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Clinical manifestations of SARS-CoV-2 
infection
• Asymptomatic infection
• Mild respiratory diseases 
• Moderate-severe respiratory diseases: 

• Pneumonia, requiring oxygen supplementation 
• Advanced diseases

• Respiratory failure
• Multisystem inflammation syndrome
• Acute respiratory distress syndrome (ARDS)
• Multiple organs failure 

• Extrapulmonary manifestations
• Sequelae



Prevalence of Asymptomatic SARS-CoV-2 Infection 
A Narrative Review (Oran DP & Topol EJ. Ann Intern Med 2020; doi:10.7326/M20-3012 )



Prevalence of Asymptomatic SARS-CoV-2 Infection 
A Narrative Review (Oran DP & Topol EJ. Ann Intern Med 2020; doi:10.7326/M20-3012 )

• Approximately 40% to 45% of those infected with SARS-CoV-2 will remain 
asymptomatic 

• Suggests that the virus might have greater potential than previously estimated 
to spread silently and deeply through human populations

• Asymptomatic persons can transmit SARS-CoV-2 to others for an extended 
period, perhaps longer than 14 days

• The absence of COVID-19 symptoms in persons infected with SARS-CoV-2 
might not necessarily imply an absence of harm 

• More research is needed to determine the significance of subclinical lung 
changes visible on computed tomography scans

• The focus of testing programs for SARS-CoV-2 should be substantially broadened 
to include persons who do not have symptoms of COVID-19



(Huang C et al Lancet 2020; 395: 497–506) 



Characteristics of and Important Lessons From COVID-19 
Outbreak in China: Summary of a Report of 72,314 Cases 
From the Chinese Center for Disease Control and Prevention 
(Wu Z et al 2020 JAMA)



Coronavirus Disease 2019 Case Surveillance — United States, 
January 22–May 30, 2020 (Stokes EK et al MMWR 2020;69:759-65)

• Through May 30, 2020, 
• COVID-19 pandemic resulted in 5,817,385 reported cases and 362,705 

deaths worldwide
• 1,761,503 aggregated reported cases and 103,700 deaths in the United States

• Cumulative incidence, 403.6 cases per 100,000 persons
• similar among males (401.1) and females (406.0) 
• highest among persons aged ≥80 years (902.0) 

• Among 287,320 (22%) cases with sufficient data on underlying health 
conditions

• cardiovascular disease (32%), diabetes (30%), and chronic lung disease (18%)
• Overall, 184,673 (14%) patients were hospitalized, 29,837 (2%) 

admitted to an intensive care unit (ICU), and 71,116 (5%) died



(Stokes EK et al MMWR 2020;69:759-65)



(Stokes EK et al MMWR 2020;69:759-65)



Extrapulmonary manifestations of COVID-19 
(Gupta A et al Nat Med 2020;26:1017-32)

• While SARS-CoV-2 is known to cause substantial pulmonary disease, 
including pneumonia and acute respiratory distress syndrome (ARDS), 
clinicians have observed many extrapulmonary manifestations of 
COVID-19

• Hematologic, cardiovascular, renal, gastrointestinal and hepatobiliary, 
endocrinologic, neurologic, ophthalmologic, and dermatologic systems

• ACE2, the entry receptor for the causative coronavirus SARS-CoV-2, 
is expressed in multiple extrapulmonary tissues

Other respiratory viruses, such as influenza virus, adenovirus etc., also 
have many extrapulmonary manifestations 



(Gupta A et al Nat Med 2020;26:1017-32)

Extrapulmonary manifestations of COVID-19



Hematologic and immune system–related 
manifestations of COVID-19 (Gupta A et al Nat Med 2020;26:1017-32)

• Laboratory markers
• Cell counts: lymphopenia, leukocytosis, neutrophilia, thrombocytopenia
• Inflammatory markers: elevations in erythrocyte sedimentation rate, C-reactive 

protein, ferritin, IL-6, lactate dehydrogenase
• Coagulation indices: elevated D-dimer and fibrinogen; prolonged prothrombin time 

and partial thromboplastin time
• Arterial thrombotic complications: MI, ischemic stroke, acute limb, and mesenteric 

ischemia  
• Venous thrombotic complications: deep vein thrombosis and pulmonary embolism
• Catheter-related thrombosis: thrombosis in arterial and venous catheters and 

extracorporeal circuits
• Cytokine-release syndrome: high-grade fevers, hypotension, multi-organ dysfunction 



