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The following images appear in the background of the lecture on “The Global Health Crisis” in the PatentX
lecture series. A recording of the lecture itself is available at https://ipxcourses.org/lectures-2/.  Removed from 
their original context, the images will not make much sense. The function of this collection of images is to 
enable persons who have already watched the lecture to review the material it contains. 

The terms on which these materials may be used or modified are available at http://ipxcourses.org. 

https://ipxcourses.org/lectures-2/


Part A:  Contours



Dimensions of the Global Health Crisis

1) The threats to human health posed by many diseases are currently 
increasing.

2) The disease burdens borne by low and-middle income countries 
exceed the burdens borne by upper-income countries – and the 
threats on the horizon may increase that disparity.



Metrics
• Life expectancy at birth = how long a person born at a particular moment in time would 

live if the conditions affecting health did not change during the person’s lifetime
• Healthy Life Expectancy = average number of years that a person can expect to live in 

full health by taking into account years lived in less than full health due to disease or 
injury
• Disability Adjusted Life Year (DALY) = one lost year of healthy life
• Deaths
• Mortality rate = the percentage of a population that dies from a specific cause during a 

specified period
• Incidence = the occurrence of new cases of disease over a specified period
• Prevalence = the proportion of persons in a population who have a particular disease at 

a specified moment or over a specified period. 
• Age standardization = a method of adjusting a metric, such as mortality or prevalence, 

to control for the facts (a) that the age distributions in two populations are likely to be 
different and (b) that the incidence of many diseases (such as cancer) varies by age



Source:  James C. Riley,
“Estimates of Regional 
and Global Life Expectancy, 
1800-2001 (2005)









Ebola Outbreaks 
since 1976

Source:  CDC



Marburg Outbreaks 

Source:  CDC





Source:  World Health Organization, Global Tuberculosis Report (2022), p. 11



Total malaria 
deaths

Total malaria 
cases (in 
thousands)





Description: UNAIDS estimated that there were some 650,000 people worldwide that died from acquired immune deficiency syndrome (AIDS) in 2021. This statistic depicts the total number of annual AIDS-related deaths worldwide from 2000 to 2021. Read more
Note(s): Worldwide
Source(s): UNAIDS 
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Total number of AIDS-related deaths worldwide from 2000 to 2021 (in 
millions)

http://www.statista.com/statistics/257209/number-of-aids-related-deaths-worldwide-since-2001


Description: This statistic depicts the access to antiretroviral therapy (ART) among HIV-infected people worldwide from 2000 to 2021, based on the number of recipients in millions. In 2021, there were around 28.7 million people living with HIV who at the same time 
were on antiretroviral therapy. Read more
Note(s): Worldwide; 2000 to 2021
Source(s): UNAIDS 
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Access to antiretroviral therapy (ART) among HIV-infected people worldwide 
from 2000 to 2021 (in millions)

http://www.statista.com/statistics/265921/access-to-art-for-hiv-treatment-in-low-and-middle-income-countries




Description: This statistic depicts the total number of annual new HIV infections worldwide from 2000 to 2021. UNAIDS estimated that there were some 1.5 million people worldwide that were newly infected with HIV in 2021. Read more
Note(s): Worldwide
Source(s): UNAIDS 
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Parkinson’s Disease, 1990-2016

Source:  “Global, regional, and national burden of Parkinson’s disease, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016,” 
The Lancet Neurology (2018)
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Global forecast of the total number of people with dementia worldwide 
from 2015 to 2050 (in millions)
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Diabetes:  Global estimates of the number of adults (20-79) with the disease

[Prevalence standardized 
to the national population 
(20-79)]

[Prevalence standardized 
to the global population 
(20-79)]



Diabetes:  Global estimates of the number of adults (20-79) with the disease

[Prevalence standardized 
to the national population 
(20-79)]

[Prevalence standardized 
to the global population 
(20-79)]



Estimated global healthcare expenditure to treat diabetes in 2007, 2021, 
2030, and 2045 (in billion U.S. dollars)
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Global COVID-19 deaths averted due to vaccination based on excess mortality

Median number of daily COVID-19 deaths 
based on excess mortality estimates (grey 
vertical bars) in the first year of 
vaccination. The baseline estimate of daily 
COVID-19 deaths from the model fit to 
excess mortality is plotted with the solid 
black line and the counterfactual scenario 
without vaccines is plotted with a red line. 
The gap between the red and black line 
indicates the deaths averted due to 
vaccination, with the proportion of total 
deaths averted by direct protection 
conferred by vaccination shown in blue 
and indirect protection shown in green.

