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York University 

Key points 

 This analysis suggest that the peak of the current Omicron wave may occur in the coming weeks. 

 Simulations show that effective measures, resulting in a reduced level of social contact, may blunt 

the peak hospitalization rate but will prolong the epidemic. 

 For all scenarios studied, results suggest that a resurgence may occur if measures are lifted at the 

end of January. 

Note: Supplemental information on methods and/or results for this report is provided in Annex 6.2.6. 

Background 

Since its official declaration as a pandemic by the World Health Organization (WHO) on March 11, 2020, 

Coronavirus Disease 2019 (COVID-19) 336 million cases and 5.6 million deaths have been reported (as of January 

19, 2022). Despite the implementation of several rounds of restrictions and non-pharmaceutical interventions 

(NPIs) and the availability of vaccines, the world has been recently experiencing a further resurgence of cases due 

to the Omicron (B.1.1.529) variant of concern (VOC)), which was first detected in South Africa in November 2021 

[1]. Since then, there has been a rapid increase in transmission in many countries including Canada. Here the 

Omicron variant has gradually displaced the previous (Delta) VOC, to become the dominant circulating strain [2]. 

The number of daily cases, effective reproduction number, proportion of tests positive, and subsequently the 

hospital admissions have all increased more rapidly, and to higher levels than seen to date in Canada. In a recent 

matched cohort study based in Canada, Ulloa and colleagues found that the risk of being admitted to hospital or 

dying due to Omicron was 65% lower compared to Delta, as well as the risk of intensive care unit (ICU) admission 

or death, being lower by 83% [3]. These data are consistent with those from other countries, indicating that 

Omicron is less virulent than previous VOCs, including Delta, even though its increased transmissibility and 

immune escape characteristics are anticipated to put a significant strain on the Canadian healthcare system. 

 

In Ontario, modelling released on December 16, 2020 indicated that a reduction of contacts would be needed to 

reduce strain on the health care system posed by COVID-19 cases. In response, on December 19, 2021 measures 

in Ontario were put in place, including capacity limits of 50% in a number of indoor public settings [4]. As Omicron 

became dominant demand for PCR tests surged, and the PCR testing protocol in the province was altered on 

December 31, 2020 and only individuals belonging to specific groups were recommended for testing [5]. Hence, 
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the stretched testing capacity and subsequent altered testing protocol posed a challenge for updating models 

with surveillance data in the near-term. After this (effective on January 5, 2022), Ontario entered a modified step 

2 of the provincial roadmap to reopening, delaying this until at least January 26, 2022 and moving schools to 

remote learning until January 17, 2022 [6].  

 

In the dynamic context of the COVID-19 pandemic, data streams and case definitions are altered frequently, which 

makes grounding models in observable and reliable evidence challenging at times. Also adding to the challenge of 

modelling projections in the near-term, there is typically a lag time of 1 to 2 weeks in case reporting following 

transmission events. Hospitalizations and more severe outcomes are lagged further. Using only surveillance data, 

the extent to which measures impact transmission (e.g., lifting or implementing public health interventions) can 

be measured only after the fact. This poses a challenge given the need for decision-making in the face of the 

rapidly spreading Omicron variant. However, models taking account the mechanistic detail of transmission can 

synthesize available data to provide plausible trajectories under different assumptions.  

 

In the present study, a model is used that is grounded with surveillance data during the period of reliable and 

consistent case reporting prior to changes in testing. Hypothetical scenarios, of the extent to which recent public 

health measures have mitigated transmission, are explored to project possible future trajectories of the epidemic 

in Ontario. These five scenarios explore effects on epidemic trajectories of different assumptions of levels of social 

contact mixing, modelled as variations in the daily contact rate. Three scenarios are designed to extremes of low 

and high transmission, and two scenarios investigate activity levels based on previous estimates during the end of 

the year period in 2020-2021 (December 2020 – January 2021 holiday and end of the year period). The analysis 

provides estimates of case counts that would have occurred had PCR testing remained consistent, and the 

evolution of symptomatic and asymptomatic infections over time. In so doing, the study aims to provide model-

based insights into possible epidemic trajectories in Ontario, identifying broad trends and possibilities for the 

timing and size of the peak of infections. 