Neurological associations of COVID-19
(Ellul MA et al Lancet Neurol 2020; 19: 767–83)

• On the basis of knowledge of other coronaviruses, especially SARS and MERS, 
cases of CNS and peripheral nervous system disease caused by SARS-CoV-2 
might be expected to be rare

• As of May 19, 2020, neurological manifestations described in 901 patients
• Encephalopathy reported for 93 patients in total, including 

• 16 (7%) of 214 hospitalised patients in Wuhan, China, 
• 40 (69%) of 58 patients in intensive care in France

• Encephalitis described in eight patients 
• Guillain-Barré syndrome in 19 patients
• SARS-CoV-2 detected in the CSF of some patients. 
• Anosmia and ageusia are common, 
• Acute cerebrovascular disease emerging as an important complication, with cohort 

studies reporting stroke in 2–6% of patients hospitalised with COVID-19. 
• So far, 96 patients with stroke have been described





Susceptibility to SARS-CoV-2 Infection Among Children and 
Adolescents Compared With Adults 
A Systematic Review and Meta-analysis (Viner RM et al JAMA Pediatr Published online September 25, 2020)

• The role of children and adolescents in transmission of SARS-CoV-2 is dependent 
on susceptibility, symptoms, viral load, social contact patterns, and behavior

• PubMed and medRxiv were searched from database inception to July 28, 2020, 
and a total of 13,926 studies were identified

• Studies that provided data on the prevalence of SARS-CoV-2 in children and 
adolescents (younger than 20 years) compared with adults (20 years and older) 
derived from contact tracing or population screening were included

• A total of 32 studies comprising 41,640 children and adolescents and 268,945 
adults met inclusion criteria, including 18 contact-tracing studies and 14 
population screening studies



The pooled odds ratio of being an infected contact in children compared with adults was 0.56 (95% 
CI, 0.37-0.85), with substantial heterogeneity (I2 = 94.6%)







Susceptibility to SARS-CoV-2 Infection Among Children and 
Adolescents Compared With Adults 
A Systematic Review and Meta-analysis (Viner RM et al JAMA Pediatr Published online September 25, 2020)

Conclusions
• Preliminary evidence that children and adolescents have lower susceptibility to 

SARS-CoV-2, with an odds ratio of 0.56 for being an infected contact 
compared with adults

• Weak evidence that children and adolescents play a lesser role than adults in 
transmission of SARS-CoV-2 at a population level 

• This study provides no information on the infectivity of children



COVID-19 in children (Gupta A et al Nat Med 2020;26:1017-32)

• In a review of 72,314 patients with COVID-19 reported by the Chinese CDC, less 
than 1% of the patients were younger than 10 years of age 

• In two retrospective studies from China, of >1,000 pediatric patients
• The majority of the patients had mild or moderate disease, 
• Only 1.8% required ICU admission, two deaths

• A large group of North American pediatric ICUs, 38% of 48 critically ill children 
required invasive ventilation, with an in-hospital mortality rate of 4.2%

• Multisystem inflammation syndrome in children
• A person < 21 years of age presenting with fever, laboratory evidence of inflammation, and 

evidence of clinically severe illness requiring hospitalization, with multisystem (two or more) 
organ involvement in the setting of current or recent infection with SARS-CoV-2







Outcomes of Maternal-Newborn Dyads After Maternal SARS-CoV-2 
(Verma S et al Pediatrics 2020; online)

• A multicenter, observational, descriptive cohort study collecting data from charts 
of maternal-newborn dyads that delivered at four major New York City 
metropolitan area hospitals between March 1 and May 10, 2020 with maternal 
SARS-CoV-2 infection

• A total of 149 mothers with SARS-CoV-2 infection and 149 newborns analyzed 
(3 sets of twins; 3 stillbirths) 

• 40% of these mothers were asymptomatic
• Approximately 15% of symptomatic mothers required some form of respiratory support and 

8% required intubation
• Eighteen newborns (12%) admitted to ICU 
• 15 (10%) were born preterm, and five (3%) required mechanical ventilation. 
• Symptomatic mothers had more premature deliveries (16% vs 3%, P= 0.02) and their

newborns were more likely to require intensive care (19% vs. 2%, P=0.001) than 
asymptomatic mothers

• One newborn tested positive for SARS-CoV-2, considered a case of horizontal postnatal 
transmission



Outcomes of Maternal-Newborn Dyads After Maternal SARS-CoV-2 
(Verma S et al Pediatrics 2020; online)

