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EXECUTIVE SUMMARY

According to the National Childhood Vaccine Injury Act (NCVIA) (1986), documentation for
immunization must include manufacturer and lot number and the American Academy of
Pediatrics (AAP) recommends recording the expiration date (AAP Committee on Infectious
Diseases, 2012). Since 2004, the U.S. Food and Drug Administration (FDA) has required
that vaccine product labels be printed with a linear barcode containing a product’s National
Drug Code (NDC), which identifies the manufacturer, product name, and packaging
information (FDA, 2004). Linear barcodes that could contain these data would be too large
to appear on a label affixed to a 0.5 mL single-dose vial. Thus, barcodes appearing on vials,
ampoules, and syringes of vaccines do not contain the lot number or expiration date.

The intent of the FDA’s linear barcode rule was to enhance patient safety using machine-
readable codes (FDA, 2004), but AAP (2010) noted that these barcodes are ineffective for
patient safety because they omit lot number and expiration date. AAP has since assembled
vaccine manufacturers, providers, public health groups (including the Centers for Disease
Control and Prevention [CDC]), and other immunization stakeholders in an initiative to
transition barcodes on unit-of-use vaccine containers from linear to two dimensional (2D).

2D barcodes are capable of containing product, expiration date, and lot humber on product
labels (Figure ES-1). AAP cited changes since FDA’s 2004 rule was enacted, including
decreasing costs of using 2D barcodes, changing immunization schedules, new vaccine
products, and the prospect of meeting FDA'’s safety goals in its initiative. The FDA (2011)
agreed with AAP’s assessment and issued industry guidance in 2011 that stated it would
grant vaccine manufacturers waivers to replace linear barcodes with 2D ones. A waiver is
not necessary if both linear and 2D barcodes appear on a label.

Figure ES-1. Example Linear and 2D Barcodes

Example of linear barcode Example of 2D barcode
Current linear barcodes required by the FDA A 2D, or data matrix, barcode can include product
contain only the vaccine product identification identification information as well as expiration

information. date and lot number.

ES.1 Project Scope, Objectives, and Methodology Overview

In October 2010, CDC’s Immunization Services Division contracted with RTI International,
an independent, nonprofit research institute, to study the impacts 2D barcodes may have on

ES-1




Executive Summary

vaccine production, clinical documentation, and public health reporting and tracking for
stakeholders in the U.S. immunization system. The study included a prospective economic
analysis and an information systems analysis.! Stakeholders included in the study were
vaccine manufacturers, vaccine users (e.g., immunization providers, immunization program
managers), and immunization data users (e.g., immunization information systems [IIS],
data exchange groups, vaccine-related tracking systems).

The United States has more than 30,000 pediatric, family health, internal medicine, and
obstetric-gynecology (ob-gyn) practices (American Medical Association [AMA], 2011); nearly
4,000 health departments (National Association of County and City Health Officials
[NACCHOQ], 2010); and thousands of pharmacies, retail-based clinics (RBCs), and mobile
immunization sites. Because of this breadth, the scope for all quantitative analyses was
narrowed to primary care providers (pediatric, family medicine, internal medicine, ob-gyn
practices) and health departments. Impacts for other immunizers were reviewed
qualitatively.

This study had three overarching objectives, which were organized into tasks:

1. Stakeholder engagement to document knowledge, attitudes, and beliefs
about the impacts and implications of 2D barcodes for automated identification of
vaccine products. Methods included semistructured interviews with representatives of
all stakeholder groups and an internet survey of immunization providers.

2. Prospective economic impact analyses to assess public economic benefits and
costs and the distribution of these costs and benefits across stakeholders. Primary
and secondary data were inputted into economic models to analyze costs and
benefits over a 10-year period of barcode use by immunizers, analyzing three
different rates of barcode usage uptake for providers. The models developed
analyzed the period from 2011 through 2023, which is 10 years beyond a predicted
2D barcode availability date of late 2012 or early 2013.

3. Data exchange analysis and information technology standards mapping to
assess technical feasibility and identify any gaps in the technology infrastructure
supporting standards-based exchange of immunization data. We reviewed health
information exchange and data standards relevant to 2D barcodes to assess how
information can be transmitted across stakeholders. This issue is particularly
important as the United States moves from a largely paper-based records system to
an electronic one.

ES.2 Two-Dimensional Barcoding of Product, Expiration Date, and
Lot Number on Unit-of-Use Vaccine Product Labels

2D barcodes have the potential to improve the accuracy and efficiency of documentation for
immunization. Information that is currently handwritten, typed into a computer, or both
could be automatically captured by an inexpensive imaging device or scanner (currently

! Contract number GS10F0097L, awarded October 1, 2010, with a period of performance to
September 30, 2011, and extended through March 31, 2012.
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Executive Summary

about $300). This information could automatically populate an electronic health record
(EHR), practice management system, or IIS or be printed and placed in a paper file.

AAP, Canada’s Automated Identification of Vaccine Products initiative, and other countries’
groups are recommending the use of internationally-standard product identifiers,
particularly the Global Trade Item Number (GTIN) (Public Health Agency of Canada and GS1
Canada, 2010). GS1, a global product identification standards organization, created the
GTIN to identify products in the supply change. For prescription pharmaceutical products in
the United States, the GTIN is a 14-digit numerical identifier with the NDC embedded in it
(Figure ES-2). AAP has collaborated with GS1 to develop guidance for vaccine
manufacturers on using GS1 standards for vaccine products. A principal advantage of using
GTINs is that they must be registered with GS1 to ensure that a GTIN only refers to one
specific product.

Figure ES-2. National Drug Code (NDC) Embedded in Global Trade Item Number
(GTIN)

0031234567890 6

& -

GS1 Indicator Digit GS1 Company Prefix + Item Reference Check Digit

Position 2 Position 13

Although the length of the GS1 Company Prefix and
the length of the Item Reference vary, they will
always be a combined total of 12 digits.

Source: GS1 Healthcare US

ES.3 Public Health Opportunity

2D barcoding of vaccines has the potential to prevent medication errors and ensure that the
information about the vaccine received is entered accurately into the patient record
(Simpson, 2001). Collecting product, expiration date, and lot information is critically
important because of the possibility, however remote, that there may be specific vaccine
safety concerns following administration. Public health agencies and providers must be able
to locate persons that may have been administered a recalled product. Knowing the lot
number can also identify safety concerns with a specific lot.

A review of the literature revealed that using 2D barcodes and scanners to document
immunizations could improve patient safety and immunization surveillance:

ES-3
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= Wilton and Pennisi (1994) found that at least 10% of 2,098 children immunized at
UCLA'’s Children’s Health Center had transcription errors in their electronic
immunization records.

= Bundy et al. (2009) found errors in recording product data (i.e., DTaP, Tdap, DT, or
Td), errors in prescription (11%), errors in transcribing and documenting (10%), and
dispensing errors (4.1%) in 607 patients’ immunization records.

= More than 25% of records in the Vaccine Adverse Event Reporting System (VAERS)
are missing lot number data (Kennedy, 2012).

= Between 2005 and 2010, 14 recalls out of 138 (10.1%) for biologics were for
vaccines.

= As long as they enroll by 2012, eligible Medicare providers may earn up to $44,000
over 5 years; eligible Medicaid providers may earn up to $63,750 over 6 years. The
Centers for Medicare & Medicaid Services’ (CMS’s) incentives are anticipated to have
a dramatic impact on health care providers’ adoption of EHRs and, by association,
the potential adoption of barcoding for data collection.

ES.4 Impact on Vaccine Production

Of the 11 manufacturers that have FDA-approved vaccine products on the U.S. market,
seven participated in our study. These seven manufacturers produce, market, or distribute
over 90% of the total number of vaccine products licensed for sale in the United States. Five
have plans to adopt 2D barcoding on the unit of use, one has no current plans to do so, and
one is currently undecided.

Based on manufacturers’ feasibility assessments, the technology is available to enable rapid
2D barcode printing, imaging, and image verification, and manufacturers will be able to
optimize the printing process. Neither of the two manufacturers indicating they would not be
implementing 2D barcoding objected to 2D barcoding because of technically infeasibility,
suggesting that this is an engineering exercise and one-time expense rather than a cross-
cutting change in production.

The 2D barcode will contain static NDC data and the variable expiration date and lot
number, essentially precluding the option of having the symbol printed off site by a vendor.
Having the 2D barcode printed off site, as is commonplace with linear barcodes today,
would present significant coordination and inventory management challenges, as well as
operational and regulatory risks. Therefore, manufacturers will have vendors produce the
label but will print the 2D barcode at their production facilities.

The time required to implement barcoding was estimated to be at least 12 months but no
more than 24 months and depended on such factors as number of packaging and labeling
lines, capital budgeting and procurement procedures, and scheduled production downtime.
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Post implementation, most manufacturers expect negligible incremental printing or other
costs that would be above current expense levels.

We estimate one-time costs of $30.60 million for the 5 manufacturers indicating they intend
to implement 2D barcoding, accruing between 2011 and 2013. The only incremental costs
or benefits estimated pertain to eliminating peel-off labels from syringes and vials. These
incremental benefits are expected to total $54.08 million (2010$) over this period,
offsetting one-time costs to yield net benefits of $23.48 million through the end of the
period of analysis of 2023.

The net present value (NPV) of expected manufacturer costs and benefits is $5.02 million
when the Office of Management and Budget (OMB) specified 7% real social discount rate is
applied (OMB, 1992).2 At a rate set to 10%, which is closer to the biopharmaceutical
industry real working average cost of capital (Harrington & Miller, 2010), the NPV is $0.17
million. A rate of 10.12% sets the NPV to zero, confirming our interview findings that
manufacturers view the 2D barcoding initiative as a one-time cost.

ES.5 Impact on Clinical Documentation

Our approach to quantifying economic benefits was to analyze how scanning 2D barcodes
could reduce the amount of time spent documenting immunizations relative to a business-
as-usual case in which product, expiration date, and lot number are recorded by hand when
reading product labels. The economic model combined survey data on expected barcode
usage with time savings per dose associated with more efficient documentation.

ES.5.1 Survey Data Collection and Results

To ascertain the impacts on clinical documentation, RTI conducted telephone interviews with
major professional associations and organizations, including AAP, American Academy of
Family Physicians, American Congress of Obstetricians and Gynecologists, American College
of Physicians, American Medical Association, American Pharmacy Association, American
Hospital Association, Convenient Care Association, CDC, Association of Immunization
Managers, American Immunization Registry Association, NACCHO, Visiting Nurses
Association of America, Maxim Healthcare, and Walgreen'’s.

2 Net present value is the sum of benefits and costs after discounting cash flows to a single year in
order to determine whether an investment is acceptable, given some minimum rate of return (i.e.,
the discount rate).
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We also fielded an internet survey to primary care providers and local health departments
(LHDs) in late spring 2011.3 The total number of completed surveys was 4,568, but after
data cleaning and application of inclusion criteria, 3,669 were included in our analysis. Of
these, 2,816 were private-practice providers and 853 were LHDs. If respondents did not
provide their specialty or number of physicians, their responses were excluded from the
analysis. We also applied an algorithm that reviewed respondents’ contact information, zip
codes, number of staff, and immunization volume to exclude duplicate records and outlier
responses to the number of doses per physician.

Survey responses varied greatly by specialty; the greatest rate of response came from
pediatrics and the lowest came from internal medicine. Out of an estimated population of
4,937 pediatric practices in the United States (AMA, 2011), 1,442 responses were received,
equating to an estimated coverage rate of 29.2%. We received 968 responses from family
practices (10.1% of 9,561 practices) and 853 from LHDs (24% of 3,669). Only 101
responses were from ob-gyn practices (1.8% of 5,725) and 57 from internal medicine
practices (0.5% of 12,462).

Table ES-1 presents the anticipated likelihood of 2D barcode adoption by provider:

= 43.0% of pediatric practices would likely use 2D barcodes, and an additional 19.5%
would if they had an EHR system. Only 4.0% said they would not use them, and only
16.5% said they did not know if they would use them.

= 53.5% of family medicine practices would likely use 2D barcodes, 16.3% would use
them if they had an EHR system, 7.0% would not use them, and 23.2% said they did
not know if they would use them.

= Less than half of ob-gyn (48.9%) and internal medicine (34.5%) practices said they
would use 2D barcodes. About 20% of ob-gyn practices and 36.4% of internal
medicine practices said they did not know whether they would use them. These
results must be interpreted cautiously because of the low humber of responses for
these two specialties.

= 39.2% of LHDs would likely use 2D barcodes, 26.3% would if they had an EHR
system, 3.6% would not use them, and 30.9% said they did not know if they would
use them.

3 The project’s available resources precluded conducting a representative sample survey. Instead, we
developed a marketing strategy “Take 10 to Enhance Vaccine Barcodes” and partnered with AAP,
American Academy of Family Physicians (AAFP), American College of Obstetrician Gynecologists
(ACOG), AMA, Association of Immunization Managers (AIM), and Vaccines for Children [VFC]
Program coordinators to promote the survey. Partnering organizations received electronic files that
included PDF and MS Word documents containing descriptions about and links to the World Wide
Web-based survey. To encourage participation in the survey, respondents were entered into a raffle
to receive one of 10 iPads. Participating VFC jurisdictions will receive survey results compiled for
their jurisdiction.
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Table ES-1. Likelihood that Practices and LHDs? Would Use 2D Barcodes

My Practice Would
Likely Use the
Barcode If We
Yes, My Practice Had an Electronic No, My Practice I Do Not Know If
Would Likely Use Medical Record Would Not Likely My Practice Would

Specialty the Barcode System Use the Barcode Use the Barcode
Pediatrics (n=1,442) 60.0% 19.5% 4.0% 16.5%
Family practice (n=968) 53.5% 16.3% 7.0% 23.2%
Ob-gyn (n=101) 48.9% 18.1% 12.8% 20.2%
Internal medicine (n=57) 34.5% 23.6% 5.5% 36.4%
LHDs (n=853) 39.2% 26.3% 3.6% 30.9%

8LHD (Local health department)

= Overall, 113 primary care respondents (7.0% of 1,619 providing sufficient
information) indicated that they did not report immunizations to IIS currently but
would be more likely to do so if the 2D barcode were available.

