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ABSTRACT

The ability to analyze human specimens is the pillar of modern-day translational research. To enhance the re-

search availability of relevant clinical specimens, we developed the Living BioBank (LBB) solution, which allows

for just-in-time capture and delivery of phenotyped surplus laboratory medicine specimens. The LBB is a

system-of-systems integrating research feasibility databases in i2b2, a real-time clinical data warehouse, and an

informatics system for institutional research services management (SPARC). LBB delivers deidentified clinical

data and laboratory specimens. We further present an extension to our solution, the Living mBiome Bank, that

allows the user to request and receive phenotyped specimen microbiome data. We discuss the details of the im-

plementation of the LBB system and the necessary regulatory oversight for this solution. The conducted institu-

tional focus group of translational investigators indicates an overall positive sentiment towards potential scien-

tific results generated with the use of LBB. Reference implementation of LBB is available at https://

LivingBioBank.musc.edu.
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STATEMENT OF THE PROBLEM

The need for molecular and other data from precisely phenotyped

human specimens is paramount in translational research. Although

a part of the general solution, expansive biobanking of such speci-

mens is not always viable due to the high burden and expense of bio-

bank establishment and maintenance.1 Although not a complete

replacement, just-in-time capture of specimens from standard-of-
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care surplus sources can support many use cases of traditional bio-

banking, if this can be accomplished with minimal disruptions to the

clinical laboratory’s mission. Examples of existing platforms that

provide just-in-time specimen capture functionality include (i) Har-

vard’s Crimson system, which combines its Informatics for Integrat-

ing Biology and the Bedside (i2b2)2 with a link to its laboratory

specimen processing system;3,4 and (ii) the Vanderbilt BioVU sys-

tem, which operates more like a traditional biobank with storage of

a broad range of specimens.5,6

Living BioBank (LBB) seeks to extend the model developed in

Crimson from its proprietary platform to a more generally applica-

ble solution and to extend the approach across research networks.

In addition, a limitation of the Crimson system is the necessity for

the specimens and patient data to be identified to the end user. The

specimen recruitment process involves identified chart review by

investigators to accept or reject the available specimen. This typi-

cally requires a higher degree of regulatory oversight than if the

specimens were to be deidentified and clinical abstraction limited to

just a predefined phenotype. As a result, documentation and time

requirements for such studies increase. A more streamlined solution

would allow for a precise electronic phenotype to guide the surplus

specimen capture without the need to validate every individual

patient’s record.

In this case report, we describe the Medical University of South

Carolina Biomedical Informatics Center LBB solution for pheno-

typed surplus specimen capture that integrates a number of institu-

tionally adopted informatics systems to deliver some functionality of

just-in-time biobanking in a reduced regulatory burden environ-

ment. We demonstrate the use of LBB in an institutional review

board (IRB)-approved Living mBiome Bank study protocol that fur-

ther seeks to augment the phenotype with phenotyped specimen

microbiome data and limited deidentified clinical data to support

microbiome data interpretation. We assess the feasibility of the LBB

solution in terms of the accuracy of e-phenotypes and the time re-

quired for delivery of a set of specimens. We also report on evalua-

tion of user acceptance of the solution.

TECHNICAL DESCRIPTION OF THE LIVING
BIOBANK

Figure 1 outlines the LBB solution players, systems, processes, and

deliverables. Although many electronic phenotyping systems may

suit the purpose, the current implementation of the LBB (https://Liv-

ingBioBank.musc.edu/) uses i2b2 as an entry point for specimen

requests. A request is specified by an investigator seeking surplus

laboratory materials. An honest data broker retrieves and reviews

the i2b2 phenotype with the investigator to ensure the best match of

the specified inclusion/exclusion characteristics to the intended phe-

notype. The query is then used to match patients who have labora-

tory testing ordered and to deliver just-in-time surplus specimen

availability reports to laboratory honest brokers. The primary speci-

men source for the LBB is the MUSC Pathology and Laboratory

Medicine phlebotomy operations. These specimens are available for

capture after clinical testing is completed and just prior to when the

specimen is normally discarded. At this point all identifiers are

stripped from the physical specimen, and the specimen is no longer

considered human subject-derived material. The laboratory honest

brokers fulfill the requests by delivering a collection of phenotyped

specimens to investigators. Thus, the final LBB deliverables include

the reviewed i2b2 phenotype (query) and phenotyped specimens.

