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Abstract
The rapidly spreading COVID-19 pandemic demanded immediate organizational pivots in departments of laboratory medicine
and pathology, including development and implementation of severe acute respiratory syndrome coronavirus 2 diagnostics in the
face of unprecedented supply chain shortages. Laboratory medicine and pathology educational programs were affected in
numerous ways. Here, we overview the effects of COVID-19 on the large, academic Department of Laboratory Medicine and
Pathology educational practice at Mayo Clinic, highlighting lessons learned for the post-pandemic era and planning for the pos-
sibility of a future pandemic.
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Since January 2020, the world has experienced the unprece-

dented impact of severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2), with more than 119 million people

infected and 2.6 million deaths. The rapidly spreading pan-

demic demanded immediate organizational pivots in depart-

ments of laboratory medicine and pathology, including

development and implementation of SARS-CoV-2 diagnostics

in the face of unprecedented supply chain shortages, and under-

taking of studies to rapidly understand transmission pathways,

pathogenesis, evolution, and impact on human health, to

inform diagnostics, prevention strategies, therapeutics, and

vaccines. Laboratory medicine and pathology educational pro-

grams were affected in several ways. Here, we overview the

effects of COVID-19 on the large, academic Department of

Laboratory Medicine and Pathology educational practice at

Mayo Clinic, highlighting lessons learned both for the post-

pandemic era and planning for the possibility of a future

pandemic.

The Department of Laboratory Medicine and Pathology

enrolls, on average, 70 resident/fellow learners into 21 unique
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graduate medical education programs each year. Each program

is led by an Education Program Coordinator and a Program

Director, with some appointing Associate Program Directors.

Over 150 faculty members are responsible for educating

involved learners. There are also 4 allied health staff educa-

tional programs offered through the Mayo Clinic School of

Health Sciences with, on average, 140 learners annually. These

programs vary in length from 9 weeks to 12 months. Each of

these programs is led by a Program Director and involve

faculty and allied health staff in providing education. Finally,

extramural education and education of the public are provided.

This illustrates the background under which changes in educa-

tional programs were executed in response to the COVID-19

pandemic.

There were several major institutional changes implemented

due to COVID-19 at Mayo Clinic over time. A travel restriction

went into effect on March 10, 2020, with masking of sympto-

matic patients implemented March 13, 2020. Teleworking

prioritization began March 16, 2020. Physical distancing

signage was placed, patient door screening implemented, and

employee daily self-temperature checks required beginning

March 23, 2020. The following day, only essential employees

could be on campus. Masking for those involved in patient care

took effect March 31, 2020, with universal masking of all

patients and staff adopted on April 5, 2020, and mandatory eye

protection for frontline staff added in May 2020.

In light of the above, in March 2020, faculty and allied

health staff involved in education had to rapidly adapt existing

educational programs to accommodate physical distancing

requirements, minimize on-site staff, and maintain robust iso-

lation/quarantine restrictions for individuals with COVID-19 or

COVID-19 exposures (Table 1). Educators had to harmonize

among learners, faculty, mentors, and coordinators to ensure

that all had access to online communication platforms

(eg, Zoom, Skype, Blackboard) to participate in virtual learn-

ing and that all had the training needed to use these platforms

effectively. COVID-19 vaccines became available in Decem-

ber 2020, and by the end of the first quarter, staff, students, and

Table 1. Anatomic and Clinical Pathology Program Adjustments During the COVID-19 Pandemic.

Program Type of programming Offerings

Anatomic Pathology
Residency and Fellowships

Virtual passive programming Live lectures (eg, regular structured curriculum, “q3” [see text], Grand Rounds)
Virtual active programming Virtual sign-out sessions

“WhatsApp” sharing of online educational resources
Virtual meetings
Virtual multi-institutional journal club
Virtual well-being sessions

Virtual asynchronous
programming

Recorded lectures (eg, regular structured curriculum, Grand Rounds, CAP
offerings, USCAP offerings)

Graduation Virtual
Recruitment Virtual interviews

Clinical Pathology Residency
and Fellowships

Virtual passive programming Live lectures (eg, regular structured curriculum)
Virtual active programming “WhatsApp” sharing of online educational resources

Virtual meetings
Virtual multi-institutional journal club
Virtual well-being sessions

