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Abstract

The Observational Medical Outcomes Partnership (OMOP) Common Data Model
(CDM) provides a unified model to integrate disparate real-world data (RWD)
sources. An integral part of the OMOP CDM is the Standardized Vocabularies
(henceforth referred to as the OMOP vocabulary), which enables organization
and standardization of medical concepts across various clinical domains of the
OMOP CDM. For concepts with the same meaning from different source vocab-
ularies, one is designated as the standard concept, while the others are specified
as non-standard or source concepts and mapped to the standard one. How-
ever, due to the heterogeneity of source vocabularies, there may exist mapping
issues such as erroneous mappings and missing mappings in the OMOP vo-
cabulary, which could affect the results of downstream analyses with RWD. In
this paper, we focus on quality assurance of vaccine concept mappings in the
OMOP vocabulary, which is necessary to accurately harness the power of RWD
on vaccines. We introduce a semi-automated lexical approach to audit vaccine

mappings in the OMOP vocabulary. We generated two types of vaccine-pairs:
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mapped and unmapped, where mapped vaccine-pairs are pairs of vaccine con-
cepts with a “Maps to” relationship, while unmapped vaccine-pairs are those
without a “Maps to” relationship. We represented each vaccine concept name
as a set of words, and derived term-difference pairs (i.e., name differences) for
mapped and unmapped vaccine-pairs. If the same term-difference pair can be
obtained by both mapped and unmapped vaccine-pairs, then this is considered
as a potential mapping inconsistency. Applying this approach to the vaccine
mappings in OMOP, a total of 2,087 potentially mapping inconsistencies were
obtained. A randomly selected 200 samples were evaluated by domain experts
to identify, validate, and categorize the inconsistencies. Experts identified 95
cases revealing valid mapping issues. The remaining 105 cases were found to be
invalid due to the external and/or contextual information used in the mappings
that were not reflected in the concept names of vaccines. This indicates that our
semi-automated approach shows promise in identifying mapping inconsistencies
among vaccine concepts in the OMOP vocabulary.

Keywords: Vaccines, OMOP Standardized Vocabularies, Concept mappings,

Mapping quality assurance

1. Introduction

Real-world data (RWD) is critical to evaluate the safety, effectiveness, and
uptake of vaccines [1]. It has been used to detect rare or long-term adverse
events from vaccine exposure that cannot be detected during clinical trials [2].
For example, Ray et al. used Electronic Health Record (EHR) data to investi-
gate the risk of rheumatoid arthritis following tetanus, influenza and hepatitis B
vaccines and concluded that the study power was low even with a sample size of
1 million vaccinated people [3]. In another example, it was impossible to assess
the efficacy of 4CMenB (Bexsero, GSK) and MenB-FHbp (Trumenba, Pfizer)
in clinical trials prior to approval due to low incidence of invasive meningococ-
cal disease. Both vaccines were approved based on immunogenicity tests alone

and vaccine effectiveness had to be determined using RWD after inclusion of
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Meningococcal type B vaccination into national immunization programs [4, 5].
Vaccination administrations are captured in RWD using a variety of controlled
vocabularies with different degrees of specificity. In the United States, vaccine
records are often coded using the National Drug Code (NDC) [6], Healthcare
Common Procedure Coding System (HCPCS) [7], Current Procedural Termi-
nology (CPT) [8], and International Classification of Diseases Version 10 (ICD-
10) [9, 10]. Coding systems may vary depending on the data origin (e.g., in-
surance claims, EHRs and vaccine registries), insurance types (e.g., Medicare,
Medicaid and commercial insurance), the setting where people receive the vac-
cine (e.g., pharmacies versus clinics), and the purpose of recording or study
(e.g., billing, surveillance and quality control). These codes often do not specify
the vaccine brand names and a single code may be used for multiple vaccine
products. During the COVID-19 pandemic, it has become more important
to differentiate vaccines developed by different manufacturers with disparate
mechanisms of action (e.g., mRNA, vector, whole virus inactivated, and protein
subunit vaccines) and composition (active components, conjugates, adjuvants,
and preservatives), targeting distinct antigens, and using different manufactur-
ing processes. These variations lead to different immunogenicity, effectivenesses,
and adverse events. Clinically and semantically meaningful vaccine terms that
discriminate different products and group them into categories (e.g., indicat-
ing the mechanism of action) are greatly needed to conduct health outcomes
research and to address the needs of public health. In addition, the various
vaccine coding systems currently in use represent different sets of semantic at-
tributes at various levels of granularity, lack high-quality grouping, and lack
mapping to each other, preventing researchers from exploiting the full potential
of RWD.

