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Abstract
Background: Estimates of community spread and infection fatality rate (IFR) of 
COVID-19 have varied across studies. Efforts to synthesize the evidence reach seem-
ingly discrepant conclusions.
Methods: Systematic evaluations of seroprevalence studies that had no restrictions 
based on country and which estimated either total number of people infected and/or 
aggregate IFRs were identified. Information was extracted and compared on eligibil-
ity criteria, searches, amount of evidence included, corrections/adjustments of sero-
prevalence and death counts, quantitative syntheses and handling of heterogeneity, 
main estimates and global representativeness.
Results: Six systematic evaluations were eligible. Each combined data from 10 to 
338 studies (9-50 countries), because of different eligibility criteria. Two evaluations 
had some overt flaws in data, violations of stated eligibility criteria and biased eligi-
bility criteria (eg excluding studies with few deaths) that consistently inflated IFR es-
timates. Perusal of quantitative synthesis methods also exhibited several challenges 
and biases. Global representativeness was low with 78%-100% of the evidence com-
ing from Europe or the Americas; the two most problematic evaluations considered 
only one study from other continents. Allowing for these caveats, four evaluations 
largely agreed in their main final estimates for global spread of the pandemic and the 
other two evaluations would also agree after correcting overt flaws and biases.
Conclusions: All systematic evaluations of seroprevalence data converge that 
SARS-CoV-2 infection is widely spread globally. Acknowledging residual uncer-
tainties, the available evidence suggests average global IFR of ~0.15% and ~1.5-2.0 
billion infections by February 2021 with substantial differences in IFR and in infec-
tion spread across continents, countries and locations.
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1  |   INTRODUCTION

The extent of community spread of SARS-CoV-2 infec-
tion and the infection fatality rate (IFR) of COVID-19 are 
hotly debated. Many seroprevalence studies have provided 
relevant estimates. These estimates feed into projections that 
influence decision-making. Single studies create confusion, 
since they leave large uncertainty and unclear generalizabil-
ity across countries, locations, settings and time points. Some 
overarching evaluations have systematically integrated data 
from multiple studies and countries.1-6 These synthetic ef-
forts probe what are typical estimates of spread and IFR, how 
heterogeneous they are, and what factors explain heterogene-
ity. An overview of these systematic evaluations comparing 
their methods, biases and inferences may help reconcile their 
findings on these important parameters of the COVID-19 
pandemic.

2  |   METHODS

2.1  |  Eligible articles

Articles were eligible if they included a systematic review 
of studies aiming to assess SARS-CoV-2 seroprevalence; 
there were no restrictions based on country; and an effort was 
made to estimate either a total number of people infected or 
aggregate IFRs. Articles were excluded if they considered 
exclusively studies of particular populations at different risks 
of infection than the general population (eg only healthcare 
workers), if they focused on specific countries (by eligibility 
criteria, not by data availability), and if they made no effort 
to estimate total numbers of people infected and/or aggregate 
IFRs.

2.2  |  Search strategy

Searches were updated until 14 January 2021 in PubMed, 
medRxiv and bioRxiv with ‘seroprevalence [ti] OR fatality 
[ti] OR immunity [ti]’ For feasibility, the search in PubMed 
was made more specific by adding ‘(systematic review OR 
meta-analysis OR analysis)’. Communication with experts 
sought potentially additional eligible analyses (eg unindexed 
influential reports).

2.3  |  Extracted information

From each eligible evaluation, the following information was 
extracted:

1.	 Types of information included (seroprevalence, other)
2.	 Date of last search, search sources and types of publica-

tions included (peer-reviewed, preprints, reports/other)
3.	 Types of seroprevalence designs/studies included
4.	 Number of studies, countries, locations included
5.	 Seroprevalence calculations: adjustment/correction for 

test performance, covariates, type of antibodies measured, 
seroreversion (loss of antibodies over time)

6.	 Death count calculations: done or not; adjustments 
for over- or under-counting, time window for count-
ing COVID-19 deaths in relationship to seroprevalence 
measurements

7.	 Quantitative synthesis: whether data were first synthesized 
from seroprevalence studies in the same location/country/
other level; whether meta-analyses were performed across 
locations/countries and methods used; handling of hetero-
geneity, stratification and/or regression analyses, includ-
ing subgroups

Highlights

•	 Six systematic evaluations have evaluated seroprevalence studies without restric-
tions based on country and have estimated either total number of people infected 
or aggregate infection fatality rates for SARS-CoV-2.

•	 These systematic evaluations have combined data from 10 to 338 studies (9-50 
countries) each with partly overlapping evidence synthesis approaches.

•	 Some eligibility, design and data synthesis choices are biased, while other differ-
ing choices are defendable.

•	 Most of the evidence (78%-100%) comes from Europe or the Americas.

•	 All systematic evaluations of seroprevalence data converge that SARS-CoV-2 in-
fection has been very widely spread globally.

•	 Global infection fatality rate is approximately 0.15% with 1.5-2.0 billion infections 
as of February 2021.



      |  3 of 13IOANNIDIS

8.	 Reported estimates of infection spread, under-
ascertainment ratios (total/documented infections) and/or 
IFR

9.	 Global representativeness of the evidence: proportion 
of the evidence (weight, countries, studies or locations, 
depending on how data synthesis had been done) from 
Europe and North America (sensitivity analysis: Europe 
and America)

2.4  |  Comparative assessment

Based on the above, the eligible evaluations were compared 
against each other with focus on features that may lead to 
bias and trying to decipher the direction of each bias.

3  |   RESULTS

3.1  |  Eligible evaluations

Nine potentially eligible articles were retrieved1-3,5-10 And 
four were rejected (Figure 1).7-10 One more eligible report4 
was identified from communication with experts. The six eli-
gible evaluations are named after their first authors or team 
throughout the manuscript.

