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Abstract

Objective: To develop and implement criteria for description of post COVID syndrome based on analysis of patients
presenting for evaluation at Mayo Clinic Rochester between November 2019 and August 2020. Methods: A total of
465 patients with a history of testing positive for COVID-19 were identified and their medical records reviewed. After
a thorough review, utilizing the DELPHI methods by an expert panel, 42 (9%) cases were identified with persistent
central sensitization (CS) symptoms persisting after the resolution of acute COVID-19, herein referred to as Post COVID
syndrome (PoCoS). In this report we describe the baseline characteristics of these PoCoS patients. Results: Among these
42 PoCoS patients, the mean age was 46.2years (median age was 46.5 years). Pain (90%), fatigue (74%), dyspnea (43%),
and orthostatic intolerance (38%) were the most common symptoms. The characteristics of an initial 14 patients were
utilized for the development of clinical criteria via a modified Delphi Method by a panel of experts in central sensitization
disorders. These criteria were subsequently applied in the identification of 28 additional cases of suspected PoCoS. A
2-reviewer system was used to analyze agreement with using the criteria, with all 28 cases determined to be either
probable or possible cases by the reviewers. Inter-reviewer agreement using these proposed defining criteria was high with
a Cohen’s alpha of .88. Conclusions: Here we present what we believe to be the first definitional criteria for Post COVID
syndrome. These may be useful in clinical phenotyping of these patients for targeted treatment and future research.
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Introduction infection with COVID may occur even in the absence of
ICU admission. A recent study in post-hospital discharge
patients from Italy followed 143 patients, of which only
5% received invasive ventilation and 15% received non-
invasive ventilation.> Of these patients, 87.4% had persistent
symptoms at day 60 with the most common symptoms being
fatigue, dyspnea, joint pain, and chest pain. In a telephone

The COVID-19 pandemic was first described in December
2019, with the United States recognizing its first case in
mid-January 2020." Much attention has been focused on the
acute and subacute manifestations of COVID-19 that have
left hospitals dealing with multiple waves of the infection,
creating shortages of personal protective equipment, inten-
sive care unit (ICU) beds, and ventilators.> However, as the
pandemic has progressed, there has been national recogni- 'Mayo Clinic, Rochester, MN, USA
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survey of 582 patients 3weeks after testing positive for
COVID-19, 35% of the 274 respondents had not yet returned
to their usual state of health.® One of the largest symptom
reports comes from an online community of COVID-19
patients experiencing post-infectious symptoms, Survivor
Corps.” This report again identified fatigue, pain, and dys-
pnea as predominant symptoms, but also introduced several
previously unreported symptoms including difficulty con-
centrating or focusing, difficulty sleeping, and exercise
intolerance. This symptom constellation was also confirmed
by clinicians from a large public health system in France.®
and a large academic center in the US.° These additional
symptoms are notably consistent with other post-infectious
syndromes.

The phenomenon of patients developing persistent
symptoms after infectious illnesses is well-established.
Prolonged post-infectious syndromes have been reported
following infections by highly inflammatory agents such as
Epstein-Barr virus, West Nile virus, Zika, Chikununga,
Severe Acute Respiratory Syndrome (SARS), and Borrelia
spp. These syndromes may involve persistent fatigue, unre-
freshing sleep, nausea, headaches, and cognitive dysfunc-
tion, among other symptoms that may differ from the
presentation of the original acute illness.'%?! These symp-
toms persist far beyond 6 months in many cases, and
patients eventually meet criteria for chronic fatigue syn-
drome (CFES) or another central sensitization syndrome
(CSS), wherein perception of severity of sensory stimuli are
enhanced. One consistent finding noted on neuroimaging in
this patient population is persistent central nervous system
(CNS) inflammation, particularly of the thalamus and mid-
brain.?>?* Laboratory abnormalities include increased pro-
inflammatory cytokines such as TNF-o and IL-6, suppressed
ACTH, and T cell dysregulation.'*?*?43% Based upon our
current knowledge, SARS-CoV-2 appears to be highly
immunogenic, and indeed the putative mechanisms of many
of the cardiovascular and pulmonary complications have
also been determined to be immune-mediated.?' It therefore
stands to reason that SARS-CoV-2 has the potential to incite
a significant post-viral syndrome with central sensitization,
which we refer to as Post COVID syndrome (PoCoS),
which is one of the clinical phenotypes seen in PASC.