Methods  

Transmission model 

The transmission model, which was formulated in ordinary differential equations, comprises three sub-models. 

The first sub-model accounted for the ancestral strain of SARS-CoV-2 and has been detailed in [7]. The second sub-

model accounted for variant strains Alpha/B.1.1.7 and Delta/B.1.617.2 was adapted from established work [8] 

and, in combination with the ancestral strain sub-model, fitted to confirmed cases of COVID-19 in Ontario until 

December 6, 2021. A third sub-model was introduced to account for the Omicron variant and shares the same 

structure and dynamics as the second sub-model; several parameters and initial conditions have been updated to 

reflect Omicron-specific features. In the model, the population was stratified into the following compartments: 

susceptible to infection by SARS-CoV-2 and unvaccinated (𝑆); vaccinated and protection against infection from 

recent vaccination not yet conferred (𝑆𝑆,𝑉); effectively vaccinated (𝑉); latent (𝐸); infectious and symptomatic 

(𝐼); infectious and asymptomatic (i.e. never develops symptoms), (𝐴); susceptible to infection and quarantined 

(𝑆𝑞); exposed and quarantined (𝐸𝑞); diagnosed (PCR positive) (𝐷). The structure of the latter two submodels 

accounting for variants is shown in Figure 1, which, in the absence of vaccination, are the same as the structure 

of the submodel for the ancestral virus [7, 9].  

 

Vaccination was accounted for in terms of primary series and booster doses. The impact of vaccination against 

infection by multiple variant strains was informed by estimates of vaccine effectiveness against infection by Delta 
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[10] and Omicron [11]. Time series data of individuals being vaccinated in Ontario were used to parametrize 

changes in the population vaccinated. Main assumptions for the variant strains were related to relative 

transmissibility. The Alpha variant was considered as 1.4 times more transmissible than the ancestral strain 

(modelled as the transmission risk per contact) [12, 13], and Delta was 1.5 times more transmissible than Alpha 

[14, 15]. The transmissibility of Omicron relative to Delta, in terms of the transmission probability per contact, was 

assumed to be 3.5 times higher, when accounting for both intrinsic increases in transmissibility and immune 

escape characteristics [16]. These relative transmissibility estimates were used to inform the search range and 

initial values for the model fitting procedure, to account for temporal fluctuations in transmission rates. The 

majority of the model parameters were fixed in time, and several were time-dependent to reflect alterations in 

social contact mixing, case detection and reporting, and quarantine and isolation.  See Annex 6.2.6for further 

details of the mathematical model and simulation. The fitted model has demonstrated alignment with the 

observed case data, prior to the alterations in surveillance (Figure A-1 in Annex 6.2.6). 

 

Figure 1. Illustration of the state variables in the transmission dynamics sub-models and their relationships. 

 

Study design 

Having aligned the model to observed data, simulations using several scenarios to broadly reflect the possible 

impact of implementation and then lifting of measures according to the timeline in Table 1.  

Table 1. Timeline of possible impact of implementation and then lifting of measures across scenarios. 

December 19, 2021 Capacity limits implemented 

January 5, 2022 Further measures implemented (modified step 2 of the roadmap to reopen) 

January 17, 2022 Resumption of in-person learning for elementary, middle school, high schools 

January 27, 2022 Lifting of measures 

 

In five scenarios, the possible effects of the public health measures on the epidemic via impacts on social contact 

were explored. Scenarios 1 to 3 explored high transmission and low transmission scenarios to give insights into 

potential extremes of effects: 

 Scenario 1 (sustained high activity, limited impact of measures): The estimated contact rate from November 
24, 2021 to December 6, 2021 (approximately 10.8 contacts per individual per day) was prolonged until 
January 5, 2022. Measures on January 5, 2022 were assumed to reduce the daily contact rate by 25% until 



Section 5: Special Report 

 

 
PHAC Modelling Group Report – January 27, 2022 

    51 

 

January 17, at which point mixing was increased following resumption of in-person learning by 1.46 contacts 
per day per individual [9]. Finally, on January 27, 2022 all measures were lifted and contacts returned to the 
November 24, 2021 to December 6, 2021 level in addition to mixing in schools. 

