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Abstract

Clinical laboratories and clinicians transmit certain laboratory test results to

public health agencies as required by state or local law. Most of these surveillance data are
currently received by conventional mail or facsimile transmission. The Centers for Disease

Control and Prevention (CDC), Council of State and Territorial Epidemiologists, and Association
of Public Health Laboratories are preparing to implement surveillance systems that will use
existing laboratory information systems to transmit electronic laboratory results to appropriate
public health agencies. The authors anticipate that this will improve the reporting efficiency for
these laboratories, reduce manual data entry, and greatly increase the timeliness and utility of the
data. The vocabulary and messaging standards used should encourage participation in these new
electronic reporting systems by minimizing the cost and inconvenience to laboratories while
providing for accurate and complete communication of needed data. This article describes public

health data requirements and the influence of vocabulary and messaging standards on

implementation.

m JAMIA. 1999;6:185-194.

Widespread use of clinical laboratory information sys-
tems (LISs) and development of electronic data inter-
change standards provide the nation’s public health
agencies with the opportunity to supplement or re-
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place current mechanisms for reporting data' with far
more efficient and timely electronic systems. The cur-
rent paper systems are inefficient for participating lab-
oratories and limit use of these data by public health
agencies. In particular, minimizing the delay between
completion of reportable laboratory test results and
transmission of these data to public health agencies
would improve our ability to rapidly detect and iden-
tify events of public health significance, including out-
breaks of infectious diseases and changes in antimi-
crobial resistance patterns. We discuss here one of the
key steps toward implementing electronic reporting
systems: the evaluation of common nomenclatures
and data transmission standards.

These standards must be sufficiently flexible and com-
prehensive to accommodate the broad and varied re-
porting needs of both the laboratory community and
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public health. The types of health care facilities that
transmit laboratory data are diverse, ranging from
small hospitals and public health clinics to large na-
tional reference laboratories. The business needs of
these facilities and the information systems that sup-
port them are also diverse. To permit nationwide par-
ticipation, it will be necessary to select one or more
vocabularies that enable most reporting laboratories
to accurately translate data from their existing LIS.

The basic data requirements for these reportable lab-
oratory test results include such items as test or pro-
cedure identifier, specimen type, anatomic collection
site (When relevant), reference range, unit of measure,
result, and patient demographics. Demographic infor-
mation is of particular importance for positive results
associated with infectious organisms, environmental
agents, or patients with repetitive events. In such
cases, both demographic and clinical information is
often needed in order to understand the source of the
problem and formulate strategies for preventing fur-
ther transmission or exposure. These data must be
timely, accurate, and accessible to meet the needs of
the agencies responsible for monitoring and protect-
ing the public’s health. Identifying infectious disease
outbreaks and environmental hazards are but two ex-
amples of public health activities that rely on the time-
liness, quality, and accessibility of surveillance data.

Effective surveillance often relies on both the test re-
sults reported by the laboratory and clinical data pro-
vided by the physician. Public health agencies do not
all require the same level of detail from the informa-
tion derived from surveillance data (e.g., local inves-
tigation of an infectious disease outbreak vs. national
breast cancer rates). For accommodating the data
needs of the various public health agencies con-
ducting disease surveillance, a vocabulary capable of
describing concepts in varying levels of detail is
required. Ideally, the subset of terms selected for re-
porting laboratory results should be part of a more
comprehensive multipurpose vocabulary that is also
capable of describing clinical data. This would permit
clinical data from physicians to be included in reports
without requiring health care facilities to support yet
another specialized vocabulary.

This paper provides a brief overview of public health
needs and data security concerns, followed by more
in-depth discussions of vocabulary characteristics and
their potential impact on the ability of laboratories to
implement electronic reporting of test results to public
health agencies. The choice of a particular vocabulary
may profoundly affect a laboratory’s ability to partic-
ipate in this type of reporting and influence the lab-
oratory’s accuracy in mapping terms. Representation

of concepts, concept identifiers, and vocabulary evo-
lution are addressed with regard to the needs of pub-
lic health agencies. Also included is a preliminary as-
sessment of the ability of U.S. LIS vendors to comply
with the current recommendations of the Centers for
Disease Control and Prevention (CDC) for electronic
laboratory reporting.