3.2  |  Information used

Five evaluations included only seroprevalence studies 
(Table  1). Meyerowitz-Katz also included non-serological 
and modelling papers; summary IFR was smaller in the se-
roprevalence studies (0.60% vs 0.84% in others). The six 
evaluations differed modestly in dates of last search (range, 
6/16/2020-9/9/2020) and in sources searched. Given that 
few studies outside of Europe and Americas were released 
early, evaluations with earlier searches have a more promi-
nent dearth of low-IFR studies from countries with younger 
populations and fewer nursing home residents.

Eligibility criteria varied and were sometimes unclear or 
left room for subjectivity. Consequently, eligible studies var-
ied from 10 to 348 and countries covered with eligible data 
varied from 9 to 50. Two evaluations1,4 excluded studies in 
overtly biased ways, leading to inflated IFR estimates.

Specifically, Meyerowitz-Katz excluded one study with 
low-IFR5 alluding that the study itself ‘explicitly warned 
against using its data to obtain an IFR’1; as co-investigator 
of the study, both myself and my colleagues are intrigued 
at this claim. They also excluded two more studies with 
low-IFR alluding that it ‘was difficult to determine the nu-
merator (ie number of deaths) associated with the seroprev-
alence estimate or the denominator (ie population) was not 
well defined’,1 while one even presented IFR estimates in its 
published paper. Another excluded paper11 tabulated several 
seroprevalence studies with median IFR  =  0.31%, half the 
Meyerowitz-Katz estimate.

The Imperial College COVID-19 Response Team 
(ICCRT) excluded studies with <100 deaths at the sero-
survey mid-point.4 This exclusion criterion introduces bias 
since number of deaths is the numerator in calculating IFR. 
Exclusion of studies with low numerator excludes studies 
likely to have low IFR. Indeed, five of six excluded studies 
with <100 deaths (Kenya, LA County, Rio Grande do Sul, 
Gangelt, Scotland)12-16 have lower IFR than the 10 ICCRT-
included studies; the sixth (Luxembourg)17 is in the lower 
range of the 10 ICCRT-included studies.

The six evaluations varied on types of populations con-
sidered eligible. Table 2 summarizes biases involved in each 
study population type. General population studies are proba-
bly less biased, provided they recruit their intended sample. 
Conversely, studies of healthcare workers,18 other high-risk 
exposure workers and closed/confined communities may 
overestimate seroprevalence; these studies were generally 
excluded, either upfront (5/6 evaluations) or when calculat-
ing key estimates (Bobrovitz). Other designs/populations 
may be biased in either direction, more frequently towards 
underestimating seroprevalence.19-26 Three evaluations 
(Meyerowitz-Katz, ICCRT, O’Driscoll) were very aggressive 
with exclusions.F I G U R E  1   Flow diagram

1084 items retrieved by searches 
(249 from PubMed, 359 from 
medRxiv, 476 from bioRxiv)

1075 items excluded a�er 
screening �tles and abstracts

9 poten�ally eligible ar�cles

Four ar�cles excluded upon full-
text scru�ny (three [refs. 7-9]
had not obtained any total 
es�mates of infected people or 
IFR and one [ref. 10] had 
focused only on countries with 
advanced economies.

5 eligible ar�cles

One addi�onal report 
obtained from communica�on 
with experts

6 total eligible evalua�ons
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ICCRT had the most draconian exclusion criteria, ex-
cluding 165/175 identified seroprevalence studies. However, 
ICCRT actually dropped many general population studies (for 
various reasons), but included two blood donor studies27,28 
(out of many such) and one New York study29 with conve-
nience samples of volunteers recruited while entering gro-
cery stores and through an in-store flyer. The latter inclusion 
goes against the stated ICCRT eligibility criteria where self-
selection is reason for exclusion. The New York study29 had 
high IFR (from the worst-hit state in the first wave). The pre-
liminary press-released report from an Italian general popu-
lation survey30 was included in violation of ICCRT eligibility 
criteria4 that a study should have performed its own antibody 

test validation; ICCRT ‘salvaged’ the Italian study by trans-
porting validation data from another study in San Francisco. 
The Italian study report30 showed data on only 64 660 of the 
intended 150 000 participants (missingness 57%). Its inferred 
IFR estimate (2.5%) is an extreme outlier (2- to 20-fold larger 
than other reported European estimates) and simply impos-
sible: it matches/exceeds case fatality rates despite probably 
major under-ascertainment of infections in Italy.31

Finally, the six evaluations differed markedly on how many 
included seroprevalence estimates came from peer-reviewed 
publications (journal articles listed in the references) at the 
time of the evaluation: from only one peer-reviewed esti-
mate in Meyerowitz-Katz to 61 in Rostami. Some included 

T A B L E  2   Direction of potential bias in studies with different types of populations

Type of sampling Direction of bias

General population (entire 
population or design for 
representative sample)

Depends on characteristics of individuals who cannot be reached and/or decline participation. If they are more 
likely to be more disadvantaged (eg have no address/phone/e-mail) and thus also at higher risk of infection, SP 
may be underestimated. Potential for bias is more prominent when non-response/non-participation is larger. 
Institutionalized populations and homeless people are typically not included, and these populations often have 
very high infection rates19,20 ; thus, SP is underestimated

Convenience sample 
(including self-referral and 
response to adverts)

Bias could be in either direction. Volunteer bias is common and would tend to recruit more health-conscious, 
low-risk individuals,21 leading to SP underestimation. Conversely, interest to get tested because of worrying in 
the presence of symptoms may lead to SP overestimation

