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Background: As coronavirus disease 2019 (COVID-19) rapidly
progressed throughout the United States, increased demand for
health workers required health workforce data and tools to aid
planning and response at local, state, and national levels.

Objective: We describe the development of 2 estimator tools
designed to inform health workforce planning for COVID-19.

Research Design: We estimated supply and demand for intensivists,
critical care nurses, hospitalists, respiratory therapists, and pharmacists,
using Institute for Health Metrics and Evaluation projections for
COVID-19 hospital care and National Plan and Provider Enumeration
System, Provider Enrollment Chain and Ownership System, American
Hospital Association, and Bureau of Labor Statistics Occupation Em-
ployment Statistics for workforce supply. We estimated contact tracing
workforce needs using Johns Hopkins University COVID-19 case
counts and workload parameters based on expert advice.

Results: The State Hospital Workforce Deficit Estimator estimated
the sufficiency of state hospital-based clinicians to meet projected
COVID-19 demand. The Contact Tracing Workforce Estimator
calculated the workforce needed based on the 14-day COVID-19
caseload at county, state, and the national level, allowing users to
adjust workload parameters to reflect local contexts.

Conclusions: The 2 estimators illustrate the value of integrating health
workforce data and analysis with pandemic response planning. The

many unknowns associated with COVID-19 required tools to be flex-
ible, allowing users to change assumptions on number of contacts and
work capacity. Data limitations were a challenge for both estimators,
highlighting the need to invest in health workforce data and data in-
frastructure as part of future emergency preparedness planning.
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In March 2020, coronavirus disease 2019 (COVID-19) began a
rapid spread across the United States—initially in Washington,

California, and New York—followed by outbreaks across the
country. As cases and hospitalizations began to overwhelm health
care systems, concerns turned to the availability of intensive care
unit (ICU) beds, ventilators, and the health workforce needed to
meet rising COVID-19 demands. Throughout the spring, the public
health response to COVID-19 evolved, and strategies initially fo-
cused on strict community mitigation turned to contact tracing,
requiring significant expansion of the public health workforce.

While earlier and less severe pandemics have provided
a blueprint for future scenarios, the national reach of COVID-
19 has been unprecedented. Historically, much of the onus
has been on individual health systems to develop surge plans
in the event of a pandemic.1 Prior planning tools ranged from
spreadsheets to predict hospital admissions and staffing needs
to more sophisticated models used to understand the spread of
disease.2–5 As new strategies emerged to meet health work-
force needs, it quickly became apparent that health workforce
data and tools were needed to inform coordinated local, state,
and national response. The Fitzhugh Mullan Institute for
Health Workforce Equity developed 2 tools to inform health
workforce planning for COVID-19—the State Hospital
Workforce Deficit Estimator and the Contract Tracing
Workforce Estimator. We describe the 2 workforce estima-
tors, including the data, requirements, and limitations of each
tool, and the implications for effective pandemic response.

STATE HOSPITAL WORKFORCE DEFICIT
ESTIMATOR

At the height of the massive outbreak in New York City
in March 2020, it was unclear whether the existing health care
workforce would be sufficient to care for COVID-19 patients.
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In addition, there was concern that the hospital workforce
might temporarily or permanently decline due to workers
becoming ill and possibly dying or needing to quarantine.
One early estimate indicated that up to 380,000 health care
workers in the United States could die from the virus.6

Several health workforce strategies emerged to meet
hospital staffing requirements for COVID-19. Temporary staff-
ing companies helped fill the initial spike in need for nurses and
other clinicians in New York and other early hotspots.7 Many
states moved to relax requirements to allowing recent retirees
and health professionals licensed in other states to practice.8 The
federal government deployed military medical personnel,9 as
well as the National Disaster Medical System10 and the US
Public Health Service Commissioned Corps to hotspots. How-
ever, these strategies and others, such as transitioning to surge
capacity staffing, redeployment of existing health workers, and
calls for volunteer retired and other workers11,12 require ad-
vanced planning and time to implement effectively.

To help states and federal actors plan for workforce
needs across the country, we developed the State Hospital
Workforce Deficit Estimator. The aim was to anticipate po-
tential shortages at the state level and give them time to
prepare. While various research centers endeavored to predict
the course of COVID-19 cases and deaths, no other source
was examining whether the hospital workforce would be
adequate across the United States and at the state level. Our
tool provides information on the supply of active and inactive
clinicians in each state and examines the sufficiency of the
workforce to meet projected COVID-19 demand.