Specimens are only collected when matching to a specified pheno-

type request and become surplus and no longer needed for provision

of care.

A walk-through of the LBB user and honest broker interfaces is

available as Supplementary Data.

Regulatory status of the LBB
The development of LBB proceeded under regulatory consultation

with the MUSC IRB. LBB was determined to be a process and thus

exempt from review. From the MUSC IRB standpoint, the pheno-

typed specimens do not constitute human subject-derived materials

and therefore are exempt from regulations regarding informed con-

sent. Further, the phenotypes used for specimen capture are deemed

generic enough to not constitute identifiable data. LBB users are re-

quired to abide by a Data Use Agreement, which explicitly prohibits

reidentification of the subjects. In conjunction with the LBB process

to capture phenotyped specimens, the users may use institutional

data request services to obtain linked clinical variables. Such

requests require proper oversight, including IRB-approved proto-

cols, which are reviewed by data honest brokers to determine com-

pliance and allowable clinical data elements to be delivered. For our

study, the MUSC IRB has determined that the surplus specimens de-

livered via LBB process comprise deidentified nonhuman subject

material. However, each study would still have its own IRB review,

and if the requested data or samples were deemed potentially identi-

fiable, HIPAA would have to be addressed either via a limited data

set agreement or a HIPAA waiver. This may happen, for example, if

the phenotyped specimen capture occurs in such a short time span

that, even if the specimen date is not explicitly provided, it may be

viewed as implicitly available, thus potentially being interpreted as a

limited identifier in the data.

LIVING BIOME BANK FOR PHENOTYPED
MICROBIOME DATA REQUESTS

As an illustration of a practical use case of the LBB solution, we pre-

sent an NIH National Center for Advancing Translational Sciences

(NCATS)-funded research study protocol, the Living mBiome Bank

(LmBB), developed to deliver phenotyped specimen microbiome data

using LBB solution (Figure 2A). The LmBB protocol was approved

Figure 1. The Living BioBank architecture integrates phenotyping, data warehouse, and honest data and laboratory broker services.

Journal of the American Medical Informatics Association, 2021, Vol. 28, No. 1 139

https://LivingBioBank.musc.edu/
https://LivingBioBank.musc.edu/


by IRB (Pro00079660) to deliver to the users processed phenotyped

specimen microbiome data and an additional limited set of non-PHI

clinical variables from the medical records to facilitate data interpre-

tation. The institutional research services necessary for LmBB request

fulfillment are managed by integration with the Service, Pricing, and

Applications for Research Centers, or SPARCRequest (SPARC) sys-

tem, which is an interoperable, searchable research–resource elec-

tronic storefront that supports research services operations.7 LmBB

uses the LBB solution to remove the user from physical access to the

specimen by capturing the phenotyped specimens and processing

them to derive deliverable microbiome assay data. The LmBB finds

suitable specimens for many possible microbiome studies at MUSC

Infection Control active surveillance programs. At MUSC, surveil-

lance for methicillin-resistant Staphylococcus aureus and

vancomycin-resistant Enterococci generate over 15 000 tests for

each pathogen annually. Recently, COVID-19 testing nasopharyn-

geal swabs have become available as a specimen source. The associ-

ated clinical data is available to aid in interpretation of the

microbiome data and is delivered deidentified by the data honest

broker.

Multi-institutional access to the LmBB
We implemented a model for interinstitutional requests within the

LmBB. The working solution presented in Figure 2B uses NIH Clini-

cal and Translational Science Awards (CTSA) Accrual to Clinical

Trials (ACT) Network Shared Health Resource Information Net-

work (SHRINE)8 to share the phenotype specification from the

requesting institution (eg, George Washington University) to MUSC

LmBB. Authentication to the LBB application is enabled by InCom-

mon, a widely accepted authentication infrastructure across aca-

demic institutions in the USA. Non-ACT SHRINE member sites (eg,

University of Iowa) can be credentialed at the LBB host site using in-

stitutional affiliate-sponsored access processes. Under the network

model only the data, not the specimens, cross the institutional

boundaries, which only requires a Data Use Agreement to operate.