Conclusion: 
• No distinct evidence of vertical transmission from mothers with 

SARS-CoV-2 to their newborns
• Observe perinatal morbidities among both mothers and newborns 
• Symptomatic mothers more likely to experience premature delivery 

and their newborns to require intensive care 



Detection of severe acute respiratory syndrome coronavirus 2 
in placental and fetal membrane samples



(NATURE COMMUNICATIONS | (2020) 11:3572 | https://doi.org/10.1038/s41467-020-17436-6)



COVID-19 in 7780 pediatric patients: A 
systematic review (Hoang A et al EClin Med 2020;24:100433)

• Searched four medical databases (PubMed, LitCovid, Scopus, WHO 
COVID-19 database) between December 1, 2019 to May 14, 2020

• Identified 131 studies across 26 countries comprising 7780 pediatric 
patients

• Fever (59.1%) and cough (55.9%) the most frequent symptoms 
• 19.3% of children asymptomatic 
• Patchy lesions (21.0%) and ground-glass opacities (32.9%) depicted 

lung radiograph and computed tomography findings, respectively



(Hoang A et al EClin Med 2020;24:100433)



(Hoang A et al EClin Med 2020;24:100433)



COVID-19 in 7780 pediatric patients: A 
systematic review (Hoang A et al EClin Med 2020;24:100433)

• Immunocompromised children or those with respiratory/cardiac 
disease comprised the largest subset of COVID-19 children with 
underlying medical conditions (152 of 233 individuals) 

• Coinfections observed in 5.6% of children 
• Abnormal laboratory markers included serum D-dimer, procalcitonin, 

creatine kinase, and interleukin-6. 
• Seven deaths reported (0.09%) 
• 11 children (0.14%) met inclusion for multisystem inflammatory 

syndrome in children



SARS-CoV-2–Associated Deaths Among Persons Aged < 21 
Years — United States, February 12–July 31, 2020                               
(Bixler D et al MMWR 2020;69 (37):1324-9)

• Persons aged < 21 years constitute 26% of the U.S. population  
• During the period, a total of 391,814 cases of COVID-19 and MIS-C

(representing approximately 8% of all reported cases) and 121 deaths 
(approximately 0.08% of all deaths) were identified among persons aged < 21 
years

• 63% in males, 10% of decedents aged < 1year, 20% aged 1–9 years, 70% aged 10–20 years 



(Bixler D et al MMWR 2020;69 (37):1324-9)

cases

deaths



(Bixler D et al MMWR 2020;69 (37):1324-9)



SARS-CoV-2–Associated Deaths Among Persons Aged < 21 
Years — United States, February 12–July 31, 2020                               
(Bixler D et al MMWR 2020;69 (37):1324-9)

Four important findings were identified 
• Although Hispanic, Black, and American Indian or Alaska Native (AI/AN) persons represent 

41% of the U.S. population aged < 21 years, these groups accounted for approximately 75% of 
deaths in persons aged < 21 years

• The possibility exists that all deaths were not recognized or reported, in part because of 
incomplete testing, failure to update vital status after death of a previously reported case of 
COVID-19 or MIS-C, or delays in reporting SARS-CoV-2–associated deaths because of the 
lengthy process for cause of death ascertainment

• Autopsy findings and death certificates were not available to verify cause of death for this report 
• More detailed review of available medical and death records is currently underway in collaboration 

with public health jurisdictions

• A standard surveillance case definition for SARS-CoV-2–associated death is not in use in the 
United States



First report from Italy

From UK
From France and 
Switzerland



SARS-CoV-2 in cardiac tissue of a child with COVID-19-
related multisystem inflammatory syndrome (Dolhnikof M et al Lancet Child 
Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)

• 11 y/o, otherwise healthy female of African descent
• Fever for 7 days, odynophagia, myalgia, and abdominal pain
• Admitted to PICU with cardiovascular shock and persistent fever
• On physical examination 

• Non-exudative conjunctivitis and cracked lips
• Respiratory distress, respiratory rate 70 breaths per min, hypoxia 
• Signs of congestive heart failure, including jugular vein distention, crackles 

at the base of the lungs, displaced liver, hypotension (blood pressure 80/36 
mm Hg), tachycardia (134 bpm), and cold extremities with filiform pulses



