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Objective: To identify number of children who received live vaccines outside recommended intervals
between doses and calculate corrective revaccination costs.
Methods: We analyzed >1.6 million vaccination records for children aged 12 months through 6 years
from six immunization information system (IIS) Sentinel Sites from 2014-15 when live attenuated influ-
enza vaccine (LAIV, FluMist® Quadrivalent) was recommended for use, and from 2016-17, when not rec-
ommended for use. Depending on the vaccine, insufficient intervals between live vaccine doses are less
than 24 or 28 days from a preceding live vaccine dose. Private and public purchase costs of vaccines were
used to determine revaccination costs of live vaccine doses administered during the live vaccine conflict
interval. Measles, mumps, rubella (MMR), varicella, combined MMRYV, and LAIV were live vaccines eval-
uated in this study.
Results: Among 946,659 children who received at least one live vaccine dose from 2014-15, 4,873 (0.5%)
received at least one dose too soon after a prior live vaccine (revaccination cost, $786,413) with a median
conflict interval of 16 days. Among 704,591 children who received at least one live vaccine dose from
2016-17, 1,001 (0.1%) received at least one dose too soon after a prior live vaccine (revaccination cost,
$181,565) with a median conflict interval of 14 days. The live vaccine most frequently administered out-
side of the recommended intervals was LAIV from 2014-15, and varicella from 2016-17.
Conclusions: Live vaccine interval errors were rare (0.5%), indicating an adherence to recommendations. If
all invalid doses were corrected by revaccination over the two time periods, the cost within the IIS
Sentinel Sites would be nearly one million dollars. Provider awareness about live vaccine conflicts, espe-
cially with LAIV, could prevent errors, and utilization of clinical decision support functionality within IISs
and Electronic Health Record Systems can facilitate better vaccination practices.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

The Advisory Committee on Immunization Practices (ACIP) pro-
vides recommendations for vaccinations in the United States (U.S.)
[1,2], and recommends administration of multiple live vaccines on
the same day or separated by at least 24-30 days depending on the
vaccines [2]. This recommendation affects all live vaccines to
include measles, mumps, rubella (MMR), and varicella, which are
live vaccines routinely administered to children ages 12 months
through 6 years [1]. Regardless of a vaccine containing a live anti-
gen or an inactive antigen, ACIP has recommendations in common
for all vaccines to include age at administration and minimal
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intervals [2]; however, live vaccines must also be administered
outside of conflict intervals specific to live vaccines [2]. A recent
study found frequencies of vaccinations outside of the ACIP recom-
mended ages were generally low [3], but little is known about
errors that may occur for other ACIP recommendations to include
number of days to wait between administrations of live vaccines.
In contrast to live vaccines, vaccines containing inactivated anti-
gens are generally not affected by circulating antibody and can
be administered before, after or same day as the antibody [4]. Vac-
cines containing live antigens must replicate in order to cause an
immune response and antibody against live antigen will interfere
with replication [4]. Thus, if a live vaccine is administered sooner
than the minimal interval after a prior live vaccine, the result is a
less than optimal immune response causing the subsequent dose
to be categorized as invalid, and requiring revaccination [2,4,5]. A
study among children ages 12 months through 6 years showed
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that when varicella vaccination followed vaccination of measles,
mumps, rubella (MMR) by fewer than 28 days, breakthrough infec-
tions occurred 3 times more frequently than after greater separa-
tion of the vaccinations [6].

Reports of vaccination errors have increased from 2000 to 2013
[7] with an increased number of vaccines and changes to the U.S.
immunization schedule. Most vaccination errors were due to inap-
propriate schedule to include vaccines administered at the incor-
rect age or incorrect timing between vaccines [7]. A study using
a sample of children from the 2000 National Immunization Survey
found at least one invalid dose was administered before the mini-
mal age or minimal interval in 10.5% of 19-35 month olds, and
among the invalid doses 15% were varicella and 12% were
measles-containing vaccines [8]. Previous studies have quantified
vaccination errors related to inappropriate schedule [3,8]: how-
ever, little has been done to measure live-vaccine related errors.

