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Introduction Barriers to Vaccinating Against Pneumococcal Disease
We live in an exciting but sometimes overwhelming time to be
practicing medicine. The evidence base for population-based
decision making is rapidly advancing and continually changing.
At the same time, individual patient details and their clinical rele-
vance may fall through the cracks in our complex integrated
medical system, requiring vigilance on our part for capturing those
details and for improving systems of care.1 Integrating a personal,
patient-centered history and examination with evidence-based
guidelines is the new art of medicine.

Deciding which version of pneumococcal vaccine to give an
adult patient epitomizes the complexity of this integration of
personalized care and guidelines. It is now recommended that
healthy adults without medical comorbidities receive any form of
pneumococcal vaccination until the age of 65 years. At the same
time, vaccination against disease-causing serotypes of pneumo-
coccus is known to be an important intervention for prevention of
invasive pneumococcal disease in a variety of preexisting comorbid
conditions and age groups,2,3 and for these groups, there are both
age- and disease-specific recommendations on which version of
the vaccine to give.

The Centers for Disease Control and Prevention’s (CDC) Advisory
Committee on Immunization Practices (ACIP), a group of medical
and public health experts who develop recommendations on use of
vaccines in the civilian population of the United States, recom-
mends pneumococcal vaccination as beneficial for patients with
immunosuppressed states, cigarette smokers, patients with
asthma, patients with chronic obstructive pulmonary disease, and
other patients who cross our doors routinely.4 For example,
patients with asthma are in a higher risk category for invasive
pulmonary disease caused by pneumococcus,5e8 and remembering
to vaccinate them may yield higher prevention dividends per
vaccine than other groups.9
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The CDC reports that only 20% of all adults who are advised to
be vaccinated against invasive pneumococcal disease were
vaccinated as of 2014.10 Why are vaccination rates so low?
Analyzing the problem of low vaccination rates requires looking
at the barriers to successfully performing the task of identifying
and then vaccinating our high-risk patients. Some of the more
obvious barriers include the temperature controls required in the
maintenance of these vaccines before immunization, lack of
awareness of a patient’s qualifying risk factor during a visit for
another problem, lack of awareness of changing vaccine guide-
lines, not considering vaccination during routine encounters,
difficulty in obtaining the patient’s previous vaccination records,
and the complexity of the guidelines regarding which version of
the vaccine to give. We also may not be vaccinating our patients
because of the time required to figure out whether the patient
is eligible within the constraints of an office visit involving
other issues.

It is our perception that the greatest current barrier to adult
pneumococcal vaccination in a busy practice is recognizing eligible
patients because of the complexity of the guidelines regarding
which patients are candidates for vaccination and which version of
the vaccine should be used. The current CDC guidelines are an
excellent synthesis of the available evidence on which groups are
advised to receive pneumococcal vaccination and should be relied
on. However, even with frequent use of the guidelines, it is easy to
make errors unless the guidelines are pulled up while the patient
and the vaccine record are available.
Summary of Current Adult Pneumococcal Vaccine Guidelines

The 23-valent pneumococcal polysaccharide vaccine (PPSV23)
was approved by the US Food and Drug Administration in 1983 for
the prevention of invasive pneumococcal disease and has been
recommended for all adults older than 65 years and for persons
aged 2 to 64 years with impaired immunity and a variety of selected
health conditions since 1997.11 Most recently, use was expanded for
persons aged 19 to 64 years who smoke cigarettes or have
lsevier Inc. All rights reserved.
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What is the pa ent’s age?

65 years old

19-65 years old

Does your pa ent have any of the 
following?

Cerebrospinal fluid leaks
Cochlear implant(s)
Sickle cell disease or other 
hemoglobinopathies
Congenital or acquired 
immunodeficiencies
HIV infec on
Chronic renal failure

Has your pa ent ever received any form of the pneumococcal 
vaccine?

