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Abstract
Objective
To delineate a comprehensive curriculum for fellowship training in neuroinfectious diseases, we
conducted a modified Delphi approach to reach consensus among 11 experts in the field.

Methods
The authors invited a diverse range of experts from the American Academy of Neurology
Neuro-Infectious Diseases (AAN Neuro-ID) Section to participate in a consensus process
using a modified Delphi technique.

Results
A comprehensive list of topics was generated with 101 initial items. Through 3 rounds of voting
and discussion, a curriculum with 83 items reached consensus.

Conclusions
The modified Delphi technique provides an efficient and rigorous means to reach consensus on
topics requiring expert opinion. The AAN Neuro-ID section provided the pool of diverse
experts, the infrastructure, and the community through which to accomplish the consensus
project successfully. This process could be applied to other subspecialties and sections at the
AAN.

From the Neuro-Infectious Diseases Section (A.V., F.C.C., A.A., R.B., T.P.B., C.J., D.M.P., K.L.R., J.R., D.S., T.A.C.), American Academy of Neurology, Minneapolis, MN; Johns Hopkins
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Infections of the nervous system have long been recognized as
important in medicine, with tremendous public health and
socioeconomic effects. Historically, diseases such as rabies,
encephalitis lethargica, and poliomyelitis caused substantial
neurologic sequelae. More recently, the global HIV/AIDS
epidemic, outbreaks of West Nile and Zika virus diseases, and
the development of postinfectious autoimmune syndromes
have emerged as important contributors to neurologic injury
and dysfunction.1 With the increasing role of specialized
hospital-based care, acute neurologic infections constitute
a major disease category requiring knowledge and expertise
among neurohospitalists.2 Moreover, many individuals with
neurologic infections are living longer, and there is increased
interest in the long-term sequelae of chronic neuroinfectious
disease in the United States and worldwide.3,4

Along with the shifting epidemiology and increased appreci-
ation of the consequences of neurologic infections, there have
been changes in training paradigms.5 While neuropathology
comprised the major pillar of training in neuroinfectious
diseases several decades ago, newer diagnostic and treatment
modalities, recognition of autoimmune syndromes that ne-
cessitate distinction from neurologic infections, opportunities
to interface with other specialists in the care of patients, and
a changing regulatory environment with respect to medical
training have resulted in additional educational needs. While
a comprehensive list of neurology–infectious diseases (neuro-
ID) fellowship training programs is lacking, an informal poll
of neuro-ID section members combined with an Internet
search found 10 neuro-ID fellowship training programs, each
with 1–3 positions per year. The programs list a variety of
clinical and research opportunities and include both dedi-
cated neuro-ID and combined neuro-ID/neuroimmunology
programs. The increasing interest in neuro-ID training is
reflected in the American Academy of Neurology Neuro-
Infectious Diseases (AAN Neuro-ID) Section membership,
which increased from approximately 90 members in 2009 to
more than 500 members as of 2019.5,6 Because neuro-ID
does not have a formal accreditation status, the exact number
of neuro-ID experts in the United States is unknown.
As neuro-ID fellowship programs are relatively new, most
senior neuro-ID experts completed postdoctoral research
fellowships with informal clinical training while junior
neuro-ID experts generally completed a formal fellowship in
neuro-ID training.

Despite the importance of neurologic infections in human
health, a formal subspecialty fellowship accreditation has not
been designated and curricula for the training of fellows have
not been agreed upon or standardized.5 The purpose of this
study was to develop a competency-based neuroinfectious

disease fellowship curriculum by leveraging the existing
structure and expertise of the AANNeuro-ID Section to form
a consensus opinion of neurologists and neuroinfectious
disease practitioners serving in diverse geographic and prac-
tice settings in the United States.

Methods
A modified Delphi method7,8 was used to establish group
consensus on competencies that should be included in
a comprehensive neuroinfectious disease fellowship curricu-
lum. After establishing a comprehensive list of competencies,
a select panel of 11 experts responded anonymously to
questionnaires to rate their level of agreement for a compe-
tency being included in a neuroinfectious diseases curriculum.
In the questionnaire, panelists could also provide comments
on or revise the wording of competencies. Results, including
comments, were summarized and presented to the panel in
each round, with the goal of reducing the variation in
responses on the next questionnaire and eventually arriving at
a convergence of opinions among panelists. After each round,
a revised questionnaire containing competencies on which
consensus had not yet been reached was sent out to panelists,
who were again asked to rate their level of agreement. This
iterative process continued until the panel reached consensus
on all competencies.