Source:  Oliver J Watson*, Gregory Barnsley*, Jaspreet Toor, Alexandra B Hogan, Peter Winskill, Azra C Ghani, 
“Global impact of the first year of COVID-19 vaccination: a mathematical modelling study,” The Lancet Infectious Diseases 22 (2022):1293-302



The Major Threats

• COVID-19
• Other filoviruses
• Tuberculosis
• Malaria
• HIV/AIDS

• Some cancers
• Parkinson’s disease
• Alzheimer’s disease and other 

forms of dementia
• Depression
• Diabetes



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
Powered by Bing

Life Expectancy at Birth (2019)

50.7 84.3



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
Powered by Bing

Healthy Life Expectancy (HALE) at Birth (2019)
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World Bank country classifications by income level: 2021-2022
(based on GNI per capita for 2020)

USD 1,046 USD 4,095 USD 12,695



Mortality and Morbidity 
by Region and Cause 
(2019)

In each cell,
the first number represents the 
loss per year (in thousands of 
DALYs) attributable to the cause;

the second number is the 
proportion of the global burden 
associated with the cause borne by 
the region;

the third number is the number of 
DALYs lost per 100,000 people in 
the region



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
Powered by Bing

DALYs per capita from Infectious Diseases (2019)

1.81 290.57 
DALYs per capita



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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Age-Standardized Mortality from Infectious Diseases (2019)
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© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
Powered by Bing

DALYs per capita from Tuberculosis (2019)

0.02 55.90 
DALYs per capita
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Age-Standardized Mortality from Tuberculosis (2019)

0.0 148.0
Mortality
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DALYs per capita from Malaria (2019)

- 78.60 
DALYs per capita



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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Age-Standardized Mortality from Malaria (2019)

0.0 61.6
Mortality



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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DALYs per capita from HIV/AIDS (2019)

- 139.11 
DALYs per capita



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
Powered by Bing

Age-Standardized Mortality from HIV/AIDS (2019)

0.0 258.9
Mortality



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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DALYs per capita from Diarrhoeal Diseases (2019)

0.47 67.74 
DALYs per capita



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
Powered by Bing

Age-Standardized Mortality from Diarrhoeal Diseases (2019)

0.1 186.5
Mortality







(thousands) Global Deaths Global DALYs
HIV/AIDS 675 40147
Tuberculosis* 1208 66024
Malaria* 411 33398
STDs (excluding HIV/AIDS)

Syphilis 43 3814
Chlamydia 1 324
Gonorrhoea 2 231
Trichomoniasis 0 282
Genital herpes 0 250
Other STDs 3 352

Diarrhoeal Diseases 1519 79311
Childhood Diseases

Pertussis (“whooping cough”) 111 9839
Diphtheria 5 420
Measles 165 14528
Tetanus 47 3474

Meningitis 233 16314
Encephalitis 78 4174
Hepatitis

A 40 2102
B 36 1633
C 22 655
E 2 123

(thousands) Global Deaths Global DALYs

Parasitic and vector diseases (excluding
Malaria)

Trypanosomiasis* 2 102

Chagas* 8 217

Schistosomiasis 12 1628

Leishmaniasis* 6 722

Lymphatic filariasis (elephantiasis) 0 1616

Onchocerciasis (river blindness) 0 1210

Cysticercosis 7 988

Echinococcosis 9 461

Dengue 30 1952

Trachoma (infectious blindness) 0 194

Yellow fever 6 413

Rabies 47 2634

Intestinal nematode infections

Ascariasis 2 749

Trichuriasis 0 232

Hookworm 0 962

Food-bourne trematodes 7 805

Leprosy 13 36

Other infectious diseases 370 19000

Totals 5101 311318





© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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DALYs per capita from Respiratory Infections (2019)

2.09 109.87 
DALYs per capita
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Age-Standardized Mortality from Respiratory Infections (2019)

2.8 193.2
Mortality per 100,000 population
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© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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DALYs per capita from Noncommunicable Diseases (2019)

113.62 367.02 
DALYs per capita
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Age-Standardized Mortality from Non-communicable Conditions (2019)