Public Health Reporting Characteristics

Public health reporting needs represent both a subset
and an extension of requirements for the computer-
ized patient records. They include a variety of infec-
tious diseases, chronic diseases such as lung cancer,
and environmentally induced conditions such as lead
toxicity. In many cases, the reports may contain epi-
demiologic information such as risk factors (e.g.,
smoking history for lung cancer or age of housing for
lead reporting).

Public health agencies receive reports from both clin-
ical and nonclinical sources. Information on trauma
or accidents may be received from an emergency de-
partment, police department, or workplace. Other re-
ports may provide data on the quality of the water
supply from the local (public or private) water treat-
ment plant or beach. Information reported on animal
or insect vectors can be used to trace the sources of
infectious disease outbreaks. Results from tests of soil,
air, or building samples are used to help locate the
source of environmentally induced outbreaks.

Describing public health concepts through defined vo-
cabularies requires that the above examples, and
many similar ones, be considered. Fortunately, the ac-
tual information that the vocabularies need to express
for electronic laboratory reporting to public health
agencies is but a small subset of the information that
would be required for a computerized patient record.
As we shall describe, information models for report-
ing public health data are being adapted to meet elec-
tronic reporting requirements. In choosing vocabular-
ies for public health reporting, we must consider the
diversity of data required and the sometimes rapidly
changing informational content of the data. Within
this construct, public health agencies need to develop
a system that is compatible with the information sys-
tems found in the private sector, from which much of
the data will be derived.

Security Concerns

The CDC recognizes that the issue of data and trans-
mission security is paramount to the implementation
of any electronic public health reporting system and
is developing both methods and procedures to ad-
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dress this issue. Programs used by CDC have trans-
mitted sensitive information electronically using en-
cryption and dial-up modems for many years. Two
examples of such programs are the Laboratory Infor-
mation Tracking System (National Center for Infec-
tious Diseases) and the HIV/AIDS Reporting System
(National Center for HIV, STD and TB Prevention),
both widely used by public health departments. Re-
cently implemented was a policy document applying
to all programs sponsored by CDC that, in principle,
allows sensitive data transmission via Internet using
an appropriate encryption method of at least 128 bits,
message authentication, and message nonrepudiation
(CDC Internet Standard 98.1). In process is the estab-
lishment of a secure data facility consisting of a cer-
tification server and a public/private key encryption
system with digital signatures based on the X.509
standard (ITU-T X.509, version 3). A similar system is
used by New York State for the Internet transmission
of sensitive data (Ivan Gotham, NY State Health De-
partment, private communication). Lastly, we are en-
gaged in extensive policy discussions with our public
health partners concerning the decisions and agree-
ments that must be in place before any transmission
system can be widely implemented. Further discus-
sion of this important issue is beyond the scope of this
article.”

Vocabulary Characteristics

The concepts that a laboratory system can express and
report are controlled not only by the richness of a vo-
cabulary’s content but also by its structure. The man-
ner in which a vocabulary combines concepts, dis-
criminates between terms, and evolves will affect the
clarity, accuracy, flexibility, and level of detail with
which it may express the important clinical and lab-
oratory data needed for public health surveillance.

Representation of Concepts

A vocabulary term can represent a single atomic con-
cept or an aggregate concept. For example, Mycobac-
terium tuberculosis is a single atomic concept,
whereas Mycobacterium tuberculosis detected in spu-
tum by DNA probe is an aggregate concept consisting
of three atomic concepts (organism + specimen type
+ testing methodology). Precoordinated vocabularies
assign unique concept identifiers (codes) to prede-
fined aggregate concepts (terms) and can therefore con-
vey complex information without ambiguity.” This
eliminates nonsensical or undesirable combinations of
individual concepts, since the aggregate concepts are
precoded in the only manner permitted. For example,

Table 1 m

Detail of Concepts Embedded in LOINC Term
5289-4

Concept/
Dimension Value Meaning
Component Reagin AB Nontreponemal screening
Antibody test for syphilis
Property of ACNC Analyte concentration
measurement
Time aspect PT Point in time
System CSF Cerebro- Cerebrospinal fluid
spinal Fluid
Scale type ON Quantitative
Method type FLOC Flocculation

the contemporary precoordinated vocabulary known
as the Logical Observation Identifier Names and
Codes (LOINC) uses the concept identifier 5289-4 to
represent an aggregate concept (term) that consists of
six individual concepts (Table 1). This fully specified
term explicitly describes a reagin antibody analyte
concentration conducted on a cerebrospinal fluid
specimen collected at a single point in time and mea-
sured quantitatively by a flocculation method. Such
precoordinated vocabularies are an unambiguous and
precise means of representing detailed information as
a simple code. This clarity, however, does not come
without tradeoffs.

