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Aristotle's four kinds of cause

Material cause: the

wood (tree) that the table

IS made from.

Formal cause: the
design, shape or

appearance of the table.

Efficient cause: an
agency that changes or
moves to create the
table (a carpenter).

Final cause: a change
or movement that is the
reason a table is made
(i.e. for dining).

Source: Wikipedia

Material Cause: Final Cause:

Wood Dining

Fomal Cause: Efficient Cause:
Design Campentry



Epidemiology

« Study of patterns, causes, and effects of
disease conditions in defined populations.

Cornerstone of public health

Informs policy, evidence-based medicine & prevention
Documents disease characteristics

Examines disease aetiology, distribution & transmission
Outbreak detection, investigation & control

Treatment effectiveness, including in clinical trials.
Methodology used in clinical research

Design, implement & review interventions



Cause detection - the
history of survelllance
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Smallpox
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Leprosy

Typhus

For year 1665 there were 68,596 reported deaths from plague



The causes of cholera using descriptive ==
epidemiology and public health intervention

Large outbreak of cholera in Soho,
London in 1854

» Used descriptive epidemiology &
evidence based public health intervention

 John Snow removed the Broad Street
water pump handle

« Spread of cholera dramatically stopped

« Disproved the view that infection was
spread by ‘miasma’ in the atmosphere

» ldentified the outbreak as caused by
drinking water contaminated as a result of
poor systems for disposal of sewage

« Attributed the disease to a source (human
faeces) and a route of transmission (water .y
from the Broad Street pump) )

Yards




Cholera pandemics

1st pandemic. 1817-1823 Asiatic
Cholera originated near Calcutta and
spread to SE Asia, China and Japan but
did not reach Europe

2nd pandemic. 1826 -1837, began
in Bengal and spread through India.
Cholera entered UK in 1831 (31,000
died).

3rd pandemic. 1846-1863, reached
Europe and the U.S. in 1848. John
Snow observed during the 1848 London
epidemic that the disease was spread
by contaminated water.

4th pandemic. 1863-1866, spread
first to the Middle East, then to the
Mediterranean and on to New York.
Tens of thousands died, but public
health reforms moderated the death toll.

5th pandemic. 1881-1896.

Improved sanitation, diagnosis and
quarantine kept it from reaching many
European cities or the U.S. Robert
Koch discovered that Vibrio cholerae

caused the disease.

6th pandemic. 1899-1923, also

affecting Asia but failing to reach
western European or the U.S., again
due to developments in water treatment
and sanitation.

7th pandemic. 1961- present,

began in Indonesia and reached Peru
and neighboring countries. It continues
with periodic outbreaks in many areas of
the world. The outbreak in Peru resulted
from a halt in water chlorination.



Causes of cholera pandemics
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- " Vibrio cholerae

* Associated with famine,
migration, flooding etc.

» High infective dose
» V.cholerae can grow in plankton

« Satellite monitoring of water
temperature and blooms

* Role of ship’s ballast water




Pasteur investigated fermentation

The cause of silkworm disease (pébrine & flacherie)

Pasteur and germ theory

Berzelius & von Liebig suggested fermentation resulted from decomposition.
Pasteur showed this was wrong — yeast fermented sugar to produce alcohol.
Other microorganisms in wine produce lactic acid, making it sour. Less sugar
fermented when the yeast was exposed to air than when not Pasteur effect).
The skin of grapes was the source of yeasts. Sterilized grapes and grape juice
never fermented.

Pasteur worked for 5 years on the economic losses in silkworm production.
Pébrine, a hereditary disease (now known as a microsporidian) was prevented
by examining pulped female moths after they had laid their eggs. The eggs of
infected moths were destroyed.

There was a belief in spontaneous generation. Redi (17th century) and
Spallanzani (18th century) provided evidence against spontaneous generation Heat appiled Lot sk sit No bacteria present
and Pouchet conducted experiments to prove spontaneous generation (1850s).

