
https://www.kareldonk.com/lockdown

PRODUKTIES BIJ VERZOEKSCHRIFT

https://www.kareldonk.com/lockdown


Kort Geding: Opschorting COVID-19 (Lockdown) Maatregelen

PRODUK TIE 1
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Kort Geding: Opschorting COVID-19 (Lockdown) Maatregelen

PRODUK TIE 2



J.P Morgan Dernatves Sratey 
20 May 2020 

Market and Volatility 

Commentary 
Political risks of pandemic, data favors further 

reopening 

When the pandemic struck the US, we knew that the timeline of the virus ‘Global Quantitative and 

determining the path of the economy and financial markets. Hence, we put Marko Kolanovic, PhD “© 
our efforts into forecasting the path of the pandemic and concluded that by (1-212) 622-3577 
muid-Apnil, conditions will be met to start re-openmg economies (see marko.kotanovicgs|pmorgan. coe 
overview of our forecasts here). This conclusion, together with the Bram Kaplan, CFA 

extraordinary and fiscal measures implemented (see our report (en aes 
here), informed our forecast that markets will recover much quicker than LP. Morgan Securites LLC 

our forecasts, politics emerged as a new and significant risk. Despite the 
conditions for re-opening being mostly met across the US, it is not yet 

happening in the largest economic regions (eg. CA, NY, etc.), and 
worlying populism related to the virus is putting at risk global cooperation 
and trade. As the virus nisk is abating globally, political/geapolitical fallout 

is emerging as a pew isk. For example, just today the US senate passed a 
bill to bar Chinese companies from being listed on US exchanges. 

Fast let’s see how the economic lockdowns evolved. At first, flawed 

scientific papers predicted several million virus deaths im the west. This on 
its own was odd, given that im China there were only several thousand 

deaths, and the mortality rate outside of Wuhan was very low. In the 
absence of conclusive data, these lockdowns were justified initially. 

Nonetheless, many of these efforts were inefficient or late. Indeed, recent 

studies indicate that full lockdown policies in some European countries did 

and Bence might not have yielded additonal benetis vs. Jess restnictive 
social distancing measures (see research paper). While our knowledge of 

the virus and lack of effectiveness of total lockdowns evolved, lockdowns 

Temaimed m place and focus shifted te contact tacmg, contemplating 

political and economic systems. At the same time, millions of livelihoods 
were being destroyed by these lockdowns. Unlike rigorous testing of 

new drugs, lockdowns were administered with little consideration 
that they nught not only cause economic devastation but potentially more 
deaths than COVID-19 itself (see here, here). 
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1s not supported by the data. Figure 2 below show virus spread rates before and after 

lockdown for different counties around the world, and Figure lshows the spread for 

US states that have re-opened (also see here). In particular, regression shows that 

most recent Ro vs Ry on the day of lockdown end, and for countmes we show 
infection rates). For example, the data im Figure 2 shows a decrease im infection rates 

after countnes eased national lockdowns with =99% statistical significance Indeed, 

virtually everywh fection rates have declined after ung even after 
lowing for an appropriate lag. This that the pandemuc and 

COVID-19 likely have its own dynamics unrelated to offen inconsistent lockdown 
measures that wore Peung Wp lementeg The fact hat re-opening ot not chamee 

course of pand is thata of 
Sir Lechdocnae ded not tte Bas oetne of ths nanan coke Coenen es, 

spreaders (c.g: see esearch papes), umpact on the most vulnerable populations such 
lated to full lockd (such as 

uachins hands, ate Jond weather patterns in the northern hemicphere ste. 

Figure 1: Re during lockdown vs. after lockdown end by US state Figure 2: The vast majority of countries had decreased COVID-19 
Geren RO infaction rates after national lockdowns were lifted 
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So can one contimme to justify stimgent lockdowns im light of the above 

* US Elections — Even before the worst of the pandemic hit the US, the 
response of the current admmisiration to COVID-19 became a focal pomt of 

election campaigns (2.2. COVID-19 ads by then camdidate Michael 

Bloomberg). Election logic and backtests would say, the worse the virus 
impacts the US, the lower the chances of an mcumbent’s re-election given 
the economic pain, high unemployment and lack of health care during the 

ic. Indeed the initial of the administration was to di lay 
the risk of the COVID 19 epidemic. However, since then, tus simplistic 

ificantly. The ad he
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larger negative impact (setting the stage for them to ‘outperform’, and e.g. 