In practice these terms are so highly specific and com-
plex that laboratory staff may not have sufficient ex-
pertise or knowledge to successfully translate tests to
LOINC.* Where such expertise does exist, disagree-
ments among local experts can still introduce variance
in how identical tests are coded at different institu-
tions. Delays in development or distribution of an up-
dated version of the vocabulary may result in some
laboratories temporarily reverting to paper reporting
systems or mapping new aggregate concepts to exist-
ing but inaccurate terms. Public health agencies often
need to aggregate the data received from reporting
laboratories and will need laboratories to code re-
portable information accurately and consistently. If
some laboratories map to the fully specified codes
while others map using a “best fit"”" technique, then
the data cannot be combined or compared and lose
much of their utility.

Precoordination of fully specified terms also requires
that assumptions be made about health care business
practices and data structures. In facilities that deviate
from the assumed model, it may be difficult or im-
possible to map the individual concepts embedded in
the aggregate concept. Continuing with the example
above, laboratory systems may not define each test in
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terms of mass concentration (MCNC), substance con-
centration (SCNC), or analyte concentration (ACNC).
Likewise, many LISs may not be able to discriminate
on the basis of scale type, methodology, or time. Some
may not even store specimen type in the LIS, relying
instead on the specimen type identified in the collec-
tion order. In such cases, substantial effort and re-
sources may be required to add the new fields and
data necessary to accurately map all the individual
concepts contained in the precoordinated terms. De-
veloping and maintaining complex cross-references
may also be required. As a result, the reporting facility
could conclude that it is more accurate or cost effec-
tive to maintain the current paper reporting system.

Since terms must be provided for all the potentially
useful combinations of individual concepts, these con-
cepts occur redundantly throughout the vocabulary.
Precoordinated vocabularies are therefore large rela-
tive to the number of unique concepts that they de-
scribe. If such a vocabulary contains 250 terms rep-
resenting all the potentially useful combinations of
test name and sample type for a specific testing meth-
odology, and if a new or revised testing methodology
is subsequently developed, it may be necessary to cre-
ate as many as 250 new terms. In addition, the origi-
nal terms must be maintained to preserve the integrity
of previously coded data, permit laboratories a grad-
ual transition to the new methodology, and accom-
modate those who continue using the old method. It
is uncertain how well a precoordinated vocabulary
can handle the inevitable combinatorial explosion of
tests, methodologies, specimens, and results.

Postcoordinated vocabularies, in contrast, assign
codes to individual concepts that the laboratory sys-
tem can use to compose any number of aggregate con-
cepts.” For example, six individual concept codes
could be combined to compose an aggregate concept
equivalent to the fully specified term from the exam-
ple given in Table 1 (LOINC term 5289-4). Such a vo-
cabulary is generally more flexible in representing
new or revised concepts with existing codes. It is also
less redundant and thus potentially smaller. Labora-
tory systems need only map to the individual con-
cepts that fit their business practices and data struc-
tures. The Systematized Nomenclature of Human and
Veterinary Medicine (SNOMED) is an example of a
contemporary postcoordinated vocabulary. When new
aggregate concepts are required, the laboratory sys-
tem may often be able to combine existing individual
concept codes to compose the new terms. Similarly,
developing a new or revised testing methodology, as
in the example above, would require adding a single
code that would then be combined with existing test

name codes and specimen codes to represent the new
term, rather than adding 250 new terms. Since terms
consist of discrete (individually) coded concepts, it is
also a relatively simple matter to parse them into their
constituent concepts. This in turn provides greater
flexibility for sorting and querying the data in ways
that are meaningful for the various public health
agencies. While precoordinated terms can also be dis-
assembled, the resulting individual concepts may not
translate to those commonly used in other vocabular-
ies and may not be suitable for complex queries.