Pasteur used swan neck flasks to show nothing grew in boiled broths and that FL
the living organisms that grew in such broths came from outside, on dust, rather é é
—

than spontaneously generating within the liquid or from the action of pure air. —

Hygiene was used to prevent accidental flacherie (now known to be a virus).
Spontaneous generation disproved ﬂ @ﬁ pﬁ
— —
4

: : - R th Kk Bacteria present
Vaccination Hosteppliad  Zete 0 nes

Successful treatment of rabies with a vaccine

A weakened anthrax strain was used to produce a vaccine that protected sheep ﬂﬁ fL
A vaccine for chicken cholera (Pasteurella multocida) was protective — 72_'

Evidence of immunity th

. Tilt flask sideways Bacteria present
Heat applied and let it sit



Causal inference in Microbiology:
Koch's & Loeffler's postulates 1883

« The microorganism must be found in all people
suffering from the disease, but not in healthy
people

* The microorganism must be Isolated from a
diseased person and grown in pure culture.

« The cultured microorganism should cause
disease when introduced into a healthy animal
model (llya Metchnikoff drank a cholera culture).

« The microorganism must be re-isolated from the
Inoculated, diseased experimental host and
identified as being identical to the original specific
causative agent.




Causal inference in Microbiology:
Stanley Falkow’s molecular postulates 1988

 The phenotype, property or gene under
Investigation should be associated with
pathogenic members of a genus or pathogenic
strains of a species but be absent from non-
pathogenic strains.

« Specific inactivation of the gene(s) associated
with the suspected virulence trait should lead to a
measurable loss in pathogenicity or virulence in
an appropriate animal model.

* Reversion or allelic replacement of the mutated
gene should lead to restoration of pathogenicity Iin
the animal model.




Causation and the nine Bradford Hill Criteria

Criteria Description

Analogy Are there other similar illnesses that behave in a similar
way?

Biological gradient | Is the disease more common in those people with most
exposure to the risk factor?

Coherence Does the epidemiological data conflict with other biological
and clinical data suggesting causality?

Consistency Do the results from different researchers all suggest an
association?

Experiment Is it possible to design experimental interventions to
demonstrate causality?

Plausibility From what is already known of the biology of the potential
pathogen, is it plausible that the exposure causes disease?

Specificity Is the disease specific to contact with the risk factor or are
there other known causes?

Strength of Is any epidemiological study association between disease

association and risk factor, statistically significant?

Temporality Does the disease follow exposure to the proposed risk

factor (rather than precede it)?

Hill, Austin Bradford (1965). "The Environment and Disease: Association or
Causation?". Proceedings of the Royal Society of Medicine. 58 (5): 295-300.



/Figure 3 A

How different types of evidence support the causal hypothesis

Direct Evidence

Buipunojuod

Causal Hypothesis

Howick J, Glasziou P, Aronson JK. The evolution of
evidence hierarchies: what can Bradford Hill's
'guidelines for causation' contribute? Journal of the
Royal Society of Medicine. 2009;102(5):186-94.
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Causes of temporality Propagated epidemic

Propagated annual epidemic resulting from
2000 ROTAVIRUS person to person transmission and number
of susceptible children.

1500
1000 *  The cyclic nature of the annual winter
500 increase is presumed to reflect the impact
. of sunlight and temperature on the survival
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Week and year

Regular annual increases in spring and
autumn. The spring cases have mostly
600 - CRYPTOSPQRIDIUM SP disappeared since 2001.

Spring C. parvum, autumn C. hominis.

