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Background: We studied lab-confirmed COVID-19 infection (LCCI) testing, incidence, and severity. 

Methods: We included all Manitoba residents and limited our severity analysis to LCCI patients. We cal- 

culated testing, incidence and vaccination rates between March 8, 2020 and June 1, 2021. We estimated 

the association between patient characteristics and testing (rate ratio [RR]; Poisson regression), including 

the reason for testing (screening, symptomatic, contact/outbreak asymptomatic), incidence (hazard ratio 

[HR]; Cox regression), and severity (prevalence ratio [PR], Cox regression). 

Findings: The overall testing rate during the second/third wave was 570/1,0 0 0 person-years, with an LCCI 

rate of 50/1,0 0 0 person-years. The secondary attack rate during the second/third wave was 16%. Across 

regions, young children ( < 10) had the lowest positivity for symptomatic testing, the highest positivity for 

asymptomatic testing, and the highest risk of LCCI as asymptomatic contact. People in the lowest income 

quintile had the highest risk of LCCI, 1.3-6x the hazard of those in the highest income quintile. Long- 

term care (LTC) residents were particularly affected in the second wave with HRs > 10 for asymptomatic 

residents. 

Interpretation: Although the severity of LCCI in children was low, they have a high risk of asymptomatic 

positivity. The groups most vulnerable to LCCI, who should remain a focus of public health, were residents 

of Manitoba’s North, LTC facilities, and low-income neighbourhoods. 
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Research in context 

Evidence before this study: Although risk factors of COVID- 
19 incidence and severity have been reported, many studies 
are limited to specific populations and sometimes lack infor- 
mation on testing. Limited quantitative information is avail- 
able on different testing patterns between symptomatic and 

asymptomatic patients. 
Added value of this study: We examine testing, including 

reason for testing, incidence, spreading, and severity for the 
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complete population of a single jurisdiction. This allows us to 
examine these risks without selection bias and account for 
testing intensity to examine incidence rates and assess sever- 
ity in all LCCI patients. We show that people vulnerable to 
COVID-19 (the marginalized residents of Manitoba’s predom- 
inantly indigenous North, long-term care facilities, and low- 
income neighbourhoods) are at a separately increased risk in 

every aspect of COVID-19: by different testing patterns, in- 
creased incidence, and increased risk of severe outcomes. 

Implications of all the available evidence: Because these 
groups are at risk in multiple ways, COVID-19 vaccination 

should keep focusing on maximizing vaccine uptake in these 
marginalized groups and COVID-19 surveillance should re- 
main focused on these groups as well. 
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. Introduction 

Knowledge of COVID-19 risk factors and disease burden has 

reatly improved since it was first detected in late 2019. Although 

ome studies include a large population, [1] many study reports 

emain based on select groups that may not be generalizable to 

n entire population. [2] Because of limited syndromic surveillance 

nd asymptomatic testing, much of our knowledge is based on 

tudying symptomatic patients seeking medical care including viral 

esting. Incidence rates are hard to interpret without understand- 

ng testing patterns, especially given heterogeneity in testing in- 

ensity based on ethnicity and socio-economic disadvantage. [3 , 4] 

n this report, we describe the patterns and descriptors of COVID- 

9 laboratory testing and incidence to provide an epidemiological 

escription of COVID-19 for the entire population of a single juris- 

iction (Manitoba, Canada, a province with a large [18%] indige- 

ous population) using the clinical and administrative registries 

nd database of its sole health insurance provider, Manitoba Health 

MH). The study was approved by the University of Manitoba Re- 

earch Ethics Board and MH’s Health Information Privacy Commit- 

ee. 

. Methods 

.1. Data sources 

MH is the publicly funded health insurance agency providing 

omprehensive health insurance to the province’s 1.3 million res- 

dents. Coverage is universal, with no eligibility distinction based 

n age or income, and participation rates are very high ( > 99%). 

nsured services include hospital, physician, laboratory and pre- 

entive services. MH maintains several centralized, clinical, pub- 

ic health, and administrative electronic databases that are linkable 

sing a unique personal health identification number (PHIN). The 

ompleteness and accuracy of these databases are well established. 

5] 

.2. Study cohort and case definitions 

The study cohort consisted of all persons included in the MH 

opulation Registry (MHPR, which tracks addresses and vital and 

egistration status of all insured persons) between March 8, 2020 

the week of Manitoba’s first confirmed case) and June 1, 2021 (the 

atest date for which data was available). 

The tested cohort included those in the study cohort who had 

 record of COVID-19 testing in the MH’s COVID-19 Laboratory Re- 

ults Database (LRD), which tracks all SARS-CoV-2 tests conducted 

n Manitoba, and includes information on testing dates, reasons 

screening, contact/outbreak investigation, symptoms, or unknown, 

ased on a free-text field) and results. In Manitoba, all testing 

s done using SARS-CoV-2 reverse-transcription PCR (RT-PCR) per- 

ormed on nasopharyngeal or endotracheal specimens. [6] 

The cases cohort included all patients in the study cohort who 

et the laboratory-confirmed COVID-19 infection (LCCI) case def- 

nition (see below) as recorded in the Public Health Information 

anagement System (PHIMS) which is used by MH for COVID- 

9 surveillance and contact tracing and for monitoring patient 

tatus (active, resolved, died) and hospital/ICU admissions. Under 

he Manitoba Public Health Act, clinicians must report all cases 

nd deaths due to COVID-19 and laboratories must report positive 

ARS-CoV-2 tests. Using national case definitions, a confirmed case 

as defined as a person with LCCI using a validated NAAT (e.g. 

T-PCR or nucleic acid sequencing) assay. The diagnosis date was 

efined as the earliest of the specimen collection date, specimen 

eceipt date, or testing date. Contacts were identified during public 
2 
ealth case investigation and included in PHIMS. We obtained vac- 

ination status from a province-wide registry that contains records 

f all COVID-19 vaccinations. 

.3. Covariates 

We obtained information on gender, neighbourhood household 

ncome, and health region of residence (Southern, Northern and 

he rest of Manitoba) from the MHPR. We used previously val- 

dated algorithms [7] to identify pre-existing chronic diseases at 

he start of the study period using the Hospital Abstracts Database 

HAD) and the Medical Services Database (MSD) which record all 

ospitalisation, including admissions and day surgeries, and physi- 

ian services provided in hospitals, physician offices, and outpa- 

ient departments across the province. [5] We measured prescrip- 

ion drug use during the 90 days before each wave using the Drug 

rogram Information Network (DPIN) database, which records all 

rescription drugs dispensed to Manitoba residents, including most 

ersonal care home residents. [8] Residence in a long-term care 

LTC) facility was determined using MH’s LTC utilization database. 