METHODS
The State Hospital Workforce Deficit Estimator estimates

whether the supply of respiratory therapists, intensivists, hospi-
talists, critical care nurses, and pharmacists would be sufficient
to meet demand for COVID-19 care in each state. We focus on
these professions since they are critical to hospital care and
because supply data was available.

We utilized data from the Institute for Health Metrics
and Evaluation (IHME) COVID-19 Health Care Utilization
Projections to estimate the need for COVID-19 hospital
care.13 IHME projections included projected COVID-19
hospitalizations as well as ICU cases. The IHME models
projected lower bound, mean, and upper bound estimates to
reflect uncertainty, were updated every 3−10 days, and gen-
erally projected 4−5 months out from the date of update. We
also estimated demand for non-COVID-19 care based on the
Medicare Hospital Cost Report, applying a 25% reduction in
bed occupancy (except for ICU occupancy) to account for the
cancellation of elective procedures.14

We estimated the supply of different health care pro-
fessions using various datasets. For intensivists, we used the
Provider Enrollment, Chain and Ownership System file as of
January 2020,15 the National Plan and Provider Enumeration
System registry as of March 2020,16 and the Medicare Part B
public use file from 2017.17 The Provider Enrollment, Chain and
Ownership System files and National Plan and Provider Enu-
meration System registry provided information on self-reported
intensivists, which we cross-referenced with billing activity for

any ICU services using the Medicare Part B public use file. We
used a similar methodology to identify hospitalists. To identify
respiratory therapists, we used the American Hospital Associa-
tion Annual Survey from 2018, aggregating hospital numbers to
the state level. For both critical care nurses and pharmacists, we
used the Bureau of Labor Statistics Occupational Employment
Statistics (OES) from 2019.18 OES data reported hospital-based
registered nurses and clinical nurse specialists (advanced prac-
tice registered nurses) together as registered nurses, and it does
not report how many hospital-based nurses are critical care nurse
specialists. Therefore, we applied the ratio of hospital-based
registered nurses to clinical nurse specialist and the ratio of
critical care to hospital-based registered nurses from the National
Sample Survey of Registered Nurses to the OES state data.19

For each profession, we calculated baseline and surge
clinician capacity COVID-19 workforce requirements based on
surge capacity staffing recommendations from the University of
California, San Francisco Healthforce Center.20 We based our
main estimates on active clinicians, but also provided estimates of
clinicians active in other clinical settings (intensivists not billing in
ICU settings and hospitalists billing less than our threshold of
90% inpatient service) and inactive clinicians, when possible. The
estimator allowed users to adjust provider attrition rates to reflect
their local contexts and plan for different rates, and provided a
downloadable excel file for each type of health care worker,
providing all data and a calculator where users could adjust
workforce assumptions, for example, number of health worker
shifts per week, hours per shift, and provider to patient ratios (see
Appendix, Supplemental Digital Content 1, http://links.lww.com/
MLR/C299, which provides additional information on the
methodology including an example of this calculator).

RESULTS
The State Hospital Workforce Deficit Estimator, first

released on April 8, 2020, reported whether states’ hospital
worker supply would be sufficient to meet the peak demand
for COVID-19 care using IHME’s lower bound, mean, and
upper bound estimates. The most severe level of shortage
corresponded to states that had insufficient providers to meet
IHME’s lower bound estimation of peak COVID-19 hospital
demand. Figure 1 shows an example map of shortages
projected for intensivists as of early August 2020.

The estimator tool provided state level workforce data
for each profession and estimates of sufficiency, which we
updated based on the most current IHME projections of
hospitalizations, every 3−10 days. The number of states with
projected shortages changed over the course of the project.
Table 1 provides workforce supply and COVID-19 demand
for the state of Arizona in April and August. On April 22,
Arizona was projected to have sufficient intensivists with an
estimated 70% available for non-COVID patients when
demand peaked, at baseline staffing. By August 7, the state
was estimated to have insufficient intensivists with none
available for non-COVID patients when demand peaked.

LIMITATIONS
The development of the State Hospital Workforce

Deficit Estimator faced several challenges and limitations. All
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COVID-19 projections have limitations.21 We selected the
IHME model as our source of demand data because it pro-
vided estimates at the state rather than the national level, and
it was a prevailing model at the time of development.