400
The more erratic seasonality is related to
20 point source outbreaks and sporadic cases
0 < ‘ [ ‘ caused by drinking water, farm visits,
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—TaNM
222 -+ Intervention (vaccination of chickens &
eek and year biosecurity) has reduced disease

|
~N 0 OO
o OO
o O 00O
NN AN AN



Published waterborne outbreaks indicating a microbial cause

Microsporidiosis outbreak
linked to drinking water supply
in Lyon, France

Campylobacter outbreak linked

to unchlorinated drinking water
supply in Alsvag Norway

Mixed adenovirus, rotavirus and

norovirus outbreak linked to
untreated drinking water supply
contaminated by sewage in
Noormarkku Finland

Toxoplasmosis associated with

unfiltered water in Panama,
Vancouver and Brazil

Cyclospora associated with
unfiltered water contamination of
soft fruit in Guatemala

Leptospirosis outbreak linked to
drinking fountain water in
Pictracuta, Italy

Liver failure and death
associated with cyanobacterial
toxins in dialysed patients in
Portugal and Brazil

Cryptosporidium outbreak linked

to treated mains water in Devon,
England

G. lamblia and E. histolytica

outbreak linked to sewage
backing up into treated drinking
water in Salen, Sweden

Norovirus outbreak associated
with faecally contaminated
untreated water in Bermuda



Cause determination using cohort study

Population

I e /-

Exposed to factor
\ Disease free

(b)

Disease free

Not exposed to
\ Disease free

factor
(d)

Time
—

The relative risk = risk in exposed (a/a+c)
risk in unexposed (b/b+d)




Cause determination using case-control study

Exposed to factor

@
|

Not exposed to factor

(b)

Sample

Exposed to factor

Not exposed to faCtOr/

(d)

—
Past present time

Disease free
(controls)

Disease free

Population
Observed Expected
(diseased (no disease
group) group)
exposed to risk 25 37
not exposed to risk 67 72

The estimated odds ratio =
probability of being a case in the exposed group (a/a+c)

probabllity of being a case in the unexposed group (b/b+d)




Cause of change between years
Cryptosporidium 2012
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Cause of an outbreak - epidemic curve of Cryptosporidium cases
by onset date May 2012 (n=285)
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Cases onset dates between 11" and 22" May 2012. The single peak was
consistent with a common source outbreak with an exposure period in early May.

McKerr C ., Adak G.K., Nichols G., Gorton, R., Chalmers R.M., Kafatos G., Cosford
P., Charlett A., Reacher M, Pollock K.G., Alexander C.L., Morton S. An outbreak of
Cryptosporidium parvum across England & Scotland associated with consumption of
fresh pre-cut salad leaves, May 2012. PLOSOne 2015,10(5):e0125955.



Cause from multivariable analysis

Table 4. Multivariable logistic regression analysis adjusting for gender and age.

Exposure

Levelt

Pre-cut mixed leaves from Supermarket A

Plum tomatoes bought from Supermarket B

Pre-cut spinach bought from Supermarket C

Milk bought from Supermarket A

No (%) cases' exposure OR 95% ClI p-value
32 (48.5) baseline

34 (51.5) 7.71 (2.40, 24.78) <0.001
68 (91.9) baseline

6 (0.08) 10.71 (1.27,.) 0.017
65 (89.0) baseline

8(11.0) 11.27 (1.40,.) 0.028
58 (79.5) baseline

15 (20.5) 4.33 (0.69, 27.05) 0.096

T The level refers to whether the patient responded with a yes or no to the exposure question.

Grocer

“We very strongly dispute we
were anything to with this,” a
spokesman for Morrisons said.
“We didn’t see any complaints
from any customers on this
issue. Morrisons shares the
same supply chain used for its
bagged salads with several
other retailers, meaning they

would also have been affected
by this outbreak.

Analysis included:

©COoNe ObhowbE

e
WO

Descriptive study — Outbreak over 2 weeks in May 2012
Case-case between year study — Link to R4 & Salad
Trawling Questionnaire — R4 & salad main hypotheses
Geographic study — link to R4 stores

E & W comparison with previous years — many regions
including Scotland

Case-control study single variable analysis — R4 & Salad
Multivariable analysis — R4 & Salad

Outbreak strain multivariable analysis — R4 & Salad
Food chain analysis — No evidence

Consultant analysis of HPA statistical studies — Not R4
Legal challenge of findings by R4

Publication in peer review

Clear overall evidence of link to R4 and bagged salad



Cause through coincidence

RAPID COMMUNICATIONS

late summer season, 2012

Simultaneous increase of Cryptosporidiurn infections in
the Netherlands, the United Kingdom and Germany in
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Cause of new disease — Serious illness and death
In Injecting drug users (IDU) — Clostridium novyi

SERIOUS ILLNESS IN INJECTING DRUG USERS, ENGLAND 2000

Serious illness and death in injecting drug users
— Scotland, Ireland and England.