(A) Initial Chest X-ray showing enlarged cardiac area and bilateral lung opacities
(B) Chest computed tomography (CT) evidencing multiple ground-glass pulmonary opacities, 

associated with thickening of interlobular septa and sparse consolidation foci
(Dolhnikof M et al Lancet Child Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)



(Dolhnikof M et al Lancet Child Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)

Laboratory results at various timepoints after presentation



(Dolhnikof M et al Lancet Child Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)



SARS-CoV-2 in cardiac tissue of a child with COVID-19-
related multisystem inflammatory syndrome (Dolhnikof M et al Lancet Child 
Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)

• Promptly intubated 
• Antibiotic treatment with ceftriaxone and azithromycin
• Peripheral epinephrine was initiated in the emergency room
• A point-of-care echocardiogram showed diffuse left ventricular hypokinesia 

with no segmental wall motion abnormalities 
• Left-ventricular ejection fraction 31%, no respiratory collapsibility of the inferior 

vena cava
• Received furosemide, and central line and invasive arterial monitoring were 

established
• The patient progressed to hyperdynamic vasoplegic shock refractory to volume 

resuscitation and vasoactive agents 
• After 28 h of hospital admission, she developed ventricular fibrillation and died



SARS-CoV-2 in cardiac tissue of a child with COVID-19-
related multisystem inflammatory syndrome (Dolhnikof M et al Lancet Child 
Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)

• Post-mortem CT angiography did not show any signs of coronary 
artery alterations

• Post-mortem ultrasound examination of the heart showed a 
hyperechogenic and diffusely thickened endocardium (mean 
thickness 10 mm), a thickened myocardium (18 mm thick in the left 
ventricle), and a small pericardial effusion



(Dolhnikof M et al Lancet Child Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)

Diffuse myocardial 
interstitial inflammation

Interstitial and perivascular 
myocardial inflammation , 
and foci of cardiomyocyte 
necrosis

Myocardial necrosis 
indicated by C4d staining

Myocardial interstitial inflammation 
containing CD68+ and CD45



(Dolhnikof M et al Lancet Child Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)

Post-mortem electron microscopy findings

Part of a cardiomyocyte, 
with viral particles (arrows) 
within a cytoplasmic area 
close to the nucleus

a viral particle inside a 
ruptured fragment of the 
rough endoplasmic 
reticulum in a fibroblast

two viral particles (arrows) 
are present inside the 
endocardial endothelial cell



SARS-CoV-2 in cardiac tissue of a child with COVID-19-
related multisystem inflammatory syndrome (Dolhnikof M et al Lancet Child 
Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)

• Microthrombi in the pulmonary arterioles and renal glomerular 
capillaries

• SARS-CoV-2-associated pneumonia was mild, with patchy exudative 
changes in alveolar spaces and mild pneumocyte hyperplasia

• Lymphoid depletion and signs of haemophagocytosis were noted in 
the spleen and lymph nodes, indicating secondary haemophagocytic
lymphohistiocytosis associated with systemic inflammation 

• Acute tubular necrosis in the kidneys and hepatic centrilobular necrosis, 
secondary to shock, were also seen 

• Brain tissue showed microglial reactivity



SARS-CoV-2 in cardiac tissue of a child with COVID-19-
related multisystem inflammatory syndrome (Dolhnikof M et al Lancet Child 
Adolesc Health August 20, 2020 https://doi.org/10.1016/ S2352-4642(20)30257-1)

• SARS-CoV-2 RNA was detected on a post-mortem nasopharyngeal 
swab and in cardiac and pulmonary tissues by real time RT-PCR 
using primers and probes set for E (envelope) gene

• Cycle threshold values for lung and heart samples were 35·6 and 
36·0, respectively, suggesting a low viral load in both organs

• To investigate a primary immunodeficiency, whole exome sequencing 
from genomic DNA extracted from whole blood was done, showing 
No pathogenic, likely pathogenic, or variant of unknown significance 
was found associated with inborn errors of immunity



Multisystem Inflammatory Syndrome in U.S. Children and 
Adolescents (Feldstein LR et al NEJM 2020;383:334-46)

• The case definition included six criteria 
• Serious illness leading to hospitalization, 
• An age of less than 21 years, 
• Fever that lasted for at least 24 hours, 
• Laboratory evidence of inflammation, 
• Multisystem organ involvement, 
• Evidence of infection with SARS-CoV-2 based on RT-PCR, antibody testing, 

or exposure to persons with Covid-19 in the past month



(Feldstein LR et al NEJM 2020;383:334-46)