Deciding whether to implement a new technology includes considering a variety of different
factors. We asked respondents to review various factors and their relative importance in
deciding whether to implement 2D barcode scanning. Primary care providers, in general,
ranked the following decision factors as the five most important (Table ES-2):*

1. increased accuracy of records

2. decreased time spent recording vaccine information and/or documenting
immunization

3. reliability of the barcodes
4. usability of the barcode scanners
5. more efficient and accurate management of inventory

ES.5.2 Economic Model Results

An analysis of a time-motion study conducted by the Verden Group in 33 practices in 2009
suggests that practices with EHRs will save approximately 39.4 seconds per dose scanned
(95% CI: 34.8-43.9) and practices without EHRs will save about 36.5 seconds per dose
(32.3-40.5).°

“Responses were ranked, with unimportant equal to 0, somewhat unimportant equal to 1, neutral
equal to 2, important equal to 3, and very important equal to 4.

5The resulting dataset includes activity-specific time-motion estimates for the administration of 724
vaccines to 302 patients (cases) at 33 practices (30 pediatric practices, 3 family practices) in 17
states.
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Table ES-2. Primary Care Providers’ Perceptions of the Importance of 2D Barcode
Usage Decision Factors (0 = unimportant, 4 = very important)

Mean

Rank Factor Score

1 Increased accuracy of records 3.657

2 Decreased time spent recording vaccine information and/or documenting 3.631
immunization

3 Reliability of the barcodes 3.567

4 Usability of the barcode scanners 3.553

5 More efficient and accurate management of inventory 3.528

6 Readability of the barcodes 3.522

7 Cost of scanner(s) 3.198

8 Potential decrease in the number of vaccines that do not get billed to a private 3.182

payer
9 Training 3.068
10 Possible changes to workflow 2.972

Based on practices responding to our survey’s workflow, volume of immunizations
performed, and size and specialty characteristics, we forecasted expected adoption costs
and cost savings from reducing the amount of time spent documenting immunizations for all
primary care providers and health departments in the United States.

The model estimated that, if primary care practices and LHDs follow their stated preferences
to use the 2D barcode, net benefits would be $333.6 million over the period from 2013
through 2023 for these stakeholders alone. If the rate of adoption were slowed by 50%, net
benefits would decline to $326.8 million. If the rate of adoption were slowed by 67%, net
benefits would decline to $311.3 million.

ES.6 Impact on Public Health Reporting and Tracking

A 2D barcode has yet to be used for vaccine product identification in the United States;
therefore, it was of paramount importance to understand how different data exchange
standards would accommodate its use.

We analyzed data exchange standards involved in immunization messaging: GS1, Health
Level 7 (HL7), CDC 2.5.1 Implementation Guide for Immunization Messaging under HL7,
X12, Healthcare Information Technology Standards Panel (HITSP), and National Council for
Prescription Drug Program (NCPDP). We assessed how data elements to be contained in the
2D barcodes would interoperate with these standards. We also interviewed stakeholders
from IIS, EHR vendors, HL7, and CDC and compiled additional resources provided by those
stakeholders.
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Table ES-3 provides a summary of how different 2D barcode elements are transmitted
across immunization messaging standards. Because the NDC has three segments (labeler,
product, and package codes), and some standards require vaccine product data to be in
these discrete segments, the unsegmented GTIN does not map directly to individual fields.
In other words, there is a one-to-many relationship between the GTIN and most data
exchange standards’ vaccine product fields. In contrast to the GTIN, the expiration date and
lot number map directly to individual fields across standards and, therefore, do not present

similar challenges.

Table ES-3. Summary Mapping Table®®

HL7—
Barcoding 2.5.1 HITSP
FDA’s National Message Implementation X12—837P Immunization
GS1 Drug Code Segment Guide Transaction Messages NCPDP
Global Label code Administered Substance Labeler code | Substance Labeler
Trade Item code manufacturer manufacturer code
Number name
(GTIN) Product segment Substance Administered Product Administered Product
manufacturer code segment code segment
name
Package segment | Administered Administered Package Package
barcode drug strength segment segment
identifier volume
Administered
drug strength
volume units
Expiration Substance Substance
date expiration date | expiration date
(YYMMDD)
Batch or lot Substance lot Substance lot Substance lot
number number number number

3The yellow cells denote how the GTIN is mapped, green denotes the expiration date, and orange
denotes the lot humber. Please note that there are two columns for HL7.

bThe NDC within the GTIN is the information source for the other standards.

A mapping table of GTIN, NDC segments, CDC’s product identifier (CVX) and the
manufacturer identifier (MVX), and related codes will be necessary. The table helps facilitate
information exchange by outlining where the information in the barcode would fall in each

standard, providing those who will implement the barcode the specifications necessary to
accommodate receiving and interpreting the GTIN.

An undercurrent to reviewing the implications of the 2D barcode for standards-based data
exchange is legacy issues associated with the NDC, CVX, and MVX. Traditionally, the NDC
has not been used in immunization documentation, reporting, and tracking. Although some

systems are able to accommodate the NDC, most use the CVX and MVX. IIS, for example,
require the CVX, MVX, and lot humber to document an immunization (CDC, 2011e). In the
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future, the NDC will be the cornerstone of inventory control systems; thus, it is important
that techniques be developed to use the NDC code.

ES.7 Summary Economic Analysis Results

Our economic analysis forecasts net economic benefits of at least $326.3 million to $348.5
million from 2011 through 2023 (Table ES-4). We calculated a series of performance
measures on the time series of benefits and costs. These measures lead us to conclude that
transitioning to 2D barcoding for vaccine product labels will have a benefit-to-cost ratio of
2.7 to 2.8 (using the OMB-specified 7% social discount rate); in other words, for every $1
expended, $2.70 to $2.80 in benefits are expected to accrue over the period from 2011
through 2023.

Table ES-4. Summary Public Measures of Economic Return (All Primary Care
Specialties)

Costs for vaccine manufacturers, primary care providers (pediatrics, family medicine, ob-gyn, and

internal medicine), health departments, and public-sector organizations compared with quantified

economic benefits of making documentation more efficient.

Rate of Adoption

Scenario 1, Scenario 2, Scenario 3,
Measure, 2011-2023 Only Set by Survey Slowed 50% Slowed 67%
Total benefits (million $) 501.87 481.36 460.82
Total costs (million $) 153.33 139.66 134.53
Total net benefits (million $) 348.53 341.71 326.29
Net present value (3% discount rate) (million $) 271.49 263.37 249.41
Net present value (7% discount rate) (million $) 196.81 188.10 175.97
Benefit-cost ratio (3% discount rate) 3.0 3.1 3.1
Benefit-cost ratio (7% discount rate) 2.7 2.8 2.7
Internal rate of return 49% 46% 43%

Note: Ultimate penetration estimated to be 75.2% (pediatrics), 68.2% (family practice), 62.0% (ob-
gyn), 53.3% (internal medicine), and 50.2% (health departments).

Economic impacts were quantified for vaccine manufacturers, primary care providers, LHDs,
AAP, and CDC. Economic benefits associated with saving time during record keeping were
used in the comparison with economic costs incurred by manufacturers, providers, and
public-sector stakeholders. Other potential benefits not included in this model because of
the inability to accurately quantify them were reductions in extraimmunization, more
efficient inventory management, improved immunization data capture in IIS and other
information systems, and enhanced product recall capabilities. Thus, the results are
conservative.
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We calculated costs for immunizers under three scenarios. The scenarios present a range of
expected benefit because although we expect practices to follow their stated preferences to
use 2D barcodes, it is possible that they may not be able to do so. Therefore, we allowed
the accrual of economic benefits to slow by 50% and 67% under the possibility that
providers may take two to three times as long to begin using the 2D barcodes.

The results presented in Table ES-4 must be interpreted cautiously because fewer than 100
valid survey responses were received for both ob-gyn and internal medicine practices. Table
ES-5 presents the same measures as Table ES-4 but excludes ob-gyn and internal medicine
practices. Note that although net benefits are reduced, costs fall by a larger percentage and
the benefit-to-cost ratio increases to >3.1, depending on the rate of adoption. Pediatric and
family medicine practices are higher volume immunizers than other primary care specialties
and are expected to accrue higher net benefits, explaining the increase in measures of
economic return when ob-gyn and internal medicine are excluded.

Table ES-5. Summary Public Measures of Economic Return (Excluding Ob-Gyn and
Internal Medicine Practices)

Costs for vaccine manufacturers, primary care providers (pediatrics and family medicine only), health

departments, and public-sector organizations compared with quantified economic benefits of making

documentation more efficient. Excludes estimated costs and benefits for ob-gyn and internal medicine

practices because of lower response rates for these specialties.

Rate of Adoption

Scenario 1, Scenario 2, Scenario 3,
Measure, 2011-2023 Only Set by Survey Slowed 50% Slowed 67%
Total benefits (million $) 447.02 429.00 410.96
Total costs (million $) 113.95 95.41 101.30
Total net benefits (million $) 333.08 333.59 309.67
Net present value (3% discount rate) (million $) 260.62 258.85 237.95
Net present value (7% discount rate) (million $) 190.34 186.87 169.24
Benefit-cost ratio (3% discount rate) 3.6 4.0 3.6
Benefit-cost ratio (7% discount rate) 3.2 3.5 3.1
Internal rate of return 53% 50% 45%

Note: Ultimate penetration estimated to be 75.2% (pediatrics), 68.2% (family practice), and 50.2%
(health departments).

ES.8 Summary Conclusions, Limitations, and Recommendations

Our research leads us to conclude that 2D barcodes for vaccine primary packaging will have
substantial net benefits for stakeholders in the U.S. immunization system (Table ES-6).
Scanning 2D barcodes is expected to enhance patient safety, lower the cost of documenting
immunizations, and increase the quality and coverage of data housed in myriad information
systems.
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Table ES-6. Benefits and Costs of Transitioning to 2D Barcodes for Primary

Packaging®

Benefits

Costs

Automated identification of vaccine products using

2D barcodes offers the following advantages:

enhanced patient safety by ensuring that the
patient is being administered the correct
product

streamlined documentation and record-
keeping procedures

more accurate and complete immunization
records

better data quality for downstream uses of
immunization data for surveillance and safety
such as immunization information systems

(IIS) and the Vaccine Adverse Event Reporting

System (VAERS)

improved vaccine recall and withdrawal
processes and

enhanced inventory management

2D barcodes also have cost implications for
stakeholders that must be considered
throughout the immunization system:

upgrading the printing and imaging
functionalities of manufacturers’ vaccine
product packaging and labeling lines
purchasing scanners, adapting immunization
workflows, and training of immunizers to use
scanners to capture product data

developing capabilities for information
systems to ensure that product data
captured from barcodes are interpretable
and may be exchanged correctly

providing education, training, and
troubleshooting support to immunizers

IS (immunization information systems), VAERS (Vaccine Adverse Event Reporting System)

However, despite the positive results, a number of notable limitations to this analysis must

be considered when reviewing and acting upon our results:

Economic benefits are based on forecasts, and underlying these forecasts are market
trends, stakeholder perceptions, costs, and other factors that are subject to change.

Results only reflect 7 of 11 manufacturers with FDA-licensed products on the market
in the United States in 2011, and 2 of those 7 did not have implementation plans.

Survey data were collected using a survey that received large numbers of responses
but did not rely on a representative sample of the national population of
immunization providers or other potential 2D barcode users.

Economic benefits and costs for complementary immunizers, including pharmacists,
RBCs, and mobile immunizers, were not included.

Not all economic benefits were quantified, particularly changes in extraimmunization
rates, improvements in inventory management, and improved immunization
surveillance.

There may be unexpected and unintended benefits and costs that emerge during
implementation or routine use of 2D barcodes.

A key focus in our analysis was on data exchange standards. Although data exchange
standards can accommodate the 2D barcode, implementation of 2D barcoding for vaccine

products will require a comprehensive mapping of GTINs to the delimited NDCs and CVX
and MVX. These mapping tables should support all vaccine products on the market both on
the public side as well as the private-purchase side. Including Current Procedural
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Terminology (CPT) codes would facilitate billing; thus, it would be advantageous to include
them in the mapping table. Programming efforts, education, and coordination with
stakeholders are needed to use 2D barcodes across immunization encounters, inventory,
billing, and other tracking systems used for immunization. Specific recommendations follow
(see also Table ES-7).

Table ES-7. Summary of Recommendations®

Recommendation Rationale
Maintain GTIN to NDC to CVX and Enable legacy systems to be populated with 2D-barcoded data;
MVX mapping table support data exchange and interoperability.
Collaborate with GS1 Ensure consistent messaging to stakeholders; obtain access to
GTIN registry.
Collaborate with the FDA Obtain NDC data for mapping purposes; ensure consistent

messaging to stakeholders.

Collaborate with AAP Collaborate with AAP and other associations in development and
roll-out of training and outreach programs; maintain participation
in AAP 2D barcoding working group meetings.

Education and outreach

Technical guidance Provide specifications so that systems can be developed and tested
to accommodate 2D barcoded data.

Implementation Provide educational materials and training for end users.
Change management
Stakeholder engagement Ensure that roles and responsibilities among stakeholders are

clear. Keep stakeholders engaged to facilitate their members’
involvement and ensure that changes are communicated.

Update 2.5.1 guide The 2.5.1 guide is the HL7 source for immunization information
exchange; incorporating barcoding guidance into the guide will
ensure that stakeholders are aware of changes.

Pilot implementation Pilot implementation will test 2D barcodes in use, especially with
EHRs and IIS, so that troubleshooting can occur prior to large-
scale implementation.

3GTIN (Global Trade Item Number), NDC (National Drug Code), CVX (product identifier), MVX
((manufacturer identifier), FDA (Food and Drug Administration), AAP (American Academy of
Physicians), EHR (electronic health record)

We recommend ongoing collaboration among CDC, AAP, GS1, the FDA, and other

stakeholders to ensure that all parties responsible for the GTIN, NDC, and CVX and MVX

understand the data exchange implications of the 2D barcode for stakeholders in the

immunization domain. Coordination and discussion are particularly important during
implementation and ongoing maintenance.

