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Mythbusting: Common PCC/Long COVID Misconceptions

● Is psychosomatic in origin

● Is limited to those who experienced serious acute COVID-19 symptoms 

● Is a single, monolithic condition

● Exhibits a unstructured, scattershot collection of symptoms

● Consists of symptoms that originate in acute phase and resolve over time

● Imposes burden limited to bearing with such symptoms 

● Is a squishy set of nuisance symptoms medicalized by the privileged

● Is adequately captured in administrative databases and electronic health 

records



Pandemics 
disable 
people – the 
history 
lesson that 
policy 
makers 
ignore (Spinney, 
2022. Nature)

●1918 Spanish influenza outbreak 
considered the “mother of all pandemics” – 
80% of all people who developed 
encephalitis lethargica went on to develop 
Parkinson-like symptoms

●1955 20-85% of polio survivors relapsed

●1957 and 1968 influenza pandemics 
followed by rises in encephalitis

●2014 Post-Ebola syndrome recognized

Social costs are enormous when 
policymakers ignore the tail risk of 
pandemics

Source: Donna Goodridge



Some Images adapted from partner Dr. J. Basran (SHA)

Images from 
https://www.nejm.org/doi/pdf/10.10
56/NEJMp2109285 

https://www.nejm.org/doi/pdf/10.1056/NEJMp2109285
https://www.nejm.org/doi/pdf/10.1056/NEJMp2109285


Update on 
Long COVID 
(Hammond et al., SK 
COVID Evidence 
Support Team, March 
2022)

●Common Case Definition: COVID-related 
symptoms that persist or emerge beyond 4 
weeks of infection with 2 phases:
○Ongoing symptomatic COVID-19 (OSC) - 

signs and symptoms from 4-12 weeks 
from initial infection

○Post-COVID-19 syndrome (PSC) – signs 
and symptoms beyond 12 weeks with 
respect to symptomatology, abnormal 
functioning, psychological burden and 
quality of life

○Long COVID includes both OCS and PCS

Slide adapted from Donna Goodridge







Existing Long COVID in SK Study Ecosystem

● Entry point: Longitudinal smartphone based collection (rolling 

enrollment commenced February 2022); substantive respondents ~ 650

● Qualitative arm: Focus groups

● Long COVID mental health self-compassion app & data collection

● Dyspnea (pulmonary function tests, etc., exercise tolerance, etc.)

● Immunology



Survey

Questions include: Whether or not you 
have had COVID Vaccination status

Presence of 20 
important symptoms 
known to be common 

with Long COVID

If a symptom is 
present, additional 

questions about that 
symptom, severity 
therapies used and 

satisfaction with care

Questions on the 
presence of 

Post-Exertional 
Malaise and its impact 

on you

Adapted from source: Donna Goodridge



– Platform offering smartphone & web interfaces for
participants, web administrative interfaces

– Interface, questionnaire types&content, triggering 
conditions & configuration modifiable in real-time

– Context-triggered questionnaires & EMAs
– Adaptive message delivery
– Monitoring sensors (steps, screen time, GPS, accel...)

– Interfaces for broad class of wearables
– Participant reachout in de-identified fashion
– Vast majority of studies require no programming
– Gamification interface (badges & point accrual)
– HIPAA & GDPR compliant
– CEPHIL origin, used in 100s of studies worldwide

https://ethicadata.com



Long COVID Study Interface Elements



Web-Based Administrative Dashboard



Long COVID Focus Groups: Methods

Interpretive 
descriptive study 
using thematic 

analysis

Volunteer sample 
from consenting 

participants in Long 
COVID survey 

project



Long COVID 
Focus Group 
Findings

●41 individuals from 8 Canadian provinces 
took part in 10 90 minutes focus groups 
conducted in Feb/Mar 2022

●Mean age 47.9 yrs, SD (10.4)

●28 (68.3%) female

●Mean time elapsed since acute COVID 
infection 15.8 months, SD (6.4)