The OMOP Common Data Model (CDM), a widely used RWD model de-
veloped by the Observational Health Data Sciences and Informatics (OHDSI)
community, aims to address the issues of siloed data and small sample sizes by
defining a general and flexible data structure and a series of preferred termi-

nologies for diagnosis, medication, procedures, measurement, and other clini-
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cal events. The OMOP Standard Vocabularies (henceforth referred to as the
OMOP vocabulary) form an integral part of the OMOP CDM, and consist
of OMOP-internal vocabularies and external source vocabularies. The exter-
nal source vocabularies adopted in the OMOP vocabulary include the Medical
Subject Heading (MeSH) [11], International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) [12], Systematized Nomenclature
of Medicine-Clinical Terms (SNOMED CT) [13], RxNorm [14], Logical Obser-
vation Identifier Names and Codes (LOINC) [15], and Current Procedural Ter-
minology Fourth Edition (CPT4) [16]. Each concept in the OMOP vocabulary
is assigned a domain such as “Condition”, “Observation”, “Drug”, “Procedure”,
and “Visit”, denoting the location of which the concept is expected to occur in
the data tables of the OMOP CDM. Each concept is also assigned a unique
OMOP concept ID that is distinct from the concept identifier or code provided
by its source vocabulary [17]. For example, concept “tetanus tozroid vaccine, in-
activated” from the source vocabulary RxNorm is assigned an OMOP concept
ID (529411), which is different from its RxNorm identifier 798306. Note that
in the rest of the paper, unless otherwise specified, it is the OMOP concept 1D
that is specified within the parentheses following a concept name.

A central feature that the OMOP vocabulary provides is the mapping of con-
cepts, which enables harmonization of equivalent concepts (i.e., concepts with
the same meaning) among different source vocabularies. For a set of equiva-
lent concepts representing the same meaning of a clinical event, one concept
from a certain vocabulary is designated as the “standard concept”, while the
other concepts are specified as non-standard or source concepts and mapped to
the standard one through the “Maps to” relationship [17]. For instance, con-
cept “Atrial fibrillation” in the Condition domain is represented by MeSH code
D001281, SNOMED CT code 49436004, ICD-9-CM code 427.31, ICD-10-CM
code 148.91, CIEL code 148203, Nebraska Lexicon code 49436004, UK Biobank
code 6-1471, and Read code G573000, where the SNOMED CT concept is des-
ignated as the standard concept and the others are specified as non-standard

concepts and mapped to the standard concept.
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When converting disparate source RWD datasets into the OMOP CDM, all
non-standard concepts are mapped to equivalent standard OMOP concepts us-
ing the “Maps to” relationship. If an equivalent concept is not available, then the
non-standard concept is mapped to a more generic standard concept [18]. Ide-
ally the mappings should be made without information loss or mismatches. In
reality, semantic incompleteness and erroneous mappings occur when the infor-
mation from the non-standard concepts and standard concepts do not exactly
match. For instance, the non-standard concept “Adsorbed Tetanus Toxoid”
(35162837) is mapped to the standard concept “tetanus toxoid vaccine, inacti-
vated Injectable Solution” (40086961). Tetanus toxoid is a purified preparation
of inactivated tetanus toxin, and there are two types of preparation: fluid and
adsorbed [19]. Therefore, the standard concept loses some granular information
from the non-standard concept. There exists a standard concept “tetanus tox-
oid, adsorbed” (40213232), which could be a better targeting standard concept
for the non-standard concept “Adsorbed Tetanus Tozoid” (35162837).

Various techniques have been developed to automatically perform such con-
cept mappings between different terminologies or ontologies (so called ontology
mapping or ontology matching) [20, 21, 22, 23, 24]. However, quality assur-
ance of ontology mappings is an area that has rarely been investigated. In
previous work, we performed a preliminary study to examine concept mappings
between vaccine vocabularies used in the United States by leveraging the OMOP
CDM |25, 26]. We found that most vaccine administration events are recorded
in RWD using imprecise procedure codes with limited or no brand information,
whereas the OMOP CDM considers vaccination to be drug exposure. In our
previous study, from the OMOP vocabulary, we retrieved 15,932 vaccine-related
concepts that came from 32 source vocabularies and extracted 15,220 “Maps to”
relations between the non-standard and standard vaccine concepts [26]. Among
a collection of 1,170 “Maps to” relations involving vaccine concepts occurring in
five RWD datasets we had access to, it was found that 104 out of 1,170 (8.89%)
contain mapping inconsistencies by manual expert review. For instance, it was

found that the non-standard concept “hemophilus influenzae B, purified anti-
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gen conjugated; systemic” (21601291) was incorrectly mapped to the standard
concept “Neisseria meningitidis” (515671).

When the number of concepts involved is large, manual review of the map-
pings between source and standard concepts becomes difficult, time-consuming,
and error-prone. Therefore, manual identification of mapping issues is unsus-
tainable moving forward. Automated or semi-automated methods for quality
assurance of vocabulary mappings are needed to efficiently identify potential
mapping errors or direct human reviewers towards potential issues. In this
paper, we develop a lexical approach to programmatically identify potential
mapping issues among the OMOP vaccine concept mappings. To the best of
our knowledge, this is the first work introducing a semi-automated method to

assess the quality of mappings in the OMOP vocabulary.

