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Abstract Background Interoperability between electronic health records (EHR) and immuni-
zation information systems (IIS) may positively influence data quality, affecting
timeliness, completeness, and accuracy of these data. However, the extent to which
EHR/IIS interoperability may influence the day-to-day vaccination workflow and related
recordkeeping tasks performed at medical practices is unclear.
Objective This study aimed to assess how EHR/IIS interoperability may influence the
vaccination workflow at medical practices and to identify related impacts on clinical
and administrative activities.
Methods We identified practices (family medicine, pediatrics, internal medicine,
local health departments) from the Michigan Care Improvement Registry (MCIR), the
statewide IIS in Michigan, representing each of the three HL7 interoperability levels
(non-HL7, unidirectional, bidirectional). We conducted semi-structured interviews to
assess how practices interact with the MCIR throughout the vaccination workflow.
Transcripts were reviewed and coded to characterize practices’ use of EHRs, MCIR, and
other related technologies across the vaccination workflow.
Results Practices completed Phase 1 (n¼ 45) and Phase 2 (n¼42) interviews, represent-
ing a range of medical specialties, geographic locations, and sizes. HL7 connectivity
expanded among the participating practices; by the conclusion of the study, all practices
had initiated at least unidirectional HL7 capability. Providers and staff relied heavily upon
both their EHRs and MCIR throughout a wide range of vaccination-related activities. Most
practices relied on MCIR as their primary source of vaccination history information, and
nearly all practices also reported use of paper forms, documentation, and other summaries
throughout the vaccination workflow.
Conclusion Practices employedboth their EHRs and IIS throughout the entire vaccination
workflow, although the use of each relied heavily on paper-based processes. While benefits
of adopting EHR/IIS interoperability were reported by practices, this may require staff to
learn and implement new workflow processes that can be time consuming and may
introduce new challenges.
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Background and Significance

A dramatic increase in the adoption of electronic health
record (EHR) systems has taken place over the past decade,1

leading to integration throughout patient workflows and
substantial levels of electronic health information exchange
between health care providers.2–4 An excellent example of
this is illustrated bymedical practices’ activities surrounding
the administration of vaccinations, an essential function of
primary care and public health practice. Electronic data
exchange (also known as interoperability) between EHRs
and immunization information systems (IIS) has been dem-
onstrated to have positive impacts on data quality such as the
timeliness, completeness, and accuracy of these data.5–8

These benefits became especially important during the
coronavirus disease 2019 (COVID-19) pandemic response
in primary care and public health settings.7,9–13

Potential benefits of EHR/IIS interoperability may be
realized by either the sending or receiving organization or
both, depending on whether unidirectional or bidirectional
exchanges are taking place. EHR/IIS interoperability is ac-
complished through messages that conform to the HL7
messaging standard.14 In unidirectional exchange, data are
shared in only one direction; an immunization provider’s
EHR electronically transmits data on vaccine doses adminis-
tered to the IIS, often in real time. The EHR sendsmessages to
report dose-level details to an IIS for each vaccine adminis-
tered along with current patient (or responsible party)
contact information from patient demographic and admin-
istrative records. In bidirectional immunization messaging,
data are shared in both directions, from an EHR to the IIS, and
vice versa. In addition to electronic transfer of vaccine
administered data from the EHR to the IIS, an EHR can
“query” the IIS in real time. A query is sent by the EHR to
the IIS, and the IIS returns the patient’s full vaccination
history to the EHR, including data for vaccines administered
at other sites. Bidirectional interoperability allows practices’
EHRs to receive all available dose-level information from an
IIS for a given patient, as well as the patient’s vaccination
status (up to date, eligible, overdue), and recommended
vaccines. These queries may be automatically triggered as
patients schedule visits, check in at a clinic, or as staff review
clinic vaccination records.15 Immunization providers whose
EHR is not interoperable with the IIS through the HL7
standard (i.e., non-HL7 practices) report vaccine doses ad-
ministered either through periodic transfers of an electronic
file from the EHR to the IIS or direct data entry in the IIS’sweb
portal. The latter method typically entails double data entry,
once into the EHR and again in the IIS.