The ACIP recommends a 2-dose schedule for live vaccines that
prevent MMR and varicella, with the first dose administered at
age 12-15 months and the second dose at age 4-6years [1,9-
11]. The intra-nasally administered quadrivalent live attenuated
influenza vaccine (LAIV) has been licensed for use in the U.S. since
2012. However, ACIP did not recommend LAIV for use during the
2016-17 and 2017-18 flu seasons [12,13] because of concerns
regarding effectiveness against influenza viruses circulating during
those seasons. LAIV was recommended again for use in the 2018-
19 flu season [14]. Understanding live vaccine-related errors for
MMR, varicella, combined MMR and varicella (MMRV), and LAIV
are needed to identify non-compliance and find opportunities to
prevent live vaccine-related errors among children.

Using provider-submitted, population-based immunization
information systems (IIS) data from six IIS Sentinel Sites, our objec-
tives were: (1) determine frequency of invalid MMR, varicella,
MMRYV, and LAIV vaccine doses administered sooner than the min-
imal interval of a prior live vaccine among children aged
12 months through 6 years from 2014-15 and 2016-17, and (2)
estimate cost of revaccination to correct invalid vaccine doses of
MMR, varicella, MMRYV, and LAIV associated with live vaccine vio-
lations among these children from 2014-15 and 2016-17.

Contflict interval between st dose live
vaccine of interest and a prior live vaccine”

LIVE VACCINE OF INTEREST

2. Methods

IIS are confidential, computerized systems that consolidate
immunization data submitted by vaccine providers [15]. An IIS
does not contain all data contained in Electronic Medical Records,
only core data elements about vaccination [16]. Furthermore, IIS
Sentinel Site data only contains essential data elements such as
vaccine type and dates. IIS Sentinel Sites are located in North
Dakota, Michigan, Minnesota, New York City, Wisconsin, and six
counties in Oregon; these sites contain 10% of the US pediatric pop-
ulation [17]. IIS Sentinel Sites submitted de-identified record-level
IIS data to CDC to enable evaluation of vaccination coverage. Selec-
tion of the six IIS Sentinel Sites was based on high-quality IIS data
to include an enrollment of >85% of child and adolescent provider
sites participating in the IIS, >85% of children aged less than 19 -
years participating in the IIS, and at least 70% of doses adminis-
tered are submitted to IIS within 30days of vaccine
administration [17].

An ad hoc study design was used to assess retrospective cohort
data from the IIS. We analyzed >1.6 million records for children
aged 12 months through 6 years from July 1, 2014 through Decem-
ber 31, 2015 when LAIV was recommended for use, and from July
1, 2016 through December 31, 2017 when LAIV was not recom-
mended for use. Children aging into or out of an age group were
excluded to allow all children in the study sample to have equal
opportunity to obtain routinely recommended vaccine doses of
MMR, varicella, MMRV, or LAIV, which are the focus of our analysis
and collectively referred to as ‘live vaccines of interest’.

1ISs and Electronic Health Record systems have the capability to
evaluate administered doses and forecast needed vaccinations
according to ACIP recommendations. CDC provides technical
resources in order to assist in the creation and maintenance of this
functionality through the Clinical Decision Support for Immuniza-
tions (CDSi) project. The number of days required to wait between
live vaccine doses, also referred to as the ‘conflict interval’ (Fig. 1),
is described in CDSi supporting data tables [18]. Minimum inter-
vals between live vaccine doses are generally 4 weeks. A grace per-
iod of 4 days [2,4] was included in our analyses. Although the