Blood donors Bias could be in either direction, but SP underestimation is more likely, since blood donors tend to be 
more health-conscious and thus more likely to avoid also risky exposures. An early classic assessment22 
described blood donors as ‘low-risk takers, very concerned with health, better educated, religious, and 
quite conservative’—characteristics that would lead to lower infection risk. In countries with large shares 
of minorities (eg USA and UK), minorities are markedly under-represented among blood donors.23,24 For 
example, in the USA, donation rates are 37%-40% lower in blacks and Hispanics versus whites23 and in the 
UK, donation rates range from 1.59 per 1000 among Asian Bangladeshi origin, compared to 22.1 per 1000 
among white British origin.24 These minorities were hit the most by COVID-19. In European countries, 
donations are lower in low-income and low-education individuals25,26 ; these are also risk factors for 
COVID-19 infection. Bobrovitz3 found median seroprevalence of 3.2% in blood donor studies versus 4.1% in 
general community/household samples (risk ratio 0.80 in meta-regression). SP may be overestimated if blood 
donation is coupled to a free COVID-19 test in a poor population (as in the case of a study in Manaus, Brazil)

Clinical residual samples and 
patients (eg dialysis, cancer, 
other)

Bias could be in either direction, but SP underestimation is more likely since patients with known health 
problems may be more likely to protect themselves in a setting of a pandemic that poses them at high risk. 
Conversely, repeated exposure to medical facilities may increase risk. Demographic features and socio-
economic status may also affect the size and direction of bias. Bobrovitz3 found median seroprevalence of 
2.9% in studies of residual samples versus 4.1% in general community/household samples (risk ratio 0.63 in 
meta-regression). Hospital visitors’ studies had even lower seroprevalence (median 1.4%)

Healthcare workers, 
emergency response, other 
workers with obvious high 
risk of exposure

Bias very likely to lead to SP overestimation compared with the general population, because of work-related 
contagion hazard; however, this may not always be the case (eg most infections may not happen at work) and 
any increased risk due to work exposure sometimes may be counterbalanced by favourable socio-economic 
profile for some healthcare workers (eg wealthy physicians). Bias may have been more prominent in early 
days of the pandemic, especially in places lacking protective gear. Across eight studies with data on healthcare 
workers and other participants, seroprevalence was 1.74-fold in the former.3

Other workers Bias could be in either direction and depends on work experience during the pandemic period and socio-
economic background; for example, SP may be underestimated compared with the general population for 
workers who are wealthy and work from home during the pandemic and overestimated for essential workers

Communities (shelters, 
religious, other 
shared-living)

Likely very strong bias due to high exposure risk leading to SP overestimation compared with the general 
population. Some of these communities were saturated with very high levels of infection very early.19,20

Note: Abbreviations: SP, seroprevalence.
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seroprevalence estimates that came from preprints/reports 
published in peer-reviewed journals by 2/2021; final publica-
tions could have minor/modest differences versus preprints/
reports. Even journal-published estimates may get revised; 
for example, a re-analysis increased Indiana seroprevalence 
estimates by a third.32

3.3  |  Seroprevalence and death calculations

Three evaluations3,4,6 routinely adjusted for test perfor-
mance, one5 adjusted for test performance when the authors 
of the studies had done so, and two were unclear (Table 3). 
Depending on test sensitivity/specificity, lack of adjustment 
may inflate or deflate seroprevalence. Ioannidis selected the 
most fully adjusted seroprevalence estimate, when both ad-
justed and unadjusted estimates existed; other evaluations 
were unclear on this issue. Ioannidis corrected the seropreva-
lence upward when not all three types of antibodies (IgG, 
IgM, and IgA) were assessed. ICCRT and O’Driscoll consid-
ered seroreversion adjustments.

Rostami and Bobrovitz did not collect death counts to 
estimate IFR. The other four evaluations did not systemati-
cally adjust death counts for under- or over-counting. Finally, 
ICCRT and O’Driscoll used distributional approaches on the 
time window for counting deaths (with means between sero-
conversion and death differing by 1.5 and 10 days, respec-
tively), Ioannidis counted deaths until 7 days after the survey 
mid-point (or the date survey authors made a strong case for), 
and Meyerowitz-Katz counted deaths up until 10 days after 
survey end.

3.4  |  Quantitative synthesis, 
heterogeneity and main estimates

The six evaluations differed in quantitative synthesis ap-
proaches with implications for the main results (Table 4).

Meyerowitz-Katz used random effects meta-analysis of 
26 IFRs calculating a summary estimate despite extreme 
between-study heterogeneity (I2  =  99.2%). Such extreme 
heterogeneity precludes obtaining meaningful summary es-
timates. Estimates from the same country/location were not 
combined first, and two multiply-counted countries (Italy 
and China) have high IFRs entered in calculations. Meta-
analysis limited to seroprevalence studies yielded slightly 
lower summary IFR (0.60% vs 0.68%), but extreme between-
study heterogeneity persisted (I2  =  99.5%); thus, summary 
estimates remained meaningless. Extreme between-study 
heterogeneity persisted also within three risk-of-bias cate-
gories (I2 = 99.6%, 98.8% and 94.8%, respectively), within 
Europe and within America. There was no between-study 
heterogeneity for four Asian estimates, but none came from T

A
B

L
E

 3
 

A
dj

us
tm

en
ts

 a
nd

 c
or

re
ct

io
ns

 fo
r s

er
op

re
va

le
nc

e 
an

d 
de

at
h 

co
un

ts

Fe
at

ur
es

M
ey

er
ow

itz
-K

at
z

R
os

ta
m

i
Bo

br
ov

itz
Im

pe
ri

al
 C

ol
le

ge
 C

O
V

ID
-1

9 
re

sp
on

se
 te

am
Io

an
ni

di
s

O
’D

ri
sc

ol
l

A
dj

us
tm

en
t o

f S
P 

fo
r t

es
t 

pe
rf

or
m

an
ce

U
nc

le
ar

 se
le

ct
io

n 
ru

le
U

nc
le

ar
 

se
le

ct
io

n 
ru

le
Y

es
 (B

ay
es

ia
n)