Virtual asynchronous
programming

Recorded lectures (eg, regular structured curriculum, Grand Rounds, CAP
offerings, USCAP offerings)

In-house activities Transfusion medicine service, autopsy, clinical microbiology
Graduation Virtual
Recruitment Virtual interviews

Employee New employee orientation Virtual
Medical Laboratory Science

Program
Programming Hybrid program: split learners into 2 sections to enable in-person activities with

physical distancing with other activities held virtually
Recruitment Virtual interviews

Phlebotomy Technician
Program

Programming Hybrid program: split learners into sections to enable in-person activities with
physical distancing with other activities held virtually

Recruitment Telephone interviews
Histology Technician

Program
Programming Virtual

One cohort experienced training delay
Graduation Virtual
Recruitment Virtual interviews

Cytotechnology Technician
Program

Programming Combinational virtual and on-site
Recruitment Telephone interviews

Extramural Continuing
Education

Programming Suspended or offered virtual

Abbreviations: CAP, College of American Pathologists; USCAP, United States and Canadian Academy of Pathology.
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trainees needing to be on site, and who agreed to be vaccinated,

had been. As of March 1, 2021, in person meetings, including

educational activities (with ongoing universal masking), were

again permitted.

Graduate Medical Education Programs

Education

As Mayo Clinic mandated that all nonessential personnel work

from home on March 24, 2020, one of the first decisions that

needed to be made was to determine which postgraduate trai-

nees might fall into this category. In anatomic pathology, trai-

nees assigned to the surgical pathology (frozen section) and

autopsy services were considered essential and kept on-site.

In clinical pathology, residents rotating on the transfusion

medicine service were considered essential and kept on-site.

Clinical microbiology fellows played an essential role in

COVID-19 test validation, implementation, and results inter-

pretation, and stayed onsite, at least part-time. Trainees

assigned to elective rotations or rotations that could feasibly

be completed by faculty without trainee assistance were con-

sidered nonessential. Although other training programs rede-

ployed their pathology residents to validate and perform

COVID-19 testing,1,2 we did not do this.

Resident and fellow involvement in both surgical pathology

(frozen section) and autopsy were deemed “essential.” Prior to

COVID-19, 4 residents and 4 fellows were scheduled on the

surgical pathology (frozen section) service. Although work-

flow (eg, some cases being processed in biohazard hoods) and

practice (eg, universal masking) changes occurred, no changes

were made in scheduling this service, and grossing/frozen sec-

tion performance/in person slide sign out sessions continued

throughout the pandemic without incident. During the first 3 to

4 months of the pandemic, surgical pathology volumes

decreased slightly. Overall surgical pathology case numbers

were approximately 119, 000 in 2019, decreasing to approxi-

mately 105, 000 in 2020. This 12% decline was associated with

decreased elective surgical procedures, with the decline most

pronounced in March through June 2020; by the end of 2020,

monthly case volumes had returned to pre-COVID-19 levels.

Since this is a high-volume practice and reduced volumes were

temporary, there was little effect on education.

Similarly, autopsy continued in a status quo fashion during

the pandemic. By the end of 2020, the total number of autopsies

performed (907) was 8% higher than in 2019 (831). During the

12-month period from March 2019 through February of 2020,

77 autopsies were performed on COVID-19 positive patients.

Residents participated in all facets of the autopsy service,

including routine medical, forensic, and COVID-19 autopsies.

Trainees rotating on the transfusion medicine service are

responsible for direct patient care. For trainees beginning their

initial educational month, educational content, consisting of

recorded and live lectures, required readings, and online struc-

tured content were provided remotely. For trainees providing

consultations for therapeutic apheresis and transfusion

reactions, and responding to blood donor reactions, and other

critical patient/donor care services, the resident and fellow

alternated in house coverage on a daily basis, with one trainee

in house and the other at home participating in online educa-

tional content. Transfusion medicine patient care/educational

rounds were moved online via Zoom with participants (allied

health staff, nursing staff, attending physicians, and trainee on

service) in separate locations, allowing trainees not covering

the service to attend from home. Attending physicians alter-

nated being physically present on campus, providing direct

supervision, based upon their coverage schedule, with work

from home. During this period, patient volumes were adjusted

such that only critical apheresis procedures were performed,

with delays in procedures such as hematopoietic progenitor cell

collection, photopheresis for chronic graft-versus-host disease,

and other nonemergent procedures, to avoid patient and staff

contact and preserve Personal Protective Equipment (PPE). A

description of this has been published.3 Surgical procedures

were also briefly reduced, thereby decreasing blood collections

and overall transfusions.