Multisystem Inflammatory Syndrome in Children Associated 
with SARS-CoV-2: A Systematic Review (Joseph Y et al J Ped 2020;226:45-54)

• Identify studies of MIS-C cases published from April 25, 2020, through 
June 29, 2020 

• Inclusion criteria varied by study
• 3 studies selected patients diagnosed with Kawasaki disease, 
• 2 required cardiovascular involvement, 
• 3 had broader multisystem inclusion criteria

• Eight studies were identified representing a total of 440 MIS-C cases
• Median age of patients by study ranged from 7.3 to 10 years, 
• 59% of patients male
• Proportion of patients with positive results for SARS-CoV-2

• For RT-PCR, ranged from 13% to 69% 
• For serology, from 75% to 100%



(Joseph Y et al J Ped 2020;226:45-54)



(Joseph Y et al J Ped 2020;226:45-54)



(Joseph Y et al J Ped 2020;226:45-54)



(Joseph Y et al J Ped 2020;226:45-54)



Multisystem Inflammatory Syndrome in Children Associated 
with SARS-CoV-2: A Systematic Review (Joseph Y et al J Ped 2020;226:45-54)

• Patients with MIS-C had high prevalence of gastrointestinal (87%), 
dermatologic/mucocutaneous (73%), and cardiovascular (71%) symptoms 

• Prevalence of cardiovascular, neurologic, and respiratory system involvement significantly 
differed by study inclusion criteria

• All studies reported elevated C-reactive protein, interleukin-6, and fibrinogen 
levels for at least 75% of patients in each study

Conclusions
• MIS-C cases from different studies across different countries have similar 

manifestations with a strong temporal, geographic, and laboratory link with 
SARS-CoV-2 infection 

• Clinical, laboratory, and epidemiologic characteristics of MIS-C appear to be 
different from those of Kawasaki disease



27 cases (3 fatal cases) were reported and identified



(NEJM 
2020;383:
1522-34)





Diagnosis of SARS-CoV-2 infection
• Clinical diagnosis

• Symptoms & signs, lab data, image studies
• Epidemiologic diagnosis

• Seasonality, local epidemics
• Travel, Occupation, Cluster, Contact 

• Laboratory diagnosis
• PCR-based
• Virus culture
• Antigen detection
• Serology: not timely 



Interpreting Diagnostic Tests for SARS-CoV-2 (Sethuraman N et al JAMA 2020;May 6)



Laboratory diagnosis of SARS-CoV-2 infection
• PCR-based

• Real time RT-PCR
• Target genes: nucleocapsid gene, RdRP, envelope etc.
• Specimens: 

• Upper respiratory: nasopharyngeal swab, throat swab, saliva, nasal swab
• Non-respiratory: stool

• Serologic tests
• Detect IgM and IgG may be reactive as early as 4 days after symptom onset and 

until as late as 11–14 days from the date of infection
• May be helpful to describe the epidemiology of SARS-CoV-2 retrospectively, but 

population samples will be a key factor in interpreting the results
• Interpretation of lab tests

• Timing of collection with respect to the illness course, intermittent shedding, 
variability of sample collection, degradation of viral RNA during shipping or 
storage of samples, the specimen acquisition site, and host and epidemiological 
factors must be considered in the interpretation of diagnostic test results



Laboratory Diagnosis of COVID-19: Current Issues and 
Challenges (Tang YW et al JCM 2020;58 (6):e00512-20)

• In the pre-analytical stage, collecting the proper respiratory tract 
specimen at the right time from the right anatomic site is essential 
for a prompt and accurate molecular diagnosis of COVID-19

• In the analytic stage, real-time RT-PCR assays remain the molecular 
test of choice, while antibody-based techniques are being introduced 
as supplemental tools 

• In the post-analytical stage, testing results should be carefully 
interpreted using both molecular and serological findings 

• Finally, random-access, integrated devices available at the point of 
care with scalable capacities will facilitate the rapid and accurate 
diagnosis and monitoring of SARS-CoV-2 infections



SARS-CoV-2 Viral Load in Upper Respiratory 
Specimens of Infected Patients (Zou L et al NEJM 2020)

• Monitored SARS-CoV-2 viral loads in upper respiratory specimens 
obtained from 18 patients (9 men and 9 women; median age, 59 years; 
range, 26 to 76) in Zhuhai, Guangdong, China

• A total of 72 nasal swabs (sampled from the mid-turbinate and 
nasopharynx) and 72 throat swabs were analyzed