Y
es

Y
es

, w
he

n 
do

ne
 b

y 
au

th
or

s o
f 

SP
 st

ud
y

Y
es

 (2
4/

25
 st

ud
ie

s)

A
dj

us
tm

en
t o

f S
P 

fo
r 

co
nf

ou
nd

er
s

U
nc

le
ar

 se
le

ct
io

n 
ru

le
U

nc
le

ar
 

se
le

ct
io

n 
ru

le
U

nc
le

ar
 se

le
ct

io
n 

ru
le

U
nc

le
ar

 se
le

ct
io

n 
ru

le
Se

le
ct

in
g 

m
os

t f
ul

ly
 a

dj
us

te
d 

SP
 

es
tim

at
ed

U
nc

le
ar

 se
le

ct
io

n 
ru

le

O
th

er
 S

P 
co

rr
ec

tio
n

N
o

N
o

N
o

Se
ro

re
ve

rs
io

n
Ty

pe
 o

f a
nt

ib
od

ie
sa  

Se
ro

re
ve

rs
io

n,
 in

 
se

co
nd

ar
y 

an
al

ys
is

D
ea

th
 c

ou
nt

 a
dj

us
tm

en
ts

N
o 

ad
ju

st
m

en
ts

D
ea

th
s n

ot
 

as
se

ss
ed

D
ea

th
s n

ot
 

as
se

ss
ed

N
o 

ad
ju

st
m

en
ts

N
o 

ad
ju

st
m

en
ts

N
o 

ad
ju

st
m

en
ts

Ti
m

e 
w

in
do

w
 fo

r d
ea

th
 

co
un

ts
10

 d
 a

fte
r c

om
pl

et
io

n 
of

 S
P 

st
ud

y
D

ea
th

s n
ot

 
as

se
ss

ed
D

ea
th

s n
ot

 
as

se
ss

ed
D

is
tri

bu
tio

na
l (

tru
nc

at
ed

 G
au

ss
ia

n 
an

d 
be

ta
), 

m
ea

n 
18

.3
 d

 fr
om

 o
ns

et
 

to
 se

ro
co

nv
er

si
on

, 1
9.

8 
d 

fr
om

 
on

se
t t

o 
de

at
h

7 
d 

af
te

r m
id

-p
oi

nt
 o

f S
P 

su
rv

ey
 

or
 a

s c
ho

se
n 

by
 it

s a
ut

ho
rs

D
is

tri
bu

tio
na

l (
ga

m
m

a)
, 

m
ea

n 
10

 d
 fr

om
 o

ns
et

 
to

 se
ro

co
nv

er
si

on
, 2

0 
d 

fr
om

 o
ns

et
 to

 d
ea

th

A
bb

re
vi

at
io

ns
: d

, d
ay

s;
 IF

R
, i

nf
ec

tio
n 

fa
ta

lit
y 

ra
te

; S
P,

 se
ro

pr
ev

al
en

ce
.

a on
e-

te
nt

h 
ad

ju
st

m
en

t p
er

 e
ac

h 
no

t t
es

te
d 

an
tib

od
y 

(I
gG

, I
gM

, I
gA

).



      |  7 of 13IOANNIDIS

T
A

B
L

E
 4

 
Q

ua
nt

ita
tiv

e 
sy

nt
he

si
s a

pp
ro

ac
he

s, 
st

ra
tif

ic
at

io
n 

an
d/

or
 re

gr
es

si
on

 a
nd

 m
ai

n 
es

tim
at

es

M
ey

er
ow

itz
-K

at
z

R
os

ta
m

i
Bo

br
ov

itz

Im
pe

ri
al

 C
ol

le
ge

 
C

O
V

ID
-1

9 
re

sp
on

se
 

te
am

Io
an

ni
di

s
O

’D
ri

sc
ol

l

Q
ua

nt
ita

tiv
e 

sy
nt

he
si

s
26

 IF
R

 e
st

im
at

es
 

co
m

bi
ne

d 
at

 o
ne

 st
ep

 
w

ith
 D

-L
 R

E 
m

od
el

, 
I2  =

 9
9.