Other clinical pathology services (eg, hematopathology,

chemistry, molecular) moved to either hybrid in person/virtual

experiences or completely virtual exchanges, with nonessential

laboratory medicine and pathology trainees staying home for

5 weeks, ultimately returning to campus, at least part time.

Nonessential laboratory medicine and pathology residents and

fellows sent home on short notice took it upon themselves to

find and share online pathology educational resources with one

another, for example, through a “WhatsApp” group. A more

structured live curriculum, along with continued exposure to

anatomic pathology cases was considered desirable to prevent

trainees from falling behind in pathology education. In ana-

tomic pathology, for example, three 1-hour lecture blocks were

set-up each day (9:00 AM, 12:00 PM, and 3:00 PM) to engage

faculty (many of whom had increased availability because of

temporarily decreased clinical volumes) and off-site residents.

These “q3” lectures were delivered via Zoom. Residents also

made use of external education offerings, such as free lectures

offered by the College of American Pathologists and the United

States and Canadian Academy of Pathology (USCAP). Many

residents and anatomic pathology fellows (eg, gynecologic

pathology, urologic pathology, head and neck pathology, breast

pathology) also successfully worked from home, with secure

remote access to the anatomic pathology laboratory informa-

tion system, PathDx (SCC Soft Computer) via institutionally

supplied laptops, and live viewing of real-time cases with

faculty during Zoom anatomic pathology sign-out sessions.

Faculty shared their microscope camera feeds via a secure

system, recapitulating in-person sign-out sessions. Although

trainees were not able to preview cases as they normally would

have done, they reviewed cases with faculty members in real

time and in some cases, generated draft reports entered into

PathDx with the electronic dictation system Fluency Direct

(3M) from home (which were subsequently edited by on-site

faculty). Faculty and trainees were encouraged to discuss pre-

ferences for sign-out format at the beginning of clerkships. This
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virtual sign-out format was also utilized as an alternative to

traditional double scoping, even after trainees returned to cam-

pus, to maintain appropriate physical distancing. This format

was also adopted for curbside consultations and engaging

remote faculty. For those at home, many Program Directors

asked trainees to email about their daily academic efforts,

enabling Program Directors to give feedback, share resources,

and have a record to support completion of training.

Regular structured curricular content, including lectures,

slides sessions, and meetings, was ported to a virtual format,

which became the “new normal.” Some faculty noted

decreased learner interaction in the virtual environment as

compared to the traditional (in-person) format. This was par-

tially mitigated by having learners keep their video feed live

during educational sessions, allowing for more interactivity

and ongoing monitoring of participants by the faculty. Digital

disengagement, increased susceptibility to distractions, and tel-

econferencing fatigue have been noted by others.4-6 Hassell

et al conducted an online survey of pathology trainees, program

directors, and faculty to assess pre- and post-COVID-19 use of,

and response to, various digital pathology modalities and found

that a majority of faculty and learners assessed that this shift

had adversely affected the quality and effectiveness of

teaching.4

Program curriculum was directly affected. The Leadership

& Management course, traditionally consisting of 8 full-day

in-person sessions, is a program requirement for residents and

fellows. During the pandemic, all 8 sessions transitioned to

Zoom and were restructured to encourage engagement and try

to avoid passive learning. Large and small group discussions,

breakout rooms, polls, and message chats were used. Addi-

tional breaks were built into daily schedules, to avoid Zoom

fatigue. More flipped classroom approaches were used by pla-

cing content in the learning management system for trainees to

review prior to the sessions. Although trainees were encour-

aged to keep their webcams on throughout all sessions, most

trainees only used their webcams in small group discussions

within breakout rooms. A participant survey delivered at the

end of the course noted that the course was well-organized,

interesting, and “full of good information,” and that while some

learners found it to be interactive and engaging, others

struggled with engagement, finding it difficult to follow in a

virtual format.

Trainee assessments had to be addressed. The process of

moving paper-based exams and quizzes to an online format

(Blackboard, VA) had begun before the pandemic, but had to

be quickly accelerated and completed, and all paper-based

forms (eg, training checklists) converted to electronic formats

to accommodate rotating residents and fellows.

