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THE LARGEST VACCINATION CAMPAIGN IN HISTORY 

December 8, 2020 marked the beginning of the largest global vaccination campaign ever 

undertaken. Throughout 2021, governments, public health organizations, and corporations 

coordinated to vaccinate the world in an effort to protect against severe disease from the spread of 

COVID-19. Never before had a vaccine been rolled out simultaneously in every country. The 

campaign saw both massive successes and inevitable challenges, but one aspect of this endeavor 

is clear: no public health effort has ever matched its size and scope. 

According to Bloomberg1, just 10.9 million doses had been administered globally at the beginning 

of 2021, with 0.05% of the global population having received at least one dose. As of the end of the 

year, more than 9.16 billion vaccine doses had been administered across 184 countries—119 shots 

for every 100 people worldwide. 

The urgency with which the global community has developed and delivered vaccines has brought 

us to a unique moment in history. As during the advent of the Internet and the development of the 

Manhattan Project, government support has unleashed an immense wave of private sector 

innovation. Extraordinary fiscal support has kept health care companies buoyant, allowed 

pharmaceuticals to invest in their production capacity without fearing risk of losses2, and stimulated 

innovation that has both enabled a rapid pandemic response and triggered a shift throughout the 

entire health care ecosystem. 

In the U.S., 2021 innovation was fueled by just over $300 billion in fiscal support allocated over the 

course of 2020 for institutional strengthening; testing, tracing, and mitigation programs; and vaccine 

and treatment development and distribution. The March 2021 American Rescue Plan added 

another $95.8 billion to those efforts3. For example, sequencing saw a sharp upward spike in 2021 

in part due to $1.7 billion in new funding that President Joe Biden pledged to help ramp up genomic 

surveillance. In 2021, U.S. government labs more than doubled their rate of genome sequencing, 

with private and academic labs following suit4. Globally, an influx of funding has also meant that the 

race to develop new, even more effective vaccines is only just ramping up: as of December 1, 

2021, researchers have been working to develop more than 300 COVID-19 vaccines in addition to 

the 23 already in use around the world. (See Exhibit 1.) 

  

 

1 Bloomberg’s COVID-19 vaccine tracker, started in late 2020 to track the global COVID-19 vaccination campaign, compiles data from government 
agencies, public statements, interviews, the World Health Organization, Johns Hopkins University, and Our World in Data. 

2 Bloomberg Businessweek, Testing… Hello? Testing…1, 2, 3, January 31, 2022. 
3 International Monetary Fund Database of Fiscal Policy Responses to COVID-19, October 2021. 
4 Vox, To catch variants like omicron, the world needs to sequence way more virus genes, December 1, 2021. 
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Exhibit 1: COVID-19 Vaccines in Development as of December 1, 2021 

Researchers are developing more than 300 COVID-19 vaccines in addition to the 23 already  

in use around the world; 84 are in early-stage clinical trials and 40 are at much later stages  

of development5. 

 

Source: Nature, GAVI 
 

Pandemic Response Accelerating Health Care Innovation Long 

Underway 

Over the last few decades, technological advancements have driven an unprecedented amount of 

innovation in health care. Cost curves have declined so dramatically that groundbreaking new 

treatments and solutions are at last commercially scalable. Breakthroughs in biomedical 

engineering, such as the successful adaptation of CRISPR-Cas9 for genome editing in eukaryotic 

cells (2013)6, have opened up new pathways in biological modelling and rapid diagnostics, 

accelerating the fight against diseases such as cancer and depression.  

Against this backdrop, we focus our investments in four key areas of health care innovation: 

genomics, precision medicine, tech-enabled procedures, and digital health care. We believe 

that these fields have long runways of strong secular growth ahead and that this growth will lead to 

greater access, more affordable solutions, faster recovery times, personalized treatments, and 

earlier detection—changing health care for the better.  