Expert panel
Through the AAN Neuro-ID section, the principal inves-
tigators (A.V., F.C.C., T.A.C.) extended invitations to
neuroinfectious disease experts from diverse geographic
and practice settings in the United States, and in different
career stages. All participants on the expert panel had to be
active clinicians with an interest in education and men-
torship. A target of 10–12 panel members was selected
based on literature review of the Delphi technique, bal-
anced with feasibility and diverse representation. An initial
meeting was held in person to lay the foundation for the
Delphi process and to optimize buy-in for subsequent
participation.

Questionnaire development
The principal investigators generated an initial broad set of
competencies based on a prior AAN Neuro-ID section cur-
riculum, review of textbooks and journal table of contents, and
discussion. During the in-person meeting, participants had
a chance to add items and to discuss the process. This initial
questionnaire was piloted by 3 authors (A.V., F.C.C., T.A.C.),
after whichminor editorial and formatting changes weremade
to align with Accreditation Council for Graduate Medical
Education milestone formatting. This edited questionnaire

Glossary
AAN Neuro-ID = American Academy of Neurology Neuro-Infectious Diseases; neuro-ID = neurology–infectious diseases.
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was submitted to the group electronically as the first round in
the formal rating process. Panelists were asked to use a 4-point
Likert scale (1: strongly disagree; 2: disagree; 3: agree; 4:
strongly agree) to rate their level of agreement for a compe-
tency being included in the neuroinfectious diseases
curriculum.

Data analysis and consensus building
For each round, descriptive statistics were applied including
the mean score for each item and the proportion of responses
at each level of agreement. In the first round, average scores

clustered in the 3–4 range, with few items receiving ratings
below 3. Therefore, consensus to exclude a competency from
the curriculum was defined as an average rating of <3.0,
whereas consensus to include a competency was defined as an
average rating of >3.6. Competencies with an average rating
between 3.0 and 3.6 were carried forward to the second round
questionnaire. For the first round of voting only, items with
comments that led to rewording for clarification were in-
cluded for another vote regardless of the score. With each
competency in the second round questionnaire, the item’s
ratings from the first round and panelists’ anonymous

Figure Consensus curriculum process map summarizes process for achieving consensus on neurology–infectious dis-
eases curriculum

Time in weeks refers to duration for each step in the process from preparation to execution. AAN Neuro-ID = American Academy of Neurology Neuro-
Infectious Diseases.
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Table 1 Neurology–infectious diseases fellowship consensus curriculum, part 1: General clinical approach

Clinical evaluation

History

Efficiently obtains a complete, relevant, and organized neurologic history

Performs comprehensive review of systems pertinent to infectious or inflammatory disease (including fever, cough, night sweats, rash, oral/genital
ulcers, joint swelling)

Performs travel history relevant to infectious diseases (endemic infections)

Obtains social history relevant to infectious diseases (high-risk sexual behavior, IV drug use)

Obtains family history as it pertains to autoimmune disease or inherited primary immunodeficiency diseases

Obtains exposure information (ill contacts, pets, and vaccination history)

General physical examination

Efficiently performs relevant general physical examination, accurately incorporating appropriate maneuvers (e.g., skin examination, palpation of lymph
nodes)

Neurologic examination

Efficiently performs a relevant neurologic examination accurately, including funduscopy

Clinical scales

Demonstrates familiarity with and utilizes clinical scales (e.g., Mini-Mental State Examination) where appropriate

Diagnostic evaluation

Imaging

Interprets MRI and CT neuroimaging of brain and spine

Recognizes CT findings indicative of infectious and inflammatory diseases (neurocysticercosis)

RecognizesMRI findings indicative of infectious and inflammatory diseases (cerebral abscess, herpes simplex virus encephalitis, arboviral encephalitis)

