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Synonyms  
Biomedical Informatics 
Bioinformatics 
Clinical Genetics 
Clinical Genomics 
Medical Genetics 

Defin ition  
Integration of  genetic test results, generated in the clinical laboratory, into the electronic medical 
record, in a fully structured format enabling enhanced security, contextual views, clinical 
decision support, pharmacovigilance, disease management, outcomes and quality assessment. 

Historical Background  
Clinical genetics got its start in 1948 with the founding of the American Society of Human 
Genetics, which formalized a scientific approach to the study of human genetics. [1] 
Traditionally clinical genetics requires practitioners to function as data integrators.  Like 
traditional healthcare, tests are ordered and results returned as interpretive reports delivered in 
paper form.  Understanding the composite picture of the phenotype and genotype of the patient 
requires transcribing key signs, symptoms, test values and their clinical interpretation into yet 
another document, contributing more paper to the aggregate patient record.  This process will be 
repeated numerous times over the course of the patientÕs lifetime, as new health problems are 
assessed.  
 
Correcting this problem is similar to overcoming the historical barriers to the electronic health 
record (EHR). [2]  Data standards need to be created and adopted, testing laboratory 
infrastructure built to structure genetic test results, interfaces developed to send and receive these 
data, and EHRÕs and associated clinical decision support tools and knowledgebases also must be 
enhanced to accept genetic data and inform clinicians of implications in the context of patient 



care. This introduces new challenges for the underlying database technologies used in the clinical 
IT infrastructure. 

Scientific Fundamentals  
Every person inherits 3 billion base pairs of DNA from each of their parents.  Contained in this 
DNA are regions representing an estimated 22,000 genes.  Each of these genes can create RNA 
that then goes on to create one or more proteins.  These proteins participate in complex pathways 
that perform most of the functions within our bodies Ð everything from cell division and food 
metabolism, to muscle contraction and light perception, just to name a few.  When an 
individualÕs genomic DNA sequence was compared to the National Center for Biotechnology 
Information reference nucleotide sequence assembly more than 4.1 million differences were 
found. [3]. Some of these differences, called ÒDNA variantsÓ are benign in nature, resulting in no 
measurable phenotypic change.  Others result in non-deleterious change, for example, difference 
in blood type, eye and hair color.  While others negatively alter the way protein pathways 
function within an individual and thereby impact their health.  DNA variants, either individually 
or in combination, are a significant factor, and often an outright cause, of most human disease.   
 
The scope and complexity of this biological genomic infrastructure creates significant 
knowledge and data management challenges, perhaps the most significant ever encountered.  A 
wide variety of data types such as those associated with DNA, RNA and protein sequences and 
identified variations have been created. Biological entities such as genes, variants/mutations and 
proteins will need to be annotated in a manner that provides linkage to public databases for 
clinical genetic and bioinformatic information, as well as clinical phenotype in the EHR.  

Integrating Genetic Data into the Clinical Record 
Clinicians and molecular geneticists access genetic information in different ways and for 
different purposes. This creates new challenges on underlying technologies for supporting new 
functional requirements. Some key use case scenarios include: establishing the patient context; 
ensuring data integrity, with patient linkage, throughout the testing process; managing laboratory 
workflows (often iterative in nature); integrating with instruments; supporting both manual and 
automated data review; managing quality control and quality assessment; supporting a reporting 
mechanism; providing decision support for the clinician. In order to meet this challenge a genetic 
testing laboratory requires 1 ) a Laboratory Information Management System (LIMS), to support 
collection and analysis of raw data 2) an interpretation and reporting tool, to assist the geneticist 
in translating results into clinical implications and report these results in structured form 3) a 
genetic knowledgebase, utilized by the interpretation and reporting tools, to appropriately 
interpret and structure the results 4) a electronic medical record enhanced to accept and leverage 
genetic data (see figure 1).  
 



 
Figure 1: IT Infrastructure required for reporting of structured genetic test results into the 
electronic medical record. 
 
Data models, ontologies and message structure also present a challenge. Properly structuring and 
annotating genetic data in the EHR is key to effectively displaying, integrating into clinical 
workflows, and using this data in context of clinical decision support. With this goal in mind, 
Healthcare Information Technology (HIT) standards are used to create the message between 
LIMS and EHRÕs and provide ontological linkage to phenotypic data, while clinical genetic and 
bioinformatic standards are leveraged for structuring of genetic specific data. 

Key Applications  

Laboratory Information Management Systems for Genetic Laboratories 
Raw data files from instruments used in genetic testing contain highly structured data.  It is in the 
process of summarizing, interpreting and translating these results that the geneticist creates a 
narrative report, communicating these results to the clinician.  Structuring genetic data in the 
EHR first requires LIMS to manage genetic data during the testing process, even as the data is 
iteratively collected.  
 
Laboratory Information Management Systems support process flows for individual laboratories.  
At times it is important to support process flows that span laboratories in which case an umbrella 
LIMS application, an enterprise LIMS superstructure, is required.  An enterprise LIMS 
superstructure, called the Gateway for Integrated Genomics-Proteomics Applications and Data 
(GIGPAD) [4], was constructed in a collaboration between Harvard Medical School Ð Partners 



HealthCare Center for Genetics and Genomics (HPCGG), Partners HealthCare Information 
Systems department and Hewlett Packard. [5] GIGPAD is responsible for overall process 
coordination.  It also manages all electronic contact between laboratories and external systems 
and users.  GIGPAD supports multiple laboratories.  In some cases, the decision was made to 
support laboratories by purchasing vendor LIMS and integrating them under the GIGPAD 
umbrella.  In other cases, the decision was made to add support for laboratories by constructing 
custom LIMS within GIGPAD.   
 