2. Materials and methods

In this work, we leveraged the v5.0 release (29-OCT-2020) of the OMOP
vocabulary, from which we extracted vaccine concept mappings. Then, we
generated two types of vaccine-pairs: mapped and unmapped, where mapped
vaccine-pairs refer to the pairs of vaccine concepts with a “Maps to” relationship,
while unmapped vaccine-pairs refer to those pairs of vaccine concepts without
a “Maps to” relationship. Representing each vaccine concept name as a set of
words, we further generated a term-difference pair (i.e., name difference) for each
vaccine-pair. If the same term-difference pair was obtained by both a mapped
vaccine-pair and an unmapped vaccine-pair, then such a situation was consid-
ered as a potential mapping inconsistency. A random sample of such potential
mapping inconsistencies were further manually investigated by domain experts

to evaluate the effectiveness of our method and categorize the mapping issues.

2.1. Extraction of vaccine concept mappings in OMOP vocabulary

The OMOP vocabulary is an integral part of the OMOP CDM [27]. The

OMOP vocabulary contains over 100 source vocabularies. Concepts in the
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OMOP vocabulary represent clinical events and are the fundamental building
blocks of the data records in the OMOP CDM. Given a clinical event, there may
be multiple concepts from disparate source vocabularies representing the same
meaning of the clinical event, where only one concept is designated as the stan-
dard concept and other concepts are considered as non-standard concepts (or
source concepts) and mapped to the standard concept through the “Maps to”
relationship. In previous work, we constructed a comprehensive list of vaccine
concepts from the OMOP vocabulary using the iterative regular expression-
based pattern matching on concept names, hierarchical relationships defined in
the OMOP vocabulary, and manual review by experts [26]. Then we extracted
all the vaccine concept mappings using the “Maps to” relationship where both
the non-standard concept and standard concept were in the vaccine concept list.
In this work, we reused the vaccine concept list and mappings to develop our

lexical approach to automatically identify potential mapping inconsistencies.

2.2. Vaccine concept name representation

We represented each vaccine concept name as a set of words. More specifi-
cally, we boiled down the vaccine concept name into word tokens in lower case
and modeled them as a set of words. For instance, the vaccine concept named
“Adsorbed Tetanus Tozoid” (OMOP concept ID: 35162835) was represented as
{“adsorbed”, “tetanus”, “toroid”}. Note that since sets are unordered, the
vaccine concept named “Tetanus tozoid adsorbed” (37396309) would generate
the same set of words and share the same representation as “Adsorbed Tetanus

Toxoid” (35162835).

2.83. Mapped and unmapped vaccine-pair generation

We constructed two collections of vaccine-pairs: mapped and unmapped.
We generated mapped vaccine-pairs by direct retrieving of the “Maps to” rela-
tionships. More specifically, if a non-standard vaccine concept and a standard
vaccine concept in our vaccine list were connected through the “Maps to” rela-

tionship in the OMOP vocabulary, then this pair of vaccine concepts was added
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to the mapped vaccine-pair list. For instance, the vaccine concepts “Rubella
Vaccine” (45742246) and “rubella virus vaccine” (40213223) in the OMOP vo-
cabulary form a mapped vaccine-pair. If a non-standard vaccine concept and a
standard vaccine concept were not connected through the “Maps to” relation-
ship, then this pair of vaccine concepts was added to the unmapped vaccine-
pair list. For example, the vaccine concepts “mumps, live attenuated; systemic”

(21601348) and “mumps virus” (43532049) form an unmapped vaccine-pair.

2.4. Vaccine difference pair generation

For each mapped or unmapped vaccine-pair, say (A, B), we generated a
term-difference pair representing the name difference between A and B. Let
S(A) and S(B) be the set-of-words of A and B respectively, we generated a

term-difference pair (T DP) between A and B as follows:
TDP(A,B)=({z |z € S(A)and x ¢ S(B)},{z |z € S(B) and z ¢ S(A)}).

Stated in another way, the set differences (S(A) — S(B),S(B) — S(A)) form
the TDP between A and B. For instance, consider the unmapped vaccine-
pair C' = “mumps, live attenuated; systemic” (21601348) and D = “mumps
virus” (43532049), with S(C) = {“mumps”, “live”, “attenuated”, “systemic”}
and S(D) = {“mumps”, “virus”} in Figure 1. These generate a term-difference
pair between C and D: TDP(C,D) = ({“live”, “attenuated”, “systemic’},
{“virus”}). Similarly, the mapped vaccine-pair M = “Rubella Vaccine” (45742246)
with S(M) = {“rubella”, “vaccine” } and N = “rubella virus vaccine” (40213223)
with S(N) = {“rubella”, “virus”, “vaccine” } in Figure 2 generate TDP(M, N)
= ({}, {“virus”}). Note that the first set in this TDP is an empty set, since
S(M) is a proper subset of S(N), .