One concern that has been universally mentioned is the importance of education and
training of those who will print, maintain, and use the barcode. Each person will need to
understand the content of the standards mapping to make necessary changes to their
systems. Thus, CDC should ensure that the mapping is readily available and communicated
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to all stakeholders, especially to information systems vendors and those in the health IT
technical and policy community.

A commonly cited concern of interviewees was how changes will be accommodated in the
future. Vaccines themselves could change, such as when new products come on the market,
or manufacturers could change. Sometimes the standards themselves change. For example,
the HL7 standards are updated periodically. The regulatory environment might also change,
such as the new Health Insurance Portability and Accountability Act (HIPAA) transactions
and the updates to the privacy and security rules. In addition, vendor products and
functionalities could change as the meaningful use criteria continue to evolve. Regardless of
the source of change, a consistent way of citing and accommodating future change in
standards or barcode content is necessary. This issue points to the need for more consistent
communication channels for stakeholders throughout the health care delivery system.

Although we have conducted interviews and document review, testing an implementation is
the best way to fully understand how the 2D barcode will be operationalized in practice. We
recommend conducting a staged pilot to test implementation, with an emphasis on
information systems integration and usage at the practice level and data exchange between
provider locations and IIS. The pilot should also be part of a technical assistance program
that reviews functionality and capabilities for IIS and guides or supports implementation.
The results of the pilot can be used to test information systems, work flows, and educational
materials.
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1. INTRODUCTION AND BACKGROUND

Vaccine product labels must be compliant with U.S. Food and Drug Administration (FDA)
labeling requirements. Since 2004, one of those requirements has been the inclusion of a
linear barcode containing a pharmaceutical product’s National Drug Code (NDC). The intent
of the rule was to avoid adverse events by using machine-readable codes when preparing
medicines for patients (Bar Code Label Requirement for Human Drug Products and Biological
Products, 2004).

The objective of FDA's linear barcode requirement was patient safety, yet according to the
National Childhood Vaccine Injury Act (NCVIA) (1986), documentation for immunizations
must include product, manufacturer, and lot number information. Recording of expiration
date is recommended by the American Academy of Pediatrics (AAP) (AAP Committee on
Infectious Diseases, 2012). Encoding all these data in a linear barcode would make that
barcode too large for a 0.5 mL single-dose vial. In a question submitted to the FDA in 2006,
a party asked whether it would be acceptable to include lot humber and expiration date
along with the NDC in a two-dimensional (2D) barcode. The FDA responded that printing
and reading technologies were not yet cost-effective; therefore, the barcode must be linear,
but also that it would consider future revisions (FDA, 2006).

Five years later, AAP launched its Vaccine Barcoding Initiative, bringing together physicians,
vaccine manufacturers, and public health groups (including the Centers for Disease Control
and Prevention [CDC]) to review the feasibility of transitioning to 2D barcodes. AAP’s
rationale was that costs had decreased sufficiently, that technologies had matured, and that
accelerating rates of electronic health record (EHR) adoption made 2D barcodes cost
effective and would constitute a significant gain in patient safety (AAP, 2010). In January
2010, AAP recommended to the FDA that the agency permit the use of alternative
symbologies for vaccine product labeling.

In August 2010, the FDA issued draft guidance to permit the use of “alternative
symbologies” on vaccine products, including 2D barcodes (FDA, 2010a). That draft guidance
cited as justification increases in the number of recommended immunizations, record-
keeping requirements of the NCVIA, and changes in technology availability and cost. This
guidance was finalized in August 2011 (FDA, 2011).

During the intervening period between draft and final FDA guidance, in October 2010, CDC's
Immunization Services Division contracted with RTI International, an independent not-for-
profit research institute, to study the impacts a transition to 2D barcodes appearing on the
label on the unit of use containing product, expiration date, and lot number may have on
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vaccine production, clinical documentation, and public health reporting and tracking. The
study included an economic analysis and an information systems analysis.?

Automated identification of vaccine products are expected to offer the following advantages:

enhanced patient safety, by using automated identification to ensure that the patient
is being administered the correct product, thereby avoiding the administration of
invalid or unnecessary doses;

streamlined documentation and record-keeping procedures, by using imaging
technology to capture data from labels and populate EHRs, practice management
systems, and other information systems rather than entering these data by hand;

more accurate and complete immunization records, by avoiding transcription errors
from manual data entry and ensuring that the expiration date and lot number are
entered into the record;

better data quality for downstream uses for surveillance and safety, such as
immunization information systems (IIS), the Vaccine Adverse Event Reporting
System (VAERS), and the Vaccine Safety DatalLink (VSD);

enhanced inventory management, by permitting practices to scan dosing units into
inventory software; and

more efficient records review in the event of a vaccine recall.

2D barcodes also have cost implications throughout the immunization value chain that must
be considered:

1.1

upgrading the printing and imaging functionalities of manufacturers’ vaccine product
packaging and labeling lines;

purchasing scanners, adapting immunization workflows, and training immunizers to
use scanners to capture product data;

developing information system functionalities to ensure that product data captured
from 2D barcodes are interpretable and can be exchanged correctly across all
immunization reporting systems via data exchange standards; and

providing educational, training, and troubleshooting support to more than 30,000
pediatric, family health, internal medicine, and obstetric-gynecology (ob-gyn)
practices; nearly 4,000 health departments; and thousands of pharmacies, retail-
based clinics (RBCs), and mobile immunization sites across the United States.

Project Scope and Objectives

This study analyzed the impact of adding 2D barcodes to vaccine product labels appearing

on primary packaging (e.g., the unit of use, such as a single-dose vial or prefilled syringe).

!Contract number GS10F0097L, awarded October 1, 2010, with a period of performance to September
30, 2011, and extended through March 31, 2012.
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Stakeholders included in the study were vaccine manufacturers, vaccine users (e.g.,
immunization providers, immunization program managers), and immunization data users
(e.g., immunization information systems, data exchange groups, vaccine-related tracking
systems). Because of the breadth of immunization providers in the United States, the scope
for all quantitative analyses was narrowed to primary care providers (pediatric, family
medicine, internal medicine, ob-gyn practices) and health departments. Impacts for other
immunizers were reviewed qualitatively.

This study had three overarching objectives, which were organized into tasks:

1. Stakeholder engagement to document knowledge, attitudes, and beliefs
about the impacts and implications of 2D barcodes for automated identification of
vaccine products. Methods included semistructured interviews with representatives of
all stakeholder groups and an internet survey of immunization providers.

2. Prospective economic impact analyses to assess economic benefits and costs
and the distribution of these costs and benefits across stakeholders. We converted
the results from the first task into economic models to analyze costs and benefits.
The models developed analyzed the period from 2011 through 2023, which is 10
years beyond a predicted barcode availability date of late 2012 or early 2013.

3. Data exchange analysis and information technology standards mapping to
assess technical feasibility and identify any gaps in the technology infrastructure
supporting standards-based exchange of immunization data. We reviewed health
information exchange and data standards relevant to 2D barcodes to assess how
information can be transmitted across stakeholders. The product of this analysis was
a feasibility assessment and a series of recommendations about how to incorporate
the information captured from the barcode into both the relevant standards and the
guidance. This way, not only will information be captured appropriately, but also
users will understand what to do with it and how to incorporate it into their systems.
This issue is particularly important as the United States moves from a largely paper-
based records system to an electronic one.

1.2 2D Barcoding of Product, Expiration Date, and Lot Data Using
GS1 Product Identification Standards

2D barcodes have the potential to improve the accuracy and efficiency of documentation for
immunization. Information that is currently handwritten, typed into a computer, or both
could be automatically captured by an imaging device or scanner. This information could
then populate an EHR, practice management system, or IIS or a record could be printed and
placed in a paper file.

As mentioned previously, immunization documentation includes product identification,
expiration date, and lot humber. Product identification entails both the antigen and the
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manufacturer.? A 2D barcode allows for the inclusion of both static (i.e., manufacturer and
product name) and variable information (i.e., lot number and expiration date). A 2D
barcode allows for the inclusion of this information in a single symbol appearing in the
limited space available affixed to a label on a single-dose vial containing about 0.5 mL of
product.

Vaccines currently include a linear barcode with the NDC (Figure 1-1) on the immediate
container label (or on intermediate packaging if curvature or space is not available). These
barcodes do not include the lot number and expiration date. Thus, this information must be
recorded by hand or keyed into a software system.

Figure 1-1. Example Linear and 2D Barcodes

Example of linear barcode Example of 2D barcode

Current linear barcodes required by the FDA A 2D, or data matrix, barcode can include product
contain only the vaccine product identification identification information as well as expiration
information. date and lot number.

AAP, Canada’s Automated Identification of Vaccine Products Advisory Task Group (AIVP
ATG), and other countries’ groups are recommending the use of internationally-standard
product identifiers, particularly the Global Trade Item Number (GTIN). GS1, a global product
identification standards organization, created the GTIN to identify products as they move
from the manufacturer to end-user use.

For prescription pharmaceutical products in the United States, the GTIN is a 14-digit
numerical identifier with the NDC embedded in it. The expiration date is in the YYMMDD
format, as per the GS1 Healthcare US guidelines (GS1, 2011a). The lot humber is a variable
number of digits assigned by the manufacturer. AAP collaborated with GS1 to develop
guidance for vaccine manufacturers on using GS1 standards for vaccine products. A
principal advantage of using GTINs is that they must be registered with GS1 to ensure that
a GTIN only refers to one specific product. Chapter 6 explores GTINs and NDCs in greater
detail.

1.3 Relationship of 2D Barcoding to Serialization Initiatives

2D barcoding of vaccine product, expiration date, and lot number on unit-of-use vaccine
product labels is a primary packaging initiative that complements and does not conflict with

2 Although funding source is commonly documented (Vaccines for Children [VFC] or non-VFC), that
information will not be part of the barcode because the barcode will be applied at the point of
manufacture, and it is not possible to know the funding source at that time.
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other initiatives, such as serialization and track and trace, that will affect the secondary
packaging (e.g., unit of sale) and higher packaging levels.

Serialization refers to the inclusion of a unique serial number on a saleable package that
allows manufacturers, distributors, and regulatory bodies to assess the pedigree of that
package. For sale and shipment, vials and syringes are packaged in cartons, boxes, and
pallets, and it is these packaging levels that may be affected by serialization initiatives in
the United States. The product label appearing on the vial should not be affected by
serialization or track and trace because an individual vial or syringe without a box is not a
saleable unit.

In FDA’s guidance for industry, Standards for Securing the Drug Supply Chain—
Standardized Numerical Identification for prescription Drug Packages, the FDA states,

[e]vidence that a unit is intended for individual sale, and thus constitutes a
separate “package” for purposes of this guidance, would include the package
being accompanied by labeling intended to be sufficient to permit its
individual distribution. For example, if a manufacturer’s smallest unit of sale
package is a container holding six drug-filled syringes, a single SNI
[standardized numerical identifier] would be the package-level identifier for
the container holding the six drug-filled syringes; there would be no SNIs for
the individual syringes, not intended by the manufacturer for individual sale.
(FDA, 2010b, p. 3).

Secondary, tertiary, and other packaging levels, which are expected to be affected by
serialization, are outside of the scope of this study. Yet it is important that stakeholders
recognize that 2D barcoding of the unit-of-use and serialization of higher packaging levels
both affect manufacturers’ packaging operations.

1.4 Automated Identification of Vaccine Products Initiatives

The 2D barcoding initiative is occurring as part of a global trend toward automated
identification of pharmaceutical products in health care settings. In this section, we review
past and current initiatives that are relevant, including the Vaccine Identification Standards
Initiative (VISI), the FDA Barcoding Rule (Bar Code Label Requirement for Human Drug
Products and Biological Products, 2004), AAP’s Vaccine Barcoding Initiative, Canada’s
Automated Identification of Vaccine Products Advisory Task Group, and current and future
product identification initiatives in the United States and abroad that have implications for
the United States.
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1.4.1 Vaccine ldentification Standards Initiative (VISI)

VISI was launched in 1997 by CDC’s Immunization Safety Office in concert with other
immunization stakeholders to enhance the safety of vaccination through improving accuracy
of vaccine information. Safety enhancements were expected to accrue via development and
dissemination of uniform guidance for administrative functions of vaccines, including
packaging, labeling, and record keeping.

VISI proposed guidelines in six areas: peel-off labels, barcoding, uniform vaccine
administration record, NDC vaccine database, vaccine facts sidebar, and standard
abbreviations for vaccine and antibody types, manufacturers, and distributors (Grabenstein,
2002).

Although the group made progress, including the adoption of peel-off labels by some
manufacturers for portions of their product portfolios, FDA's Barcode Label Requirement for
Human Drug Products and Blood: Final Rule (69 FR 9120) ultimately superseded the VISI
initiative by specifying barcode labeling requirements. Implementing 2D barcoding builds on
the initial goals of VISI to improve vaccine safety and streamline documentation.

1.4.2 Food and Drug Administration’s Barcoding Rule (CFR 69 FR 9120)

On March 14, 2003, the FDA introduced a proposed rule (Bar Code Label Requirement For
Human Drug Products and Blood, 2003) that required prescription human drug products,
including vaccines, to be labeled with a linear barcode. The rule followed an Institute of
Medicine (IOM) report entitled To Err Is Human: Building a Safer Health System, which
estimated the number of American deaths as a result of medication errors in 1993 at 7,000
(Kohn, Corrigan, & Donaldson, 2000).3 IOM noted that many of these deaths were likely
easily preventable and suggested barcoding as a solution. A timeline of important barcoding
events is displayed in Table 1-1.

In the Federal Register of February 26, 2004, the FDA published the barcoding final rule
(Bar Code Label Requirement for Human Drug Products and Biological Products, 2004). The
rule became effective April 26, 2004, and specifies that the barcode must

= be linear,
= include the drug’s NDC,

= meet European Article Number/Uniform Code Council or Health Industry Business
Communications Council standards,

3In 2005, the IOM released a follow-up report entitled Five Years After ‘To Err Is Human’: What Have
We Learned?, which stated that, although small positive impacts had been observed and the
groundwork for safety improvements had been laid, there was little national impact and progress
was slow.
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= be surrounded by enough blank space to allow it to be scanned correctly,
= outlast normal use, and

= be placed on both the drug’s immediate container label and the outside packaging
label, unless the immediate label is machine-readable through the outer packaging.

