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Little is known about the nature and durability of the humoral immune response
to infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
METHODS

We measured antibodies in serum samples from 30,576 persons in Iceland, using
six assays (including two pan-immunoglobulin [pan-Ig] assays), and we determined that the appropriate measure of seropositivity was a positive result with
both pan-Ig assays. We tested 2102 samples collected from 1237 persons up to
4 months after diagnosis by a quantitative polymerase-chain-reaction (qPCR) assay.
We measured antibodies in 4222 quarantined persons who had been exposed to
SARS-CoV-2 and in 23,452 persons not known to have been exposed.
RESULTS

Of the 1797 persons who had recovered from SARS-CoV-2 infection, 1107 of the
1215 who were tested (91.1%) were seropositive; antiviral antibody titers assayed
by two pan-Ig assays increased during 2 months after diagnosis by qPCR and remained on a plateau for the remainder of the study. Of quarantined persons, 2.3%
were seropositive; of those with unknown exposure, 0.3% were positive. We estimate that 0.9% of Icelanders were infected with SARS-CoV-2 and that the infection
was fatal in 0.3%. We also estimate that 56% of all SARS-CoV-2 infections in
Iceland had been diagnosed with qPCR, 14% had occurred in quarantined persons who had not been tested with qPCR (or who had not received a positive
result, if tested), and 30% had occurred in persons outside quarantine and not
tested with qPCR.
CONCLUSIONS

Our results indicate that antiviral antibodies against SARS-CoV-2 did not decline
within 4 months after diagnosis. We estimate that the risk of death from infection
was 0.3% and that 44% of persons infected with SARS-CoV-2 in Iceland were not
diagnosed by qPCR.
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S

evere acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), causing coronavirus disease 2019 (Covid-19), emerged in
December 2019.1 Seroconversion of most patients
with Covid-19 occurs between 7 and 14 days
after diagnosis.2,3 A study of 61,000 persons in
Spain showed that 5% of the population had
formed antibodies against the spike and nucleoproteins and that approximately one third of
infected persons were asymptomatic.4 It was
suggested that a substantial fraction of those infected become antibody-negative early in the convalescence period.5 Several studies have reported
a higher prevalence4 and levels3,5 of SARS-CoV-2
antibodies in severely ill patients than in those
with no or mild symptoms.
The infection fatality risk of SARS-CoV-2 is
difficult to estimate because the total number of
diagnosed and undiagnosed cases is needed as
the denominator. The infection fatality risk was
reported as 0.4% in a small German town after
carnival festivities,6 0.6% on the Diamond Princess cruise ship,7 and 0.66% in China.8
Well-validated serologic assays for SARS-CoV-2
are urgently needed. Several small comparative
studies of commercial SARS-CoV-2 antibody assays have been published.9-12 A highly specific
assay is required for screening populations with
a low seroprevalence, such as that in Iceland.
The first case of SARS-CoV-2 infection in Iceland was confirmed on February 28, 2020, and
by April 30 the epidemic had to a large extent
receded.13 During this period, 1797 cases were
diagnosed by quantitative polymerase-chainreaction (qPCR), in contrast with only 13 new
cases diagnosed between April 30 and June 15.
Testing by qPCR has been extensive in Iceland:
15% of the population (54,436 persons) had
been tested with qPCR by June 15.
The aim of this study was to assess SARSCoV-2 seroprevalence in the population of Iceland and to assess longitudinal changes in
antibody levels within the first 4 months after
SARS-CoV-2 infection and how the changes
correlate with sex, age, existing phenotypes,
and Covid-19 symptoms. We screened for SARSCov-2 reactive serum antibodies, using six different assays, in two groups of qPCR-positive
persons and six groups of persons who had not
been tested with qPCR or who had been tested
and received negative results (Fig. 1; and Tables S1 and S2 in Supplementary Appendix 1,
n engl j med 383;18

available with the full text of this article at
NEJM.org).