4%

Fi
rs

t s
te

p 
10

7 
SP

 e
st

im
at

es
 

co
m

bi
ne

d 
se

pa
ra

te
ly

 fo
r e

ac
h 

co
un

try
 w

ith
 D

-L
 R

E 
m

od
el

, 
th

en
 p

er
 re

gi
on

. A
ls

o 
D

-L
 

R
E 

fo
r a

ll 
10

7 
es

tim
at

es
, 

I2  =
 9

9.
7%

M
ed

ia
n 

SP
 c

al
cu

la
te

d 
ov

er
al

l 
an

d 
pe

r s
ub

gr
ou

p 
of

 in
te

re
st

.
Lo

g-
lin

ea
r m

od
el

 fo
r 

po
ol

in
g 

ag
e-

st
ra

tif
ie

d 
IF

R
, t

he
n 

ag
e-

st
ra

tif
ie

d 
es

tim
at

es
 e

xt
ra

po
la

te
d 

to
 th

e 
ag

e 
st

ru
ct

ur
e 

of
 

po
pu

la
tio

ns
 o

f t
yp

ic
al

 
co

un
tri

es

Fi
rs

t s
te

p,
 sa

m
pl

e 
si

ze
-

w
ei

gh
te

d 
su

m
m

ar
y 

of
 S

P 
pe

r l
oc

at
io

n;
 th

en
 m

ed
ia

n 
es

tim
at

ed
 a

cr
os

s l
oc

at
io

ns

Th
e 

en
se

m
bl

e 
m

od
el

 
ev

en
tu

al
ly

 m
od

el
s a

ge
-

st
ra

tif
ie

d 
IF

R
 in

 a
 to

ta
l 

of
 4

5 
co

un
tri

es
 w

ith
 

av
ai

la
bl

e 
ag

e-
st

ra
tif

ie
d 

de
at

h 
co

un
ts

, b
ut

 d
at

a 
ar

e 
us

ed
 a

s i
np

ut
 fr

om
 o

nl
y 

16
 c

ou
nt

rie
s t

ha
t h

av
e 

IF
R

 d
at

a 
w

ith
 so

m
e 

ag
e 

st
ra

tif
ic

at
io

n

St
ra

tif
ic

at
io

n 
an

d/
or

 
re

gr
es

si
on

Su
bg

ro
up

 a
na

ly
se

s p
er

 
co

nt
in

en
t, 

m
on

th
 o

f 
pu

bl
ic

at
io

n,
 m

od
el

lin
g 

ve
rs

us
 se

ro
lo

gi
ca

l a
nd

 
ris

k 
of

 b
ia

s

Su
bg

ro
up

 a
na

ly
se

s p
er

 a
ge

, 
ge

nd
er

, t
yp

e 
of

 p
op

ul
at

io
n,

 
se

ro
lo

gi
ca

l m
et

ho
d,

 ra
ce

/
et

hn
ic

ity
, i

nc
om

e,
 h

um
an

 
de

ve
lo

pm
en

t i
nd

ex
, l

at
itu

de
/

lo
ng

itu
de

, h
um

id
ity

, 
te

m
pe

ra
tu

re
, d

ay
s f

ro
m

 
on

se
t o

f p
an

de
m

ic
; a

ls
o 

R
E 

m
et

a-
re

gr
es

si
on

s

Su
bg

ro
up

 a
na

ly
se

s p
er

 G
B

D
 

re
gi

on
, s

co
pe

 (n
at

io
na

l, 
re

gi
on

al
, l

oc
al

, s
ub

lo
ca

l),
 

ris
k 

of
 b

ia
s, 

da
ys

 si
nc

e 
10

0t
h 

ca
se

 (a
ls

o 
ex

pl
or

ed
 in

 m
et

a-


re
gr

es
si

on
s)

; R
E 

in
ve

rs
e 

va
ria

nc
e 

m
et

a-
an

al
ys

is
 

of
 p

re
va

le
nc

e 
ra

tio
s f

or
 

de
m

og
ra

ph
ic

s (
ag

e,
 se

x,
 ra

ce
, 

cl
os

e 
co

nt
ac

t, 
H

C
W

 st
at

us
) 

w
ith

 I2  =
 8

5.
1%

-9
9.

4%
 p

er
 

gr
ou

pi
ng

 fa
ct

or

Fo
cu

s o
n 

ag
e-

st
ra

ta
, a

ls
o 

IF
R

 e
st

im
at

es
 w

ith
 a

nd
 

w
ith

ou
t s

er
or

ev
er

si
on

, 
an

d 
(f

or
 so

m
e 

co
un

tri
es

) 
ex

cl
ud

in
g 

nu
rs

in
g 

ho
m

e 
de

at
hs

Se
pa

ra
te

 a
na

ly
se

s f
or

 a
ge

 
<

70
 y

ea
rs

; a
ls

o 
su

bg
ro

up
 

an
al

ys
es

 a
cc

or
di

ng
 to

 le
ve

l 
of

 o
ve

ra
ll 

m
or

ta
lit

y 
in

 th
e 

lo
ca

tio
n

Fo
cu

s o
n 

ag
e-

st
ra

ta
; a

ls
o 

pe
r s

ex
/g

en
de

r a
nd

 p
er

 
co

un
try

M
ai

n 
es

tim
at

es
Su

m
m

ar
y 

IF
R

 0
.6

8 
(9

5%
 

C
I-

0.
53

%
-0

.8
2%

), 
0.

60
 w

he
n 

lim
ite

d 
to

 
se

ro
lo

gi
ca

l s
tu

di
es

26
3.

5 
m

ill
io

n 
ex

po
se

d/
in

fe
ct

ed
 

at
 th

e 
tim

e 
of

 th
e 

st
ud

y 
ba

se
d 

on
 th

e 
po

ol
ed

 S
P 

fr
om

 a
ll 

10
7 

da
ta

 se
ts

; w
he

n 
es

tim
at

ed
 

pe
r r

eg
io

n 
th

e 
to

ta
l i

s 6
41

 
m

ill
io

na  

64
3 

m
ill

io
n 

in
fe

ct
ed

 a
s o

f 
17

 N
ov

em
be

r, 
ba

se
d 

on
 

es
tim

at
ed

 m
ed

ia
n 

un
de

r-


as
ce

rta
in

m
en

t f
ac

to
r o

f 1
1.

9 
(u

si
ng

 9
 d

 b
ef

or
e 

st
ud

y 
en

d 
da

te
 fo

r P
C

R
 c

ou
nt

s)
b  

O
ve

ra
ll 

IF
R

: L
IC

 0
.2

2 
(0

.1
4,

 0
.3

9)
, L

M
IC

) 0
.3

7 
(0

.2
5,

 0
.6

1)
, U

M
IC

 0
.5

7 
(0

.3
8,

 0
.9

2)
, H

IC
 1

.0
6 

(0
.7

3,
 1

.6
4)

O
ve

r 5
00

 m
ill

io
n 

in
fe

ct
ed

 
as

 o
f S

ep
te

m
be

r 1
2 

(v
s 

29
 m

ill
io

n 
do

cu
m

en
te

d 
ca

se
s)

 g
lo

ba
lly

; m
ed

ia
n 

IF
R

 0
.2

3%
 in

 th
e 

av
ai

la
bl

e 
st

ud
ie

s (
0.