Table 1-1. Timeline of Important Vaccine Barcoding Legislation and Guidance

Year Legislation and Guidance
1997 CDC launches the VISI
1999 IOM: To Err Is Human: Building a Safer Health System: Described safety problems in
the administration of pharmaceutical products and established the concept of the 5
rights
2003 FDA: Barcode Label Requirement for Human Drug Products and Blood: Proposed Rule

(68 FR 12500): Proposed that all pharmaceutical products include a linear barcode on
packaging labels

2004 FDA: Barcode Label Requirement for Human Drug Products and Blood: Final Rule (69 FR
9120): Finalized linear barcode requirement
2005 IOM: Five Years After ‘To Err Is Human’: What Have We Learned?: Reaffirmed that

safety challenges associated with medicine administration remain prevalent in the
United States

2006 FDA: Guidance for Industry: Barcode Label Requirements—Questions and Answers (71
FR 58739): Stated that alternative symbologies to the linear barcode are not cost-
effective or permitted

2010 FDA: Draft Guidance for Industry: Barcode Label Requirements—Questions and Answers
(Question 12 Update); Availability (75 FR 54347): Stated that the FDA may consider
issuance of waivers to permit 2D barcodes for vaccine products

2011 FDA: Final Guidance for Industry: Barcode Label Requirements—Questions and
Answers: Availability (76 FR 49772): Stated that the FDA will accept requests to waive
the linear barcode requirement in favor of including a 2D barcode for vaccine products
only

2011 AAP and GS1: American Academy of Pediatrics & GS1 US Guideline for Suppliers: The
Application of GS1 DataMatrix Barcodes to Vaccines for Point-of-Care: Established the
AAP-approved specification of GTIN, expiration date, and lot number as data fields for
2D barcodes for vaccine product labels affixed to the unit of use in the United States

In the final rule (Bar Code Label Requirement for Human Drug Products and Biological
Products, 2004), the FDA stated that they were unable to justify mandating inclusion of
expiration date and lot number in the barcode based on current knowledge of the costs and
benefits of including this information.

On October 5, 2006, the FDA released a document entitled Guidance for Industry: Barcode
Label Requirements—Questions and Answers. Question 12 of the document asks whether a
manufacturer may use an alternative symbology, such as a 2D barcode, instead of a linear
barcode. The FDA reiterated that a linear barcode must be used but added that they will
consider future revisions to the rule.
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1.4.3 American Academy of Pediatrics Vaccine Barcoding Initiative

AAP supports the implementation of 2D barcodes and presented their perspective in a
presentation to the FDA on February 2, 2010. AAP requested the inclusion of the GTIN,
expiration date, and lot number in vaccine barcodes (AAP, 2010). AAP noted that the
transition to 2D barcodes has become necessary since the 2004 FDA rule for a number of
reasons, including the following:

= the number of recommended vaccines has increased since the original rule in 2004,
and several combination products have been introduced;

= the number of private practices using EHRs has increased;

= 2D barcodes, even in areas such as retail, are moving toward becoming the
standard; and

= the cost of printing and scanning 2D barcodes has decreased (AAP, 2010).

During 2010 and 2011, AAP led a working group of vaccine manufacturers, immunization
providers, and public health agencies to further 2D barcoding, including establishing
consensus standards, convening discussion panels, and developing guidance for
manufacturers and guidance and training programs for providers. AAP coordinated with GS1
to provide written, AAP-approved guidance to manufacturers and clinicians (GS1, 2011a).*

1.4.4 Food and Drug Administration’s Updated Question 12 Guidance

In August 2010, the FDA issued a revision to the 2006 document entitled Draft Guidance for
Industry: Barcode Label Requirements—Questions and Answers; Availability, stating that 2D
barcode technology had advanced to the point that the benefits of 2D technology may
exceed costs. The FDA stated that since the finalization of the original rule it has become
clear that 2D barcodes could play an important role in safe and efficient vaccination.

The document notes that sites administering childhood vaccines may particularly benefit
from 2D barcodes, given that these locations are bound by the NCVIA and often have little
administrative support. NCVIA requires that the date the vaccine was administered; the
manufacturer; lot number of the vaccine; and the name, address, and title of the person
administering the vaccine be recorded. Administrators must log all information not stored in
a linear barcode manually, a process that is time consuming and prone to error. Errors can
lead to safety issues and expensive duplicate vaccinations.

The FDA (2011) finalized the vaccine industry guidance in August 2011 called Guidance for
Industry: Bar Code Label Requirements—Questions and Answers; Availability. The guidance

4 AAP facilitated meetings between stakeholders to obtain feedback on draft guidance. At these
meetings the guidance was reviewed, comments were solicited, and changes from earlier versions
were outlined.
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opened the door for manufacturers to submit requests to use alternative symbology,
including the 2D barcode. It allows for the vaccine products to replace linear barcodes with
2D barcodes, if granted a waiver by the FDA. Childhood vaccines were cited as a reason for
this guidance, but the guidance applies to all vaccines. It is important to note that the FDA
stated specifically that its guidance does not apply outside of vaccine products and that it
applies only to the unit-of-use. Linear and 2D barcodes may be placed on a label together.

1.4.5 Automated ldentification of Vaccine Products (AIVP) Advisory Task
Group (Canada)

Efforts related to vaccine barcoding have been ongoing in Canada since 1999, when the
National Advisory Committee on Immunization passed a resolution recommending that 2D
barcodes be included on vaccines. This resolution came about after the Public Health Agency
of Canada (PHAC) released information showing that up to 10% of the population was being
reimmunized because of faulty immunization records, resulting in unnecessary costs and
health consequences (HDR, 2009).Canada established the AIVP ATG to develop solutions
leveraging information systems technologies.® This group completed feasibility studies on
vaccine barcoding alternatives, ran a pilot project to demonstrate the benefits of automated
identification for inventory management, and met with manufacturers to develop a list of
necessary standards. The Canadian initiative is notable because many products and
manufacturers are common across the United States and Canada, and, like AAP, the AIVP
ATG is also requesting that GTIN and lot number are in a 2D barcode (Public Health Agency
of Canada and GS1 Canada, 2010).

In 2009, PHAC completed a commissioned study entitled “"Cost-Benefit Analysis for Adoption
and Implementation of the Automated Identification (Bar Coding) of Vaccine Products”
(HDR, 2009). The study estimated the direct and indirect costs and benefits of
implementing barcode standards and establishing a Vaccine Identification Database System
(VIDS) for all vaccine products in Canada. It analyzed six different labeling scenarios (HDR,
2009). The most comprehensive scenario, recommended by the Canadian Immunization
Registry Network, includes a 2D barcode on the primary package, a linear or 2D barcode on
the secondary package, and two peel-off labels with barcodes and human-readable
information on the primary package. The benefit-cost ratio for this scenario was estimated
at 4.0, and the net present value (NPV) estimate was C$797 million. The most cost-effective
scenario (requiring a static data barcode on primary and secondary packages) was
projected to have a benefit-cost ratio of 8.2 and an NPV of C$919 million.

5Voting AIVP ATG Members include BIOTECanada, Canadian Immunization Registry Network, Canadian
Nurses Coalition on Immunization, Canadian Pediatric Society, Canadian Information Technology
Associations of Canada, Canadian Medical Association, GlaxoSmithKline, GS1 Canada, Health
Canada, Institute for Safe Medication Practices Canada, Merck Canada Ltd., Novartis
Pharmaceuticals Canada, Pfizer Canada, Public Health Agency of Canada, Sanofi Pasteur Ltd., and
Solvay Pharma Inc.
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Although the costs and benefits discussed in the Canadian study provide a good framework
for implementing a 2D barcode in the United States, the Canadian study examines a far
broader and more comprehensive initiative. For example, costs assessed in the Canadian
study include development of a vaccine inventory management database to store data on
vaccines, reconfiguration of the centralized database that combines records on vaccines
from providers to incorporate barcodes, and ongoing collection of vaccine data. The study
also included benefits from reduced wastage and extraimmunization, as well as streamlined
public-sector vaccine inventory management.

Implementation of vaccine barcoding in Canada also differs from implementation in the
United States, in large part because health care is regulated by the 10 provinces and 3
territories, so less coordination is needed than in the United States, where regulation occurs
in all 50 states. In addition, the health care system in Canada is largely public, and most
vaccines are paid for by provincial/territorial governments. There is a single purchasing
group, the Vaccine Supply Working Group, and one distribution system in each province and
territory.

1.5 Initiatives Outside of North America

The United States and Canada are not alone in pursuing pharmaceutical product
identification initiatives. Although underlying rationales and operating models differ by
country, a common factor is often a decision to leverage GS1 standards (Table 1-2). See
Appendix A for a description of initiatives occurring outside of North America.

Table 1-2. Countries with Known Automated Prescription Pharmaceutical
Product Identification Initiatives Outside of the North America, as of
August 2011

Argentina Germany South Korea
Belgium Greece Sweden

Brazil India Turkey

China Italy United Kingdom
France

Note: See also Appendix A.

1.6 Report Organization

This report is organized as follows:

» Chapter 2, Literature Review, presents a synthesis of the literature organized
thematically: barcoding in health care, immunization practice, and electronic data
exchange. Because 2D barcodes for vaccines have yet to be introduced to the
market, we reviewed relevant literature from the perspective of how eliminating
human error from verifying that the correct product is being administered to the
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correct patient and from recording product, lot, and expiration date could enhance
safety and efficiency.

Chapter 3, Impact on Vaccine Production, analyzes the perspectives of
manufacturers and presents a benefit-cost analysis for 2011 through 2023, with
2023 being the end point of a 10-year period of 2D barcode availability. The results
indicate that five manufacturers plan to implement 2D barcoding at a cost of $30.6
million.

Chapter 4, Knowledge, Attitudes, and Beliefs of Primary Care Providers and
Local Health Departments (LHDs), describes the results from semistructured
interviews and an internet survey. Nearly 3,700 valid survey responses were
received. When presented with descriptions of potential benefits and costs, over 70%
of pediatric and family medicine practices indicated they would use the barcode or
that they would use it when they have an EHR system in place. In contrast, only
39.2% of LHDs said they would use it.

Chapter 5, Economic Analysis of the Impact of 2D Barcodes on Clinical
Documentation, presents a benefit-cost analysis of adopting and using 2D barcodes
to record product, expiration date, and lot number information in primary care and
LHD settings. Only benefits from more efficient documentation were able to be
quantified, yet we included comprehensive cost estimates. Results are, therefore, a
lower bound. We estimate that 2D barcodes would decrease time spent on
documentation by 58% to 63% per dose. Despite adoption costs, net benefits to
primary care providers and LHDs are expected to be $311 million to $333 million
between 2013 and 2023.

Chapter 6, Impact on Exchange and Management of Immunization
Information, reviews issues surrounding standards-based data exchange and maps
fields and identifiers for relevant standards to assess feasibility. Ultimately, we
concluded that in order to maximize the promise of 2D barcodes, a mapping of GTIN
to NDC to CDC’s manufacturer identifier (MVX) and product identifier (CVX) is
required.

Chapter 7, Impacts and Implications for Other Stakeholders in the U.S.
Immunization Ecosystem, reviews how the transition to 2D barcoding of vaccine
product labels could affect complementary immunizers, public health authorities, and
other stakeholders in the immunization system. Pharmacists, RBCs, and other
immunizers were consulted for this work, and it became apparent from our
interviews that pharmacies and RBCs are likely 2D barcode users.

Chapter 8, Summary Results and Conclusions, presents summary remarks and
recommendations. A lower-bound benefit-to-cost ratio of 2.7 to 2.8 was estimated,
meaning that for every $1 invested in 2D barcoding at least $2.70 is expected to
accrue between 2011 and 2023.
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2. LITERATURE REVIEW

In an effort to clarify the potential impact(s) of adding a 2D barcode to vaccine product
labels, we conducted a targeted literature review and scan of unpublished grey literature.
Because 2D barcodes for vaccines had yet to be introduced to the market when this study
launched in October 2010, we reviewed relevant literature from the perspective of how the
following could enhance patient safety and efficiency: 1) eliminating human error from
verifying that the correct product is being administered to the correct patient and

2) recording product, lot, and expiration date accurately and completely. We synthesized
evidence from the literature into 3 categories: impacts of barcoding on health care, current
immunization practice, and electronic data exchange (Table 2-1).

Table 2-1. Summary Literature Review Findings

Category Relevance to Vaccine Barcoding Literature Highlights
Barcoding in  The implementation of barcoding Barcoding has the potential to
health care technologies in health care settings * reduce human errors in record keeping,
may provide lessons forits = facilitate response to product recalls, and
implementation within immunization )
. = conduct post-marketing safety
practice. :
surveillance.
Immunization Barcoded vaccines may have a Barcoding has the potential to
practice significant impact on immunization * reduce vaccine wastage,
practice. » reduce extraimmunization, and
= improve efficiency in record keeping.
Electronic 2D-barcoded vaccines have the Barcoding has the potential to
data potential to facilitate data collection " improve accuracy and completeness of
exchange and electronic data exchange in a record keeping,
variety of settings. .

facilitate data entry into immunization

information systems (IIS), and

= improve the quality of data shared with
I1S.

Indirectly, these improvements in the ease

with which data can be shared and their

improved quality may increase the amount

of data included in IIS, as well as public

health data exchange more generally.

2.1 Literature Review Methodology

Our review encompassed health informatics, public health, economics, and industry
literature because of the crosscutting issues of interest. Peer-reviewed articles were
identified via indexed databases such as PubMed and EconlLit. We also searched unpublished
grey literature through web-based searches and reviews of materials identified during
interviews with key informants and stakeholder organizations, including the American
Academy of Pediatrics (AAP), the American Academy of Family Physicians (AAFP), American
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College of Obstetrician Gynecologists (ACOG), American Medical Association (AMA),
Biotechnology Industry Organization (BIO), GS1 Healthcare US, Association of
Immunization Managers (AIM), and the American Medical Informatics Association (AMIA).