●73.2% reported no pre-existing chronic 
illness

●29 (70.7%) had not been hospitalized during 
acute infection

●17 (41.4%) had to change employment as a 
result of persistent symptoms 



Canada: Age-Specific Prevalence of Long Term Symptoms 
among those with Confirmed or Suspected Infection

Source: PHAC, StatsCan & CITF, Associations between Longer-term Symptoms after COVID-19 and Sociodemographics, Health 
Characteristics, Period of Infection, and Vaccination Status in Canadian Adults, January 2020 to August 2022 (March 2023) 
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf 

Overall prevalence: 14.8% of infections -- about 1.4 million Canadians (4.6% of Canadian adults)

https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf


Source: PHAC, StatsCan & CITF, Associations between Longer-term Symptoms after COVID-19 and Sociodemographics, Health 
Characteristics, Period of Infection, and Vaccination Status in Canadian Adults, January 2020 to August 2022 (March 2023) 
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf 

PCC Burden: Marked Birth Sex, SES & Sexual Orientation Disparities

https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf


Reported Symptom Severity bySex



PCC by Weight & Disability Status

Source: PHAC, StatsCan & CITF, Associations between Longer-term Symptoms after COVID-19 and Sociodemographics, Health 
Characteristics, Period of Infection, and Vaccination Status in Canadian Adults, January 2020 to August 2022 (March 2023) 
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf 

https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf


Long COVID & Health Disparities

● While data with sufficient confirmatory resolution remains elusive, the burden of Long COVID fall 

strongly disproportionately on 

● Women
○ Higher risk of inflammatory Long COVID endotype/Post-COVID fatigue syndrome

● Low SES populations
○ Higher risk of infection (crowded housing, essential jobs, etc.)

○ Lower vaccination rates

○ Higher occurrence of severe acute-phase COVID-19 infection

○ Higher rates of comorbid risk factors (e.g., diabetes, autoimmune conditions, immune impairment, …)

○ Poor accessibility of care -- especially specialist & interdisciplinary care

○ Low health literacy & challenges navigating the health system

○ Higher pre-existing rates of mental health disorders

○ Infeasibility of securing medical leave, accommodate disability
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Image from: Baig, A.M., 2020. Chronic COVID syndrome: Need for an 
appropriate medical terminology for long-COVID and COVID 
long-haulers. Journal of medical virology.

Image from: Lopez-Leon, S., Wegman-Ostrosky, T., Perelman, C., 
Sepulveda, R., Rebolledo, P.A., Cuapio, A. and Villapol, S., 2021. More 
than 50 Long-term effects of COVID-19: a systematic review and 
meta-analysis. Available at 
https://www.medrxiv.org/content/medrxiv/early/2021/01/29/2021.01.27.21250617.full.pdf 

https://www.medrxiv.org/content/medrxiv/early/2021/01/29/2021.01.27.21250617.full.pdf


Elevated Risk of Diverse Symptoms After 3+ months (Adults&Kids)

The elevation of risk of adults (red) and children (blue) suffering a wide variety of symptoms 3+ months after 
COVID- infection across diverse domains and organ systems. 

This image is taken from: Roessler, M., Tesch, F., Batram, M., Jacob, J., Loser, F., Weidinger, O., Wende, D., Vivirito, A., Toepfner, N., Seifert, M. and Nagel, O., 2021. Post 
COVID-19 in children, adolescents, and adults: results of a matched cohort study including more than 150,000 individuals with COVID-19. MedRxiv. The article is accessible at the 
following address https://www.medrxiv.org/content/10.1101/2021.10.21.21265133v1.full?s=08 

Notable variable by
● Age
● Vaccination 

history
● Severity~ 

https://www.medrxiv.org/content/10.1101/2021.10.21.21265133v1.full?s=08


Prevalence of specific symptoms amongst Canadians w/PCCs

Image from COVID-19: Longer-term symptoms among Canadian adults - First report (Fall 2022)
https://health-infobase.canada.ca/covid-19/post-covid-condition/fall-2022-report.html 

https://health-infobase.canada.ca/covid-19/post-covid-condition/fall-2022-report.html


Multi-organ complications of covid-19 and long covid. 

