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Abstract The US lags behind other developed

countries in creating a system to monitor disease

transmission and other complications from human

allograft use, despite a pressing need. The risks of

transmission are amplified in transplantation, since at

least 8 organs and more than 100 tissues can be

recovered from a single common organ and tissue

donor. Moreover, since many allografts collected in

the US are distributed internationally, tissue safety is a

global concern. In June 2005, participants of a US

government-sponsored workshop concluded that a

communication network for the tracking and reporting

of disease transmissions for tissues and organs was

critically needed. The United Network for Organ

Sharing (UNOS) entered into a cooperative agreement

with the Centers for Disease Control and Prevention

(CDC) in 2006 to develop a system prototype. Over

the following 3 years, the Transplantation Transmis-

sion Sentinel Network (TTSN) was developed and

piloted with the participation of organ procurement

organizations, tissue banks and transplant centers. The

prototype centered around three elements of data

entry: (1) donation, (2) tissue implantation, and (3)

adverse event. The pilot proved that a system can be

built and operated successfully, but also suggested

that users may be hesitant to report adverse events.

CDC has requested further input on scope and cost to

build a transplant surveillance infrastructure for a

fully functional national system. For tissues however,

in contrast to organs, tracking from recovery to

implantation will be necessary before a system is

operable, requiring common identifiers and nomen-

clature. Until a US sentinel network is operational,

future transmission events that are preventable may

result nationally and globally due to its absence.
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Introduction

Advances in healthcare technology have led to an

increasing number and array of tissues of human
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origin being used to sustain and improve the quality

of life. Solid organs, eyes, bone, skin, and stem cells

are examples of human tissues, otherwise known as

allografts, derived from living or deceased donors.

Overall, the number of allografts from deceased

donors has doubled, in the last 10 years for muscu-

loskeletal tissues, and in the last 20 years for organs.

Allograft demand continues to outpace the supply.

In the United States in 2007, 28,000 organs, 50,000

corneas and over two million tissue allografts were

distributed for transplantation. Despite these num-

bers, demand often exceeds supply, particularly for

solid organs. In the US, over 100,000 patients are on

waiting lists for organ transplants. Efforts to increase

the availability of these vital biologics generate

challenges to monitor and ensure appropriate access

and safety both in the domestic and global arenas,

since these products often cross national boundaries.

Moreover, the lucrative nature of the selling of so-

called ‘‘body parts’’ has generated unethical behavior

worldwide. Recent scandals such as the trafficking of

solid organs sold from Israel to New York (Feyerick

2009) and the alleged theft of tissues from the

Ukraine (Keller and Grill 2009) have generated much

interest in the press and also exemplify the global

nature of the problem (Chaney 2006). In addition to

importation of organs, patients are also traveling

abroad to receive transplants, thus introducing the

risk of emerging diseases in immunosuppressed

recipients found in other parts of the world.

For tissues, as compared with solid organs, there is

less pressure to increase availability at the expense of

safety. However, the spectrum of tissue safety and

availability is more heterogeneous, and while tissue

can be processed, the extent of complete removal of

microbial contamination is variable, depending on the

tissue type and processing methods. Graft quality

may also depend on circumstances surrounding donor

recovery. The recent scandal in the US involving the

removal and sale of tissues without the knowledge of

donor families resulted in over 25,000 tissues being

distributed, without appropriate testing or medical

review with an unknown number being linked to

unsuspecting patients (Warren 2006). Because

records from these donors had been forged, many

of these tissues were untraceable and had been

distributed throughout the world. The greatest con-

cern, however, is that, even apart from these unusual

scandals, there is not a uniform system for tracking

many of these tissues, or to detect adverse reactions/

events from their use.