Recognizes indications for advanced imaging and other diagnostic studies

Utilizes metabolic imaging (SPECT and PET) in appropriate contexts (lymphoma, antibody-mediated encephalitis)

Requests optical coherence tomography for appropriate patients

Neurophysiology

Interprets common EEG and EMG abnormalities

Demonstrates familiarity with EEG patterns relevant to CNS infections (Creutzfeldt-Jakob disease, subacute sclerosing panencephalitis, herpes simplex
virus)

Requests appropriate nerve conduction studies/EMG plan for specific infectious and inflammatory diseases (HIV neuropathy, sensory neuronopathy,
cytomegalovirus radiculitis)

CSF

Performs lumbar puncture without direct supervision

Performs lumbar puncture safely in patients with transmissible diseases

Accurately interprets results of less common diagnostic testing

Describes the composition, formation, and fluid dynamics of the CSF

Recognizes CSF patterns in each of the neuroinfectious and neuroimmune syndromes (bacterial, viral, fungal)

Appropriately obtains and interprets oligoclonal bands and immunoglobulin G synthesis rate

Understands how to process CSF for various studies (paired serum samples, large volume from last tube for tuberculosis)

Microbiology/serology

Accurately interprets results of less common diagnostic testing

Appropriately orders and interprets pathogen and autoimmune antibody assays (ELISA, immunofluorescence assay, Western blot, cell-based assays)

Continued
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comments were included. Based on feedback and discussion
from the first round, 2 new competencies were added and
several competencies were reworded in the second round
questionnaire. In the third and final round, the remaining 11

competencies on which consensus had not been reached were
discussed on a conference call until consensus was reached.
For some items, this entailed combining items into a rewor-
ded competency.

Table 1 Neurology–infectious diseases fellowship consensus curriculum, part 1: General clinical approach (continued)

Appropriately orders and interprets culture and staining from a range of specimen sources

Describes and appropriately utilizes molecular biological techniques (standard PCR, multiplex PCR, next-generation sequencing)

Pathology

Accurately interprets results of pathologic testing

Recognizes diagnostic yield and cost-effectiveness of testing

Demonstrates familiarity with gross and microscopic pathology and identifies appropriate staining and tissue processing techniques in collaboration
with pathology andmicrobiology colleagues for common infectious and inflammatory CNS syndromes (viral encephalitis, CNS vasculitis, sarcoidosis,
tuberculosis, JC virus, toxoplasmosis, fungal infections)

Treatment strategies and side effects

Demonstrates sophisticated knowledge of treatment subtleties and controversies in the management of neurologic infections and inflammation

Antimicrobial therapy

Demonstrates familiarity with antimicrobial medications and their side effects (antiviral, antibacterial, antituberculous, antifungal, antiparasitic)

Appropriately directs use of acyclovir and other antivirals for viral CNS infection

Appropriately directs use of antibiotics for bacterial CNS infections

Describes the CNS penetration of commonly used antimicrobials

Immunomodulatory therapy

Appropriately directs use of antimicrobial therapy for prophylaxis in patients receiving immunomodulatory therapy

Appropriately directs use of immunomodulatory therapy as adjuvant treatment for CNS infections

Demonstrates familiarity with immunomodulatory therapies and their side effects including those with increased infection risk (corticosteroids,
plasmapheresis, IV immunoglobulin, interferon-β, glatiramer acetate, teriflunomide, diethyl fumarate, fingolimod, natalizumab, daclizumab,
alemtuzumab, mitoxantrone, cyclophosphamide, mycophenolate, methotrexate, azathioprine, anti-B-cell, anti–tumor necrosis factor,
anti–interleukin 6, anticomplement)

Antineoplastic therapies

Demonstrates familiarity with antineoplastic therapies and their side effects including increased infection risk (traditional chemotherapeutic agents,
cancer immunotherapy, chimeric antigen receptor T-cell therapy, bone marrow transplant)

Symptomatic

Effectively manages acute neurologic complications of infectious diseases (stroke, seizure/status epilepticus, elevated intracranial pressure,
hydrocephalus, headache)

Surgical intervention

Appropriately refers patients with CNS infection for acute procedural interventions (e.g., brain biopsy, surgical drainage of abscess, intracranial
pressure monitoring, external ventricular drain, decompressive hemicraniotomy, angiography)