EHR/IIS interoperability is well established in many juris-
dictions, which was largely initiated in response to the incen-
tives established under the federalMeaningful Use program in
2009.16 In Michigan, 48% of active vaccination sites currently
report to the statewide IIS through either HL7 unidirectional
(9%) or bidirectional (39%) interoperability (unpublished data,
2024). Expansion of interoperability continues to be awork in
progress, and onboarding of new HL7 connections continues
nationally.17,18 An important consideration for practices

adopting HL7 messaging with an IIS is the extent to which
this interoperabilitymay influence theday-to-day vaccination
workflow and related recordkeeping tasks performed by clini-
cal and administrative staff. Vaccination-related information
may be available to staff throughout theworkflow from either
the practice’s EHR system or the jurisdiction’s IIS, or both; it is
not clear which mechanism staff may use, when they do so,
andwhy.AlthoughEHR/IIS interoperabilitymaybeanticipated
to positively impact data quality, it is unclear whether it may
also impact the vaccination workflow of practice staff.

With that in mind, the objective of this study was to
evaluate how medical practices use their EHR and IIS to
support vaccination-related patient encounters and how
EHR/IIS interoperability may impact clinical and administra-
tive functions throughout the vaccination workflow. To our
knowledge, this information has not been previously avail-
able and is relevant for practices seeking to establish or
improve their processes related to interoperability, as well as
for IIS staff that work with immunization providers to
onboard and maintain interoperable connections.

Methods

To gain a more comprehensive understanding of the poten-
tial impacts of EHR/IIS interoperability on the vaccination
workflow at the practice level, we conducted semi-struc-
tured interviews with medical practices reporting to the
Michigan Care Improvement Registry (MCIR), the statewide
IIS.19,20Vaccination providers are required to report all doses
administered to persons <20 years of age to MCIR; although
not required, Michigan law also authorizes the reporting of
doses administered to adults.18 All births are automatically
reported to MCIR from state records; very few parents elect
to opt children (<0.3%) out of participation. This study was
conducted September 1, 2018 to August 31, 2022 and was
determined to not be regulated by the University ofMichigan
Institutional Review Board (HUM00157276). ►Fig. 1 pro-
vides a schematic of a generalized vaccination workflow
model, which we used as a framework for data collection,
coding, and reporting of findings; the model built upon an
existing framework, and other models have been more
recently developed.2,21–23

It should be noted that this study was initially designed
prior to the COVID-19 pandemic to explore potential benefits
and costs of interoperability to practices through onsite
observations. However, with the onset of the COVID-19
pandemic, limitations onphysical access tomedical practices
made such observations infeasible and required an alternate
approach to evaluate interoperability impacts on vaccination
practices. We had conducted an initial semi-structured
interviewwith practices before the onset of COVID-19 (Phase
1) to gauge aspects of EHR/IIS use relative to vaccination
workflow with the ultimate intent of conducting onsite
observations of the staff time required to perform these
tasks. Given constraints precluding onsite observations at
practices during the pandemic, we elected to focus the
remainder of the study on characterizing vaccination work-
flow at practices and how staff used and recorded both EHR
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and IIS information. We employed a subsequent interview
(Phase 2) following the initial acute phase of the pandemic to
explore any changes to the vaccination workflow related to
EHR/IIS interoperability among the practices who partici-
pated in the initial phase of the study.

Sampling Frame
Construction of the sampling frame began with identifying
all sites designated in MCIR as being “active” in 2018, which
resulted in over 4,500 unique practice locations. This list was
then refined to focus on the practice types of interest: family
medicine, pediatrics, internal medicine, and local health
departments. Retail pharmacies and hospitals were exclud-
ed, as were practices that reported fewer than 120 doses
during 2018, resulting in a sampling frame of 1,892 practice
sites.

Given the project resources available, we identified an
interview completion target of approximately 50 practices.
Based on review of the sampling frame, augmented by
recommendations from coordinators for each of the state’s
six MCIR regions, we sought to define a quasi-purposeful,
convenience sample of potential interview participants. We
aimed to have representation across the practice types of
interest, interoperability levels, practice size (using the
number of vaccine doses administered annually), and geo-
graphic regions. Overall, we identified a total of 111 candi-
date practices for recruitment as interview participants.