“hedging” the Georgia reopenme), shiftmg the pandemic blame to China and 

the WHO, and at the same time shifting the blame for economic pam to 

large blue states that are perceived to be slowing down the reopening of the 

economy. Indeed, allowed economic activity across the country is now 

Invzely following partesn lines, 

® = Economic interest — Clearly there are economic winners and losers of 
prolonged shutdowns and social distance. Working remotely, 

software/cloud, online shopping and socializing, etc. all benefit large 

technology firms. It should not come as a surprise that large tech stocks are 

pear all-tome highs. This could create (perhaps wrong) perceptions of 

conflicts of interest when the leading technology firms are influencing 

policies related to reopening (such as remagiming education, health care, 

vaecines, contact tracking and tracing etc). 

* Bigvs. Small government — another political fault ine exposed by COWID- 

extent replicated and exported to other countries im the west. 

‘On the other side of the political spectrum, demagogues and radicals across the world 

‘will be tempted to use COVID-19 to blame immigrants, people of different race, or 

use the pandemic a5 a tor htical 1 Blaming the 
pandemic on an ethnic group or country can provide a convenient excuse for various 

failings at home, or may prowide pretext to push a geopolitical or protectionist 

agenda. This ts perhaps even more dangerous than using the pandemic to further 

We wall closely monitor how these nsks evolve, but at this point see them as 

outlook on markets.
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Abstract
Background and Aims: The most restrictive nonpharmaceutical interventions 
(NPIs) for controlling the spread of COVID- 19 are mandatory stay- at- home and 
business closures. Given the consequences of these policies, it is important to assess 
their effects. We evaluate the effects on epidemic case growth of more restrictive 
NPIs (mrNPIs), above and beyond those of less- restrictive NPIs (lrNPIs).
Methods: We first estimate COVID- 19 case growth in relation to any NPI imple-
mentation in subnational regions of 10 countries: England, France, Germany, Iran, 
Italy, Netherlands, Spain, South Korea, Sweden and the United States. Using first- 
difference models with fixed effects, we isolate the effects of mrNPIs by subtracting 
the combined effects of lrNPIs and epidemic dynamics from all NPIs. We use case 
growth in Sweden and South Korea, 2 countries that did not implement mandatory 
stay- at- home and business closures, as comparison countries for the other 8 countries 
(16 total comparisons).
Results: Implementing any NPIs was associated with significant reductions in case 
growth in 9 out of 10 study countries, including South Korea and Sweden that im-
plemented only lrNPIs (Spain had a nonsignificant effect). After subtracting the epi-
demic and lrNPI effects, we find no clear, significant beneficial effect of mrNPIs on 
case growth in any country. In France, for example, the effect of mrNPIs was +7% 
(95% CI: −5%- 19%) when compared with Sweden and + 13% (−12%- 38%) when 
compared with South Korea (positive means pro- contagion). The 95% confidence 
intervals excluded 30% declines in all 16 comparisons and 15% declines in 11/16 
comparisons.
Conclusions: While small benefits cannot be excluded, we do not find significant 
benefits on case growth of more restrictive NPIs. Similar reductions in case growth 
may be achievable with less- restrictive interventions.
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1 |  INTRODUCTION

The spread of COVID- 19 has led to multiple policy responses 
that aim to reduce the transmission of the SARS- CoV- 2. The 
principal goal of these so- called nonpharmaceutical interven-
tions (NPI) is to reduce transmission in the absence of phar-
maceutical options in order to reduce resultant death, disease 
and health system overload. Some of the most restrictive 
NPI policies include mandatory stay- at- home and business 
closure orders (‘lockdowns’). The early adoption of these 
more restrictive nonpharmaceutical interventions (mrNPIs) 
in early 2020 was justified because of the rapid spread of the 
disease, overwhelmed health systems in some hard- hit places 
and substantial uncertainty about the virus’ morbidity and 
mortality.1