Additional regulatory considerations for LmBB
LmBB study is granted a waiver of consent by the IRB because it is

impracticable to obtain consent given that there is no way to know

who would have leftover samples, and most patients would already

be gone by the time the samples were pulled for research. To further

mitigate ethical research concerns, LmBB considers (when present)

the patient’s response to Research Permissions Questionnaire (RPQ)

implemented by MUSC. The RPQ allows patients to indicate if they

“agree” or “do not agree” to research on their surplus materials that

would otherwise be discarded.9–12 By default, opt-out preferences

are honored; however, since RPQ responses are available in research

data warehouse (RDW), the i2b2 users may request that recruitment

only happens for subjects indicating opt-in preferences. Our data in-

dicate that among the patients who have been presented with the

RPQ, 70%–75% tend to respond in the affirmative.11,13 Because of

the adoption of the Common Rule, the function of the RPQ is not

required for LBB implementation but is an optional additional fea-

ture.

VALIDATION, USER EXPECTATIONS, AND
EXPERIENCES

We identified 21 individual investigators across MUSC, including

College of Medicine, College of Dental Medicine, and College of

Nursing, to serve as clinical area experts to conduct a validation fo-

cus group study, deemed by the IRB to be quality improvement and

exempt. Each expert was offered an opportunity to specify their

own phenotype of interest using MUSC i2b2 and asked to abstract

20 retrospective charts from each phenotype to determine if those

were a “Match,” “Mismatch,” or if they were “Unsure” for any rea-

Figure 2. Implementation of the Living mBiome Bank study protocol using LBB solution (A) by integrating institutional research services request system into speci-

men processing pipeline; and (B) multi-institutional access solution.
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son. Nineteen investigators completed chart abstractions and an exit

questionnaire.

Many investigator-defined phenotypes result in reason-

able patient matches upon review
The chart match rate to the phenotype varied dramatically across

experts (Figure 3). Within each clinical area, certain e-phenotypes

captured the desired cohort better than others. On average, infec-

tious, rheumatic, neonatal, and cancer e-phenotypes performed bet-

ter, whereas psychiatric, gastrointestinal, skin, and pulmonary

performed worse at capturing the intended cohort of the clinical

experts. We speculate that the domains that did well are inpatient-

focused clinical areas which naturally collect more data in the elec-

tronic health record, while the domains that did not perform as well

are more outpatient-focused. Further study of the factors that con-

tribute to successful e-phenotype specification is thus warranted and

will be forthcoming from our group.

Expected specimen accrual times are reasonable and

practical for pilot data collection
Using historical data, we have estimated average accrual rates for

each phenotype. Most phenotypes yielded accrual rates reasonable

for small-scale pilot studies. For instance, as shown in Table 1, the

majority of specified phenotypes would be able to accrue a sample

of 20 specimens in under 4 weeks. Only a quarter of the specified

phenotypes would need more than 6 months to accrue this sample

size; these represent the cases where multi-institutional collabora-

tions are needed. Specific clinical areas where collaborations are

needed include pediatric and neonatal phenotypes, rheumatic dis-

eases, and opioid use disorders. Two e-phenotype queries (GI 11

and skin 15) specified pediatric populations, which are excluded

from LmBB requests due to limitations of our current implementa-

tion of research preferences capture.

Clinical experts expect to trust scientific findings from

LBB and are likely to recommend
A REDCap14 questionnaire has been offered to our investigator fo-

cus group to reflect on their experience using i2b2 system and their

recommendations for the specimens obtained from LBB (Table 2).

Responses to the questionnaire were assessed for association with

chart-to-phenotype match rates in R (version 3.6.1)15 using logistic

regression models with ordered Likert-scale factors as trends. With

the study coordinator and honest broker support provided, most de-

scribe i2b2 as easy to use and would be willing to use it again to de-

fine a phenotype. Clinical experts who would be willing to use the

system again had, on average, a higher match rate, with a positive

linear trend (coefficient¼0.95, P value¼ .006). Experts generally

tended to have confidence in the scientific data from LBB, while 6 of

Figure 3. Expert investigator-specified phenotype validation rates suggest feasibility of just-in-time recruitment from i2b2 phenotypes without full chart review.