.4. Statistical analysis 

To account for the epidemic phase, we divided the study period 

nto 4 periods based on incidence rates: March 8-April 11, 2020 

first wave); April 12-September 30, 2020 (summer period); Octo- 

er 1, 2020-February 28, 2021 (second wave); March 1, 2021-June 

, 2021 (third wave). We also combined periods, e.g., the second 

nd third wave, for some analyses. Follow-up time started at the 

tart of each period and ended at the earliest of LCCI diagnosis, 

ate of loss to follow-up (e.g., end of MH coverage), or the end of 

he period. We constructed weekly time-series by calculating test- 

ng and incidence rates during each week (Sunday-Saturday), pe- 

iod, and stratum. We used generalized estimating equation Pois- 

on regression to estimate the rate ratios (RRs) and 95% confidence 

ntervals (95% CIs) of the association between patient characteris- 

ics and testing. We used Cox proportional hazard models to es- 

imate the hazard ratios (HRs) and 95% CIs of the association be- 

ween patient characteristics and LCCI risk. For LCCI patients, we 

sed Cox regression with constant time at risk and robust variance 

9] to estimate the prevalence ratios and 95% CIs of the association 

etween patient characteristics and LCCI severity. 

We calculated the effective reproduction number ( R t ) using a 

ayesian time-series probabilistic model. [10] We calculated the 

verage/overall secondary attack rate (SAR) as the number of pos- 

tive contacts divided by the total number of contacts. We used 

ogistic regression to calculate odds ratios (ORs) and 95% CIs of the 

ssociation between patient characteristics and the risk of “super- 

preading”, defined as a case who had ≥4 secondary cases (the 

9th percentile of the Poisson distribution [11] of the average sec- 

nd wave R t ; ≥6 secondary cases for the peak R t ). 

. Results 

.1. Epidemic timeline 

The first LCCI case in Manitoba was diagnosed on March 8, 

020, heralding a brief and mild first wave, possibly the result of 

trict public health measures including school closures ( Figure 1 , 

upplementary Table 1). Public health restrictions began to ease 

n early May 2020 and the summer period had little activity. This 

eriod was characterized by sporadic cases mostly affecting es- 

ential service workers such as truck drivers and several localized 

utbreaks involving communal living communities in rural regions 

Supplementary Figure 1, Supplementary Table 1). 



C.H. Righolt, G. Zhang, E. Sever et al. The Lancet Regional Health - Americas 2 (2021) 10 0 038 

Figure 1. Bar graph : Weekly (Sunday-Saturday) number of COVID-19 laboratory tests and laboratory-confirmed COVID-19 infection cases with the ultimate severity of these 

diagnosed cases (hospitalized, admitted to ICU, or death); 

Line graphs: Vaccine uptake in ≥12 year-olds of the first dose (solid line) and second dose (dashed line). 
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The second wave began in October 2020 amid widespread com- 

unity transmission after schools and other places reopened in 

eptember, reaching a peak in mid-November before beginning to 

ecline after the implementation of stringent public health mea- 

ures ( Figure 1 ). The third wave began in March 2021, while Mani-

oba’s vaccine campaign was ramping up, and reached its apex to- 

ards the middle of May 2021 amidst increasingly stringent public 

ealth measures. The R t hovered around one, in line with periods 

f increasing and decreasing incidence (Supplementary Figure 1). 

During the second and third wave, testing and incidence rates 

ere similar (Supplementary Table 2), and higher than earlier pe- 

iods (Supplementary Table 1). The overall testing rate during the 

econd/third wave was around 570/1,0 0 0 person-years, with an 

CCI rate of around 50/1,0 0 0 person-years ( Table 1 ). A lower pro-

ortion of cases were hospitalised or died in each subsequent wave 

Supplementary Table 3). 

.2. Descriptors of testing frequency and COVID-19 outcomes 

In the first wave, females, 30-49 year-olds and higher income 

ersons were more likely to be tested than other age groups; 

ikely because testing was targeted at symptomatic travellers and 

heir contacts (Supplementary Figure 2-4, Supplementary Table 1, 

-5). [12] Throughout the pandemic, LTC residents, the chroni- 

ally ill, and residents of Northern Manitoba were more likely to 

e tested ( Table 1 ), reflecting government emphasis on protect- 

ng high-risk persons. As expected, testing, incidence, and posi- 

ivity was higher for symptomatic persons than those screened 

symptomatically ( Table 2 ), yet asymptomatic contacts had even 

igher positivity rates (Supplementary Table 6-9). Although LTC 

esidents had above-average LCCI incidence in the second wave, 

hich is why they were prioritized for vaccination, LTC incidence 

ates were much lower in the third wave. Across regions, young 

hildren ( < 10) had the lowest positivity for symptomatic testing 

nd the highest positivity for asymptomatic testing ( Table 2 ). Test- 

ng, incidence and positivity rates were lower the higher the in- 

ome regardless of reasons for testing, except in the Southern re- 

ion, where rates were similar between income quintiles. These 

atterns were similar for the second and third waves individually 

Supplementary Table 6-9) 

In the second/third wave, males and younger persons had a 

igher relative risk of LCCI ( Table 3 ). Children < 10 had a higher
3 
elative risk of being positive after asymptomatic screening in the 

ajor urban areas, HR = 1.33 (1.23-1.44), but a lower risk of hav- 

ng symptomatic LCCI there, HR = 0.53 (0.49-0.56). These children’s 

elative risk was particularly high (HR > 1.8 outside of the South) 

hen they were screened as an asymptomatic contact (Supple- 

entary Table 10). People in the lowest income quintile persis- 

ently had a higher HR of LCCI, but the size of the effect differed

y region and reason for testing, the HR of the highest vs lowest 

ncome quintile varied between 0.27 (0.21-0.36) for asymptomatic 

ortherners (0.18, 0.16-0.20, when a contact) to 0.76 (0.60-0.96) 

or asymptomatic Southerners. LTC residents were particularly af- 

ected in the second wave with HRs > 10 for asymptomatic resi- 

ents, but less so in the third wave. The chronically ill, those with 

igher healthcare utilization in the previous year, and patients us- 

ng proton-pump inhibitors also had a HR > 1 for LCCI, most likely 

ue to increased testing (Table 3). 

Advanced age was a major predictor of severe illness ( Table 4 ); 

verall 2% of LCCI patients died (Supplementary Table 3), although 

eath was more prevalent in older patients, 17.5% of ≥65 year-olds 

ith LCCI died in the second wave and 6.5% in the third wave 

ompared to around 0.5% of 30-49 year-old patients. Income also 

ad a big impact on severity, e.g., LCCI patients had a PR of 0.48 

0.35-0.64) of ICU admission when living in high income versus 

ow-income neighbourhoods ( Table 4 ). Patients in LTC and patients 

ith chronic disease also had an increased prevalence of severe 

utcomes, although a lot of this is explained by other factors (the 

R is much closer to the null after adjustment). Residents of the 

orth, who are relatively young on average, seem to have a lower 

revalence of severe outcomes in unadjusted analyses, but this PR 

ncreases after adjustment. 