Because of the potential harmful health effects of 
mrNPI— including hunger,2 opioid- related overdoses,3 
missed vaccinations,4,5 increase in non- COVID diseases from 
missed health services,6- 9 domestic abuse,10 mental health 
and suicidality,11,12 and a host of economic consequences 
with health implications13,14— it is increasingly recognized 
that their postulated benefits deserve careful study. One ap-
proach to evaluating NPI benefits uses disease modelling ap-
proaches. One prominent modelling analysis estimated that, 
across Europe, mrNPIs accounted for 81% of the reduction in 
the effective reproduction number (Rt), a measure of disease 
transmission.15 However, in the absence of empirical assess-
ment of the policies, their effects on reduced transmission 
are assumed rather than assessed.16,17 That analysis attributes 
nearly all the reduction in transmission to the last interven-
tion, whichever intervention happened to be last, complete 
lockdowns in France or banning of public events in Sweden.16

Another, more empirically grounded approach to assess-
ing NPI effects uses statistical regression models and exploits 
variation in the location and timing of NPI implementations 
to identify changes in epidemic spread following various 
policies.18 These empirical studies find large reductions in 
the growth rate of new cases that are attributable to NPIs. 
An important challenge with these analyses is that they use 
pre- policy growth rates to determine the ‘counterfactual’ tra-
jectory of new cases— the expected case growth rate in the 
absence of NPIs. This is problematic because it is widely rec-
ognized that epidemic dynamics are time- varying, and brakes 
on disease transmission occur without any interventions 
(through resolution of infections), as well as from behaviour 
changes unrelated to the NPIs.19,20 These epidemic dynam-
ics are demonstrated by an analysis showing that slowing of 
COVID- 19 epidemic growth was similar in many contexts, 
in a way that is more consistent with natural dynamics than 
policy prescriptions.21

These challenges suggest that assessing the impact of 
mrNPIs is important, yet difficult. We propose an approach 
that balances the strengths of empirical analyses while taking 

into consideration underlying epidemic dynamics. We com-
pare epidemic spread in places that implemented mrNPIs to 
counterfactuals that implemented only less- restrictive NPIs 
(lrNPIs). In this way, it may be possible to isolate the role of 
mrNPIs, net of lrNPIs and epidemic dynamics.

Here, we use Sweden and South Korea as the counterfac-
tuals to isolate the effects of mrNPIs in countries that imple-
mented mrNPIs and lrNPIs. Unlike most of its neighbours 
that implemented mandatory stay- at- home and business clo-
sures, Sweden's approach in the early stages of the pandemic 
relied entirely on lrNPIs, including social distancing guide-
lines, discouraging of international and domestic travel, and 
a ban on large gatherings.22,23 South Korea also did not im-
plement mrNPIs. Its strategy relied on intensive investments 
in testing, contact tracing and isolation of infected cases and 
close contacts.24,25

2 |  METHODS

We isolate the effect of more restrictive NPIs (mrNPIs) by 
comparing the combined effect size of all NPIs in 8 countries 
that implemented more restrictive policies (England, France, 
Germany, Iran, Italy, the Netherlands, Spain and the United 
States) with the effect size of all NPIs in the 2 countries that 
only implemented less- restrictive NPIs (lrNPIs). In effect, we 
follow the general scheme:

We analyse only these countries because the analysis 
depends on subnational data, which were only available for 
those countries, as explained further below.

The conceptual model underlying this approach is that, 
prior to meaningful population immunity, individual be-
haviour is the primary driver of reductions in transmission 
rate, and that any NPI may provide a nudge towards indi-
vidual behaviour change, with response rates that vary be-
tween individuals and over time. lrNPIs could have large 
anti- contagion effects if individual behavioural response is 
large, in which case additional, more restrictive NPIs may not 
provide much additional benefit. On the other hand, if lrNPIs 
provide relatively small nudges to individual behaviour, then 
mrNPIs may result in large behavioural effects at the margin, 
and large reductions in the growth of new cases. However, 
because underlying epidemic dynamics are imprecisely char-
acterized and are important for estimating the policy effects, 
our models test the extent to which mrNPIs had additional ef-
fect on reducing transmission by differencing the sum of NPI 
effects and epidemic dynamics in countries that did not enact 
mrNPIs from the sum of NPI effects and epidemic dynamics 
in countries that did.