Sample Outreach
The 111 candidate practices were contacted by the project
lead (K.J.D.) via email to request their participation in this
study with subsequent contacts by telephone, as necessary.
Those that agreed to participate identified the best person(s)
at the practice site for addressing questions related to the
vaccination workflow, related recordkeeping, and MCIR
reporting. The interviewer (A.E.C.) contacted the designated
practice contact(s) by email to schedule an initial (Phase 1)
telephone interview. For Phase 2, a similar process was
followed for requesting participation and scheduling the
interview among the subset of practices that participated
in Phase 1. To assist with retention of Phase 1 practice sites, a
$25 gift card was offered as an incentive for completing the
Phase 2 interview.When an interviewwas scheduled, a list of
discussion topics was sent via email to the interviewee(s).

Interview Guides
Based on the extensive IIS experience of the project lead, we
developed questions to capture information for each stage of
our vaccination workflow model (►Fig. 1), with probes to
explore how each step is done and whether any relevant
barriers exist. The Phase 1 interview guide was pilot tested
with a convenience sample of five practices; Phase 2 inter-
view questions were based on the Phase 1 interview guide
and focused on identifying any changes made to the vaccine
recordkeeping workflow since the Phase 1 interview (see
►Supplementary Appendix 1, Phase 1 and Phase 2 interview
guides [available in the online version]).

Interview Administration and Processing
The interviews, which were typically about 30minutes in
duration, were conducted March 4 to December 2, 2019
(Phase 1) and September 29, 2020 to December 22, 2021
(Phase 2) by telephone (Phase 1, Phase 2) or Zoom audio call
(Phase 2). Interviewees were typically office/practice manag-
ers or the lead clinical staff person for vaccine-related pro-
cesses, includingMCIR reporting. At the start of the interview,
the interviewer obtained permission from all interviewees to
record the interview and enable subsequent transcription.

Interview recordings were transcribed verbatim. In prep-
aration for coding the Phase 1 interview transcripts, we
developed an initial codebook a priori to capture the main
themes for each of the vaccination recordkeeping workflow
categories. Codes were assigned by reading through the
interview transcripts multiple times and relevant text
excerpts were recorded in Excel; all transcripts and coding
were also reviewed by the interviewer (A.E.C.). The codebook
was iteratively revised during the coding process to include
additional themes. For Phase 2, the Phase 1 codebook was
adapted byadding categories to reflect new topics. Questions
regarding coding were reviewed among the project team to
reach consensus. Based on the assigned coded themes, a
series of dichotomous indicators were developed in each
workflow category to indicate the presence or absence of
specific practice characteristics or workflow activities per-
taining to EHR andMCIR use. Indicators were summed across
responses to derive counts of practices citing each attribute.
Practices did not necessarily discuss each question from the
interview guide and consequently, so our reported results
are based on varying numbers of respondents.

Fig. 1 Vaccination workflow overview. EHR, electronic health record; IIS, immunization information systems.
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Results

Among the candidate sites identified (n¼111), 45 practices
completed interviews during Phase 1, 42 of which also
completed a Phase 2 interview. The remaining results pre-
sented here reflect the 42 practices that participated in both
interviews. For 36 of the 42 sites (86%), the same person(s)
was interviewed in both phases.

Participating practices were primarily family medicine or
pediatrics (►Table 1). All practices (n¼42) reported using
MCIR throughout the vaccination workflow process for
reviewing and recording patient- and vaccine-related infor-
mation. During Phase 1, most participating practices were
either unidirectional (n¼28) or bidirectional HL7 (n¼10)
with MCIR; the remaining practices (n¼4) were not HL7-
interoperable and only accessed MCIR manually through the
web user interface. HL7 connectivity to MCIR expanded
among participating practices during the study period
such that by Phase 2, all practices were connected to MCIR
either by unidirectional HL7 (n¼26) or bidirectional HL7
(n¼16) messaging. Practices ranged in size by annual vacci-
nation doses administered and were located in counties that
included metropolitan, nonmetropolitan, and rural areas.
We identified 13 various EHR system vendors used by
practices, with themost common being Epic, eClinicalWorks,
Allscripts, Athenahealth, and Patagonia Health.

All the subsections of section Results provide detailed
results following theworkflowmodel provided in►Fig. 1. As
noted previously, these responses were captured through
semi-structured interviews and as such, not all respondents
necessarily addressed each topic, leading to varying number
of responses for each item.