2.5. Identifying potential vaccine mapping inconsistencies

Let (A, B) be an unmapped vaccine-pair and (X,Y’) be a mapped vaccine-
pair. If (A, B) and (X,Y) generate the same T DP, that is,

TDP(A,B) = TDP(X,Y),
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encephalitis, Japanese, live
attenuated; systemic
(43534803)

Maps to Japanese encephalitis virus

(44506749)
DTP

{live, at {virus}
mumps, live attenuated; systemic | _ _ _ _ _ _ mumps virus
(21601348) (43532049)
C D

Figure 1: Unmapped vaccine-pair C = “mumps, live attenuated; systemic” (21601348) and
D = “mumps virus” (43532049) and mapped vaccine-pair E = “encephalitis, Japanese, live
attenuated; systemic” (43534803) and F = “Japanese encephalitis virus” (44506749) both
deriving the same TDP ({“live”, “attenuated”, “systemic”}, {“virus”}). Through manual
review by domain experts, it was found that this indicates an erroneous existing mapping

between the concepts E and F'.



185

190

195

Rubella Vaccine Maps to rubella virus vaccine
(45742246) (40213223)

Varicella vaccine | _ _ _ _ _ _ varicella virus vaccine
(21235079) (40213251)
P Q

Figure 2: Unmapped vaccine-pair P = “Varicella vaccine” (21235079) and Q = “varicella
virus vaccine” (40213251) and mapped vaccine-pair M = “Rubella vaccine” (45742246) and N
= “rubella virus vaccine” (40213223) both deriving the same TDP ({}, {“virus”}). Through
manual review by domain experts, it was found that indicates a missing mapping between the

concepts P and Q.

then we suggest that there is a potential mapping inconsistency. Through man-
ual review by domain experts, such inconsistencies could be generally classified

into the following categories:

1. Erroneous existing mapping between X and Y;
2. Missing mapping between A and B;
3. Other issues around concepts A, B, X, and Y;

4. False positive (i.e., no mapping quality issue revealed).

The basic rationale of the classification of these categories is that the TDP
may indicate a certain relation between the mapped concepts X and Y. If
domain experts do not agree with such a relation and believe that the mapping
between concepts X and Y is incorrect, then this scenario reveals an erroneous
existing mapping between X and Y. If domain experts agree with such a relation
and believe that it should also apply to the currently unmapped concepts A and

B, then this scenario reveals a missing mapping between A and B. In other

10
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scenarios, domain experts may agree or disagree with such a relation, but they
neither believe that A and B should be mapped nor believe that the mapping
between X and Y is incorrect. In such cases, if domain experts can identify
other issues regarding concepts A, B, X and Y, then it is classified into the
category of “Other issues around concepts A, B, X, and Y”; otherwise, no
mapping issue is revealed (i.e., it is a false positive suggested by our method).
For instance, in Figure 1, the TDP(C, D) = ({“live”, “attenuated”, “sys-
temic”}, {“virus”}) obtained by unmapped vaccine-pair C = “mumps, live
attenuated; systemic” (21601348) and D = “mumps virus” (43532049) is the
same as the TDP(FE, F) obtained by mapped vaccine-pair E = “encephalitis,
Japanese, live attenuated; systemic” (43534803) and F' = “Japanese encephali-
tis virus” (44506749). Manual review of this mapping inconsistency by do-
main experts reveals an erroneous existing mapping between FE = “encephalitis,
Japanese, live attenuated; systemic” and F = “Japanese encephalitis virus”. In
Figure 2, unmapped vaccine-pair P = “Varicella vaccine” (21235079) and @
= “varicella virus vaccine” (40213251) generate TDP(P, Q) = ({}, {“virus”}),
which is the same as the TDP(M, N) generated by the mapped vaccines M
= “Rubella Vaccine” (45742246) and N = “rubella virus vaccine” (40213223).
Manual review of this inconsistency by domain experts reveals a missing map-

ping between P = “Varicella vaccine” and QQ = “varicella virus vaccine”.

2.6. FEwvaluation of potential vaccine mapping inconsistencies

To assess the effectiveness of our TDP method, a random sample of potential
mapping inconsistencies were selected and manually reviewed by domain experts
(authors AB, DK, and YL) to evaluate the validity of these mapping issues. The
samples were picked such that no two samples contain the same TDP in order
to avoid evaluating similar issues. The domain experts were provided with the
mapped vaccine-pairs, unmapped vaccine-pairs, as well as the TDPs. Each
sample was evaluated by two experts. The disagreements between experts were
resolved through discussion and the final review for each sample was agreed

upon by both reviewers who evaluated it.