09
%

 in
 lo

ca
tio

ns
 

w
ith

 <
11

8 
de

at
hs

/m
ill

io
n)

, 
0.

20
%

 in
 lo

ca
tio

ns
 w

ith
 

11
8-

50
0 

de
at

hs
/m

ill
io

n,
 

0.
57

%
 in

 lo
ca

tio
ns

 w
ith

 
>

50
0 

de
at

hs
/m

ill
io

n

5.
27

%
 o

f t
he

 p
op

ul
at

io
n 

of
 th

e 
45

 m
od

el
le

d 
co

un
tri

es
 h

ad
 b

ee
n 

in
fe

ct
ed

 b
y 

1 
Se

pt
em

be
r

A
bb

re
vi

at
io

ns
: I

FR
, i

nf
ec

tio
n 

fa
ta

lit
y 

ra
te

; R
E,

 ra
nd

om
 e

ff
ec

ts
; S

P,
 se

ro
pr

ev
al

en
ce

.
a In

 m
ill

io
ns

: E
ur

op
e+

N
or

th
 A

m
er

ic
a 

47
, E

as
t+

So
ut

h-
Ea

st
 A

si
a 

47
, L

at
in

 A
m

er
ic

a 
9,

 S
ou

th
 A

m
er

ic
a 

6,
 S

ub
 S

ah
ar

an
 A

fr
ic

a 
62

, C
en

tra
l a

nd
 S

ou
th

 A
si

a 
44

6,
 N

or
th

 A
fr

ic
a 

an
d 

W
es

t A
si

a 
24

; b M
ed

ia
n 

un
de

r-
as

ce
rta

in
m

en
t w

as
 1

4.
5 

ov
er

al
l b

as
ed

 o
n 

12
5 

st
ud

y 
es

tim
at

es
 a

nd
 1

1.
9 

in
 n

at
io

na
l e

st
im

at
es

, 1
5.

7 
in

 re
gi

on
al

 e
st

im
at

es
 a

nd
 2

4.
0 

in
 lo

ca
l e

st
im

at
es

.



8 of 13  |      IOANNIDIS

seroprevalence data and their IFR estimate (0.46%) is far 
higher than many subsequent Asian studies (outside Wuhan) 
using seroprevalence data5 instead of modelling.

Rostami also performed random effects meta-analyses 
but more appropriately combined at a first step seropreva-
lence data from studies in the same country, and in the same 
region, a summary estimate across all 107 estimates in all 
countries was also obtained. The step-wise approach avoids 
the Meyerowitz-Katz analysis flaw. However, seroprevalence 
estimates may still vary extremely even within the same lo-
cation, for example if done at different times. Moreover, the 
main estimate of the evaluation (‘263.5 million exposed/in-
fected at the time of the study’) extrapolated to the global 
population the pooled estimate from all 107 data sets. The 
more appropriate estimate is a sum of the infected per coun-
try, or at least per region. Actually, the authors did calcu-
late numbers of people exposed/infected per world region. 
The sum was 641 million, 2.5-fold larger. Moreover, these 
numbers did not reflect ‘the time of the study’: the 107 sero-
prevalence studies were done 2-6 months before the Rostami 
evaluation was written.

Bobrovitz calculated medians (overall and across several 
subgroups of studies), and Ioannidis calculated sample size-
weighted means per location and then medians across loca-
tions. Their approaches avoid multiple counting of locations 
with many estimates available. Bobrovitz also performed 
random effects inverse variance meta-analysis of prevalence 
ratios for diverse demographics (age, sex, race, close contact, 
healthcare workers). The approach is defendable, since prev-
alence ratios were calculated within each study, but still very 
large between-study heterogeneity existed (I2 = 85.1%-99.4% 
per grouping factor) making results tenuous. Bobrovitz and 
Ioannidis reach congruent estimates for total number infected 
globally (643 million by November 17 and at least 500 mil-
lion by September 12, respectively) with under-ascertainment 
ratios of 11.9 in November and 17.2 in September. Only the 
latter evaluation calculated IFRs (0.23% overall; 0.05% for 
those <70 years old).

ICCRT and O’Driscoll focused on age-stratified esti-
mates. ICCRT extrapolated age-stratified estimates to the 
age structure of populations of typical countries, obtaining 
separate overall IFR estimates for low-income countries 
(0.22%), lower-middle–income countries (0.37%), upper-
middle–income countries (0.57%) and high-income countries 
(1.06%). O’Driscoll made extrapolations to 45 countries es-
timating 5.27% of their population infected by 1 September.

3.5  |  Global representativeness

Seroprevalence data lacked global representativeness. 72%-
91% of the seroprevalence evidence came from Europe 
and North America (78%-100% from Europe or Americas) T
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(Table  5). Lack of representativeness was most prominent 
in Meyerowitz-Katz (only one estimate from Asia, none 
from Africa), ICCRT (no estimates from Asia or Africa) and 
O’Driscoll (only one estimate from Africa, no estimate from 
Asia). However, ICCRT extrapolated to all countries glob-
ally and O’Driscoll extrapolated to 45 countries including 
eight in Asia.

4  |   DISCUSSION

This overview of six systematic evaluations of global spread 
and/or IFR of SARS-CoV-2 utilizing seroprevalence data 
highlights differences in methods, calculations and infer-
ences. Several choices made by some evaluations led to bias. 
Other choices are defendable and reveal some unavoidable 
variability on how evidence on these important questions 
should be handled.

