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SARS-CoV-2 infection and
mortality: lessons learned from
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Worldwide excess and reported COVID deaths,

2020-2022
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Cumulative “15M
excess deaths vs

6M reported

Likely ~20M by 2023,
including “1M in China

Of ~9 million “Missing”
deaths by 2022, ~ 3-
4M were in India

Msemburi et al, Nature 2022
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Conclusions: Canada
(population 37 million)

Low cumulative adult COVID infection (~¥13%) prior to Omicron waves

Omicron BA.1/1.1 period incidence of ~23%

Omicron BA.2/5 period incidence of ~42%

Cumulatively, at least 25M Canadian adults infected, along with

30M+ double vaccinated, so “hybrid immunity” is high

5. Low COVID death rates, except for Alpha wave infections among nursing
homes (incidence ~12-16%) accounting for 80% of all COVID deaths till that
time period

6. Simple home-based dried blood spots are a practicable strategy in high-

Income settings.

B whe

Ongoing epidemiological studies (serosurveys, mortality studies) essential for

response and to guide vaccine programs
Summary paper; Brown et al, NEJM 2021



-
Seven-day rolling averages of PCR-confirmed COVID cases in

CANADA (black solid and dotted line), and SARS-CoV-2 vaccinations
(any dose; red line) in relation to Ab-C data collection phases
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Action to Beat Coronavirus in Canada
(Ab-C) Study

12 min poll of symptoms, risk factors,

testing and vaccination history g// s . :
Safe, simple home dried blood e \.;\q“\
sample (DBS) which takes 10 min ® "2
Mail (safely) to central lab .

Quality control: humidity & storage
Test for antibodies to determine
how many Canadiansinfected in
ongoing waves

one large blood drop in each circle




Representativeness of online poll

Census 2016 Survey sample

Comparison group distribution Phasel  Phase6

Education

Some college or less 45% 33% 34%
College graduate/some university 32% 33% 32%
University graduate 23% 34% 34%
Visible minority 22% 15% 24%
Ever smoking 54% 51% 51%
Indigenous 5% 8% 9%
Obese (= 30 kg/m?) 27% 27% 28%
Diabetes 9% 10% 11%

Hypertension 23% 26% 30%

Tang et al, JAMA Network Open, 2022



Cumulative incidence, numbers of infected adults,
cumulative deaths, and period COVID mortality rate in
Canada during various SARS-CoV-2 viral waves

Time period

Pre-Omicron
2020-2021

Omicron
BA.1/1.1
Jan.-Mar. 2022

Omicron BA.2/5
Apr.-Dec. 2022

Covid mortality rate

Cumulative No of adult (age Cumulative per million per
incidence* 18+) infections in no of week during the
% (95% Cl) millions deathst relevant period

12.7 (11.2-14.1) 3.9 (3.5-4.4) 30149 8.6

35.7 (34.0-37.4) 11.3 (10.7-11.8) 37750 16.6

77.7 (75.7-79.6) 24.6 (23.9-25.2) 49 674 7.7



Immune—naive
n=4

Infection only or with 1 vaccine dose

n=100

Uninfected
2 vaccine doses
n=23

3 vaccine doses
n=146

4 vaccine doses
n=479

Infected
2 vaccine doses

n=208

3 vaccine doses
n=1004

4 vaccine doses
n=1398

CANADA: Levels of antibodies to the spike protein
stratified by infection and number of vax doses

0.0 0.5 1.0 1.5 2.0
Levels of antibodies to the spike protein (1:64 dilution)



(A) By age group

CANADA: Age-specific -
trends to nine months =
in levels of antibodies
to the spike protein
among adults
vaccinated with 3-4
doses, stratified by
infection > or<é
months ago
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CANADA: Cumulative incidence in each stratum of infection
and vaccination in the pre-Omicron wave and during the
Omicron BA.1/1.1 wave, and BA.2/BA.5 waves by age

Percent (%)
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Mid—time point of respective phases

MNumber of vaccine dose and infection status

- Immune—naive, infection only, or 1 vaccine dose™
- 2 vaccine doses and uninfected