Vast expressive power, concept richness, and flexibil-
ity also do not come without tradeoffs. Since postcoor-
dinated vocabularies often allow aggregate concepts
to be coded in more than one way, it may be necessary
to develop guidelines that identify preferred combi-
nations and discourage the use of undesirable or non-
sensical terms. Several agencies currently meet on a
regular basis to discuss common concepts, methods,
and terminology for use in public health (Table 2).
These agencies could be asked to develop and distrib-
ute appropriate guidelines for creating new public
health terms from existing concepts. Until such com-
positional guidelines can be developed and distrib-
uted, public health agencies must carefully weigh
the expressive nature of postcoordinated vocabularies
against the potential for users to transmit undesirable
combinations of concepts.

In summary, the unambiguous nature of terms in a
precoordinated vocabulary offers the clarity and pre-
cision of reporting that public health agencies need to
aggregate and analyze the data, but such terms may
be difficult or impossible for laboratories to integrate
with their current information systems and are more
likely to be negatively affected by the inevitable com-
binatorial explosion of terms. The vast expressive

Table 2 m

Potential Participants in a Public Health
Vocabulary Consensus Organization

Organization (Acronym) Internet Address

Association of State and Territorial
Health Officials (ASTHO)

Association of Public Health Laborato-
ries (APHL)

Centers for Disease Control and Preven-
tion (CDC)

Council of State and Territorial Epide-
miologists (CSTE)

National Association of County and
City Health Officials NACCHO)
National Association for Public Health
Statistics and Information Systems

(NAPHSIS)

www.astho.org
www.aphl.org
www.cdc.gov
www.cste.org
www.naccho.org

www.naphsis.org
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power, concept richness, and flexibility of a postcoor-
dinated vocabulary seem better suited to public health
surveillance requirements and the diverse information
system capabilities of laboratories, but the postcoor-
dinated vocabulary may require additional guidelines
for the composition of appropriate and consistent
terms.

Hierarchic versus Context-free
Concept Identifiers

Hierarchic concept identifiers are codes that indicate
the ordered position of a concept in the vocabulary.”
For example, the SNOMED hierarchic identifier for Es-
cherichia coli, serotype O157:H7, is L-15611. The “L” in
the concept identifier indicates that the code repre-
sents a living organism. Concept identifiers beginning
with “L1” describe Bacteria and Rickettsiae. Entries be-
ginning with “L15" are Enterobacteriaceae. Entries be-
ginning with “L156" describe members of the genus
Escherichia. Thus, “L-15601"" identifies Escherichia coli
and “L-15611" identifies Escherichia coli, serotype
O157:H7. This offers users a means of understanding
the relationships and differences between concepts
and can enhance the ability to map terms accurately.
A disadvantage of vocabularies using these hierarchic
identifiers is that often only a finite number of terms
can be added within each level of the hierarchy, and
so expansion is limited.® Reclassification of coded con-
cepts can also be problematic, since it may require
changes to both the concept and its identifier.

Vocabularies that use context-free concept identifiers
are preferred to those that use hierarchic concept iden-
tifiers, because context-free identifiers do not restrict
the number of terms that can be added and permit
additional flexibility in reclassifying terms.’

Vocabularies that separate the hierarchic structure
from the concept identifier offer public health and
laboratory communities the best alternative. These
vocabularies still assist users in accurately discrimi-
nating between concepts while using context-free
identifiers that do not restrict the addition and reclas-
sification of terms.

Vocabulary Evolution™

A controlled vocabulary used for reporting laboratory
results to public health agencies must be able to main-
tain order and integrity as it evolves, i.e., the rules
governing change must be applied in a consistent
manner and the vocabulary must retain its compati-
bility with previous versions. Many changes will oc-
cur in the identification and description of etiologic
agents and in the public health requirements for re-

porting of disease. Our expanding knowledge base will
cause researchers to reorder classification schemes,
rename known agents, and allow them to identify
agents of both new diseases and diseases currently
described as being “of unknown origin.” Laboratory
methods will continue to be developed, refined, and
discarded. Public health agencies will revise reporta-
ble disease and event lists to reflect these changes and
to meet tomorrow’s challenges. It is thus vital that the
vocabulary used for reporting laboratory test results
be capable of evolving at a rate sufficient to meet these
needs.