The need for a sentinel system in the US

Despite the rapid growth in the demand for organ and

tissue transplants, the US lags behind other countries

in creating a system to monitor threats of disease

transmission and complications from human allo-

grafts. The transmission of infections or malignancies

to recipients of solid organs, tissues, and eye grafts is

well documented (Fishman 2007; Eastlund and

Strong 2004; Trotter 2008). Transmissible infectious

pathogens can include viruses, bacteria, parasites,

fungi and prions. The risks of transmission are

amplified when there are multiple recipients from a

common donor, since over 100 tissues and organs can

be recovered from a single donor. Due to the organ

transplant shortage, organ donors with known high-

risk behavior for HIV infection are acceptable under

organ oversight policy set by the Organ Procurement

and Transplantation Network (OPTN). This policy

serves to increase critical supply, but also can result

in transmission of HIV and hepatitis viruses

(Simonds et al.). Other infections and malignancies

can also be transmitted through organ transplantation

(Ison et al. 2009). Unexpected graft failure, adverse

immunological responses and administrative errors

(e.g., blood type mismatch), also can occur. In

addition, the organ and tissue communities function

independently and communication between them is

often lacking. This lack of communication can result

in an inability to track organs and tissues from a

common donor. For example, a report in 2005

described a number of hepatitis C virus (HCV)

transmissions to several organ and tissue recipients

from a single donor (Tugwell et al. 2005). This

investigation generated much publicity because there

were 91 grafts produced from the donor (7 organs,

2 corneas and 82 other tissues), involving 44

transplants and 40 recipients in 16 states and 2 other

countries over a period of 22 months. Three organ

recipients became infected, and among the 32 tissue

recipients that could be identified and tested, 5 tested

HCV positive and were infected. One recipient could

not be identified. The tissue recipient infections

would have been prevented if recognition of infection

in the organ recipients had resulted in notifying the
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tissue bank before tissue was processed or released.

More than 6 months elapsed between recognition of

the organ recipient infections, donor linkage, and the

time that tissue was processed (OPTN statement

2007).

Patchwork regulation and oversight

The US Health Resources and Services Administra-

tion (HRSA) has government oversight of solid organ

procurement and transplantation, which is function-

ally carried out through a contract with a private non-

profit organization, the United Network for Organ

Sharing (UNOS) to administer the Organ Procure-

ment and Transplantation Network (OPTN); in

contrast, donor screening rules for tissue banks are

promulgated by the US Food and Drug Administra-

tion (FDA). FDA rules and guidance apply only to

tissue establishments (i.e., tissue banks), not to

facilities where tissues are recovered or implanted.

The Centers for Disease Control and Prevention

(CDC) involvement, although a federal government

agency, is non-regulatory and has included investi-

gation of suspected transmission of infectious dis-

eases from allografts in coordination with state and

local health departments. The US Center for Medi-

care and Medicaid Services (CMS) develops regula-

tions for reimbursement of organ transplantation. A

non-government accrediting organization for health-

care facilities, The Joint Commission (TJC), has

created standards for tissue handling in hospitals.

Professional organizations such as AABB and the

College of American Pathologists (CAP) have stan-

dards for handling and managing tissues in specific

departments in the hospital. The American Associa-

tion of Tissue Banks (AATB) and the Eye Bank

Association of America (EBAA) promulgate stan-

dards for tissue banks that obtain consent, screen and

test donors, and that recover, process, and distribute

tissue. In summary, the regulation and oversight of

organs and tissues in the US is a patchwork, with no

comprehensive coordination over all donation and

transplantation activities (Strong et al. 2008). The

European Union Standards and Training in the

Inspection of Tissue Establishments (EUSTITE),

co-funded by the European Commission and the

World Health Organization (WHO), is assisting

member states in Europe by providing guidance

documents and training in the areas of inspection and

adverse event and reaction reporting for cells and

tissues, including a standardized labeling system, and

serves a coordination function not present in the US.

Allograft safety initiative in the US: development

of the transplantation transmission sentinel

network (TTSN)

Public health service workshop

In June 2005, CDC, FDA, and HRSA, the relevant

Public Health Service agencies of the US government,

convened a workshop entitled ‘‘Preventing Organ and

Tissue Allograft-Transmitted Infection: Priorities for

Public Health Intervention.’’ [http://www.cdc.gov/ncidod/

dhqp/pdf/bbp/organ_tissueWorkshop_June2005.pdf].