- 3 or 4 vaccine doses and uninfected

- 2 vaccine doses and infected

- 3 or 4 vaccine doses and infected

= = Percent with last vaccine dose = 6 months




Sub study on cellular immunity

e Population: convenience sample (n=54), from Ab-C survey participants in
Greater Toronto Area

e Whole blood samples drawn April-May 2022
e SARS-CoV-2 Interferon Gamma Release Assay for T-cell activity

No. of
Subgroup participants No. of positive No. of negative
Vaccinated + infected 30 30 (100%) 0
Vaccinated + uninfected 3 3 (75%) 0
Unvaccinated + infected 2 1 (50%) 1 (50%)
Unvaccinated + uninfected 5 2 (40%) 3 (60%)

Total 40 36 (88%) 4 (10%)



Proportions of respondents with 1+ or 2+
symptoms lasting 12+ weeks during Omicron

Male, 18 to 59 years
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=
_0—
B
5 10 15 20

BA.1/1.1lwave

Male, 60 years or older

L
]
4
Female, 60 years or older
L
4
=
_‘,;A
2D © 5 10 15 20

Percent (%)

25

Number of symptoms lasted 12 weeks
or longer

O One or more

<>  Two or more

Groups

(1) Seropositive and viral test
—®— positive (symptomatic around

test)

(2) Seropositive and viral test

positive (asymptomatic around

test)*

_® (3) Seropositive and viral test
negative or missing

(4) Seronegative and viral test
negative or missing



Proportion with any long COVID symptoms

Viral test result Percent with 21
Serology

(symptoms around test) symptom
Positive PO.SItNe 13.1

(with symptoms)
Positive Positive (asymptomatic) 5.1
Positive Negative or missing 5.7
Negative  Negative or missing 4.3




Average number of symptom

weeks

Age group

Viral test result

Average no. of

Serology symptom weeks
(years) (symptom around test) \Male Fernale
Positive Positive (with symptoms) 6.5 11.4
Positive Positive (asymptomatic) 3.5 0.2
18-59 L : .
Positive Negative or missing 3.1 3.7
Negative Negative or missing 1.5 2.8
Positive Positive (with symptoms) 5.0 8.7
Positive Positive (asymptomatic) 1.9 2.8
60 and above . : .
Positive Negative or missing 2.3 1.2
Negative Negative or missing 1.0 2.7




INDIA: Excess mortality from June 2020 to
June 2021 during the COVID pandemic
(from uncontirolled transmission)

Jha et al., Science 375, 667-671 (2022) 11 February 2022

COVID mortality in India: National survey data and
health facility deaths

Prabhat Jha'*, Yashwant Deshmukh?, Chinmay Tumbe?3, Wilson Suraweera’, Aditi Bhowmick?,
Sankalp Sharma®, Paul Novosad®, Sze Hang Fu', Leslie Newcombe’, Hellen Gelband, Patrick Brown'



Excess mortality studies in India
during uncontrolled transmission

1. COVID was the main contributor to India’s substantial

excess of deaths in the peak pandemic months of
2020 and 2021

2. India’s actual cumulative COVID deaths about 3
million, 7-8 times higher than the officially reported

3. India accounted for ~ 3-4M of the “missing” total of
~9M COVID deaths globally

Jha et al, Science 2022



India’s COVID cases, deaths, and
March 2020-Sept 2021

Cases '
Deaths ‘“

Coronavirus.app, Sept 12,2021



CVoter survey design

e Random digit dialing (computer assisted telephone interview)
e 90% + mobile phone coverage

e Adults 18+ in 2100 randomly selected areas (300/day rolling
sample) drawn from 4000 local electoral areas

e Overall margin of error + - 3% nationally, weighted
distribution like Census or NSSO data

e Main study 140,000 adults but with less exact question about
household deaths

e Substudy of 57,000 adults from July 1-Sept 15, 2021 with

exact household deaths
Jha et al, Science 2022



Adj'usied percentages of adults reporh'ng dallly death in

household, expected percentage in 2020 and daily
confirmed COVID deaths in India, June 2020-June 2021

— Adjusted COVIDtracker COVID deaths % (left axis)
----  Expected all-cause deaths % (left axis)
Reported COVID deaths (thousands) (right axis)
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COVIDtracker deaths (red line, left vertical scale) represent COVID deaths reported daily (smoothed forrolling 7 -day averages) at age 35 or older, adjusted for possible over-
reporting (see text). Expected all-cause deaths (grey line, left vertical scale) per year of 3.16% applies the UN estimated total deaths in 2021 (10.0 million) to the number of

households in India (316.3 million, based on the average household size of 4.6 in the 2011 census). The daily variation in this percentage applies the variation observed among
480,000 deaths in the Million Death Study. Confirmed COVID deaths (blue bars, right vertical scale) are daily reports from Covid19india.org.