Me thods
Ethical Considerations

The study was approved by the National Bio
ethics Committee of Iceland. The Health Care
sample collection was performed on behalf of
Icelandic health authorities in agreement with
the Act no
.19/
1997 on Health Security and
Communicable Diseases. Participants who were
part of the other sample collections provided
written informed consent.
Antibody Measurements

We measured SARS-CoV-2–specific antibodies in
up to 30,576 persons with six established assays,
targeting pan-immunoglobulin (pan-Ig: IgM, IgG,
and IgA) antibodies against the nucleoprotein
(N) (Roche); pan-Ig antibodies against the receptor binding domain (RBD) in the S1 subunit of
the spike protein (pan-Ig anti–S1-RBD) (Wantai);
IgM and IgG antibodies against N (IgM anti-N
and IgG anti-N) (EDI/Eagle); and IgG and IgA
against the S1 subunit of the spike protein (IgG
anti-S1 and IgA anti-S1) (Euroimmun). Thresholds for positivity were supplied by the assay
manufacturers. We used the two pan-Ig antibody
assays to evaluate seroprevalence, requiring positive results for both assays for a test result to be
considered positive (Fig. S1 in Supplementary
Appendix 1). To quantify antibody levels among
qPCR-positive persons, we assayed antibodies
against SARS-CoV-2 using IgG anti-N, IgM anti-N,
IgG anti-S1, and IgA anti-S1.
Sample Collection

We measured antibodies in two groups of qPCRpositive Icelanders and in six groups who had
not been qPCR-tested or who had been tested
and had received a negative result (Fig. 1). We
collected samples from a group of hospitalized
qPCR-positive persons and invited all qPCRpositive persons who had recovered from infection to donate samples, both shortly after recovery and again approximately 3 months after
recovery (a total of 2102 samples from 1237
persons). We used two groups of samples collected before the pandemic (in 2017 and in early
2020) to evaluate assay specificity and to determine when the pandemic reached Iceland. We

nejm.org

October 29, 2020

The New England Journal of Medicine
Downloaded from nejm.org on November 19, 2020. For personal use only. No other uses without permission.
Copyright © 2020 Massachusetts Medical Society. All rights reserved.

1725

1726

Early 2020

Evaluation of when
the pandemic
reached Iceland

2020: Feb. 18–March 9
N=470

Health Care

2020: May 5–June 12
N=18,609

Evaluation of undiagnosed infections and
spread of the virus
in Iceland

Reykjavik

2020: April 27–June 5
N=4843

n engl j med 383;18
Evaluation of infection
rate in quarantine
overall and based
on exposure type

Quarantine

2020: April 14–July 8
N=4222

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

Vestmannaeyjar

2020: April 27–May 9
N=663

Antibody levels by age,
sex, time from
diagnosis, and disease
phenotype

Recovered

2020: April 3–July 8
N=1215
487 Samples over
a month apart —
avg. 69 days

Assays for further quantification of antibody
response:
• IgG anti-N (EDI ELISA)
• IgM anti-N (EDI ELISA)
• IgG anti-S1 (Euroimmun ELISA)
• IgA anti-S1 (Euroimmun ELISA)

Kinetics of antibody
levels
Evaluation of assay
sensitivity

Hospitalized

2020: April 3–April 30
N=48
Avg. 5 samples per
person

qPCR-Positive Groups
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Figure 1. Schematic Overview of the Eight Sample Groups Used in the Study.
The eight sample groups are shown in the upper boxes, and the arrows within the upper boxes indicate the main utility of each sample collection. The two lower boxes describe the
six assays that were used; the arrows outside the boxes show which assays were used for the two collection types (not positive by quantitative polymerase-chain-reaction assay
[non–qPCR-positive] and qPCR-positive). For the Health Care group, samples were obtained during a visit to the health care system. For the Quarantine group, all samples were obtained on completion of quarantine. The two groups of samples from persons who tested qPCR-positive were obtained at different times during the course of the disease: the Hospitalized group consists of samples obtained during hospitalization, and the Recovered group consists of samples obtained after recovery. ECLIA denotes electrochemiluminescence immunoassay, and ELISA enzyme-linked immunosorbent assay.