234.8 1281.4
NCD Mortality per 100,000 population

407.9

424.5

558.5

491.5

652.9

713.6

235.4

619.5

290.1

800.5

530.2



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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Age-Standardized Mortality from Cardiovascular Diseases (2019)

63.9 618.3
thousands



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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Age-Standardized Mortality from Ischaemic Heart Disease (2019)

27.8 389.8
thousands
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Age-Standardized Mortality from Cancers (2019)

49.3 194.4
per 100,000 population
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Age-Standardized Mortality from Lung Cancer (2019)

0.2 17.5 43.5
per 100,000 population
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Age-Standardized Mortality from Colon Cancer (2019)

1.1 10.6 24.9
per 100,000 population
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Age-Standardized Mortality from Stomach Cancer (2019)

0.4 11.7 28.6
per 100,000 population
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Age-Standardized Mortality from Breast Cancer (2019)

1.3 9.9 22.7
per 100,000 population
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Age-Standardized Mortality from Pancreatic Cancer (2019)

0.0 4.4 11.1
per 100,000 population
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Age-Standardized Mortality from Prostate Cancer (2019)

0.4 34.7
per 100,000 population
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Age-Standardized Mortality from Parkinson’s Disease (2019)

0.1 3.6 11.7
Mortality



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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Age-Standardized Mortality from Dementia (2019)

0.4 22.1 54.7
Mortality



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
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Age-Standardized Mortality from Diabetes (2019)

1.3 243.6
Mortality per 100,000 population



© Australian Bureau of Statistics, GeoNames, Microsoft, OpenStreetMap, TomTom
Powered by Bing

DALYs per capita from Diabetes (2019)

- 60.61 
DALYs per capita





Global Health Crisis
Most serious threats
• COVID and future pandemics
• Tuberculosis
• Malaria
• Parkinson’s Disease
• Dementia
• Depression
• Diabetes

Greatest sources of inequality
• COVID and future pandemics
• Tuberculosis
• Malaria
• ”Neglected diseases”
• HIV/AIDS
• Diarrhoeal Diseases
• Pneumonia
• Breast Cancer
• Prostate Cancer
• Diabetes



Part B:  
The Roles of  Pharmaceutical Products



Public Health Initiatives
Vaccines

Medicines
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Disease First Vaccine Developed First widely 
distributed in 
US

Tuberculosis Bacillus Calmette-Guerin (BCG) 
vaccine

1921 1949

Diptheria toxoid (inactivated toxin) 
vaccine

1923 mid-1940s

Pertussis (“Whooping Cough”) Whole-cell vaccine 1926 mid-1940s

Tetanus toxoid (inactivated toxin) 
vaccine

1927 mid-1940s

Yellow Fever 17D vaccine 1932 1941
Influenza Inactivated vaccine for types A 

and B
1942 mid-1940s

Polio Salk inactivated vaccine 1952 late-1950s
Measles Edmonston B strain live vaccine 1964 1974

Mumps “Jeryl Lynn” strain 1967 1977
Rubella Live non-human attenuated 

vaccines
1969 1970

Hepatitis B Heptavax vaccine 1981 1980s
Varicella-zoster (“chicken pox”) Varivax 1984 1989

Haemophilus Influenzae type b Bacterium capsular 
polysaccharide Hib vaccine

1985 1985

Rotavirus Rotashield 1998 1998

Major Vaccines 
in the U.S.



Source:  https://www.lgcstandards.com/GB/en/Resources/Blogs/Antibiotic_resistance



Public Health Initiatives in Developing Countries

• 71% of the global population now use what the WHO classifies as 
“safely managed drinking-water sources” (up from 52% in 1990)
• 37% of the populations in those countries now use “safely managed 

sanitation services.”  
• The only continent that lags is Africa, where the percentage of the population 

with safe drinking water is still only 26%.  However, large amounts of 
development assistance (currently $2.4 billion per year) are currently being 
allocated to overcome this gap. 



Vaccines in 
Developing 
Countries

Source: Source: Kristin VanderEnde
et al., "Global Routine Vaccination 
Coverage — 2017,"  (2018), 
https://www.cdc.gov/mmwr/volum
es/67/wr/mm6745a2.htm. 