Searches were performed using a combination of keywords, which included vaccine,
immunization, barcode, health care, practice, pediatric, obstetric-gynecology (ob-gyn),
internal medicine, family physician, public health clinic, time-motion, economic, safety,
medical errors, record keeping, electronic health records, health information technology,
immunization information system, and data. We excluded articles that were not in the
English language and those that were specific to developing health care systems (e.g., we
included references from Australia but not from sub-Saharan Africa). References for these
sources were catalogued using EndNote X4 software.

2.2 Barcoding in Health Care

Barcoding vaccines has the potential to ensure that individuals receive the correct vaccine
and that the information about the vaccine received is entered accurately into the patient
record (i.e., preventing medication errors). Collecting this information is critically important
because of the possibility, however remote, that there may be specific vaccine safety
concerns following administration.

2.2.1 Barcoding and Patient Safety

Health care providers have striven “to do no harm” since Hippocrates. In recent years,
medical errors, in particular, human errors, have been highlighted as a significant threat to
patient safety (Kohn, Corrigan, & Donaldson, 2000). The extant literature addressing the
intersection between barcodes and patient safety predominantly focuses on the adoption
and implementation of barcode technology to improve the safety of medication
administration. Barcoding has been advocated as one technological approach to improve
patient safety by reducing human error. The Healthcare Information Management Systems
Society (HIMSS) asserts that barcoding is a means to reduce medical errors, as well as
improve health care quality more broadly (Simpson, 2001).The concept of barcoding
reducing human error has implications for what may be described as medication errors,
vaccine management, and the ability to respond to product recalls.

The literature includes many references to the concept of the "5 rights” when assessing the
administration of medications (Figure 2-1). Although the 5 rights has its limitations, Bundy
et al. (2009) used it as a framework to report pediatric vaccination errors. In their study of
607 outpatient, vaccination errors reported voluntarily to the largest adverse drug event
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database in the United States, MEDMARX,?
were evaluated to determine the
characteristics of the errors and how they
fit into the 5 rights.

1. Wrong-patient errors in which
vaccines administered to the wrong
child occurred rarely (4.4% of
administration errors). Bundy et al.
(2009) estimate more than 40% of
wrong-patient errors are related to
sibling confusion. Wrong-patient

Figure 2-1.

The "5 Rights” to Reduce
Medication Errors

Right patient (the medication is being administered to
the person for whom it is intended)

Right medication (the correct medication is being
administered)

Right dosage (the medication prescribed is
administered at the correct dosage)

Right time (the medication is being administered at
the correct interval)

Right route (the medication is being administered via
the correct route, e.g., intramuscular vs.
subcutaneous injection)

errors did not reflect vaccines administered to a child for whom the vaccine was

contraindicated.

2. The wrong vaccine was the error most commonly identified by Bundy et al. (2009).
They examined errors based on look-alike/sound-alike generic names. The tetanus
group (DTaP, Tdap, DT, and Td) represented more than one-third of all errors cited.
Errors also occurred with the pneumococcal and meningococcal groups. Sound-alike
trade names were hypothesized to be a source of error as well, but the data did not

permit analysis at this level.

3. The wrong dose includes “wrong drug” (25% of errors), “extra dose” (25%),
“improper dose/quantity” (14%), and “wrong dosage form” (1%). Extra doses were
reported as occurring more commonly with scheduled vaccines (as opposed to
seasonal or electively administered vaccines). Because the data collection permitted
reporting in more than one category, there may be overlaps in reporting (i.e., a
given dose error could be reported as “wrong drug” as well as “extra dose” and
“wrong dosage form”). This highlights the need to critically evaluate such reports.

4. The wrong time was reported among 8% of errors. This category included
extraimmunization as well as underimmunization. As with extra doses, wrong time
and “omission” occurred more commonly with scheduled vaccines (as opposed to
seasonal or electively administered vaccines).

5. The wrong route occurred infrequently (<.5%).

Of further relevance to barcoding, errors occurred in prescribing (11%), transcribing and
documenting (10%), and dispensing (4.1%) (Bundy et al., 2009). 2D barcoded vaccines’
capacity to improve record keeping would likely reduce human errors in “transcribing and
documenting”; barcoded vaccines’ capacity to be integrated into EHRs and their clinical
support tools would likely reduce errors in “prescribing” and “dispensing” by identifying
instances in which a patient may otherwise receive the wrong vaccine (e.g., DTaP instead of

Tdap) or inappropriate dispensing (e.g., using the wrong diluents).

! MEDMARX is an anonymous, deidentified, voluntary national internet-accessible database established
in 1998. MEDMARX is used by hospitals and health care systems to collect, report, track, and share
adverse drug events and medication errors in a standardized format. The database includes nearly
1.4 million medication error reports (MEDMARX, 2011).
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The study by Bundy et al. (2009) is consistent with Wilton and Pennisi (1994) who found
that at least 10% of 2,098 children immunized at UCLA’s Children’s Health Center had
transcription errors in their electronic immunization records.

Feikema, Klevins, Washington, and Barker (2000) describe extraimmunization as “vaccine
doses given in excess of the recommended [immunization] schedule.” Implementing a
system in which 2D-barcoded vaccines improve record keeping has the potential to reduce
the incidence of extraimmunizations.

Currently, extraimmunizations commonly occur when immunization providers attempt to
ensure adherence with the Advisory Committee on Immunization Practices (ACIP)-
recommended immunization schedule and children lack accurate or adequate immunization
documentation or require updating earlier mistimed doses (Feikema et al., 2000). Likewise,
extraimmunization of specific antigens can occur in the course of administering a series of
combination vaccines.

Estimates of the frequency of extraimmunization vary by vaccine. Feikema and colleagues
(2000) examined extraimmunization of hepatitis B, DTP/DTaP, Hib, polio, and measles
vaccines and found a range of weighted percentages by vaccine of 14.1% for polio to 2.5%
for measles. Strine and colleagues (2002) recognized that the rate of extraimmunization is
decreasing (from an estimated 1.8 million extra doses in 1997 to 775,000 in 2000) but
assert the financial impact remains a concern.

Darden et al. (2001) used data from the National Immunization Survey to estimate rates of
extraimmunization in children aged 19 to 35 months for the years 1999 through 2003.
Overall, they found an average extraimmunization rate of 9.4%. Like Strine, they found the
overall percentage of extraimmunization declined over time and varied by vaccine.
Extraimmunzation generally results from a lack of adequately documented immunization
history. We anticipate that the improved record keeping that barcoded vaccines can
facilitate will result in reduced extraimmunization.

One benefit of implementing barcode medication administration systems can be summarized
as reducing preventable errors associated with the "5 rights” and producing data that can be
used for quality and patient safety improvement initiatives (Akiyama, Koshio, & Kaihotsu,
2010; Douglas & Larrabee, 2003; Hook et al., 2008; Johnson et al., 2004).

As described by Akiyama et al. (2010), “in addition to their contribution to the
authentication of the 5 rights, data captured by barcode administration systems have the
potential to provide sources of research to improve patient safety in terms of actual
injections and medications data.” Akiyama et al. studied a sophisticated system that used
barcodes to capture data on each medical action that took place in the hospital, including
details about when, where, what, why, for what, to whom, and how each action occurred.
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These data yielded a rich understanding of the context of errors and enabled them to
efficiently investigate potential solutions to avoid similar errors in the future.

Douglas et al. (2003) echoed these sentiments, saying that “this input of previously elusive
medication error data gives [their] medication error team—as well as [their] pharmacy and
therapeutics, patient safety, and quality improvement committees—a plethora of
information from which to devise informative and useful root cause analyses, and
implement effective quality improvement programs.”

Johnson et al. (2004) took a step further by explaining how such data on errors and the
solutions identified from them could ultimately even lead to financial benefits:
“Understanding the type and circumstances of errors intercepted by BPOC (barcode-point-
of-care technology) will provide insight into potential systems issues that cause the errors
to occur. The resulting reduction in errors will produce a substantial financial benefit by
reducing costs associated with medication errors.”

To fully realize the potential benefits of barcodes for patient safety, however, the barcodes
must actually be used by clinical staff. In other words, clinical workarounds developed as a
result of technology flaws, failures, inconveniences, and a host of other reasons (e.g., task
related, patient related, environmental, policy) can undermine or defeat the utility of
barcode technology from a patient safety standpoint; the workarounds must be identified
and addressed to ensure compliance (Koppel et al., 2008; McNulty et al., 2009).2 Barriers
and facilitators that were commonly cited in the literature are summarized in Table 2-2.

The literature suggests that maximizing the benefits of barcode technology also involves
selecting a sophisticated system with the capacity to identify various types of potential
errors; operating the system in conjunction with other sophisticated technologies, including
electronic medication administration records and computerized physician order entry
systems rather than in isolation; and incorporating its use into other processes (e.g.,
verification of accurate blood transfusions, identification of laboratory specimens, biologics
inventory management) (Akiyama et al., 2010; Douglas & Larrabee, 2003; Johnson et al.,
2004). Although many of these reports focus on inpatient settings that do not always reflect
the outpatient setting in which most immunizations occur, these studies highlight the
significance of integrating barcoded data collection and reporting within a broader system.

To understand the causes of workarounds, McNulty et al. conducted interviews with frontline nurses
and their managers, reviewed monthly technical support desk logs to find out what software and
device issues had been encountered, created and reviewed monthly reports on barcode-scanning
compliance by unit, and disseminated a staff accountability guide addressing repeated
noncompliance. Armed with this heightened understanding of the reasons behind workarounds,
they categorized the issues by type (education, technology, or process) and department (nursing,
pharmacy, physician, and information technology), developed solutions to overcome the use of
workarounds, and ultimately were able to achieve and sustain their goal of 95% compliance.
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Table 2-2. Insights from Literature Regarding Barriers and Facilitators to
Change That May Affect Adoption and Use of 2D Barcodes

Barriers Facilitators
= Barcode technology may represent a = Demonstrating leadership’s commitment to
“fundamental” or “radical” change to patient safety, in general, and specifically to
medication administration and successful implementation (Johnson, Hummel,
documentation and can require social and Kinninger, & Lewis, 2004; McNulty, Donnelly, &
cultural changes in the adopting Iorio, 2009)
organization (Douglas & Larrabee, 2003; » Involving ultimate users (i.e., clinical staff) in
Hook et al., 2008; McNulty et al., 2009) product selection to foster buy-in (Johnson
= Initial resistance among some clinical staff et al., 2004)
(Douglas & Larrabee, 2003; Hook et al., = Using a multidisciplinary team approach to
2008; McNulty et al., 2009) developing understanding of how
= Concerns about the volume of implementation will affect process flows
alerts/warnings generated by the system (Douglas & Larrabee, 2003; McNulty et al.,
and time spent responding to them 2009)
(Douglas & Larrabee, 2003; Johnson et al., «  Using a pilot study or phased implementation
2004) (Douglas & Larrabee, 2003; Hook, Pearlstein,
= Time and cost associated with barcoding Samarth, & Cusack, 2008; Johnson et al.,
actual medications in cases of 2004; McNulty et al., 2009)
incompatibility with scanners, receipt *  Providing a strong training and support system
without barcode (prior to mandate or (Douglas & Larrabee, 2003; Hook et al., 2008;
despite mandate), or cases in which McNulty et al., 2009)
medications need to be repackaged = Cultivating champion(s) among clinical staff to
(Douglas & Larrabee, 2003; Hook et al., encourage/intervene with reluctant users
2008; Johnson et al., 2004) (Douglas & Larrabee, 2003; Hook et al., 2008;
» Development of clinical workarounds? Johnson et al., 2004)

(Koppel, Wetterneck, Telles, & Karsh, 2008;

Making benefits visible to staff (i.e., improved
McNulty et al., 2009) Ing Its visi (i.e., improv

staff satisfaction and retention) and patients
(i.e., improved patient satisfaction) (Johnson
et al., 2004; McNulty et al., 2009)

In 2011, the American Society of Health System Pharmacists (ASHP) published the "ASHP
Statement on Bar-Code Verification During Inventory, Preparation, and Dispensing of
Medications.” ASHP “encourages hospital and health-system pharmacies to incorporate bar-
code scanning into inventory management, dose preparation and packaging, and dispensing
of medications.” Their rationale for such scanning technologies is that it will ensure that
drugs administered are the correct products, are in date, and are not subject to a recall.

2.2.2 Barcoding and Vaccine Safety Issues

Separate from patient safety issues, evaluating specific vaccine concerns requires tracking
who received a given vaccine and any adverse events that may have followed. In addition to
research studies on the safety of vaccines, tracking who received what product and,

3A clinical workaround is a means to respond to a problem or challenge without eliminating the
problem or challenge. An example of a problem or challenge that might result in a clinical
workaround is when a clinician is immunizing a patient in a clinical setting that uses an EHR that
requires data entry into a field for which the clinician lacks the relevant information. A clinical
workaround for this example could be for the clinician to enter a dummy variable or erroneous
data.
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specifically, the lot number of that product, is important, especially when a safety concern
arises about a specific vaccine lot. Scanning 2D barcodes would add lot data to records
automatically, which could facilitate recalls and improve data completeness and accuracy in
Vaccine Adverse Event Reporting System (VAERS) and the Vaccine Safety Datalink (VSD).
As discussed in a later section, IIS can also be used to identify patients who were given a
recalled vaccine or be used to obtain a lot number when reporting an adverse event.

The Food and Drug Administration’s (FDA’s) Center for Biologics Evaluation and Research
(CBER) reports recalls of vaccines and biologics:

Recalls are a firm’s [manufacturer’s] removal or correction of a marketed
product that the FDA considers to be in violation of the laws it administers
and against which the agency would initiate legal action, e.g., seizure. Recalls
may be conducted on a firm’s own initiative, by the FDA request, or by the
FDA order under statutory authority. (FDA, 2011)

Between 2005 and 2010, we found a total of 14 recalls out of 138 (10.1%) for biologics that
were for vaccines (Table 2-3). Although recalls are cause for concern, they do not
necessarily mean that the vaccine recipient is in imminent danger of harm. Barcodes could
facilitate recalls by making inventory reviews and identification of patients that may have
received a recalled product more efficient. Table 2-4 summarizes the reasons for seven
vaccine recalls in 2010.