In 2020 and 2021, we witnessed rapid product innovation and the evolution of entire fields of health 

care as the world came together to respond to the COVID-19 pandemic. For instance, mRNA 

technology—an innovation that had been “sitting on the shelves,” the product of diligent basic 

research over many years—was deployed on an expedited timeline to produce the first suite of 

Coronavirus vaccines. While many surgical procedures have been put on hold during the 

pandemic, tech-enabled procedures have taken on new meaning: for example, in the case of a 

suspected COVID-19 patient who needed urgent coronary artery interrogation, a CorPath robotic 

intervention arm was used to minimize the procedural team’s risk of exposure to the virus.7 Out of 
 

5 Data as of December 1, 2021. 
6 Broad Institute, CRISPR Timeline. 
7 Tabaza, L, Virk, HH, Janzer, S, George, JC. Robotic-assisted percutaneous coronary intervention in a COVID-19 patient. Catheter Cardiovasc Interv. 

2021; 97: E343–E345.  
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the need to save a life while preventing the further spread of disease, a telesurgical method once 

considered experimental was put into practice. 

The complexity of tackling the COVID-19 pandemic has underscored the urgent need for 

widespread genomic surveillance and more responsive methods of health care delivery. An influx 

of funding for research and development has over the past two years dialed up the speed of 

innovation and equipped researchers and public health practitioners to forge new connections 

within the health care ecosystem. Researchers are taking an increasingly interdisciplinary approach 

to addressing health challenges, leveraging complementary tools within software, hardware, data 

science, cloud computing, and lab science. 2021 was the year when it became widely understood 

that our global society will need to adapt to living with Coronavirus as well as to prepare to defend 

itself against entirely new pathogens, and that the architecture supporting this effort must be firmly 

in place if we are to save lives. 

Furthermore, the context in which the health care ecosystem functions has undergone durable 

changes: supply and demand dynamics have shifted and policy is evolving more quickly to meet 

the needs of a new era. The demand for COVID-19 vaccines is leading to a very tight supply-

demand situation across the entire drug supply chain. There simply is not enough supply to meet 

the demand. Given that many countries outside the U.S. still need access to vaccines and 

treatments for COVID-19, we expect that these supply-demand conditions will persist for several 

years. To that end, investment in the recovery of the health care supply chain and its related 

innovations—for example, medical components specific to precision medicine—is crucial, and we 

are well-positioned to capture these trends. On the policy front, for example, we expect that digital 

health care will receive a boost from newly appointed FDA commissioner Robert Califf, who has 

spent much of his career incorporating digital data into health research. In December 2021, the 

FDA announced that sensors and other digital technologies will not need FDA device clearance in 

order for researchers to use them in clinical trials. Digital transformation is accelerating, and our 

investments in digital health will keep us on the right side of the transition. 

Looking Forward 

Simply put, we are now at a critical inflection point. Rapidly accelerating innovation is reshaping 

how we treat patients. The health care industry is shifting its focus from reactive to preventative 

medicine. The underlying structure of the health care industry is changing, and we are still in the 

earliest chapter of this growth story. 

We seek to invest in high-quality businesses that stand to benefit from the ecosystem 

transformation that we have outlined: companies with large addressable markets, durable business 

models, internal innovation capability, differentiated technology, and excellent management. 

In this piece, we will discuss each of these areas of health care innovation—genomics, precision 

medicine, tech-enabled procedures, and digital health care—explaining the advancements of 

2021 and where we see investment opportunities for 2022 and beyond. 

  

“Advances in sensor 

technology, general-

purpose computing 

platforms, and methods for 

data transmission and 

storage have revolutionized 

the ability to remotely 

 obtain and analyze 

clinically relevant 

information from individuals. 

Digital health technologies 

used for remote data 

acquisition are playing a 

growing role in health care 

and offer important 

opportunities.” 

— December 2021,  

Food and Drug Administration 

guidance 
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GENOMICS: MAPPING OUR GENETIC MAKEUP 

In part as a result of the COVID-19 pandemic, genomics—the science of reading, analyzing, and 

editing genomes—is experiencing rapid expansion and development. This fast-evolving field has 

the potential to unlock customized treatments for millions of people and bolster our capacity to 

anticipate and respond to public health crises. 