.3. Infectivity 

The SAR increased with age of both the case and the con- 

act. Widespread community transmission occurred during the sec- 

nd/third wave with an overall SAR of 16% (10% in the first wave; 

upplementary Table 12), while the SAR for < 18 year-olds re- 

ained relatively low. Children, lower income patients, and North- 

rn residents were more likely to be associated with more sec- 

ndary cases (Supplementary Table 13). LTC facilities were also a 

ource of substantial super-spreading events. 
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Table 1 

Testing and incidence rates (per 1,0 0 0 person-years) and test positivity (95% confidence interval) according to certain socio-economic and clinical characteristics during the 

second a and third b waves 

Testing rate Incidence rate Test positivity (%) 

Overall 564 (563-566) 49.1 (48.6-49.6) 8.7 (8.6-8.8) 

Age 

< 10 535 (531-539) 43.3 (42.1-44.5) 8.1 (7.9-8.3) 

10-17 495 (490-499) 54.1 (52.6-55.7) 10.9 (10.6-11.3) 

18-29 659 (655-663) 65.3 (64.0-66.6) 9.9 (9.7-10.1) 

30-49 645 (642-649) 53.0 (52.1-54.0) 8.2 (8.1-8.4) 

50-64 493 (489-496) 42.2 (41.2-43.2) 8.6 (8.4-8.8) 

≥65 497 (493-500) 36.4 (35.5-37.4) 7.3 (7.1-7.5) 

Gender 

Male 518 (516-520) 48.7 (48.1-49.4) 9.4 (9.3-9.5) 

Female 611 (608-613) 49.5 (48.8-50.1) 8.1 (8.0-8.2) 

Income quintile 

Q1 (lowest) 664 (661-668) 79.8 (78.5-81.1) 12.0 (11.8-12.2) 

Q2 572 (569-576) 50.2 (49.1-51.2) 8.8 (8.6-8.9) 

Q3 524 (521-527) 39.0 (38.1-40.0) 7.4 (7.3-7.6) 

Q4 523 (520-527) 41.1 (40.2-42.1) 7.9 (7.7-8.0) 

Q5 (highest) 521 (517-524) 33.1 (32.3-34.0) 6.4 (6.2-6.5) 

Unknown 663 (655-672) 64.3 (61.7-67.0) 9.7 (9.3-10.1) 

Regional health authority of residence 

Interlake-Eastern 543 (538-548) 35.6 (34.4-36.9) 6.6 (6.3-6.8) 

Northern 1,008 (999-1,017) 140.6 (137.3-143.9) 13.9 (13.6-14.3) 

Southern 442 (438-445) 41.0 (40.0-42.1) 9.3 (9.0-9.5) 

Prairie Mountain 450 (446-454) 24.3 (23.5-25.3) 5.4 (5.2-5.6) 

Winnipeg 580 (578-583) 49.8 (49.2-50.4) 8.6 (8.5-8.7) 

Public Trustee / In CFS care 974 (943-1,006) 117.7 (107.3-129.1) 12.1 (11.0-13.3) 

In long-term care - second wave 2,384 (2,327-2,442) 394.9 (372.1-419.0) 16.6 (15.6-17.6) 

In long-term care - third wave 975 (926-1,027) 11.6 (7.2-18.7) 1.2 (0.7-1.9) 

Any chronic disease 716 (712-720) 59.4 (58.3-60.6) 8.3 (8.1-8.5) 

Immunosuppressed 747 (739-755) 46.0 (44.0-48.0) 6.2 (5.9-6.4) 

Use of ARBs/ACEIs c 596 (591-600) 50.2 (49.0-51.5) 8.4 (8.2-8.6) 

Use of proton-pump inhibitors 856 (850-862) 62.9 (61.4-64.5) 7.4 (7.2-7.5) 

COVID-19 vaccination status 

Unvaccinated 558 (556-559) 50.8 (50.3-51.2) 9.1 (9.0-9.2) 

≥14 days after first dose 649 (641-656) 29.0 (27.3-30.7) 4.5 (4.2-4.7) 

≥7 days after second dose 697 (685-711) 10.0 (8.5-11.7) 1.4 (1.2-1.7) 

No. of physician visits in 2019 

0 367 (364-370) 45.2 (44.2-46.2) 12.3 (12.1-12.6) 

1-3 513 (510-516) 49.8 (49.0-50.7) 9.7 (9.5-9.9) 

4-8 573 (570-576) 46.9 (46.0-47.7) 8.2 (8.0-8.3) 

≥9 738 (735-742) 53.1 (52.2-54.0) 7.2 (7.1-7.3) 

No. of hospitalizations in 2019 

0 542 (541-544) 47.7 (47.3-48.2) 8.8 (8.7-8.9) 

1 827 (818-835) 65.0 (62.7-67.4) 7.9 (7.6-8.2) 

≥2 1,303 (1,280-1,325) 97.5 (91.6-103.9) 7.5 (7.0-8.0) 

a The second wave is from October 1, 2020 to Feb 28, 2021. b The third wave is from March 1, 2021 to June 1, 2021. c ARBs/ACEIs: Angiotensin receptor blockers and 

angiotensin converting enzyme inhibitors. 
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. Discussion 

Similar to other jurisdictions, [13-15] Manitoba had a small first 

ave, which declined as strict interventions were implemented, in- 

luding a ban/limit on small gatherings. [16 , 17] The first wave was 

ollowed by a relatively calm summer period and a larger second 

nd third wave of infections. The increase in the SAR after the 

rst wave may indicate that people were practicing less physical 

istancing and that super-spreading [18] may have been a larger 

roblem. A household contact study in Winnipeg from the first 

ave showed that the majority of cases did not cause secondary 

ases. [12] Periods of higher percent positivity (used as a marker to 

mplement or loosen interventions) corresponded with periods of 

ncreased incidence in Manitoba. Limiting testing to symptomatic 

ndividuals or those with a high likelihood of disease, would lead 

o higher positivity, as symptomatic persons and asymptomatic 

ontacts had the highest positivity. Observed increased relative risk 

f LCCI was often driven by increased testing rates in the specific 

roups, e.g., for proton-pump inhibitors, which was also reported 

n a Korean study. [19] The pandemic affected different provinces 

n Canada differently, Manitoba had an above-average incidence 
4 
ate. [20] As elsewhere in Canada, Manitoba delayed its second 

ose of COVID-19 vaccines in an attempt to partially vaccinate as 

any people as possible during the peak of the third wave. 

Elementary schools remained open until May 12, 2021, for the 

ntire second wave and a large part of the third wave. We found 

elatively low symptomatic positivity in young children, likely due 

o competing respiratory infections and the requirement of receiv- 

ng a negative test to return to school without a mandatory self- 

solation period after symptoms resolved. These children may have 

een more likely to be asymptomatic carriers given their relatively 

igh screening positivity and their high relative risk of LCCI as 

n asymptomatic contact. Although the SAR was relatively low in 

hildren, as was transmission in elementary schools in Northern 

taly’s second wave, [21] they had relatively high odds spreading 

o multiple secondary cases. As in other jurisdictions, [22] younger 

ge groups had relatively higher incidence as older age groups got 

accinated. 