Patient Information Collection
Most practices (n¼24 of 40) noted that patient information,
such as contact and insurance information, is collected in
advance of a scheduled appointment versus at the appoint-
ment time (►Table 2). Nearly all practices (n¼37 of 40)
update patient information in the EHR at the time the
information is collected; in addition, other sites update the
EHR either during the visit (n¼1) or before patient checkout
(n¼1). Several practices (n¼13 of 35) noted that they verify
patient insurance information via either a third-party system
or a specialized department within the clinic; a few (n¼7)
noted including a scanned copy of the patient’s insurance
card in their EHR. Several practices (n¼13 of 37) mentioned
using a paper registration form during the process of obtain-
ing patient information in addition to entering patient
information into their EHR. Other practices described a
variety of electronic methods to assist with collecting this
information, such as tablets for onsite patient registration or
check-in, and patient portals.

Vaccine Needs Assessment
In thefirst step of the vaccine needs assessment process, staff
pull and review a patient’s vaccine history (►Table 2). Most
practices (n¼37 of 42) said they rely upon MCIR as their
primary source of accurate and reliable vaccine history

information; others stated they either use their EHR as the
primary source (n¼3) or used both systems (n¼2). Among
practices using MCIR (n¼39), almost all reported having
occasional difficulty finding patients in MCIR (e.g., name
discrepancies).

Once vaccine history information is pulled, practices
typically compare data between MCIR and the practice’s
EHR (n¼34 of 42), and any necessary adjustments are

Table 1 Characteristics of practices interviewed (n¼ 42)

Practice specialty

Pediatrics 18 (43%)

Family medicine 16 (38%)

Local health department 6 (14%)

Internal medicine 2 (5%)

Volume of vaccine doses administered (2018)

�10,000 14 (33%)

5,000–9,999 10 (24%)

<5,000 18 (43%)

Urban/rural classification of countya

Metropolitan (>50,000 persons) 26 (62%)

Micropolitan (10,000–50,000) 12 (28%)

Rural (<10,000) 4 (10%)

Phase 1 HL7 interoperability

Unidirectional 28 (67%)

Bidirectional 10 (24%)

No HL7 interoperability 4 (9%)

Phase 2 HL7 interoperability

Unidirectional 26 (62%)

Bidirectional 16 (38%)

No HL7 interoperability 0 (0%)

Electronic health record (EHR) system vendorb

Epic 9 (21%)

eClinicalWorks 7 (17%)

Allscripts 4 (10%)

Athenahealth 4 (10%)

Patagonia Health 4 (10%)

NextGen 3 (7%)

Office Practicum 3 (7%)

GE Centricity 2 (5%)

McKesson 2 (5%)

AdvancedMD 1 (2%)

eMDs 1 (2%)

PCC 1 (2%)

Practice fusion 1 (2%)

aNCHS Urban–Rural Classification Scheme for Counties, 2013; https://
www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf.

bEHR in use during Phase 2.
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Tables 2 Vaccination workflow data collection, review, and reconciliation

a. Patient information Uni Bi Total

Collected in advance of appointment (vs. at appointment) (n¼40) 12 12 24

Entered into electronic health record (EHR) system (n¼40) 23 16 39

Insurance information verified (n¼ 35) 5 8 13

Insurance information scanned (n¼ 35) 5 2 7

Use paper registration form (n¼37) 9 4 13

Use tablet or other electronic check-in devices (n¼ 22) 8 4 12

Use patient portal to collect information (n¼40) 1 5 6

b. Vaccination needs assessment Uni Bi Total

Primary vaccine history source (n¼42)

MCIR 23 14 37

EHR system 2 1 3

Both MCIR and EHR 1 1 2

Difficulty finding patient records noted (n¼ 39) 21 16 37

Dose reconciliation (n¼42)

Reconcile between MCIR and EHR 20 14 34

Difficulties noted with point of care reconciliation (n¼16) 5 9 14

Assessment timing (n¼ 42)

Before appointment 18 9 27

At appointment 8 7 15

For all visits (vs. only well visits) (n¼27) 10 10 20

Use of paper MCIR

Print paper report from MCIR (n¼ 42) 25 14 39

Mark paper MCIR report for doses to administer (n¼38) 21 8 29

c. Vaccine administration Uni Bi Total

Preparing vaccines for administration (n¼38)

Indicate vaccine orders in EHR 15 11 26

Indicate orders on paper forms 10 5 15

Quality check for vaccine orders

Orders reviewed, self-check or with others (n¼39) 10 7 17

Checked against paper forms (n¼ 40) 15 4 19

Timing of orders (n¼ 35)