Consultant referrals and allied health professionals

Appropriately refers patients with CNS infection for consultation (infectious diseases, rehabilitation services [physiatry, physical therapy, occupational
therapy, speech and language pathology], urology, neuro-ophthalmology, neuropsychology)

Patient and family resources

Effectively counsels patients and families regarding neurologic infections and inflammatory diseases and refers to appropriate resources and support
groups (Autoimmune Encephalitis Alliance, The Encephalitis Society, Transverse Myelitis Association, National MS Society, Meningitis Foundation of
America)

Systems issues

Educates others about diagnostic reasoning and management of specific neuroinfectious syndromes and diseases

Demonstrates knowledge of the role of hospital infection control and local/state public health department reporting processes
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Results
Eleven neuro-ID experts with a range of practice experience and
from diverse geographic and practice settings were invited to
complete the consensus curriculum process. All 11 panelists
completed 2 rounds of the electronic survey, and 8 of 11 par-
ticipated in the final round phone call, with the remaining 3
panelists confirming final consensus electronically. The round 1
questionnaire contained 101 individual items. Consensus for
inclusion was reached on 63 items during round 1 (figure). The
remaining 38 items were included in round 2. Based on quali-
tative feedback from round 1, several itemswere reworded and 2
new items were added. For round 2, all items were again dis-
played for reference but only the 40 items that had not reached
consensus were available for rating. After round 2, 11 additional
items reached consensus for inclusion, 18 items reached con-
sensus for exclusion, and 11 items did not reach consensus. After
the 3rd and final round during which 11 items were discussed, 1
item reached consensus for exclusion and the remaining 10
items reached consensus for inclusion through rewording and
collapsing groups of items into single items (tables 1–3).

Multiple competencies associated with clinical care enjoyed
strong support in our Delphi process. With respect to the
clinical and diagnostic evaluation, we found that there was
particularly strong support for competency in elements of the
neuroinfectious disease–focused history, in the use and in-
terpretation of neuroimaging and CSF in diagnosis, and in the
therapeutic and prophylactic use of antimicrobial agents.
Strong support was also noted for a team-based approach to
clinical care, as exemplified by competencies in the appro-
priate use of consultative services. In addition, competencies
in systems-based issues such as educating others on clinical
reasoning and exhibiting familiarity with hospital, local, and state

Table 2 Neurology–infectious diseases fellowship
consensus curriculum, part 2: Syndromes and
specific neuroinfectious diseases

Effectively manages common and uncommon neuroinfectious diseases

Demonstrates sophisticated and detailed knowledge of pathophysiology,
differential diagnosis, mimics, diagnostic testing, management, and
controversies in the following:

Infectious neurologic syndromes

Acute bacterial meningitis (e.g., pneumococcal, meningococcal, listeria,
Gram-negative organisms)

Viral meningitis

Eosinophilic meningitis

Health care–associated meningitis

Chronic meningitis (tuberculous, fungal, spirochetes)

Recurrent meningitis (e.g., herpes simplex virus 2, Vogt-Koyanagi-
Harada)

Acute encephalitis (herpes simplex encephalitis, varicella-zoster virus,
West Nile virus, Japanese encephalitis virus, Powassan virus, eastern
equine virus, western equine encephalitis, LaCrosse encephalitis
virus, tick-borne encephalitis virus, rabies, amoebic, malaria, dengue,
Rocky Mountain spotted fever, toxoplasma)

Chronic encephalitis (subacute sclerosing panencephalitis, HIV,
neurocysticercosis)

Acute and chronic myelitis (herpesviruses, flaviviruses, enteroviruses,
human T-cell lymphotropic virus I/II, HIV)

Polyradiculitis/neuritis (Lyme, cytomegalovirus, herpes simplex virus 2,
varicella-zoster virus, leprosy)

Abscess (cerebral bacterial abscess, subdural empyema, spinal epidural
abscess)

Neurologic sequelae of infectious endocarditis (e.g., mycotic aneurysm,
septic emboli)