Harry Crook et al. BMJ 2021;374:bmj.n1648

©2021 by British Medical Journal Publishing Group



Neurological sequelae

Strong concerns exist about the added burden of 

dementia

Image & text from
Xu, E., Xie, Y. & Al-Aly, Z. Long-term neurologic outcomes of 
COVID-19. Nat Med (2022). 
https://doi.org/10.1038/s41591-022-02001-z

https://doi.org/10.1038/s41591-022-02001-z


Worsened
Dysglycemia

Image & article from
Barrett CE, Koyama AK, 
Alvarez P, et al. Risk for 
Newly Diagnosed 
Diabetes >30 Days After 
SARS-CoV-2 Infection 
Among Persons Aged <18 
Years — United States, 
March 1, 2020–June 28, 
2021. MMWR Morb Mortal 
Wkly Rep 2022;71:59–65. 
DOI: 
http://dx.doi.org/10.15585/
mmwr.mm7102e2external 
icon    

http://dx.doi.org/10.15585/mmwr.mm7102e2external%20icon
http://dx.doi.org/10.15585/mmwr.mm7102e2external%20icon
http://dx.doi.org/10.15585/mmwr.mm7102e2external%20icon


Image & text from
Phetsouphanh, C., Darley, D.R., Wilson, D.B. et al. 
Immunological dysfunction persists for 8 months 
following initial mild-to-moderate SARS-CoV-2 
infection. Nat Immunol (2022). 
https://doi.org/10.1038/s41590-021-01113-x 

https://doi.org/10.1038/s41590-021-01113-x


Marked Mortality Differential within 1st Year Post-infection

Source: Mainous III, A.G., Rooks, B.J., Wu, V. and Orlando, F.A., 2021. COVID-19 Post-acute 
Sequelae Among Adults: 12 Month Mortality Risk. Frontiers in Medicine, p.2351. 
https://www.frontiersin.org/articles/10.3389/fmed.2021.778434/full 

https://www.frontiersin.org/articles/10.3389/fmed.2021.778434/full


Mythbusting: Common PCC/Long COVID Misconceptions

● Is psychosomatic in origin

● Is limited to those who experienced serious acute COVID-19 symptoms 

● Is a single, monolithic condition

● Exhibits a unstructured, scattershot collection of symptoms

● Consists of symptoms that originate in acute phase and resolve over time

● Imposes burden limited to bearing with such symptoms 

● Is a squishy set of nuisance symptoms medicalized by the privileged

● Is adequately captured in administrative databases and electronic health 

records



Long- & Post-COVID: A Diversity of Subtypes

Image from Hector Fabio Bonilla & Linda N. Geng.  Long COVID: An Update and the Stanford PACS Clinic. Stanford University 
Department of Medicine Grand Rounds. Jan 12 2022  https://youtu.be/jbc_NhIRgcM

Omitted from slide: 
Microbiome disruption

https://youtu.be/jbc_NhIRgcM


Symptom Severity



Principal Components:
Factor Loadings &

Variance explained
Mental Health&Affective

Memory without respiratory&cardiac
Broad, particularly fatigue & brain fog



Acute Infection Severity based on Symptom Severity PCA
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Canada: Impact of Acute COVID Severity on Risk of PCC

Source: PHAC, StatsCan & CITF, Associations between Longer-term Symptoms after COVID-19 and Sociodemographics, Health 
Characteristics, Period of Infection, and Vaccination Status in Canadian Adults, January 2020 to August 2022 (March 2023) 
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf 

https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf


Symptom Severity by Reported Acute Severity
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% of Canadians with Pre-Existing Conditions Experiencing PCC after COVID-19 Infection