Standing orders for some vaccines (n¼ 38) 10 3 13

Enter pending orders prior to discussion with patient 3 4 7

Enter orders after discussion with patient 19 10 29

Method of data entry into EHR for doses administered (n¼ 33)

Manual (keyboard) 17 11 28

Barcode scanner 2 4 6

Vaccine lot number autopopulates 5 4 9

Timing of data entry for doses administered (n¼42)

Prior to administration 5 7 12

Following administration 21 9 30

Refusals

Enter into EHR (n¼ 39) 23 14 37

(Continued)
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made so that information agrees between the two systems
(i.e., dose reconciliation). Practices using bidirectional HL7
data exchange can electronically queryMCIR via their EHR in
real-time, review the doses from each system, discard dupli-
cates, and import those found solely in MCIR. Some practices
(n¼14 of 16) noted difficultieswith staff reconciling doses at
the point of care, including the time-consuming nature of
this task, distinguishing the sequence of doses in a vaccine
series between the two systems, and dealing with the
volume of duplicate doses; the other two practices reported
having no difficulties.

About two-thirds of practices (n¼27 of 42) reported doing
vaccine needs assessment prior to the scheduled appointment
(typically themorning of or the night before), with thebalance
(n¼15 of 42) completing it at each patient’s appointment.
Many practices (n¼20 of 27) reported conducting these
assessments for all visits, not just well/preventive care visits.

Almost all practices (n¼39 of 42) print paper MCIR forms
for all patients identified in their EHR as having upcoming
appointments. This process typically involves manually que-
rying MCIR for an individual patient, or for batches of
patients with upcoming appointments, and then printing

the individual MCIR summary record. Many practices (n¼29
of 38) highlight, circle, or otherwise indicate vaccinations for
which a patient is due on the hard copyMCIR forms; in some
cases, these marked-up forms are given to the patient at the
end of the visit. Practices gave several reasons for continued
reliance on paper MCIR forms, including: the forms provide a
paper trail for the appointment, provider preferences for
hard copy rather than the EHR screen, and the clear format of
the MCIR forms indicating when each vaccine is due.

Vaccine Administration
Themajority of practices (n¼26 of 38) document, or “order,”
the specific vaccines to be administered electronically in
their EHR (►Table 2). Several practices described using paper
forms for vaccine orders (either exclusively or in combina-
tion with EHR orders), including handwriting orders on
patients’ paper MCIR forms (n¼10) or a different hard
copy method (e.g., encounter form, consent form, n¼5).
The timing of the vaccine orders varies; most commonly,
practices enter vaccine orders after discussing the immuni-
zations with patients (n¼29 of 35). Themajority of practices
(n¼29 of 41) reported steps related to quality control to

Tables 2 (Continued)

Scan signed refusal form in EHR (n¼ 39) 13 6 19

Manually enter into MCIR (n¼25) 6 5 11

Automatically transfers to MCIR (n¼25) 3 4 7

d. Data transfer to IIS Uni Bi Total

Timing (n¼40)

Immediately following close of EHR record 21 13 34

Scheduled transfer 2 1 3

Review of transferred doses

Use MCIR transfer report (n¼ 39) 23 15 38

Use EHR report (n¼38) 8 4 12

Use other data, such as logs and/or inventory counts (n¼39) 9 5 14

Frequency (n¼ 41)

Daily 14 8 22

Weekly 12 6 18

Monthly 0 1 1

e. Inventory management Uni Bi Total

Has vaccines for children (VFC) public stock (n¼42) 22 15 37

Enter public stock information into EHR (n¼37) 17 10 27

Use only MCIR for public stock inventory tasks (n¼ 37) 7 9 16

Use MCIR and EHR for public stock inventory tasks (n¼ 37) 15 6 21

Has private stock (n¼42) 26 16 42

Enter private stock information into MCIR 24 15 39

Use only MCIR for private stock inventory tasks 8 9 17

Use only EHR for private stock inventory tasks 2 0 2

Use MCIR and EHR for private stock inventory tasks 16 6 22

Neither EHR nor MCIR used for private stock inventory tasks 0 1 1

Abbreviations: Bi, bidirectional; EHR, electronic health record; MCIR, Michigan Care Improvement Registry; Uni, unidirectional.
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ensure accountability and reduce vaccine administration
errors. Practices described verifying the orders by comparing
vaccines against MCIR or EHR records, either via self-check
by clinical staff (n¼8) or with another staff member (n¼8),
or both methods (n¼1). Several practices (n¼19) also
described documenting vaccine information, such as with
handwritten notes or stickers from prefilled syringes, on
hardcopy forms such as practice-specific vaccine logs,
patients’ paper MCIR forms, or signed patient consent forms.

