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Vaccines are special

Vaccine success

▷ among the most effective means
for improving population health

▷ e.g., smallpox, polio, measles

Risk of adverse events

▷ administered to healthy persons
▷ requires careful consideration of

benefits and risks

Tests before marketing

▷ selective populations
▷ limited follow-up
▷ time pressure for seasonal vaccines

Post-marketing benefits and risk

▶ rare and long-term adverse events
▶ changes in effectiveness and

burden of disease
▶ possibly strong dynamics in

public sentiment
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Thesis overview

Post-marketing
vaccine management

I. Listen to safety signals
& public sentiment

II. Access established evidence
about benefits and risks (B/R)

III. Verify hypotheses about B/R
in health-care databases

Social media messages Scientific literature Case definitions Coding systems

2. Vaccine safety
surveillance

3. Monitoring
public
sentiment

4. Recognition
of vaccine
descriptions

5. Extraction of
chemical-disease
relations

6. Mapping medical
case definitions

7. Alignment of
vaccine codes
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▶ thesis objective: acceleration by automation
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Representational heterogeneity
Symbol ↮ Concept (or Relation)

ATC:
J07BC02 Havrix

72 97 118

114 105 120

Resolution steps:
Vaccine Semantics

1. recognize the symbols that carry
relevant information

2. represent the information
independently from its symbols

3. reason about the information
using domain knowledge
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A. Task-specific rules

1. if 72 97 118

114 105 120

then Havrix
2. …

B. Formalized domain knowledge

DB

Subject Predicate Object

Havrix represented-by 72 97 118
114 105 120

…

C. Machine learning



72 97 118

114 105 120

Havrix



3

Thesis overview

Post-marketing
vaccine management

I. Listen to safety signals
& public sentiment

II. Access established evidence
about benefits and risks (B/R)

III. Verify hypotheses about B/R
in health-care databases

Social media messages Scientific literature Case definitions Coding systems

2. Vaccine safety
surveillance

3. Monitoring
public
sentiment

4. Recognition
of vaccine
descriptions

5. Extraction of
chemical-disease
relations

6. Mapping medical
case definitions

7. Alignment of
vaccine codes

C
on

te
xt

A
im

s
In
fo
rm

at
io
n

re
so
ur
ce
s

C
ha

pt
er
s

Information extraction toolbox

▷ natural language processing
▷ machine learning
▷ ontology design
▷ automatic reasoning
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Part III: Verification of hypotheses about vaccines in health-care databases

▷ hypotheses about the benefits and risks of vaccines tested mostly by
observational studies in health-care databases

▷ primary care, hospitalizations, reimbursement, …
▷ based on identification of vaccinations and medical events

(vaccine-preventable disease/adverse events)

▷ information stored using medical coding system, e.g. ICD-10:

Code Descriptor

J13 Pneumonia due to Streptococcus pneumoniae
J18 Pneumonia, unspecified organism
J18.0 Bronchopneumonia, unspecified
…

▶ increase study scale by combining data from multiple health-care databases
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Part III: Verification of hypotheses about vaccines in health-care databases

Representation of medical information in Europe

Medical events

▷ various standardized coding systems
▷ e.g. codes for Pneumonia:

ICD-10 CM: J17, J13, J12, J14, J15, J16, J18, …
ICD-9 CM: 486, 480, 482.3, 482.9, 487.0, 483, 482.2,

481, 485
ICPC-2: R81
Read-2: H25.., H222., H22z., H26.., H22yz, H23.., H2700,

H20.., H223.

Vaccines

▷ custom, database-specific coding systems
▷ descriptors often in national languages

THIN:
Read-2

IPCI:
ICPC-2

RCGP:
Read-2

BIFAP:
ICD-9 +
local ICPC-2 +
free text

SIDIAP:
ICD-10 CM

SSI:
ICD-10 CM

AUH:
ICD-10 CM

ASLCR, Puglia, Lombardy:
ICD-9

Pedianet:
free text

KI:
ICD-10 CM

HPVCH:
ICD-10 CM

HSD:
ICD-9 +
free text

PHARMO:
ICD-9 CM

GePaRD:
ICD-10 GM

ADVANCE project (2013-2019)

▷ Accelerated development of vaccine benefit-risk collaboration in Europe
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Part III: Verification of hypotheses about vaccines in health-care databases

Naive approach: manual creation of code sets

Case definition:
“Pneumonia …”

Codes1:
J13 J18 J18.0 …

Codes2:
R81

...

Codesn:
H25.. H222. H22z. …

Database1

Database2

Databasen

(manual)

(manual)

(manual)

Mapping Extraction

Drawbacks for collaborative studies

▷ creation of individual extraction queries requires extensive manual work
▷ no reinforcement of consistency between extraction queries
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Ch. 6: CodeMapper: Semi-automatic mapping of case definitions

Objective: map textual case definition to database codes with minimal manual effort

Case definition:
“Pneumonia …”

Concepts:
C0023385 C0032310 …

Codes1:
J13 J18 J18.0 …

Codes2:
R81

...

