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Background and Significance

After the emergency use authorization of two vaccines for
the prevention of the 2019 novel coronavirus (COVID-19)
disease, the U.S. government announced a plan to vaccinate
20 million people before the end of 2020.1,2 However, as of
January 20, 2021 only 16.5 million doses had been adminis-

tered in the United States.3 Despite the advances in vaccine
technology creating two vaccines in 9 months, distribution
and vaccination efforts were slower than expected world-
wide.4 In 2020, 4% of all research output was dedicated to
COVID-19,5 but when human mass vaccination began on
December 8, 2020 in the United Kingdom, little research had
been conducted on the effective delivery of the novel
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Abstract Background Despite the recent emergency use authorization of two vaccines for the
prevention of the 2019 novel coronavirus (COVID-19) disease, vaccination rates are
lower than expected. Vaccination efforts may be hampered by supply, delivery,
storage, patient prioritization, administration infrastructure or logistics problems. To
address the last issue, our institution is sharing publically a calculator to optimize the
management of staffing and facility resources in an outpatient mass vaccination effort.
Objective By sharing our calculator locally and through this paper, we aim to help
health organizations administering vaccines optimize resource allocation while
maximizing efficiency.
Methods Our calculator determines the maximum number of vaccinations that can
be administered per hour, the number of check-in staff (clerks) needed, the number of
vaccination staff (nurses) needed, and the required room capacity needed for the
vaccination and the mandatory 15-minute observation period after inoculation.
Results We provide a functional version of the calculator, allowing users to replicate
the calculation for their own vaccine events.
Conclusion An efficient and organized vaccination program is critical to halting the
spread of COVID-19. By sharing this calculator, it is our hope that other organizations
may use it to facilitate rapid and efficient vaccination.
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vaccines.6 Delivering “vaccines into arms” depends on sup-
ply, delivery, storage, prioritization rules defining the tar-
geted population, and lastly on infrastructure for
administration.7,8 Problems or failures at any of these man-
datory steps of a mass vaccination program create “imple-
mentation bottlenecks” that delay vaccination and
subsequent immunity with the effects of continued spread
of COVID-19 and loss of public trust.9

Focusing on the last step (administration infrastructure),
our institution developed a calculator to optimize the man-
agement of staffing and facility resources in an outpatient
mass vaccination effort. Mass vaccinations include multiple
tasks at check-in (patient identification, confirmation that
consents are acknowledged/signed, and marking patient as
arrived for scheduled appointment) and at vaccination
(patient identification, population of vaccine card, and vac-
cination of the patient).10 It was our hypothesis that sharing
our tool publicly will allow hospitals and health organiza-
tions administering vaccines to optimize resource utilization
while maximizing efficiency with the explicit goals of reduc-
ing waste, minimizing dwell time at the immunization site
(reducing risk for infection), and accelerating the pace of
inoculations.

Methods

Our calculator computes the following variables: the maxi-
mum number of vaccinations that can be administered
per hour, the number of check-in staff needed, the number
ofvaccinationstaff needed, therequiredroomcapacityneeded
for the vaccination, and the subsequent required 15-minute
observation period after inoculation. User input for the calcu-
lator includes the number of planned vaccinations and the
specified period during which the vaccinations are to be
conducted. Users can adjust defaulted factors such as in the
check-in rate (the number of patients that a staff member can
check in per hour) and the vaccination rate (the number of
patients that a staff member can vaccinate per hour). We
extracted historical check-in and vaccination performance

from our data warehouse. The 25th percentile, median, and
75th percentile ranges for check-in and inoculation rates
per hour were calculated from performances at our current
vaccination sites by using the number of appointments man-
aged by employee (check-in staff and vaccine staff) and hour
(►Table 1). Formulae used tobuild this calculator are provided
in ►Fig. 1.

By default, a period of 1.5 hours of nonproductive time per
staff member that the calculator user may edit is included in
the calculation, this estimate is derived from one hour-long
lunch break and two 15-minute breaks.

Results

When planning a mass vaccination event, organizers must
have an ability to predict the number of staff required for the
check in-process and the number of staff required for
vaccination. ►Fig. 2 shows the mass vaccination calculator
interface. Our calculator provides an estimate for required
staffingandspacebasedonthedesirednumberof vaccinations
to be completed and historical data from ourmass vaccination
events. Allowing planners of a vaccination event to determine
logistic factors in advance reduceswait time for patients and is
likely to improve satisfaction of patients and staff.

Our calculator had been shared in mid-January 2021
with a large health care system. When the amount of
allocated vaccines for a vaccination day was known, the
calculator was used to determine the staff required for that
day based on vaccine hours and the planned number of
vaccines. The results were used to schedule staff for the
vaccine clinic.

We provide a functional version of the calculator as
►Supplementary Material (available in the online version)
to this publication to allow users to replicate the calculation
for their vaccine events and allows them to modify the
duration of the event and the downtime for staff. This tool
will aid hospitals and other vaccination sites in the planning
and staffing of their events, reducing wait times, and result-
ing in the utilization of all available vaccine doses.