Over the last decade, the epigenetics of fibromyalgia and
other related central sensitization syndromes (disorders
involving increased responsivity of the central nervous sys-
tem to sensory stimuli) have become better elucidated. In
fibromyalgia in particular, several candidate genes have
been identified.3? These genes are thought to be dormant at
birth but can be activated via multiple epigenetic pathways
during prolonged stressful circumstances—such as social,
economic, or physical stressors, including major medical
illness. Once activated, these genes allow for enhanced
CNS sensitivity to a variety of stimuli including pain,
fatigue, and sensation including vision, hearing, smell, and

touch.?? Individuals affected by central sensitization disor-
ders often struggle with a significant symptom burden with
very few positive clinical tests. Definitive treatment of
these patients is difficult and as they almost always require
a multi-modal approach to management.

The Mayo Clinic General Internal Medicine (GIM) divi-
sion offers evaluation and treatment programs for individu-
als experiencing central sensitization, including those of
post-infectious etiologies. Patients may directly request or
be referred for evaluation at Mayo Clinic in Rochester for
these concerns. Patient-reported symptoms are collected
prior to appointment scheduling to facilitate consolidated
appointment itineraries. Not surprisingly, GIM has seen an
increase in requests for consultation from patients with
unexplained symptoms following acute infection with
COVID-19. Our team’s initial experience with long-term
associated symptoms in COVID-19 is summarized below
as we attempt to better define this new post-infectious
syndrome.

Methods

Patient appointment request documentation submitted to
GIM at Mayo Clinic Rochester from 11/15/2019 through
8/5/2020 were screened using a Boolean search for the key-
words: “COVID,” “coronavirus,” “virus,” or “viral.” A total
of 305 potential cases were initially identified, and their
appointment request forms were deidentified and then man-
ually reviewed. Cases that described new symptoms devel-
oping after a viral illness could potentially be consistent
with PoCoS and were then submitted to a group of experts
in fibromyalgia, postural orthostatic tachycardia syndrome
(POTS), and CFS. Patients whose symptoms were not tem-
porally related to their viral illness were excluded. A modi-
fied Delphi technique was implemented to determine
criteria for case definition. The Delphi method, also known
as the estimate-talk-estimate technique (ETE), is a system-
atic and qualitative method of forecasting by collecting
opinions from a group of experts through several rounds of
questions.® For this project, cases were reviewed indepen-
dently by each reviewer and then graded into 1 of 3 catego-
ries with respect to their likelihood of having Post COVID
syndrome—probable, possible, and unlikely. After circulat-
ing the combined assessment of patient classification, a
meeting was held to discuss possible clinical and diagnostic
criteria for identification of the Post COVID syndrome.
Subsequently, 160 new cases obtained between
11/15/2019 and 08/05/2020 were examined by 1 reviewer
with determination of 28 possible or probable cases of Post
COVID syndrome based on the developed criteria. The
cases were then divided and distributed to the remaining 4
reviewers for a total of 40 new cases reviewed by each for
concordance. A third reviewer was involved for cases in
which there was disagreement between the first and second
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reviewer. A second Delphi round was held to determine
whether the definitional criteria was reproducible and
consistent.

Results

Patient Characteristics

Of the total 465 cases reviewed, 42 (9%) met criteria for
PoCoS. Among the 42 patients, 14 (33.3%) patients identi-
fied as male and 28 (66.6%) female. Ages ranged from 21 to
74 with median and mean ages of 46.5 and 46.2years,
respectively. COVID testing was positive in 15 patients
(35.7%), negative in 15 patients (35.7%), and was not
reported or unavailable for 12 patients (28.6%).

The predominant symptoms reported were pain (90.2%),
fatigue (73.8%), dyspnea (42.9%), and orthostatic intoler-
ance (38.1%). Paresthesias and chest pain tended to be more
common in men than women, while headache, anorexia, and
joint pain were more common in women. Data was available
for duration of symptoms on 38 of 42 patients, which ranged
from 4 to 22 weeks with an average duration of 11 weeks.
Patient level clinical data is presented in Table 1 and sum-
marized in Table 2.

Definitional Criteria Performance

All 28 cases identified by the first reviewer were also char-
acterized by the second reviewer as probable (very likely) or
possible (potential but not likely) cases of PoCoS. Four of
the remaining 132 cases were initially deemed unlikely but
considered to be possible by the second reviewer and were
therefore submitted to a third reviewer. The cases of dis-
agreement were additionally examined by the group of
experts to identify areas indicating potential improvement of
the criteria. Of the disputed cases, 3 were ultimately classi-
fied as unlikely based on the established criteria, and 1 case
demonstrated the need to specify the viral prodrome as
occurring after December 31st, 2019 to be considered within
the appropriate timeline for COVID-19 infection. The final
consensus diagnostic criteria are shown in Figure 1. Cohen’s
kappa was calculated as .88; reviewer concordance is
detailed in Table 3.