Available workforce data and information on COVID-
19 specific health care demand and staffing needs was also
limited. We have the most confidence in our estimates of the
supply of hospitalists and intensivists since we were able to
use claims data to confirm clinicians’ practice. However, the
most recent claims data is from 2017, and we were unable to
fully account for nurse practitioners and physician assistants

working in critical care and hospitalist settings. Estimates for
other professions were mainly based on survey data. These
data sources were the best nationally available estimates.
Licensure data for pharmacists, respiratory therapists and
critical care nurses in some states may be better than our
national estimates. For example, North Carolina licensing
data identified 4658 respiratory therapists with active licenses
in the state, although 500 were identified as unemployed and
50 as retired.22 In comparison, American Hospital Associa-
tion survey data identified 2717 respiratory therapists work-
ing in hospitals in North Carolina. Further work comparing

FIGURE 1. State Hospital Workforce Deficit Estimator for Intensivists, August 7, 2020. COVID-19 indciates coronavirus disease 2019;
IHME, Institute for Health Metrics and Evaluation.

TABLE 1. State Hospital Workforce Deficit Estimator—Arizona Hospital Workforce Example
Projected COVID-19 Workforce Demand, Baseline Staffing

Workforce Supply April 22, 2020 August 7, 2020

Profession Active
Active—Billing
Other Areas Nonactive

Mean
Demand

% Available for
Non-COVID

Mean
Demand

% Available for
Non-COVID

Intensivists 208 82 121 63 70 237 −14
Hospitalists 902 115 208 111 88 403 55
Critical Care Nurses 6647 NA NA 444 93 1656 75
Respiratory Therapists 1933 NA NA 245 87 918 53
Pharmacists 1490 NA NA 192 87 711 52

COVID-19 indicates coronavirus disease 2019; NA, not applicable.
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the 2018 National Sample Survey of Registered Nurses to
licensure data in North Carolina suggests the 2 datasets pro-
duce similar estimates of nurses working in emergency, in-
patient, and outpatient setting.23 Our findings on intensivists
and hospitalists could be more accurate than licensure data
since some licensed professionals could be inactive. Sim-
ilarly, physicians often list multiple specialties, and the claims
data allows us to see who is actually providing the services
associated with a specific specialty.

We also could not fully account for changing COVID-
19 health care demands or how the workforce might adapt
under different surge scenarios. Our estimates did not include
nurse practitioners and physician assistants. We assumed that
clinicians would care for more patients per shift when
COVID-19 cases surged, however, we could not account for
how professionals might have skillsets that would allow them
to take on new roles. For example, critical care nurses can be
trained to fulfill tasks usually performed by respiratory
therapists. Nurse practitioners and physician assistants who
currently work in outpatient settings might have past expe-
rience in critical care. To address this issue, we provided a
downloadable tool to allow users to adjust workforce as-
sumptions to align with their local contexts.

A final limitation is that, given the absence of data for
both projected hospital care demand and clinician supply, we
could not go below that state level. Nevertheless, we know
that the severity of the pandemic varied widely within states,
making substate analyses desirable. Thus, while our estimates
could inform decisions at the state and national levels, they
could not inform distributional decisions within states.

CONTACT TRACING WORKFORCE ESTIMATOR
Contact tracing is a core public health strategy to

control infectious diseases. Most states and counties have
some contact tracing staff to deal with sexually transmitted
diseases and other infectious diseases, but the staff needed for
these diseases are far less than the number needed to deal with
the COVID-19 pandemic. Conceptually, contact tracing seeks
to quickly identify anyone who has come into close contact
with a person who tests positive for an infectious disease and
prevent further spread of the disease. Total shutdowns of
communities are the blunt instrument to slow the spread by
preventing any contact in the community; contact tracing is
the targeted alternative.

Initial estimates for the contact tracing workforce were
high-level and based on a strict per-capita approach. The
National Association of County and City Health Officials
(NACCHO) recommended 15 health workers per 100,000 at
baseline and 30 per 100,000 during a pandemic, the equiv-
alent of nearly 100,000 contact tracers when applied to the
United States population.24 Other estimates used other
countries’ strategies. China deployed 1800 teams of 5 in
Wuhan to serve a population of 11 million for a ratio of 81
contact tracers per 100,000 people, translating into a need for
about 300,000 contact tracers in the United States.25 Other
countries where the virus was successfully controlled, in-
cluding Iceland and New Zealand, used smaller ratios of 13.7
and 3.9 per 100,000 people, respectively.26,27

The pandemic was not affecting the United States
uniformly, however, and a purely population-based method to
approximate contact tracers risked underestimating or dis-
proportionately allocating the workforce. Around this time,
Resolve to Save Lives released a spreadsheet to help calculate
staffing needs for contact tracing for individual jurisdictions
but did not provide a state or national snapshot of workforce
needs, which might inform policy and planning.28 We de-
veloped the Contact Tracing Workforce Estimator (CT Esti-
mator) as a more nuanced tool to inform federal, state, and
county officials in their planning for this new workforce.