Choices that led to biased inflated IFR estimates are the 
inclusion of modelling estimates, inappropriate exclusion of 
low-IFR studies despite fitting stated inclusion criteria of the 
evaluators, inappropriate inclusion of high-IFR studies de-
spite not fitting stated inclusion criteria, and using low death 
counts as exclusion criterion. Two evaluations (Meyerowitz-
Katz and ICCRT) suffered multiple such problems each. 
These biases contributed to generate inflated and, sometimes, 
overtly implausible results. These two evaluations also nar-
rowly selected very scant evidence (16 and 10 studies, includ-
ing only one and five peer‐reviewed articles, respectively), 
while hundreds of seroprevalence estimates are available.

Differences in types of study designs and populations 
considered eligible may be defended with various arguments 
by each evaluator. Studies of healthcare workers were con-
sistently excluded. No consensus existed on studies of blood 
donors, clinical samples, workers at no obvious high-risk 
occupations and various convenience samples; these designs 
have variable reliability. Reliability increases with careful ad-
justment for sampling, demographics and other key factors 
and when missing data are limited. General population sam-
pling is theoretically best, but general population studies may 
still suffer large bias from selective missingness. Unreachable 
individuals, institutionalized people and non-participating in-
vitees are typically at higher infection risk; if so, some general 
population studies may substantially underestimate seroprev-
alence (overestimate IFR). For example, Meyerowitz-Katz 
included a Danish government survey press release33 where 
only 1071 of 2600 randomly selected invitees participated 
(missingness 59%); the estimated IFR (0.79%) is probably 
substantially inflated.6,28

Differences may also ensue from seroprevalence adjust-
ments for test performance and other factors.34,35 Sometimes 
the change in estimated seroprevalence is substantial.36-38 
Special caution is needed with low seroprevalence.39 When 

not all types of antibodies are assessed, a correction may also 
be useful. Adjustment for test performance may seemingly 
suffice. However, control samples used to estimate test sensi-
tivity come from PCR-tested diagnosed patients, while missed 
diagnoses typically reflect asymptomatic or less symptom-
atic patients not seeking testing. Sensitivity may be much 
lower in these people, as many develop no or low-titre anti-
bodies.40,41 Seroreversion has a similar impact. Preliminary 
evidence suggests substantial seroreversion.29,42-45 For ex-
ample, among healthcare personnel, 28.2% seroreverted in 
2 months (64.9% in those with low titres originally).45 Only 
ICCRT and O’Driscoll considered corrections for serorever-
sion, but still did not allow for high seroreversion. All these 
factors would result in underestimating seroprevalence (over-
estimating IFR).

Both over- and under-counting of COVID-19 deaths (the 
IFR numerator) may exist,46,47 varying across countries with 
different testing and death coding. Correction of COVID-19 
death counts through excess deaths is problematic. Excess 
reflects both COVID-19 deaths and deaths from measures 
taken.46-49 Year-to-year variability is substantial, even more 
so within age-strata. Comparison against averages of multi-
ple previous years is naïve, worse in countries with substan-
tial demographic changes. For example, in the first wave, 
an excess of 8071 deaths (SMR 1.03, 95% CI 1.03-1.04) in 
Germany became a deficit of 4926 deaths (SMR 0.98, 95% 
CI 0.98-0.99) after accounting for demographic changes.50 
The exact timepoint when deaths are counted may affect IFR 
calculations when surveys happen while many deaths are 
still accruing. All evaluations that counted deaths allowed 
for greater time for death to occur than for seroconversion, 
but Meyerowitz-Katz used a most extreme delay, considering 
deaths until 10 days after survey end. Surveys take from one 
day to over a month; thus, inferred sampling-to-death delay 
may occasionally exceed 6 weeks. Meyerowitz-Katz defends 
this choice also in another paper10 choosing 4  weeks after 
the serosurvey mid-point. However, the argument (account-
ing for death reporting delays) is weak. Several situational re-
ports plot deaths according to date of occurrence rather than 
date of reporting anyhow.51 Moreover, infection-to-death 
time varies substantially and may be shorter in developing 
countries where fewer people are long-sustained by medical 
support.

Some quantitative synthesis approaches were problem-
atic, for example calculating summary estimates despite 
I2 > 99% or no data combination within the same country/
location before synthesis across countries/locations. Another 
generic problem with meta-analysis of such data is that it pe-
nalizes better studies that allow more appropriately for uncer-
tainty in estimates (eg by accounting for test performance and 
adjusting for important covariates). Studies with less rigorous 
or no adjustments may have narrower CIs (smaller variance, 
thus larger weight).5 Finally, for IFR meta-analysis, studies 



10 of 13  |      IOANNIDIS

with few deaths may have higher variance (lower weight) and 
these studies may have the lowest IFR.

Age stratification for IFR estimation and synthesis is a rea-
sonable choice to reduce between-study heterogeneity driven 
by steep COVID-19 death risk age gradient.52 However, both 
analyses4,6 that capitalized on granular age stratification made 
tenuous extrapolations to additional countries from thin or no 
data. ICCRT lacked seroprevalence data on low-income and 
lower-middle–income countries (~half the global popula-
tion); upper-middle–income countries (~35% of global pop-
ulation) were only represented by one estimate from Brazil 
assuming IFR  =  1%, exceeding twofold to fivefold other 
peer-reviewed estimates from Brazil.13,53 Estimates used 
from high-income countries included an impossible Italian 
estimate (IFR = 2.5%)30 and mostly non–peer-reviewed data. 
O’Driscoll was more careful, but still some IFR extrapola-
tions appear highly inflated versus data from subsequently 
accrued seroprevalence studies. Their ensemble model as-
sumed highest IFR in Japan (1.09%) and lowest in Kenya 
(0.09%) and Pakistan (0.16%). Currently, available seroprev-
alence studies from these countries show markedly lower IFR 
estimates: =<0.03%,54-56 =<0.01%14 and 0.04%-0.07%,57,58 
respectively. In Japan, infections apparently spread widely 
without causing detectable excess mortality.54 In Kenya, 
under-ascertainment compared with documented cases was 
~1000-fold.14 While some COVID-19 deaths are certainly 
missed in Africa, containment measures are more deadly.59

All six evaluations greatly over-represented Europe and 
America. Only two (Rostami and Ioannidis) included mean-
ingful amounts of data from Asia and Africa (still less than 
their global population share) in main estimate calculations. 
Currently, extensive data suggest high under-ascertainment 
ratios in Africa and many Asian countries5,14,54-61 and thus 
much lower IFR in Asia (outside Wuhan) and Africa than 
elsewhere.