• Higher viral loads detected soon after symptom onset, with higher 
viral loads detected in the nose than in the throat

• Viral load detected in the asymptomatic patient was similar to that in 
the symptomatic patients

• How SARS-CoV-2 viral load correlates with culturable virus needs 
to be determined



Predicting infectious SARS-CoV-2 from diagnostic 
samples (Bullard J et al CID 2020;online)

• Retrospective cross-sectional study, we took SARS-CoV-2 RT-PCR 
confirmed positive samples and determined their ability to infect Vero cell 
lines

• 90 RT-PCR SARS-CoV-2 positive samples were incubated on Vero cells 
• Twenty-six samples (28.9%) demonstrated viral growth 
• Median TCID50/ml was 1780 (282-8511).  
• There was no growth in samples with a Ct > 24 or symptom onset to test (STT) > 8 

days 
• Multivariate logistic regression using positive viral culture as a binary predictor 

variable, STT and Ct demonstrated an odds ratio for positive viral culture of 0.64 
(95% CI 0.49-0.84, p<0.001) for every one unit increase in Ct

• Area under the receiver operating characteristic curve for Ct vs. positive culture was 
OR 0.91 (95% CI 0.85-0.97, p<0.001), with 97% specificity obtained at a Ct of >24



• Positive SARS-CoV-2 culture samples had a significantly lower Ct when compared to culture negative samples 
(17 [16-18] vs 27 [22-33], p<0.001).    

• Symptom to test time was also significantly lower in culture positive vs. culture negative samples (3 [2-4] vs. 7 
[4-11], p<0.001)



Predicting infectious SARS-CoV-2 from diagnostic 
samples (Bullard J et al CID 2020;online)

Conclusions
• SARS-CoV-2 Vero cell infectivity was only observed for RT-PCR 

Ct  < 24 and symptom onset to test < 8 days 
• Infectivity of patients with Ct >24 and duration of symptoms >8 days 

may be low



Spread of SARS-CoV-2 in the Icelandic Population 
(Gudbjartsson DF et al NEJM 2020; 382:2302-2315)

• Targeted testing to persons living in Iceland who were at high risk 
for infection (mainly those who were symptomatic, had recently 
traveled to high-risk countries, or had contact with infected persons)

• As of April 4, a total of 1221 of 9199 persons (13.3%) positive results for 
infection with SARS-CoV-2

• Also carried out population screening using two strategies
• Issuing an open invitation to 10,797 persons: 

• 87 (0.8%) positive 
• Sending random invitations to 2283 persons

• 13 (0.6%) positive
• In total, 6% of the population was screened
• Sequenced SARS-CoV-2 from 643 samples

• diverse and changed over time



Humoral Immune Response to SARS-CoV-2 in Iceland 
(Gudbjartsson DF et al NEJM 2020; Sep 1, doi: 10.1056/NEJMoa2026116)

• Measured antibodies in serum samples from 30,576 persons in Iceland, using six 
assays (including two pan-Ig assays), determined that the appropriate measure of 
seropositivity was a positive result with both pan-Ig assays

• 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); 
• IgG and IgA against the S1 subunit of the spike protein (IgG anti-S1 and IgA anti-S1) 

(Euroimmun) 
• 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 4222 quarantined persons, 2.3% were seropositive
• Of 23452 persons with unknown exposure, 0.3% were positive 



Antibody Prevalence and Titers among qPCR-Positive Cases as a Function of Time since Diagnosis by qPCR

(Gudbjartsson DF et al NEJM 2020; Sep 1, doi: 10.1056/NEJMoa2026116)



(Gudbjartsson DF et al NEJM 2020; Sep 1, doi: 10.1056/NEJMoa2026116)



Humoral Immune Response to SARS-CoV-2 in Iceland 
(Gudbjartsson DF et al NEJM 2020; Sep 1, doi: 10.1056/NEJMoa2026116)

• Estimate that 
• 0.9% of Icelanders were infected with SARS-CoV-2 
• the infection was fatal in 0.3% 
• 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), 
• 30% had occurred in persons outside quarantine and not tested with qPCR

Conclusions
• Results indicate that antiviral antibodies against SARS-CoV-2 did not decline 

within 4 months after diagnosis 
• Estimate that the risk of death from infection was 0.3%, 44% of persons 

infected with SARS-CoV-2 in Iceland were not diagnosed by qPCR



Thank you for your attention!!
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