When the first human genome was sequenced in 1999 as part of the $2.7 billion Human Genome 

Project, the process cost an estimated $0.5 billion8 and took about 4 years. Today, sequencing a 

genome can cost just $6009 and can be completed in as little as one day10. Soon it could cost less 

than $100 and take only a few hours, making it possible to build data sets with the scale to provide 

insights into new treatments and cures. To date, approximately 30 million people have been 

sequenced11. Yet this data set represents only 0.3% of the world’s population of approximately  

7.9 billion people. Despite this low percentage, the genomic data set is expanding at an exponential 

rate. Of the 340,000 human genomes sequenced at the Broad Institute of MIT and Harvard since 

2013, for example, more than a third were just sequenced in 202112. This means that there is an 

enormous opportunity as well as an urgent need to expand our knowledge using genomics as a 

starting point. 

Exhibit 2: A Declining Genomics Cost Curve 

A sharp drop in costs has increased the number of human genomes sequenced. 

 
Source: Illumina, NHGRI. As of 2018. 
 

Genomics has revolutionized the collection and analysis of health data to plan and evaluate public 

health responses to infectious diseases, often referred to as epidemiological surveillance. Recent 

advances in genomic sequencing technology, for example, have enabled scientists to identify and 

track the spread of COVID-19 variants in 85 countries13. As new variants of concern emerge, 

practitioners are working to standardize usage of genome sequence data and population immunity 

 

8 “It is impossible to estimate the costs associated with … various other genome-sequencing efforts [in addition to the $0.5 billion cited above], but they 
likely total in the tens of millions of dollars.” Source: National Human Genome Research Institute, The Cost of Sequencing a Human Genome, 
November 1, 2021 

9 Illumina. 
10 Genomics England. 
11 Science Magazine, Looking back at 20 years of human genome sequencing, February 4, 2021. 
12 Broad Institute News, December 14, 2021. 
13 Financial Times, Pandemic puts Oxford Nanopore ‘on the map,’ November 7, 2021. 
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studies to better assess vaccine effectiveness14. Pathogen surveillance and other applications of 

genomic technologies are poised to grow as the world deals with increasingly complex human 

health challenges requiring complimentary understanding of animal and ecosystem health.  

Genomic technologies are shifting the paradigm of how health care is delivered: the longstanding 

reactive approach is gradually being replaced with a focus on preventative care. Armed with 

genomic data, scientists are able to identify whole patient populations that may be at high risk of a 

disease or condition linked to a particular gene, well before severe health challenges arise. For 

example, the recent identification of a mutation in the gene that causes long QT syndrome — an 

inherited heart condition that affects heartbeat cadence and can cause fainting or even seizures — 

is now helping physicians identify other at-risk family members, allowing for preventative monitoring 

and, if necessary, the implementation of cardiac pacemakers that can ultimately save lives15. As 

the data set expands and the application of machine learning techniques becomes more 

sophisticated, the accuracy with which physicians will be able to preemptively treat high-risk 

patients will increase. The implications are profound. 

The genomics companies in which we invest generally fall into three categories: 1) information 

generators that can produce new insights from sequencing the human genome; 2) solutions 

developers that use genomic information to develop personalized medicines; and 3) production 

enablers that can execute the testing and mass production needed for personalized medicine. 

Opportunities abound across the global genomics supply chain, from the producers of biomarker 

measurement products to the manufacturers of specialized single-use gene therapy reactors. 

PRECISION MEDICINE: THE NEXT WAVE OF 

PERSONALIZED MEDICINE 

At the convergence of data science and lab science lies precision medicine: the development of 

personalized treatments for individuals based on the analysis of basic scientific data, environmental 

data, and diagnostic data that identify patients’ specific biomarkers — biological measures that 

quantify the functioning of an organ or system. 

Exhibit 3: What Is Precision Medicine? 

 

Source: Precision Medicine at the University of California San Francisco (UCSF) 
 

  

 

14 Oude Munnink, B.B., Worp, N., Nieuwenhuijse, D.F. et al. The next phase of SARS-CoV-2 surveillance: real-time molecular epidemiology. Nat Med 
27, 1518–1524 (2021). 