Many faculty and trainees had rudimentary knowledge of

Zoom before the pandemic. There was some experience with it

to share cases from the frozen section laboratory with other

sites within the institution. Although faculty and trainees

wished they had been well-versed with the technology before

the pandemic started, they learned fast, and were generally

surprised as to how well live real-time pathology sign-out

sessions could be executed with trainees at remote locations.

Prior to the pandemic, audio-only teleconferences had been

commonplace; the transition to Zoom quickly led to recogni-

tion of the value of incorporating video and interactive learn-

ing. It is an improvement to be able to share screens and see

colleagues and trainees. Multi-institutional journal clubs were

also transitioned from conference calls to a Zoom format; we

partnered with international institutions for further collabora-

tions of journal clubs. Post-pandemic, platforms such as Zoom

or Skype will continue to be used for educational case confer-

ences and journal clubs. Historically, there has been a limit on

the number of participants in these sessions due to conference

room capacity; allied health staff and learners in other training

programs have expressed interest in attending these educa-

tional sessions but have not always been able to participate due

to room size. The use of platforms such as Zoom or Skype

allow individuals to “attend” sessions remotely despite space

limitations in conference rooms. Tools within Zoom, including

breakout rooms, voting polls and chats, encourage interaction,

and engagement with learners. Additionally, this allows record-

ing of sessions to be viewed by different learners at any time,

enhancing educational experiences of allied health staff, cur-

rent residents/fellows, nonlaboratory medicine and pathology

residents/fellows, and future trainees. Lectures, case confer-

ences, tumor boards, and journal clubs were recorded so that

content could be available to fellows and residents if they had

technical connection issues at the time of a live conference.

This also allowed learners who may have been unavailable

during the time of a live session to view the content later; these

recorded sessions were repurposed for other educational oppor-

tunities at later dates. Anatomic Pathology Grand Rounds were

moved to a virtual platform, allowing more participation and

attendance of this continuing medical education activity.

An Anatomic Pathology Academic Achievement Celebra-

tion continued to be held, but instead of taking place in-person,

used the Zoom platform. This celebration recognizes trainees

and other allied health staff members who have contributed to

the well-being of Mayo Clinic patients through academia and

research. These include achievements such as publications,

posters, presentations at academic meetings, awards, and so on.

Graduation

Trainee graduation ceremonies, which are important in terms

of providing recognition of trainee achievements, could not

occur in-person. Thus, the Zoom format was employed for

these as well, to allow for “live” celebrations. The traditional

graduation ceremony format recognized all graduate medical

education graduates (pathology residency and 20 fellowships)

together in one large ballroom. Historically, space limitations

meant that only the graduate, one guest, and select faculty

could attend. Similarly, time limitations restricted the amount

of information that could be shared for each graduate. The

virtual format allowed for broader attendance, including an

essentially unlimited number of family members from Roche-

ster, Minnesota, and around the world, as well as all faculty and
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educational staff. Implementation of virtual graduations has

prompted us to rethink our format of hosting a large combined

graduation and led us to move toward individualized ceremo-

nies for each program or groups of similar programs. Having

fewer graduates in each ceremony allows for more customiza-

tion; pictures and testimonials from each graduate can be

included, alongside messages from the Program Director,

faculty and allied health staff. Going forward post-pandemic,

consideration is being given to offering hybrid virtual and in-

person events, to allow more people to join, including faculty,

trainees, and family members, who would otherwise be unable

to do so. This enhance audience allows participation of those

separated by large distances and addresses limits on numbers of

guests for live activities.

Recruitment

Recruitment and interviewing were challenges, given that can-

didates could not be met in-person. Blackboard courses were

created within each program for prospective residents and fel-

lows to review prior to their interview. Content included infor-

mation about the program to which they were applying, as well

as the community, including videos, photos, and links. This

platform had the benefit of capturing how much time prospec-

tive trainees spent in the Blackboard course, and which sections

they viewed the most, which is useful for website improve-

ment. The most popular content included welcome messages

from Program Directors, messages from current and past trai-

nees, and an overview of Mayo Clinic institutional culture.