Once administered, details for each vaccine dose (e.g., lot
number, manufacturer, site of administration) are entered
by all practices into their EHR. Among practices that
addressed how information is entered, most (n¼28 of
33) reported manual data entry and a few (n¼6) use
barcode scanners to automate data entry, including one
practice that uses barcode scanners for some vaccines and
manual entry for others. Some practices (n¼9) mentioned
that selection or entry of the vaccine lot number will
autopopulate other fields associated with the vaccine.
Most practices (n¼30 of 42) enter all the vaccination
information immediately after administration. Other prac-
tices (n¼12 of 42) allow most of the vaccine dose details to
be entered in advance as the vaccines are being prepared;
data such as the site of administration may be entered
following administration. Vaccine refusals, when patients
(or parents) decline vaccine doses, are also documented in
practices’ EHR (n¼37); many practices (n¼19) also scan
signed refusal forms into their EHR.

Data Transfer
Almost all practices (n¼34 of 40) indicated that data on
vaccines administered are electronically transferred to the
IIS once an individual’s dose-level data are complete in the
EHR (►Table 2). Other sites (n¼3) scheduled their data
transfer at periodic intervals or set times of the day. All
practices discussed their process for resolving any issues
associated with immunization data transfer between their
EHR and MCIR. Most practices (n¼38 of 39) utilize a data
transfer report available in MCIR as the main source of
information for this task; this report summarizes total
immunizations processed, providing details on individual
transfer errors anddoses thatwere not successfully deducted
from inventory. Several practices supplement the MCIR
transfer report with data generated by their EHR (n¼11),
whereas one practice uses only data from its EHR. Additional
sources of information that practices use in the data transfer
reviewprocess included paper logs, individual paperMCIR or
consent forms, and/or physical inventory counts. Frequency
of reviewwasmost commonly daily but ranged from daily to
monthly. When practices identify issues with data transfer
between their EHR and MCIR, they are investigated and
resolved. Resolving transfer problems promptly was deemed
to be important due to the link between doses administered
data and inventory balancing. For the practices that adopted
HL7 interoperability with MCIR over the course of the study,
a learning curve was reported regarding this review process.
One practice noted that although time was saved by elimi-
nating double data entry, more timemay be ultimately spent

correcting data transfer errors, which had previously been
identified during the data entry process.

Inventory Management
Product details for each vaccine (e.g., manufacturer, lot
number, expiration date) ordered are entered into the rele-
vant vaccine inventory management system. For public
stock, this information is pre-entered intoMCIR byMichigan
Department of Health and Human Services staff. Conse-
quently, practices participating in the Vaccines for Children
(VFC) program (n¼37 of 42) only need to double check that
their public vaccine shipments match the shipping invoice
and what is already entered in MCIR (►Table 2). Many of
these practices also enter at least some information for the
public vaccine that they receive into their EHR (n¼27 of 37).
All 42 practices have private stock, and almost all practices
enter the vaccine details into MCIR (n¼39 of 42). Most
practices manually enter vaccine information (other than
public stock doses pre-entered in MCIR), although a few
reported using utilize barcode scanners.

The vaccine inventory balancing process involves count-
ing physical vaccine inventory and comparing this informa-
tion to reports of doses administered. Supporting
documentation used for inventory balancing can include
MCIR-generated reports, EHR-generated reports, vaccine
borrowing or wastage logs, and other hard copy documenta-
tion. All VFC practices are required to use MCIR inventory
functions to manage both their public and private vaccine
stocks to assure borrowing transactions are complete.24 This
process requires reconciling counts of their physical stock
with the inventory tracked in MCIR at least monthly prior to
placing a new order. Over half of the VFC-participating
practices in this study (n¼21 of 37) also use their EHR to
help manage their vaccine inventory, while the remaining
VFC practices (n¼16) exclusively use MCIR’s inventory
management functionality. Among the 42 practices with
private stock, over half (n¼22) use both their EHR and
MCIR to manage vaccine inventory, 17 use only MCIR, 2
use only their EHR, and one doesn’t use anyelectronic system
for inventory management.

