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The Vaccination Debate: Systemic Insights
Infectious diseases are an inherently systemic problem. In this article, we’ll look at traditional
models of infectious disease, as well as the effectiveness of vaccinations for creating an overriding feedback loop in a stock and flow diagram. We’ll also examine the social factors that
influence the use of vaccinations and the collective role they play in our society.
By Kris Wile, Leverage Networks

Stock and Flow Diagram Illustrates Natural
Progression Disease in Population
The basic dynamic of infectious disease is a
reinforcing process with a key parameter known as
the Reproduction number. The key stock, or bathtub,
is the group of people who are contagious with the
particular disease, and the inflow to this bathtub
is new cases per week. This flow is predominantly
defined by a Reproduction number (like a multiplier)
and the number of cases, or the level of the stock. It
is this reinforcing loop that drives the total number
of cases, the total suffering (or morbidity in public
health terms), total deaths, and total costs (both
healthcare dollars and productivity).

Figure 1. Basic stocks
and flow of infection.
Source: Leverage
Networks

The most fundamental limiting
factor is the other stock, which
is the group of susceptible
people. The total of the two
stocks is equivalent to the entire
population. As the number of
susceptible people decreases,
the flow of new cases decreases,
until eventually both reach levels
near zero. This is a balancing
feedback loop that gives rise to
goal seeking behavior, seen in

Figure 2. Normal disease population flow: people begin in
susceptible state and flow into infected stock, and then to active
cases, before ending in the immune state. Source: Leverage Networks

the right hand side of an S-shaped curve, which is a
classic Limits to Growth structure. The side effects of
this structure are significant amounts of disease and
suffering and sometimes, though not shown in the
diagram, death.
Linking Diagrams Demonstrates Change Over
Time in Infection Rate
We can also create a more detailed view of this
process with a chain of stocks and flows, as seen
in Figure 2. The first stock is those people who are
susceptible or not immune. The number of cases
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other stocks of infected, active, or immune.1, 2 Many
seemingly reasonable analyses assume a constant
number of cases per population to calculate risks. It
is this simplifying assumption in a static risk analysis
that leads to mistaken conclusions.
Vaccinations Direct Flow from Susceptible Stock to
Immune Stock

Figure 3. Disease progression structure. Source: Leverage Networks

in Figure 1 are now split into two stocks, the first of
which is the carriers, or the infected but not active
group, and the second of which is the active cases.
The flow between the non-immune group and
carriers is the infection rate, and it is increased by
the in-flow of existing carriers, and decreased by the
out-flow of non-immunes.

There is another man-made flow that can shortcircuit this epidemic process. An effective vaccine,
which reaches a significant fraction of the susceptible
population, is effectively a flow directly from the
susceptible stock into the immune stock.

The average number of contacts per person is a
variable that comes into play here. The flow between
the stock of carriers and the stock of active cases is
driven by the disease-specific incubation time.
As you might imagine, the Reproduction number
that drives the infection rate is increased by the
disease incubation time—that time when carriers
are infecting others unbeknownst to both them
and their contacts. The flow between the number of
cases and the immune is the recovery rate by way
of a natural immunity, and there is a typical amount
of time for the recovery to occur. There is another
flow out of active cases, which is the complication
and death rate, shown in Figure 3 as the death rate.
Together, these show the natural disease progression
from susceptible to immune as people move down
the chain.
The key point, which is seen through this systemic
approach, is that the infection rate changes over time.
In fact, infection rates vary a lot, as they start very
low, and they pick up steam in a population that, at
the beginning, is entirely susceptible. The infection
rate then naturally decreases, as nearly
all the susceptible people move into the

Figure 4. Alternative disease population flow can be achieved when
many of those in susceptible category flow directly to the immune
category through an effective vaccination program.
Source: Leverage Networks

This flow directly from the susceptible stock to the
immune stock prevents disease. And for a variety of
childhood diseases, such as smallpox, diphtheria,
measles, and whooping cough, it has worked well
to reduce the deaths of children from these diseases
to close to none.18 Until recently.
Measles Illustrates Power of Vaccination and
Shifting Perceptions Toward Vaccination
Let’s talk about measles. The excerpt from The New
England Journal of Medicine in the blue box on page
three lays it out simply.
Even though the herd immunity threshold, and
therefore the necessary vaccination threshold for
measles, is one of the highest, due to the success
of the vaccination program in achieving and
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“Measles is one of the most contagious
of the vaccine-preventable diseases, with
reproduction rates (R 0) estimated at 12 to 18 —
meaning that the average person with measles
would be capable of infecting 12 to 18 other
people if all his or her contacts were susceptible.
The herd-immunity threshold (the population
immunity level needed to interrupt transmission)
is usually calculated as (R 0−1)÷R 0; for measles,
this threshold is on the order of 92 to 94% to
prevent sustained spread of the virus — higher
than the thresholds for almost all other vaccinepreventable diseases.”3
maintaining high 1 and 2 dose coverage, measles
was verified eliminated in the US in 2000.4

