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ABSTRACT

In early 2020, the World Health Organization (WHO) declared the coronavirus disease 2019 (COVID-19)
outbreak a global pandemic. In response, two novel messenger RNA (mRNA)-based vaccines: mRNA-1273
(Moderna) and BNT162b2 (Pfizer-BioNTech) were rapidly developed. A thorough understanding of the
differences in workflow requirements between the two vaccines may lead to improved efficiencies and
reduced economic burden, both of which are crucial for streamlining vaccine deployment and minimizing
wastage. Vaccine administration workflow costs are borne by providers and reimbursed separately from
dose acquisition in the United States. Currently, mRNA-1273 and BNT162b2 are the most administered
COVID-19 vaccines in the United States. In this study, US-licensed and practicing pharmacists were
interviewed to collect data on differences in terms of labor costs associated with the workflows for
mRNA-1273 and BNT162b2. Results suggest the cost differential for mRNA-1273 compared to
BNT162b2 is —$0.82 (or —$1.01 when assuming volume equivalency). If extrapolated to even just
a proportion of the remaining unvaccinated US population, this can amount to significant workflow
efficiencies and lower vaccine administration costs. Further, as key differences in the vaccine workflow
steps between the two vaccines would be similar in other settings/regions, these findings are likely
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transferable to health-care systems worldwide.

On March 11, 2020, the World Health Organization (WHO)
declared the coronavirus disease 2019 (COVID-19) outbreak
a global pandemic.' After genomic sequencing of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
causative agent of COVID-19, messenger RNA (mRNA)-
based vaccines were developed by Moderna (mRNA-1273)
and Pfizer-BioNTech (BNT162b2).’ In December 2020,
both vaccines were authorized by the US Food and Drug
Administration for Emergency Use Authorization (EUA).*
A third COVID-19 vaccine, an adenovirus vector vaccine
manufactured by Janssen Biotech, was also granted EUA on
February 27, 2021.°

mRNA vaccines offer several potential advantages over con-
ventional whole virus or recombinant protein-based vaccines,
including ease and speed of manufacturing, scalability, reliabil-
ity, and flexibility of antigen design.® However, these vaccines
have important workflow requirements, including storage at
very low and consistent temperatures (—20°C for mRNA-1273
and -70°C for BNT162b2), thawing processes, and reconstitu-
tion/mixing with diluent (BNT162b2 only); similarities and dif-
ferences in workflow between the mRNA-1273 and BNT162b2
are summarized in Figure 1.”® A greater understanding of the
differences in workflow requirements between mRNA-1273 and
BNT162b2, including the relative time burden to staff and
financial burden to healthcare payers, may lead to improved
efficiencies and reduced economic burden.

This study, based on interviews with US-licensed and prac-
ticing pharmacists, quantifies the differences in terms of labor
costs associated with the workflows for the first two COVID-19

vaccines (mRNA-1273 and BNT162b2) to be approved for
emergency use in the United States.” Currently, the purchase
price of all COVID-19 vaccines is fully covered by the US
Government; however, reimbursement applications are
required by vaccine providers for the fees associated with
vaccine administration.'®'! It is thus imperative to focus on
not only the acquisition costs but also the labor and time costs
associated with mRNA-1273 and BNT162b2. It is hoped that
the information gained from this study informs vaccine provi-
ders of potential costs associated with vaccine administration,
which are reimbursed separately from vaccine acquisition in
the United States.

The data collection for this self-report time-based study was
conducted based on interviews with US-licensed and practi-
cing pharmacists; participating pharmacists had 2-30 y of
dispensing experience working primarily in a hospital setting,
were directly involved in all or most of the components of the
vaccine workflow, and had direct experience with both mRNA-
1273 and BNT162b2. Participants were excluded if they were
working in Vermont or Massachusetts due to local reporting
requirements.

In-depth hour-long telephone interviews were conducted
on participants selected from a nationwide panel of hospital
pharmacists. Screening and interviews were double-blinded.
The study was deemed to be research not involving human
subjects by the Institutional Review Board (Research Triangle
Institute [RTI]). Respondents were asked to provide an esti-
mate of the time spent beyond standard vaccination proce-
dures on workflow steps for both mRNA-1273 and BNT162b2
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Figure 1. Workflow considerations for BNT162b2 and mRNA-1273.
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using open-ended questions. Eight workflow steps from the
clinical perspective were examined, all of which bore costs that
were the responsibility of the vaccine provider (Figure 1).