Source: PHAC, StatsCan & CITF, Associations between Longer-term Symptoms after COVID-19 and Sociodemographics, Health 
Characteristics, Period of Infection, and Vaccination Status in Canadian Adults, January 2020 to August 2022 (March 2023) 
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf 

https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf


Su, Y., Yuan, D., Chen, D.G., Ng, R.H., 
Wang, K., Choi, J., Li, S., Hong, S., Zhang, 
R., Xie, J. and Kornilov, S.A., 2022. Multiple 
early factors anticipate post-acute COVID-19 
sequelae. Cell, 185(5), pp.881-895.



% of Canadians with 
Counts of Pre-Existing 
Conditions 
Experiencing PCC 
after COVID-19 Infection

Source: PHAC, StatsCan & CITF, Associations between Longer-term Symptoms 
after COVID-19 and Sociodemographics, Health Characteristics, Period of 
Infection, and Vaccination Status in Canadian Adults, January 2020 to August 
2022 (March 2023) 
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Betwe
en-Longer-term-Symptoms-after-COVID-19.pdf 

https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf


Activity Limitations amongst Canadians with PCC 

Image from COVID-19: Longer-term symptoms among Canadian adults - First report (Fall 2022)
https://health-infobase.canada.ca/covid-19/post-covid-condition/fall-2022-report.html 

Amongst those with paid job or attending school, 74.1% (95% CI: 69.3%, 78.3%)  reported absences

https://health-infobase.canada.ca/covid-19/post-covid-condition/fall-2022-report.html


Functional Limitations of LC Participants by 
Reported Acute COVID Severity 



Debilitating Conditions
Fatigue "I could do …a kids’ puzzle for 15 minutes, and I would have to rest 

physically and cognitively for 14 hours and try again the next day." 
(F6)

Tachycardia/
Hypotension

“Any time I rise or change position, my heart rate goes really high, 140 
usually, and then my blood pressure drops…every time I stand up, 
every time I get moving. And then it causes dizziness, nausea, all 
those fun symptoms.” (F1)

Dyspnea "It would take me an hour to walk up the flight of stairs and back 
down…‘cause I was so short of breath" (F5)

Sleep Problems “I’ll sleep for 20 minutes and then I’ll be awake …when you add that 
all up, it’s like three hours of sleep I’ve had, but all broken up.” (F10)

Adapted from Donna Goodridge
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Association with Vaccination
History (Count)

Source: PHAC, StatsCan & CITF, Associations between Longer-term 
Symptoms after COVID-19 and Sociodemographics, Health 
Characteristics, Period of Infection, and Vaccination Status in Canadian 
Adults, January 2020 to August 2022 (March 2023)  
https://health-infobase.canada.ca/src/doc/post-covid-condition/Associatio
n-Between-Longer-term-Symptoms-after-COVID-19.pdf 

https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf


Image from: Kuodi, P., Gorelik, Y., Zayyad, H., Wertheim, O., Wiegler, K.B., Jabal, K.A., Dror, A., Nazzal, S., Glikman, D. and 
Edelstein, M., 2022. Association between vaccination status and reported incidence of post-acute COVID-19 symptoms in Israel: a 
cross-sectional study of patients infected between March 2020 and November 2021. medRxiv.