is important to be aware of small increases that may
signal a reinforcing process gaining strength, and
2) it is easier to intervene when a reinforcing loop is
just gaining steam.
In addition to an emerging reinforcing feedback
loop, some people have asserted there may be a
pendulum effect for these vaccines.
There is clearly doubt in some people’s minds about
the safety of the vaccines given the questionable
trustworthiness of the pharmaceutical industry due
to their their profit making motives, as well as some
legitimately dubious practices (such as selective
data use, promotion practices, and others).19 And
this doubt is leading some parents to opt out of

However, in 2014, there were 644 new measles
cases in 27 states, according to the CDC.5 That’s
the biggest annual number we’ve seen in nearly a
quarter-century.6, 7 And, we are beginning to see this
sharp increase in incidence with whooping cough,
or pertussis, as well.8
Reduction in Vaccinations Poses Threat to Systemic
Immunity
For some, the headway made to reduce the
incidence of these diseases over the past several
decades seems to have been forgotten. As systemic
thinkers, we need to zoom out to gain a historical
view and examine data over time. We also know 1) it

Figure 6. Behavior over time chart of active cases of pertussis
reported each year. Source: CDC MMWR20

childhood vaccinations. For instance, in 2014, MMR
(Measles, Mumps, and Rubella) vaccination levels
dropped below 90% in 17 states. As a result,
the US is seeing a resurgence in the number of
cases of measles, particularly in these pockets
of non-vaccinators.

However, there are some children who
cannot, for medical reasons, be vaccinated.
Their health and safety rely on the vaccination
of the rest of the population. If we, as a
society, allow the freedom to choose, and that
freedom results in the immunized population
to drop below that herd immunity threshold,
Figure 5. Behavior over time graph of active measles cases reported we may be endangering these children.
5
per year. Source: Centers for Disease Control (CDC)
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Expect Oscillation in Vaccination Rates Related to
Cultural Memory
Evidence suggests that vaccination rates increase
as the severity of remembered outbreaks from
the previous years increase. Depending on how
long people remember, there could be a pattern
of oscillation that develops, driven by a balancing
loop with a delay. As disease incidence decreases,
skepticism increases, and as skepticism increases
the number of vaccine refusers increases. Then, as
the number of refusers increase, coverage drops
below the herd immunity threshold, and the disease
incidence increases. And as the incidence increases
the skepticism decreases, and the number of
refusers decreases, and so on. If we are unbothered
with these periodic oscillations and outbreaks, we
could just accept them as status quo.
However there is substantial literature to support
the idea that once people develop beliefs, albeit
skeptical beliefs in this case, there are a set of biases
that serve only to reinforce those beliefs—including
selective data and selective memory biases. In
addition, there is also a tendency, sometimes called
the backfire bias, which suggests that when people
are shown evidence that disproves their belief,
they can actually believe even more strongly in

Figure 7. Reinforcing loop of belief calcification. As a belief forms,
it tends to limit one’s exposure to new data and experiences (a.k.a.
selection bias). And as this selectiveness increases, the conclusions
drawn are strengthened, which in turn strengthens
the belief. This process is self-confirming. Source:
TNST June 2015

their original belief—quite against the new data.
The development of this dynamic was explored in
another TNST article.
In the case of particularly dangerous childhood
diseases with high Reproduction numbers, different
public health and legislative policies may have to be
implemented to bring the immunization adherence
fraction to the desired levels, e.g. > 94% in the case of
measles. In order to protect those who are medically
unable to receive the vaccinations, the vast majority
of other children will need to be vaccinated.
Seasonal Influenza Vaccination Has Slightly
Different Dynamic
But what about seasonal influenza? Is that situation
markedly different? Well, yes and no. From a systems
thinking perspective, the structures driving the
behaviors, the stocks, flows, and the variables are
the same. But the parameters are different. And that
makes it a different situation.
The influenza has many strains and those strains
change from year to year. Researchers who develop
the vaccines must try to predict which strains will be
active eight months in the future. Sometimes their
predictions match, and sometimes only one or two
of three strains match. The result is that the vaccine’s
effectiveness is not as high as other more slowly
adapting diseases. A variety of estimates of the
Reproduction number for different influenza strains
have been made and range from 1.3 to 1.8.9
So the level of herd immunity must be at least in
a range above 23%–45% to ensure a decreasing
incidence over time. But, in order to achieve that
level with a vaccine that is less effective, the fraction
of coverage for the vaccination level must be
higher. (In order to get the fraction of population
that must be vaccinated, we divide the threshold
number by the vaccine effectiveness fraction.) Some
preliminary research shows vaccine effectiveness
may range between 45% and 70% effectiveness of
past influenza vaccines.10 This increases the desired
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population vaccination level to somewhere between
30% and 90%. That is a lot of uncertainty.11