Table 1. Number of e-phenotypes by expected waiting time

(weeks) for accrual of 20 specimens

Specimen < 4 weeks 4–26 weeks 26–52 weeks > 52 weeks

Blood 14 5 0 2

Nasal 6 8 2 3

Gut 5 8 2 4
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the experts had some reservations. We also identified a positive lin-

ear trend between match rate and the level of confidence in scientific

findings from LBB (coefficient¼0.55, P value¼ .016). Experts gen-

erally reported a willingness to recommend the system to others,

with little to no reservation (n¼17). The willingness to recommend

came with a positive linear relationship with chart match rate (coef-

ficient¼0.73, P value¼ .005). More than half of the experts were

willing to pay to obtain specimens from the system. Phenotypes

specified by this group of experts had an average match rate of 77%

(CI 60.7–93.7).

CONCLUSIONS AND FUTURE DIRECTIONS

LBB provides a solution for phenotyped surplus specimen cap-

ture that is open source (Ruby source code available at https://

github.com/living-biobank/living-biobank) and eliminates the

need for identified chart review to capture each individual speci-

men, which is necessary in the Harvard Crimson model. Further

the LBB implementation of just-in-time capture of user-

requested phenotypes does not require comprehensive biobank-

ing of large volumes of specimens without a specific user need-

ing them as in the BioVu model, potentially cutting the costs of

human-derived research material provision. Our solution inte-

grates processes across 2 widely adopted infrastructure systems

within the CTSA community, namely SPARC and i2b2. LBB is

not a replacement for a proper biorepository, which allows for

full access to clinical data for consenting subjects but can be a

useful auxiliary service to accelerate research, as our LmBB study

demonstrates. The LBB solution access to phenotypes and phe-

notyped specimens simplifies regulatory considerations for the

users. LmBB further extends LBB to allow for surplus clinical

specimens to be processed using high-throughput molecular lab-

oratory techniques (eg, sequencing) to deliver deidentified phe-

notyped microbiome and clinical data. This allows the user to

deal only with the data rather than the physical specimens. The

focus groups study conducted indicated high phenotype match

rates and acceptance of scientific potential of the data generated

by the LBB process. Further work is needed to scale the system

to allow for integrated interinstitutional specimen requests and

to understand the factors and best practices in phenotyping to

ensure highest possible match rates.
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Table 2. Questionnaire captures expert reflections on just-in-time biobanking with LBB

Question and response N Validation match rate (%) Trend test

Mean (95% CI) Contrast* Coefficient P value

In the future, would you use the i2b2 system again to define a cohort?

Definitely will not use again 0

Probably will not use again 1 35

Probably will use again 9 57.8 (42.1–73.5) linear 0.95 0.006

Definitely will use again 9 67.2 (45.1–89.4) quadratic �0.22 0.362

How difficult was the use of i2b2 to define a cohort?

Not at all difficult 10 64.5 (44.4–84.6)

Somewhat difficult 5 71 (52–90)

Moderately difficult 3 30 (24.3–35.7) linear �0.22 0.528

Very difficult 1 70 quadratic 0.7 0.025

Would you trust scientific results that derive from a system like this?

Definitely will not trust 0

Probably will not trust 6 44.2 (30–58.3)

Probably will trust 10 70.5 (19.4–107) linear 0.55 0.016

Definitely will trust 3 63.3 (30–58.3) quadratic �0.59 0.001

Would you recommend this system to your colleagues?

Definitely will not recommend 0

Probably will not recommend 2 52.5 (18.2–86.8)

Probably will recommend 10 52.5 (35.4–69.6) linear 0.73 0.005

Definitely will recommend 7 75.7 (54.2–97.3) quadratic 0.42 0.027

Would you pay to obtain specimens from such system?

Definitely will not pay 1 70

Probably will not pay 8 46.2 (29–63.5)

Probably will pay 9 77.2 (60.7–93.7) linear �1 0.037

Definitely will pay 1 25 quadratic �0.66 0.078

*Only linear and quadratic trends are presented.
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SUPPLEMENTARY MATERIAL

Supplementary material is available at Journal of the American Medical Infor-

matics Association online.
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