Evaluation of assay
specificity

2017

2017: Jan. 2–Dec. 4
N=472

Seroprevalence among Non–qPCR-Positive Groups
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collected samples from quarantined persons who
had not tested qPCR-positive to evaluate infection during quarantine and the effect of exposure type on the probability of infection. We used
three groups of samples collected from persons
who had neither tested qPCR-positive nor been
quarantined to evaluate seroprevalence outside
quarantine and the spread of the virus in Iceland
(the Health Care, Reykjavik, and Vestmannaeyjar
sample groups, totaling 23,452 persons).

antibody levels by ranking the levels and transforming them, using the inverse normal transform of the rank divided by one plus the number
of observations. Effects estimates were reported
in terms of standard deviations of antibody levels.
We derived P values and confidence intervals
from standard errors estimated by the multiple
regression. We used Bonferroni correction to
determine significance, with a threshold for
significance of P<[0.05 ÷ 6 (2 + 27 + 35)] = 0.00013.
For effects of the exposure type on the probabilEstimation of Infection Rate
ity of infection among quarantined persons, we
The largest of these six groups, the Health Care used logistic regression to estimate the configroup, was enriched for older people. To esti- dence intervals of odds ratios. We did not adjust
mate seroprevalence, we weighted this sample by confidence intervals for multiple testing.
region, sex, and age in the population (see Supplementary Appendix 1). To estimate the numR e sult s
ber of infected Icelanders, we added together the
number of qPCR-positive persons, the number Specificity of SARS-CoV-2 Antibody Assays
of quarantined persons times the estimated sero- Both assays measuring pan-Ig antibodies had
prevalence in this group, and the number of low numbers of false positives among samples
persons outside quarantine times the estimated collected in 2017: there were 0 and 1 false posiseroprevalence outside quarantine. We estimated tives for the two assays among 472 samples,
the percentage of Icelanders infected by dividing results that compared favorably with those obthe number of infected persons by the number tained with the single IgM anti-N and IgG anti-N
of Icelanders. We estimated the infection fatal- assays (Table S3). Because of the low prevalence
ity risk by dividing the number of deaths from of SARS-CoV-2 infection in Iceland, we required
Covid-19 by the number of infected persons.
positive results from both pan-Ig antibody assays
for a sample to be considered seropositive (see
Antibody Levels, Age, Sex, and Clinical
Supplementary Methods in Supplementary ApCharacteristics
pendix 1). None of the samples collected in early
We tested for associations of age, sex, preexisting 2020 group were seropositive, which indicates
conditions (27 phenotypes), and clinical outcome that the virus had not spread widely in Iceland
(35 characteristics) with antibody titers (for each before February 2020.
of the six assays) in the most recent samples
obtained from persons in the Recovered group. SARS-CoV-2 Antibodies among qPCR-Positive
We recoded categorical clinical characteristics Persons
with their ordinal number in the analysis.
Twenty-five days after diagnosis by qPCR, more
than 90% of samples from recovered persons
Statistical Analysis
tested positive with both pan-Ig antibody assays,
We used a likelihood ratio method to calculate and the percentage of persons testing positive
confidence intervals of fractions with the Clop- remained stable thereafter (Figs. 2 and S2). Hosper–Pearson exact method when the estimated pitalized persons seroconverted more frequently
fraction was 0 or 1. To test for association be- and quickly after qPCR diagnosis than did nontween each clinical characteristic and antibody hospitalized persons (Figs. 2 and S3). Of 1215
levels, we performed multiple regression analy- persons who had recovered (on the basis of reses with the phenotype as a covariate and quan- sults for the most recently obtained sample from
tile normalized antibody levels as a response, persons for whom we had multiple samples),
adjusting for age, age squared, sex, and time 1107 were seropositive (91.1%; 95% confidence
since qPCR diagnosis, excluding the age and sex interval [CI], 89.4 to 92.6) (Tables 1 and S4).
covariates when testing for association with age Since some diagnoses may have been made on
and sex, respectively. We quantile-normalized the the basis of false positive qPCR results, we den engl j med 383;18
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A Seroprevalence among SARS-CoV-2 Infected Persons