Yet these changes must be made in a careful, well-
documented fashion. Users must not only be aware
of additions to, deletions from, and name changes in
the vocabulary, but also be cognizant of the reasons
for the changes and the impact they may have on ap-
plying codes in the future and on interpreting old and
new data. The creators of the vocabulary should pro-
vide both a formal syntax of changes, to convey the
surface differences, and a semantics of the changes, to
describe how the meaning of a term is or is not altered
during the process."" This will ensure that the vocab-
ulary evolves in a logical manner and will allow back-
ward and forward compatibility in collected data. In
addition, new releases of the vocabulary must be
clearly distinguished, so that users can identify which
version they are using and can track by date the
changes that are made. Without documented evidence
of controlled evolution, it will be difficult to combine
data from various sources with assurances of com-
patibility and data comparability.

LOINC was introduced in 1995 and experienced an
initial period of rapid growth. Since then updates
have been distributed via Internet or diskette about
twice a year. LOINC is distributed free of charge and
is maintained through grant support. The Regenstrief
Institute and the LOINC Committee have indicated
that they will maintain the database while grant sup-
port is available (at least until October 1999). SNOMED
was introduced in 1976 and has been adding new con-
cepts as required and distributing them as part of an
annual update on diskette or compact disc. SNOMED
is distributed to licensed users and is professionally
maintained through license fees.

To take advantage of the potential benefits of elec-
tronic laboratory reporting, CDC, in consultation with
its partners, has elected to evaluate Health Level
Seven (HL?), version 2.3," as the messaging standard
for pilot testing the transmission of reportable labo-
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ratory test results to public health agencies.” These
pilot studies will assist in identifying the obstacles
and problems that must be overcome before wide-
spread deployment. As part of this test implemen-
tation, these public health agencies will use the un-
solicited transmission of an observation (ORU)
transaction set. The HL7 v2.3 documentation strongly
encourages the use of universal identifiers in the ob-
servation identifier (OBX-3) segment of this transac-
tion set.* It also specifies LOINC as one of the possible
universal identifiers that could be used in this seg-
ment. Based on this documentation and suggestions
from HL7 members, CDC has chosen to evaluate the
use of LOINC as a universal identifier in OBX-3 dur-
ing our HL7 pilot studies. To minimize difficulties in
aggregation for observation (result) values that are
non-numeric, such as organism names, we will re-
quire laboratories participating in the pilot studies to
use a coded element (SNOMED codes) rather than text
in OBX-5.

CDC is currently considering several HL7-related ac-
tivities that will allow the agency to evaluate and de-
velop the potential to use LIS to transmit HL7 mes-
sages of results of laboratory tests for infectious
diseases or detection of incident cancer cases. Such
studies will provide valuable information for assess-
ing the future applicability of direct reporting to ap-
propriate public health agencies. Among the proposed
activities are a survey of U.S. LIS vendors to deter-
mine their ability to implement electronic laboratory
reporting of clinical and anatomic laboratory data to
public health agencies using the HL7 messaging stan-
dards, and development of an implementation speci-
fication based on the CDC’s HL? electronic laboratory
reporting message recommendations and several pilot
projects. These pilot studies will provide an assess-
ment of the effectiveness of both the implementation
specification and the transmission system and will as-
sist public health agencies in developing a national
electronic laboratory reporting system. To optimize
our data collection efforts, CDC has been conducting
a nationwide retrospective survey to gather objective
information regarding the type and volume of labo-
ratory testing that was performed at representative
testing locations in 1996."

The pilot studies will evaluate the ability of laboratory
information systems to use fully specified and pre-

*HL7 messages consist of variable-length data fields divided by
a field separator character. The data fields are combined into
logical groupings called “segments.” The OBX segment con-
tains information related to observations (such as laboratory
test results). OBX-3 contains the observation (test) identifier.

coordinated observation identifiers in OBX-3. They
will also identify and evaluate the differences between
the business practices and data structures of labora-
tories and the model used to precoordinate the LOINC
terms.

Laboratory Information Systems

Large U.S. laboratories often have adequate resources
and technical expertise to program their own infor-
mation systems. These laboratories should be capable
of implementing the vocabularies that public health
agencies recommend for electronic laboratory report-
ing. However, many U.S. laboratories rely on LIS ven-
dors to provide the software, hardware, and program-
ming to meet their information system needs, and our
recommendation may have a much greater impact on
their ability to participate. To gauge the ability of
these laboratories to participate in our pilot studies,
we conducted unstructured telephone interviews with
11 HL7-capable LIS vendors who agreed to participate
in this informal survey. These vendors represent ap-
proximately 52 percent of hospital laboratory, 25 per-
cent of independent laboratory, 29 percent of clinic or
group practice laboratory, and 56 percent of other LIS
installations as reported by 67 LIS vendors in a 1995
review."