HIV-associated conditions

Neurologic syndromes in primary infection

Aseptic meningitis

Inflammatory demyelinating polyneuropathies

Neurologic syndromes in chronic infection

Distal painful sensorimotor polyneuropathy

Multiple mononeuropathies

Myopathies

Vacuolar myelopathy

HIV encephalopathy/encephalitis

HIV CNS escape/CD8 encephalitis

HIV-associated neurocognitive impairment

HIV-associated cerebrovascular disease

Seizures in HIV

Opportunistic conditions

CNS toxoplasmosis

Table 2 Neurology–infectious diseases fellowship
consensus curriculum, part 2: Syndromes and
specific neuroinfectious diseases (continued)

CNS lymphoma

Progressive multifocal leukoencephalopathy

CNS cryptococcosis and other fungal infections

Cytomegalovirus encephalitis and radiculomyelitis

Varicella-zoster virus

Tuberculosis meningitis in HIV

Neurosyphilis in HIV

Immune reconstitution inflammatory syndrome

Other

Prion-related diseases (sporadic Creutzfeldt-Jakob disease and
subtypes, variant Creutzfeldt-Jakob disease, Gerstmann-Sträussler-
Scheinker syndrome, fatal familial insomnia)

Neuroinfectious bioterrorism threats (e.g., botulism, tetanus, anthrax)
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policies on infection control and reporting of infections, and
referrals to appropriate infectious and autoimmune resources
and support groups, achieved strong support. Strong support
was also given to knowledge-based competencies addressing
neuroinfectious and autoimmune disorders and syndromes. On
the other hand, competencies associated with the routine use of
specialized neurologic examination scales (e.g., HIV neuropathy
scale, Memorial Sloan-Kettering scale) were not rated highly,
exhibited lower scores in round 2 than round 1, and were ex-
cluded. Several competencies associated with symptomatic
management of patients, including those addressing issues of
fatigue, urinary problems, and sexual issues, were also excluded
as they were not believed to be within the direct purview of
neuroinfectious disease fellowship training. Finally, competen-
cies associated with several diagnostic tests also did not achieve
consensus, though for differing reasons: evoked potentials were
believed to add relatively little information in light of currently
available diagnostic tests, while optical coherence tomography
was believed to be promising though not yet proven to add
substantially to the diagnostic process.

Discussion
This study demonstrates the utility of the Delphi method in
establishing a consensus curriculum for a neurologic sub-
specialty fellowship. Leveraging the community and expertise
of the AAN Neuro-ID section, a diverse set of highly invested
panelists were invited to participate in the consensus project
and all 11 experts completed the full process. Despite varied
backgrounds, geographic locations, and practice settings, this
panel of experts successfully reached consensus on a variety of
fellowship competencies spanning knowledge, evaluation,
and treatment of neuroinfectious diseases. Overall, the con-
sensus neuroinfectious diseases fellowship curriculum
includes competencies that address clinical care, team-based
approaches, systems-based competencies, knowledge
domains, and dissemination of knowledge. This competency-
based curriculum can provide a foundation for training fellows
across the country and potentially globally. Moreover, the
approach used may serve as a framework for development of
educational curricula by other sections of the AAN.

The Delphi process has been used to address a variety of
issues in neurologic education, including the delineation of
core neurologic examination items for neurology clerkships,
timing of milestone competency acquisition and the nature of
observable practice activities in neurology residency, optimi-
zation of neuroscience grand rounds, and development of
a neurology health advocacy curriculum for trainees.9–14 The
process is most useful when there is little empirical evidence
to inform considerations,15 and is thus particularly suitable for
the development of a neuroinfectious diseases fellowship
curriculum where no formal accreditation exists for the sub-
specialty. One of the most important features of the Delphi
process is the identification of a range of experts with suffi-
cient commitment to see the process through,8,16,17 which in
our case was facilitated by the structure of the AANNeuro-ID
section. The initial meeting was held in person during an
annual AAN meeting, both to garner investment among
panelists and to generate a comprehensive list of items effi-
ciently. Indeed, all 11 experts were highly invested throughout
and participated in the process through completion. In a tra-
ditional Delphi process, the use of anonymous voting is be-
lieved to protect against the influence of more senior/
established experts causing bias in the results. We modified
this approach in the final round by convening a conference
call so that we could more efficiently come to an un-
derstanding about the remaining concerns that precluded
consensus. After 2 anonymous rounds, we believed that the
lack of anonymity in the final round was outweighed by the
efficiency and clarity that could be achieved with a live dis-
cussion. The entire process took 11 weeks (figure). Overall,
we envision that this approach could be utilized by other AAN
sections to effectively and efficiently develop subspecialty-
specific curricula directed toward fellows, residents, or med-
ical students, perhaps with integration of the AAN Synapse
online platform in order to facilitate communication and
eliminate the need for an initial in-person meeting.