The total time spent on each step of the workflow is not
directly comparable due to the time spent being dependent
on whether the action is performed once per shipment, day,
vial preparation, or dose. Workflow steps that occur once
per day or once per shipment and do not vary based on the
number of doses given are referred to as fixed-costs (eg,
checking storage temperatures). Therefore, to be able to
compare the two products, costs were standardized for each
product to the amount of time required per dose (Table 1).
The mean time per dose was then summed across all work-
flow steps, enabling the calculation of the difference in the
total workflow times between the vaccines. To estimate cost/
dose differences, time/dose differences were summed across
all steps and multiplied by the median US wage of hospital
pharmacy and clinic staft based on Bureau of Labor Statistics
data.">"?

As the number of doses administered each day impacts the
per-dose cost of fixed-cost workflow steps and because the
number of doses of each product may change over time,
sensitivity analyses were performed that examined the impact

Table 1. Denominator and volume metrics used to convert the time of each
workflow step to time/dose.

Workflow Step Denominator
Receiving Doses received in an order
Storage and inventory management Doses/day

Training on handling Total doses (estimated)®
Thawing Doses/day

6 (doses in a vial of the BNT162b2) or
10 (doses in a vial of mMRNA-1273)

NA (already/dose)

NA (already/dose)

Preparation

Administration
Observation

Managing wastage Doses/day

Volume Metric BNT162b2  mRNA-1273  Difference
Doses per delivery 850 1198 —348
Doses per day 417 295 122
Doses per vial 6 10 -4
Estimated total doses 25,020 17,700 7320

NA = not applicable.

“Because respondents did not know how many total doses they would administer
over time (denominator for training on handling), the total was estimated as the
sum of the average number of doses given/day for 5 d/week over 12 weeks.

of alternative numbers of doses administered/day on differ-
ences in cost/dose. Ten alternative volume scenarios between
100 and 1000 doses/day for each vaccine were evaluated.



Ten pharmacists practicing in academic hospitals (n = 2), large
hospital systems (n = 4), and community hospitals (n = 4) com-
pleted the interviews between February 11, 2021, and February 16,
2021. Respondents were based in North Dakota, North Carolina,
Missouri, Florida, California, Texas, Georgia, and Indiana, and
had a mean of 19 years’ experience (range: 8 — 29 y). Respondents
reported that workflow steps were primarily completed by phar-
macists; therefore, the median pharmacist wage based on the
Bureau of Labor Statistics data was applied ($89.77/hour adjusted
for relevant employment benefits).'>"?

Unadjusted analyses indicated that BNT162b2 took more
time than mRNA-1273 for each workflow step excluding
managing thawing (Table 2). Analyses indicated that there
was substantial time spent training all staff in the organization
for both vaccines; there was more training required for
BNT162b2 than mRNA-1273. For administration and observa-
tion, respondents reported no difference from standard vacci-
nation for either product. After applying volume metrics
(Table 1), most workflow steps took approximately the same
amount of time per dose for the two vaccines; however, vaccine
preparation took substantially longer for BNT162b2 due to the
need for reconstitution before drawing the dose. In total,
BNT162b2 required 0.55 minutes (33 seconds) more time/
dose on average, at a cost differential of $0.82/dose (Table 2).

The sensitivity analyses indicated that at the sample average,
the number of daily doses of BNT162b2 and mRNA-1273 was
approximately 400 and 300, respectively (Table 3), with
BNT162b2 costing $0.87/dose more than mRNA-1273.
Assuming volume equivalency (400 doses/day), BNT162b2
cost $1.01 more per dose than mRNA-1273. The difference in
cost between the two products narrows as the ratio of

Table 2. Mean time and cost spent on each vaccine workflow step.
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BNT162b2 volume to mRNA-1273 volume increases to the
point where the difference flips to favor BNT162b2 at 300
doses/day when mRNA-1273 is administered at 100 doses/
day. The additional cost of BNT162b2 substantially increases
as the ratio of BNT162b2 to mRNA-1273 doses decreases,
almost tripling when BNT162b2 volume is 100 doses/day,
and mRNA-1273 volume is 1000 doses/day.