In addition to recall notices, there are also systems for collecting and monitoring vaccine
safety, notably VAERS and VSD. VAERS is a post-marketing safety surveillance system
cosponsored by the Centers for Disease Control and Prevention (CDC) and the FDA.* It was
created to receive reports about adverse events ranging in severity from mild (e.g., fever,
local reactions, irritability) to severe (e.g., hospitalization, permanent disability, death)
occurring after vaccinations (U.S. Department of Health and Human Services [HHS],
2011a). VAERS's intent is to identify specific vaccines or vaccine lots that may be associated
with higher than expected rates of adverse events. However, one limitation of VAERS data
is the absence of lot numbers in approximately 20% of reports (Kennedy, 2012).°

“The National Childhood Vaccine Injury Act (NCVIA) of 1986 requires health professionals and vaccine
manufacturers to report to HHS specific adverse events that occur after the administration of
routinely recommended vaccines. In response to NCVIA, CDC and the FDA established VAERS in
1990 (Chen et al., 1994).

SVAERS is a passive surveillance system (meaning that it relies on health care providers, vaccine
recipients or their guardians, and other sources to identify and voluntarily report adverse events),
limitations of the data include known underreporting, inconsistent reporting standards and biases in
reporting, data quality issues (incomplete or inaccurate submissions), and the inability to determine
causality using the data (HHS, 2011a, 2011b). These limitations mean that VAERS is often
described as a tool for hypothesis generation rather than epidemiological assessment.
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Table 2-3. Vaccine and Other Biologic Product Recalls, 2005-2010
Total Number Vaccine Vaccine Recalls as
and Other Biologic Number of Vaccine Percentage of All
Year Recalls Recalls Only Biologic Recalls
2005 40 0 —
2006 19 2 11%
2007 18 1 6%
2008 29 0 —
2009 11 4 36%
2010 22 72 32%
Total 138 14 10%

aAdditional information for vaccine recalls in 2010 is included in Table 2-4.

Source: U.S. Food and Drug Administration. Recalls (biologics). Retrieved from
http://www.fda.gov/BiologicsBloodVaccines/SafetyAvailability/Recalls/default.htm

Table 2-4. Vaccine Recalls Reported by CBER in 2010
Date of Company Product
Notification Brand Name (Location) Description Reason for Recall
12/17/2010 FLUVIRIN (influenza Novartis Vaccines Formula multidose Cracks in the vial necks
virus vaccine) 2010- and Diagnostics, Inc. vials, Lot # carry the potential risk of
2011 (Cambridge, MA) 111812P1 compromising product
sterility
8/16/2010 Influenza A (H1N1) Sanofi Pasteur 5 mL multidose vials Shorter expiration period
2009 monovalent (Swiftwater, PA) than indicated on the label
vaccine
NDC 49281-640-15
4/13/2010 RabAvert rabies vaccine Novartis Vaccines RabAvert kit batch The stopper and the metal
(rabies vaccine for and Diagnostics #458011A crimp dislodge from the
human use) kits (Marburg, Germany) diluent vial batch vial completely when
#927011 removing the protective
cap
3/25/2010 Influenza A (HLN1) MedImmune LLC Expiration date update
2009 monovalent (Philadelphia, PA)
vaccine, live, intranasal
3/22/2010 Prevnar, pneumococcal  Wyeth 0.5 mL single dose Syringes distributed with a
7-valent conjugate (Pearl River, NY) prefilled syringe (10 rubber formulation in the
vaccine per package) syringe tip caps that was
not approved for use with
Prevnar
2/3/2010 Influenza A (HLIN1) Sanofi Pasteur Prefilled syringes Prefilled syringes after
2009 monovalent (Swiftwater, PA) UT023AA, UT023BA, routine stability testing
vaccine UT023CA, UT023EA, determined that those lots
UTO023FA no longer met the potency
specification
1/7/2010 Influenza A (HLN1) MedImmune Expiration date update:

2009 monovalent
vaccine, live, intranasal

(Philadelphia, PA)

expiration period different
than date indicated on the
label

Source: U.S. Food and Drug Administration. Recalls (biologics). Retrieved from
http://www.fda.gov/BiologicsBloodVaccines/SafetyAvailability/Recalls/default.htm
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The VSD system is a population-based, active surveillance system (i.e., does not rely on
voluntary reports) that includes medical records data from millions of individuals enrolled in
10 U.S. health care systems (Yih et al., 2011).° These health care systems’ EHRs enable
VSD’s large, linked database to be used in research studies to examine the safety of a
specific vaccine by determining the incidence rate of a specific illness/condition following
vaccination and comparing it with the rate in patients who did not receive that vaccination
(National Network for Immunization Information, 2010). Despite the limited number of
health plans that participate in the VSD, policy makers and immunization stakeholders rely
on VSD's capacity to produce rapid-cycle analysis to investigate vaccine safety questions.

Although lot humbers are already included in VAERS and in VSD (National Network for
Immunization Information, 2010), barcoded vaccines’ capacity to reduce human error in
record keeping suggests that data quality may be improved. Such improvements can
enhance these systems’ capacity to reliably answer vaccine safety questions.

2.3 Immunization Practice

Immunization practice requires considerable documentation as part of inventory
management, vaccine administration, and billing (Figure 2-2). At each point where
documentation occurs, there is an opportunity for inaccurate reporting (e.g., recording TDaP
instead of Tdap; HBV instead of HPV, or inaccurate lot number or expiration date). Likewise,
the need for the same information to be entered into multiple systems not only increases
the likelihood of error but is also inefficient. In this section of our review, we examine
literature related to time-motion studies, extraimmunization, vaccine wastage, inventory
management, and the prevalence of immunization by provider type.

2.3.1 Time—Motion Studies

Time-motion studies have been performed since the 1920s to measure efficiency in the
workplace. In the area of immunization practice, we found five articles reporting on time-
motion studies in immunization practice (Quach et al., 2011; Glazner et al., 2004; Davis et
al., 2002, 2004; Washington et al., 2005), although only Quach et al. (2011) considered
outcomes that are relevant to addressing the impact of barcoded vaccines on provider time.

Quach et al. (2011) compared data collection systems in Canada during the 2009 H1IN1
influenza pandemic, focusing on differences in the time to complete data collection tasks
across three types of data collection systems: wholly electronic, hybrid (electronic plus

®The following health care systems participate in the VSD: Group Health Cooperative of Puget Sound,
Seattle, Washington; Harvard Pilgrim Health Care, Boston, Massachusetts; HealthPartners Research
Foundation, Minneapolis, Minnesota; Kaiser Permanente Northwest, Portland, Oregon; Kaiser
Permanente Medical Care Program of Northern California, Oakland, California; Kaiser Permanente
Colorado, Denver, Colorado; Kaiser Permanente of Georgia, Atlanta, GA; Kaiser Permanente of
Hawaii, Honolulu, Hawaii; Marshfield Clinic Research Foundation, Marshfield, Wisconsin; Southern
California Kaiser Permanente Health Care Program, Los Angeles, California.
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Figure 2-2. Common Immunization Administration Process Flow

Patient

.

Patient
Record reviewed
for need for
immunizations

Does
patient need
vaccination?

Yes

Vaccine

Yes

Isita VFC
vaccine?

Yes

Vaccine is stored
separate from non-
VFC vaccines

Isita VFC
Provider?

Is

Vaccine is stored
separately from
VFC vaccines

patient VFC- No
eligible?
VFC vaccine
Yes————————— P pulled from
inventory

Non-VFC vaccine

Vaccine is stored

A

pulled from
inventory

Vaccine prepared
for administration

v

Vaccine
information
entered in patient
record

\{\

Consenting adult

receives Vaccine _ Vaccine
Information > adm|n|§tered to
Statement (VIS) patient
Encounter
information

entered for billing
and records

\{\

Charges
determined and
sent for payment

Reconciliation of
doses billed vs.
administered

Source: RTI International based on observation of clinical practice.

2-10



Chapter 2 — Literature Review

paper) systems with paper client registration, and hybrid systems with electronic client

registration. Within each data collection system, provider tasks were characterized as either
paper based or electronic. Table 2-5 shows each of the defined tasks that Quach et al.
(2011) tracked, how they differed across paper-based and electronic data collection

systems, and RTI's estimate of the impact of vaccine barcoding on the task.

Table 2-5. Comparison of Data Collection Tasks in Paper-Based vs. Electronic
Systems
Anticipated
Electronic Impact of
Task Description Paper Example Example Barcoded Vaccine
Client Time to collect and  Clerk fills out Swipe card or Not applicable

registration

Collecting
medical history

Immunization
record keeping

Preparing proof
of vaccination
documentation

record demographic
information

Time to collect and
record information
regarding potential
contraindications
and previous
administration of
seasonal influenza
vaccine

Time to record
information about
vaccine (vaccine,
dosage, dose
number, lot humber,
vaccinators’ name,
site)

Time to prepare
immunization record
for client

demographic
information for client

Clerk/nurse records
medical information
consent form

Nurse writes lot
numbers on form or
checks off details if
prefilled

Nurse fills out card
for client or provides
preprinted vaccine
proof or carbonless

copy

prepopulated
database to obtain
demographic
information

Clerk clicks series
of boxes to record
medical
information

Nurse clicks screen
with prepopulated
vaccine lot
information

Nurse prints
vaccine proof

(N/A)

No direct impact

One swipe with
barcode reader
would allow for
data capture of
vaccine lot
numbers and
expiration date

Information on lot
number and
expiration date
could be easily
included in
vaccination
documentation

Source: Adapted from Quach et al. (2011).

Quach et al. (2011) found that electronic methods for influenza vaccine record keeping took
an average of 9.4 seconds per client vaccinated compared with paper-based methods, which
took 30.1 seconds on average. The time to prepare proof of vaccination documentation was
an average of 13.4 seconds per client using a paper-based data collection approach and 0
seconds per client using an electronic approach, because the documentation was
automatically printed for clients. These findings suggest that vaccine barcoding, in
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combination with EHRs, is likely to reduce the time spent on immunization data collection by
approximately 34 seconds per client.

2.3.2 Vaccine Inventory Management

Surveys of family physicians and ob-gyns have identified vaccine inventory management (or
components thereof) as barriers to their immunization practice (Campos-Outcalt, Jeffcott-
Pera, Carter-Smith, Schoof, & Young, 2010; Power et al., 2009). Providers who participate
in the Vaccines for Children (VFC) Program have their own specific requirements for
inventory management in addition to whatever inventory management activities they are
already performing (Immunization Services Division, 2007). Barcoded vaccines’ capacity to
facilitate efficient and accurate record keeping shows promise to facilitate vaccine inventory
management. As a result, one may anticipate that barcoded vaccines could indirectly
address one barrier to immunization practice. It is also possible that monitoring usage over
time would provide the practice with greater insight into its utilization, which in turn may
improve vaccine ordering procedures and the frequency with which orders are placed.

In addition, improved vaccine inventory management may reduce vaccine wastage. Vaccine
wastage occurs when vaccine doses go unused before their expiration date. Setia et al.’s
study examined wastage due to interruptions of the cold chain (heat or freezing), physical
damage of package or label, loss in transit or inventory, or incomplete use of all doses in a
multidose vial (Setia et al., 2002). Although Setia’s data did not specifically examine
wastage of single-dose vaccine products, one may further assert that wastage may include
not using a single-dose vaccine before the expiration date. As with extraimmunization, 2D-
barcoded vaccines offer the means to potentially improve record keeping—including vaccine
management—which could reduce vaccine wastage.

The incidence of vaccine wastage is poorly documented. Setia et al.’s (2002) article
continues to be the primary citation on the subject. Although it is presumed that less
vaccine is wasted in developed nations with more robust immunization systems than in less
developed nations (in large part due to a more reliable cold chain), the high cost of many
vaccines recommended for routine administration in developed nations makes even
relatively low rates of vaccine wastage costly. Setia et al.’s study included a close analysis
of vaccine wastage in five states. They found wastage variation by vaccine type (hepatitis
B—1.1%, measles—43.8%) and geographic region in which the five states were located
(Northwest—1.4%, Southwest—5.4%). The greatest proportion of vaccines wasted was
2.6% because the vaccine was “spoiled/lost/other.” The smallest proportion of vaccines
wasted was 0.0002% because the vaccine’s label was “missing.”

Although Setia et al. do not specifically report what proportion of wasted vaccine doses were
due to poor vaccine management, their findings combined with our understanding of the
attributes associated with an optimally implemented electronic data collection system
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suggest that using barcoded vaccines could reduce at least some vaccine wastage,
particularly wastage caused by poor vaccine management. For example, barcoded vaccines
facilitate more precise monitoring of vaccine inventory. By more precisely monitoring
inventory, immunization providers can more easily ensure that vaccines are used in order of
their expiration date. Such an approach may reduce vaccine wastage due to expiration prior
to administration. Likewise, barcoded vaccines facilitate more reliable recording of doses
administered, thus reducing the waste associated with extraimmunization.

2.3.3 Immunization by Provider

Vaccines are administered in a variety of locations by a variety of providers. The reasons
why this distinction is relevant when considering the impact of 2D-barcoded vaccines
include the following:

» Different locations have different infrastructures for data collection and reporting. A
pediatric practice is likely to have a completely different administrative structure
than a pharmacy. These differences have implications when considering cost
estimates as well as when considering the practicalities associated with implementing
barcode technologies.

* Providers may practice in a variety of locations. For example, a nurse may provide
immunizations in a private practice, shopping mall, or pharmacy. This may be
relevant when designing training programs. For example, one should not assume
that training simply targeting pharmacy locations will necessarily reach pharmacists.

= Immunization locations may include a variety of providers. For example, a vaccine
administered in a pharmacy may be provided by a nurse or a pharmacist. This
variety has implications when interpreting literature that reports on the location
where a vaccination was received.