These companies were experienced in traditional elec-
tronic data interchange relationships, where they de-
fine the meaning of every test code with each partner
with whom they exchange information. They were
generally less familiar with the differences between
precoordinated and postcoordinated vocabularies. All
the vendors welcomed the concept of a universal test
identifier. While 10 of the 11 vendors were aware of
the existence of the LOINC codes, only two were
aware that each LOINC code incorporates concepts
other than test or procedure name. These two were
also the only vendors who indicated they currently
store the information required to complement all the
individual concepts (dimensions) of a fully specified
LOINC code (Table 3). Of the remaining vendor sys-
tems that included fields that could be mapped to two
or more dimensions of the LOINC code, these fields
occurred in two or more tables in their systems. Most
indicated that fields identifying specimen type are lo-
cated in separate tables from test identifications or test
descriptions. Nine vendors believed that the addi-
tional fields and complex cross-references necessary to
implement fully specified observation identifiers such
as LOINC codes would be both difficult and expen-
sive. These nine vendors also indicated that they
could probably provide laboratories with the ability
to transmit reportable test results to public health
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Table 3 m

191

LOINC Dimensions Compared with Data Structures of the HL7-capable LIS Vendors Surveyed

Component
(Analyte)

Property of
Measurement

Time
Aspect

Method
Type

Scale
Type

System
(Specimen)

4
|

AT DoTmHIOE
PRt
|

+

I+ 4+ 0+ o+ 4+

+

+
I+ I+
I+ 1+

AL+
|
|

I+ + 1+
+ 1+

NortEe: HL7 indicates Health Level Seven, version 2.3; LIS, laboratory information system. A plus sign (+) indicates that the vendor
could identify a field in the data structure that corresponds to this LOINC dimension; a minus sign (—), that the vendor could not
identify such a field; a plus-or-minus sign (*), that the vendor was uncertain whether their system could accommodate this dimension

(concept).

agencies in the near future if they used a less complex
mapping for OBX-3, such as that permitted by a post-
coordinated vocabulary or a simplified universal test
identifier.

Simplified Observation (Test) Identifiers

In 1997, a group of state epidemiologists and public
health officials developed a preliminary table contain-
ing approximately 64 reportable entities (infectious or-
ganisms and agents) important to public health sur-
veillance and the accepted testing methodologies and
procedures used in their identification.”” Members of
the group used a precoordinated vocabulary (LOINC)
to provide coded terms for the preferred tests and
procedures needed to identify these reportable enti-
ties. The group was able to describe most of the 64
reportable entities using 280 LOINC codes. Codes
were not yet available for some entities. To permit
useful data aggregation and analysis, many of these
would require a coded element in OBX-5 for non-nu-
meric results such as the name of the organism iden-
tified.

As one means of providing a simplified observation
identifier, we attempted to represent the 64 reportable
entities, methods, and procedures using existing SNO-
MED codes (v3.3) from the procedure, living organism,
and modifier axes. For this exercise, we chose to use
a two-component code, but more complex and spe-
cific terms can be composed. This would allow a lab-
oratory system to compose as detailed a term in OBX-
3 as their data structures permit without imposing the
limitations of fully specified precoordinated terms. We
found we could represent most of these concepts with

50 procedure codes, a living organism code for each
reportable entity, and 2 modifier codes (121 codes to-
tal). Adding approximately a dozen coded concepts (2
living organism codes and 10 procedure codes) would
permit all the entities to be identified and would in-
crease the specificity of the coded methodologies. The
resulting terms were less detailed than the LOINC
codes, containing only information on the test proce-
dure or method and organism identified." However,
additional details can be placed elsewhere in the re-
porting message. For example, the HL7 ORU trans-
action set contains an observation request (OBR) seg-
ment that provides separate fields for the specimen
source and anatomic site, and an observation result
(OBX) segment that contains fields for units, reference
range, and further distinction of the methodology. It
should not be necessary to also include this informa-
tion in the laboratory observation (test) identifier
(OBX-3) for public health reporting. Use of a simpli-
fied observation identifier in conjunction with the in-
formation in these fields can provide all the infor-
mation required for reportable laboratory test results
without the potential mapping limitations that may
be associated with a fully specified and precoordi-
nated observation identifier.