Conflict interval between 2" dose live
vaccine of interest and prior live vaccine”
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Fig. 1. Age of recommendation with dose number and conflict intervals between measles, mumps, rubella, varicella, and live attenuated influenza vaccines. Live vaccines of
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interest administered during conflict interval of a prior live vaccine will cause the live vaccine of interest dose to be invalid and require revaccination.
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second dose of varicella is recommended 12 weeks after the first
dose, ACIP allows 24 days as the minimum interval for retrospec-
tive evaluation of dose validity. Therefore, we adopted this in our
analysis. Live vaccine doses are deemed “invalid” when a recom-
mended dose was administered during the conflict interval of a
prior live vaccine (Fig. 1). The number of children who received
at least one invalid dose were counted for each live vaccine of
interest. Doses of prior live vaccines that may cause a live vaccine
of interest to be invalid include MMR, varicella, MMRYV, and LAIV.
We considered inclusion of travel vaccines containing live anti-
gens, such as yellow fever, but found few vaccination errors related
to the yellow fever vaccine as these are only administered in case
of travel and had minimal effect on overall vaccination error.
Because more than one live vaccine of interest may be adminis-
tered during the conflict interval, we identified single doses and
multiple doses of live vaccines that caused a subsequent live vac-
cine dose to be invalid. The percentage of children who received
invalid doses within the conflict interval were calculated among
those who received at least one dose of the live vaccine of interest,
stratified by the live vaccine of interest. Median number of days
between the preceding live vaccine and the following invalid live
vaccine dose were calculated to represent median conflict intervals
among children.

Revaccination costs were calculated for total number of invalid
doses administered to children for each live vaccine of interest. Fol-
lowing Rodgers et al (2018), revaccination costs (c) were calculated

Table 1
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for total number of invalid doses as c=n (p +a + w +t), where n is
number of invalid doses, p is price per vaccine dose [19,20], a is
administrative cost per vaccine (set to $8.56 for publicly-funded
doses and $30.54 for privately-funded doses during 2014-15, and
$9.11 for publicly-funded doses and $32.50 for privately-funded
doses during 2016-17), w is cost for patient or caregiver time
(set to $18.51 per hour for 2014-15 and $19.14 per hour for
2016-17) for 2 h of time taken off from work, and t is transit cost
to provider’s office (set to $23.86 for 2014-15 and $24.68 for 2016-
17)[3]. We used the price for LAIV for estimating cost of revaccina-
tion of invalid LAIV doses, and did not use prices for other influenza
vaccines that could be used to correct an invalid LAIV dose from
2014-15 [19]. To estimate the vaccine and administration costs
associated with revaccination, we assumed half of the doses
needed for revaccination were publicly purchased based on a pre-
vious study that used the six IIS Sentinel Sites and found approxi-
mately half of all doses were publicly purchased vaccines [3]. Costs
were based on previous reports, and adjusted to 2015 dollars for
2014-15, and to 2017 dollars for 2016-17 [3,21]. We performed

analyses using SAS version 9.4 (SAS Institute, Inc.).

3. Results

Among the six IIS Sentinel Sites, the number of children aged
12 months through 6 years who received a live vaccine of interest
was 946,659 in 2014-15 and 704,591 in 2016-17 (Tables 1 and 2).

Percentage of children aged 12 months through 6 years who received an invalid dose of MMR, varicella, MMRYV, or LAIV due to live vaccine conflict following a prior live vaccine at

six IIS Sentinel Sites* from July 1, 2014 - December 31, 2015.

Live Prior live vaccine Live vaccine ~ Number of children who ~ Number of children who Median number of days  Revaccination cost® for
vaccine causing live vaccine of conflict received > 1 dose of live received > 1 invalid dose of between prior dose and  invalid doses™ of live
of interest to be invalid interval”, vaccine of interest, n live vaccine of interest, n (%) invalid dose (IQR'") vaccine of interest, $
interest ' days
Varicella 347,251 1424 (0.4) 250,522

MMR 1-27 754 (52.9) 10 (16)

Varicella 1-23 16 (1.1) 15 (8)

MMRV 1-27 16 (1.1) 10 (22)

LAIV 1-27 597 (41.9) 18 (12)