Prospective residents and fellows were offered individual inter-

views via Zoom, with assistance and training from Mayo Clinic

Media Support Services. Innovative components were added to

the interview process, including 3D virtual tours of several

laboratories using the Matterport platform. The Matterport

scans were a wonderful option for self-guided tours by prospec-

tive trainees. These tours have been adapted as teaching tools

(via voice-over) describing the testing and technology utilized

in the various work areas and are now being used for employee

orientation and training, and tours for external Mayo Clinic

Laboratories clients and as a component of virtual inspections

from accrediting organizations such as the Foundation for the

Accreditation of Cellular Therapies, in addition to educating

traditional learners. Virtual laboratory tours are also useful for

rotating residents and fellows from external areas who cannot

physically tour through the spaces. For interviews, virtual Mat-

terport tours were supplemented with real-time tours via Zoom

using cell phones, as needed.

Novel elements were offered during virtual interviews to

further enhance experiences, including a live Zoom slide ses-

sion with multiple faculty members presenting unknown

slides, small and large group Zoom chat rooms with current

fellows, a Zoom “meet and greet” with current faculty, and a

Zoom chat with recent alumni. On interview day, a facilitator/

host was available to applicants in virtual waiting and break-

out rooms. This was well-received by applicants, many of

whom reported the experience to be among the most polished

and organized virtual interview structure of any program for

which they interviewed. Details of our experience implement-

ing virtual interviews in the surgical pathology fellowship

program were presented at the USCAP Annual Meeting,

March 13-18, 2021.7 The Anatomic and Clinical Pathology

and the Anatomic Pathology/Neuropathology Programs filled

all listed positions in the March 2021 National Resident

Matching Program.

Going forward, several elements of the virtual interview

process will be retained, including virtual materials course

applicants can review ahead of time at their convenience, the

live virtual meeting with recent alumni, and the virtual slide

session featuring multiple diverse faculty members. These

options were not available in-person and offer gains in quality

over what was offered in-person, exploiting advantages and

conveniences of a virtual environment to build upon what had

historically been done in live interviews.

Visiting Residents

The visiting resident program was halted during the pan-

demic, with elective observation rotations by learners from

outside of Mayo Clinic put on hold. As this program is used as

a recruiting tool, a virtual visiting resident experience (previ-

ously approved as an in-person visiting activity) was

approved 8 months into the pandemic. Over the course of

several months, preparation for this virtual experience ensued,

with coordinated efforts by Mayo Clinic School of Graduate

Medical Education, information technology, the Department

of Laboratory Medicine and Pathology Graduate Medical

Education staff, the programs involved, and the visiting resi-

dent. Proposed goals and objectives identified by the resident

for the virtual rotation included participation in daily sign-out

with faculty; independent preview/review of virtual slides;

virtual attendance at clinical conferences, journal clubs, and

tumor board; and literature searches and presentation prepara-

tion. As with in-person visiting residents, the trainee was

given a Mayo Clinic identification number and email. A Mayo

Clinic laptop was shipped to the visiting resident, but no

access was granted to Mayo Clinic clinical applications (eg,

PathDx, EPIC); these security measures precluded preview/

review of scanned slides. Case follow-up by the visiting resi-

dent was limited because of the de-identified case information

shared during sign-outs and clinical conferences conducted

via Zoom. Lessons learned from this inaugural virtual rotation

included the importance of dedicated information technology

support to the trainee during a 4-hour block of time allocated

to initial computer login, remote access and set up. The virtual

rotation worked well from the visiting resident’s perspective

with multiple sign-out opportunities each day in addition to

conference attendance. The visiting resident’s engagement

and drive were considered crucial elements to the success of

the experience. Although this experience proved successful,

the required administrative efforts and security measures war-

rant limiting future virtual visiting resident experiences to

select situations.
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Well-Being

The Graduate Medical Education Well-Being Committee took

the initiative to continue offering well-being opportunities for

residents and fellows. Virtual workshops conducted by faculty

included topics such as cooking, art, and magic. Workshops

were well-received and inspired faculty as well as trainees to

volunteer to facilitate further virtual workshops. A well-being

seminar series with a licensed practicing psychologist offered

pre-pandemic transitioned to a virtual setting. Sensitive topics

such as burnout and suicide continued, with trainees being

engaged in discussions.

Employee Continuing Education Programs

Employee education faced 2 major COVID-19-related chal-

lenges. The first and most immediate was the need to transform

a 1.5 day, in-person departmental new employee orientation

program to a virtual environment in 2 days. This was daunting

considering the need to rapidly hire new staff to offer the level

of SARS-CoV-2 testing needed to support the clinical practice.