GIGPAD leverages a J2EE architecture backed by an Oracle database.  The J2EE platform in 
general, and EJB in particular, is a good match for this use.  GIGPAD needs to support a large 
number of different types of processes.  However, these processes often have common elements.  
The J2EE platform has enabled the construction of object models that facilitate reuse.   
 
Security is a very important consideration for a LIMS or enterprise LIMS superstructure that 
handles confidential data.  J2EE is a good platform for constructing and enforcing object based 
security although the platformÕs generic capabilities need considerable enhancement. 

Knowledgebases and Reporting Systems for Genetic Laboratories 
The field of clinical genetics maintains knowledgebases called Locus Specific Databases 
(LSDB), in which DNA variants and associated phenotypes are cataloged [6].  However, 
LSDBÕs require manual look-up and synthesis to understand the clinical meaning of a variant 
and do not utilize HIT standards to code phenotype.  The field of bioinformatics utilizes NCBIÕs 
dbGaP database to catalog DNA variants and associated phenotype [7]; however, this database 
contains research data and is not appropriate for clinical care. 
 
In an effort to fill a necessary gap, HPCGG and Partners Healthcare created GeneInsight, a 
knowledge database that associates genetic variations with clinical annotations using newly 
extended HIT standards (LOINC, SNOMED, and RxNORM).  The variants entered into 
GeneInsight are validated to ensure that they adhere to the clinical genetics standards for naming 
variants, using HGVS nomenclature and are valid when compared with locally defined reference 
sequences.  The data stored for each variant includes the DNA change, amino acid change (if 
applicable), classification (e.g. Pathogenic), source classification (e.g. somatic or germline), and 
references to other databases including PubMed and dbSNP.  In addition, GeneInsight is capable 
of programmatically deriving the DNA and amino acid change types and flanking sequences.   
 
In addition to variants, GeneInsight also contains records for genes and diseases or conditions.  
The gene records include references to other databases including NCBIÕs Gene and PubMed.  
Reference sequences for the genes are also recorded in GeneInsight and linked to the NCBIÕs 
Nucleotide database.  Diseases or conditions can represent either a typical disease, such as cystic 
fibrosis, or a pharmacogenetic condition, such as warfarin metabolism.  Medically significant 
variants are then linked to one or more diseases and/or conditions to establish their clinical 
context or phenotype. 
 
In order to create the narrative, human readable report (for the clinician) and the machine 
readable, structured genetic results (for the EHR), a geneticists uses a genetics interpretation and 
reporting tool which leverages data in a genetic knowledgebase, to create draft reports. Within 



HPCGGÕs Laboratory for Molecular Medicine, the Genomic Variant Interpretation Engine 
(GVIE) is used during the process of reporting genetic test results and co-creates both the 
narrative report and the structured genetic data for the EHR.  GVIE contains definitions of the 
tests that are run by the HPCGG including the coverage of the test and also defines a series of 
templates for each disease or condition.  The templates are dynamic to allow the automatic 
insertion of case specific information and can be associated with rules that govern to which cases 
they are applied.  The rules can take into account the specific test that was run, the overall result, 
the number of variations detected, the classification of those variations, and other information.  
In addition, the overall result (eg Positive) is generated by a separate set of rules that change very 
infrequently and are driven by the diseaseÕs inheritance and the identified variation classification 
and allele state.  
 
Cerner Corporation has also developed a LIMS and reporting tools for sending structured genetic 
data into an electronic medical record.  Here Cerner uses the Clinical Bioinformatics Ontology 
(CBO), in lieu of the larger genetic knowledgebase, to report structured genetic variants aligned 
with NCBI reference sequences [8].  This is a streamlined solution focusing on reporting variants 
identified during testing. 

Integrated Clinical and Genetic Medical Record 
A genetically aware clinical medical record effectively integrates highly structured genetic 
testing results with other laboratory and clinical data, utilizing accepted healthcare informatics 
standards.  These standards include Health Level Seven (HL7) [9] for messaging, Logical 
Observations Identifiers, Names, Codes (LOINC) [10] as a coding system, and Systematized 
Nomenclature of Medicine-Clinical Terms (SNOMED CT) [11] and RxNORM [12] as disease 
and medication terminologies.  By using these standards, genetics can be integrated into existing 
electronic health record databases, leveraging models for storage, retrieval and indexing.  Most 
importantly, these standards aid in the mapping of a patientÕs genetic information with other 
clinical data on the patient.  As clinical genomics is an emerging field, healthcare informatics 
standards organizations (including HL7, LOINC and SNOMED) are in the process of extending 
their models to meet these needs; therefore, the most up-to-date information can be found on 
standards organization websites (see Recommended Reading).  

Clinical Decision Support 
Genomic clinical decision support (CDS) will model existing CDS based on laboratory data.  
Genetic tests which provide pharmacogenomic information will determine how an individual 
will r espond to medication.  CDS rules, leveraging this data, would take the form of drug dosage 
assistance, contraindications, and recommended alternative therapy. Genetic tests which provide 
diagnostic information will feed into problem lists (that can then leverage pre-existing CDS).  
Genetic tests which identify a patient as being at increased risk for disease will feed into other 
clinical data used to identify high-risk populations and CDS focused on disease management.  
The precise instantiation models for genomic CDS are based on preexisting models and remain 
to be thoroughly tested for identification of gaps.   
 

Cross References 
CDR/LMR/PHR/POMR/Electronic Health Records 
Clinical Data Acquisition, Storage and Management 
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