Sub-survey of 13,500 households

(~57,000 people)
Who was alive in Jan 2019? Who died since and when?
Year All cause mortality rate/1000
2019 7.0 (vs UN/SRS rates of 8.1/6.2)
2020 10.5

2021 18.4

Jha et al, Science 2022



Sub-survey of 13,500 households (~57,000
people)

(A) 2020 (B) 2021

200 r e e Pre-pandemic deaths in 2019

COVID deaths
Non-COVID deaths

150

No. of deaths
[y
8

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month Month

Overall, ~4.5% of households reported a COVID death vs 3.5% expected
from all causes. Sub-study consistent with main poll result showing
~doubling of overall death rates for ~3 months

Jha et al, Science 2022



-
Reported deaths from all causes in India’s Ministry of Health and

Family Welfare covering 0.2 M health facilities nationally, 2020
and 2021 versus average of 2018-19, by month

E death
600 Zﬂmz?js e Relative
State 2018-19 (000s) excess
Gujarat 35/17 230%
Madhya Pradesh 46/23 215%
Telangana 21/11 190%
Maharashtra 71/41 173%
500 511 Haryana 27/16 165%
Uttarakhand 21 154%
Karnataka 50/36 142%
Andhra Pradesh 51/36 140%
Rajasthan 23/18 123%
Chhattisgarh 11/10 111%
(/)] Himachal Pradesh  4/4 26%
-o 400 Tamil Nadu 25/32 90%
Punjab 17/19 87%
C Odisha 22/27 79%
m West Bengal 22/42 53%
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m All India 450/375 120%
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Month Jha et al, Science 2022



Summary estimates of excess deaths in India

Excess deaths  Excess as percentage of UN

Reference mid (LL,UL) in estimated deaths; mid
Data source period Months 000s (LL,UL)
National Survey
June 2020- 13 3325 30.3 (28.8,31.9)
July 2021 (3159, 3491)
Facility-based deaths, national
July 2020- 11 630 27.4 (23.1,31.7)
May 2021 (531, 730)
Civil registration deaths in 10 states
July 2020- 12 1247 25.8 (21.3,30.8)
May 2021 (1002, 1491)

Jha et al, Science 2022



Examination of 6 million rural facility
deaths in 8 states in India, 2020-22

Kumar et al, submitted



-
Number of emergency cases (all ages), inpatient cases (ages 2 18
years), health facility deaths ages 2 10 years in rural health facilities

and confirmed COVID cases (all ages) India, 2018-2021

Number of emergency cases (all ages), inpatient cases (ages = 18

years) and confirmed COVID cases (all ages) in 1000s
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Kumar et al, submitted



Deaths at ages 2 10 years in rural health facilities 2018-2021
from causes likely related and vnrelated to SARS-Cov-2

Number of facility deathsages = 10 yearsin 1000s
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-
Deaths at ages 2 10 years in rural health facilities 2018-2021
from causes likely related and vnrelated to SARS-Cov-2

Cause of deaths % Excess deaths due to Deltawave

vs. non peak periods vs. Pre-COVID deaths in
2018-2019
Causes likely related to SARS-CoV-2
Respiratory 322 612
Fever related 461 1016
Known acute 103 354
Known chronic 49 275
Heart disease/ Hypertension 59 195
Stroke 33 143
Causes weakly related to SARS-CoV-2
Diarrhoea 29 59
Tuberculosis 10 -2
HIV/AIDS 33 32
Cancer 19 95
Causes likely unrelated to SARS-CoV-2
Accidents/Burns 0 21
Animal bites/stings 24 136
Suicide 6 75
Unknown causes 52 315 Kumar et al, submittec
Total deaths 60 270