Long COVID 
after 
breakthrough 
SARS-CoV-2 
infection 
(al-Aly et al. Nature 
Med , May 25, 2022)

US Veterans Affairs cohort (n=33,940) including vaccinated 
persons with breakthrough infections and controls without 
evidence of SARS-CoV-2 infection

6 months post-infection, compared to controls, higher risk of 
death (HR 1.75, CI 1.59-1.93), incident post-acute sequalae 
ICV, coagulation and hematological, GI, kidney, mental health, 
MSK and neurological disorders)

Compared to unvaccinated persons with SARS-CoV-02, those 
with BTI exhibited lower risk of death (HR 0.66, CI 0.58-.074) 
and incident post-acute sequelae (HR 0.85, CI 0.82-.89)

Vaccination before infection confers only partial protection 
in the post-acute phase of the disease – Must optimize 
prevention of BTI and develop post-acute care pathways



Mythbusting: Common PCC/Long COVID Misconceptions

● Is psychosomatic in origin

● Is limited to those who experienced serious acute COVID-19 symptoms 

● Is a single, monolithic condition

● Exhibits a unstructured, scattershot collection of symptoms

● Consists of symptoms that originate in acute phase and resolve over time

● Imposes burden limited to bearing with such symptoms 

● Is a squishy set of nuisance symptoms medicalized by the privileged

● Is adequately captured in administrative databases and electronic health 

records



Source: PHAC, StatsCan & CITF, Associations between Longer-term Symptoms after COVID-19 and Sociodemographics, Health 
Characteristics, Period of Infection, and Vaccination Status in Canadian Adults, January 2020 to August 2022 (March 2023)  
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf 

NB:  Pre-vaccination era

NB: Limited vaccine accessibility 
during high transmission periods

https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-COVID-19.pdf


Symptom Duration amongst PCC Canadians Infected ≥ 1 yr

Image from COVID-19: Longer-term symptoms among Canadian adults - First report (Fall 2022)
https://health-infobase.canada.ca/covid-19/post-covid-condition/fall-2022-report.html 

Amongst those with paid job or attending school, 74.1% (95% CI: 69.3%, 78.3%)  reported absences

https://health-infobase.canada.ca/covid-19/post-covid-condition/fall-2022-report.html


Disability is likely to account for the 
lion’s share of COVID-19’s burden, 
and might disproportionately affect 
women, especially those who were 
infected young.
SMITH MP. ESTIMATING TOTAL MORBIDITY BURDEN OF COVID-10: 
RELATIVE IMPORTANCE OF DEATH AND DISABILITY. J CLIN EPI 
2022:142;54-59.

Source: Donna Goodridge



Only SALC Participants

Base symptoms only Additional symptoms Included





The Process of Adaptation
●Grieving Losses “I’m missing out on being a mom, like for my 18-month-old. I can be a mom, bits and 

pieces. I’ve missed out on so many activities.”  (F1)

●Considering the Prospect of Permanent Disability “Some of the questions my mom has posed to me is 
like trying to get me thinking about what happens if this doesn’t go away. What happens if I’m at 60% 
forever?” (F2)

●Living with Relapses “It cycles. You’re good for a couple of days and then I walk too far because I’m 
trying to get more exercise because that’s what my doctor said to do, and it sets me back for two 
days, your joints hurt, it hurts to sit, it hurts to stand up.” (F10)

●Transformed identities “I have always defined myself for working and volunteering and being there for 
everybody else, and now I can’t, and it’s been very hard for me.” (F6)

Adapted from: Donna Goodridge



Cumulative
Impacts of 
Reinfection
Risks

Bowe, B., Xie, Y. & Al-Aly, Z. Acute and postacute 
sequelae associated with SARS-CoV-2 reinfection. 
Nat Med 28, 2398–2405 (2022). 
https://doi.org/10.1038/s41591-022-02051-3 
https://www.nature.com/articles/s41591-022-02051-3 

https://doi.org/10.1038/s41591-022-02051-3
https://www.nature.com/articles/s41591-022-02051-3
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Good advice is hard to 
come by…

●The scarcity of good advice has often left people with LONG 
COVID feeling isolated and frustrated in the search for therapies

●Self-prescribing practices in Long COVID are unsurprisingly high

●A vast range of OTC medicines, remedies, supplements, and 
dietary practices are being used because people are willing to try 
almost anything

●Advice on the internet and social media can be conflicting and a 
source of misinformation