— IDU presenting to hospital (or found dead) with abscess /
significant inflammation at an injection site since within
outbreak period

— Severe inflammatory process at or around injection site

— Severe systemic reaction with evidence of multi-organ
failure and a high white cell count

— Case fatality was 50% (13=26).

Standardised active case-finding, data collection
and microbiological investigation.

— A 'toolkit’ for the surveillance, investigation and
management.

— 26 definite/probable cases in England between 1 April and
31 Aug 2000 (17 in the North).

— Microbiological testing of heroin through Manchester
police
Risk factor
— intramuscular or subcutaneous injection (skin popping)
— use of citric acid mixed with heroin
— outbreak duration suggested a particular supply of heroin
— Clostridium novyi was isolated from two English cases.




Causes of Guinea worm (Dracunculus medinensis)

 Dracunculus medinensis occurs in
poor communities in remote parts
of Africa.

 The disease makes people
temporarily unable to work,
causing crop losses, social and
financial problems.

« Infection confers little protective
Immunity — people in affected
villages suffer regularly.

 The worm infects copepods
(water fleas) that are swallowed in
drinking water (the only way the
Infection can be transmitted).

 The worm grows in the leg and
larvae are released into the water
where they infect copepods

« Diagnosis is easy (presence of an
emerging worm).



Eradication of Guinea worm (Dracunculus medinensis)

» Interventions are effective, low cost, and simple
to implement

* Interruption of transmission with

— case-containment measures (stopping people with a
Guinea worm ulcer from entering ponds and wells used
for drinking water)

— improved water supplies
— filtering water fleas from drinking water
— treating water sources with a chemical that kills water
fleas (e.g. Abate)
« Eradication campaign through Carter foundation,
WHO, CDC, UNICEF established in 1981

— integrated community-based surveillance, immediate
case reporting, zero case reporting, global and national
databases

— health education, certification, advocacy
« Around 3.5 million cases; 21 countries in 1986.
« 25 casesin 2017: Chad; Ethiopia; South Sudan.
 Remaining cases in civil war areas.
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Can we modify Bradford Hill Criteria for general use?

Criteria Description

Analogy Are there other similar events that behave in a similar way?

Gradient Is the event more common where most exposed to the instigating factor?
Coherence Does the data conflict with other data or evidence suggesting causality?

Consistency

Do the results from different researchers all suggest an association?

Experiment Is it possible to design experiments to demonstrate causality?
Plausibility From what is already known, is it plausible that the exposure causes the outcome?
Specificity Is the event specific to contact with the factor or are there other known causes?

Statistical link

Is any association between event and the factor statistically significant?

Temporality Does the event follow exposure to the proposed factor (rather than precede it)?
Multiplicity Are there many different ways in which the events can be triggered?
Evolution Does the event have an evolutionary explanation?

Surveillance

Is the data for examination of causation collected systematically?




Can we extend Aristotle's kinds of cause?

Evolutionary cause: cosmological
and genetic origins of the tree.

Material cause: the wood (tree) that
the table is made from.

Formal cause: the design, shape or
appearance of the table.

Efficient cause: an agency that
changes or moves to create the
table (a carpenter).

Final cause: a change or
movement that is the reason a table
is made (i.e. for dining).

Financial cause: who paid for this
table.

Business cause: the company
making a living producing these.

Ownership cause: the person who
currently owns the table.

Lifecycle cause: how long the table
will exist for and where discarded
ones go.

