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One lesson from progress towards polio eradication suggests that using models and
measurements together to manage population immunity may play a key role in support-
ing the paradigm shift required to value prevention and realise the full benefits of vac-
cines (Thompson et al. 2012b). This paper discusses individual and population immuni-
ty, prevention as a choice, valuing prevention, and some opportunities for intensive care
unit (ICU) managers to further contribute to improving global health.

Introduction

Thanks to the miracle of vaccines, healthcare
providers on the front lines continue to see pro-
gressively fewer cases of vaccine-preventable
diseases (VPDs). Today, most medical students
in developed countries graduate and expect to
practice without seeing a single case of paral-
ysis caused by polio, and their experience with
many once-common VPDs remains limited to
what they learnt from curriculum materials.
In these developed countries, infectious dis-
eases once considered “horses” (referring to a
likely diagnostic possibility) now fall into the
category of “zebras” (referring to an unlikely
diagnostic possibility) and related outbreaks
no longer cause costly disruptions of health
systems. However, healthcare providers still
need to maintain the ability to rapidly recog-
nise and manage a case of a no-longer-com-
mon VPD), as there remains a risk of their im-
portation, since some susceptible individuals
exist even in well-immunised populations
(Sugerman et al. 2010; Thompson etal. 2012a)
and global vaccine use remains uneven.
While most individuals in most developed
countries enjoy significant protection from
VPDs, the same is not true in all developing
countries. Recognising both the inequity and
opportunity presented by the current situa-

tion, the Global Vaccine Action Plan (GVAP) as-
pires to extend the full benefits of immunisa-
tion to all people by 2020, to create a world
“in which all individuals and communities en-

joy lives free from vaccine-preventable dis-

el of protection from poliovirus transmission
within a population, which focuses on the
prevention of infections and goes beyond sim-
ply focusing on the cases of disease

(Thompson et al. 2012b). High levels of pop-

“As we approach the final stages of polio
eradication, managing population immunity
is emerging as the key to success”

eases” (WHO, 2012). The question remains,
however, “how will we get from here to there?”

Individual and Population Immunity

Vaccines, although not entirely risk-free, pro-
vide a safe and effective way to prevent cases
of disease before they occur by enabling the
immune systems of individuals to avoid or
better fight infections upon exposure.
Immunisation protects individuals, at least un-
til the immumnity wanes or the infectious agent
changes. Population immunity reflects the in-
tegration of individual immunity over all peo-
ple in the community. In the case of polio, we

define population immunity as the overall lev-

ulation immunity effectively provide a barri-
er that inhibits sustained viral transmission,
such that transmission stops once population
immunity exceeds the threshold required for
any introductions of the disease to die out.
Levels of population immunity above the
threshold protect unvaccinated individuals
(e.g those younger than the recommended
age of the first dose, those with contraindica-
tions or vaccine failures, and those who miss
vaccination unintentionally or intentionally),
at least so long as the population maintains
sufficiently high levels. The actual thresholds
vary by population and conditions.
Consequently, some populations need to
achieve and maintain relatively higher levels
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of population immunity than others. This
means that interventions that suffice in some
areas fall short in others. For example, routine
immunisation alone may work for some coun-
tries, while other countries may need to con-
duct supplemental immunisation activities.
The concept of population immunity may
seem simple and obvious, but its characterisa-
tion can prove very challenging We cannot di-
rectly observe or measure population immu-
nity. Health systems and immunisation

programmes typically monitor levels of rou-
tine immumisation coverage as a proxy for Pop-

“Shifting towards
prevention does not
necessarily mean
eradication for all
VPDs, but it means
not tolerating cases
or bad management
of these diseases”

ulation immunity, but this metric only reveals
one important part of the overall story: Similarly;
while detecting cases as part of disease surveil-
lance will indicate the lack of sufficient popu-
lation immumity, the absence of cases does not
provide information about potential risks or
the accumulation of susceptible individuals.
Serological studies provide important infor-
mation about the individuals included in sam-
ples, but this only offers a snapshot view.

The ability of a population to sustain trans-
mission depends on the integration of the en-
tire population, and we must understand pop-
ulation immunity as a dynamic “stock” (i.e.a
level of overall protection from infection that
changes with time). The level of population
immunity increases as individuals get vacci-
nated or recover from infection with the VFD,
and the level decreases as non-immune indi-
viduals enter the population, immune individ-
uals die, or immunity wanes. In this context,
individuals who miss vaccination matter (e.g
migrants, certain age cohorts skipped due to a

disruption in supply, etc.), because susceptible
individuals can accumulate and participate in
transmission if and when the disease occurs.