 Scenario 2 (effective measures): The estimated contact rate from November 24, 2021 to December 6, 2021 
was prolonged until December 19, 2021. Following the December 19 capacity limits, the daily contact rate 
was returned to levels midway between those during November 24 to December 6, and those after the end 
of non-essential workplace closures in May 2020 (a daily contact rate of 6.63, which is a reduction by 
approximately 40%) until the further measures were implemented on January 5, 2022. The measures 
effective on January 5, 2022 were assumed to further reduce the daily contact rate by 25% until January 17 
2022, at which point contacts increased again following resumption of in-person learning by 1.46 contacts 
per day per individual [9]. Finally, on January 27, 2022 all measures were lifted and contact mixing returned 
to the November 24 to December 6 levels in addition to mixing in schools. 

 Scenario 3 (optimistically effective measures): Identical to scenario 2; however, January 5 measures reduced 
contacts by 50% instead of 25%. This brought the daily contact level to approximately 3 to 4 contacts per 
individual per day, indicating an optimistically high effect of measures. 

 

Two additional scenarios were explored, which aimed to capture a potentially more plausible extent of social 

contacts, compared to Scenarios 1-3. For these, a prior estimate of daily contacts (8.3 contacts per day per 

individual [8]) was used in Ontario during December 23, 2020 to January 9, 2021.  

 Scenario 4: The estimated contact rate from November 24, 2021 to December 6, 2021 was prolonged until 
December 19, 2021. Following December 19, 2021 measures, the contact rate was reduced to 8.3 contacts 
per day. The measures on January 5, 2022 were assumed to reduce the daily contact rate by 25% until January 
17, where contacts were increased following the in-person learning resumption by 1.46 contacts per day per 
individual [9]. Finally, on January 27, 2022 all measures were lifted and contact returned to the November 
24, 2021 to December 6, 2021 level in addition to mixing in schools.  

 Scenario 5: Identical to above; however, the contact rate following the measures on January 5, 2022 were 
reduced by 50% (up from 25%).  

 

See Appendix for the detailed contact rates of scenarios 1 – 5. For each Scenario, the fitted model was run to 

assess the case counts that would have occurred had the PCR testing protocol not been altered and case detection 

remained consistent following December 31, 2021. Secondly, in light of the alteration to PCR testing (among 

potentially additional factors), the number of infectious individuals according to the five hypothetical scenarios 

was assessed.   

Results 

Scenarios 1, 2 and 3  

The model-predicted case counts continued to rise following the January 5, 2022 measures in each scenario 

(Figure 2). In Scenario 1, in which a weak impact of public health measures was modelled, new cases rose to a 

peak of approximately 150,000 cases a day in early-mid January (Figure 2). In scenarios modelling a stronger 

impact of public health measures was modelled (2 and 3), cases rose slower and then resurged after measures are 

lifted at the end of January. In these scenarios, cases approached a peak, at about 140,000 a day, at the end of 

the simulation. The decline in model-predicted case counts after the peak is due to a sufficient depletion of 

individuals susceptible to infection.   
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The number of symptomatic and asymptomatic infectious individuals followed a similar pattern to the cases 

(Figure 3).  

Scenarios 4 and 5 

For Scenarios 4 and 5, the model-predicted case counts peaked in mid-late January/early February at 

approximately 120,000 cases a day (Figure 4). When public health measures were modelled as being stronger 

(Scenario 5), the peak was later. In both scenarios, a resurgence occurred when measures were lifted at the end 

of January. The numbers of symptomatic and asymptomatic infectious individuals followed a similar pattern 

(Figure 5). 

Discussion 

This analysis looks at potential trajectories for the Omicron wave in Ontario, given a range of scenarios from low 

to high transmission, associated with different modelled impacts of public health measures. Despite the broad 

range of scenarios, the analysis indicates that the peak of the current wave may occur in the coming weeks. The 

simulations show that effective measures (more broadly, reduced levels of social contact) prolongs the epidemic. 

Furthermore, scenarios suggest that a resurgence is possible when measures are lifted on January 27, 2022.  