Fortunately, many in-person presentations had been recorded

prior to the pandemic, in the event a speaker was unavailable

for orientation. Staff worked swiftly to edit these recordings,

add closed captioning, and build content into a learning man-

agement system; changes were communicated to supervisors

and made available to laboratories/work units. The second

challenge was assisting trainers/educators in the rapid transi-

tion to a virtual and/or asynchronous environment. Just-in-time

training on tools and technology was provided, a webpage with

a list of virtual meeting/learning resources created, and numer-

ous questions answered.

Allied Health Staff Training Programs

Four allied health staff training programs are offered—Medical

Laboratory Science, Cytotechnology, Histology Technician,

and Phlebotomy Technician Programs. The Medical Labora-

tory Science Program splits the class of 24 students into 2

sections, with 12 each participating in morning and afternoon

sessions. Each group of 12 participated in teaching laboratory

experiences together, with universal masking and separation of

students by 6 feet or more. Since this program had been

designed as a blended learning experience prior to the pan-

demic, distance education methods were available and/or

implemented for nonlaboratory components, and lecturers were

given the option to transition their lecture into the distance

learning system, Blackboard Collaborate.

The stay-at-home order was more challenging for the Cyto-

technology Program as it was difficult to identify activities

learners could do from home; when they returned to campus,

the issue was more about how to keep them safe. Online

resources and new technologies were identified that helped

with distance learning and will likely be retained moving for-

ward. Blackboard Collaborate was used to hold review sessions

virtually. This application continues to be used if students are

unable to attend class on-site (eg, if they test positive for

SARS-COV-2 and are not especially ill). Physical barriers were

created, and the schedule modified to facilitate physical distan-

cing, where possible.

The Histology Technician Program focused on ensuring

adequate clinical time so students could meet program com-

petencies. The program delivered all didactic curriculum

online via Blackboard prior to the pandemic so there was little

disruption to content delivery. Some faculty were furloughed

and some transitioned to working from home, at least part

time. Learners were removed from some clinical settings and

transitioned to virtual learning with videos created to supple-

ment lost clinical observations. Scope sessions, review

quizzes, presentations, and group discussions were delivered

remotely using Blackboard Collaborate. Blackboard Collabo-

rate was selected because students and faculty in this program

were already familiar with it. Proctorio (an exam proctoring

service) was implemented for didactic exams. One cohort

graduated in May of 2020, completing their program entirely

online. All learners in this cohort successfully completed the

program, passed their ASCP certification exam, and are

employed at Mayo Clinic. The second cohort graduated in

November 2020, with their graduation having been delayed

from what had been planned by 4 weeks. They were unable to

be on campus from March through June 2020, having to com-

plete some coursework virtually, and ultimately returning to

the clinical setting. This cohort also successfully completed

the program, passed their ASCP certification exam, and is

employed at Mayo Clinic. Graduation ceremonies were deliv-

ered virtually via Zoom.

Students who graduated from the Histology Technician

Program in 2020 during the COVID-19 pandemic were

surveyed about their experiences, reporting both positive and

negative experiences. On the positive side, some felt that the

online learning experience allowed improved information

retention due to a more relaxed learning setting and not feeling

as rushed to complete assignments and learn new topics as they

might in person; they were able to decompress and take breaks

at home. Some noted that hands-on learning may make it easier

to forget little details, and that online activities facilitate topic

review. Although the workload remained unchanged, cutting

out commuting times and waiting for classes/rotations made it

feel less intense and more convenient for some. Students

reported having more time to study for the certifying examina-

tion. Some learners were used to online coursework from prior

experiences and easily transitioned back to it. A rewarding part

of virtual learning was noted to be the instant feedback to

quizzes and exams. Students valued being able to “see” one

another virtually.

There were, however, negative experiences noted with vir-

tual learning. One student noted that virtual education took

longer in terms of studying time than did in-person education,

and some considered themselves less productive, less moti-

vated/interested, more disassociated from curricular content,

and more stressed, when studying at home, noting it to be

“ . . . hard to find motivation while staying in my own living
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space,” and that they, “ . . . didn’t feel like [they were] in

‘school mode’ any longer since [they weren’t] actively going

out and attending anything school related.” Having to get up,

get ready, and go to classes, and use study and learning areas on

campus, had provided some students motivation to succeed that

was lost when learning was moved to their living space.