Seroprevalence (both pan-Ig tests positive)
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Figure 2. Antibody Prevalence and Titers among qPCR-Positive Cases as a Function of Time since Diagnosis by qPCR.
Shown are the percentages of samples positive for both pan-Ig antibody assays and the antibody titers. Red denotes the count or percentage of samples among persons during their hospitalization (249 samples from 48 persons), and blue denotes the count or percentage
of samples among persons after they were declared recovered (1853 samples from 1215 persons). Vertical bars denote 95% confidence
intervals. The dashed lines indicated the thresholds for a test to be declared positive. OD denotes optical density, and RBD receptor
binding domain.
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Table 1. Prevalence of SARS-CoV-2 Antibodies by Sample Collection as Measured by Two Pan-Ig Antibody Assays.*
Sample Collection

No. of Persons
Tested

Both Pan-Ig Antibody Assays Positive
No. of
Persons

Frequency

Either Pan-Ig Antibody Assay Positive
No. of
Persons

% (95% CI)
2017

472

Early 2020
Health care†
Reykjavik†
Vestmannaeyjar†
Quarantine
Hospitalized
Recovered

0

0.0 (0.0–0.4)

Frequency
% (95% CI)

1

0.2 (0.0–0.9)
0.9 (0.3–2.0)

470

0

0.0 (0.0–0.4)

4

18,609

39

0.2 (0.2–0.3)

119

0.6 (0.5–0.8)

4,843

21

0.4 (0.3–0.6)

38

0.8 (0.6–1.1)

663

3

0.5 (0.1–1.2)

7

1.1 (0.5–2.0)

4,222

97

2.3 (1.9–2.8)

131

3.1 (2.6–3.7)

48

45

93.8 (84.6–98.4)

47

97.9 (91.1–99.9)

1,215

1107

91.1 (89.4–92.6)

1156

95.1 (93.8–96.3)

*	The pan-Ig antibodies are anti-N and anti–S1-RBD. The latest available sample was used.
†	Sampling restricted to persons who had not tested qPCR-positive and who had not been quarantined.

termined that 91.1% represents the lower bound
of sensitivity of the combined pan-Ig tests for
the detection of SARS-CoV-2 antibodies among
recovered persons.
Among the 487 recovered persons with two
or more samples, 19 (4%) had different pan-Ig
antibody test results at different time points
(Table 2 and Fig. S4). It is notable that of the 22
persons with an early sample that tested negative for both pan-Ig antibodies, 19 remained
negative at the most recent test date (again, for
both antibodies). One person tested positive for
both pan-Ig antibodies in the first test and
negative for both in the most recent test.
The longitudinal changes in antibody levels
among recovered persons were consistent with
the cross-sectional results (Fig. S5); antibody
levels were higher in the last sample than in the
first sample when the antibodies were measured
with the two pan-Ig assays, slightly lower than
in the first sample when measured with IgG
anti-N and IgG anti-S1 assays, and substantially
lower than in the first sample when measured
with IgM anti-N and IgA anti-S1 assays.
IgG anti-N, IgM anti-N, IgG anti-S1, and IgA
anti-S1 antibody levels were correlated among
the qPCR-positive persons (Figs. S5 and S6 and
Table S5). Antibody levels measured with both
pan-Ig antibody assays increased over the first
2 months after qPCR diagnosis and remained at
a plateau over the next 2 months of the study.
n engl j med 383;18

Table 2. Results of Repeated Pan-Ig Antibody Tests among Recovered qPCRDiagnosed Persons.*
First Sample

Second Sample
Neither
Positive

Single
Positive

Both
Positive

Total

number (percent)
Neither positive
Single positive
Both positive
Total

19 (3.9)
0

1 (0.2)

2 (0.4)

22 (4.5)

12 (2.5)

10 (2.1)

22 (4.5)

1 (0.2)

5 (1.0)

437 (89.7)

443 (91.0)

20 (4.1)

18 (3.7)

449 (92.2)

487 (100.0)

*	The two samples were obtained at least 30 days apart. For each sample, a
person could be positive for neither test, for a single test, or for both tests.
Shown are the number of persons with each result and the percentage of the
overall (N=487).