Discussion

Our findings provide a novel perspective on how providers
use EHRs in conjunctionwith the statewide IIS inMichigan to
support vaccination encounters. We found that while prac-
tices reported that adopting EHR/IIS interoperability may
offer benefits to the vaccination workflow, some challenges
may likewise be introduced. To our knowledge, this study is
the first assessment of how medical practices employ these
resources throughout vaccination encounters and illustrates
potential opportunities to streamline vaccination reconcili-
ation processes.

We found that practices employ both their EHRs andMCIR
throughout the vaccination workflow and may call upon
either to address information and documentation needs. IIS
and EHRs have several functions in common to support
vaccination workflow. Clinical decision support for
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immunizations (often referred to as vaccination forecasting)
is an important example,25–27 where practices may have the
option of assessing patients’ eligibility for vaccination using
either, or both, systems. Our findings indicate that practices
typically rely heavily on MCIR for vaccination assessment,
with nearly all practices printing MCIR vaccination history
and forecast reports prior to patient encounters. While
practices reported a strong reliance on the MCIR vaccination
forecast, it is not clear whether this preference is due to it
being viewed as the authoritative source or being simply a
more familiar source. Although some EHRsmay not currently
support forecasting as robustly as IIS, it is important to note
that open-source forecasting software is freely available for
use by EHRs and other systems.26,28

Employing an EHR for forecasting is predicated on having
a complete vaccination history, which is realized via recon-
ciliation of vaccine doses between the EHR and IIS.29 The
dose reconciliation process is facilitated by interoperability
between EHRs and IIS, particularly bidirectional HL7, but still
may require considerable manual review. In our study,
practices reported the time consuming nature of dose rec-
onciliation, highlighting an opportunity for workflow im-
provement.30 Unintended consequences of EHR/IIS
interoperability such as duplication of dose records have
also been reported in other studies.6,22,31–33 However, there
are indications from other sources, in addition to our study,
suggesting that integration of vaccination information from
the IIS into the EHR is valued by practices and supports
clinical decision-making. For example, high rates of satisfac-
tion have been reported among primary care providers
viewing immunization data through their EHR.34 Other
reports demonstrate how EHR/IIS interoperability can play
a role in EHR-based patient alerts35 and positively impact
vaccination rates.36

Regardless of the level of interoperability, practices
reported the use of paper-based information throughout
the entirety of the vaccination workflow, as either the
primary source of information or a supplement to several
electronicmechanisms.Workflows for a vaccination encoun-
ter typically begin with verification of key patient informa-
tion, including the patient’s name, address, insurance status,
and any other key information required to provide immuni-
zations, identify the correct vaccine stock (public vs. private),
and bill for services. Although practices reported the use of
electronic means these functions, the collection of this
information is often a paper-intensive process. Ultimately,
this information will be electronically transferred from the
EHR to MCIR, but only if a vaccine is administered to the
patient during the encounter. This electronic reporting was a
new functionality for practices that established HL7 connec-
tivity during the study; these practices were previously
required to document patient information changes in their
EHR as well as MCIR, creating the need for duplicate data
entry. Practices also commonly used paperMCIR vaccination
history and forecast reports as a tracking sheet to record
administered dose information and other pertinent informa-
tion, including dose lot numbers or patient refusals of
recommended vaccines.

While the use of MCIR for inventory management among
VFC-participating practices is mandatory, we found that over
half of those practices also utilized their EHRs for inventory-
related tasks. Although seemingly duplicative, this may in
part reflect the need for vaccine-specific data (e.g., lot
numbers) in EHRs to support related functionality, including
facilitation of vaccination orders or data entry for vaccines
administered. Some practices reported potentially time-
consuming reconciliation that may be necessary when in-
correct dose-level information is transferred and inventory
balancing is incomplete, suggesting an opportunity for train-
ing staff on best practice recommendations.37 It is important
to note that interoperability between EHRs and MCIR does
not currently include the ability to electronically communi-
cate vaccine shipment details between MCIR and EHRs, so
practices that want private stock information in both sys-
tems must double enter it.