Effects of mrNPI =Effects of (mrNPI+ lrNPI+epidemic dynamics)

−Effects of (lrNPI+epidemic dynamics)
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We estimate the unique effects of mrNPIs on case 
growth rate during the Northern Hemisphere spring 
of 2020 in England, France, Germany, Iran, Italy, the 
Netherlands, Spain and the United States by comparing 
the effect of NPIs in these countries to those in Sweden 
and South Korea (separately). The data we use build on an 
analysis of NPI effects and consist of daily case numbers 
in subnational administrative regions of each country (eg 
regions in France, provinces in Iran, states in the United 
States and counties in Sweden), merged with the type and 
timing of policies in each administrative region.18,26 We 
use data from a COVID- 19 policy databank and previous 
analyses of policy impacts to determine the timing and lo-
cation of each NPI.18,27 Each observation in the data, then, 
is identified by the subnational administrative region and 
the date, with data on the number of cases on that date and 
indicators characterizing the presence of each policy. We 
include indicators for changes in case definitions or test-
ing technologies to capture abrupt changes in case counts 
that are not the result of the underlying epidemic (these are 
mostly single- day indicators), as suggested in a previous 
analysis.18

We define the dependent variable as the daily difference 
in the natural log of the number of confirmed cases, which 
approximates the daily growth rate of infections (g). We then 
estimate the following linear models:

The model terms are indexed by country (c), subnational 
unit (i), day (t) and NPI indicator (p). �0,ci is a series of fixed 
effects for the subnational unit, and �ct is country- specific 
day- of- week fixed effects. The parameters of interest are �pc, 
which identify the effect of each policy on the growth rate in 
cases. The parameter �cit is a single- day indicator that mod-
els changes in case definitions that result in short discontinu-
ities in case counts that are not due to underlying epidemic 
changes.

We estimate these models separately for each pair of coun-
tries (one with mrNPIs, one without), for a total of 16 models. 
We then add the coefficients of all the policies for the coun-
try with mrNPIs (yielding the combined effects of all NPIs 
in the mrNPI country) and subtract the combined effects of 
all NPIs in the comparator country without mrNPI. As noted 
above, the difference isolates the effect of mrNPIs on case 
growth rates. We estimate robust standard errors throughout, 
with clustering at the day- of- week level to account for serial 
correlation.

It is important to note that because the true number of in-
fections is not visible in any country, it is impossible to assess 
the impact of national policies on transmission or new infec-
tions.28 Instead, we follow other studies evaluating the effects 

of NPIs that use case numbers, implicitly assuming that their 
observed dynamics may represent a consistent shadow of the 
underlying infection dynamics.18

The code for the data preparation, analysis and visual-
ization is provided along with the article (Supplementary 
Material).

3 |  RESULTS

The growth rate in new cases prior to implementation of any 
NPIs was positive in all study countries (Figure 1). The fig-
ure shows that, across all subnational units in all ten coun-
tries, the average growth rate prior to NPIs ranged from 0.23 
in Spain (23% daily growth; 95% CI: 0.13 to 0.34) to 0.47 
(95% CI: 0.39 to 0.55) in the Netherlands. The average across 
all 10 countries was 0.32, and in South Korea and Sweden, 
the 2 countries without mrNPIs, the pre- NPI growth rates 
were 0.25 and 0.33, respectively. The variation of pre- policy 
growth rates in cases may reflect epidemic intensity, testing 
coverage (higher growth may be a reflection of expanding 
testing capacity and of more people wishing to be tested) 
and pre- policy behaviour changes that led to increased or de-
creased transmission.

Figures 2 and 3 and demonstrate the effects of individual 
NPIs (Figure 2) and all NPIs combined (Figure 3) on daily 
growth in case counts. While the effects of 3 individual NPIs 
were positive— that is, contributing paradoxically to case 
growth— and significant (one in Germany, one in Italy and 
one in Spain, out of 51 individual NPIs in all 10 countries), 
the effects of about half of individual NPIs were negative 
and significant. The combined effects of all NPIs (Figure 3) 
were negative and significant in 9 out of 10 countries, where 
their combined effects ranged from −0.10 (95% CI: −0.06 
to −0.13) in England to −0.33 (95% CI: −0.09 to −0.57) in 
South Korea. Spain was the only country where the effect of 
NPIs was not distinguishable from 0 (−0.02; 95% CI: −0.12 
to 0.07).