IgM anti-N antibody levels increased rapidly soon
after diagnosis and then fell rapidly and were
generally not detected after 2 months. IgA antiS1 antibodies decreased 1 month after diagnosis
and remained detectable thereafter. IgG anti-N
and anti-S1 antibody levels increased during the
first 6 weeks after diagnosis and then decreased
slightly.
SARS-CoV-2 Infection in Quarantine

Of the 1797 qPCR-positive Icelanders, 1088 (61%)
were in quarantine when SARS-CoV-2 infection
was diagnosed by qPCR. We tested for antibodies
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Table 3. SARS-CoV-2 Infection among Quarantined Persons According to Exposure Type and Presence of Symptoms.*
No. of
Persons

Variable

No household exposure

qPCR
No.
Tested

No. Positive
(%)

18,877

6839

689 (10.1)

Household exposure

1,889

1092

399 (36.5)

No reported symptoms

3,439

1421

142 (10.0)

Reported symptoms

1,639

1397

920 (65.9)

Both Pan-Ig Antibody Assays
OR
(95% CI)†

No.
Tested

5.2 (4.5–6.1)
18.2 (14.8–22.4)

No. Positive
(%)

3700

52 (1.4)

503

37 (7.4)

1007

24 (2.4)

237

17 (7.2)

OR
(95% CI)†

5.2 (3.3–8.0)
3.2 (1.7–6.2)

*	Exposure data were available for 7931 persons who had been tested with qPCR and 4203 tested for antibodies. Symptom data were available
for 2818 persons who had been tested with qPCR and 1244 tested for antibodies. The effects of household exposure and symptoms were
tested separately among all persons who were tested by qPCR and the collected subset of non qPCR-positive persons tested for antibodies.
†	The odds ratios (ORs) comparing exposed with nonexposed and symptomatic with nonsymptomatic were adjusted for sex, age, and age
squared.

among 4222 quarantined persons who had not
tested qPCR-positive (they had received a negative
result by qPCR or had simply not been tested).
Of those 4222 quarantined persons, 97 (2.3%;
95% CI, 1.9 to 2.8) were seropositive (Table 1).
Those with household exposure were 5.2 (95% CI,
3.3 to 8.0) times more likely to be seropositive
than those with other types of exposure (Table 3);
similarly, a positive result by qPCR for those
with household exposure was 5.2 (95% CI, 4.5 to
6.1) times more likely than for those with other
types of exposure. When these two sets of results
(qPCR-positive and seropositive) were combined,
we calculated that 26.6% of quarantined persons
with household exposure and 5.0% of quarantined persons without household exposure were
infected. Those who had symptoms during quarantine were 3.2 (95% CI, 1.7 to 6.2) times more
likely to be seropositive and 18.2 times (95% CI,
14.8 to 22.4) more likely to test positive with
qPCR than those without symptoms.
We also tested persons in two regions of Iceland affected by cluster outbreaks. In a SARS-CoV-2
cluster in Vestfirdir, 1.4% of residents were qPCRpositive and 10% of residents were quarantined.
We found that none of the 326 persons outside
quarantine who had not been tested by qPCR (or
who tested negative) were seropositive. In a cluster in Vestmannaeyjar, 2.3% of residents were
qPCR-positive and 13% of residents were quarantined. Of the 447 quarantined persons who had
not received a qPCR-positive result, 4 were seropositive (0.9%; 95% CI, 0.3 to 2.1). Of the 663
outside quarantine in Vestmannaeyjar, 3 were
seropositive (0.5%; 95% CI, 0.1 to 0.2%).
1730
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None of the serum samples collected from 470
healthy Icelanders between February 18 and
March 9, 2020, tested positive for both pan-Ig
antibodies, although four were positive for the
pan-Ig anti-N assay (0.9%), a finding that suggests that the virus had not spread widely in
Iceland before March 9.
Of the 18,609 persons tested for SARS-CoV-2
antibodies through contact with the Icelandic health care system for reasons other than
Covid-19, 39 were positive for both pan-Ig antibody assays (estimated seroprevalence by weighting the sample on the basis of residence, sex,
and 10-year age category, 0.3%; 95% CI, 0.2 to
0.4). There were regional differences in the percentages of qPCR-positive persons across Iceland
that were roughly proportional to the percentage
of people quarantined (Table S6). However, after
exclusion of the qPCR-positive and quarantined
persons, the percentage of persons who tested
positive for SARS-CoV-2 antibodies did not correlate with the percentage of those who tested
positive by qPCR. The estimated seroprevalence
in the random sample collection from Reykjavik
(0.4%; 95% CI, 0.3 to 0.6) was similar to that in
the Health Care group (0.3%; 95% CI, 0.2 to 0.4)
(Table S6).
We calculate that 0.5% of the residents of
Iceland have tested positive with qPCR. The 2.3%
with SARS-CoV-2 seroconversion among persons
in quarantine extrapolates to 0.1% of Icelandic
residents. On the basis of this finding and the
seroprevalence from the Health Care group, we
estimate that 0.9% (95% CI, 0.8 to 0.9) of the
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population of Iceland has been infected by
SARS-CoV-2. Approximately 56% of all SARS-CoV-2
infections were therefore diagnosed by qPCR,
14% occurred in quarantine without having been
diagnosed with qPCR, and the remaining 30%
of infections occurred outside quarantine and
were not detected by qPCR.
Deaths from Covid-19 in Iceland