Codesn:
H25.. H222. H22z. …

Concept
identification
(automatic)

Revision by
user operations

(manual)

Projection
(automatic)

Mapping

▷ automation and user operations using the Unified Medical Coding System
(UMLS), based on Avillach [2013]

▷ ensures consistency of code sets
▷ mapping process independent of targeted coding systems

▷ evaluation showed effectiveness of user operations and
necessity of human revision
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Ch. 6: CodeMapper: Semi-automatic mapping of case definitions

▷ open-source web application at https://euadr.erasmusmc.nl/CodeMapper
▷ tracking of mapping process
▷ applied in projects ADVANCE and EMIF, and in industry

https://euadr.erasmusmc.nl/CodeMapper
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Ch. 7: Alignment of vaccine codes using the
VaccO ontology of vaccine descriptions

Application in vaccine studies

▷ reference vaccine coding system to specify vaccine or vaccine group
▷ alignment with database coding systems to identify vaccinations

Code Descriptor

· · ·
J07BC Hepatitis vaccines
J07BC01 Hepatitis B, purified antigen
J07BC02 Hepatitis A, inactivated, whole virus
· · ·

Code Descriptor

· · ·
VHM175 Vaccine using HM175
· · ·

Reference coding system Database coding system

Code alignment

▷ identify for each reference code the closest corresponding database code(s)
▷ based on ontology alignment [Euzenat & Shvaiko, 2013]
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Ch. 7: Alignment of vaccine codes using the VaccO ontology

VaccO ontology of vaccine descriptions

has
valence*

Product

VaccineRoute

Ingredient

Adjuvant Excipient Active ingredient

StrategyValence

Disease

Pathogen

Inactivated

Inactivated
HM175

ATC
J07BC02

Hepatitis A

Hepatitis A
virus

Havrix

is a

is a is a is a

is a

is a

is a

is a

has
ingredient*

has
route*

causes caused
by

has
strategy*

has
strategy

has
strategy

has
valence*

immunizes
against*

immunizes
against*

immunizes
against

immunizes
against

has
ingredient

▷ formalization of properties used in vaccine descriptions
▷ allows formalization of vaccine descriptions
▷ ontology reasoner for inference using domain knowledge

Havrix ≡
Product that has-ingredient HM175

Havrix is-a Vaccine that

imm.-against Hepatitis-A

▷ 1,019 classes with 2,962 terms each in up to five languages
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Ch. 7: Alignment of vaccine codes using the VaccO ontology

Ontology-based code alignment

1. compute for all database and reference codes a flat representation
of available information

has
valence*

Product

VaccineRoute

Ingredient

Adjuvant Excipient Active ingredient

StrategyValence

Disease

Pathogen

Inactivated

Inactivated
HM175

ATC
J07BC02

Hepatitis A

Hepatitis A
virus

Havrix

is a

is a is a is a

is a

is a

is a

is a

has
ingredient*

has
route*

causes caused
by

has
strategy*

has
strategy

has
strategy

has
valence*

immunizes
against*

immunizes
against*

immunizes
against

immunizes
against

has
ingredient

“vaccino inattivato contro
il virus dell’epatite A”

“Havrix”

Property Values

Imm. target Hepatatis A, Hepatitis, Virus
Strategy Inactivated

Property Values

Imm. target Hepatatis A, Hepatitis, Virus
Strategy Inactivated
Ingredient HM107

Code descriptors VaccO ontology Inferred properties

2. measure similarity between codes by overlap between inferred properties
3. assign every database code to the reference code with maximal similarity

above threshold
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Ch. 7: Alignment of vaccine codes using the VaccO ontology

Evaluation and application

Evaluation

▷ two existing reference sets of manually created vaccine code alignments
(ADVANCE Vactype, UMLS/ATC)

▷ calculate F-score for re-creating alignments
▶ excellent performance in both reference sets (avg. 91% and 96% F-score)

Application

▷ open-source web application at https://euadr.erasmusmc.nl/VaccO/

https://euadr.erasmusmc.nl/VaccO/
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Conclusions
Contributions to post-marketing management of vaccines

Part I – public social media

▷ negative evidence for monitoring vaccine safety
▷ possible use for monitoring public confidence

Part II – scientific literature

▷ building blocks for mining vaccine-related information

Part III – observational studies

▷ formalized domain knowledge for unifying codes
▷ two user applications to help collaborative studies about vaccines
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Conclusions
Extraction of heterogeneously represented information about vaccines

Rule-based approaches

▷ lack flexibility and scalability for dealing with free text

Machine learning methods

▷ largest flexibility for relevant tasks
▷ only few training corpora vaccine domain

Formalized domain knowledge

▷ costly to create but applicable to many problems in the domain
▷ interpretable, correctable, updateable
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