LTC residents were particularly at risk in Manitoba during the 

econd wave, as they were in other jurisdictions; [23] and LTC out- 

reaks were common throughout Canada, [24] including Manitoba. 

elative risk for LTC residents was much lower in the third wave, 



C.H. Righolt, G. Zhang, E. Sever et al. The Lancet Regional Health - Americas 2 (2021) 10 0 038 

Table 2 

Testing and incidence rates (per 1,0 0 0 person-years) and test positivity rate (95% confidence interval) according to certain socio-economic and clinical characteristics during 

the second a and third b waves by region and reason for testing 

Northern Southern Rest of Manitoba 

Screening Symptomatic Screening Symptomatic Screening Symptomatic 

Testing rates 

Overall 247 (243-252) 317 (312-322) 96 (94-98) 241 (239-244) 148 (147-149) 243 (242-244) 

Age 

< 10 121 (115-128) 212 (203-221) 58 (55-61) 237 (231-243) 124 (122-127) 307 (303-311) 

10-17 169 (159-179) 271 (259-284) 72 (68-76) 209 (203-216) 135 (132-137) 231 (228-235) 

18-29 304 (293-316) 379 (366-392) 111 (106-115) 273 (266-280) 185 (183-188) 291 (288-294) 

30-49 332 (322-343) 377 (366-388) 115 (111-118) 280 (274-285) 179 (178-181) 290 (288-293) 

50-64 308 (296-321) 332 (319-345) 92 (88-96) 206 (201-212) 128 (126-130) 195 (193-197) 

≥65 240 (225-256) 323 (305-341) 122 (118-128) 221 (214-228) 113 (111-115) 142 (140-144) 

Income quintile 

Q1 (lowest) 358 (348-368) 334 (324-344) 90 (86-94) 214 (208-220) 165 (163-167) 238 (235-241) 

Q2 258 (250-266) 287 (279-296) 108 (104-113) 242 (236-249) 149 (147-151) 243 (241-246) 

Q3 234 (218-252) 332 (312-353) 91 (87-95) 240 (234-247) 143 (141-145) 238 (235-240) 

Q4 180 (171-189) 297 (285-309) 90 (87-93) 227 (222-232) 142 (140-144) 248 (246-251) 

Q5 (highest) 148 (141-156) 349 (338-361) 98 (94-101) 267 (261-273) 128 (126-130) 246 (244-249) 

Unknown 220 (144-338) 399 (290-548) 110 (103-117) 282 (271-293) 217 (211-223) 260 (254-266) 

In long-term care - second wave 802 (579-1,112) 423 (270-664) 608 (532-695) 446 (382-522) 994 (955-1,035) 434 (409-462) 

In long-term care - third wave 328 (164-655) 246 (110-547) 317 (246-408) 153 (106-221) 419 (384-456) 175 (153-200) 

COVID-19 vaccination status 

Unvaccinated 238 (233-242) 312 (307-317) 94 (92-96) 242 (239-244) 146 (145-147) 247 (246-248) 

≥14 days after first dose 369 (346-393) 406 (382-431) 127 (117-137) 236 (223-251) 170 (166-175) 188 (184-193) 

≥7 days after second dose 350 (321-382) 320 (292-351) 155 (137-176) 220 (198-244) 203 (195-210) 176 (169-183) 

Incidence rates 

Overall 16.7 (15.6-17.8) 40.9 (39.2-42.7) 6.2 (5.8-6.6) 27.5 (26.6-28.4) 9.1 (8.8-9.3) 23.4 (23.0-23.7) 

Age 

< 10 14.0 (11.8-16.5) 27.5 (24.5-31.0) 5.0 (4.2-6.0) 8.6 (7.5-9.9) 12.0 (11.3-12.8) 13.7 (12.9-14.5) 

10-17 17.0 (14.2-20.3) 35.6 (31.4-40.3) 6.6 (5.4-7.9) 20.7 (18.7-23.0) 10.7 (10.0-11.5) 23.6 (22.5-24.8) 

18-29 20.8 (18.0-23.9) 54.1 (49.5-59.1) 7.0 (6.0-8.2) 34.6 (32.2-37.1) 10.9 (10.3-11.5) 33.4 (32.4-34.5) 

30-49 19.2 (16.9-21.9) 44.1 (40.5-48.1) 6.7 (5.9-7.6) 32.1 (30.3-34.0) 9.0 (8.6-9.4) 27.7 (27.0-28.4) 

50-64 14.8 (12.2-17.8) 42.4 (37.9-47.3) 6.0 (5.1-7.1) 30.7 (28.5-33.0) 7.0 (6.6-7.5) 21.2 (20.4-21.9) 

≥65 11.9 (8.9-15.9) 42.2 (36.1-49.3) 5.8 (4.8-7.0) 37.0 (34.3-39.9) 7.1 (6.6-7.6) 16.4 (15.7-17.1) 

Income quintile 

Q1 (lowest) 26.9 (24.2-29.8) 55.9 (52.1-60.1) 6.1 (5.2-7.3) 29.6 (27.4-31.9) 12.4 (11.8-13.0) 33.9 (32.9-34.8) 

Q2 17.6 (15.6-19.8) 32.4 (29.7-35.5) 6.4 (5.4-7.6) 28.2 (26.1-30.6) 9.4 (8.9-9.9) 24.3 (23.6-25.2) 

Q3 18.7 (14.4-24.2) 43.5 (36.7-51.5) 6.2 (5.2-7.3) 29.1 (27.0-31.4) 7.9 (7.4-8.3) 20.3 (19.6-21.0) 

Q4 10.0 (8.1-12.4) 38.4 (34.4-42.9) 7.0 (6.1-7.9) 30.3 (28.6-32.2) 7.8 (7.3-8.3) 20.2 (19.4-20.9) 

Q5 (highest) 7.0 (5.5-8.8) 35.2 (31.8-39.0) 4.8 (4.1-5.7) 22.1 (20.4-23.8) 5.5 (5.2-6.0) 17.1 (16.4-17.8) 

Unknown 10.5 (1.5-74.5) 42.0 (15.8-111.9) 6.9 (5.4-8.9) 22.5 (19.6-25.9) 21.5 (19.8-23.3) 30.1 (28.1-32.3) 

In long-term care - second wave 0.0 (0.0-84.6) 22.3 (3.1-158.2) 96.6 (69.0-135.2) 42.6 (25.7-70.7) 151.8 (136.9-168.3) 103.7 (91.6-117.5) 

In long-term care - third wave 0.0 (0.0-151.7) 0.0 (0.0-151.7) 5.3 (0.7-37.5) 21.1 (7.9-56.3) 2.4 (0.8-7.4) 2.4 (0.8-7.4) 

COVID-19 vaccination status 

Unvaccinated 17.8 (16.6-19.1) 43.2 (41.3-45.1) 6.3 (5.9-6.8) 28.3 (27.4-29.2) 9.3 (9.1-9.5) 24.2 (23.8-24.6) 