Attendees included members from blood, organ and

tissue communities along with government represen-

tatives. This workshop identified gaps in organ and

tissue safety in the United States. The workshop

focused on four areas for possible intervention:

(1) communication among organ procurement orga-

nizations (OPOs), tissue banks, clinicians and public

health agencies related to donors, samples and test

results; (2) tissue bank systems for tracking and noti-

fication of testing; (3) hospital systems for tracking

organs and tissues; and (4) recipient adverse event

recognition. The workshop concluded that the most

critical need was for development of a communication

network for the tracking and reporting of disease

transmissions following transplantation of organs and

tissues. Such a network would require a unique donor

identifier for linking organs and tissues from a common

donor, a tracking mechanism for all allografts, and

processes for reporting of adverse events for the noti-

fication of clinicians, patients, and public health

authorities.

Request for proposal

As a result of the 2005 workshop findings, CDC

published a Request for Proposal (RFP) for the

development of a ‘‘Sentinel Network for Detecting

Emerging Infections Among Allograft Recipients’’

(Federal Register 2005). UNOS, on behalf of the

organ and tissue community, including The Associ-

ation of Organ Procurement Organizations (AOPO),
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AATB, EBAA, the American Society of Transplan-

tation (AST), and the American Society of Transplant

Surgeons (ASTS) submitted a proposal and entered

into a cooperative agreement with CDC in 2006 to

develop a national allograft sentinel network. The

purpose of the network was to provide a system for

detecting emerging infections among allograft donors

and recipients and aid healthcare personnel in

detecting, communicating, tracking and preventing

the transmission of infections. The system was called

the Transplantation Transmission Sentinel Network

(TTSN) (Joyce et al. 2010).

Advisory and user groups

The development of TTSN required establishment of

an Advisory Group to guide the process. In addition

to the members of the alliance that were included in

the cooperative agreement, the prototype system was

created with input from multiple collaborators and

stakeholders including the American Academy of

Orthopaedic Surgeons (AAOS), the American Ortho-

paedic Society for Sports Medicine (AOSSM), the

AABB and representatives of government agencies

within Health and Human Services (i.e., FDA,

HRSA, CDC, CMS) responsible for various aspects

of transplantation oversight. In addition, UNOS

formed a ‘‘user’’ group of tissue banks, eye banks,

implanting hospitals, and organ procurement organi-

zations to provide input into the development of the

system.

CDC workshop

In 2007, a conference, ‘‘Organ and Tissue Safety

Workshop 2007: Advances and Challenges’’ was held

to assess progress on development of a national

allograft sentinel network since the government-

sponsored workshop in 2005, and to identify other

priorities for future intervention efforts to improve

organ and tissue safety, including new laboratory

approaches for donor screening and recipient testing

(Fishman et al. 2009). Barriers to designing and

implementing a TTSN-like system that were identi-

fied included a lack of understanding of the risks of

transmission, gaps in existing reporting standards and

requirements, lack of available donor screening and

recipient diagnostic technologies, and a lack of

coordination amongst stakeholders in reporting and

investigating possible donor derived transmission and

adverse events. A unified tracking and reporting

system, which would require a standardized nomen-

clature for grafts, was agreed upon as an important

step forward in allograft patient safety. This work-

shop helped to galvanize support for the TTSN

concept.

Process for development of a prototype (parts A,

B, and C)

The TTSN Advisory Group formulated a plan for the

development and implementation of a prototype sys-

tem (Fig. 1). The plan outlined an on-line database

system with five key areas, which included initial entry

or search for previously entered donors (Part A),

entering a graft implant (Part B), entering recipients

and reporting adverse events (Part C); dissemination of

information to appropriate regulatory and public health

agencies (Part D); and distribution of education within

the donation and transplantation communities (Part E).

Work for the prototype, which included parts A

through C, was accomplished via smaller advisory

subgroups with specific charges. The details of the

proposed functionality for Parts D and E were

described in concept documents.

These working groups conceptualized a prototype

that would use each recovering entity’s donor iden-

tification number and demographic data (first name,

last name, date of birth and date of death) from each

organ, tissue and eye donor to generate a unique

‘‘TTSN ID’’, a distinct identifier for each donor.