 

Holidays during this end-of-the-year period may have facilitated relatively high contact rates (e.g., Scenario 1). A 

decline in model-predicted case counts (Figure 2, yellow band) and infections (Figure 3, yellow band) followed a 

peak in the highest-contact scenario, due to a decrease in susceptible individuals from infection and vaccination 

(specifically, third dose administration). Following the lifting of measures on January 27, 2022, a relatively sharp 

increase in model-predicted infections for both scenarios 2 and 3 considering a moderate reduction in contact 

rates following December 19, 2022 measures (Figure 3). Scenarios 4 and 5 may be more plausible considering their 

utilization of historical measurements of social contact mixing in Ontario.  

 

There are a number of limitations in the analysis here. Waning of immunity (vaccine-induced or infection-induced 

immunity) was not accounted for, and waning immunity may have a substantial impact for predicting infections 

in a long time frame. The separation of intrinsic transmissibility of Omicron and its immune evasion should also 

be assessed in future work. Which scenario turns out to be the most realist may be revealed by comparing model 

outcomes against trends in indicators such as hospitalized cases, cases in ICU, PCR test positivity, wastewater 

surveillance and absenteeism due to exposure to SARS-CoV-2.   
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Figure 2. Assessment of case counts predicted by the fitted model assuming consistent PCR testing and case 

reporting. Assessment based on different assumptions of impact of NPIs to reduce contact rates c were made 

in addition to assuming no alterations to surveillance and case detection. Scenario 1 is represented by yellow 

bands. Scenario 2 is represented by blue bands. Scenario 3 is represented by red bands. Note that the y-axis scales 

in left and right panels differ.  
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Figure 3. Assessment of symptomatic infectious, asymptomatic infectious and total infectious population under 

different assumed contact rates. Scenario 1 is represented by yellow bands. Scenario 2 is represented by blue 

bands. Scenario 3 is represented by red bands. Top left and top right panels have different y-axis scales than the 

bottom panel.  
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Figure 4. Assessment of case counts predicted by the fitted model with consistent PCR testing and case 

reporting. Assessment based on different assumptions of impact of NPIs to reduce contact rates c were made and 

assuming no alterations to surveillance. Dark grey corresponds to scenario 4. Light grey bands correspond to 

scenario 5. Scales are different between left and right panels. 
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Figure 5. Assessment of symptomatic infectious, asymptomatic infectious and total infectious population under 

different assumed contact rates. Note that y-axis scales are different between top and bottom panels. Dark grey 

bands corresponds to scenario 4. Light grey bands correspond to scenario 5.  

 

References 

1.  Wang L, Cheng G. Sequence analysis of the emerging SARS-CoV-2 variant Omicron in South Africa. J Med 
Virol. 2021 Dec 12. doi: 10.1002/jmv.27516. Epub ahead of print. PMID: 34897752. 

2.  Li A, Maier A, Carter M, Guan TH. Omicron and S-gene target failure cases in the highest COVID-19 case 
rate region in Canada-December 2021. J Med Virol. 2021 Dec 29. doi: 10.1002/jmv.27562. Epub ahead of 
print. PMID: 34964500. 

3.  Early estimates of SARS-CoV-2 Omicron variant severity based on a matched cohort study, Ontario, 
Canada Ana Cecilia Ulloa, Sarah A. Buchan, Nick Daneman, Kevin A Brown medRxiv 
2021.12.24.21268382; doi: https://doi.org/10.1101/2021.12.24.21268 

4.  Ontario Temporarily Moving to Modified Step Two of the Roadmap to Reopen. 
https://news.ontario.ca/en/release/1001394/ontario-temporarily-moving-to-modified-step-two-of-the-
roadmap-to-reopen  

5.  Ontario Further Strengthening Response to Omicron. 
https://news.ontario.ca/en/release/1001366/ontario-further-strengthening-response-to-omicron  

6.  Updated Eligibility for PCR Testing and Case and Contact Management Guidance in Ontario. 
https://news.ontario.ca/en/backgrounder/1001387/updated-eligibility-for-pcr-testing-and-case-and-
contact-management-guidance-in-ontario  

https://news.ontario.ca/en/release/1001394/ontario-temporarily-moving-to-modified-step-two-of-the-roadmap-to-reopen
https://news.ontario.ca/en/release/1001394/ontario-temporarily-moving-to-modified-step-two-of-the-roadmap-to-reopen
https://news.ontario.ca/en/release/1001366/ontario-further-strengthening-response-to-omicron
https://news.ontario.ca/en/backgrounder/1001387/updated-eligibility-for-pcr-testing-and-case-and-contact-management-guidance-in-ontario
https://news.ontario.ca/en/backgrounder/1001387/updated-eligibility-for-pcr-testing-and-case-and-contact-management-guidance-in-ontario