Discussion

It is now well-documented that many patients infected with
COVID-19 may have persistent symptoms even after reso-
lution of the acute infection. These symptoms may be either
specific to COVID itself or secondary to long-term hospi-
talizations including ICU and ventilator care. The most
common symptoms reported with our PoCoS cases were
fatigue, pain, orthostatic intolerance, dyspnea, and palpita-
tions. Interestingly, these symptoms show remarkable

similarity to other post-infectious syndromes such as those
associated with EBV, West Nile virus, and Borrelia spp.®'*
We propose using the term PoCoS to describe the subset of
PASC patients who present with a constellation of symp-
toms consistent with CSS after clinical recovery from acute
COVID illness. Should these symptoms persist >6 months
without significant apparent other underlying etiology,
these patients may meet the clinical definition of one of the
common CSS disorders—FM, CFS, or POTS.?*-3¢

Clinical Criteria

While PASC has been recognized by the NIH, data are still
limited on patient symptoms and the underlying etiology of
PASC. We propose that PASC is heterogenous with several
phenotypes, including those secondary to tissue damage,
such as dyspnea, myocarditis, and anosmia, and those not
secondary to identifiable tissue damage but rather to CSS
(PoCoS).

Our demographics do seem to follow the traditional gen-
der distribution of central sensitization syndromes with a
2:1 female to male preponderance, as well as a rough preva-
lence of around 10% of patients screened, which match
published estimates.”?’ The symptoms reported by our
patient population correlate positively with those reported
to date by others with pain (90%), fatigue (74%), dyspnea
(43%), orthostatic intolerance (38%), and GI effects (33%)
being the most common symptoms. This constellation of
symptoms correlates with that seen in other post-infectious
syndromes.

The proposed definitional criteria allow an entry point
for patients who did not have a positive PCR or antibody
test. This decision was initially made secondary to the lack
of widespread availability of appropriate testing initially in
the COVID-19 pandemic which was the period of time dur-
ing which many of our sample patients experienced symp-
toms. This particular criterion should be considered by each
center based upon local availability of COVID-19 testing.

Our brief descriptive study has several significant poten-
tial areas of bias including small sample size and self-selec-
tion of patients to apply for a consultative medicine
appointment, which could select for those with more seri-
ous disease and a higher socioeconomic demographic.
However, given the similarities in patient symptomatology
and outcomes between our sample and that portrayed in
previous literature, the syndrome description appears
appropriate.>’*3%

Based on results from our modified Delphi, the proposed
clinical criteria for diagnosis of PoCoS demonstrated strong
inter-reviewer concordance with a Cohen’s kappa of .88.
We also note that characterizations were made on patient
appointment request documentation, which may provide
limited information based on what the patient reports in
their form; as such, we acknowledge that there may have
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Table 2. Frequency of Post-COVID Symptoms by Gender and COVID PCR Status.

COVID COVID Relative risk
Female Male Relative risk positive PCR negative or not (COVID
Symptom (n=28) (n=14) (female) (n=15) available (n=27) positive)
Anorexia 3 0 3.6 (P=.38) 0 3 0.25 (P=.35)
Edema 3 | 1.5 (P=.71) I 3 0.60 (P=.65)
Paresthesia 3 5 0.3 (P=.07) 4 4 1.80 (P=.35)
Rash 6 2 1.5 (P=.59) I 7 0.26 (P=.18)
Weakness 4 4 0.5 (P=.27) 2 6 0.60 (P=.50)
Cognitive dysfunction 7 2 1.8 (P=.44) 4 5 1.44 (P=.54)
Palpitations 9 4 I.1 (P=.82) 5 8 1.13 (P=.80)
Gl effects I 3 1.8 (P=.28) 5 9 1.00 (P=1.00)
Orthostatic intolerance 9 7 0.6 (P=.25) 9 7 2.31 (P=.03)
Dyspnea 10 8 0.6 (P=.17) 6 12 0.90 (P=.78)
Fatigue 19 12 0.8 (P=.17) 9 22 0.74 (P=.18)
Any pain 24 13 1.2 (P=.30) 14 23 1.10 (P=.39)
Chest pain 10 9 0.6 (P=.07) 10 6 1.80 (P=.18)
Joint Pain 6 I 3.2 (P=.26) | 4 0.45 (P=.46)
Myalgia 7 4 0.9 (P=.80) 4 2 3.60 (P=.11)
Headache 9 2 2.3 (P=.25) 3 5 1.08 (P=.91)

been cases which may have been found to be consistent
with PoCoS with additional inquiry by a provider. Given
these limitations, it is likely that these criteria will in fact
have greater sensitivity upon application to full clinical
encounters.