Brown et al. Long COVID and self-management. Lancet 2022. 
https://www.thelancet.com/action/showPdf?pii=S0140-6736%28
21%2902798-7 

Source: Donna Goodridge

https://www.thelancet.com/action/showPdf?pii=S0140-6736%2821%2902798-7
https://www.thelancet.com/action/showPdf?pii=S0140-6736%2821%2902798-7


High-Burden Symptom: Brain Fog



High-Burden Symptom: Memory Issues



Post-Exertional Malaise



Focus 
Groups for 
People with 
Symptoms 
of Long 
COVID
41 individuals from 8 
Canadian provinces  
participated in 10 focus 
groups in 
February/March 2022. 

●Sample quotes:

He was a young emergency doctor filling in to do this 
assessment. Took five minutes and didn’t – hadn’t even read my 
chart, didn’t look at my echo result. Was just like, “I think 
antidepressants are the answer.” And so right then, I was, like, 
you absolutely are incorrect and this isn’t a depression. You 
know, I’ve monitored my heart rate, monitored my oxygen. And 
it’s almost like POTS-like symptoms. I’m like, I’m not making it up 
in my head. And yeah, it’s been terrible. 

I find my whole nervous system is just feels like jacked up, like 
lights, lights are too bright, sounds are too loud. Everything 
smells too – it’s just, the whole – I feel like my whole nervous 
system is jacked right up to the nines. 

Source: Donna Goodridge



Provider and Relational Factors 
Contributing to Erosion of Trust

●Feelings of Abandonment “Just imagine you’re in the middle of the ocean without a life jacket and you’re 

struggling to keep your head afloat. And a boat comes by and start clapping at you and says, “Man, 
you’re doing a good job,” and drives off.” That’s sort of what I feel like right now. “ (F4)

●“We’re drowning and we are alone” (F6)

●Expectations that providers know the answers “Physicians here are not equipped to deal with this, 

and I know we don’t know what we don’t know, we’re living in real time, but it’s frustrating as a person 

when they’re supposed to be the experts.” (F9)

●“They kind of ameliorate things, but you know, no one seems to know anything about really getting 
down to how do we cure this” (F8)

●Concerns dismissed “I’ve been on my own and the doctors have done nothing but gaslight me.” (F6)

Source: Donna Goodridge



Factors Affecting the Complex Work of 
Recovery

●Family support “I’ve had to have my husband come to all my doctors’ appointments because I just can’t 
process quick enough and answer questions and remember things.” (F4)

●Frustration of having Symptoms Discredited “I’m struggling with the lack of belief. People think I’m 
faking all the time and I’m like, seriously? Look at my thermometer, it’s 104. I’m not faking!”(F4)

●Need for Self-Advocacy
“I’ve been doing a lot of research, a lot of investigating because I’ve been on my own and the doctors 
have done nothing but gaslight me.” (F6)

●“A lot of times, we’re guiding what [providers] are doing, right? We’re – especially because I have a 
medical background, so I’m researching and I’m looking and I’m doing anything I can to try to help my 
situation, right? Which, again, when you’re going through long COVID is extremely exhausting. A lot of 
people don’t even have the energy to be their own advocate, right?” (F8)

Adapted from Donna Goodridge



Existing EHRs & administrative
data risk missing much of the 
PCC burden
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● Is adequately captured in administrative databases and electronic health 

records



Prognostic Machine Learning Models

● We have been explore the predictive accuracy of a variety of types of 

machine learning models

● Model classes explored include deep neural networks, Bayesian, 

Statistical learning & kernel methods



Effectiveness of Parsimonious Predictive Models

● Extremely simple machine learning models can offer strong power in 

predicting Long COVID outcomes

● Example: 4 variable model: Acute Severity, Sex, Vaccination status, count 

preexisting conditions

AUC Accuracy Precision F1-score

SVC 0.801 0.746 0.771 0.753

XGBM 0.757 0.592 0.704 0.604

Deep Neural 
Network

0.787 0.732 0.724 0.727



Our Long COVID Dynamic Modeling Work

● Dynamic modeling work

○ Summer 2021 & onwards: COVID-19 Multi-jurisdiction ABM

○ Refined Long COVID-specific ABM (Nastaran Jamali)