≥14 days after first dose 4.3 (2.4-7.8) 18.0 (13.4-24.0) 3.5 (2.2-5.7) 13.7 (10.8-17.5) 6.5 (5.7-7.4) 14.0 (12.8-15.3) 

≥7 days after second dose 2.1 (0.7-6.6) 9.9 (5.8-16.6) 0.0 (0.0-2.3) 3.7 (1.7-8.3) 2.0 (1.4-2.9) 5.2 (4.1-6.6) 

Test positivity 

Overall 6.7 (6.3-7.2) 12.9 (12.4-13.5) 6.4 (6.0-6.9) 11.4 (11.0-11.8) 6.1 (6.0-6.3) 9.6 (9.5-9.8) 

Age 

< 10 11.5 (9.8-13.6) 13.0 (11.5-14.6) 8.7 (7.2-10.4) 3.6 (3.2-4.2) 9.7 (9.1-10.3) 4.5 (4.2-4.7) 

10-17 10.1 (8.4-12.1) 13.1 (11.6-14.8) 9.1 (7.5-11.0) 9.9 (8.9-11.0) 8.0 (7.4-8.6) 10.2 (9.7-10.7) 

18-29 6.8 (5.9-7.9) 14.3 (13.1-15.6) 6.3 (5.4-7.4) 12.7 (11.8-13.6) 5.9 (5.5-6.2) 11.5 (11.1-11.8) 

30-49 5.8 (5.1-6.6) 11.7 (10.8-12.8) 5.8 (5.1-6.6) 11.5 (10.8-12.2) 5.0 (4.8-5.2) 9.5 (9.3-9.8) 

50-64 4.8 (4.0-5.8) 12.8 (11.4-14.3) 6.5 (5.5-7.7) 14.9 (13.8-16.0) 5.5 (5.2-5.8) 10.8 (10.5-11.2) 

≥65 5.0 (3.7-6.6) 13.1 (11.2-15.3) 4.8 (4.0-5.8) 16.7 (15.5-18.0) 6.3 (5.9-6.7) 11.6 (11.1-12.1) 

Income quintile 

Q1 (lowest) 7.5 (6.8-8.3) 16.8 (15.6-18.0) 6.8 (5.8-8.1) 13.8 (12.8-14.9) 7.5 (7.2-7.9) 14.2 (13.8-14.6) 

Q2 6.8 (6.0-7.7) 11.3 (10.3-12.3) 5.9 (5.0-7.0) 11.7 (10.8-12.6) 6.3 (6.0-6.7) 10.0 (9.7-10.3) 

Q3 8.0 (6.2-10.3) 13.1 (11.1-15.5) 6.8 (5.8-8.0) 12.1 (11.2-13.1) 5.5 (5.2-5.8) 8.5 (8.2-8.8) 

Q4 5.6 (4.5-6.9) 12.9 (11.6-14.4) 7.7 (6.8-8.7) 13.4 (12.6-14.2) 5.5 (5.2-5.8) 8.1 (7.8-8.4) 

Q5 (highest) 4.7 (3.7-5.9) 10.1 (9.1-11.2) 4.9 (4.2-5.8) 8.3 (7.7-8.9) 4.3 (4.0-4.7) 6.9 (6.7-7.2) 

Unknown 4.8 (0.7-33.8) 10.5 (4.0-28.0) 6.3 (4.9-8.1) 8.0 (7.0-9.2) 9.9 (9.1-10.7) 11.6 (10.8-12.4) 

In long-term care - second wave 0.0 (0.0-10.5) 5.3 (0.7-37.4) 15.9 (11.4-22.2) 9.6 (5.8-15.8) 15.3 (13.8-16.9) 23.9 (21.1-27.1) 

In long-term care - third wave 0.0 (0.0-46.1) 0.0 (0.0-61.5) 1.7 (0.2-11.8) 13.8 (5.2-36.8) 0.6 (0.2-1.8) 1.4 (0.4-4.2) 

COVID-19 vaccination status 

Unvaccinated 7.5 (7.0-8.0) 13.8 (13.2-14.5) 6.7 (6.3-7.2) 11.7 (11.3-12.1) 6.4 (6.2-6.6) 9.8 (9.6-9.9) 

≥14 days after first dose 1.2 (0.6-2.1) 4.4 (3.3-5.9) 2.8 (1.7-4.5) 5.8 (4.6-7.4) 3.8 (3.3-4.4) 7.4 (6.8-8.1) 

≥7 days after second dose 0.6 (0.2-1.9) 3.1 (1.8-5.2) 0.0 (0.0-1.5) 1.7 (0.8-3.8) 1.0 (0.7-1.5) 3.0 (2.3-3.8) 

a The second wave is from October 1, 2020 to Feb 28, 2021. b The third wave is from March 1, 2021 to June 1, 2021. 
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Table 3 

Adjusted a associations between certain socio-economic and clinical characteristics and COVID-19 testing and incidence during the second b and third c waves by region and 

reason for testing 

Northern Southern Rest of Manitoba 

Screening Symptomatic Screening Symptomatic Screening Symptomatic 

Testing (rate ratio) 

Age 

< 10 0.40 (0.37-0.43) 0.70 (0.66-0.74) 0.55 (0.52-0.59) 1.01 (0.97-1.04) 0.72 (0.71-0.74) 1.17 (1.15-1.19) 

10-17 0.56 (0.52-0.60) 0.89 (0.84-0.95) 0.70 (0.65-0.75) 0.91 (0.87-0.94) 0.81 (0.79-0.83) 0.93 (0.91-0.94) 

18-29 0.99 (0.94-1.05) 1.16 (1.11-1.22) 1.03 (0.98-1.09) 1.11 (1.07-1.14) 1.10 (1.08-1.12) 1.13 (1.12-1.15) 

30-49 Ref. Ref. Ref. Ref. Ref. Ref. 

50-64 0.80 (0.75-0.84) 0.72 (0.69-0.76) 0.72 (0.68-0.76) 0.61 (0.59-0.63) 0.65 (0.63-0.66) 0.58 (0.57-0.59) 

≥65 0.55 (0.51-0.59) 0.60 (0.56-0.65) 0.76 (0.72-0.81) 0.53 (0.50-0.55) 0.43 (0.42-0.44) 0.34 (0.34-0.35) 

Female 1.12 (1.08-1.17) 1.13 (1.09-1.17) 1.06 (1.02-1.09) 1.09 (1.07-1.12) 0.96 (0.95-0.97) 1.14 (1.13-1.15) 

Income quintile 

Q1 (lowest) Ref. Ref. Ref. Ref. Ref. Ref. 