There are limitations toour reportedfindings,which reflect
the responses of a convenience sample of primary care and
public health practices that administer vaccines inMichigan. It
is not known how these practices may differ from those more
broadly in Michigan or other states. However, the vaccination
workflows reported here are similar to those reported in other
settings,2,21–23 and the core functionality for patient identifi-
cation, vaccination needs assessment/forecasting, inventory
management, and interoperability follows national best prac-
tices and is consistent with that found in other IIS.15,38 Future
studies may benefit from offering incentives to encourage
participation among a broader sample of practices, including
in other states. Because data were obtained through a semi-
structured interview, not all questionswereaddressedbyeach
practice. Tobuildon thisexploratorystudy, futurestudiescould
also collect data using a more systematic method and delve
deeper into issues thatmay impact interoperable functionality,
such as EHR product used. Finally, these data were collected
during the COVID-19 pandemic, which impacted the design of
our study and could have impacted its findings. However, we
expect the impact to beminimal, aspracticesdidnot report any
major changes to their vaccination-relatedworkflowprocesses
due to the pandemic between Phases 1 and 2.

Conclusion

Practices employed both their EHRs and IIS throughout the
entire vaccination workflow, although the use of each relied
heavily on paper-based processes.While benefits of adopting
EHR/IIS interoperabilitywere reported by practices, this may
require staff to learn and implement newworkflow process-
es that can be time consuming and may introduce new
challenges. Strategies to establish and disseminate best
practices to sites adopting EHR/IIS interoperability should
be explored.

Clinical Relevance

Webelieve that thesefindings have potential implications for
IIS programs, primary care, and public health practices that
administer vaccines:

Applied Clinical Informatics Vol. 16 No. 1/2025 © 2025. The Author(s).

Effect of EHR/IIS Interoperability on Vaccination Workflow Dombkowski et al.108



• Electronic interoperability betweenpractices’EHR systems
and an IIS may have potential impacts on data quality in
either system, as well as staff time. Best practices are
needed to guide the efficient reconciliation of EHR and IIS
information for doses queried from IIS by EHRs as well as
the preferred source for vaccination forecasts, given that
these systems may furnish conflicting information.

• Potentially time-consuming reconciliation may be neces-
sary when vaccination practices attempt to electronically
transfer data for administered doses to the IIS containing
incorrect vaccine lot numbers or other dose-level infor-
mation. Opportunities for training staff on best practice
recommendations, such as frequent reviews of dose
transfer logs, may help alleviate inventory balancing
problems and ensure completeness of data transfers.

• While electronic interoperability was ultimately adopted
by all vaccination practices, manual procedures and paper-
based processes persist throughout the inventory manage-
ment process. Paper reports, suchas shipping summaries of
vaccine stock received, and summaries of doses adminis-
tered are commonly used to reconcile inventory records.
Such reports may remain essential resources for staff to
balance stocks and resolvediscrepancies between electron-
ic systems. Opportunities may exist to reduce manual
vaccine stock data entry though expanded adoption of
barcode scanners.

Multiple-Choice Questions

1. In unidirectional HL7 vaccinationmessage reporting to an
IIS, EHRs send:
a. a record of all prescribed medications
b. a complete patient billing record
c. all appointments currently scheduled
d. dose-level vaccination details

Correct Answer: The correct answer is option d. This is
correct because unidirectional exchanges are where im-
munization practices send information from their EHR to
the immunization registry in the form of an HL7 message
that contains dose-level details for each vaccination ad-
ministered. The other responses are not correct because
the other types of patient information referenced are not
reported by an EHR to an IIS.

2. In bidirectional HL7 vaccination messaging, a query is
initiated by:
a. SMS text messaging
b. the medical practice’s EHR
c. the medical practice’s inventory management system
d. a barcode scanner

Correct Answer: The correct answer is option b. This is
correct because in bidirectional exchanges a query is sent
by the EHR, and the patient’s full vaccination history is
received from the IIS. The other responses are not correct
because the other types of technology are not used in HL7
vaccination messaging.

3. Practices were found to use both EHRs and IIS throughout
the vaccination workflow in conjunction with
a. cell phones
b. fax machines
c. paper-based processes
d. electronic pagers

Correct Answer: The correct answer is option c. This is
correct because practices reported using paper registra-
tion forms, paper MCIR forms, paper consent forms, and
paper documentation. The other responses are not correct
because the other types of technology were not reported
by practice staff as being used in conjunction with EHRs
and IIS throughout the vaccination workflow.
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