Multiple 35(2.5) NA
MMR 346,098 1001 (0.3) 120,816

MMR 1-23 1(0.1) 11 (0)

Varicella 1-27 447 (44.7) 14 (15)

MMRV 1-27 1(0.1) 22 (0)

LAIV 1-27 445 (44.5) 18 (12)

Multiple 101 (10.0) NA
MMRV 350,023 990 (0.3) 217,636

MMR 1-27 10 (1.0) 12.5 (13)

Varicella 1-27 11 (1.1) 12 (12)

MMRV 1-27 30 (3.0) 22 (10)

LAIV 1-27 919 (92.8) 17.5 (12.5)

$Multiple 13 (1.3) NA
LAIV 380,666 1927 (0.5) 197,439

MMR 1-27 298 (15.5) 15 (14)

Varicella 1-27 352 (18.3) 15 (13)

MMRV 1-27 37 (1.9) 16 (12)

LAIV 1-23 641 (33.3) 14 (10)

$Multiple 599 (31.1) NA
TOTAL 946,659 4873 (0.5) 16 (14) 786,413

NA Median not available due to more than one conflict interval for multiple live vaccines.
" Michigan, Minnesota, North Dakota, Wisconsin, New York City, and 6 contiguous Oregon counties.
 Trade name for live vaccines: Varicella (Varivax [Merck and Co., Inc., Whitehouse Station, NJ]); MMR (M-M-R-II [Merck and Co., Inc., Whitehouse Station, NJ]); MMRV

(Proquad); LAIV (Flumist Quadrivalent [MedImmune, LLC, Gaithersburg, MD]).

Y Number of days referred to as the ‘live vaccine conflict interval’ which begins the day after a dose of the prior live vaccine identified in CDSi version 3.7. A live vaccine
administered during the conflict period specific to the prior live vaccine indicates an invalid dose.

ft Interquartile range of median.

§ Revaccination cost calculated as c=n (p +a +w +t) (Rodgers, et al. 2018), where n is the number of invalid doses, p is the price per vaccine dose,a is administrative cost per
vaccine (set to $8.56 public clinic and $30.54 private practice 2014-15), w is cost for patient or caregiver time (set $18.51 per hour for 2014-15) for 2 h for time take off work,

and t is transit cost to provider’s office (set to $23.86 for 2014-15).

°° Number of total invalid doses: varicella = 1451, MMR = 1004, MMRYV = 993, LAIV = 1941.
8 More than one live vaccine of interest was administered during the conflict interval.
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Table 2

Percentage of children aged 12 months through 6 years who received an invalid dose of MMR, varicella, or MMRV due to live vaccine conflict following a prior live vaccine at six

1S Sentinel Sites* from July 1, 2016 - December 31, 2017,

Live Prior live vaccine Live vaccine  Number of children who  Number of children who Median number of days Revaccination cost *~ for
vaccine causing live vaccine of  conflict received >1 dose of live  received >1 invalid dose of =~ between prior live vaccine invalid doses of live
of interest to be invalid  interval?, vaccine of interest, n live vaccine of interest, n (%) and invalid dose (IQR'") vaccine of interest, $
interest days
[}
Varicella 280,351 639 (0.2) 120,131

MMR 1-27 544 (85.1) 12 (14)

Varicella 1-23 34 (5.3) 14 (9)

MMRV 1-27 11 (1.7) 13 (15)

$Multiple 50 (7.8) NA
MMR 289,128 391 (0.1) 49,499

MMR 1-23 8 (2.0) 14 (9)

Varicella 1-27 294 (75.2) 13 (15)

MMRV 1-27 11 (2.8) 14 (16)

$Multiple 77 (19.7) NA
MMRV 382,380 48 (0.01) 11,934

MMR 1-27 15 (31.3) 19 (17)

Varicella 1-27 6 (12.5) 19 (16)

MMRV 1-27 12 (25.0) 19 (9.5)

$Multiple 14 (29.2) NA
TOTAL 704,591 1,001 (0.1) 14 (13) 181,565

NA Median not available due to more than one conflict interval for multiple live vaccines.
* Michigan, Minnesota, North Dakota, Wisconsin, New York City, and 6 contiguous Oregon counties.

