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Timeline 

• The discovery of the virus at the end of Dec 2019 in China

• Screening for the virus in Iceland began  January 31 2020

• First case diagnosed in Iceland on  Feb 28 2020

• The idea that deCODE should participate Mars 5

• The screening by deCODE began on  Mars 13 (as well as sequencing of the virus)

• On May 26 deCODE had screened 38.635 volunteers (196+,0.50%)

• On May 26 deCODE had screened 3.925 randomly selected individuals (21+ 0.54%)

• On May 26 the National Hospital had screened 21.172 high risk individuals (1804+8.5%)

• 16.6 % of the population of Iceland had been screened on May 26

• June 15 the borders opened again





A phylogeny of cov2 sequences

Circles: Sequence types (haplotypes)
Circle size: Number of viruses with haplotype
Lines: Mutations separating haplotypes
Colors: Sampling location of hosts

Ancestral haplotype: center of A

Clear geographical structure:
• A and B in China outbreak
• B1a in the USA (west coast)
• A2a, A2a1 and A2a2 primarily in Europe, 

from Italian outbreak
• Clear Iceland specific clusters  



deCODE Genetics research of COVID-19

• Open invitation testing at deCODE 
began March 16

• Twelve days later the first 
manuscript was submitted and 
published April 14 in New England 
Journal of Medicine 

• Open invitation testing of SARS-
CoV-2, sequencing of viral 
genomes and connections with 
contact tracing data shed a new 
light on the pandemic in Iceland



Viral haplotypes

• How the viral haplotypes 
changed over time during the 
first wave



transmission to 
and from children
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The probability of infection



Transmissions to and from children



May 7th 2020 







Seroprevalence among non-qPCR positive sample collections qPCR positive

Before 2020
2017: Jan 2-Des 4

N = 472

Evaluation of 
assay specificity

Early 2020
2020: Feb 18-Mar 9

N = 470

Evaluation of when 
the pandemic 

reached Iceland

Assays for estimation of seroprevalence 
and quantification of antibody response:

• pan-Ig anti-N (Roche ECLIA)
• pan-Ig anti-S1-RBD (Wantai ELISA)

Require both pan-Ig antibody assays to 
be positive in seroprevalence estimation

Healthcare
2020: May 5-Jun 12

N = 18,609

Evaluation of 
undiagnosed infections 
and spread of the virus 

in Iceland

Reykjavik
2020: April 27-Jun 5

N = 4,843

Vestmannaeyjar
2020: Apr 27-May 9

N = 663

Hospitalized
2020: Apr 3-Apr 30

N = 48
Avg. 5 samples per 

person

Kinetics of 
antibody levels

Evaluation of assay 
sensitivity 

Quarantine
2020: Apr 14-Jul 8

N = 4,222

Evaluation of 
infection rate in 

quarantine 
overall and based 
on exposure type

Recovered
2020: Apr 3-Jul 8

N = 1,215
487 samples over 
a month apart –

avg. 69 days

Antibody levels by 
age, sex, time 

from diagnosis, 
and disease 
phenotype

Assays for further quantification of 
antibody response:

• IgG anti-N (EDI ELISA)
• IgM anti-N (EDI ELISA)
• IgG anti-S1 (Eu ELISA)
• IgA anti-S1 (Eu ELISA)



The 6 assays
Source, target and type



Association of existing conditions and COVID-19 severity with 
quantitative measurements of SARS-CoV-2 antibody levels 
(adjusting for age, age squared, sex, and time from diagnosis) 



Comorbidity and COVID-19 severity

• Antibody levels go up with age and BMI
• Antibody levels are lower in females for two antibodies agains the 

spike protein
• Antibody levels are lower in smokers and users of anti-inflammation 

medication
• Antibody levels generally are higher in those who became more sick



SARS-CoV-2 qPCR and antibody positive rates among 
quarantined individuals by exposure type and presence of 
symptoms. 

• 5.0% of quarantined individuals without household exposure were infected
• 26.6% of quarantined individuals with household exposure were infected 



Fraction of individuals positive for two pan-Ig SARS-CoV-2 assays among individuals 
previously testing positive for qPCR. 

25 days from qPCR diagnosis, over 90% of samples from 
recovered cases were positive in both pan-Ig antibody assays 
and after that the fraction of cases testing positive remained 
stable 



Antibody levels among qPCR positive cases as 
a function of time from qPCR diagnosis



COVID-19 fatality rates in Iceland

• In Iceland, ten deaths have been attributed to COVID-19 corresponding to a 
nationwide death rate of 3 per 100,000

• Among the qPCR positive cases, the fatality rate was 0.6% (95% CI: 0.3%, 
1.0%)

• Using the overall 0.9% frequency of SARS-CoV-2 infection in Iceland as the 
denominator, this yields an infection fatality rate of 0.3% (95% CI: 0.2%, 0.6%).



Summary of antibodies

• Serum from 30,576 individuals were measured for antibodies specific for either the nucleocapsid or spike proteins using six assays:

• Of the quarantined individuals not tested positive with qPCR, 2.3%  were antibody positive in both pan-Ig assays

• 0.3% of random individuals and all-comers to the healthcare system who were neither quarantined nor PCR positive were antibody positive in both pan-Ig 
assays

• Of the recovered cases, 90% had antibodies with both assays, with very consistent results on repeated samples for up to 4 month after diagnosis

• Antibody levels measured with both pan-Ig increase for the first two months after qPCR diagnosis and then plateau for the remaining two months 

• Antibody levels were substantially higher in males than females in two of the six assays, the pan-Ig anti-S1 and IgA ELISAs, both target the spike protein

• No decline in level of antibodies as measured with the two pan-Ig assays up to 4 months from diagnosis.

• Antibody levels are higher in  sicker patients and in older individuals and males, mirroring the relationship between age, sex, and COVID-19 severity

• 0.9% of the population of Iceland was infected with SARS-CoV-2 but only half of them were diagnosed with qPCR, despite extensive qPCR testing in Iceland

• Infection fatality rate 1 in 300 



Screening at the 
borders
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Overview

• From June 15 to August 11, a total of 88,170 tests were performed at the 
border

• Of those, 41 active infections were diagnosed, 14 of those were tourists
• Four outbreaks occured in Iceland

• Two traced back to Icelandic travelers prior to the requirements of a second test
• One traced back to a tourist, excempt from a second test
• One large, uncontained outbreak that has not been traced, but must have come 

through the border

• For every 10 active infections caught at the border with a single test, 
we estimate that 3 are not caught and can start outbreaks.



Sequencing of viral genomes

• Mutations in the viral genome can be used as a 
barcode to track the spread of the virus

• The second wave of infections began at the end 
of July and consisted of several 
epidemiologically disconnected groups that 
could not be traced but had a shared mutational 
signature (haplotype)

• The Chief epidemiologist and the contact tracing 
team receive information about haplotypes and 
an overview of the spread with a 48-hour 
turnaround time.
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Since August 19th

• Screened a the border

• Five day quarantine

• Screened again
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Haplotypes by day



Viral load by day

• Viral load in cases diagnosed in Iceland compared to those diagnosed at the border



Accumulation of mutations 

In the growth phase of the epidemic the virus accumulates on mutation per 14 days



Number of mutations as a function of time

• The number of mutations is a measure of the number of cases since the 
original case with a specific haplotype. The accumulation is one new mutation 
every fourth case