11



230

235

240

3. Results

We extracted 15,932 vaccine-related concepts from the OMOP vocabulary
in previous work [26], from which 15,220 “Maps to” relations were identified
among 14,570 vaccine concepts. Among these, 10,456 were standard concepts
and 4,114 were non-standard concepts. We generated 4,764 mapped vaccine-
pairs and derived 2,798 unique TDPs from these mapped vaccine-pairs. Out of
these TDPs, 509 were observed among unmapped vaccine-pairs leading to 2,087
potential mapping inconsistencies (see All_potential_inconsistencies.xlsx in Sup-
plementary Material). Table 1 shows the vocabularies of the non-standard and
standard concepts involved in the mapped vaccine-pairs of potential mapping
inconsistencies, as well as the number of unique concepts involved in each vocab-
ulary. Note that for a certain vocabulary (e.g., SNOMED CT), it may appear
as a vocabulary for both non-standard concepts and standard concepts, since in
some mapped pairs the non-standard concept comes from this vocabulary, while

in some other mapped pairs the standard concept comes from this vocabulary.

12



Table 1: Vocabularies of non-standard and standard concepts involved in the mapped vaccine-

pairs of potential mapping inconsistencies identified.

Vocabulary Number of unique concepts
NDC 849
RxNorm 106
Gemscript 72
dm+d 59
VA Product 50
Read 40
RxNorm Extension 17
SNOMED CT 17
CIEL 13
Nebraska Lexicon 12
Non-standard (or source) concepts | ATC 11
MeSH 9
CTD 5
BDPM 4
SPL 4
JMDC 3
NCCD 2
CPT4 2
AMT 1
GGR 1
HCPCS 1
RxNorm 394
RxNorm Extension 51
Standard concepts
CvX 23
SNOMED CT 4
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Table 2: Categorizing the mapping issues among the 95 cases with mapping inconsistencies.

The “Other issues” have also been subcategorized.

Issue type Number of pair
1. Erroneous existing mapping between mapped vaccine-pair 46
2. Missing mapping between unmapped vaccine-pair 6
3(1). Other issues: RxNorm upgrade 18
3(2). Other issues: Duplicated concepts in two vocabularies 17
3(3). Other issues: Standard vaccine concept in the Observation domain 8

To evaluate the effectiveness of the TDP method and further understand

the underlying mapping issues, we randomly selected 200 potential mapping

inconsistencies for domain experts’ manual review. Domain experts confirmed

quality issues exist in 95 cases (see Evaluation_sample.xlsx in Supplementary

Material). We classified these mapping issues into 3 categories (see Table 2).

Note that the “Other issues” in Table 2 have been further categorized into 3

subcategories. Table 3 shows 10 examples of valid mapping issues confirmed by

domain experts.

Table 3: Ten examples of valid mapping inconsistencies verified by domain experts.

Issue types:

1 = Erroneous existing mapping between mapped vaccine-pair; 2 =

Missing mapping between unmapped vaccine-pair; 3(1) = Other issue: RxNorm

upgrade (Concept X deprecated in RxNorm); 3(2) = Other issue: Concepts B & Y

are duplicated standard concepts in two vocabularies; 3(3) = Other issue: Standard

concept B is in the Observation domain.

(split virion,
inactivated)
suspension for
injection 0.5ml
pre-filled syringes
(37855865)

influenzae b (Ross
strain) capsular
polysaccharide
meningococcal
protein conjugate
vaccine Injectable
Solution

(40045078)

(split virion,
inactivated)
suspension for
injection 0.5ml
pre-filled syringes
(37887008)

Unmapped vaccine-pair Mapped vaccine-pair Issue
Concept A Concept B Concept X Concept Y type
First diphtheria diphtheria First diphtheria diphtheria 1
vaccination antitoxin vaccination antitoxin
(45428834) (19031041) (45428834) (40213279)

Influenza vaccine Haemophilus Influenza vaccine Haemophilus 1

influenzae b (Ross
strain) capsular
polysaccharide
meningococcal
protein conjugate
vaccine Injectable
Solution

(40045078)