are at greatest risk of complications, the elderly and
the very young.14
Factors Affecting Individual Vaccination Behavior
When it comes down to influenza vaccination
behavior, decisions left to the individual may be
based largely on the perception of personal risk. As
mentioned previously, the factors affecting these
decisions include the severity of past epidemics. The
higher the severity of past outbreaks, the higher the
perceived risk. This can create an oscillating effect.

Figure 8. Behavior over time chart of influenza vaccination coverage.
Source: CDC12

What we do know is that influenza vaccination rates
have remained fairly stable over the last several
years, as seen in Figure 8.12 And the incidence of
influenza is shown in some corresponding years in
Figure 9.13
Although the influenza vaccinations are sometimes
not matched with the strains that actually show up,
and therefore are not completely effective in an
individual basis, the overall rates of vaccinations do
decrease hospitalizations and deaths for those who

This changes when the memories of past influenza
outbreaks outbreaks are long, because when people
remember past outbreaks of any disease, it creates
a stabilizing effect on vaccination behavior. This
effectively dampens or decreases the magnitude of
the oscillations.
The number of contacts a person has in their daily
life should increase their perception of risk as well.
So people who live in urban centers have higher
risk than those who live in rural areas. Children and
educators in schools have a higher risk, especially
those who rotate classrooms throughout the day.
And the perceived effectiveness of the vaccine may
have an impact on individuals’ decisions to vaccinate
or not. If someone gets the flu, even
though they have been vaccinated,
they may be less motivated to get
future vaccinations.
However, an alternative perspective
that could be considered is not
“What risk is there to me?”, but
rather, “What risk am I to others?”
People in healthcare, people who
work in education, and people who
work with the elderly are often
required to get influenza vaccines
as a condition of employment.

Figure 9. Overlaid behavior over time chart of percentage of all outpatient visits
that are for influenza-like illness (ILI)* reported. Source: CDC13

For every vaccine (regardless
of the reproduction number,
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and regardless of the effectiveness of the vaccine)
there are those who are not, for serious medical
reasons, able to receive it. Often the very conditions
that make them unable to get the vaccine make
them even more susceptible to diseases and their
complications. These people are the reason many
choose to vaccinate, and they are the reason that
vaccinations are required in some cases.
So maybe some people don’t come into contact
with people who are susceptible (e.g. the elderly,
very young children, people with asthma, etc.). But
considering susceptible people do go to grocery
stores, pharmacies, doctors’ offices, or maybe
company parties, or school concerts, or even even
fly on planes, we may not be as bio-isolated as we
think.
Vaccination Side Effects Versus Public Health and
Safety
Of course some people are concerned about the
risks of vaccination side effects. Although these
risks are small, they are often compared to the
risks of contracting the disease after the effects of
a significant and successful vaccination program
have been in place for many years. These successful
programs have resulted in a very low risk of
contracting the disease.
If, however, large swaths of the population choose
not to vaccinate, the risks of contracting the disease

will increase, which will increase the risks from
disease as compared to the risk from the vaccines,
and change a lot of people’s minds. This will likely
increase the vaccination rate again. This cycle of
increasing vaccination with decreasing disease,
and then after a delay decreasing vaccination with
increasing disease, and back again, is the likely
behavior if we effectively decide the status quo is
good enough, or do not make it a priority.
It is almost completely certain that successful and
effective vaccination programs reduce illness,
suffering, healthcare costs, and death.
What we have here is a classic systemic problem.
It is caused by collective behaviors of the whole
population, by many actions that individually make
sense. But as Peter Senge and Fred Kofman have
said, finger pointing and name-calling will not
yield a solution, in fact, they just make the situation
worse. Only clear thinking, drawing on our tools
for seeing the side-effects of our choices, seeing
the bigger picture, and understanding the how the
problem and the behavior is likely to change over
time will help us work toward an effective solution.
We must draw on emotion that does not cut down
or destroy others’ ability to be part of the problem
solving process, but rather enables us to hear one
another better.
Add your comments to the conversation about this piece
and its diagrams at: leveragenetworks.com/blog
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