 LAIV was not recommended for use from 2016-17.

8 Number of days referred to as the ‘live vaccine conflict interval’ which begins the day after a dose of the prior live vaccine identified in CDSi version 3.7. A live vaccine
administered during the conflict period specific to the prior live vaccine indicates an invalid dose.

i1 Interquartile range of median.

Y Trade name for live vaccines: Varicella (Varivax [Merck and Co., Inc., Whitehouse Station, NJ]); MMR (M-M-R-II [Merck and Co., Inc., Whitehouse Station, NJ]); MMRV

(Proquad).

> Revaccination cost calculated as c=n (p + a + w + t) (Rodgers, et al. 2018), where n is the number of invalid doses, p is the price per vaccine dose, a is administrative cost
per vaccine (set to $9.11 public clinic and $32.50 private practice for 2016-17), w is cost for patient or caregiver time (set to $19.14 per hour for 2016-17) for 2 h for time take

off work, and t is transit cost to provider’s office (set to $24.68 for 2016-17).
” Number of total invalid doses: varicella = 640, MMR = 398, MMRV = 50.

88 More than one live vaccine of interest was administered during the conflict interval.

Across sites, the number of children ranged from 24,234 in North
Dakota to 262,108 in Michigan during 2014-15, and from 16,895
in North Dakota to 200,490 in Michigan during 2016-17. The num-
ber of children in the sample size decreased from 2014-15 to
2016-17 as a result of LAIV not being recommended by ACIP in
the later time period.

Among children receiving a live vaccine of interest in 2014-15,
4,873 (0.5%) received at least one invalid dose during the conflict
interval of a prior live vaccine (Table 1). Overall, invalid live vac-
cine doses were administered during the median conflict interval
of 16 days following another live vaccine (Table 1). The live vaccine
most frequently administered during the conflict interval was
LAIV, for which 1,927 children received an invalid dose of LAIV fol-
lowing a prior live vaccine, and accounted for 0.5% of the 380,666
children who received at least one dose of LAIV (Table 1). The prior
live vaccine most frequently administered to cause the subsequent
LAIV dose to be invalid was LAIV (33.3%) followed by varicella
(18.3%) and MMR (15.5%) (Table 1). Among children who received
invalid doses of LAIV, 31.1% were given more than one live vaccine
during the conflict interval of LAIV (Table 1). Invalid doses of LAIV
were administered between median conflict intervals of 14-
16 days from a previous live vaccine dose (Table 1). Among the
347,251 children who received at least one dose of varicella,
1,424 (0.4%) children received invalid doses of varicella. Over half
(52.9%) of the children who received invalid doses of varicella were
caused by a prior dose of MMR (Table 1) with a median conflict
interval of only 10 days between the two doses. Similarly, among
the 1001 children who received invalid doses of MMR, 44.7% were
caused by a prior dose of varicella followed by 44.5% of the children
who received a prior dose of LAIV (Table 1). Among the 990 chil-
dren who received invalid doses of MMRYV, 92.8% were caused by
a prior dose of LAIV (Table 1).

Among children receiving a live vaccine of interest in 2016-17,
1,001 (0.1%) received at least one invalid dose during the conflict
interval of a prior live vaccine (Table 2). Overall, invalid live vac-
cine doses were administered during the median conflict interval
of 14 days following another live vaccine (Table 2). The live vaccine
most frequently administered during the conflict interval was
varicella, for which 639 children received an invalid dose of vari-
cella following a prior live vaccine, and accounted for 0.2% of the
280,351 children who received at least one dose of varicella
(Table 2). MMR was most frequently administered as the prior
dose, causing the subsequent invalid dose of varicella in 544 chil-
dren, and accounted for 85.1% of the 639 children who received
an invalid dose of varicella (Table 2) with a median conflict interval
of 12 days between the two doses. Likewise, among the 391 chil-
dren who received an invalid dose of MMR, 75.2% were caused
by a prior dose of varicella (Table 2). Though LAIV was not recom-
mended for use from 2016 to 17, 564 children were reported to
have received at least one dose of LAIV, 4 of which received an
invalid dose due to administration during conflict interval of a
prior live vaccine (data not shown).