14




Tetanus toxoid tetanus toxoid Adsorbed Tetanus tetanus toxoid 1
adsorbed 10 vaccine, Toxoid (35162837) vaccine,
UNT/ML inactivated 10 inactivated
(529487) UNT/ML Injectable Solution
Injectable Solution (40086961)
(40822025)
Varicella vaccine varicella virus Rubella Vaccine rubella virus 2
(21235079) vaccine (45742246) vaccine
(40213251) (40213223)
Diphtheria/ diphtheria toxoid Diphtheria/ diphtheria toxoid 2
tetanus/ pertussis vaccine, tetanus/ pertussis vaccine,
dtpw vaccination inactivated dtpw vaccination inactivated
(37876857) (529303) (37898539) (529303)
0.5 ML varicella-zoster 0.5 ML Haemophilus 3(1)
Varicella-Zoster virus vaccine live Haemophilus influenzae type b
Virus Vaccine Live | (Oka-Merck) influenzae type b strain 1482,
(Oka-Merck) strain 2700 strain 1482, capsular
strain 2700 UNT/ML capsular polysaccharide
UNT/ML Injection [Varivax] polysaccharide inactivated
Injectable (46275141) inactivated tetanus toxoid
Solution [Varivax] tetanus toxoid conjugate vaccine
(43774093) conjugate vaccine 0.068 MG/ML
0.068 MG/ML Injection [ActHIB]
Injectable (46275194)
Solution [ActHIB]
(42800273)
Rabies antigen 2.5 rabies virus Rabies antigen 2.5 rabies virus 3(1)
UNT/ML vaccine flury-lep UNT/ML vaccine flury-lep
Injectable Solution | strain 2.5 [RabAvert] strain 2.5
(40119951) UNT/ML (40119954) UNT/ML
Injectable Solution [RabAvert]
(43822935) (19133403)
DTaP containing pertussis vaccine DTaP containing pertussis vaccine 3(2)
vaccines (40213196) vaccines (19033193)
(45949555) (45949555)
Product diphtheria Product diphtheria 3(2)
containing antitoxin containing antitoxin
diphtheria (40213279) diphtheria (19031041)
antitoxin antitoxin
(3206241) (3206241)
Influenza virus Influenza B virus Influenza virus influenza B virus 3(3)

live attenuated
(21271897)

antigen (4044621)

live attenuated
(21271897)

antigen

(46275999)

15




w0 3.1. Erroneous ezisting mapping between mapped vaccine-pair (Issue type 1)

There were 46 cases where the mapping between the mapped vaccine-pair
was found to be erroneous. Out of these cases, 9 were absolutely wrong. For
example, “diphtheria vaccine” was mapped to “diphtheria antitorin”; and “in-
fluenza vaccine” was mapped to “Haemophilus influenzae b vaccine”. The other

s 37 cases were not completely wrong, but had more or less information change
between the non-standard and standard concepts. For example, “Hepatitis b
20 microgram/ml Vaccination” (45740521) was mapped to “hepatitis B virus”
(43532406). The dose information was lost in the mapped standard concept.
Ideally, it can be mapped to the RxNorm concept “Hepatitis B Vaccine 0.02
20 MG/ML” (501524), but the RxNorm concept is not a standard OMOP concept.
The closest standard concept could be “hepatitis B surface antigen vaccine 0.02

MG/ML” (528324).

3.2. Missing mapping between unmapped vaccine-pair (Issue type 2)

There were 6 cases where the unmapped vaccine-pair actually should be
s mapped (i.e., missing mappings). For instance, as shown in Figure 2, mapped
vaccine-pair “Rubella Vaccine” (45742246) and “rubella virus vaccine” (40213223)
derives the same TDP as the unmapped vaccine-pair “ Varicella vaccine” (21235079)
and “varicella virus vaccine” (40213251). Further examination of concept “ Vari-
cella vaccine” (21235079) reveals that it was mapped to “varicella-zoster virus
a0 vaccine live (Oka-Merck) strain” (42800027), which is a more granular concept
than the source concept. In this instance the concept “varicella virus vac-
cine” (40213251) is a more appropriate concept to map to. In another case,
“Diphtheria/tetanus/pertussis dtpw vaccination” (37876857) was only mapped
to “pertussis vaccine” (19033193), and diphtheria and tetanus ingredients were
25 missed. Based on the mapping of “Diphtheria/tetanus/pertussis dtpw vacci-
nation” (37898539) to three individual ingredients, we can add two additional

mappings for the concept 37876857.

16
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3.8. Other issues

We found 43 samples to denote other issues surrounding the mapped vaccine-

pair and/or the unmapped vaccine-pair. These are categorized as follows.

3.8.1. RxNorm upgrade - Issue type 3(1)

In this category, an RxNorm code was mapped to another RxNorm code
according to the RxNorm internal concept replacement process. Some RxNorm
codes are deprecated occasionally by its developers, and because OMOP vo-
cabulary does not delete any historical concepts, these codes were set to non-
standard, and were mapped to other standard concepts, mostly RxNorm codes
provided by the source. Since RxNorm codes are unique, the mapped RxNorm
codes would not contain exactly the same information and thus the mappings
have more or less information loss. For example, “0.5 ML Haemophilus in-
fluenzae type b strain 1482, capsular polysaccharide inactivated tetanus toroid
conjugate vaccine 0.068 MG /ML Injectable Solution [ActHIB]” (42800273) was
remapped to “Haemophilus influenzae type b strain 1482, capsular polysaccha-
ride inactivated tetanus toxoid conjugate vaccine 0.068 MG/ML Injection [Ac-
tHIB]” (46275194), where the total volume “0.5 ML” is missing in the standard
concept (46275194). In total 18 samples belonged to this category.