Q2 0.70 (0.67-0.73) 0.86 (0.82-0.89) 1.16 (1.09-1.23) 1.11 (1.07-1.16) 0.91 (0.89-0.93) 1.04 (1.02-1.06) 

Q3 0.62 (0.57-0.67) 1.01 (0.94-1.08) 0.99 (0.94-1.06) 1.09 (1.05-1.14) 0.88 (0.87-0.90) 1.04 (1.02-1.05) 

Q4 0.47 (0.44-0.50) 0.90 (0.86-0.95) 1.00 (0.95-1.06) 1.05 (1.01-1.09) 0.88 (0.86-0.90) 1.08 (1.07-1.10) 

Q5 (highest) 0.38 (0.36-0.40) 1.05 (1.00-1.10) 1.07 (1.01-1.14) 1.20 (1.16-1.24) 0.80 (0.78-0.82) 1.08 (1.06-1.10) 

Unknown 0.34 (0.20-0.58) 1.23 (0.87-1.76) 1.19 (1.10-1.29) 1.25 (1.19-1.32) 1.05 (1.02-1.08) 1.04 (1.01-1.07) 

In long-term care-second wave 3.40 (2.21-5.23) 0.86 (0.52-1.43) 4.47 (3.83-5.21) 1.68 (1.42-1.99) 8.21 (7.79-8.66) 2.33 (2.18-2.49) 

In long-term care-third wave 1.98 (0.91-4.31) 0.79 (0.34-1.86) 2.85 (2.15-3.77) 0.73 (0.50-1.06) 3.81 (3.46-4.20) 1.20 (1.04-1.38) 

Any chronic disease 1.24 (1.17-1.30) 1.28 (1.22-1.34) 1.15 (1.10-1.21) 1.20 (1.16-1.24) 1.16 (1.14-1.18) 1.10 (1.08-1.11) 

Immunosuppressed 0.97 (0.89-1.06) 1.09 (1.01-1.17) 1.17 (1.09-1.26) 1.15 (1.09-1.21) 1.04 (1.01-1.06) 1.09 (1.07-1.11) 

Use of ARBs/ACEIs d 1.07 (1.01-1.13) 0.99 (0.94-1.05) 0.96 (0.91-1.02) 0.98 (0.94-1.02) 0.98 (0.96-1.00) 0.91 (0.89-0.92) 

Use of proton-pump inhibitors 1.35 (1.28-1.43) 1.59 (1.52-1.67) 1.38 (1.31-1.46) 1.56 (1.51-1.61) 1.23 (1.21-1.25) 1.42 (1.40-1.44) 

No. of physician visits in 2019 

0 Ref. Ref. Ref. Ref. Ref. Ref. 

1-3 1.16 (1.11-1.22) 1.32 (1.27-1.38) 1.26 (1.19-1.33) 1.60 (1.54-1.66) 1.38 (1.35-1.41) 1.70 (1.67-1.73) 

4-8 1.40 (1.32-1.48) 1.47 (1.40-1.55) 1.44 (1.35-1.52) 2.03 (1.95-2.11) 1.48 (1.45-1.51) 2.14 (2.10-2.18) 

≥9 1.67 (1.55-1.79) 1.79 (1.68-1.91) 1.57 (1.47-1.67) 2.62 (2.51-2.73) 1.62 (1.59-1.66) 2.77 (2.72-2.82) 

No. of hospitalizations in 2019 

0 Ref. Ref. Ref. Ref. Ref. Ref. 

1 0.90 (0.84-0.97) 1.04 (0.98-1.10) 1.09 (1.02-1.18) 1.01 (0.96-1.05) 0.99 (0.96-1.01) 1.03 (1.01-1.05) 

≥2 0.88 (0.78-0.99) 1.17 (1.06-1.29) 1.52 (1.35-1.71) 1.35 (1.25-1.46) 1.20 (1.15-1.27) 1.29 (1.25-1.35) 

Incidence (hazard ratio) 

Age 

< 10 0.86 (0.67-1.12) 0.77 (0.65-0.92) 0.80 (0.63-1.03) 0.29 (0.25-0.34) 1.33 (1.23-1.44) 0.53 (0.49-0.56) 

10-17 1.12 (0.84-1.49) 1.11 (0.92-1.34) 1.12 (0.87-1.45) 0.73 (0.64-0.84) 1.27 (1.16-1.40) 0.98 (0.92-1.04) 

18-29 1.03 (0.82-1.30) 1.32 (1.14-1.52) 1.15 (0.92-1.43) 1.10 (1.00-1.22) 1.23 (1.14-1.33) 1.30 (1.25-1.36) 

30-49 Ref. Ref. Ref. Ref. Ref. Ref. 

50-64 0.68 (0.53-0.87) 0.78 (0.67-0.91) 0.87 (0.70-1.09) 0.85 (0.77-0.94) 0.78 (0.72-0.85) 0.72 (0.69-0.76) 

≥65 0.49 (0.34-0.71) 0.66 (0.54-0.81) 0.59 (0.44-0.80) 0.87 (0.78-0.98) 0.49 (0.44-0.55) 0.45 (0.43-0.48) 

Female 0.97 (0.85-1.12) 1.03 (0.94-1.12) 0.97 (0.85-1.11) 0.97 (0.91-1.04) 0.91 (0.87-0.96) 0.94 (0.91-0.97) 

Income quintile 

Q1 (lowest) Ref. Ref. Ref. Ref. Ref. Ref. 

Q2 0.68 (0.58-0.80) 0.61 (0.55-0.69) 0.98 (0.77-1.25) 0.92 (0.82-1.03) 0.79 (0.74-0.85) 0.74 (0.71-0.78) 

Q3 0.71 (0.53-0.94) 0.81 (0.67-0.97) 0.96 (0.76-1.22) 0.97 (0.87-1.08) 0.68 (0.63-0.74) 0.64 (0.61-0.67) 

Q4 0.40 (0.32-0.51) 0.72 (0.63-0.83) 1.12 (0.91-1.38) 1.03 (0.94-1.14) 0.69 (0.64-0.75) 0.64 (0.61-0.67) 

Q5 (highest) 0.27 (0.21-0.36) 0.66 (0.58-0.76) 0.76 (0.60-0.96) 0.73 (0.66-0.82) 0.49 (0.45-0.54) 0.55 (0.52-0.58) 

Unknown 0.62 (0.09-4.42) 0.98 (0.36-2.69) 0.96 (0.70-1.31) 0.72 (0.61-0.85) 1.06 (0.96-1.18) 0.74 (0.68-0.80) 

In long-term care-second wave No cases 0.19 (0.03-1.50) 13.01 (8.27-20.45) 0.57 (0.34-0.95) 10.86 (9.24-12.77) 2.31 (1.99-2.67) 

In long-term care-third wave No cases No cases 1.55 (0.20-11.97) 1.01 (0.37-2.78) 0.58 (0.19-1.84) 0.19 (0.06-0.58) 

Any chronic disease 1.38 (1.11-1.70) 1.54 (1.36-1.75) 1.03 (0.83-1.28) 1.20 (1.10-1.32) 1.20 (1.11-1.29) 1.29 (1.24-1.35) 

Immunosuppressed 1.02 (0.70-1.47) 1.10 (0.89-1.36) 0.84 (0.58-1.21) 0.96 (0.83-1.11) 0.85 (0.75-0.96) 0.91 (0.85-0.97) 