METHODS
The CT Estimator uses a baseline of 15 CTs per

100,000 population and increases, as needed, the number of
contact tracers required to address the prior 14-day COVID-
19 case count for each county over a week and provides
aggregates at the state and national level. We used case data
imported from the Center for Systems Science and En-
gineering at Johns Hopkins University to update the CT Es-
timator weekly with new 14-day case counts.29

We initially reviewed available literature, including
guidance from governmental agencies, organizations engaged
in contact tracing, and media reports. We also consulted with
public health experts (eg, county health departments) and
partnered with the Association of State and Territorial Health
Officials and NACCHO to guide our understanding of the
workflow and specific steps and tasks for the contact tracing
workforce. Figure 2 summarizes the effort required to trace 1
case. The workforce needed relates to the number of cases,
the number of contacts, and the time needed to interview each
case and to reach and talk with those coming into contact with
people who tested positive. Several contextual factors impact
the variables determining the number of contact tracers that
are needed. The level of social distancing and stay-at-home
orders affects the number of contacts while the social needs of
contacts and the ability to self-isolate may affect the time
required in follow up. The use of technology and other apps
may shorten the time required with contacts. The CT
Estimator includes default variables for all factors in the
algorithm. The default values were based on discussions with
experts in the field. For example, the default value for the
number of contacts per positive case was set at 10. If a
community is generally shut down, this is likely to be high; if
there are few or no constraints on social interactions, this is a
low estimate.

The CT Estimator allows local planners to adjust as-
sumptions according to the unique needs of their population.
To inform user decision making when modifying workforce
capacity variables, we included data on local cases per day
(with trends over the last 14 d period), population demo-
graphics, and the Centers for Disease Control and Prevention
Social Vulnerability Index which takes into consideration 15
social factors, such as poverty status and English-language
proficiency, to identify communities with higher needs.30 The
CT Estimator also provides geolocations of local health de-
partments, which used data from NACCHO as of 2016. The
map also provides an analogous display for Tribal Nations

Medical Care � Volume 59, Number 10 Suppl 5, October 2021 COVID-19 Health Workforce Estimators

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. www.lww-medicalcare.com | S423



areas with locations of Indian Health Services facilities. For
Tribal nations, 14-day case counts were unavailable, and the
tool requires users to enter daily COVID-19 case counts.

RESULTS
The CT Estimator presets the number of contacts per

case to account for social distancing and the CT work ca-
pacity (number of case interviews, contact notifications, and
contact follow-ups a CT can conduct daily) to include some

social needs evaluation, case management, and daily follow
up for all contacts for a 14-day total period. The user can
modify all of these variables. The estimator also supports a
daily case override, which allows a user to set the number of
anticipated daily cases to support planning for future needs
(eg, anticipated surge or decreasing cases). For example,
adjusting the percent contact follow-up expected from 100%
to 50% in early August reduced the national estimate of
contact tracers needed from 369,558 to 273,107. Increasing

Time
required
to trace
one case

Time to
interview one
case

Time to notify
one contact

Number of
contacts

Time to follow
up with one
contact

Number of
contacts

Up to 14
days

Contextual Factors: Stay-at-home-orders, use of technology/apps, population demographics, socioeconomic status

FIGURE 2. Contact Tracing Effort.

FIGURE 3. Contact Tracing Workforce Estimator—Florida, August 4, 2020. CDC indicates Centers for Disease Control and Prevention;
COVID-19, coronavirus disease 2019; CT, Contact Tracing; NACCHO, National Association of County and City Health Officials.
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the number of contact notifications a contact tracer can
complete in a day from 12 to 24, perhaps working in a
community with greater CT technology engagement, further
decreased the national estimate to 202,052 contact tracers.
Figure 3 shows an example map of the state of Florida in
early August.