Students observed that there might be better tools for virtual

learning than Blackboard Collaborate; the platform experi-

enced “ . . . lags, glitches and only allow[ed] for four class

members to be seen on the screen at a time.” Some students

missed hand-on experiences, noting that, “ . . . actually getting

to do it yourself really helps build knowledge.” The loss of

interaction with and connection to colleagues and faculty in

person and ability to ask a lot of questions was also noted as

a downside. Learning concepts virtually and then reinforcing

them in the laboratory through clinical rotations, may be a

possible option going forward.

The Phlebotomy Technician Program was challenged by

space availability to conduct laboratories while maintaining

physical distancing. There were appointing and on-boarding

challenges since staff supporting students were working from

home, sometimes resulting in communication delays. Orienta-

tions were conducted online, including presentations such as

Academic Success, Title IX, taking of photos and preparation

of identification badges, and other human resources tasks.

A particular challenge from a human resources standpoint was

executing background checks and fingerprinting for incoming

matriculates in an online environment. Clinical rotations were

confronted by staffing issues limiting trainers/preceptors, a

need to change rotations since students could not care for

patients with or suspected to have COVID-19, and temporarily

decreased outpatient volumes (the setting where the bulk of

training typically occurs). The Phlebotomy Program was a

hybrid learning program prior to COVID-19, so there was min-

imal disruption in delivering content. Classes were split, with

the cohort divided into 2, allowing one group to attend labora-

tories/lectures in the morning while the other group was on

clinical rotations, with the groups switching in the afternoon.

Graduation celebrations were discontinued, with students

receiving certification and a graduation package from faculty

on the last day of class. There were also training cutbacks;

typically, phlebotomy education trains over 300 new hires

annually, including internal medicine and pediatric physicians,

and mayo medical school, respiratory therapy, physician assis-

tant, nuclear medicine, and medical laboratory science stu-

dents. Many sessions were reduced/rescheduled because of

limitations related to space and trainer availability.

As with the graduate medical education programs, the

Medical Laboratory Science and Histology Technician pro-

grams implemented virtual interviews via Zoom, which went

well, and may be retained beyond the pandemic, since they

save time and seem to not negatively impact interview quality

or the applicant selection process. Interviews for the Phlebot-

omy Technician and Cytology Programs were done via

telephone.

Extramural Continuing Medical Education

Mayo Clinic Laboratories typically hosts medical conferences,

8 of which were cancelled, requiring communication both

internally and externally, and negotiating with existing prop-

erty contracts to claim force majeure. Some programs were

suspended because of staff furloughs and pivoting of faculty/

content experts to COVID-19 testing, and some accreditation

needed to be discontinued due to lack of managing resources.

For 2021, Mayo Clinic Laboratories will be providing a virtual/

streaming option for conferences to substitute for live/in-

person options. Even when in-person events resume, hybrid

options will likely be offered, to provide more flexibility to

those who want to participate. Results of a survey of 122 par-

ticipants in extramural offerings administered in February 2021

(Figure 1) showed there to be a preference for on-demand pre-

sentations, interactive modules, livestream conferences and

podcasts (in decreasing order), over live conferences for the

next 12 months’ time.

Education for the Media and General Public

The Department of Laboratory Medicine and Pathology played

an essential role in diagnosing patients with COVID-19, and

thus we found ourselves in high demand from members of the

media. To ensure that we were providing accurate, timely, and

consistent messaging to the media, we designated a lead exter-

nal communications contact to work with Mayo Clinic public

relations specialists to screen and respond to media requests

and arrange interviews with a small pool of subject matter

experts. Individuals who spoke to the media underwent specific

training to ensure that they felt confident in addressing difficult

topics and delivering appropriate messages. The lead external

communications contact founded a weekly podcast with the

Chair of the Department of Laboratory Medicine and Pathol-

ogy and other key members of laboratory leadership to keep

employees and the general public up-to-date on important and

ever-changing issues.