Development of a population immunity
model along with the collection of measure-
ments of current and historical vaccine cover-
age, demographics, and other factors makes it
possible to characterise and visualise popula-
tion immunity (or vulnerability). For polio,
modelling population immumity facilitates con-
sideration of the immunological implications
of prior exposure to any circulating live po-
lioviruses and/or vaccination with a live oral
poliovirus vaccine (OPV) or injected inactivat-
ed poliovirus vaccine (IPV) (Duintjer Tebbens
etal. 2005; Thompson et al. 2012b). Successful
immunisation with either vaccine protects in-
dividuals from disease (Le. paralytic polio), but
even immune individuals can potentially be-
come reinfected and participate asymptomati-
cally in poliovirus transmission to some de-
gree, with their participation likely increasing
with time due to waning The use of a model
also captures the differences in how IPV and
OPV work. For example, as a live virus, OPV
infects vaccine recipients, which stimulates mu-
cosal immunity and leads to the excretion of
live polioviruses that can then cause second-
ary infections. In contrast, the relatively more
expensive [PV does not cause secondary circu-
lation or infection (i.e. it protects only the vac-
cine recipient). IPV also does not cause the rel-
atively rare but real cases of vaccine-associated
paralytic polio, which has made it a costly but
attractive alternative to OPV for developed
countries. Models can help us characterise the
risks and consider the impacts of potential risk
management options before we make a deci-
sion and take action. Similarly they can help to
demonstrate the consequences of inaction,
which is also a choice.

Choosing Prevention

Choosing to eradicate a disease represents the
ultimate in prevention. Eradication presents a
unique opportunity to protect current and fu-
ture generations, and it requires stopping chains
of transmission everywhere and maintaining
this state. We can only eradicate the diseases that
we can meaningfully stop from being transmit-
ted and for which we can coordinate and coop-
erate globally. To date, global health systems suc-
cessfully stopped the human transmission of

smallpox, wild poliovirus serotype 2, and the
SARS virus that circulated between November
2002 and July 2003 (Thompson and Duintjer
Tebbens 2011). We also recently celebrated the
global eradication of rinderpest, an animal virus
similar to measles that led to devastating impacts
on herd animals and food supplies. The global
eradication of wild poliovirus serotypes 1 and
3, though as yet elusive, now appears within
reach. The possibility of eradicating measles and
rubella continues to emerge as a topic of discus-
sion, particularly with successful elimination in
the Americas and measles elimination goals in
place in four of the five remaining WHO regions
(WHO 2011;WHO 2012b).

The ability to use a model to characterise and
manage population imimumity represents a game
changer for disease control and prevention.
Since we can use models to make our choices
and their impacts transparent, they can help us
anticipate the consequences of our actions and
manage expectations. As we approach the final
stages of polio eradication, managing popula-
tion immunity is emerging as the key to suc-
cess. The case-based strategy of testing samples
from patients that present with acute flaccid
paralysis (AFP), which identifies symptomatic
poliovirus infections after they have caused paral-
ysis, does not provide an opportunity to iden-
tify immunity gaps before outbreaks occur.
Eradication means preventing all future cases
before they occur. Since polioviruses can cir-
culate asymptomatically, eradication requires
the use of a tool that supports the objective of
no anticipated cases, while we also still active-
ly use AFP surveillance to ensure that no para-
Iytic polio cases actually occur from exposure
to wild polioviruses. The models help us char-
acterise the benefits of prevention, because they
allow us to count the cases that do not occur
and to give credit to prevention activities.

Valuing Prevention

Any healthcare provider who has treated a com-
plicated case of measles, seen a child born with
congenital rubella syndrome, provided respi-
ration for a patient paralysed by polio, watched
a child with pertussis whoop, or managed a
serious case of any other VPD can easily appre-
ciate the benefits of preventing these bad out-
comes before they occur. Vaccines provide sig-
nificant health and financial savings, and they
represent some of the most cost-effective med-




ical interventions available. However, immumni-
sation requires the investment of resources,
and they pose some risks. Sustained investments
in population immunity depend on the per-
ception of need, and successful immunisation
programmes have dropped the burdens of dis-
ease to such low levels that even some health-
care providers may not recognise the critical
role that vaccines continue to play in achiev-
ing and sustaining community and global
health. Those without direct experience of out-
breaks may find it difficult to understand the
dynamics of infectious diseases and the reali-
ty that they can find susceptible individuals and
spread devastatingly fast.

In the western hemisphere, progress in in-
fectious disease control and prevention in com-
bination with national and regional commit-
ments to the elimination of polio, measles, and
rubella have created a new normal. Most indi-
viduals and populations in the Americas ex-
pect complete prevention of VPDs. Health min-
isters of countries in the Americas sustain their
investments in immunisation and hold each
other accountable for importations. When in-
formed by front line healthcare providers about
even a single case of polio, measles, or rubel-
la, health authorities in the Americas view the
case as an indication of system failure and asa
signal that emergency action is required.
However, the shift to prevention represents a
significant change around the world. For ex-
ample, recent outbreaks of measles in Europe
suggest that the disease is still tolerated as a
normal and acceptable sickness, even though
measles has caused preventable and tragic
deaths. Significant drops in vaccine coverage
in Ukraine, due to vaccine scares and politici-
sation of immunisation, may actually present
a threat to the entire Buropean region and its
commitment to eliminate measles and rubel-
la. If we want to achieve the full potential ben-
efits of vaccines globally, then this will require
a permanent paradigm shift to one that values
prevention of VPDs. Shifting towards preven-
tion does not necessarily mean eradication for
all VPDs, but it means not tolerating cases or
bad management of these diseases. For exam-
ple, while we cannot remove all Clostridium tetani
from the environment, with good manage-
ment we can eliminate all cases of tetanus, in-
cluding neonatal tetanus.