For both time periods, we found less than 0.01% of children
received more than one invalid dose of a live vaccine. For the chil-
dren who received invalid live vaccine doses requiring revaccina-
tion from 2014-15 and 2016-17, the highest revaccination cost
was for varicella, with an estimated cost of repeating doses as
$250,522 from 2014-15 and $120,131 from 2016-17, including
direct and indirect costs (Tables 1-2). The revaccination cost was
highest for varicella due to both number of invalid doses and the
higher price of varicella vaccination as compared to MMR and LAIV.
Across the six IIS Sentinel Sites, we estimated the total revaccina-
tion cost of the live vaccines administered during the conflict inter-
val as $787,413 for 2014-15, and $181,565 for 2016-17.
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4. Discussion

This study provides an in-depth analysis of administration of
MMR, varicella, MMRYV, and LAIV vaccines during conflict intervals
of live vaccines among children aged 12 months through 6 years in
six IIS Sentinel Sites. Our analyses showed that live vaccine-related
errors were rare among children, indicating a compliance to
administration of live vaccines on the same day or outside
of the conflict interval. Similar findings showing adherence to
age-related recommendations were previously reported in the
same IIS Sentinel Sites [3]. This study identified differences for
adhering to the recommendations among children who received
live vaccines in 2014-15 compared to 2016-17. When LAIV was
recommended for use in 2014-15, approximately 1 in 200 children
were administered an invalid dose of a live vaccine of interest com-
pared to 2016-17 when LAIV was not recommended for use,
approximately 1 in 1,000 children were administered an invalid
dose of a live vaccine of interest. Improved messaging of live
vaccine intervals may be needed as the lower number of children
with invalid doses in 2016-17 compared to 2014-15 is likely due
to the annual flu vaccine recommended during the 2014-15
season, which does not follow other schedules based on age of
recommendation.

From 2014-15, LAIV was most frequently administered during
the conflict interval of a prior live vaccine, and consistently caused
invalid doses of the other live vaccines of interest. While the rou-
tine immunization schedule recommends children receive MMR
and varicella vaccines at ages 12-15 months and 4-6 years, influ-
enza vaccine is recommended annually for children >6 months
of age. Although children typically receive MMR and varicella vac-
cines at a healthcare facility, it is not unusual for children to
receive influenza vaccine in other settings (e.g., school). In addition
to varying rates of immunization errors among different provider
types [22], if vaccination history is not available to the provider
or if the provider doesn’t inquire about vaccination history then
there may be opportunities for error; therefore, immunization
history should be reviewed at every healthcare visit [4]. Children
requiring two doses of LAIV may be at risk for this type of vaccina-
tion error as we found a prior dose of LAIV was most frequently
administered during the conflict interval of a subsequent invalid
dose of LAIV.

When LAIV was not recommended for use, the proportion of
children who received invalid doses of MMRV notably decreased
from 0.3% (2014-15) to 0.01% (2016-17). Likewise, a decrease
was identified for children who received invalid doses of MMR
and varicella though not as noteworthy. In both time periods, vari-
cella was consistently administered during the shortest median
conflict interval of 10-12 days from a prior dose of MMR. Though
caregivers may be uncomfortable with multiple vaccinations in a
single visit [23,24], same day administration of MMR and varicella,
is preferred to ensure full vaccination [2], and reduce errors
between these two live vaccines. The probability of live vaccine-
related errors may also increase when there is a deviation from
recommended schedules that can be caused by local outbreaks
[25], travel plans [26,27], health conditions [28], and an over-
burdened healthcare system where time allotted for immunization
competes with non-immunization needs [29]. However, informa-
tion describing these circumstances was not available in our
dataset.