Stressors and Unanticipated Challenges

An unanticipated challenge was that learners required to be on

campus sometimes had a challenge getting to campus due to

discontinuation of public transportation in and to Rochester,

Minnesota. In addition, faculty and learner stress levels were

elevated due to the uncertainty of the situation, social isola-

tion, and concern about SARS-CoV-2 infection. For faculty,

the need to rapidly adapt and sometimes deliver the same

content multiple times to accommodate smaller group sizes,

created additional work. For services with both in-person and

distance learners, it was a challenge to remain aware of and

integrate those joining remotely, into educational clinical dis-

cussions. Some lecturers found it challenging to present to

distance learners who had their video feed turned off. Like

in-person learning, the ability to “read the room” is important

for lecturers to educate. Program directors had increased

Patel et al 7



challenges identifying and assessing mental health issues and

were overall more concerned with learners’ emotional well-

being than their academic standing. As mentioned above,

some learners found online learning itself to create stress

because of dissociation from curricular content and lack of

in person engagement with colleagues and faculty. Finally,

for services where interactions between members of the health

care team were essential for providing patient care, such as

therapeutic apheresis, both the nursing staff and the residents

described difficulties in communicating clearly, misunder-

standings, and a “loss of trust” that was felt to be due to the

virtual patient/education rounds. This type of situation has

prompted a return of many in-person educational activities

(with virtual options provided), with masking and physical

distancing, as of March 1, 2021.

Lessons Learned

There were several lessons learned (Table 2). Despite the down-

sides of an almost fully virtual educational system, we anticipate

that some educational activities adopted during the pandemic

will remain virtual after the pandemic; this includes prerecorded

Figure 1. Results of a survey of participants in extramural educational activities (eg, technologists, phlebotomists, administrative laboratory
directors/managers, laboratory supervisors, medical/scientific laboratory directs, pathologists) administered in February 2021 asking, “please tell
us how likely you are to take advantage of educational offerings in the following formats, within the next 12 months.” Three quarters of
participants valued receiving educational credit from participation in these activities, especially professional acknowledgment for continuing
education.

Table 2. Lessons Learned.

Electronic proctoring of examinations is acceptable
Virtual graduations allow more participation from families, friends, and faculty
Work from anywhere is acceptable for some staff
Lectures, core curriculum sessions, meetings, and interviews should consider incorporating a virtual component for remote viewing/

participation (in addition to traditional in-person options) into the future
Virtual sign-out can be used for medical education in pathology when faculty and learners cannot be physically together
The Leadership & Management course should be delivered in an in-person format, at least in part
Benefits of virtual interviewing include providing content for applicants to review ahead of time at their convenience, live virtual meetings with

recent alumni, and virtual slide sessions featuring multiple diverse faculty members
Hosting visiting virtual rotations in health care is challenging due to administrative burden and security measures
Online learning provides a more relaxing learning setting for some but a more stressful (dissociation from curricular content) learning setting for

others
Extramural on-demand presentations, interactive modules, livestream conferences, and podcasts are preferred over live conferences in the

near-term

8 Academic Pathology



videos, electronic proctoring, hybrid graduations, and the ability

to “work from anywhere” for some staff. Lectures, core curri-

culum sessions, meetings, and interviews from this point for-

ward should consider incorporating a virtual component for

remote viewing/participation in addition to traditional in-

person options, as this makes them more accessible, practical,

and just generally makes life a little easier. We learned that

virtual sign-out is a viable option for medical education in

pathology and can be used to facilitate education of residents

and fellows when the faculty and learner cannot physically be at

the same site for any reason and also to educate “virtual visiting

learners” (eg, medical students, visiting residents). The Leader-

ship & Management course should return to an in-person format,

at least in part, post-pandemic. We made advances in virtual

interviewing, and recognized benefits of components of this

strategy, such as content applicants can review ahead of time

at their convenience, the live virtual meeting with recent alumni,

and the virtual slide session featuring multiple diverse faculty

members. We also learned that hosting visiting virtual rotations

in health care can be challenging, and that the administrative

efforts and security measures needed warrant limiting future

virtual visiting resident experiences to select situations. We

started multi-institutional journal clubs, which continue to this

day; others’ success with multi-institutional programs, such as

the Breast Cases Challenge, have been described.8 Nevertheless,

trainees recognized value in engaging with faculty in person

and the associated positive learning experiences.

Other institutions have published their experiences with the

educational impact of the COVID-19 pandemic.9,10 Advances

being made in digital pathology (eg, whole slide imaging) have

been noted to be especially useful in the context of a need for

physical distancing.11,12 Mukhopadhyay et al have compiled

curated lists of online resources that can be used for virtual

learning in pathology.13
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