15 Barclays report on Oxford Nanopore Technologies PLC, November 10, 2021. 
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Precision medicine is dialing up the granularity of medical treatment and expanding the horizon of 

available therapies to include targeted oncology and gene and cell therapy. As a result of its 

specificity, precision medicine has major implications for the treatment of rare diseases. Of the 

roughly 7,000 rare diseases caused by faulty genes, 85-90% are serious or life-threatening16, and 

less than 5% have an effective treatment. There are an estimated 30 million people in the United 

States alone who are living with rare diseases—or 1 in 10 Americans17. The acceleration in 

precision medicine is rapidly changing the outlook for this disease category. In June 2021, for 

example, scientists were for the first time able to effectively treat patients with transthyretin 

amyloidosis—a rare, life-threatening disease in which abnormal proteins accumulate in a patient’s 

cardiovascular and nervous systems—using a CRISPR-based treatment that was able to 

selectively deactivate the gene leading to this faulty protein production18. 

Furthermore, precision medicine promises to deepen doctors’ understanding of how particular 

drugs and therapies affect people differently. Rather than using the traditional one-size-fits-all 

approach to treating medical conditions, doctors will be able to prescribe more targeted, 

personalized treatments, reducing the likelihood of adverse side effects. Conditions that were 

previously difficult to treat are benefitting from radically new approaches. For example, a team of 

researchers from University of California San Francisco (UCSF) recently developed a precision 

medicine intervention—a kind of neural pacemaker—to successfully treat a patient’s severe, 

treatment-resistant depression. The researchers identified a biomarker—a specific pattern of neural 

activity occurring at the onset of the patient’s symptoms—and were able to program this device to 

reset the associated brain circuit, leading to relief the patient never imagined would be possible19. 

From an investment perspective, we see opportunities spanning a wide range of businesses, from 

biotechnology and pharmaceutical companies engaged in cutting-edge research and the 

development of personalized therapies for cancer and several rare disorders, to businesses critical 

to the supply chain, such as companies that can produce gene therapy drugs at scale and the 

producers of highly customized packaging for biologic drugs. 

TECH-ENABLED PROCEDURES:  

LESS INVASIVE, MORE EFFECTIVE 

Technology is empowering surgeons to tackle ever-more complex clinical situations both before 

and at the operating table. While advancements in robotics are expanding surgeons’ tactile and 

visual capabilities and helping them access difficult-to-reach anatomic spaces, innovations in 

integrated imaging and augmented reality are also giving them foresight into what can happen in 

the operating room before they even step inside. Surgeons’ technology-enhanced eyes and hands 

have been improving at a rapid pace, and there is a long runway of innovation ahead. 

Minimally invasive procedures—operations in which the surgeon makes smaller incisions that are 

less painful and cause less scarring than open operations—have seen significant advancements in 

recent years. For example, one company invented a minimally invasive method to replace a key 

heart valve. Now, instead of undergoing open-heart surgery—which comes with significant risks 

and a longer recovery that typically requires a hospital stay of up to two weeks—patients are able 

to leave the hospital the next day, with lower overall healing time and improved outcomes. 

  

 

16 PhRMA, Spurring Innovation in Rare Diseases, 2017. 
17 Kaufmann, P., Pariser, A.R. & Austin, C. From scientific discovery to treatments for rare diseases. Orphanet J Rare Dis 13, 196 (2018). 
18 Financial Times, Crispr gene-editing ‘revolution’ treats internal organ for first time, June 27, 2021. 
19 Financial Times, Brain implant relieves patient’s severe depression in ‘landmark’ US study, October 4, 2021. 
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Exhibit 4: Worldwide Medical Robotics Revenue ($bn, Goldman Sachs Estimates) 

The medical robotics industry could grow from $5 to $24bn this decade as robotic-assisted surgery 

gains share. 

 
Source: Goldman Sachs Investment Research. 
 

Robotic surgery, a still-nascent $6-billion industry, is refining the execution of existing minimally 

invasive procedures and enabling doctors to perform even more complex and delicate procedures 

that were impossible just a few years ago. Specialized robotic cameras give surgeons high-

definition, 3D views of the surgical area. Robotic arms with miniaturized instruments that move like 

human hands are able to perform tiny operations and augment surgeons’ dexterity and range of 

motion. Patients benefit from smaller, more uniform incisions that result in less blood loss, lower 

risk of infection, less pain, and minimized scarring. As a result, recoveries are generally faster, 

complications fewer, and hospital stays shorter. 

Exhibit 5: Robotic Surgery Still Nascent 

Robotics have penetrated just ~2% of U.S. procedures. 

 
Source: U.S. Census Bureau, Goldman Sachs Global Investment Research, National Center for Health 
Statistics. 
 