Use of ARBs/ACEIs d 0.98 (0.76-1.25) 1.09 (0.94-1.26) 0.80 (0.62-1.05) 1.07 (0.96-1.18) 1.05 (0.96-1.15) 1.09 (1.03-1.15) 

Use of proton-pump inhibitors 1.51 (1.21-1.87) 1.54 (1.35-1.76) 1.49 (1.19-1.86) 1.33 (1.21-1.46) 1.13 (1.04-1.23) 1.24 (1.19-1.30) 

No. of physician visits in 2019 

0 Ref. Ref. Ref. Ref. Ref. Ref. 

1-3 0.87 (0.73-1.03) 1.04 (0.93-1.17) 1.25 (1.01-1.54) 1.31 (1.17-1.45) 1.23 (1.14-1.33) 1.27 (1.20-1.34) 

4-8 0.85 (0.68-1.06) 0.99 (0.86-1.14) 1.25 (1.01-1.56) 1.46 (1.31-1.63) 1.16 (1.07-1.26) 1.37 (1.30-1.44) 

≥9 0.87 (0.66-1.16) 0.94 (0.79-1.12) 1.45 (1.14-1.84) 1.59 (1.41-1.79) 1.21 (1.11-1.33) 1.47 (1.39-1.56) 

No. of hospitalizations in 2019 

0 Ref. Ref. Ref. Ref. Ref. Ref. 

1 1.20 (0.92-1.56) 1.23 (1.04-1.45) 0.74 (0.53-1.04) 1.03 (0.89-1.19) 1.11 (1.00-1.23) 1.09 (1.02-1.16) 

≥2 1.18 (0.75-1.86) 1.73 (1.35-2.21) 0.50 (0.25-1.03) 1.52 (1.22-1.89) 0.91 (0.75-1.12) 1.40 (1.25-1.57) 

a Adjusted for age, gender, income quintile, long-term care status, chronic disease, ARB/ACEI use, proton-pump inhibitor use, immunosuppression, and number of physician 

visits and hospitalizations in 2019. b The second wave is from October 1, 2020 to Feb 28, 2021. c The third wave is from March 1, 2021 to June 1, 2021. d ARBs/ACEIs: 

Angiotensin receptor blockers and angiotensin converting enzyme inhibitors. 
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Table 4 

Prevalence ratios (95% confidence interval) of the association between severe COVID-19 outcomes and certain socio-economic and clinical characteristics during the second a 

and third b waves 

Unadjusted Adjusted c 

Hospitalization ICU admission Death Hospitalization ICU admission Death 

Age 

< 10 0.08 (0.05-0.12) No cases 0.05 (0.01-0.35) 0.10 (0.07-0.16) No cases 0.06 (0.01-0.43) 

10-17 0.17 (0.13-0.24) 0.06 (0.02-0.17) No cases 0.24 (0.18-0.33) 0.10 (0.04-0.26) No cases 

18-29 0.66 (0.57-0.75) 0.31 (0.22-0.43) 0.20 (0.10-0.42) 0.80 (0.69-0.91) 0.41 (0.29-0.58) 0.23 (0.11-0.48) 

30-49 Ref. Ref. Ref. Ref. Ref. Ref. 

50-64 2.14 (1.93-2.39) 2.60 (2.13-3.16) 4.10 (2.96-5.66) 1.58 (1.41-1.76) 1.64 (1.33-2.02) 3.30 (2.37-4.59) 

≥65 6.43 (5.85-7.06) 3.42 (2.80-4.16) 40.71 (30.83-53.75) 4.09 (3.65-4.58) 1.79 (1.41-2.28) 19.51 (14.21-26.76) 

Female 1.03 (0.96-1.10) 0.79 (0.68-0.92) 1.00 (0.88-1.14) 0.90 (0.84-0.97) 0.72 (0.62-0.84) 0.73 (0.64-0.83) 

Income quintile 

Q1 (lowest) Ref. Ref. Ref. Ref. Ref. Ref. 

Q2 0.73 (0.66-0.81) 0.68 (0.55-0.84) 0.78 (0.63-0.96) 0.78 (0.70-0.86) 0.76 (0.62-0.94) 0.72 (0.58-0.89) 

Q3 0.74 (0.66-0.82) 0.72 (0.57-0.90) 0.93 (0.75-1.16) 0.73 (0.66-0.82) 0.76 (0.60-0.95) 0.75 (0.60-0.93) 

Q4 0.80 (0.72-0.89) 0.58 (0.46-0.74) 1.28 (1.05-1.55) 0.74 (0.66-0.82) 0.60 (0.48-0.77) 0.88 (0.73-1.07) 

Q5 (highest) 0.58 (0.51-0.66) 0.43 (0.32-0.57) 0.76 (0.59-0.98) 0.61 (0.54-0.70) 0.48 (0.35-0.64) 0.69 (0.54-0.89) 

Unknown 0.81 (0.68-0.95) 0.63 (0.44-0.92) 6.21 (5.20-7.40) 0.46 (0.37-0.58) 0.55 (0.34-0.91) 1.05 (0.82-1.33) 

Regional health authority of residence 

Interlake-Eastern 1.05 (0.92-1.21) 1.47 (1.14-1.89) 0.67 (0.50-0.89) 0.97 (0.85-1.12) 1.28 (0.99-1.65) 0.84 (0.62-1.12) 

Northern 0.92 (0.83-1.02) 0.89 (0.71-1.11) 0.38 (0.29-0.49) 1.05 (0.94-1.17) 0.95 (0.76-1.21) 0.90 (0.69-1.19) 

Southern 1.28 (1.16-1.42) 0.83 (0.65-1.07) 1.06 (0.88-1.27) 1.07 (0.97-1.18) 0.76 (0.59-0.97) 0.97 (0.80-1.17) 

Prairie Mountain 1.09 (0.95-1.26) 0.99 (0.72-1.36) 0.92 (0.71-1.19) 0.95 (0.82-1.10) 0.82 (0.60-1.14) 0.82 (0.63-1.07) 

Winnipeg Ref. Ref. Ref. Ref. Ref. Ref. 