This study aimed to determine the labor and time costs
associated with mRNA-1273 and BNT162b2, which at the
time of this investigation were the only COVID-19 vaccines
that had received EUA in the United States. Vaccine workflow
time and cost analysis based on interviews with US-licensed
and practicing pharmacists indicates that as of February 16,
2021, the cost of hospital pharmacist’s time spent on
BNT162b2 was $0.82 more per dose than mRNA-1273. The
primary driver of this difference was the time required for
reconstituting/mixing BNT162b2 with diluent. Sensitivity ana-
lysis testing alternative vaccine volume scenarios found that the
results were sensitive to changes in volume; when assuming
volume equivalency (400 doses/day), BNT162b2 costs $1.01
more per dose than mRNA-1273.

After completion of this study, changes in workflow steps
were approved for both BNT162b2 (eg, change in storage
temperature from -80°C to —-60°C) and mRNA-1273 (eg,
increased extractable doses per vial).'*'> As the workflow
for these vaccines is constantly evolving, additional changes
in workflow since the time of the study may affect results;
however, as the reconstitution/mixing with diluent step was
the major cost driver identified for BNT162b2, alterations in
this step would likely be required to alter the conclusions of
this analysis.

Mean total time

Mean time/Dose Mean cost/Dose

(minutes) (minutes) ($)
Workflow step BNT162b2  mRNA-1273  Difference  BNT162b2  mRNA-1273  Difference  BNT162b2 ~ mRNA-1273  Difference
Receiving per shipment 21.08 14.83 6.25 0.05 0.01 0.04 0.08 0.02 0.06
Inventory management/day 20.33 19.25 1.08 0.10 0.17 -0.07 0.15 0.25 -0.10
Training on handling 2709.60 2323.50 386.10 0.13 0.10 0.03 0.19 0.14 0.05
Managing thawing/day 16.03 19.03 -3.00 0.06 0.08 -0.02 0.09 0.12 —0.03
Preparation/Vial 3.75 0.00 3.75 0.63 0.00 0.63 0.94 0.00 0.94
Managing wastage/day 40.00 39.50 0.50 0.13 0.19 —-0.06 0.19 0.28 -0.09
Total: 1.10 0.55 0.55 $1.64 $0.82 $0.82
Table 3. Sensitivity analysis of alternative scenarios of vaccine doses administered per day.
mRNA-1273/Day
BNT162b2 Doses/Day 100 200 300 400 500 600 700 800 900 1,000
100 $1.07 $1.94 $2.23 $2.38 $2.46 $2.52 $2.56 $2.60 $2.62 $2.64
200 $0.16 $1.03 $1.32 $1.47 $1.56 $1.61 $1.66 $1.69 $1.71 $1.73
300 ($0.14) $0.73 $1.02 $1.17 $1.25 $1.31 $1.35 $1.38 $1.41 $1.43
400 ($0.29) $0.58 $0.87 $1.01 $1.10 $1.16 $1.20 $1.23 $1.26 $1.28
500 (50.38) $0.49 $0.78 $0.92 $1.01 $1.07 $1.11 $1.14 $1.17 $1.18
600 ($0.44) $0.43 $0.72 $0.86 $0.95 $1.01 $1.05 $1.08 $1.10 $1.12
700 ($0.49) $0.38 $0.67 $0.82 $0.91 $0.96 $1.01 $1.04 $1.06 $1.08
800 ($0.52) $0.35 $0.64 $0.79 $0.87 $0.93 $0.97 $1.00 $1.03 $1.05
900 (50.55) $0.33 $0.62 $0.76 $0.85 $0.91 $0.95 $0.98 $1.00 $1.02
1000 (80.57) $0.31 $0.60 $0.74 $0.83 $0.89 $0.93 $0.96 $0.98 $1.00
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There are important study limitations that must also be
considered when interpreting these results. Due to the small
sample size and the exclusive use of pharmacists from
hospital-based settings, the translation of these findings to
community/retail pharmacies and physician offices may be
challenging. In addition, the US-specific wages applied to
the cost analysis limits application of findings to healthcare
systems of other countries. While the cost of vaccine acqui-
sition for each country can vary significantly,'®'” key dif-
ferences in the vaccine workflow steps between the two
vaccines (reconstitution/mixing with diluent) were identi-
fied that are transferable across all settings/regions.
Moreover, as this study was conducted solely in a hospital
pharmacy setting, results likely underestimate the cost dif-
ferences if smaller retail/rural pharmacies were to be
included, due to lack of medical-grade freezers at many of
these facilities.