Approach

The approach to the patient who has persistent symptoms
after active COVID infection needs to be carefully con-
ducted as these patients can have significant organ system
dysfunction. We propose that these patients undergo a com-
prehensive evaluation for organ damage based on symptom
constellation. If at the end of comprehensive evaluation
there is no objective evidence of organ dysfunction, a diag-
nosis of PoCoS could be considered, and these patients
should be treated with graded rehabilitation.

Future Directions

Based on our current knowledge, PoCoS can affect adults
of any age and disease severity with variable pene-
trance.>>3% This implies that there are intrinsic patient
factors that may play a role in pathogenesis of this syn-
drome. Patients who were asymptomatic in their acute
exposure or those who demonstrated evidence of central
sensitization syndromes prior to infection were notably
excluded from this set of criteria in order to reduce con-
founding variables; however, we now know that asymp-
tomatic patients may develop secondary symptoms,’ and it
is certainly a possibility that individuals with preexisting

central sensitization may have new or worsening symp-
toms following infection with COVID-19. There is cur-
rently insufficient information to predict the anticipated
severity and duration of this syndrome based on patient
presentation. These topics will need to be elucidated fur-
ther through further research, and we anticipate that these
criteria may continue to be modified as we learn more
about the COVID-19 virus and its long-term effects. Given
its similarity to other post-infectious syndromes, such
efforts may also provide useful understanding for these
types of conditions as a whole.

Conclusion

The COVID-19 pandemic has already caused significant
economic, social, and health-related global disruption with
over 165 million infections and 3.4 million deaths as of May
20, 2021.3° A portion of patients with PASC present with
delayed and significantly prolonged symptoms even after
clinical resolution of the virus. Better definition of the
pathophysiology and treatment underlying PASC is needed
in order to provide appropriate care to these patients in the
clinical setting. We present a subset of PASC patients that
have characteristics of central sensitization disorder and
propose the nomenclature of Post COVID Syndrome, or
PoCoS, for this subgroup. Given the similarities to other
post-infectious syndromes, it is hopeful that the scientific
progress we make on this front may be applicable not only
to those afflicted with Post COVID syndrome, but also to
the millions of other patients suffering from this spectrum
of disorders.
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Required:

- Timeline:
o Viral prodromet occurring after December 31st, 2019
o Post-viral symptoms persisting > 3 weeks
- Clinical stabilization or resolution of the viral infection/prodrome*

Major Criteria:

- Positive PCR test OR Rapid antigen test with a viral prodrome OR Positive serology with a viral
prodrome

- Viral prodrome involving symptoms more closely associated with COVID-19 infection, specifically
anosmia, dysgeusia, or shortness of breath

Minor Criteria:

- Two of six core systems:
o Constitutional (fatigue, fevers, dizziness, sleep disturbance, photosensitivity)
Cardiac (tachycardia, palpitations, chest pain/tightness)
Respiratory (shortness of breath, cough)
Gastrointestinal (abdominal pain, nausea, vomiting, diarrhea)
Musculoskeletal (joint pain, myalgias, tenderness)
o Neurological (parasthesias, weakness)
- Moderate or greater decrease in functional status
- Viral prodrome not including anosmia, dysgeusia, or shortness of breath

)
)
@)
O

Exclusion Criteria:

- Better explained by an alternative diagnosis, including pre-existing central sensitization syndromes

PROBABLE:
Patients must have 2 major criteria and 1 minor criterion OR 1 major criteria and 2 minor criteria.
POSSIBLE:

Patients must have 1 major criterion and 1 minor criterion OR 3 minor criteria.

*Stabilization/resolution characterized by symptom improvement x72 hours in the following, without NSAID or acetaminophen
use: fever, chills, sweating, myalgia, diarrhea, cough, dyspnea, sore throat, chest tightness, nasal congestion, anosmia,
dysguesia, fatigue, weakness, lightheadedness, headaches, nausea, or abdominal pain.

1Viral prodrome defined as: fever, chills, shortness of breath, anosmia, dysgeusia, muscle aches, fatigue, headache, congestion,
cough, rhinorrhea, nausea, vomiting, or diarrhea.

Figure 1. Proposed post-COVID syndrome diagnostic criteria.
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Table 3. Reviewer Concordance for Diagnosis of Post-COVID
Syndrome.

# of
cases Concordance
Reviewer agreement
Probable/probable 12
Possible/possible 14
Unlikely/unlikely 128
Reviewer disagreement
Probable/possible 2
Possible/unlikely 4
Total cases 160 154/160=96.3%

Cohen’s kappa=.88
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