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Comparison of Nab titres among infections that were re-positive, general discharged COVID-19 cases, and cases in hospitalization.
General discharged cases refer to COVID-19 recovered cases detected as SARS-CoV-2 negative in 14 days after discharge. 
To plot these results into one figure, we recorded 2 for antibody titre less than 4 (highlighted in red), and 2048 for titre larger than 1024. 
The start point of serum dilution (titre of 4) was highlighted with red dash line
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C) Relationship between levels of infectious Plaque forming Units (PFU) and PCR copies/swab N1, N2, and E viral RNA . (N = nucleocapsid; E = E protein)
D) Specific infectivity (genome: PFU ratio) of infectious virus relative to N1, N2 and E transcripts (median with interquartiles). 
Dashed lines represent limits of detection. 
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Figure 3. SARS-CoV-2 symptom status, severity and relationship 
to viral RNA. 
A) Number of symptoms reported by vRNA- and vRNA+ 

participants (mean ± SD). 
B) Percentage of vRNA- and vRNA+ individuals stratified by 

number of symptoms. 
C) Percentage of vRNA+ survey participants reporting total 

number of symptoms. 
D) Cumulative symptom score (not reported = 0, mild = 1, 

medium = 2, severe = 3) for all 11 symptoms stratified by 
vRNA- and vRNA+ 438 participants (mean ± SD). 

E) Percentage of vRNA- and vRNA+ individuals stratified by 
symptom score. 

F) Relationship between cumulative symptom score and N1 
vRNA levels (semilog nonlinear regression line fit). *** 
p<0.0001 Mann-Whitney unpaired non-parametric test. 

Longitudinal Surveillance for SARS-CoV-2 Among Staff in Six Colorado Long-Term Care 1 Facilities: 
Epidemiologic, Virologic and Sequence Analysis 

Gallichotte medRxiv 5 Nov 2020 
11/01/2021 6



Figure 4. Individual infection courses and virus levels. 
Viral N1 RNA (left axis) and infectious virus (right axis) in select individuals with detectable N1 for A) one, B) two, C) three, or D) four consecutive weeks. 
E) Examples of individuals with detection of N1 vRNA after a period of undetectable N1 following initial infection 
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Duration of infectiousness and correlation with RT-PCR cycle threshold values in England

Singanayagam EuroSurv. Aug 2020
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Persistent Detection and Infectious Potential of SARS-CoV-2 Virus in Clinical Specimens from COVID-19 Patients

Zapor Viruses Dec 2020

Figure 2. Duration of SARS-CoV-2 RT-PCR positivity in 
respiratory specimens in studies of adult COVID-patients.  

Vertical lines represent the median duration, and the

boxes represent the interquartile range. 

Figure 4. Duration of SARS-CoV-2 RT-PCR positivity in 
respiratory and fecal specimens in paediatric patients. 

The medians are indicated by a solid vertical line, 
the means are indicated by a dashed vertical line. 
A solid box indicates interquartile range, 
and a dashed box indicates range. 
Unshaded boxes indicate respiratory specimens, and
stippled boxes indicate fecal samples
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Changed CDC guidelines for discontinuation of transmission-based precautions in healtcare setting
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Composition of genomic and subgenomic RNAs of SARS-CoV-2 and schematic diagram of virus particle structure

SARS-CoV-2 RNAs contain ORF1a, ORF1b, ORFS, ORFE, ORFM, ORFN, ORF3a, ORF6, ORF7a, ORF7b, ORF8, and ORF10. (but ORF10 is not functional). 
ORF (open reading frame) 1a and 1b encode the polymerase, which is responsible for transcribing the full genomic RNA and the subgenomic (sg) RNA’
There are nine subgenomic (sg) RNAs (S, E, M, N, 3a, 6, 7a, 7b, 8) indeed transcribed from genomic RNAs. 
Among them, S, E, M, and N RNAs are translated into each structural protein, respectively, forming a structure of virus particle (S: spike protein, E: 
envelope protein, M: membrane protein, and N: nucleocapsid protein). The other sg RNA 3a, 6, 7a, 7b and 8 encode non-structural proteins 

https://rna-seqblog.com/the-architecture-of-sars-cov-2-transcriptome/
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When the spike protein of SARS-CoV-2 binds to the receptor of the host cell, the 
virus enters the cell, and then the envelope is peeled off, which let genomic + 
stranded RNA be present in the cytoplasm. 
The genomic RNA functions as mRNA for translation of ORFT1a and 1b proteins. 