Quality of seroprevalence studies varies. Risk-of-bias as-
sessments in prevalence studies are difficult. There are mul-
tiple risk-of-bias scales/checklists,62-65 but bias scores do not 
translate necessarily to higher or lower IFR estimates, while 
assessors often disagree in scoring (Appendix S1).

Acknowledging these caveats, four of the six evaluations 
largely reach congruent estimates of global pandemic spread. 
O’Driscoll estimated 5.27% of the population of 45 countries 
had been infected by 1 September 2020, that is 180 million 
infected among 3.4 billion. Excluding China, the proportion 
of population infected among the remaining 44 countries 
would be ~9%, likely >10% after accounting for serorev-
ersion. Countries not included among the 45 include some 
of the most populous ones with high infection rates (India, 
Mexico, Brazil, most African countries). Therefore, arguably 
at least 10% of the non-China global population (ie at least 
630 million) would be infected as of 1 September. This is 
very similar to the Ioannidis (at least 500 million infected 

as of 12 September) and Rostami (641 million infected by 
summer, when numbers are added per region) estimates. The 
Bobrovitz estimate (643 million infected as of 17 November) 
should be increased substantially given that only 2 of 17 
countries informing the calculated under-ascertainment ratio 
were in Asia or Africa, continents with much larger under-
ascertainment ratios. National surveys in India actually es-
timated 60% seroprevalence in November in urban areas.66 
Therefore, probably infected people globally were ~1 billion 
(if not more) by 17 November (compared with 54 million 
documented cases). By extrapolation, one may cautiously 
estimate ~1.5-2.0 billion infections as of 21 February 2021 
(compared with 112 million documented cases). This cor-
responds to global IFR ~0.15%—a figure open to adjust-
ment for any over- and under-counting of COVID-19 deaths 
(Appendix S2).

Meyerowitz-Katz and ICCRT reach higher estimates of 
IFR, but, as discussed above, these are largely due to en-
dorsing selection criteria focusing on high-IFR countries, 
violations of chosen selection criteria and obvious flaws 
that consistently cause IFR overestimation. Similar concerns 
apply to another publication with implausibly high age-
stratified IFRs by Meyerowitz-Katz limited to countries with 
advanced economies, again narrowly selected some of the 
highest IFR locations and estimates.12

Even correcting inappropriate exclusions/inclusion of 
studies, errors and seroreversion, IFR still varies substan-
tially across continents and countries. Overall average IFR 
may be ~0.3%-0.4% in Europe and the Americas (~0.2% 
among community-dwelling non-institutionalized people) 
and ~0.05% in Africa14 and Asia (excluding Wuhan). Within 
Europe, IFR estimates were probably substantially higher in 
the first wave in countries like Spain,67 UK68 and Belgium69 
and lower in countries such as Cyprus or Faroe Islands 
(~0.15%, even case fatality rate is very low),70 Finland 
(~0.15%)71 and Iceland (~0.3%).72 One European coun-
try (Andorra) tested for antibodies 91% of its population.73 
Results73 suggest an IFR less than half of what sampling 
surveys with greater missingness have inferred in neighbour-
ing Spain. Moreover, high seroreversion was noted, even a 
few weeks apart73; thus, IFR may be even lower. Differences 
exist also within a country; for example within the USA, IFR 
differs markedly in disadvantaged New Orleans districts ver-
sus affluent Silicon Valley areas. Differences are driven by 
population age structure, nursing home populations, effective 
sheltering of vulnerable people,74 medical care, use of effec-
tive (eg dexamethasone)75 or detrimental (eg hydroxychloro-
quine)76 treatments, host genetics,77 viral genetics and other 
factors.

Infection fatality rate may change over time locally78 and 
globally. If new vaccines and treatments pragmatically prevent 
deaths among the most vulnerable, theoretically global IFR may 
decrease even below 0.1%. However, there are still uncertainties 
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both about the real-world effectiveness of new options, as well 
as the pandemic course and post-pandemic SARS-CoV-2 out-
breaks or seasonal re-occurrence. IFR will depend on settings 
and populations involved. For example, even ‘common cold’ 
coronaviruses have IFR~10% in nursing home outbreaks.79

Admittedly, primary studies, their overviews and the cur-
rent overview of overviews have limitations. All estimates 
have uncertainty. Interpretation unavoidably has subjective 
elements. This challenge is well-known in the literature of 
discrepant systematic reviews.80-84 Cross-linking diverse 
types of evidence generates even more diverse eligibility/
design/analytical options. Nevertheless, one should separate 
clear errors and directional biases from defendable eligibil-
ity/design/analytical diversity.

Allowing for such residual uncertainties, reassuringly the 
picture from the six evaluations assessed here is relatively 
congruent: SARS-CoV-2 is widely spread and has lower av-
erage IFR than originally feared, and substantial global and 
local heterogeneity. Using more accurate estimates of IFR 
may yield more appropriate planning, predictions and eval-
uation of measures.
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