Perhaps the largest challenge to achieving
and maintaining global health relates to the lack

of sustained commitments and investments for
prevention. We all know that individuals often
do not receive credit for their contributions to
endevours that prevent bad things from happen-
ing, because it is hard to count the cases that do
not occur. In addition, the limited resources al-
located to prevention activities may get shifted
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tant role with respect to holding each other ac-
countable for prevention. For example, ensur-
ing that every individual who provides care on
the front line has immunity either from vacci-
nation or historical exposure to the VPDs that
can spread through patient contact included in

the national routine immunisation schedule

“Significant drops in vaccine coverage in
Ukraine... may actually present a threat to
the entire European region and its commitment
to eliminate measles and rubella”

to managing the crisis of today instead of pre-
venting the crises of tomorrow. This unfortu-
nately creates a vicious cycle, because preven-
tion often represents a more cost-effective option.

Opportunities for ICU Managers

All healthcare providers and health systems play
important roles. At the individual level, they can
monitor the immunisation status of individual
patients and ensure that patients receive vacci-
nations on schedule or catch up on any they
miss. The actions of individual providers col-
lectively impact the health of the population,
and it matters if providers pursue a goal of ful-
ly protecting 100% of their patients fromVPDs.

Front line healthcare providers play a crit-
ical role in communicating the benefits of vac-
cines in their communities. Practicing providers
should find ways to train medical students, res-
idents and others to recognise and manage cas-
es of VPDs. We must all appreciate the disrup-
tive impact of VPD cases on health systems and
the need for preparedness for managing out-
breaks. The phrase, “preparing for the worst
while managing for the best” is a powerful re-
minder of why prevention makes a difference.
Particularly in the absence of cases, front line
providers must play a critical role in advocat-
ing vaccination and helping patients and their
communities to recognise the benefits of im-
munisation and prevention. Patients need to
understand that it is not too late to get vacci-
nated against many VPDs and to know that if
they do not get vaccinated then they remain at
risk for contracting a serious disease.

Front line providers may also play an impor-

would send an important message that the
provider commumity values immunisation and
prevention. Those who treat the cases that re-
sult when the system fails contribute powerful-
ly to individual immunity and prevention in
their immediate surroundings and all of the n-
dividual actions aggregate to global health. ll

References

Duintjer Tebbens BJ etal. (2005). A dynamic model of
poliomyelitis outhreaks: Learning from the past to help
inform the fumre, American Journal of Epidemniology,
162(4):358-372.

Nakkaz E (2012). Measles eptdemic tn Uganda. ScleGrl,
May 24. Available at:
hittp:/ /estanakkazt blogspot.com./2012/05/
epidemnic-in-uganda.himl (accessed | November,
2012).

Sugerman DE e al (2010). Measles outbreak in a highly
vaccinated population, San Diego, 2008: Role of the

lly undervaccinated 125(4):747-

755,

Thompson EM and Duintjer Tebbens RJ (201 1). Challenges
related to the economic evaluation of the direct and
indirect benefits and the costs of disease elimination and
eradication efforts. Chapter 9 in Cochi SL and Dowdle
WE. (eds). Disease Fradication n the 2 1st Century:
Implications for Global Health. Cambridge, MA: MIT

Press, 115-130.
Thompson, KM et al. (2012a). Trends in the risk of 115,
lio outbreals and pot vaodh lability for

response. Public Health Reports, 127(1):23-37.

Thompson EM et al. (2012b). Modeling population imima-
nity to support efforts to end the ransmissdon of live
poltoviruses, Risk Analysis. DOI: 10.1111/.1539-
6924.2012.0189]1.x.

World Health Organtzation (2012). Global Vaccines Action
Plan, 2012. Available at:
hitp: £ /wwnw.dovcollaboration.org/ action-plan/
(accessed 1 November, 2012).

WHO (2011). Proceedings of the global technical consilta-
tion to assess the feasthility of measles eradication,
28-30 July 2010. Journal of Infections Dissases
204(51):54-513.

WHO (2012h). Global measles and rubella strategtc plan.
2012-2020. Geneva, Switzerland: World Health
Organization. Avatlable at: htp://wwwiwhoint/tmm-
nization/newsroom, Meases Rubella_SrategicPlan._201
2_2020.pdf (accessed 1 Novernber 2012).