Section 5: Special Report 

 

 
PHAC Modelling Group Report – January 27, 2022 

    57 

 

7.  Wu J, Scarabel F, McCarthy Z, Xiao Y, Ogden NH. A window of opportunity for intensifying testing and 
tracing efforts to prevent new COVID-19 outbreaks due to more transmissible variants. Canada 
Communicable Disease Report. 2021 Jul 1;47(7/8). 

8.  Xiao Y, Chen S, Zhu Y, McCarthy Z, Bragazzi NL, Asgary A, Wu J. Optimal reopening pathways with COVID-
19 vaccine rollout and emerging variants of concern. Frontiers in Public Health. 2021:1259. 

9.  Tang B, Scarabel F, Bragazzi NL, McCarthy Z, Glazer M, Xiao Y, Heffernan JM, Asgary A, Ogden NH, Wu J. 
De-escalation by reversing the escalation with a stronger synergistic package of contact tracing, 
quarantine, isolation and personal protection: feasibility of preventing a COVID-19 rebound in Ontario, 
Canada, as a case study. Biology. 2020 May;9(5):100 

10.  Pouwels KB, Pritchard E, Matthews PC, Stoesser N, Eyre DW, Vihta KD, House T, Hay J, Bell JI, Newton JN, 
Farrar J. Effect of Delta variant on viral burden and vaccine effectiveness against new SARS-CoV-2 
infections in the UK. Nature Medicine. 2021 Dec;27(12):2127-35. 

11.  Buchan SA, Chung H, Brown KA, Austin PC, Fell DB, Gubbay J, Nasreen S, Schwartz KL, Sundaram ME, 
Tadrous M, Wilson K. Effectiveness of COVID-19 vaccines against Omicron or Delta infection. medRxiv. 
2022 Jan 1:2021-12. 

12.  Volz E, Mishra S, Chand M, Barrett JC, Johnson R, Geidelberg L, Hinsley WR, Laydon DJ, Dabrera G, 
O’Toole Á, Amato R. Assessing transmissibility of SARS-CoV-2 lineage B. 1.1. 7 in England. Nature. 2021 
May;593(7858):266-9. 

13.  Davies NG, Abbott S, Barnard RC, Jarvis CI, Kucharski AJ, Munday JD, Pearson CA, Russell TW, Tully DC, 
Washburne AD, Wenseleers T. Estimated transmissibility and impact of SARS-CoV-2 lineage B. 1.1. 7 in 
England. Science. 2021 Apr 9;372(6538). 

14.  Campbell F, Archer B, Laurenson-Schafer H, Jinnai Y, Konings F, Batra N, Pavlin B, Vandemaele K, Van 
Kerkhove MD, Jombart T, Morgan O. Increased transmissibility and global spread of SARS-CoV-2 variants 
of concern as at June 2021. Eurosurveillance. 2021 Jun 17;26(24):2100509. 

15.  SPI-M-O: Consensus Statement on COVID-19. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/99
3321/S1267_SPI-M-O_Consensus_Statement.pdf, June 2, 2021. 

16.  Ontario Agency for Health Protection and Promotion (Public Health Ontario). Early dynamics of omicron 
in Ontario, November 1 to December 23, 2021. Toronto, ON: Queen’s Printer for Ontario; 2022. 

17.  COVID-19 Vaccine Data in Ontario. https://data.ontario.ca/en/dataset/covid-19-vaccine-data-in-
ontario/resource/8a89caa9-511c-4568-af89-7f2174b4378c

https://data.ontario.ca/en/dataset/covid-19-vaccine-data-in-ontario/resource/8a89caa9-511c-4568-af89-7f2174b4378c
https://data.ontario.ca/en/dataset/covid-19-vaccine-data-in-ontario/resource/8a89caa9-511c-4568-af89-7f2174b4378c

