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Abstract

Influenza is an important public health problem with
consequences on the health of people, but also at the state level
with social and health costs due to the morbidity and mortality
produced. Vaccination is an act of care of high clinical
complexity, which can be learned and trained, so that decision-
making in vaccination requires elements of judgment that act
logically in a cascade. The creation of algorithms and their
implementation in computer systems will identify susceptible
people more quickly and improve the competence in the
administration of vaccines. For the creation of the algorithm,
the variables and their relationships were identified through
mathematical formulation. As a result, the nine variables for
vaccination that result in 47 different clinical situations were
identified (29 '"non-vaccination” and 18 ‘‘vaccination”
situations). The formalization of algorithms in vaccine
administration allows to represent the process by which the
professional carries out the decision making process.
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Introduction

The present study starts from the following reseach aim: to
design an algorithm that describes the decision-making process
in influenza vaccination. Influenza is an acute respiratory
infection caused by RNA-virus that encompasses different
groups (mainly groups A, B and C) with type A being the most
prevalent [1]. This infection appears in the form of epidemic
outbreaks and because of the high rate of virus mutation
(especially H3N2) [2], annual vaccination is necessary (with an
effectiveness of 70-90% if there is concordance between the
strains) [3,4]. The virus is transmitted by air, and transmission
period may begin from one day before the symptomatic phase
to seven days after symptoms start [5]. Influenza is
characterized by high fever, cough, muscle and joint pains,
headacheand and intense discomfort. In people with poor
health, the flu and its complications can be fatal, due to
pneumonias caused by secondary bacterial invaders [1].

Worldwide, influenza accounts for about 300,000 to 600,000
seasonal influenza-associated respiratory deaths annually [2].
In Spain, the flu surveillance report indicates that 5,977 severe
hospitalized confirmed cases of influenza were reported, of

which 21.8% were admitted to the ICU and 17.3% died in the
2017/2018 season [6]. In the Community of Madrid, an
accumulated incidence of 1,540.33 cases per 100,000
inhabitants was estimated in the same season [7]. In conclusion,
influenza is a major public health problem worldwide related to
a high rate of morbidity and mortality, increase in social and
health costs, potentially preventable and whose management
and control of risk should continue to evolve and improve to
increase the level of health of the community [2,7].

Vaccination is one of the main acts of care in primary
prevention, definid as health behaviors aimed at avoiding the
health problem, or reducing the probability of it appearing [8].
In particular, it is essential for the prevention of health problems
of infectious origin worldwide [9]. Fernandez Batalla et al.
indicate that vaccination is an act of care of high clinical
complexity, which can be learned and trained, so that decision-
making in vaccination requires elements of judgment that act
logically in a cascade. The first assessment should be based on
the characteristics of the individual (vaccine selection) and then
the administration decision according to the context [10]. In
addition, the computational implementation of decision-
making in care allows a better identification of the population
to which vaccination is recommended. This allowed us to
design tools for specific distance recruitment and increase
vaccination rates, which has been progressively decreasing in
recent years [11].

Methods

For the identification and description of variables, the
methodology used was deductive, based on:

e  Extraction of knowledge through text analysis

— Scientific and technical regulations of the Public
Health services, in relation to the indication of
influenza vaccination for the 2017-2018
influenza campaign of the Community of
Madrid.

— Instructions for use and technical data sheets of
the influenza vaccines available in said
campaign.

e Education throught expert’s knowledge.
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The expert group consists of a nurse doctor in computer
science, mathematical doctor in computer science, a nurse
specialist in community health, and two master's degree nurses
in multidisciplinary informatics.

Establishment of existing relationships between variables:
algorithm creation.

e Mathematical formulation through bivalued logic:
Identification of relevant clinical variables and
definition of possible values for each variable[12-14].

Results

Extraction and Definition of the Variables.

A total of 9 variables relevant to influenza vaccination were
selected.

Age

Time a person has lived at the time of the valuation. It was
classified into 6 stages: less than 6 months (e0), 6 - 35 months
(el), 3 - 8 years (e2), 9 — 59 years (e3), 60 - 64 years (e4) and
65 years or more (e5).

Life Process

Indicates the presence of factors that indicate risk group for
vaccination. Three main groups were identified:

e Processes that increase the risk of complications from
the flu

e People who can pass the flu to those who are at high
risk of complications

e  Essential public service workers

With the presence of one factor it will be considered posive (r)
while the absence of all of them will be considered negative (—r)

First Vaccination

Indicates that the person has not been vaccinated against the flu
in previous years (p).

Interval Between Doses

When vaccination with several doses is necessary, it indicates
that 4 weeks have passed after the first dose (i).

Initial Dose

When vaccination with several doses is necessary, it indicates
that the vaccine proposed constitutes the first dose to be
administered in this anti-flu campaign.

Influenza Vaccination Completed

Indicates the correct vaccination in the current anti-flu
campaign (c)

Health Situation

Indicates the presence of factors that contraindicate the
administration of the vaccine at that time. Three main situations
were identified: fever, acute infection, allergy to some
components of the vaccine.

With the presence of one factor it will be considered posive (s)
while the absence of all will be considered negative (—s).

Anticoagulation

Indicates that the patient is at increased risk of hemorrhage by
intramuscular puncture (a).

Vaccination Action

It is the result variable. Indicates whether the vaccine is
indicated (v) or not (—v) and complementary information (type
of vaccine, dose, route of administration, cause of non-
vaccination).