This study estimated direct and indirect revaccination costs that
would have been required to correct the invalid doses of live
vaccines of interest in the six IIS Sentinel Sites as $786,413 for
2014-15 and $181,565 for 2016-17. As noted in a previous study
[3], these revaccination costs likely underestimate national costs
since the six IIS Sentinel Sites represent only 10% of the pediatric

population nationwide. Because we included the cost of privately
funded vaccines, the revaccination costs found for live vaccine-
related errors among children were slightly higher when compared
to age-related errors among children and adolescents, which was
estimated from $111,964 to $179,179, in the six IIS Sentinel Sites
[3]. Other types of errors such as non-compliance of minimal inter-
vals among other childhood vaccines, improper storage, incorrect
dosage, wrong vaccine and route of administration [30] may incur
additional revaccination costs. In 2000, a national sample of child-
hood immunizations was evaluated, and the estimated cost of cor-
recting an invalid dose for all children aged 19-35 months ranged
from $10 million to $18 million dollars [8].

We did not analyze whether children received or did not receive
doses to correct invalid live vaccine doses. Though revaccination
costs are associated with children who receive corrective doses,
there is also a cost for children who do not receive corrective doses
of live vaccines. For those children who do not receive corrective
doses, the live vaccine dose administered during the live vaccine
conflict interval would be considered ineffective thus potentially
leading to increased morbidity [6,31,32]. This study showed that
a low number of children received doses of live vaccines during
the conflict interval; however, an increased awareness of the con-
flict between LAIV and other live vaccines will help to further
reduce live vaccine-related errors.

Computerized tracking of patient records may help to reduce
vaccination errors [27] and consequently lower costs associated
with correcting errors. An IIS is a confidential, computerized sys-
tem of immunization records that are consolidated from multiple
vaccine providers, and is an important tool to ensure children
receive recommended immunizations [33]. A fully operational IIS
tracks administered vaccines, reduces over-vaccination of new
patients, and forecasts recommended immunizations [16,33,34].
In the case of live vaccines, providers can obtain vaccination histo-
ries from IIS to avoid live vaccine conflicts. Because of the season-
ality associated with LAIV, providers are encouraged to submit flu
administration data to the IIS since the flu vaccine may be admin-
istered outside provider offices, and to check children’s live vacci-
nation history to determine the minimum interval needed from a
prior live vaccine. Clinical decision support functionality with an
IIS can also help prevent, detect, and correct live vaccine errors.

Study findings are subject to at least three limitations. First,
data from the six IIS Sentinel Sites may not represent the U.S. pop-
ulation. The six sites are located in geographic regions that may not
represent regionally diverse populations. As a result, live vaccine-
related errors may be different regionally and for the U.S. Second,
we were unable to determine if the invalid live vaccine administra-
tions were the result of misreporting or misadministration. Third,
we were not able to distinguish between public and private doses
when calculating revaccination cost and assumed even distribution
of purchase costs. Therefore, revaccination costs may be under- or
over-estimated if the number of invalid doses were not evenly
distributed.

Data from the Sentinel Sites revealed that live vaccine-related
errors were rare, indicating an adherence to live vaccine recom-
mendations among children aged 12 months through 6 years.
Though live vaccine-related errors were few among children, the
total revaccination cost for the 6 sites included in the current anal-
ysis is close to one million dollars. The slightly higher proportion
associated with LAIV administration error may reflect schedule
complexity with routinely recommended live vaccines and with
seasonal LAIV. Increased awareness among providers about proper
intervals for live vaccines not administered on the same day and
improving access to full vaccination history at the time of vaccina-
tion administration are needed. A fully functional IIS that provides
clinical decision support can assist providers by evaluating and
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forecasting live vaccinations to detect, prevent, and correct admin-
istration errors associated with live vaccines.
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