The following examples illustrate the differences be-
tween using fully specified LOINC codes containing
up to six dimensions and simplified two-dimensional
SNOMED terms as observation identifiers in OBX-3.
When the observation values (results) are non-nu-
meric, such as for organism identification, a SNOMED
code is used in OBX-5 to supplement the LOINC code
and provide a coded entry for data aggregation and
analysis. The SNOMED examples use a two-dimen-
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sional observation identifier composed of a procedure
code and a living organism code for OBX-3. A living
organism code is also used in OBX-5. This may appear
redundant in some cases, but where the observation
value in OBX-5 is qualitative, semiqualitative, or nu-
meric, it is at times necessary to include the organism
name in the observation identifier. For example, when
Yersinia pestis (the plague) is reported, the preferred
antibody test is the enzyme-linked immunosorbant
assay (ELISA). A reportable result for this assay
would be numeric (=1:64). In this case we would use
the codes P3-70200 | L-1E401 in OBX-3 to represent
ELISA for Yersinia pestis and place the numeric result
(titer) in OBX-5. The following examples utilize the
specimen source information coded in the OBR-15
segment, which is required regardless of the vocabu-
lary used in OBX-3.

EXAMPLE 1: REPORTABLE RESULTS DATA TO BE CODED

Rabies virus identified by antibody neutralization in se-
rum or cerebrospinal fluid

Rabies virus identified by direct fluorescent antigen de-
tection in tissue or other (unspecified specimens)

Rabies viral culture in saliva, cerebrospinal fluid, cen-
tral nervous system, tissue, or other (unspecified) tissue

LOINC can represent this information with eight mul-
tidimensional codes (Table 4).

SNOMED can represent this information by combining
a procedure code with a living organism code in OBX-
3. The specimen source information is obtained from
the OBR segment (OBR-15), where it can be coded
using the standard HL7 specimen table (0070) or
terms from the SNOMED topography table (Table 5).

ExAMPLE 2: DATA TO BE CODED

Microbial culture of Streptococcus pyogenes in blood, ce-
rebrospinal fluid, pleural fluid, peritoneal fluid/ascites,
wound, or other

LOINC can describe most of these microbial cultures
with six multidimensional codes. For representing the
organism that was identified (Streptococcus pyogenes),
a coded element (SNOMED) code is required in OBX-5
to permit data aggregation and analysis (Table 4).

SNOMED can represent the same organism identifica-
tion by combining a procedure code (Microbial Cul-
ture) and a living organism code (Streptococcus pyogenes)
in OBX-3. The living organism code (Streptococcus pyo-
genes) is also used in OBX-5. The specimen source in-
formation is coded in the OBR segment as above (Ta-
ble 5).

Conclusions

For widespread implementation of electronic labora-
tory reporting, public health agencies must first en-
sure that the electronic transmission, storage, and use
of this information is at least as confidential and se-
cure as current systems. Next we must ensure the
most complete surveillance data possible by selecting
coding schemes, vocabularies, and messaging stan-
dards that allow reporting laboratories to participate
and accurately code their results.

While the HL7 messaging standard does not currently
address confidentiality or security issues, it is becom-
ing widely accepted in the health care industry, and
public health agencies are investigating its potential
for transmitting surveillance data. Projects sponsored
by CDC will use encryption, message authentication,
and message nonrepudiation via a secure data facility
to evaluate the ability to send and receive HL7 mes-
sages that meet or exceed current standards for the
confidentiality and security of patient information.

The vocabulary selected for encoding laboratory in-
formation must also ensure that most reporting lab-
oratories are able to participate and can accurately
and efficiently code their results. This vocabulary will
need to be unambiguous, expressive, comprehensive,
and flexible in accommodating varying health care
business practices and data structures. It should also
eliminate redundancy, minimize maintenance, sim-
plify mapping, and permit useful data aggregation
and analysis.

LOINC has been frequently publicized and recom-
mended by the HL7 community, yet it has not been
widely implemented. The CDC is initiating several
projects to evaluate the potential to use LOINC to en-
code test results data from laboratory information sys-
tems in various settings. To facilitate useful aggrega-
tion and analysis of the data, a second vocabulary or
table is required to code non-numeric observation val-
ues such as organism names in OBX-5. The CDC will
evaluate the potential to utilize SNOMED, which labo-
ratories have used primarily to describe anatomic pa-
thology data, to encode organism names and other
non-numeric observation values in OBX-5.