Several limitations should be noted. While a diverse array of
experts from different regions and in differing practice settings
were included, there remains a possibility of bias related to
participant background.17 International experts were not

Table 3 Neurology–infectious diseases fellowship consensus curriculum, part 3: Syndromes and specific neuroimmune
disorders

Demonstrates sophisticated and detailed knowledge of pathophysiology, differential diagnosis, mimics, diagnostic testing, management, and controversies
in the following:

Autoimmune encephalitis (e.g., cell surface/synaptic antibody-mediated, paraneoplastic conditions, Hashimoto encephalopathy, post–herpes simplex
virus autoantibody-mediated encephalitis)

Demyelinating disorders, including multiple sclerosis, acute disseminated encephalomyelitis, and neuromyelitis optica

Postinfectious encephalitis (acute disseminated encephalomyelitis, hemorrhagic leukoencephalitis)

Myelitis (e.g., idiopathic transverse myelitis, neuromyelitis optica and neuromyelitis optica spectrum disorders, neurosarcoidosis)

Neurologic manifestations of rheumatologic diseases (e.g., Sjögren, systemic lupus erythematosus, Bechet, rheumatoid arthritis, sarcoidosis)

CNS vasculopathy (e.g., primary angiitis of the CNS, reversible cerebral vasoconstriction syndrome, systemic vasculitis, giant cell arteritis)
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included. While the curriculum set forth an outline of com-
petencies in neuroinfectious diseases, resources to develop
mastery of these competencies—digital, print, or
otherwise—were not addressed in this initial Delphi process.
We are currently planning a follow-up modified Delphi ap-
proach, again through the AANNeuro-ID section, to develop
a listing of resources that complements the curriculum. Ide-
ally, the comprehensive curriculum included here could serve
as a foundation for neuro-ID topics essential for any general
neurologist, but the current process focused on expert con-
sensus rather than distilling the core items appropriate for
residency training.

As with any curriculum, assessment methods are essential
for evaluating both the curriculum and the trainee’s at-
tainment of competencies. We plan to poll fellowship
directors regarding the utility and feasibility of the curric-
ulum in practice. Obtaining data in exit interviews on how
many of the curricular competencies trainees achieved
during their fellowship would also be valuable. The current
study did not formally address tools to assess trainees, but
we envision a combination of methods for evaluating
competency in this curriculum: clinical proctoring and
online evaluation of competencies, maintenance and review
of a case log, journal club discussion of key references for
topics in the curriculum, trainee-authored abstracts and
manuscripts covering curricular items, and virtual cases with
knowledge assessments.

Of note, neuroinfectious diseases pose a unique challenge to
curriculum development as they are ever-changing, with
new syndromes and disorders emerging rapidly and on
a regular basis.1 As a result, mechanisms to append or up-
date curricula are vital, and could involve regularly sched-
uled updates to the Delphi process or mechanisms to
provide comments or updates in real time on an electronic
version of the curriculum. While the development of some
curricula can be informed by the presence of questions on
standardized tests such as subspecialty board examina-
tions,18 this was not possible for neuroinfectious diseases,
where no such subspecialty-specific certification examina-
tion exists. Rather, we envision that our curriculum may
guide future efforts to ensure consistency of training in
neuroinfectious disease.

The Delphi process is a powerful and efficient tool to reach
consensus on neurology subspecialty competencies. By
adapting the process to the specific context of neuro-
infectious diseases and leveraging the AAN Neuro-ID sec-
tion, we were able to reach consensus on a comprehensive
curriculum for training in neuroinfectious diseases. This
process could serve as a template for creating or modifying
other subspecialty curricula as well as resources to achieve
those competencies.
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