Table 1 Data from University of Texas southwestern employee vaccination sites

Date of administration Total vaccinations Average hourly vaccinations
Mean (SD)

Time from arrival to
vaccination (min)
Median (IQR)

6,251 60.7 (37.2) 5.4 (3.8–8.1)

December 15, 2020 790 71.8 (30.3) 6.8 (4.7–9.7)

December 16, 2020 1,390 81.8 (33.6) 6.4 (4.5–9.4)

December 17, 2020 972 57.2 (26.3) 4.9 (3.4–6.7)

December 18, 2020 1,646 96.8 (39.4) 5.7 (3.9–8.7)

December 19, 2020 805 53.7 (25.3) 4.4 (3.5–5.6)

December 20, 2020 317 24.4 (9.8) 3.9 (3.1–4.7)

December 21, 2020 331 25.5 (14.8) 5.3 (3.8–7.8)

Abbreviations: IQR, interquartile range; SD, standard deviation.
Note: On average, employees waited 5.4minutes (IQR: 3.8–8.1) to vaccination.
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Discussion

Several obstacles must be overcome between receiving a
vaccine delivery and the mass vaccination of a population. In
this study, we focused on the logistics of an optimal vaccina-
tion event to reducewait time for patients. To our knowledge,
this is the first published and shared tool provided to help
organizations meet staffing and infrastructure needs as they
develop vaccination rollout campaigns.

During the process of receiving a vaccine, patientsmust be
checked in by a staff member, educated on the vaccine
effects, consented and registered, given the vaccine, and
observed for a 15-minute period. Our calculator allows
organizations planning a mass vaccination event to quickly
determine the number of staff needed, and the size of the

room for observation, based on the number of vaccines
planned for administration in a given time period.

Limitations
Our calculator has several limitations as follows:
• The calculator does not take into account the physical

environment at the vaccination site. Concurrent staffing
may be limited by external factors, such as available
workstations or computers.

• Patient dwell time at the vaccination event may affected
by external factors such as available parking at the site or
ease of navigation of the vaccination site.

• Layout and furniture in the observation room capacitymay
result in the facility not being able to hold the expected
number of patients while maintaining 6 feet of separation.

Fig. 2 Screenshot of COVID-19 mass vaccination resource calculator.

Fig. 1 COVID-19 vaccination calculator formulae.
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• Delayed arrival of patients or during peaks (e.g., during
lunch) may also factor in patient-related delays that may
contribute to dwell time.

• Patient specific factors may result in deviations such as
the need for increased counseling or extended observa-
tion times (history of anaphylaxis).

• Our calculator does not take into account no-show rates.
While virtually nonexistent during our initial vaccination
effort, it might be useful to be able to calculate scheduled
appointments based on desired immunization number
and anticipated no-show rate.

Future Improvements
Our calculator implementation has limitations and can be
improved. We calculated the number of individuals used for
staffing (registration and vaccination). If a vaccination event
exceedsasingleshift (i.e., 12hours),onemustconsider theneed
for staff to be relieved of duty. Therefore, our calculator should
calculate the full-time equivalent (FTE) of employees (not
people) for events that last longer than a single shift. Another
important goal for a vaccination event would be to minimize
vaccinedosewaste. As vaccine cannot be restored, calculating a
percent overbooking of patients orwaitlist dynamics to accom-
modate the effects of no-shows is beyond the scope of this
calculator but an important process that should be considered.

Conclusion

An efficient and organized vaccination program is critical to
halting the spread of COVID-19. Our accessible calculator can
help to determine the resources needed to maximize effi-
ciency and minimize waste. By sharing this calculator, we
hope that other organizations can use it to coordinate mass
vaccination efforts and make improvements to this tool in
the future based on their experience.

Clinical Relevance Statement

Efficient and organized vaccination is critical to stopping the
spread of COVID-19. This article introduces an effective, shar-
able tool to help organizations coordinate vaccination efforts.

Multiple Choice Questions

1. Of the following variables for a mass vaccine event, which
one is derived as a function of the others?
a. Number of vaccine doses to be delivered
b. Duration of the vaccine events,
c. Time to register a patient
d. Time to vaccinate a patient
e. Number of registrars needed

Correct Answer: The correct answer is option e. Our
calculator uses inputs in the form of the total number of
vaccinations, duration of the event, and time from regis-
tration to vaccination to calculate resource staffing needs,
including the number of check in clerks required for a
mass vaccination event.

2. Why is full-time equivalent better for planners of mass
vaccine events rather than headcount?
a. Health care unions mandate the use of full time

equivalents
b. Allows estimation of people needed for events lasting

longer than 12hours
c. Allows a better estimation of costs for the mass vacci-

nation event
d. Allows for scheduling of necessary breaks for staff

Correct Answer: The correct answer is option b. A full-
time equivalent is a standardized measure that can be
used to convert work hours into the number of people
required to staff those hours. Using FTE can enhance both
efficiency and accuracy of resource staffing.
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