(thousands) Global Deaths Global DALYs
HIV/AIDS 675 40147
Tuberculosis* 1208 66024
Malaria* 411 33398
STDs (excluding HIV/AIDS)

Syphilis 43 3814
Chlamydia 1 324
Gonorrhoea 2 231
Trichomoniasis 0 282
Genital herpes 0 250
Other STDs 3 352

Diarrhoeal Diseases 1519 79311
Childhood Diseases

Pertussis (“whooping cough”) 111 9839
Diphtheria 5 420
Measles 165 14528
Tetanus 47 3474

Meningitis 233 16314
Encephalitis 78 4174
Hepatitis

A 40 2102
B 36 1633
C 22 655
E 2 123

(thousands) Global Deaths Global DALYs

Parasitic and vector diseases (excluding
Malaria)

Trypanosomiasis* 2 102

Chagas* 8 217

Schistosomiasis 12 1628

Leishmaniasis* 6 722

Lymphatic filariasis (elephantiasis) 0 1616

Onchocerciasis (river blindness) 0 1210

Cysticercosis 7 988

Echinococcosis 9 461

Dengue 30 1952

Trachoma (infectious blindness) 0 194

Yellow fever 6 413

Rabies 47 2634

Intestinal nematode infections

Ascariasis 2 749

Trichuriasis 0 232

Hookworm 0 962

Food-bourne trematodes 7 805

Leprosy 13 36

Other infectious diseases 370 19000

Totals 5101 311318



94.9% of 2002 revenue of U.S. pharmaceutical companies
5.1% of 2002 revenue of U.S. pharmaceutical companies



Source:  World Health Organization, Global TB Report (2022)



Source:  World Health Organization, Global TB Report (2022)



Source:  World Health Organization, Global TB Report (2022)





Affordability

• TB:
• Roughly 3.5% of the 9 million new cases of active tuberculosis reported each year involve variants of 

the disease that are resistant to the standard course of antibiotics.  Patients who contract those 
variants require special treatments – so-called DR-TB drugs.  Whereas the costs of the standard TB 
treatments are now modest, the cost of a DR-TB regimen is not.

• AIDS:
• First-generation ARVs are now affordable and reasonably available in most developing countries.  

However, second-generation ARVs are substantially more expensive, and the prices of third-
generation drugs are higher still.

• See Frontline AIDS, "The Problem with Patents:  Access to Affordable Hiv Treatment in Middle-
Income Countries," (2019), 6. (reporting that “The lowest prices (ppy) for third-line drugs that are 
widely patented were $664 ppy for darunavir, $439 for etravirine and $553 for raltegravir; the lowest 
combined prices were still in excess of $1500. 

• Outside sub-Saharan Africa, median prices for darunavir were $5180. 
• For salvage therapy (when standard treatment options no longer work), countries reported paying 

$6072 for tipranavir, $5190 for maraviroc and $17,700 for enfuvirtide.”); Ellen 't Hoen et al., "Driving 
a Decade of Change:  Hiv/Aids, Patents and Access to Medicine for All," Journal of the International 
AIDS Society 14, no. 15 (2011).

• Infections:
• A simple course of antibiotics can cost in developing country more than the average resident earns in 

a month.





Source:  N
ayyar et al., “Poor-quality antim

alarial drugs in southeast 
Asia and sub-Saharan Africa,” 12 Lancet Infectious Diseases488 (2012)



Source:  N
ayyar et al., “Poor-quality antim

alarial drugs in southeast 
Asia and sub-Saharan Africa,” 12 Lancet Infectious Diseases488 (2012)



Source:  N
ayyar et al., “Poor-quality antim

alarial drugs in southeast 
Asia and sub-Saharan Africa,” 12 Lancet Infectious Diseases488 (2012)



Source:  N
ayyar et al., “Poor-quality antim

alarial drugs in southeast 
Asia and sub-Saharan Africa,” 12 Lancet Infectious Diseases488 (2012)



Source:  “Post-marketing surveillance of 
anti-malarial medicines used in Malawi,”
Ibrahim Chikowe et al., 
Malaria Journal (2015) 14:127 
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Summary:  Three Problems Limit our Ability to Use Drugs to 
Curb Infectious Diseases in Developing Countries

1) Incentives to develop appropriate vaccines and medicines are 
inadequate

2) Too often, existing drugs are not affordable
3) Many of the drugs currently distributed in developing countries are 

substandard or falsified