In Iceland, 10 deaths have been attributed to
Covid-19, which corresponds to 3 deaths per
100,000 nationwide. Among the qPCR-positive
cases, 0.6% (95% CI, 0.3 to 1.0) were fatal. Using
the 0.9% prevalence of SARS-CoV-2 infection in
Iceland as the denominator, however, we calculate an infection fatality risk of 0.3% (95% CI,
0.2 to 0.6). Stratified by age, the infection fatality risk was substantially lower in those 70 years
old or younger (0.1%; 95% CI, 0.0 to 0.3) than in
those over 70 years of age (4.4%; 95% CI, 1.9 to
8.4) (Table S7).
Age, Sex, Clinical Characteristics,
and Antibody Levels

SARS-CoV-2 antibody levels were higher in older
people and in those who were hospitalized (Table 4, and Table S8 [described in Supplementary
Appendix 1 and available in Supplementary Appendix 2]). Pan-Ig anti–S1-RBD and IgA anti-S1
levels were lower in female persons. Of the preexisting conditions, and after adjustment for
multiple testing, we found that body-mass index,
smoking status, and use of antiinflammatory
medication were associated with SARS-CoV-2
antibody levels. Body-mass index correlated positively with antibody levels; smokers and users of
antiinflammatory medication had lower antibody
levels. With respect to clinical characteristics,
antibody levels were most strongly associated with
hospitalization and clinical severity, followed by
clinical symptoms such as fever, maximum temperature reading, cough, and loss of appetite.
Severity of these individual symptoms, with the
exception of loss of energy, was associated with
higher antibody levels.

Discussion
We estimate that during the first wave of the
SARS-CoV-2 pandemic, the incidence of infection in Iceland was 0.9% (95% CI, 0.8 to 0.9) and
the infection fatality risk was 0.3% (95% CI, 0.2
n engl j med 383;18