Figure  4 shows the effect of mrNPIs in the 8 countries 
where mrNPIs were implemented, after accounting for the 
effects of lrNPIs and underlying epidemic dynamics. In none 
of the 8 countries and in none out of the 16 comparisons 
(against Sweden or South Korea) were the effects of mrN-
PIs significantly negative (beneficial). The point estimates 
were positive (point in the direction of mrNPIs resulting in 
increased daily growth in cases) in 12 out of 16 comparisons 
(significantly positive in 3 of the 12, in Spain and in England 
compared with Sweden). The only country where the point 
estimates of the effects of mrNPIs were negative in both com-
parisons was Iran (−0.07 [95% CI: −0.21 to 0.07] compared 
with Sweden; −0.02 [95% CI: −0.28 to 0.25] compared with 
South Korea). The 95% confidence intervals excluded a 30% 
reduction in daily growth in all 16 comparisons.

gcit = �0,ci + �ct +

pc
∑

p= 1

(�pcPolicypcit ) + �cit + �cit
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4 |  DISCUSSION

In the framework of this analysis, there is no evidence that 
more restrictive nonpharmaceutical interventions (‘lock-
downs’) contributed substantially to bending the curve of 
new cases in England, France, Germany, Iran, Italy, the 
Netherlands, Spain or the United States in early 2020. By 
comparing the effectiveness of NPIs on case growth rates in 
countries that implemented more restrictive measures with 
those that implemented less- restrictive measures, the evi-
dence points away from indicating that mrNPIs provided ad-
ditional meaningful benefit above and beyond lrNPIs. While 
modest decreases in daily growth (under 30%) cannot be ex-
cluded in a few countries, the possibility of large decreases 
in daily growth due to mrNPIs is incompatible with the ac-
cumulated data.

The direction of the effect size in most scenarios points 
towards an increase in the case growth rate, though these es-
timates are only distinguishable from zero in Spain (consis-
tent with nonbeneficial effect of lockdowns). Only in Iran do 
the estimates consistently point in the direction of additional 
reduction in the growth rate, yet those effects are statistically 
indistinguishable from zero. While it is hard to draw firm 
conclusions from these estimates, they are consistent with 
a recent analysis that identified increased population- level 

transmission and cases in Hunan, China, during the period of 
stay- at- home orders, attributed to increased intra- household 
density and transmission.29 In other words, it is possible that 
stay- at- home orders may facilitate transmission if they in-
crease person- to- person contact where transmission is effi-
cient such as closed spaces.

Our study builds on the findings of overall effectiveness of 
NPIs in reducing case growth rate. This has a plausible under-
lying behavioural mechanism: NPIs are motivated by the no-
tion that they lead to anti- contagion behaviour changes, either 
directly through personal compliance with the interventions, 
or by providing a signal about disease risk, as communicated 
by policymakers, which is used in deciding on individual be-
haviours. The degree to which risk communications motivate 
personal behaviours has been used to explain South Korea's 
response to NPIs, where large personal behaviour changes 
were observed following less- restrictive NPIs.30

This analysis ties together observations about the possible 
effectiveness of NPIs with COVID- 19 epidemic case growth 
changes that appear surprisingly similar despite wide variation 
in national policies.31- 33 Our behavioural model of NPIs— 
that their effectiveness depends on individual behaviour for 
which policies provide a noisy nudge— helps explain why the 
degree of NPI restrictiveness does not seem to explain the de-
cline in case growth rate. Data on individual behaviours such 

F I G U R E  1  Growth rate in cases for study countries. The black bars demonstrate the average growth rate in cases in each subnational unit 
(95% CI) prior to any policies implemented. The figures to the right show the daily growth rate in cases for each of the countries and demonstrate 
the shared decline in case growth across all countries, including the countries that did not implement mrNPIs (South Korea and Sweden)