LIMITATIONS
We note several challenges and limitations in the de-

velopment of the CT Estimator. Initially, limited information
regarding the number of contacts per case and work capacity
of contact tracers was mostly a function of the novelty sur-
rounding COVID-19. With time, however, there remained a
lack of data around the workflows and efficiencies of contact
tracing, limiting our ability to update assumptions and preset
variables to increase the utility of the tool. While we recog-
nized that population demographics and use of technology
would affect workflow, there was little information available
regarding these effects to refine the CT Estimator further.

Workforce needs, as calculated by the CT Estimator,
correlate directly with the number of cases at a discrete point in
time. As locations began to see a surge in cases following
phased reopening, the number of CTs needed also increased—
sometimes to a level where contact tracing no longer seemed
feasible. While locations were encouraged to continuously
reevaluate and plan for the required workforce at a target
number of daily cases, additional data surrounding these metrics
(proportion of new contacts notified, percent of new cases
arising from contacts) would strengthen the utility of the CT
Estimator and help guide decision making in localities.

Finally, planning a workforce inherently depends upon an
understanding of the existing workforce. Before COVID-19,
contact tracing was primarily focused on sexually transmitted
diseases and carried out by Disease Intervention Specialists in
settings where need and funding could support a position. In
smaller health departments, the role may fall within the job
description of a variety of public health workers. This ambiguity
limits the ability to estimate the actual size of the existing contact
tracing workforce, and therefore the use of this workforce was
not included when calculating the workforce needed to support
contact tracing for COVID-19.

DISCUSSION
The 2 health workforce estimators demonstrate the

potential value of bringing existing health workforce data
and analysis to real-time local, state, and national pandemic
response (Fig. 4). At the local level, workforce data can
direct needed resources to support existing health workers,
target the recruitment, training, and deployment of high
need health workers, and support cross-community
coordination and partnerships, such as local health
departments, universities, and health centers partnering to
train, support, and coordinate the contact tracing workforce.
The flow of data and information from organizations up to
the state and national levels can inform policies and
programs to meet local needs, including the strategic
deployment of state and national health workforce and
resources. The broad geographic impact of COVID-19 has
been unlike any recent disasters, creating a critical need for
better information to target limited resources.

The health workforce estimators also demonstrate
significant gaps and needs for a more effective pandemic
response. The estimators highlight the need to build tools
that are flexible to accommodate significant unknowns, for
example, allowing communities to adjust workforce as-
sumptions based on their local context (eg, health worker
attrition or contact tracing workload), and that support on-
going reevaluation as the situation changes. In the case of a
novel and rapidly developing pandemic, much will be un-
known in the early days. The availability of health care and
public health service needs, staffing models, and health
workforce data created significant limitations for pandemic
response and persisted well into the course of COVID-19.
Inconsistent data across health professions and localities
and limited infrastructure for data flow up to local, state,
and national levels resulted in no national datasets in many
cases. In the case of the public health workforce, lack of
consistent data led to ongoing challenges as states, and the
nation struggled to understand the sufficiency of the contact
tracing workforce.31

The health workforce is a critical component of the
health care and public health systems that we will need for
any future pandemic response. Increased investment in

FIGURE 4. Health Workforce Data, Planning, and Pandemic Response Framework.
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health workforce data and data infrastructure is required to
ensure future preparedness. The success of past efforts to
establish minimum datasets with consistent core data has
been variable by profession and state, and national data-
bases remain limited.32 While the federal National Center
for Health Workforce Analysis supports health workforce
research and data, 2 additional federal vehicles to support
workforce planning—the National Health Care Workforce
Commission and State Health Care Workforce Develop-
ment Grants—were authorized by the Patient Protection and
Affordable Care Act, but never funded. COVID-19 has
shown us that this infrastructure, as well as engagement by
local health care organizations, local health departments,
states, and national organizations, are needed to ensure the
health workforce is ready and able to respond in times of
emergency.

The experience with the estimators clearly demonstrates
the need for a national response to meet workforce needs in a
pandemic. As the number of cases rise rapidly in a com-
munity, there is an urgent need for workers, but local com-
munities and states do not have the time, expertise or
resources to rapidly recruit, train and hire staff to meet peak
needs. Given that different communities and states experience
high need at different times, the ability to move the workforce
to communities where need is high would be more effective
than expecting local communities to be able to ramp up
quickly. This calls for state and national efforts to bolster
local communities.
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