to 0.6). Our estimate of the infection fatality risk
is lower than but consistent with estimates described by others.6-8 We estimate that of the infected persons, 56% had cases previously diagnosed by qPCR, 14% had been in quarantine (but
either had not been qPCR-tested or had tested
negative), and 30% neither were known to be
qPCR-positive nor had been placed in quarantine.
We therefore conclude that, despite extensive
screening by qPCR, a substantial fraction of infections were not detected, which indicates that
many infected persons did not have substantial
symptoms.
The case fatality risk is straightforward to
estimate but may differ across countries and
over time. An accurate calculation of infection
fatality risk requires an accurate estimate of the
number of infections, both diagnosed and undiagnosed. In Iceland, the high percentage of infections identified through qPCR (56%) as compared with that of other countries (for example,
approximately 9% in Spain4) renders a commensurately accurate estimate of the total number of
infections.
Each of the pan-Ig SARS-CoV-2 antibody assays
that we used has high specificity (99.8%, according to the manufacturers’ literature), which raises
the question of whether using a single pan-Ig
assay would have sufficed. One sample obtained
in 2017 was positive on only one pan-Ig antibody
assay, a finding that supports the use of two
separate assays to determine seroprevalence, if
the infection rate is below 1%, as in Iceland.
By April 30, a total of 20,766 Icelanders had
been placed in quarantine. Of the 1797 Icelanders
who tested positive by qPCR, 1088 (61%) were in
quarantine when tested. Despite substantial
qPCR testing of persons in quarantine, 2.3% of
persons in quarantine who did not receive qPCRpositive result (i.e., a diagnosis of infection) developed SARS-CoV-2 antibodies. Household exposure was more likely to lead to infection than
other types of exposure, which suggests that
people who share a household with an infected
person should not have contact during quarantine and that contacts of household members
should be quarantined. Seroprevalence in the
two regional hot spots (Vestfirdir and Vestmannaeyjar) was absent or low outside quarantine,
which indicates that most infections were detected by qPCR screening and that quarantine,
social distancing, contact tracing, and limits on
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Log (Pan-Ig Anti-N)
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*	Shown are significant associations after adjustment for multiple testing (see Table S8 [described in Supplementary Appendix 1 and available in Supplementary Appendix 2] for a complete list of results). All associations except the age and sex associations were adjusted for age, age squared, sex, and time since diagnosis. Information was available on up to 1215
recovered persons with at least one antibody measurement. Of these, 545 persons answered an online questionnaire. The effects are expressed in number of standard deviations of the
corresponding antibody assay.
†	P<10−6.
‡	P<0.05.
§	P<1.3×10−4 after adjustment for multiple testing
¶	Data are from an online questionnaire.
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public gatherings were effective in limiting
spread.
Over 90% of qPCR-positive persons tested
positive with both pan-Ig SARS-CoV-2 antibody
assays and remained seropositive 120 days after
diagnosis, with no decrease of antibody levels as
detected by the two pan-Ig assays. We observed
some diminution of antibody titer with some of
the single-Ig assays. Previous smaller studies
reported reduction of IgG antibodies against the
N protein and a peptide representing the S protein within 21 to 28 days5 and against trimeric
S protein within 56 days14 after a positive test by
qPCR. These discrepancies may be explained
partly by differences in the specificity and sensitivity of the assays used as well as differences in
the design and performance of the semiquantitative assays used, including the antigen targeted and the analytic sensitivity and range, as well
as differences in the study populations. For example, because of widespread qPCR testing and
screening, it is likely that the Icelandic qPCRpositive persons were healthy, as compared with
the participants in other studies. Repeated SARSCoV-2 exposure is unlikely to affect the persistence of antibody levels in Iceland, given the low
prevalence of infection. Comparative studies using
validated quantitative SARS-CoV-2 antibody assays
are needed; those described in the published
literature are based on small sample sizes.9-12
Of the 22 recovered persons who had a negative result (using the combined pan-Ig antibody
tests) for an early sample and who had another

sample tested at least a month later, 19 (86%)
received a second negative result. Thus, either
some persons infected by SARS-CoV-2 produce no
antibodies or undetectable levels of antibodies
reactive to the S1 and N proteins, even 3 months
after infection, or some qPCR delivered false
positive results.
Among recovered persons, antibody levels are
higher in older persons and in those more severely affected by SARS-CoV-2 infection. Women,
who tend to become less sick than men, had
lower antibody levels in two spike protein antibody assays. SARS-CoV-2 antibody levels were
lower in smokers. Smoking increases the probability of severe Covid-19 illness among young
adults,15 and smoking has been reported to increase the expression of ACE2,16 the receptor for
cellular entry of the SARS-CoV-2 virus.
The humoral immune response is critical for
the clearance of cytopathic viruses and is generally important for the prevention of viral reinfection.17 A relationship between a humoral immune
response to SARS-CoV-2 infection and protection
against reinfection by this virus has been shown
in rhesus macaques18 but has yet to be established in humans. Regardless of the relationship
or lack thereof between seropositivity against
SARS-CoV-2 and protection against reinfection,
the low SARS-CoV-2 antibody seroprevalence in
Iceland indicates that the Icelandic population is
vulnerable to a second wave of infection.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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