3.8.2. Duplicated concepts in two vocabularies - Issue type 3(2)

There were 17 cases of standard concepts from different vocabularies, which
were all in the Drug domain and had the same concept name, e.g., both RxNorm
ingredient concept 19033193 and CVX concept 40213196 are “pertussis vaccine” .
The majority of the vaccine related standard concepts are RxNorm codes. CVX
codes were introduced as standard concepts to accommodate vaccination pro-
cedure codes in claims data and clinical notes in EHR. But there are a few
duplicated concepts between CVX and RxNorm codes. Although both are in
the Drug domain, a high-quality vocabulary should be concise and have those

duplicated concepts destandardized and mapped over to each other.

17



310

315

320

325

330

335

3.8.8. Standard vaccine concept in the Observation domain - Issue type 3(3)
There were 8 concepts mapped to an RxNorm ingredient concept, “influenza
B virus antigen” (46275999). However, there is a standard SNOMED substance
concept with the exact same concept name (4044621) identified by TDP. But it
is assigned to the Observation domain. Based on the OMOP CDM guideline,
vaccines should be mapped to the Drug domain. The standard vaccine concepts
in the Observation domain may cause vaccine records mapped to the Obser-
vation domain instead of the Drug domain. When a user follows the OMOP
guideline and queries vaccine records in the Drug domain only, they would miss
those records in the Observation domain. In addition, 5 of the source con-
cepts should not be mapped to “influenza B virus antigen” (4044621), e.g.,
“Influenza virus live attenuated” (21271897), “influenza, inactivated, split virus
or surface antigen; systemic” (21601335), “influenza, live attenuated; systemic”
(21601336), “Influenza virus surface antigens” (21178596), and “Influenza virus
surface antigens virosome” (21197412), because these concepts do not specify

B type of influenza.

8.4. False positives

The remaining 105 cases were false positives indicating that the mapping
between the mapped vaccine-pair is accurate, the unmapped vaccine-pair does
not form a valid mapping, and no other issues were discovered surrounding the
mapped and unmapped vaccine-pairs. It should be noted that all these cases
were NDC to RxNorm mappings. Standard OMOP concepts in the Drug do-
main are mostly RxNorm codes, and the mapping from vaccine NDC codes to
RxNorm codes were directly retrieved from the Unified Medical Language Sys-
tem (UMLS) [28]. These mappings were manually curated by the UMLS com-
munity based on the product details, which usually were not included in the con-
cept name. For example, the concept “influenza virus vaccine 15ug/.5mL IN-
TRAMUSCULAR SUSPENSION [flulaval quadrivalent 2015/2016]” (46366728)
was mapped to “influenza A virus A/California/7/2009 (HIN1) antigen 0.03
MG/ML /influenza A virus A/Switzerland/9715293/2013 (H3N2) antigen 0.03
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MG/ML / influenza B virus B/Brisbane/60/2008 antigen 0.03 MG/ML / in-
fluenza B virus B/Phuket/3073/2013 antigen 0.03 MG/ML Injectable Suspen-
sion [FluLaval Quadrivalent 2015-2016]” (46276189). Although the source con-
cept name does not specify the individual influenza strains and dose, we can get
this information based on the NDC code. The NDC codes are unique identifiers
for drug products in the United States, and provide information of manufac-
turer, drug name, dosage, strength, formulation and package size of specific
drug products.

Our TDP method focuses on the concept names and assumes concept names
contain the concept information with full transparency, so it cannot properly
assess the mappings inferred from information other than concept names. Nev-
ertheless, even though it is difficult to assess the mappings from NDC codes
to RxNorm codes, we found NDC codes were mapped to different types of
RxNorm codes that contain different levels of granularity. Ideally, we can get
all the product details from NDC codes and map to the most granular level of
RxNorm codes, i.e., Quant Branded Drug or Quant Clinical Drug. Mapping to
higher levels of RxNorm codes indicates potential information loss, for example,
Branded Drug or Clinical Drug loses the drug quantity information. Inconsis-
tent rules for utilizing information from NDC codes when mapping to RxNorm
may be one reason for the inconsistent mapping. Another possible reason is due
to the RxNorm upgrade, some of the corresponding Quant Branded or Clinical

Drug RxNorm codes were deprecated, and the mapping has to compromise.

4. Discussion

We have developed a lexical-based approach to identify mapping inconsis-
tencies by comparing term-difference pairs of mapped and unmapped pairs of
concepts. Focusing on vaccine-related concepts, we successfully demonstrated
the effectiveness of our method. The method can greatly increase the efficiency
in identifying and prioritizing possible mapping inconsistencies and reduce the

time and burden from manual review by human experts. Our lexical-based ap-
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proach is generally applicable for auditing concept mappings across different

terminologies.