Philosophical cause: a tool for
discussions about reality.

Evolutionary cause: Ownership cause:

genetics who’s table
Material Cause: Final Cause:
Wood Dining

i/

~_
_—

/] N\

Formal Cause:

Design

Carpentry

Philosophy cause: Lifecycle cause: Financial cause: Business cause:
A rhetorical tool Stages of existence  who paid the company



Cause In Public Health Action

Empedocles (490-440BC), according to
Diodorus, managed to make Selinunte
(S.W. Sicily) a healthy town through
irrigation.

The area suffered from malaria and
contaminated water.

By opening up two rivers to the sea, he
channelled ‘slack’ water and drained the
swamps making the water drinkable.

Sanitary works minimised the epidemic of
fever which afflicted the people of
Selinunta.

This is thought to be the first known Public
Health Project

It implies attribution of a disease (malaria)
to a source (swamp water), although the
vector took more than 2000 more years to
be identified.

N.P. Stathakou,MD, G.P. Stathakou,MD, S.G. Damianaki,MD, E. Toumbis
loannou,MD and N.G. Stavrianeas,MD Empedocles’ bio-medical
comments: A precursor of modern science Copyright © Priory Lodge
Education Limited 2007
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Causation in infectious diseases is predominantly a
practical business that involves a reliable surveillance
dataset, simple descriptive methods, statistically
sophisticated analysis, modern genetic typing and a
clear understanding of how to intervene to limit
outbreaks and reduce the burden of disease in the
future.

Thanks for listening

Definition: Epidemiologists — A group of people
broken down by age and sex






Summary of disease causation

What do we already know?

Does an organism cause disease?

Where does the source of infection derive from?
What is the vehicle of transmission?

What is the transmission pathway?

How do we examine causes?

What are the social causes?

How do we intervene successfully?

How has the disease evolved?




Attribution and infection

Attributing disease to a physical cause

Historical evidence, descriptive epidemiology, link to activity

Attributing disease to an organism

Koch’s Postulates, Falkow’s molecular postulates, Bradford Hill criteria, parasite life cycles

Attributing disease to a source

Mapping and descriptive epidemiology
Expert elicitation

Outbreak investigation, outbreak surveillance
Food source attribution

Microbial subtyping

Comparative Exposure Assessment

Attributing disease to a transmission pathway

Ecological studies

Outbreak case-control, sporadic case-control, geographic case-control, cohort and case-case studies
Active outbreak response

Intervention studies (natural, deliberate, community)

Public Health Investigation using microbiology

Quantitative Microbiological Risk Assessment

Attributing disease to other causal factors

Consumer guestionnaires, syndromic surveillance

Climate, weather, seasonality, travel, water disinfection, country comparison
Disease burden, eradication

New organism, new disease, new transmission route, by-pass, false attribution



Environmental change and health

1.1
1.2
1.3
1.4
1.5
1.6
2.1
2.2
2.3
2.4
2.5
3.1
3.2
3.3
3.4
3.5
3.6

Epidemiology of heat and cold
Evaluation of climate data
Flooding and health

Modelling extremes

Evaluation of heat related mortality
Climate change risk assessment
Housing model

Heat and housing

Urban atmosphere modelling
Air pollution

Co-benefits assessment
Climate and infectious disease
Vector-borne disease

Pollen and health

Land use mapping

Green Space / Blue Space
Harmful Algal Blooms
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Evidence from outbreaks

Maidstone typhoid outbreak 1897-8
involved nearly 2000 typhoid cases, 143
of whom died.

The cause was traced to contaminated
mains water supplied from the Farleigh
source by Maidstone Company.

First recorded trial of immunisation
against typhoid

First trial of the disinfection of a mains
water supply, using chloride of lime
which laid the foundations for
continuous water treatment.

First use of telephones in outbreak
control.

Unprecedented press attention.

Typhoid carrier amongst itinerant hop
pickers was the suspected source.

No water sampling had been undertaken
for three months before the outbreak to
save money.