Fig. 1 Transplantation transmission sentinel network (TTSN)

‘‘Task Pyramid’’ describing layers of task development for a

prototype
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The TTSN identifier would then be used within the

TTSN database to link all associated donor identifiers

(organ, tissue and eye) from each recovery entity and

various processing tissue establishments. Addition-

ally, the prototype would include the ability to track

the final disposition of all allografts recovered. The

data collected would include the type of the allograft;

the implanting surgeon; the institution where the

surgery occurred; the identifier for the original

recovering OPO, tissue or eye bank donor identifiers

assigned by tissue banks processing tissue; and the

confidential recipient identifiers (Fig. 2). This portion

of the system would provide an electronic mechanism

for institutions that utilize allografts to meet TJC and

FDA reporting requirements.

The final portion of the prototype would include a

notification methodology for potential adverse

events. This provision included a simple trace-back

and trace-forward system that would allow clinical

personnel to enter the patient and allograft identifier

numbers, clinical institution, event date, contact

information, and the nature of the event, which may

include a documented infection, malignancy, graft

failure, or syndrome consistent with an allograft-

related adverse event (hepatitis, gangrene, sepsis,

etc.). This portion of the system would be searchable

by clinical personnel, such as transplant clinicians

and surgeons, to facilitate rapid dissemination of

critical information related to all recipients of allo-

grafts from a specific donor.

Functional specification document for the pilot

(parts A, B, and C)

A functional specification document was formulated

to verify what the pilot (prototype) system planned to

achieve before devoting time to the actual writing of

code and test cases. The specifications included input

from multiple TTSN collaborators. The document

described the methods for entering a donor (Part A),

entering a graft implant (Part B), and notifying

of a potential adverse event (Part C). Numerous

reviews by project stakeholders were required to

gain consensus regarding the requirements the sys-

tem needed to fulfill. The specification document

described in detail the system’s intended capabilities,

appearance, and interactions with users. Besides the

programming requirements, the specification docu-

ment contained screen shots, models, and flowcharts

that portrayed the user’s interface with the system. It

was used as the blueprint and continuing reference for

the UNOS developer to write the programming code.

Analysis and reporting applications of the system

(part D)

The TTSN system’s analysis and reporting application,

outlined in a concept document described the intended

functionality and proposed a mechanism for reporting

system results more broadly to the allograft and public

health communities. The application would provide

Fig. 2 Transplantation

transmission sentinel

network (TTSN) prototype

operational site map
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aggregated and anonymized data to identified public

health agencies, other health-related organizations,

and TTSN participants about both potential and actual

adverse events. Participants would also be able to view

data, compile reports, and export data at both institu-

tional and global aggregate levels. Viewing institution-

specific data reports would be limited to the user’s own

institution, while the global data would be cumulative,

blinded data from all TTSN institutions. The applica-

tion would allow the user to create bar graphs,

trend analyses, pie charts, as well as simple frequency

tables to gain insight into donor, implant, and disease

transmission data.

Communication and education applications

of the system (part E)

The communication and education application, pro-

posed in a concept document, describes the creation

of a hierarchical web site structure, which would

include an interface for external data collection. The

site would improve communication of the network’s

goals and objectives within the organ and tissue

donation and transplant communities. It would pro-

vide the communities with an educational model for

communication of information to system participants

such as infectious disease testing recommendations,

available diagnostic methods and epidemiology of

donor transmitted disease. From this portal, a user

could participate in discussion groups, peruse and/or

contribute to informational libraries, utilize quick

links to participating organizations, review alerts, and

subscribe to announcements.

TTSN Implementation workshop

Prior to implementation of the pilot study of the

TTSN system, a workshop was convened in 2008

with experts and other major stakeholders to demon-

strate the TTSN prototype and to begin piloting of the

network. The major objectives were to: (1) present a

live demonstration of the TTSN system; (2) describe

plans to launch the TTSN pilot project; and (3) obtain

input from the participants on key issues that needed

to be considered to advance TTSN from a pilot to an

operational system in the future. Background was

reviewed on the technological advances and chal-

lenges associated with the increased use of allografts

along with the need to address organ and tissue

safety. The regulatory frameworks, along with gaps

in safety, were reviewed by agencies of HHS

including CDC, HRSA and FDA. A thorough dem-

onstration of the system was then presented along

with ‘‘hands on’’ training for pilot participants. Panel

discussions followed which identified issues and

concerns of the donation and transplant communities.