Government of India data corroborate estimates of
excess deaths for 2020 (1)

e India has 10M annual deaths not 8.3M as GOI claims

e Civil Registration Data (covers about 71% of all deaths, NOT
95% as GOI claims)

e CRS average deathsin 2018-9:7.30M vs 8.12M in 2020 or 11%
relative excess or 0.83M absolute excess.

e CVoter polling: 9% relative excess or 0.6M absolute excess in
June 20-Jan 21 (8 months) vs earlier months

e WWHO estimate for 2020: 9% relative excess or 0.8M absolute

excess versus earlier years
Govt of India: Civil Registration Report 2020



Government of India data corroborate

estimates of excess deaths for 2020 (2)

Medically Certified Cause of Death in urban hospitals (covering about 1.8M
deaths out of 10M national total)

2020: COVID=9% of MCCD deaths, same proportion as CVoter national poll
for COVID deaths and WHOQO’s estimate for excess deaths

COVID proportion higher in Maharashtra (18%), consistent with much bigger
2020 COVID wave in that state

Absolute MCCD COVID deaths in 2020=160,000 which is greater than
confirmed COVID deaths of 150,000

Life Insurance Claims: ~“3M claims, and estimate of ~4 million additional
deaths in 2021 versus 2019

Govt of India MCCD Report 2020; Mahajan and Sathe EPW, 2022



China’s mortality during the COVID era

Mortality rates per 1000 at ages 60 years or older and 15-59 years in a nationally representative survey in
China from 2020-23 compared to United Nations estimates for earlier years

Age 60+, 3-month averages in study from 2020-23 = = e—— — - Age 60+, UN estimates from 2012-19
S’r -  —— Age 15-59, 3-month averages in study from 2020-23 == = m—— — - Age 15-59, UN estimates from 2012-19
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SARS-CoV-2 infection and
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Conclusions (1)

e Sierra Leone appears to have widespread SARS-CoV-2

transmission, but relatively low levels of excess mortality from
COVID.

e Cumulative seroincidence, approached 70% by July 2021, and
nearly 85% by April 2022, mostly prior to vaccines.

e About half of the infections generated neutralizing antibody
response.

e Despite high levels of prior infection, the Omicron viral wave
managed to infect about 20% of adults, and age patterns were
consistent with widespread household transmission.




Conclusions (2)

e Despite very high and rapid transmission, excess deaths from COVID
appear to have been remarkably low in Sierra Leone, mostly
concentrated at older ages.

e During the peak viral weeks, excess mortality was 22% at ages 30-69
vears and 70% at ages 70 or more.

e Observed excess deaths were notable for respiratory infections, but
did not differ greatly across specific causes that would, a priori, be
strongly associated with COVID, nor among those with or without
chronic disease risk factors.

Is there a “West African” Paradox? Correlates that protect against
disease but not SARS-CoV-2 infection?



Reported COVID infections and cumulative number of people who
received two SARS-CoV-vaccine doses in Sierra Leone
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SIERRA LEONE: SARS-2-CoV Serosurvey in

urban Bo

COMSA DBS study covered about 4200 adults age 18+ randomly selected
from about half of Bo urban areas

Field work was first done July-Aug 2021 (during malaria/rainy season): not
a COVID survey but a “healthy lifestyle” survey.

224 of 4200 randomly selected for COVID antibody testing
— High quality chemiluminescence ELISA at Sinai Labs, Toronto
— 3 antigens- RBD, Spike and Nucleocapsid (to reduce false positives)

— Sub-set underwent neutralizing antibody assays at University of Ottawa
labs

Follow up survey in April 2022 of same cohort




SARS-CoV-2 Serosurveys in urban Bo, Sierra Leone

Delta wave:
July 2021

Omicron wave:
April 2022
N=114

Antigens on sensitive/specific ELISA

N = 227"

RBD AND Spike positive 69% (157) 84% (96)
RBD OR Spike positive 91% (207) 98% (112)
Nucleocapsid positive 67% (153) 74% (84)
Neutralizing antibodies (subset) 43% (97)
Seroconversion from July 2021 to April 2022

No change 64% (73)

Became positive 21% (24)

Became negative 15% (17)