Much of the information precoordinated in each
LOINC code may be difficult or impossible to obtain
within existing LISs and may be retrieved or inferred
from other portions of the HL7 message. If the data
structures or business rules of laboratories prevent
them from implementing electronic laboratory report-
ing using LOINC as the observation identifier in OBX-
3, alternative coding systems will be necessary. The
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Table 4 m
Examples of LOINC Codes for Reporting in OBX-3

Concept

OBX-3 OBX-5
LOINC Property of Time Scale SNOMED
Code Component Measurement  Aspect  System Type Method Type Code Concept
Rabies virus:
6523-5 Rabies virus ACNC PT CSF QN NEUT L-33301 Rabies
AB virus
6524-3 Rabies virus ACNC PT SER ON NEUT 1L-33301 Rabies
AB virus
6528-4 Rabies virus ACNC PT TISS ORD IF L-33301 Rabies
AG virus
6529-2 Rabies virus ACNC PT TISS ON IF 1L-33301 Rabies
AG virus
6532-6 Rabies virus ACNC PT XXX ORD IF 1L-33301 Rabies
AG virus
6533-4 Rabies virus ACNC PT XXX ON IF L-33301 Rabies
AG virus
6536-7 Rabies virus PRID PT TISS NOM  Organism-specific L-33301 Rabies
identified culture virus
6539-1 Rabies virus PRID PT XXX NOM Organism-specific L-33301 Rabies
identified culture virus
Streptococcus
pyogenes:
600-7 Microorganism PRID PT BLD NOM  Blood culture L-25102 Streptococcus
identified pyogenes
606-4 Microorganism PRID PT CSF NOM Sterile body fluid L-25102 Streptococcus
identified culture pyogenes
618-9 Microorganism PRID PT PLR NOM Sterile body fluid L-25102 Streptococcus
identified culture pyogenes
619-7 Microorganism PRID PT PRT NOM  Sterile body fluid L-25102 Streptococcus
identified culture pyogenes
363-1 Microorganism PRID PT XXX NOM  Sterile body fluid L-25102 Streptococcus
identified culture pyogenes
6462-6 Microorganism PRID PT WND NOM Routine bacterial L-25102 Streptococcus
identified culture pyogenes

NoTE: ACNC indicates analyte concentration; PT, point in time; CSF, cerebrospinal fluid; QN, quantitative; NEUT, neutralization;
SER, serum; TISS, tissue; ORD, ordinal; IF, immunofluorescence; XXX, system not specified; PRID, presence/identity/existence;
NOM, nominal; BLD, blood; PLR, pleural fluid; PRT, peritoneal fluid; WND, wound.

Table 5 m

Examples of SNOMED Codes for Reporting in OBX-3

OBX-5 SNOMED

OBX-3 sNOMED Code Concept Code Concept
Rabies virus:
P3-50260 | L-33301 Viral culture, NOS | Rabies virus L-33301 Rabies virus
P3-6A200 | L-33301 Viral neutralization test | Rabies virus L-33301 Rabies virus
P3-60115 | L-33301 Fluorescent antigen measurement, NOS | Rabies virus L-33301 Rabies virus
Streptococcus pyogenes:
P3-50100 | L-25102 Microbial culture, NOS | Streptococcus pyogenes L-25102 Streptococcus pyogenes

NortEe: NOS indicates not otherwise specified.
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HL7 standard could permit less fully specified obser-
vation identifiers in OBX-3, which in turn would per-
mit LOINC to provide a table of precoordinated but
simplified observation identifiers. While this would
permit those facilities whose data structures or busi-
ness rules cannot accommodate fully specified pre-
coordinated observation identifiers to participate in
public health electronic laboratory reporting, a means
of coding non-numeric observation values would still
be required. Another potential alternative is to use a
postcoordinated vocabulary in OBX-3. This would al-
low the laboratory to compose as detailed a term in
OBX-3 as their data structures permit without impos-
ing the limitations of fully specified and precoordi-
nated terms. Such simplification is OBX-3 could make
the use of universal test identifiers genuinely feasible
and reduce potential barriers to reporting electronic
laboratory results to public health agencies. Some
postcoordinated vocabularies such as SNOMED contain
concepts that can also be used for observation values
in OBX-5 and specimen codes in OBR-15.
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