0.35 (0.27, 0.43)

0.32 (0.29, 0.35)

0.42 (0.31, 0.53)

0.36 (0.29, 0.44)

0.47 (0.39, 0.55)

0.23 (0.13, 0.34)

0.23 (0.15, 0.3)

0.28 (0.16, 0.41)

0.25 (0.15, 0.34)

0.33 (0.23, 0.43)

Average (10 countries): 0.32

Sweden

South Korea

USA

Spain

Netherlands

Italy

Iran

Germany

France

England

0.0 0.2 0.4 0.6
Estimated daily growth rate

Mar 01 Mar 15 Apr 01

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

date

G
row

th rate of active cases (∆log per day)



   | 5 of 9BENDAVID Et Al.

as visits to businesses, walking or driving show dramatic de-
clines days to weeks prior to the implementation of business 
closures and mandatory stay- at- home orders in our study 
countries, consistent with the behavioural mechanisms noted 
above.34- 36 These observations are consistent with a model 
where the severity of the risk perceived by individuals was 
a stronger driver of anti- contagion behaviours than the spe-
cific nature of the NPIs. In other words, reductions in social 
activities that led to reduction in case growth were happening 
prior to implementation of mrNPIs because populations in 
affected countries were internalizing the impact of the pan-
demic in China, Italy and New York, and noting a growing set 
of recommendations to reduce social contacts, all of which 
happened before mrNPIs. This may also explain the highly 
variable effect sizes of the same NPI in different countries. 
For example, the effects of international travel bans were pos-
itive (unhelpful) in Germany and negative (beneficial) in the 
Netherlands (Figure 2).

While this study casts doubt on any firm conclusions 
about the effectiveness of restrictive NPIs, it also underscores 
the importance of more definitive evaluations of NPI effects. 
NPIs can also have harms, besides any questionable benefits, 

and the harms may be more prominent for some NPIs than for 
others. For example, school closures may have very serious 
harms, estimated at an equivalent of 5.5 million life years for 
children in the United States during the spring school closures 
alone.37 Considerations of harms should play a prominent 
role in policy decisions, especially if an NPI is ineffective at 
reducing the spread of infections. Of note, Sweden did not 
close primary schools throughout 2020 as of this writing.

While we find no evidence of large anti- contagion effects 
from mandatory stay- at- home and business closure poli-
cies, we should acknowledge that the underlying data and 
methods have important limitations. First, cross- country 
comparisons are difficult: countries may have different 
rules, cultures and relationships between the government 
and citizenry. For that reason, we collected information 
on all countries for which subnational data on case growth 
were obtainable. Of course, these differences may also 
exist across subnational units, as demonstrated in the case 
of different states in the United States. Additional countries 
could provide more evidence, especially countries that had 
meaningful epidemic penetration and did not use mrNPIs 
for epidemic control. Second, confirmed case counts are a 

F I G U R E  2  Effects of individual NPIs in all study countries. The variation in the timing and location of NPI implementation allows us to 
identify the effects of individual NPIs on the daily growth rate of cases. Where multiple NPIs were implemented simultaneously (in the same 
day) across all subnational units (eg school closure, work from home and no private gatherings in Spain), their overall effect cannot be identified 
individually and is shown combined
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noisy measure of disease transmission. Testing availabil-
ity, personal demand for or fear of getting tested, testing 
guidelines, changing test characteristics and viral evolution 
all interfere in the relationship between the underlying in-
fections and case counts. Because the location and timing 
of policies are endogenous to perceived epidemic stage, the 
noise in case counts is associated with the policies, mak-
ing bias possible and very difficult to eradicate. The fixed- 
effects approach provides unbiased estimates so long as the 
location or timing of policies is quasi- arbitrary with respect 
to the outcome. This may fail to hold in this assessment of 
NPI effects because the underlying epidemic dynamics are 
nonlinear, and the policies respond to— and modify— the 
epidemic stage. This limitation also holds for all other em-
pirical assessments of NPI effects.18

Third, our findings rest on a conceptualization, com-
mon in the literature, of NPIs as ‘reduced- form’ interven-
tions: an upstream policy has expected downstream effects 
on transmission. This allows us to use Sweden and South 
Korea as comparators, since they had applied less- restrictive 

interventions, which then enable netting out the combined 
effect of lrNPIs and the underlying epidemic dynamics. 
While contextual factors that mediate the effects of NPIs 
are important— countries implemented different variants of 
the same NPI, and the population responded differently— 
many analyses examining the effects of NPIs have a similar 
‘reduced- form’ structure.18,31,38 In that sense, our comparison 
is positioned squarely within the literature on the effects of 
NPIs.