Public Trustee / In CFS care 2.15 (1.67-2.77) 1.78 (1.00-3.17) 4.95 (3.71-6.60) 1.89 (1.35-2.66) 1.71 (0.81-3.60) 1.06 (0.77-1.47) 

In long-term care-second wave 1.09 (0.88-1.35) 0.64 (0.34-1.19) 15.82 (13.78-18.17) 0.23 (0.18-0.29) 0.20 (0.10-0.40) 1.88 (1.55-2.28) 

In long-term care-third wave 5.97 (2.71-13.16) No cases 34.76 (12.92-93.48) 1.01 (0.41-2.49) No cases 2.58 (0.62-10.74) 

Any chronic disease 6.10 (5.68-6.56) 7.42 (6.33-8.71) 12.84 (11.04-14.94) 1.97 (1.80-2.16) 2.49 (2.04-3.03) 2.06 (1.72-2.46) 

Immunosuppressed 3.62 (3.28-4.00) 3.77 (3.07-4.65) 4.12 (3.48-4.88) 1.33 (1.19-1.47) 1.46 (1.17-1.81) 1.33 (1.12-1.59) 

Use of ARBs/ACEIs d 4.21 (3.92-4.53) 5.22 (4.49-6.07) 3.62 (3.18-4.13) 1.13 (1.04-1.23) 1.40 (1.17-1.67) 0.76 (0.67-0.88) 

Use of proton-pump inhibitors 4.26 (3.97-4.58) 4.33 (3.71-5.04) 4.95 (4.36-5.61) 1.48 (1.36-1.60) 1.50 (1.27-1.78) 1.23 (1.08-1.41) 

No. of physician visits in 2019 

0 Ref. Ref. Ref. Ref. Ref. Ref. 

1-3 1.13 (0.95-1.34) 1.16 (0.79-1.69) 1.37 (0.87-2.17) 1.02 (0.85-1.21) 0.93 (0.64-1.36) 0.91 (0.57-1.43) 

4-8 2.13 (1.82-2.49) 2.07 (1.46-2.94) 3.41 (2.25-5.15) 1.12 (0.94-1.32) 0.92 (0.64-1.33) 0.91 (0.60-1.39) 

≥9 5.74 (4.97-6.62) 6.13 (4.47-8.41) 16.79 (11.44-24.65) 1.29 (1.08-1.52) 1.27 (0.88-1.82) 1.15 (0.76-1.74) 

No. of hospitalizations in 2019 

0 Ref. Ref. Ref. Ref. Ref. Ref. 

1 2.76 (2.49-3.05) 2.15 (1.71-2.71) 3.33 (2.80-3.94) 1.61 (1.45-1.80) 1.23 (0.96-1.57) 1.25 (1.04-1.49) 

≥2 6.38 (5.67-7.17) 4.84 (3.71-6.32) 8.12 (6.72-9.82) 2.33 (2.05-2.66) 1.70 (1.28-2.26) 1.45 (1.18-1.79) 

a The second wave is from October 1, 2020 to Feb 28, 2021. b The third wave is from March 1, 2021 to June 1, 2021. c Adjusted for age, gender, income quintile, regional 

health authority of residence, long-term care status, chronic disease, ARB/ACEI use, proton-pump inhibitor use, immunosuppression, and number of physician visits and 

hospitalizations in 2019. d ARBs/ACEIs: Angiotensin receptor blockers and angiotensin converting enzyme inhibitors. 
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ho were one of the first priority populations to be vaccinated. 

s reported extensively before, [25] we show that age, chronic dis- 

ase, and LTC residence are major risk factors for severe LCCI (hos- 

italization, ICU admission, and death). 

Although Manitoba’s asymptomatic screening rates came close 

o symptomatic testing, it is unlikely that screening covered a rep- 

esentative part of the province, making it difficult to assess the 

roportion of the population already infected or the effect herd 

mmunity may have had. At times, there have been significant 

acklogs in Manitoba’s contact tracing, [26] which may have re- 

uced its accuracy and have affected our SAR estimates. Our analy- 

is on super-spreading only considered positive contacts, the num- 

er of reported secondary cases is likely underestimated. 

Although Manitoba’s North, a remote, sparsely-populated re- 

ion with a large Indigenous population ( ∼75%) and with limited 

ealthcare resources, was mostly spared during the first wave, it 

ad both higher testing and higher incidence rates than the rest of 

anitoba during the second wave. High positivity and low testing 

ates in Manitoba’s South, a conservative, mostly agrarian rural re- 

ion, may indicate underdiagnosis of LCCI there. Although testing 

as similar between income levels, especially during the second 

ave, persons living in low-income neighbourhoods were at in- 

reased relative risk of LCCI; we also observed an income-gradient 

n the SAR, with lower income corresponding to higher SAR. Res- 

dents of low-income neighbourhoods were at increased relative 

m

7 
isk for severe outcomes after accounting for testing and LCCI. 

hese disparities are likely due to a combination of crowded living 

ituations, continuing essential work in proximity to many others, 

nd barriers to healthcare, including the remoteness of the North, a 

ack of local healthcare infrastructure, and the systemic racism that 

isadvantages both Indigenous [27 , 28] and migrant [29] popula- 

ions in Canada. It has been shown in the US that poorer and more 

iverse areas have higher LCCI incidence and mortality [30] and 

hat US Hispanics had higher LCCI rates and a higher risk of LCCI 

n-hospital mortality. [31] In this study, we also show that sec- 

ndary cases and super-spreading is more common in these areas. 

.1. Limitations 

A major strength of this study is the availability of high- 

uality, population-based health administrative databases in Mani- 

oba, [2 , 3] although the LCCI data has not been validated. Misclas- 

ification of SARS-CoV-2 status is possible, either due to false test 

esults or due to data entry errors. Manitoba uses RT-PCR tests 

ith ∼90% sensitivity and ∼98% specificity, [32] but we have no 

eason to believe differential sensitivity or specificity would affect 

ur relative risk estimates. We cannot quantify data entry errors, 

ut due to the seriousness of the pandemic and the use of au- 

omated systems, we think that data quality errors were uncom- 

on. Incidence is impacted by the interventions in place; we did 



C.H. Righolt, G. Zhang, E. Sever et al. The Lancet Regional Health - Americas 2 (2021) 10 0 038 

n

s

t

a

t

t

w

t

t

f

v

e

a

5

i

t

m

t

l

t

F

s

P

m

a

C

a

v

R

R

s

s

D

a

f

A

s

t

i

D

a

d

M

i

p

p

c

m

p

i

A

f

R

#

t

f

t

M

i

r

S

f

R

 

 

 

 

 

 

 

[

 

 

 

 

[

ot assess the rolling implementation of various restrictions in this 

tudy. Approximately 8.6% of Manitoba blood donors tested posi- 

ive for SARS-CoV-2 antibodies in November, [33] more than the 

pproximately 1.3% of the population diagnosed with LCCI at that 

ime. Although blood donors are in good health and not represen- 

ative of the general population, many infections went undetected, 

hich may have caused differential misclassification of LCCI sta- 

us, especially as LCCI risk in marginalized people is likely higher 

han in blood donors. This study was not designed as a vaccine ef- 

ectiveness study and our reported rates for vaccinated versus un- 

accinated persons should not be interpreted as an estimate of the 

ffect of the vaccine, as vaccination status is largely dependent on 

ge and risk factors for LCCI. 

. Conclusion 

The groups most vulnerable to LCCI were the marginalized res- 

dents of Manitoba’s North, low-income neighbourhoods, and, in 

he second wave, LTC facilities. Underdiagnosis in Manitoba’s South 

ay mask the true burden of disease there. Young children remain 

he only group not eligible for a vaccine and, despite low preva- 

ence of severe outcomes, are at high relative risk to be asymp- 

omatic carriers and continue to spread the disease. 
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