Investment opportunities related to tech-enabled procedures range from companies that are 

creating the technology for minimally invasive procedures and robotic surgeries to suppliers of the 

critical components required to power these evolving techniques. 
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DIGITAL HEALTH CARE:  

THE INTERNET OF (MEDICAL) THINGS 

Faced with the challenge of delivering care at the lowest possible cost to an aging population, health 

care systems have sought to increase their efficiency, precision, and reach by going digital. 60% of 

health care organizations have already connected to the growing Internet of Medical Things (IoMT): 

the digital health care ecosystem through which devices can communicate with one another. 

Connected devices include everything from wearable sensors to point-of-care testing tools. 

Nearly 88% of medical providers are already using sensors and other devices to remotely monitor 

patients’ glucose levels, heart rates, and more — a significantly more convenient, accurate, and 

cost-effective process for both patients and providers20. As 5G technology develops, sensor design 

will become more intricate and varied, and the number of applications for connected devices is 

likely to grow exponentially. 

Exhibit 6: Technology in the Public-Health Response to COVID-19 

 
Source: Nature Medicine. 
 

The promise of connected devices is changing diabetes patients’ lives. Approximately 463 million 

people globally have diabetes, but only 50% are diagnosed, 25% receive care, and just 6% are 

able to live a life free from diabetes-related complications21. Connected device technologies could 

enable more patients to achieve this goal in the future. Two companies have paired their 

technologies—a wearable glucose monitoring device and a disposable insulin pump—to 

revolutionize diabetes management. Diabetics can now wear a patch that tracks their blood sugar 

around the clock and connects to a disposable insulin pump that administers insulin as required. 

Augmented reality may hold the key to better surgical outcomes. In 2021, one of the leading tech-

enabled procedures companies piloted a promising digital health care program in pre-operative 

imaging for kidney cancer. Identifying hospitals’ frequent failure to use the cancer images they have 

due to their lack of accessibility within exisiting systems, the team created a machine learning tool 

that combs through images and creates a model for the surgeon to consult before, during, and after 

surgery. An early survey of surgeons using this tool found that it prompts them to alter their plans 

 

20 T-Mobile, Today’s pandemic shows us the promise of the Internet of Medical Everything, April 8, 2020 
21 Dexcom Investor Presentation, July 2020 
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for roughly 20% of their procedures (Exhibit 7)—showing promise to improve pre-operative decision 

making22. 

At the level of populations, the IoMT was harnessed to respond to the COVID-19 pandemic, and its 

myriad applications in epidemiological surveillance and pandemic management are only just 

beginning to emerge. Researchers have leveraged advances in machine learning and natural 

language processing to analyze large datasets collected through devices—computers, phones, 

connected diagnostic devices, wearables—and use that information for surveillance, case 

identification, and contact tracing. While considerable barriers remain, including uneven adoption, 

privacy and security concerns, and the need for additional evidence of effectiveness, the adoption 

of digital technologies to anticipate and respond to public health crises is well underway, and we 

expect to see continued innovation in this exciting space. 

Exhibit 7: Kidney Cancer Pre-Operative Imaging Program Pilot Case Study 

Overly aggressive surgery risks the patient needing dialysis later on—a costly, negative outcome. 

 
Source: 2021 J.P. Morgan Healthcare Conference. 

DISRUPTION IS ONLY JUST BEGINNING 

The disruptive effects of technological innovation can be seen clearly across all facets of our lives: 

in 20 years we have gone from a time when many people did not even own mobile phones to an 

era of smart phone dependency; email was once the main form of online connection, and now 

social media dominates.  

Fueled by an unprecedented response to the global Coronavirus pandemic, innovation is causing 

similarly rapid disruption in health care. Game-changing advances in genomics are on the cusp of 

bringing medical treatment to a previously unimaginable level of precision and personalization. 

Technical advances in robotics are transforming invasive surgeries into outpatient procedures. 

Connected devices are enabling remote monitoring, which provides more convenient and efficient 

solutions for patients. 

Better outcomes for patients and society—from more effective and less invasive treatments to 

greater access and lower costs—is the future of health care. And it has arrived. 

  

 

22 J.P. Morgan 39th Annual Healthcare Conference, January 12, 2021 
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