During the Northern Hemisphere fall and winter of 
2020, many countries, especially in Europe and the United 
States, experienced a large wave of COVID- 19 morbid-
ity and mortality. Those waves were met with new (or 
renewed) NPIs, including mrNPIs in some countries (eg 
England) and lrNPIs in others (eg Portugal) that had used 
mrNPIs in the first wave. The spread of infections in coun-
tries that were largely spared in the spring (eg Austria and 
Greece) further highlights the challenges and limited abil-
ity of NPIs to control the spread of this highly transmissi-
ble respiratory virus. Empirical data for the characteristics 

F I G U R E  3  Combined effects of all NPIs in study countries. The point estimate and 95% CI of the combined effect of NPIs on growth rate in 
cases, estimated from a combination of individual NPIs. The estimates show significant effects in all countries except Spain and range from a 33% 
(9%- 57%) decline in South Korea to 10% (6%- 13%) in England. The point estimate of the effect in Spain is also negative but small (2%) and not 
significant
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of fatalities in the later wave before mrNPIs were adopted 
as compared with the first wave (when mrNPIs had been 
used) show that the proportion of COVID- 19 deaths that 
occurred in nursing homes was often higher under mrNPIs 
rather than under less- restrictive measures.39 This further 
suggests that restrictive measures do not clearly achieve 
protection of vulnerable populations. Some evidence also 
suggests40 that sometimes under more restrictive measures, 
infections may be more frequent in settings where vulnera-
ble populations reside relative to the general population.40

In summary, we fail to find strong evidence supporting 
a role for more restrictive NPIs in the control of COVID in 
early 2020. We do not question the role of all public health 
interventions, or of coordinated communications about the 
epidemic, but we fail to find an additional benefit of stay- 
at- home orders and business closures. The data cannot fully 
exclude the possibility of some benefits. However, even if 
they exist, these benefits may not match the numerous harms 
of these aggressive measures. More targeted public health in-
terventions that more effectively reduce transmissions may 
be important for future epidemic control without the harms 
of highly restrictive measures.
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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.
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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
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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 
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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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Feller laat 'onheus' politieoptreden niet zo 
14/04/2021 05:59 - Merredith Bruce 

PARAMARIBO - "lk moest in bijzijn van anderen mijn broek zakken en vervolgens drie keer hurken," vertelt 
Rendel Feller. Dit is naar zijn zeggen slechts een tipje van de onheuse behandeling die hij zondag op het 
politiebureau zou hebben gehad, tijdens zijn korte aanhouding. 

Hij zal het niet hierbij laten en wil een schadevergoeding van de staat. Feller zegt deze week nag stappen 
daartoe te zullen ondernemen met zijn advocaat. De 24-jarige activist laat zich niet afschrikken, want al een 
dag na zijn aanhouding ging hij weer de straat op. 

"Zolang ik weet dat ik oprecht bezig ben, heb ik niets te vrezen", klinkt het vastberaden en onbevreesd. Hij is 
zeker een keer via de telefoon met de dood bedreigd, maar oak dat weerhoudt hem niet om deze regering het 
vuur na aan de schenen te leggen. ''A wins den broko mi neki, nanga a her broko neki mi ego baka tap strati." 

Lees het uitgebreide interview in onze krant van woensdag 

+Vandaag 

• COMMENTAAR: Zeg nee! 

• Openbaar Ministerie eist 5 jaar celstraf tegen Kromosoeto 

• Caribische voetbaltitel binnen handbereik Inter Moengotapoe 

• Geen retentiedollars voor 'gelukzoeker' 

• Consumentenprijzen met 3,5 procent gestegen 

• 'Mensen willen geen pakketten' 
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