*excludes 3 missing sex or age

Osman et al, CGHR under preparation




-
Age-specific mortality rate per 100,000 in HEAL-SL (fop

panel) and registered deaths from NCRA (bottom panel)
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RBD seropositivity by age in Sierra Leone

Logged RBD RR vs. Age Group
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Neuiralizing antibody in Sierra Leone

Inhibitory Capacity vs. Neutralization

Non-Neutralizing .. —

-
0
‘ﬁ' Inhibitory Capacity
© { Neutralizing
*ﬂ::: I Non-Neutralizing
p

Neutralizing —

0 25 50 75 100

Inhibitory Capacity



RBD "titers” versus Neutralization "titers”

Inhibitory Capacity vs IgG RBG

100 |
R=0.78, p<22e-16 | .
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-
Age-specific mortality rate per 100K population in Sierra

Leone 2020-2022 from HEAL-SL (fop) and registered deaths
from NCRA (boitom)
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Excess moriality in Sierra Leone: death rates (per
100,000) from HEAL-SL and death registration

Peaks Non-peaks

HEAL-SL (median deaths/week)
>/0 years

30-69 years

NCRA (median deaths/month)
>/0 years

30-69 years

Excess risks, based on
regression (95% Cl)

1.70 (1.23,2.35)
1.22 (0.93,1.61)

1.22 (1.16,1.28)
1.10 (1.05,1.14)

Osman et al, CGHR under preparation



Excess mortality by cause of death

Weekly average deaths per Excess mortality RR
100,000 (humber of deaths) (95%CI)
Peaks Non-peaks

COVID-associated 8.2 139 6.0 336 1.38 (1.14,1.69)
Vascular 5.3 90 4.2 234 1.29 (1.01,1.64)
Respiratory 2.3 39 1.2 66 1.97 (1.33,2.93)
Fever and infection 0.6 10 0.6 36 0.93(0.46,1.87)
Possibly COVID associated 109 184 8.8 496 1.24 (1.05,1.47)
Not COVID associated 2.3 39 1.9 106 1.23 (0.85,1.78)
Unknown 0.6 10 0.4 24 1.39(0.67,2.91)

All-cause mortality 22.1 372 17.1 962 1.29(1.15,1.46)




Comparisons of SARS-CoV-2 excess

mortality, Africa

Average per
100,000

(Lower, upper

Setting and age group
Excess death rate per 100,000 by age

population

bounds)

WHO estimate for Sierra Leone for 2020-2021, all ages 95 (6,192)
Sierra Leone for 2020-2022, ages 230 years, present study 262 (59,576)
The Gambia for 2020, ages =18 years” 197 -
Coastal Kenya for 2020-21, ages 245 years' 407 -
South Africa for 2020-2021, all ages* 497 -
Lusaka, Zambia, burial grounds for 2020-June 2021, all ages® 153
Namibia, national mortality report for 2021I 197

Total excess deaths
Total 230 years in Sierra Leone for 2020-2022 6,900 (1,500, 15,000)
WHO estimate for Sierra Leone, all ages for 2020-2021 7,900 (480, 15,700)
Excess as percent of deaths 230 years in Sierra Leone for 2020-2022 5.8% (1.3%, 12.8%)




Worldwide excess and reported COVID deaths,

U

Death rate per 100,000 population

2020-2022

—— Cumulative reported COVID-19 deaths —— Cumulative excess deaths
20 -
10 -
0 -
January 2020 July 2020 January 2021 July 2021 January 2022
Month Year
—— Reported COVID-19 death rate per 100,000 —— Excess death rate per 100,000

Cumulative “15M
excess deaths vs

6M reported

Likely ~20M by 2023,
including “1M in China

Of ~9 million “Missing”
deaths by 2022, ~ 3-
4M were in India

Msemburi et al, Nature 2022



Overall conclusions

e Hugely variable SARS-CoV-2 pandemic globally, with different
patterns of hybrid immunity (vaccine plus infection) across
settings

e Canada mostly spared large excess deaths, except for nursing
home populations

e Substantial excess deaths from COVID in India and China but
surprisingly little excess deaths in Sierra Leone

e Reliable mortality data and rapid serosurveys are central for
future pandemic response
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