTICLE

Digital Health: Tracking Physiomes and
Activity Using Wearable Biosensors Reveals
Useful Health-Related Information
Xiao Li1ᄊ, Jessilyn Dunn1,2ᄊ, Denis Salins1ᄊ, Gao Zhou1, Wenyu Zhou1, Sophia
Miryam Schüssler-Fiorenza Rose3,4, Dalia Perelman5, Elizabeth Colbert3, Ryan Runge1,
Shannon Rego3, Ria Sonecha1, Somalee Datta1, Tracey McLaughlin5, Michael P. Snyder1

1 Department of Genetics, Stanford University School of Medicine, Stanford, California, United States of
America, 2 Mobilize Center, Stanford University, Palo Alto, California, United States of America, 3 Spinal
Cord Injury Service, Veterans Affairs Palo Alto Health Care System, Palo Alto, California, United States of
America, 4 Department of Neurosurgery, Stanford University School of Medicine, Stanford, California, United
States of America, 5 Division of Endocrinology, Stanford University School of Medicine, Stanford, California,
United States of America

ᄊ These authors contributed equally to this work.
* mpsnyder@stanford.edu

Abstract

A new wave of portable biosensors allows frequent measurement of health-related physiol-

ogy. We investigated the use of these devices to monitor human physiological changes dur-

ing various activities and their role in managing health and diagnosing and analyzing

disease. By recording over 250,000 daily measurements for up to 43 individuals, we found

personalized circadian differences in physiological parameters, replicating previous physio-

logical findings. Interestingly, we found striking changes in particular environments, such as

airline flights (decreased peripheral capillary oxygen saturation [SpO2] and increased radia-

tion exposure). These events are associated with physiological macro-phenotypes such as

fatigue, providing a strong association between reduced pressure/oxygen and fatigue on

high-altitude flights. Importantly, we combined biosensor information with frequent medical

measurements and made two important observations: First, wearable devices were useful

in identification of early signs of Lyme disease and inflammatory responses; we used this

information to develop a personalized, activity-based normalization framework to identify

abnormal physiological signals from longitudinal data for facile disease detection. Second,

wearables distinguish physiological differences between insulin-sensitive and -resistant

individuals. Overall, these results indicate that portable biosensors provide useful informa-

tion for monitoring personal activities and physiology and are likely to play an important role

in managing health and enabling affordable health care access to groups traditionally limited

by socioeconomic class or remote geography.

PLOS Biology | DOI:10.1371/journal.pbio.2001402 January 12, 2017 1 / 30
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Contact tracing



Central versus distributed contact tracing

Centralised, no appDecentralised, app Centralised, app

Bluetooth on mobiles
Infected person flags they are now ill
Messages sent to contacts

either via trusted intermediary
or via crypto-exchange

Government tracks all ciKzens 
mobile signals
credit cards

Government contacts people and
immobilises them



Issues with contact tracing

• Bluetooth works through walls
• IoS turns off Bluetooth when its not used (StopCovid)
• Should you trust the government
• When will the data be destroyed?
• 80% adoption needed 



Fowler on split infinitives
“The English-speaking world may be divided into (1) those 
who neither know nor care what a split infinitive is; (2) 
those who do not know, but care very much; (3) those who 
know and condemn; (4) those who know and approve; and 
(5) those who know and distinguish. Those who neither 
know nor care are the vast majority, and are a happy folk, 
to be envied by the minority classes”



The NHS

• One of the largest employers in the world: 1.4M people
• Relies on a national “spine” which processes around 6Bn transactions per 

year
• Spine was a legacy of a catastrophic project to digitise the NHS
• Obsessed with privacy and security
• Poor IT infrastructure
• Poor supply chains
• Madly fragmented management
• Long-term design-thinking is urgently needed
• Meanwhile…if you are in the UK…clap for your carers and hope!



Digital state - recap

• Digital identity, Social media, Digital universities, Crime and 
punishment, Money, Health 
• Success or failure depends on “system thinking” at government and 

pan-government levels

• Governments, particularly in the older democracies need to decide 
what the over-arching principles of their systems should be … the 
techies can then design solutions to fit.
• “Bolt-on” legislation and orders are very dangerous to such designs