No Previously 
received 

PPSV23 at 
age > 65 years age > 65 years <65 years 

Previously 
received 
PCV13 at 

Previously 
received 

PPSV at age 

Previously 
received 
PCV13 
AND 

PPSV23 at 
age <65 years

Give 
PCV13 
now, 
then 

PPSV23 in 
minimum 
8 weeks,* 
normally 

1 year

Give 
PCV13 

now, if at 
least 1
year has 
passed 
since 

PPSV23

Give 
PPSV23 

now, if at 
least 1 

year has 
passed 
since 

PCV13,
although 
minimum 
interval is 
8 weeks*

*For pa ents with immunosuppression, asplenia, cochlear 
implants, or cerebrospinal fluid leak, the shorter dosing interval is 
recommended, and many experts recommend PPSV23 booster 

every 5 years.

Give 
PCV13 

now, if at 
1 year has 

passed 
since 

PPSV23; 
can then 

give 
PPSV23 
booster 

dose once 
5  years 

has passed 
since 

previous 
PPSV23

Give PPSV23 
now, if at 5 
years have 

passed since 
PPSV23 AND 

1 year 
passed since 

PCV13;
minimum 
interval 

since PCV13 
is only 8 

weeks for 
certain 

individuals*

No Yes

START

Does your pa ent have any of the 
following?

Heart disease (CHF, history of 
myocardial infarc on, 
arrythmia, etc)
Lung disease (asthma, COPD, 
pulmonary fibrosis, etc)
Diabetes
Alcoholism
Cirrhosis
Ac ve smoker of cigare es

Give a one- 
me dose of 

PPSV23 now 
and revisit at 
age 65 years 

No Yes

No vaccina on 
required: revisit 

as medical 
condi ons change 
or at age 65 years

Has your pa ent ever received any form of the 
pneumococcal vaccine?

No Previously 
received 

PCV13 AND 
PPSV23

Previously 
received 

PPSV23 only

Previously 
received 

PCV13 only

Give 
PCV13 

now, then 
PPSV23 in 
minimum 
8 weeks,* 
normally 1 

year

Nephro c syndrome
Leukemia
Hodgkin disease
Generalized malignancy
Long-term immunosuppressive 
therapy
Solid organ transplant
Mul ple myeloma

*For pa ents with immunosuppression, asplenia, cochlear 
implants, or cerebrospinal fluid leak, the shorter dosing 
interval is recommended and many experts recommend 

PPSV23 booster every 5 years.

Revisit at 
age 65 years 
except for 

certain 
pa ents

Give PCV13 
now, if at 1 

year has 
passed 
since 

PPSV23;
revisit at 

age 65 years 
except  for 

certain 
pa ents 

Give PPSV23 
now, if at least 

1 year has 
passed since 

PCV13, although 
minimum 

interval is 8 
weeks,* revisit 
at age 65 years 

Figure 1. Decision tree forWho toVax based on current Centers for Disease Control and Prevention guidelines. CHF indicates congestive heart failure; COPD, chronic obstructive
pulmonary disease; HIV, human immunodeficiency virus; PPSV23, 23-valent pneumococcal polysaccharide vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
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asthma.12 In addition, 5 years after the initial receipt of PPSV23, a
one-time revaccination with PPSV23 is recommended by the
ACIP for patients with immune compromise, cochlear implants, or
asplenia because of a recognized phenomenon of waning antibody
titers after 5 to 10 years.12 Many experts revaccinate the same
group of patients every 5 years, although this practice needs
additional study.

The 13-valent pneumococcal conjugate vaccine (PCV13) was
approved by the US Food and Drug Administration in 2010 for the
prevention of invasive pneumococcal disease, given initially as a
routine vaccination to infants,13 but is also newly recommended for
persons with selected health conditions (immune deficiency,
asplenia, cochlear implants) from ages 2 to 64 years14 and for all
adults older than 65 years.15 Under the most recent guideline rec-
ommendations, a typical patient whose age or health conditions
qualify them for both vaccines should receive PCV13 first, with a
minimum interval of 8 weeks for a follow-up dose of PPSV23.16 If
the order of vaccine receipt is reversed, a 1-year interval is
recommended.16

Because there are some health conditions (asthma, smoking) for
which only PPSV23 is recommended before the age of 65 years,
other conditions (immune deficiency, asplenia) for which both
vaccines are recommended, and many health conditions for which
neither vaccine is recommended, there is often confusion from
patients and practitioners regarding which vaccine should be used
and when to dose.
Who to Vax: A Quick Web-Based Decision Tool for Adult
Pneumococcal Vaccination