Of primary concern was whether there would be

universal participation in such a system without

regulatory mandates. Various technical hurdles were

also identified including the need to provide infor-

mation system interfaces to facilitate data transfer

from existing databases. Concerns were also voiced

about possible liability, impacting the willingness of

participants to report adverse events.

TTSN pilot and analysis plan

After developing and internally testing the prototype

TTSN system, 3 months were dedicated to field

testing the new application. The overarching goals of

piloting the system were to evaluate the ability of

organ and tissue communities to jointly use the tool

in real time, to generate user feedback, to uncover

system flaws, and to gain insight into enhancements

likely needed for a full-scale production system. A

secondary goal was to collect, if possible, sufficient

disease transmission data for meaningful analysis.

TTSN users from 14 institutions—including tissue

banks, eye banks, organ procurement organizations

(OPOs), and implanting hospitals—interacted with

the system by entering data (both real-time and in

batch mode) about actual donors, recipients, and

implants. To test the system’s ability to link recip-

ients with donors, recovering establishments were

selected to participate along with associated hospitals

that routinely transplant organs or tissues. Several

other recovering institutions, whose recovered grafts

all went to non-participating implanting hospitals,

participated and provided further testing of the

system’s donor entry (Part A) functionality.

During the pilot, TTSN users entered over 1700

donors and 800 implants, 62% of which were

corneas, 31% tissues, and 7% solid organs. For

nearly 600 of these implants, the user searched for the

donor and successfully linked the recipient with the

donor’s TTSN ID. Implant events that could not be

linked to the TTSN ID were investigated to determine

the root cause; often, the implanting institution
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received and implanted the graft prior to the recov-

ering entity having entered the donor data, resulting

in a fruitless donor search. This discovery high-

lighted the importance of timely data entry in a fully

functional production system.

No actual or potential adverse events, which were

defined as malignancies, infections, or graft failures,

were reported into the system during the pilot program.

Though any actual or potential transmission is a highly

undesirable event, from a system testing perspective it

was unfortunate that no events were recognized and

entered for real-time testing of Part C. Statistical

analysis using malignancy and infection transmission

rate estimates from the literature revealed that, given

the number of grafts implanted and the 3 month

duration of the pilot, it is not surprising that zero

malignancy or transmission events would have

occurred. However, based on statistical analysis using

estimated allograft failure/rejection rates, it appears

likely that some organ transplant adverse events, and

particularly, corneal graft failures did occur during the

pilot but were not reported (data not shown).

Users of the TTSN prototype were encouraged to

provide feedback on technical problems, overall

usability of the system, suggestions for enhancement,

and any other relevant comments. Feedback received

ranged from problems entering a certain type of data

into the system; to requirements specific to eye banks,

which enter a distinct ID for each cornea from the

same donor; to recommendations on linking the

TTSN with other data entry systems to ensure all

implants are included. After the pilot, UNOS sur-

veyed users and convened focus groups to obtain

more in-depth feedback from the user community, as

part of a comprehensive quality review to evaluate

the successes and shortcomings of the TTSN pilot.

Quality review and surveys

As part of the cooperative agreement, UNOS con-

ducted a post pilot quality review to gather informa-

tion regarding the pilot. The review focused on TTSN

system development successes, achievements, chal-

lenges, and possible next steps. The quality review

participants included individuals who took part in the

pilot, anticipated pilot participants who ultimately did

not participate, stakeholder user groups, the Advisory

Group, and members of the system development

team. Five separate surveys were constructed to

capture input from these groups.

Survey response rates were as follows: Project Team

66.6%; Advisory Group 27.7%; End User Stakeholders

41.2%; Pilot User Group 22.8% and Non-user Group

22.2%. The various community response rates for all

surveys differed with OPOs 8.3%; tissue banks 16.7%;

government agencies 11.2%; transplant/implanting

hospitals 19.4%; and other 22.2%. A qualitative data

analysis of survey responses clearly formed into themes

of communication, collaboration, awareness and coop-

eration. The challenges and possible solutions provided

as survey feedback topics under these themes were used

during online focus group discussions.