4.1. Ezxperiment with non-vaccine concepts

To demonstrate the generalizability of the approach, we applied our TDP
method to all the concepts in the Condition domain of the OMOP vocabulary,
which contains 579,400 concepts with 603,778 “Maps to” relations. This resulted
in 139,203 potential mapping inconsistencies. To validate the obtained potential
inconsistencies, we leveraged the Unified Medical Language System (UMLS) [29]
that provides a mapping structure among different terminologies by grouping
concepts conveying the same meaning under the same UMLS concept. Given
a potential mapping inconsistency, which involves a mapped pair of concepts
and an unmapped pair of concepts sharing the same term-difference pair, if
the unmapped concepts are grouped under the same UMLS concept, then we
consider it as a valid inconsistency.

Out of 139,203 potential mapping inconsistencies, 2,406 of them had un-
mapped concept-pairs that could be mapped to UMLS concepts. Among these,
94 were grouped under the same UMLS concept and considered as valid cases.
Out of these 94 valid cases, 8 represent situations with duplicated standard con-
cepts, while the remaining 86 represent missing mappings between unmapped
concept-pairs. For instance, the non-standard concept “Pain in joints of left
hand” (37200702) should be mapped to the standard concept “Joint pain in left
hand” (759906). In addition, the standard concepts “Hypoglycemia” (42600315)
and “Hypoglycemia” (24609) are duplicates.

4.2. Comparison with related work

To our knowledge, this is the first work in quality assurance of the concept
mappings in the OMOP vocabulary. Previously, we used a similar lexical-based
approach for a different application to audit hierarchical relations in the Gene
Ontology [30], where the concept-pairs chosen were limited to having the same

number of words, at least one word in common and n different words (n =
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1, 2, 3, 4, or 5). In this work, we did not have such restrictions in picking
concept-pairs. Another major distinction is that the pairs of concepts in this
work belong to different vocabularies, while the concept-pairs in our previous

work are within the same vocabulary.

4.8. Limitations and future directions

Our lexical-based method has a couple of limitations. First, the method
cannot identify inconsistent cases when there does not exist any unmapped
vaccine-pair that shares the same TDP with a mapped vaccine-pair. For ex-
ample, “Influenza virus vaccine, trivalent (IIV3), split virus, preservative free,
0.25 mL dosage, for intramuscular use” (2213437) was mapped to “Influenza,
seasonal, injectable, preservative free” (40213154), where information of triva-
lent and dosage were dropped. This mapping inconsistency was not captured
by our TDP method. In our previous work on manual identification of map-
ping issues [26], we found 104 mapping inconsistencies by manual review, but
only 5 of these issues showed up in the mapping inconsistencies identified in
this work. On the other hand, however, this work covered a vast number of is-
sues that were not captured by the previous manual approach. For instance, 93
valid mapping inconsistencies identified from a random sample of 200 potential
mapping inconsistencies in this work were not captured by the previous work.
It is worth noting that quality assurance work is discovery oriented and is not
expected to identify all existing mapping issues by a single method. Therefore,
more investigation is needed to develop additional methods to systematically
uncover other potential cases.

Secondly, our method relies on the assumption that the mapping is fully
based on the information in the concept names. However, concepts in some
coding systems have much more information beyond the concept names. For
example, an NDC code represents a unique drug product in the United States,
and additional information can be retrieved using the NDC code from NDC
Directory [6], and its published package insert, e.g., manufacturer, detailed in-

gredients, virus or bacteria strain type, administration route, dosage and quan-
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tity of the package, eligible population, etc. We observed many mappings from
NDC codes to RxNorm codes that used that information beyond concept names.
Therefore, our method is more likely to produce false positives (or invalid map-
ping inconsistencies) when extra information in addition to concept names is
used for mapping. In the future, we would like to explore whether infusing
the method with other internal and external information would have a positive
impact on addressing such issues.

Note that our TDP method in this work was used for quality assurance of the
existing mappings rather than introducing a new approach for performing on-
tology mapping. However, it would be interesting to apply the TDP method to
compare the quality of mapping results obtained by different ontology mapping
approaches (e.g., based on the number of identified inconsistencies).

It should also be noted that this approach can be generalized to audit re-
lations within a terminology such as identifying missing or erroneous relations.
Since a relation in a terminology always involves a pair of concepts, our term-
difference pair approach may be applied to the related concept pairs and unre-
lated concept pairs to detect potential inconsistencies, which may reveal missing

relations and erroneous relations by human expert review.

5. Conclusion

We have developed a new semi-automated method for identifying vaccine
concept mapping inconsistencies in the OMOP vocabulary. Domain expert
evaluation showed promising performance of our method. The mapping issues
we identified highlight the need for semi-automated or fully-automated quality
control methods for concept mappings since these issues may affect downstream
applications and analyses. More research is needed to assess the applicability
and effectiveness of our TDP-based method to other clinical domains for quality

assurance of concept mappings.
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