We therefore sought not to reinterpret or revise the current
guidelines but to (1) make it easier to quickly identify whether a
patient is a candidate for pneumococcal vaccination and (2)
determine which vaccine to use. Collaborating in a multidisci-
plinary fashion with a team composed of physicians and computer
scientists, we first designed a pneumococcal vaccination decision
tree using the current CDC guidelines (Fig 1). We then used a
decision treeegenerating software (which will soon be released
under an open source license) and via this tool created a webpage
portal (Who to Vax). UsingWho to Vax, the health care professional
can access an interactive questionnaire to determine whether the
patient should be vaccinated and with which vaccine. We have
made the webpage portal both patient and practitioner friendly,
available to any who might benefit, by using the phrase “Who
to Vax” in search engines or using the following link: https://
medicine.mc.vanderbilt.edu/whotovax/.

We imagine that this tool may have the most utility as a
preencounter or triage tool for patients with conditions that would

https://medicine.mc.vanderbilt.edu/whotovax/
https://medicine.mc.vanderbilt.edu/whotovax/
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qualify them for vaccination or who are 65 years or older. They
could then be flagged for vaccination or for obtaining vaccination
records. In our own practice, we anticipate that this approach will
reduce time and increase the likelihood that we administer same-
visit vaccination to appropriate patients, although we have not
yet assessed this formally. It is fast enough to be pulled up and used
while sitting with the patient and generally takes fewer than 4
clicks to complete. Although this is not how we are currently using
it, the patient could even complete it before the encounter and
assist in identifying their need for vaccination.

Assisted Decision Making in Medicine

Assisted decision making is nothing new. We turn to our text-
books, to our medical journals, and to our trusted electronic
resources on a daily basis to help inform the care that we give.
Computer-assisted decision support, however, is currently under-
used. There are many different kinds of medical decision making
that could be made simpler using computerized tool-based
support, particularly where stepwise integration of multiple
pieces of information to inform either a diagnosis or a decision is
the right method. Our approach has been to create tools that speed
up the process of using trusted decision trees, especially where
those trees are complex and have many different, nonoverlapping
outcomes. Other groups have reported early attempts in using
bayesian network modeling based on individual patient factors to
perform rapid triage of best available treatment options for
conditions such as rhinosinusitis17 and laryngeal cancer.18

Computer-Assisted Decision Making and Personalized
Medicine

We think that the future benefit of the big data era of medicine
will be in the gradual accumulation of small but powerful tools that
enable rapid multifactorial decision making for personalized
medicine, although a proliferation of individual decision tools that
require constant updating will in and of themselves become
another burden. Ultimately, these tools will need to be integrated
so that all preventive guidelines applicable to a given patient are
integrated into a checklist of recommendations. Such a system
would need automated updates based on available clinical data so
that a patient’s information could be used to identify all the pre-
ventive interventions an individual might need at any given time.

Some will worry that this kind of approach may, in the future,
undermine the physician as the ultimate authority of medical
information or even, tongue-in-cheek, predict this as onemore step
toward the rise of our robot overlords. However, physicians will
always be needed to provide the touchpoint with medical decision
making, to interpret the patient’s story, to provide the hands-on
examination, to fact check any automated recommendations, and
to be the trusted, skilled artisans wielding ever more powerful tools
derived from evidence.

Tools such as Who to Vax are also important for personalized
medicine because they can empower patients to be involved in
their own health. Although it would be very difficult for most
patients to interpret the ACIP guidelines, they can easily use tools
such as Who to Vax and let their practitioner know that they are
eligible for a vaccinedanother important means to involve
individuals in their own preventive care and ensure that eligible
patients are vaccinated.

Conclusions

Who to Vax is free and easily accessible, and it is our hope that
it will be useful in the practice of medicine, speeding up a
decision-making process that might otherwise be a barrier to
vaccinating a vulnerable patient. In a larger way, the benefit of any
time-saving in a busy practice is obvious, and we predict that the
right application of computer-assisted decision help on routinely
complexmatterswill free us to focus on other healing aspects of the
art of medicine, such as the much loved, much sought after patient-
physician relationship. We also predict that it will empower pa-
tients with tools that distill complex information, allowing them to
be more involved in and take responsibility for their own preven-
tive health.
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