Quality review and focus groups

Focus group participants included representatives from

the Advisory Group and all user groups. The commu-

nities represented comprised implanting hospitals,

tissue banks, eye banks, transplant centers, OPOs,

and government agencies. The focus group goals were

to review the survey results; discuss potential solutions

to noted challenges; and summarize considerations for

a future production system. Topics regarding elimina-

tion of duplicate data entry, security, data integrity,

implanter participation, voluntary or mandatory par-

ticipation, system definitions, identifiers, and system

functionality proved to be of most interest to the focus

group participants. The ability to upload data directly

to a future system was of paramount importance to the

groups. Opinions were mixed as to whether data should

be pushed to or pulled from existing systems. Partic-

ipants agreed that engaging accreditation bodies as

well as professional societies would be crucial to future

system development. Additionally, some focus group

participants supported mandatory participation to

ensure collection of essential data, while others

thought participation should be voluntary anticipating

difficulty in policing such a system.

Issues requiring resolution

TTSN was an important step forward in determining

the needs for a national system integrating organ and

tissue safety. Lessons learned included the need to

(1) create a public–private partnership with at least
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three separate community groups, representing organ

and tissue recovery, tissue and eye banking, and

transplantation; (2) develop a standardized nomencla-

ture and coding system that would greatly facilitate

traceability for organs and tissues; and (3) provide a

public health sentinel surveillance governance struc-

ture that is operated by a non-regulatory entity, such as

CDC. The prototype proved that a system can be

built, but to be quickly implemented nationally

will require impetus from legislation or regulation to

track implanted allografts. Also, for the system to be

optimally useful, it would need to function in real time

and allow a graft user to obtain information before

implantation on adverse events associated with other

grafts from the common donor. Other issues requiring

consideration include monitoring of the data, partici-

pation incentives, connection with existing databases,

operational capacity, and financial resources.

Request for information for development

of a national system

In September 2009, the CDC posted a Request for

Information (RFI) in the Federal Register and Federal

Business Opportunities for completion and operation

of a national transplantation sentinel network (TSN).

The purpose of the network, as defined in the RFI, is to

rapidly detect and prevent disease transmission from

organ and tissue allografts recovered for transplanta-

tion from deceased donors. The RFI outlined the

following eight topics for comment: Transition of

TTSN Prototype to Full Production; Standardization

and Compatibility Issues; Reporting Criteria; Interop-

erability and Interfacing with Existing Data Sources;

System Operation and Infrastructure Management;

Analysis Plan including Feedback to Users; Patient

Health Information Privacy and Security; and System

Governance. The TSN RFI deadline for response sub-

mission was December 2009 (Federal Register 2009).

Response information will be used for future planning

and proposal development for a national TSN system.

It may be reasonable to consider building such a

sentinel system in an already existing surveillance

infrastructure, such as CDC’s National Healthcare

Safety Network (NHSN), which monitors adverse

reactions associated with blood transfusions using its

Biovigilance component. A new module would need to

pull in data from already existing surveillance sources,

such as UNOS. The large barriers that have already

been identified in tracking and traceability may

necessitate an effort beginning with solid organs, and

then expanding to tissues and cells, since surveillance

cannot be achieved unless a product can be uniformly

tracked in the healthcare setting.

Related steps forward

The process of evaluating organ and tissue safety since

2005 has led not only to development of the TTSN, but

also to other initiatives, including the Disease Trans-

mission Advisory Committee of the OPTN (Ison et al.

2009), and draft guidance by AATB for identifying,

reporting and investigating tissue recipient adverse

reactions. The Advisory Committee on Blood Safety

and Availability developed recommendations for

further government leadership on meeting the chal-

lenges and developing a strategic plan for a US

Biovigilance Network in public–private partnership,

leading to a biovigilance ‘‘white paper’’ outlining

those needs (HHS 2009).

Conclusion

In the development of biovigilance in the US, elements

of a national network already exist. Nevertheless, the

existence of functional adverse event reporting sys-

tems in other countries demonstrates that the U.S. lags

behind, particularly compared with global efforts to

establish standards, reporting, coding and traceability.

Although development of the TTSN prototype is an

important step forward, significant advances in infra-

structure and standardization will be needed before a

US Transplantation Sentinel Network will be feasible,

and organ and tissue safety enhanced.
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