Another key limitation of this study is the use of reported
versus direct observations that could be obtained through time
and motion measurements. However, applying such an
approach was not conducive to the time-sensitive nature of
this research during the height of the initial US COVID-19
vaccine rollout. That said, findings are consistent with several
recent time and motion vaccine workflow studies revealing
similar time savings with reduced vaccine reconstitution or
preparation steps (~33 seconds).'® ' In addition, other vaccine
administration cost studies produced estimates ranging between
$5 and $14/dose, "% which help contextualize these results by
showing the relative increase in cost of the additional workflow
requirements of each vaccine over and above standard practice.
Compared with results from these studies, the $1.64/dose allo-
cated to time for BNT162b2 on extra workflow processes beyond
standard requirements represents a 12% to 20% increase in time
cost. The $0.82 spent in time for mRNA-1273 on the extra
workflow processes beyond standard requirements represents
a 6% to 10% increase in time cost. The estimated average overall
difference in time cost between BNT162b2 and mRNA-1273
($0.82) represents a 6% to 10% increase in time cost from
standard practice. A better understanding of costs associated
with vaccine workflow is important for future health economic
evaluation of vaccination strategies.

Extrapolating these results to mass vaccination rollouts
across the United States suggests the potential for substantial
vaccination administration cost savings associated with
mRNA-1273. As of the first week of April 2021, national
surveillance data indicated that 112 million people, or 34% of
the US population, received at least 1 dose of a COVID-19
vaccine, with up to 66 million (20%) fully vaccinated with
either 2 shots of BNT162b2 or mRNA-1273 or 1 shot of
Janssen COVID-19 vaccine. Given the challenges with the
Janssen COVID-19 vaccine rollout,’®*” mRNA-1273 and
BNT162b2 continue to drive COVID-19 vaccinations in the
United States. The vaccination administration cost differential
of —$0.82 associated with mRNA-1273 (or —$1.01 when assum-
ing volume equivalency) when extrapolated to even just
a proportion of the remaining unvaccinated US population
can amount to significant workflow efficiencies and hundreds
of millions of dollars of savings.

These estimates may also have important implications
for reimbursement policy. In the United States, vaccine
administration is reimbursed separately from the vaccine
dose. Because policymakers seeking to maximize vaccina-
tion coverage want to encourage providers to administer
large quantities of vaccines, it is essential to ensure vac-
cine administration reimbursement accounts for potential
provider costs. Finally, US pharmacy decision-makers in
the current environment have no choice of COVID-19
vaccine; hence, these findings are particularly relevant to
inform their decisions given that vaccine product choice
is anticipated in the future. Of note, vaccine prices in the
United States for mRNA-1273 and BNTI162b2 are
expected to be similar once these products receive full
market authorization and are commercially available,
thus re-emphasizing the importance of understanding
the labor and time costs associated with mRNA-1273
and BNT162b2 workflows.

As SARS-CoV-2 is still circulating at very high rates,
vaccination remains our most powerful weapon against
COVID-19.%® Due to ease and speed of manufacturing,
flexibility of antigen design, and the overall safety and
efficacy profile, mRNA vaccines will likely remain
a cornerstone of pandemic management. This study, based
on interviews with US-licensed pharmacists, provides
a greater understanding of workflow costs for mRNA-1273
and BNT162b2, which may lead to improved efficiencies
and reduced economic burden for providers during the
COVID-19 pandemic. Although this is a US-based study,
the key difference in the vaccine workflow steps between
the two vaccines (ie, reconstitution/mixing with diluent)
would be similar to other settings/regions, making these
findings likely transferable to healthcare systems across
the globe.
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