= Different provider and location types may have different needs for training materials.

No comprehensive data source reports which health care providers administer what vaccines
to particular clients. In this review, we present literature that reports on immunizations
provided by pediatric and adult primary care physicians, including pediatricians, family
physicians, internal medicine physicians, and ob-gyns. Unfortunately, information on the
proportion of vaccines administered by health departments is not available.

Pediatric Practices

The National Immunization Survey (NIS) categorizes immunization providers into public and
private. The NIS reports that more than half (60.4%) of childhood immunizations are
provided by private providers, nearly a quarter are provided by a mixed public/private
provider, and the remainder (14.2%) at public health departments (Lindley, Shen,
Orenstein, Rodewald, & Birkhead, 2009).
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A 1999 study reported that 74% of children in a nationally representative survey received
all or some of their immunizations from a provider considered to be the child’s medical
home. For these children, 70% were immunized by pediatricians, 12% by family physicians,
and 18% by a combination of provider types (Santoli, Rodewald, Maes, Battaglia, &
Coronado, 1999).

Family Medicine Practices

The AAFP surveyed 2,000 of its nearly 25,000 members who had self-identified as spending
at least 80% or more of their time providing direct patient care. From the 637 eligible
(office-based) respondents, at least 80% or more reported providing most routinely
provided child, adolescent, and adult vaccines within their practice (Campos-Outcalt et al.,
2010). Many family physicians also referred patients elsewhere for immunization services
either in addition to or in lieu of the immunizations provided within their practice setting.
Referral was more common for adults (53.5%) than for children and adolescents (44.1%).

Internal Medicine Practices

A survey of 1,109 adult primary care providers (internal medicine and family physicians) in
office-based, direct patient care revealed 37 whose practices did not stock any vaccines for
adults (Freed et al., 2011). Of the remainder who did stock vaccines, a broad range of
vaccines was stocked. The most commonly stocked vaccine was Td (92%); the least
commonly stocked was zoster (45%). Two percent of respondents reported plans for their
practice to cease stocking any vaccine in the coming year, whereas 12% reported plans for
their practice to increase the variety of vaccines stocked. Reasons for not stocking specific
vaccines include inadequate reimbursement, inconsistent insurance coverage of patients,
and high inventory cost.

Obstetrics-Gynecology Practices

Ob-gyns are regarded by many women as their primary care provider and their role as an
immunization provider is evolving. A study by Power et al. (2009) revealed that most ob-
gyns disagreed (40.9%) or strongly disagreed (24.6%) with the statement “routine
screening for vaccine-preventable diseases falls outside the routine practice of an ob/gyn.”
A majority (78.7%) of ob-gyns reported stocking at least one vaccine in their practice.

Pharmacy and Retail-Based Settings

Pharmacists are a growing provider of immunization services. As mentioned above, some
data report the number of persons receiving vaccinations at pharmacies, but it is not clear
whether the pharmacist provided the vaccination. This distinction is relevant when
estimating the costs associated with different provider types as well as when considering
approaches to implementing vaccine barcode technologies. A survey conducted by the
American Pharmacists Association (APhA) (2011) found that licensed pharmacists may
administer at least one type of vaccine in all 50 states and the District of Columbia. There is
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considerable variation among states regarding which vaccines can be administered to
people in various age groups.

For example, in the District of Columbia, pharmacists are licensed to administer influenza
vaccine only to people 18 years of age or older. Other states permit administration of
certain vaccines to people as young as 3 years of age. The paucity of data quantifying
pharmacists’ contribution to vaccine administration presents a challenge when assessing the
impact of 2D-barcoded vaccines. Nevertheless, our review of available information suggests
that pharmacists who provide immunization services in a pharmacy setting are unlike other
immunization providers. In particular, because most pharmacists do not administer to
patients younger than 24 months, pharmacists are less likely than most other immunization
providers to immunize young children (APhA, 2011).

2.4 Electronic Data Exchange for Immunization

2.4.1 Electronic Health Records

A robust electronic data exchange infrastructure is necessary to take the fullest advantage
of automated identification of vaccine products using 2D barcodes. Although an EHR system
is not required to use 2D barcodes, analyses presented in later chapters indicate that those
practices that do use EHRs are more likely to benefits from 2D barcodes. Although studies
of EHR adoption and use suffer from inconsistencies in terminology and methods, adoption
is known to be accelerating.

DesRoches et al. (2008) reported that, as of early 2008, 13% of physicians reported having
a basic EHR system and 4% reported having a fully functional system. The 2010 National
Ambulatory Medical Care Survey (NAMCS) revealed that nearly half (50.7%) of office-based
physician practices have “any” EHR system and only 10.1% have a “fully functional” EHR
system (Hsiao, Hing, Socey, & Cai, 2010).’

The Medical Group Management Association (MGMA) found, based on a survey from a
convenience sample, that 52.3% of respondents reported using an EHR for “health records
storage” in 2010 (MGMA, 2011).8 This same survey found that the majority of respondents’
practices had integrated EHR and practice management systems (PMS): 78.8% of pediatric
practices, 78.4% of family practice practices, 74.8% of ob-gyn practices, 71.1% of primary
care multispecialty practices, and 63.8% of internal medicine practices. In 2011, MGMA

’According to Hsiao et al. (2010) a fully functional EHR include all functionalities of basic systems plus
the following: medical history and follow-up, orders for tests, prescription and test orders sent
electronically, warnings of drug interactions or contraindications, highlighting of out-of-range test
levels, electronic images returned, and reminders for guideline-based interventions.

8We interpret the use of an EHR for “health records storage” is a kin to “any” EHR. Thus, our
interpretation is that the responses are comparable, despite the fact that the NAMCS’s respondents
were randomly selected and MGMA's survey used a convenience sample.
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found more providers with what the NAMCS defines as a fully functional EHR; 16.3% of all
respondents reported that their implementation of EHR was complete.®

The Health Information Technology for Economic and Clinical Health Act (HITECH) supports
the adoption of EHRs. As part of HITECH, the Centers for Medicare & Medicaid Services
(CMS) will provide cash incentives for Medicare and Medicaid providers who implement EHR
systems that meet certain requirements for meaningful use (HITECH Act, 2009). HITECH's
meaningful-use provision is intended to ensure the quality of data included in EHRs by
establishing benchmarks against which providers’ use of EHRs is evaluated (Hogan &
Kissam, 2010). Among the benchmarks against which providers’ meaningful use can be
assessed is the ability to submit electronic data to immunization information systems (IIS).
As long as they enroll by 2012, eligible Medicare providers may earn up to $44,000 over 5
years; eligible Medicaid providers may earn up to $63,750 over 6 years. CMS’s incentives
are anticipated to have a dramatic impact on health care providers’ adoption of EHRs and,
by association, the potential adoption of barcoding for data collection. Seventy-two percent
of respondents from medical practices reported that they planned to participate in the
HITECH incentive program (MGMA, 2011).

2.4.2 Immunization Information Systems

Among the data systems that could be affected by 2D-barcoded vaccines are IIS (formerly
known as immunization registries). IIS are confidential, population-based, computerized
information systems for the collection of vaccination data for all residents within a
geographic area.*°

IIS is recognized by the Guide to Community Preventive Services as a means to support
immunization programs (Guide to Community Preventive Services, 2011). The most recent
Immunization Information Systems Annual Report (IISAR) estimated that in 2008
approximately 75% of children less than 6 years of age (18.4 million) had at least some
immunization data in an IIS (Morbidity and Mortality Weekly, 2010). Although that number
was an increase from surveys conducted in prior years, there are still challenges to IIS
reaping the full benefits that barcoded vaccines promise.

In 2008, complete lot humber information for children under the age of six was part of the
IIS in 38% of reporting immunization grantees. This compares with 40% for vaccine
manufacturer data and 98% for vaccine type data. Omitting vaccine lot from the IIS makes
it impossible to rely on the IIS in the case of vaccine recalls or investigations of vaccine
safety concerns associated with a specific lot number.

°See http://www.cdc.gov/nchs/data/hestat/emr ehr 09/emr ehr 09.htm.

0The following data elements are required for IIS: patient name: first, middle, last; patient birth
date; patient sex; patient race; patient ethnicity; patient birth order; patient birth state/country;
mother’s name: first, middle, last, maiden; vaccine type; vaccine manufacturer; vaccination date;
and vaccine lot number.
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2.5 Limitations

This availability of literature and related information limits the degree to which we can
identify the impact of 2D barcoding on vaccines. The complexities of the U.S. immunization
system mean that seemingly straightforward questions such as "How many doses of vaccine
are administered by pediatricians?” cannot be answered by available information. Publically
collected data, like BRFSS, have significant limitations. An additional, fundamental limitation
is that because 2D-barcoded vaccines do not yet exist, assessing their impact using
available literature requires inference. Although our inference is based on our understanding
of the U.S. immunization system and technology assessment, it is not without limitations.

2.6 Conclusions

Our review of the literature focused on barcoding in health care, safety issues, immunization
practice, inventory management, immunization information systems, and electronic data
exchange. Based on this literature, we anticipate that 2D-barcoded vaccines have the
potential to impact (directly or indirectly) a variety of aspects related to immunization
practice. 2D-barcoded vaccines’ capacity to capture vaccine information, most notably lot
and expiration date, which is free of human error can result in improved record keeping and
overall data quality. When this information is integrated into a robust EHR, the information
can be used to support clinician decision making to ensure patients receive the right vaccine
at the right time. The result of such supported decision making may be reduced rates of
extraimmunization and vaccine wastage. This, in turn, may reduce costs associated with
vaccine doses that are unnecessary or wasted. In addition, improving the accuracy and
completeness of vaccine lot and expiry information in electronic data systems can facilitate
the inclusion of this information in IIS and enhance the quality of the data included in IIS.
Furthermore, improvements in collecting and sharing vaccine information can facilitate the
means to identify and respond to vaccine safety concerns.

2-17



3. IMPACT ON VACCINE PRODUCTION

This chapter presents our analysis of the impact of the transition to 2D barcoding on vaccine
production. It reviews manufacturers’ knowledge, attitudes, and beliefs; their assessment of
technical feasibility; and the economic costs of upgrading packaging and labeling lines to
include online 2D barcode printing technology. At present, linear barcodes appearing on
product labels are printed off site by third-party vendors and then delivered to production
facilities. In contrast, to ensure that the correct expiration date and lot number are encoded
on the label affixed to the primary packaging, 2D barcodes will be printed on the packaging
and labeling line.

According to the five of seven manufacturers participating in this analysis, adding online 2D
barcode printing is technically feasible and will not significantly alter routine production
operations once implemented. It is a one-time capital expense. Indeed, analysis of data
provided by manufacturers indicates that the average cost per line will amount to $1.22
million. Because five manufacturers plan to upgrade 25 lines located in the United States
and other countries, the total implementation cost is estimated to be $30.60 million
between 2011 and 2013. One additional firm is considering implementation, while another
does not plan to upgrade because of the expense of doing so and not because of technical
infeasibility.

3.1 Methodology for Assessing Impacts on Vaccine Production

Impacts on vaccine manufacturers were collected via semistructured interviews with
manufacturers and tabulated via quantitative analyses of the capital, labor, and materials
required to upgrade manufacturers’ packaging and labeling lines. In addition to one-time
implementation costs, ongoing incremental impacts on the costs of production were
analyzed, which required us to estimate the annual humber of doses produced for
distribution in the United States.! The estimated production volume also served as a frontier
against which the volume of immunizations by medical specialties included in the study and
by local health departments (LHDs) could be compared to ensure that our model did not
forecast numbers of immunizations that exceed production volumes.

3.1.1 Primary Data Collection

Of the 11 manufacturers that have the Food and Drug Administration (FDA)-approved
vaccine products on the U.S. market (Table 3-1), 7 participated in our study. They produce,
market, or distribute over 90% of the total number of vaccine products licensed for sale in

1n this analysis, we defined dose as a discrete unit of a vaccine product.
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Table 3-1. Manufacturers that Produce, Market, and/or Distribute Licensed
Vaccine Products in the United States

Berna Products Corp. (Crucell) Intercell Novartis

CSL Biotherapies MassBiologics Pfizer
Emergent Biosolutions MedImmune Sanofi Pasteur
GlaxoSmithKline Merck

Note: As of October 2011.

the United States.? Six manufacturers participated in three stages of primary data
collection: preliminary interviews, site visits, and follow-up interviews.® One manufacturer
only participated in a telephone call. Repeated attempts to contact the remaining four
manufacturers were unsuccessful.

The purpose of the preliminary interview was to rapidly acquire information regarding the
firms’ knowledge, attitudes, and beliefs about 2D barcoding; their preliminary assessment of
feasibility; and any implementation plans they might have.* The interview also permitted
manufacturers to ask questions about the study, to review the discussion guide with RTI,
and to assess the level of effort for participation. Telephone interviews lasted between 30
and 90 minutes, with the exception of one call that ran for no more than 5 minutes.> These
interviews were held between November 2010 and March 2011.

For the site visits, RTI’s personnel traveled to manufacturer locations for meetings lasting
between 90 minutes and 4 hours each. Using the discussion guide as a de facto agenda (see
Appendix B), manufacturers’ representatives took the lead on coordinating the site visits
and determining the meeting date, location, attendees, and duration in consultation with
RTI. The site visits, which were held between January and April 2011, yielded details and
quantitative data that complemented the information gained during telephone interviews.

“Note that we emphasize the total number of vaccine products licensed for sale in the United States
and not the total volume of doses produced for the U.S. market. This distinction is important
because a manufacturer may have only one or two licensed products but produce a large volume of
doses.

3Because of adverse weather conditions in February 2011 a teleconference was conducted in lieu of
one site visit. One additional manufacturer was not available for a site visit and preferred a
teleconference. Lastly, one manufacturer declined to participate in a site visit.

*Our first preliminary interview was conducted on site by researchers with backgrounds in business
and finance, as well as public health and immunization policies and programs. This interview was
used as a pilot to ensure discussion guide questions were appropriately phrased and sequenced and
to learn about historical American Academy of Pediatrics (AAP), FDA, and manufacturer
conversations about 2D barcoding. Because of schedule and resource constraints, all other
preliminary interviews were conducted by telephone.