Order of Variables

For decision making in vaccination, a hierarchy of the variables
is necessary to indicate when to ask for each variable.

The final formalization of the variables is presented in Table 1.

Table 1 — Description and Formalization of Variables

Variable Order Code Range
Age 1 e e0 —e5
Life process 2 r /-t
Influenza vaccination N

3 c c/c
completed
First vaccination 4 P p/p
Initial dose 5 d d/—d
Interval between doses 6 i i1
Anticoagulation 7 a a/l—a
Health situation 8 s s/—s
Vaccination action 9 v v/ v

Establishment of the Relationships Between Variables

With the identified variables, a total of 47 different clinical
cases were obtained leading to a specific vaccination action
(Table 2).

e 29 "non-vaccination" situations. The algorithm has
five different causes that indicate "no vaccination"
(distribution in Figure 1).

e 6 situations in which to vaccinate with inactivated
vaccine (0.25ml)

e 11 situations in which to vaccinate with inactivated
vaccine (0.5ml)

e [ situation in which to vaccinate with inactivated
vaccine with adjuvant (0.5ml)

Causes of non-vaccination

20
15
10
5
0 — | [ |
Not Already Delay and Delay and Not
indicated vaccinated re-evaluatereturn after indicated
(age) symptoms 4 weeks (not high
risk)

Figure 1 — Distribution of Reasons for Non-Vaccination
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Table 2 — Coding of the Algorithm

Caso clinico Accién vacunal

e0 > vl

el ATAcC > V2

el A\tA—cApAdAaAs 2> V3AS?
el AtrA—cApAdA—aAs > V4AAS?
el A\tA—cApA—-dAiAaAs > V5AS?
elAtrA—cApA—dAiA—aAs 2> VOAS?
el AtA—cApA—dA-i > VTA?
el A\TA—cA—pAaAs > V8 As?
elATA—cApA—aAs > WIAS?
el A-r > w10
e2ATAC > vl
e2ATA—cApAdAaAs > VI2A8?
e2ArA—cApAdA—aAs > VI3 As?
e2ATA—cApA—dAiAaAs > 14 A s?
2ATA~CcApA~dAiIA—aASs > VIS5 As?
e2ArTA—cApA—-dA—i > 16 A i?
e2ATA—cA—pAaAs > —VITAs?
2ATATCApATaAs > VI8 As?
e2 AT > —wvl9
e3ATAC > 20
e3ATATCAaANs > V21 As?
e3SATA—CcA—-aAs > V22 A 8?
e3A-T 2> 23
edAc > w24
edArA—cAaAs > V25 A 8?
e4d ATA—CcA-aAs > V26 A (s?
eSAc > w27
eSATA—cAaAs > V28 A s?
eSATA—CcA—aAs > V29 As?
el AtA—cApAdAaA—s > vl

el A\tA—cApAdA—aA—s > V2
elArA—cApA—dAiAaA—s 2> V3
elATA—cApA—~dAiA—aA—s > v4

el A\TA—cA—pAaA-—s > V5

el ATA=cA—pA—aA—s > V6
e2ArA—cApAdAaA—s > V7
e2ATA—cApAdA—aA—s > 8
e2ATA—cApA—dAiAaA—s 2> V9
e2ATACcApA—~dAiA—aA—s > vI0
e2ATA—cA-pAaA—s > vl
e2ATATCATpATAATS > vi2
e3ATATCcAaN—s > i3
e3SATATCATaNATS > vl4
edA—cAhaA-s > vi5

e4d A—cA—aA—s > vl6
eSATcAaNn—s > vl7
eSA—cA—aA-s > vi8

Discussion

In relation to the use of Information and Communication
Technologies, the CDC indicates logic specification for ACIP
Recommendations in Clinical Decision Support for
Immunization (CDSi). The variables used in this research work
resemble the variables defined by the CDC (Target dose, patient
series)[15].

In the context of primary health care, Martin-Ivorra indicates
that the development of this type of tools would improve to
identify the people of being vaccinated who attend the
scheduled consultations in Primary Care[16]. On the contrary,
it has found different publications that indicate that the use of
ICTs are useful to determine and increase vaccination
coverage[17,18].

Gerard et al. developed a system of influenza vaccination
reminders in a hospital's information systems to increase the
rate of influenza vaccination in patients hospitalized in internal
medicine. Although the system was effective, it did not
discriminate the indication of the vaccine based on their clinical
features[19]. In relation to decision making in vaccines,
Jacobson describe the development, of a software tool,
introduced to assist health care professionals and public health
administrators in managing pediatric vaccine purchase
decisions and making economically sound formulary
choices[20]. In relation to the methodology, Shiffman and
Greenes used this methodology with with logic and decision-
table techniques to improve cinical guidelines applicates to
prevention of perinatal transmission of hepatitis B by
immunization[12].

Conclusions

The formalization of algorithms in the vaccination allows to
represent the process by which the professional carries out the
decision making process, in this case, in the influenza
vaccination. In addition, the algorithms serve as a guide for the
professional. The hierarchy of variables is not the most
computationally efficient but it represents in a better way the
process of decision making. To measure progress in vaccination
decision-making training, it is proposed to incorporate a case
generator into the application in the future. Thanks to the
development of the algorithm, all the variables have been coded
to generate these cases.
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