○ Work with Ellen Rafferty et al. (Institute for Health Economics)

○ Work with Alex Doroshenko, Karsten Hempel for Alberta WCB



Long COVID Agent-Based & Hybrid Modeling

● Saskatchewan intervention & projection-focused hybrid, spatially 

explicit COVID-19 ABM (summer 2021-): Clinical need progression 

(self-management, interdisciplinary care, specialty care)

● Long COVID ABM (CEPHIL student Nastaran Jamali)

● Joint w/Ellen Rafferty et al. (IHE): Long COVID resource utilization ABM

● Joint w/PHAC (RJ Edjoc) et al.: Cardiac Long COVID outcomes ABM



Long COVID ABM

● Infection pathways, including reinfection
● Pre-existing conditions
● Vaccination
● For each patient, principal components-guided families of post-COVID conditions, each with

○ Severity
○ Diagnosis status
○ Treatment pathways
○ Separate timing of resolution
○ Active/inactive distinction

● Custom characterization of high-burden outcomes with unique dynamics & risk factors (e.g., diabetes, 
cardiovascular, depression)

● History information



Person



Diabetes Statechart with 
initial diabetes distribution



Example Outcomes 1



Example Outcomes 2



Modeling Challenges

● Reliable infection data

● Vast array of symptoms & incompletely elucidated latent classes 

● Symptom-specific dynamics

● Diversity of biological pathways underlying symptoms (neurologic, dysbiosis, organ damage, 

immune dysregulation, psychiatric, autonomic nervous system, etc.)

● Unclear impact of reinfection

● Non-monotonic nature of evolution

● Diversity of risk factors

● Undiagnosed nature of much (most) of PCC?

● Lack of (ICD) medical coding standards

● Inter-provincial fragmentation

● Evolving & Non-additive healthcare burdens

● Limitations in longitudinal data availability



Short-Term Study Evolution

● Incorporation into Metis-Nation of Saskatchewan population-wide 

survey instruments

● SPOR-supported deployment of adapted & updated study with Long 

COVID registries across 4 western provinces

○ Administrative data linkage to smartphone-based reporting

○ Citizen science portals



A Call to Action

● We are witness to imposition of a new high-burden chronic disease

● Like many others, the heaviest disease burden falls on vulnerable groups

● Post-covid condition patients experience high difficulty in seeking care

● This disease is preventable, has possible prophylaxis but high burden 

once emerged

● While exhibiting myriad manifestations, there is high structure that 

dynamic modeling can exploit

● Modeling of such conditions from the immunological through the 

population level is key to lower the burden and deliver effective care 
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Canadian Resources
● Associations between Longer-term Symptoms after COVID-19 and Sociodemographics, Health Characteristics, Period of Infection, and 

Vaccination Status in Canadian Adults, January 2020 to August 2022 
https://health-infobase.canada.ca/src/doc/post-covid-condition/Association-Between-Longer-term-Symptoms-after-
COVID-19.pdf

● COVID-19:  Longer-term symptoms among Canadian adults 
○ Report: 

https://health-infobase.canada.ca/src/doc/post-covid-condition/COVID-19-longer-term-symptoms-among-
Canadian-adults.pdf 

○ Highlights: https://health-infobase.canada.ca/covid-19/post-covid-condition/ 
● Long-term symptoms in Canadian adults who tested positive for COVID-19 or suspected an 

infection, January 2020 to August 2022 
https://www150.statcan.gc.ca/n1/daily-quotidien/221017/dq221017b-eng.htm 

● Canadian COVID-19 Antibody and Health Survey (CCAHS) 
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=5339 
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