5Some manufacturers included a large number of staff on the introductory telephone call. It was
quickly determined that it would be most effective and efficient to conduct the bulk of the interview
in person during the site visit.
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Manufacturers included representatives from departments such as marketing, immunization
policy, production management, packaging and labeling operations, logistics, and
information technology (Table 3-2). Following the telephone interviews and site visits, RTI
remained in contact with manufacturers to follow up on outstanding questions or request
clarifications and to ask manufacturers to verify entries for their respective companies made
by RTI in our benefit-cost model.

Table 3-2. Interviewed Manufacturer Representatives

Manufacturer Representative Titles?® Modes of Data Collection

A Director, Supply Chain Technology; Director, Telephone, site visit, conference
Packaging Technology; Senior Packaging Engineers; call, e-mail
Senior Director, Packaging Operations

B Senior Director, Marketing; Senior Director, Telephone, site visit, conference
Packaging Technology; Director, Packaging call, e-mail
Technology

C Senior Director, Marketing; Senior Director, Telephone, conference calls,

Packaging Technology; Consultant; Representative e-mail
from Regulatory Affairs

D Senior Packaging Engineer; Director, Packaging Telephone, conference calls,
Technology e-mail
E Director, Operations Telephone, e-mail
F Senior Packaging Engineer; Director, Marketing Telephone, site visit, conference
call, e-mail
G Director, Supply Chain Technology; Director, Telephone, site visit, conference
Packaging Technology call, e-mail

aTitles for manufacturer representatives were harmonized across interview respondents to avoid
identifying individuals and responding companies.

Interviews were conducted under confidentiality agreements that specified that only
aggregated responses would be available in any format outside of the RTI project team,
including project documentation made available to the Centers for Disease Control and
Prevention (CDC). Notes were taken during all meetings. Some meetings were also audio-
recorded, when the manufacturer approved, to help resolve discrepancies should alternative
interpretations of a manufacturer’s response exist in an interviewer’s notes when compared
across the team. RTI's institutional review board (IRB) determined that manufacturer data
collection protocols were exempt from IRB requirements. CDC was not engaged.

3.1.2 Estimation of One-Time Fixed and Ongoing Variable Costs

Manufacturers were asked to provide actual or forecasted data on their capital equipment,
labor, and materials requirements, either in dollar terms or in physical units that RTI could
later monetize through discussions with vendors and compare with other manufacturers’

estimates for similar packaging and labeling lines. Cost estimates were also compared with
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a benefit-cost study prepared by HDR, Inc. for the Canadian Automated Identification of
Vaccine Products Advisory Task Group (HDR, 2009).

Any one-time costs were expected to fall into the following categories: capital equipment
(e.g., printers, vision systems, and associated tooling); project management,
implementation, and trials; changes in standard operating protocols; software and interface
programming and testing; training and certification; label redesign; and regulatory reviews
and submissions to the FDA. Manufacturers were given the option to discuss other
categories if the costs were material to the entire project value.

Any recurring costs were expected to fall into the following categories: labor; label media;
periodic interface programming and line testing; consumables, such as inks or other inputs;
quality control and assurance; fees associated with membership in standards groups (such
as GS1, if they were not already members); and annual software licensing costs.®

In addition to cost estimates, operational and production data were provided by
manufacturers to allow RTI to aggregate responses across manufacturers to form industry-
level impact estimates. Manufacturers provided data on their global packaging and labeling
lines, product portfolio, production volume for the U.S. market, label media, and primary
packaging.

3.1.3 Estimation of Doses Distributed in the United States, 2013 to 2023

The number of doses for the U.S. vaccine market for 2013 to 2023 was estimated by
reviewing production data provided by manufacturers, CDC, the Advisory Committee on
Immunization Practices (ACIP)-recommended schedule as of February 2011 (CDC, 2011b),
and current immunization rates and scaling to U.S. population estimates by single year of
age (U.S. Census, 2005, 2009), assuming immunization and series completion rates remain
constant over time.” Market data on the number of doses for 2010 were provided by CDC
(flu products only; Kennedy, 2011) and vaccine manufacturers (all products). The quantity
demanded of flu products was assumed to be proportional to the projected U.S. population,
and the ratio of nonflu doses to persons for 2013 to 2023 was assumed to be equal to that
for 2010.

The quantity demanded for nonflu products was estimated in a two-step process. In the first
step, immunization rates for vaccines on the ACIP-recommended immunization schedule as
of January 2011 were multiplied by annual population estimates by single year of age for
the 30-year period ending in 2030. The source for immunization rates was the 2009

SManufacturers were given the option to discuss other categories if the costs were material to the
entire project value. However, no additional cost categories were identified.

"Dose estimation was necessary to estimate the incremental impacts associated with changes in label
media and to form a frontier in the analysis against which to check project immunization volume
conducted by provider groups included in the quantitative analysis.

3-4



Chapter 3 — Impact on Vaccine Production

National Immunization Survey (CDC, 2010), which includes data on series completion, and
the source for the population by single year of age data was the U.S. Census Bureau (2005,
2009). To account for wastage and extraimmunization, dose estimates were inflated by
wastage and extraimmunization rates from the literature. Yet our literature review revealed
that actual rates for wastage and extraimmunization are ill defined.® Therefore, the results
of this first step became an index of the ratio of pediatric/adolescent and adult vaccines to
total nonflu production volumes.

In the second step, the total production volume for each year beginning in 2013 was
assumed to be proportional to the projected U.S. population, with actual data for 2010
serving as the reference year. Flu doses were subtracted from total doses, and then the
index created as part of Step 1 was used to segment the balance into pediatric and adult
doses. The results of these calculations were then rounded to the nearest 100,000 doses to
account for measurement error. See Appendix C for additional detail on forecasting the
number of doses for the U.S. market.

3.1.4 Assumptions

The model of manufacturers’ costs and benefits makes the following assumptions:

= All dollar values are in 2010 dollars and the unit-level costs are held constant over
time. In other words, real (“inflation-adjusted”) costs do not change.

= No new vaccine products or new product container types are introduced, and there is
no change in the relative proportion of individual products across prefilled syringes,
single-dose vials, multidose vials, or other container types.

= No changes to label media, apart from peel-off to flat labels, are introduced.

» Vaccine manufacturers’ market shares within each product segment remain constant.

= Immunization and series completion rates are constant. In other words, there is no
change in immunization rates in the United States over the time period of analysis,
only in the population overall and by the population by single year of age. There are
also no changes in ACIP-recommended schedules.

= 2D barcodes appear on all vaccine product labels beginning January 1, 2013.

8Setia et al.’s 2002 study of wastage showed variation by vaccine type (hep B—1.1%; measles—
43.8%) and geographic region in which the five states were located (Northwest 1.4%; Southwest
5.4%) (Setia et al., 2002). Feikema and colleagues (2000) examined extraimmunization of
hepatitis B, DTP/DTaP, Hib, polio, and measles vaccines and found a range of weighted percentage
by vaccine of 14.1% for polio to 2.5% for measles. Strine and colleagues (2002) recognized that
the rate of extraimmunization is decreasing (from an estimated 1.8 million extra doses in 1997 to
775K in 2000) but assert the financial magnitude remains a concern.
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3.2 Qualitative Manufacturer Interview Findings

Of the seven manufacturers interviewed, five reported that they had plans to implement 2D
barcoding of Global Trade Item Number (GTIN), expiration date, and lot number data; one
reported that they were undecided; and one reported that they do not plan to implement 2D
barcoding at this time. The time required to implement barcoding was estimated to be at
least 12 months but no more than 24 months and depended on such factors as number of
packaging and labeling lines, capital budgeting and procurement procedures, and scheduled
production downtime.

3.2.1 Perceptions of Benefits of 2D Barcodes

Five of seven manufacturers interviewed believe that a 2D barcode on vaccine product
labels appearing on primary packaging will enhance vaccine safety while simultaneously
offering efficiency benefits for providers’ immunization businesses. During interviews, some
manufacturers observed that, although they are part of pharmaceutical businesses, vaccine
divisions within these businesses have a strong public health focus and see the 2D barcode
as an advantageous public health opportunity.

One industry veteran cited the Vaccine Identification Standards Initiative (VISI), noting that
technologies for providers (vaccine end users) were not sufficiently mature or available at
low enough cost at the time, causing that effort to stall. In contrast, manufacturers pointed
to a confluence of factors in the current environment:

= Leadership: AAP is leading the initiative, coordinating with GS1 to providing guidance
to manufacturers on using GS1 data matrix standards.®

= Familiarity with Technology: There is greater familiarity with health care
technologies, and there are broad shifts toward achieving greater efficiency through
them.

= Federal Legislation Supporting Electronic Health Record (EHR) Adoption: Providers
are adopting EHRs at a greater pace because of incentives and support to adopt
EHRs funded through the American Recovery and Reinvestment Act (ARRA) and the
HITECH Act.

= Market Demand: Vaccine purchasers, especially large ones like Cook Children’s
Health Care System, are requesting barcodes on vaccines that include product and
expiration date and that will allow them to improve vaccine supply management.

2D barcoding may decrease the administrative burden associated with vaccination. It is
anticipated that reducing time spent on documentation could increase the number of

°Manufacturers have complied with the FDA’s linear barcode requirement since 2004 for new products
and since 2006 for existing products. All vaccine product labels currently contain a linear code. The
extent to which providers (vaccine end users) use these barcodes is unknown. Accordingly, our
provider survey included questions to ascertain whether the transition to a data matrix may have
unintended negative consequences for providers using the linear barcode.
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providers administering immunizations. Although average rates for pediatric immunization
coverage are good, there are “pockets of low rates ... that must be reached,” according to
one interviewee. If logistical barriers to immunization are lowered, then vaccination rates

could improve.

Automating vaccine inventory management and record keeping may lower the cost of
immunization practice and encourage providers who are reluctant to immunize to continue
or perhaps broaden their immunization practice. One manufacturer representative indicated
that he believes vaccines may be the second or third greatest expense for pediatric
practices after payroll.

Other possible advantages to providers and the immunization system cited by
manufacturers include:

= more efficient vaccine administration with fewer record-keeping steps;

= automated record keeping that populates patients’ EHRs, adjusts inventory and
ordering systems, interfaces with billing and practice management systems, and
sends data to IIS;

= |ower vaccine wastage and improved inventory management; and

= |ower reimmunization through improved record keeping in registries.

Although increased immunization rates would result in increased demand, better data
capture and population coverage in registries could reduce the amount of reimmunization
and offset any sales gains. Any discussion of effects on product sales is purely theoretical
because the net effects are indeterminate.

3.2.2 Perceptions of AAP 2D Barcoding Initiative and Use of GS1
Standards

Manufacturers expressed support for AAP and believe that AAP is the appropriate “unifying
organization” and advocate for the 2D barcoding initiative at the FDA.!° They also viewed
GS1 as the appropriate standards organization because GS1 product identification standards
are used globally, and they are already familiar with the organization and its procedures.
Implementation of 2D barcoding requires universal, or near universal, adoption by
manufacturers to be effective. It is a standards issue, and manufacturers must align to a
common format. Thus, a unifying organization is needed to facilitate standards adoption
across organizations. Interviewees indicated that this feasibility and economics study is an
important contribution to filling the data gaps and will ultimately produce an objective and

1011 response to questions about BIO and its involvement in the barcoding initiative, one manufacturer
noted that “"BIO has enough on its plate.” His view was that there are only 9 or 10 vaccine
manufacturers (with unique interests) compared with hundreds of biologics firms, and that through
the unifying forum of AAP/GS1, a consensus industry standard can be reached.

3-7



Chapter 3 — Impact on Vaccine Production

independent assessment of costs, benefits, and technical requirements. They would like this
final report to be a publicly available document.

In December 2011, the 2D barcode standard and barcode data fields for vaccine product
labels were determined: a GS1 data matrix containing the GTIN (which includes the National
Drug Code [NDC]), expiration date in YYMMDD format, and lot number. If acceptable to the
FDA, and if the FDA grants a waiver to a manufacturer(s), this 2D barcode will appear on
primary packaging. The inclusion of different data elements in the 2D barcode was largely
precluded by the availability of sufficient area (“real estate”) on the label for an enlarged
data matrix. Some manufacturers may include a 2D barcode on the secondary packaging to
assist with inventory management.

3.2.3 Perceptions of Outstanding Questions for the FDA

During interviews, manufacturers indicated that additional guidance from the FDA on the
following questions would be useful:

= What is the exact procedure for requesting the linear barcode waiver, and what
documentation or validation data are required as part of the waiver request?

= Is it permissible to place a 2D barcode on the product label appearing on the primary
packaging to replace the linear barcode, or must both the linear and 2D barcodes
appear on that label?

= Do product labels need to be reapproved by the FDA if the linear barcode is removed
and the data matrix placed on the product label in its place?

= Is the change in the labeling and packaging line an annual reportable change, or is it
a CBE-30, under which manufacturers notify the FDA, wait 30 days, and then
implement the change?

Multiple manufacturers have projects at some stage of implementation, while others have
waited for more concrete guidance from the FDA. As long as ambiguities remain, for some
manufacturers, capital budgeting, implementation plans, and, ultimately, equipment vendor
selection and implementation schedules may not be finalized.

3.2.4 One-Time Implementation Costs

Manufacturers currently outsource production and printing of their product labels, with
labels arriving at plants on spools fully printed except for the final human-readable
expiration date and lot number information. These last two items are printed on the label in
a production step that coincides with affixing the label to the product container (“online
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printing”). If the label has a linear barcode, it is printed by a vendor offline because the NDC
data encoded in linear barcodes are static and do not vary by expiration date or lot.!!

In 2D barcoding, however, the symbology contains the static NDC data and the variable
expiration date and lot number, essentially precluding the option of having the symbol
printed off site by third-party vendors. Having the symbol printed off site would present
significant coordination and inventory management challenges, as well as operational and
regulatory risks. Therefore, under 2D barcoding, manufact