Protein pp1a and ppa1b are cleaved by protease to make a total of 16 
nonstructural proteins. Some nonstructural proteins form a 
replication/transcription complex (RNA-dependent RNA polymerase, RdRp)
The RdRp use the (+) strand genomic RNA as a template to produce 
1) Negative full RNA (= antigenomic RNA, which during the replication process is 

transformed into positive genomic RNA. 
2) Subgenomic RNAs produced through the transcription are translated into 

structural proteins (S: spike protein, E: envelope protein, M: membrane protein, 
and N: nucleocapsid protein) which form a viral particle. 

Spike, envelope and membrane proteins enter the endoplasmic reticulum, and the 
nucleocapsid protein is combined with the (+) strand genomic RNA to become a 
nucleoprotein complex. They merge into the complete virus particle in the 
endoplasmic reticulum-Golgi apparatus compartment, and are excreted to 
extracellular region through the Golgi apparatus and the vesicle.

Replication cycle of SARS-CoV-2

https://rna-seqblog.com/the-architecture-of-sars-cov-2-transcriptome/
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Other images showing replication cycle



SARS-CoV-2 Virus Culture and Subgenomic RNA for Respiratory Specimens from Patients with Mild COVID-19

Ranawaka Em Inf Dis Nov 2020 

Figure 1. Severe acute respiratory syndrome coronavirus 2 RNA load, virus culture, and days after onset of illness in respiratory specimens and duration 
of illness for patients with mild COVID. ○ indicates samples positive by virus culture and × indicates samples negative by virus culture. 
Red indicates 2 critically ill patients and 1 patient who died; black indicates mild, moderate, or asymptomatic infections. The limit of detection of the 
viral N gene RNA was 1 log10 copies/mL; undetectable virus load is indicated as the limit of detection. N, nucleoprotein.
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Ranawaka Em Inf Dis Nov 2020 

Severe acute respiratory syndrome coronavirus 2 viral RNA load, virus culture, and subgenomic virus RNA (sgRNA) in relation to days after onset of 
illness for patients with mild coronavirus disease, Hong Kong. 
Red indicates culture and sgRNA positive, green indicates culture and sgRNA negative, yellow indicates culture positive and sgRNA negative, 
brown indicates culture negative and sgRNA positive, and gray indicates culture positive and no sgRNA data (because of insufficient specimen). 
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Rodriguez-Grande J Clin Microbiol Nov 2020 

Table 1: Genomic and subgenomic RNA for E protein and for Rnase P (houskeeping) in “fresh”(1-19) and “persistent” (20-79) patients

Inference of active viral replication with sgRNA in cases with sustained positive RT-PCRs for SARS-CoV-2
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Inference of active viral replication with sgRNA in cases with sustained positive RT-PCRs for SARS-CoV-2
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Table 2: Characteristics of sgRNA (+) patients
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Prolonged Infectious SARS-CoV-2 Shedding from an Asymptomatic Immunocompromised Individual with Cancer

Avanzato et al., 2020, Cell 183, 1901–1912
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Prolonged Infectious SARS-CoV-2 Shedding from an Asymptomatic Immunocompromised Individual with Cancer

Avanzato et al., 2020, Cell 183, 1901–1912

Figure 2. Assessment of Viral Load and Seroconversion in an Individual Persistently Infected with SARS-CoV-2 and Treated with Convalescent Plasma

A) Viral RNA extracted from a nasopharyngeal swab was analyzed for genomic RNA (gRNA) and subgenomic RNA (sgRNA) by qRTPCR (Ct) in circles, 
left panel) and in ddPCR copy numbers (triangles, right panel). 

B) IgG titers against the SARS-CoV-2 spike ectodomain were determined by ELISA in convalescent plasma donor #1 and #2 used for transfusion. 
C) IgG titers against the SARS-CoV-2 spike ectodomain were determined by ELISA in patient serum collected at several time points. 
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Prolonged Infectious SARS-CoV-2 Shedding from an Asymptomatic Immunocompromised Individual with Cancer

Avanzato et al., 2020, Cell 183, 1901–1912
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Challenges of Identifying SARS-CoV-2 Reinfections
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Challenges of Identifying SARS-CoV-2 Reinfections

11/01/2021 22



Goldman medRxiv Sept 2020

Reinfection with SARS-CoV-2 and Failure of Humoral Immunity: a case report.

Distribution of shedding duration in patients who had at least 2 positive SARS-CoV-2 PCR tests. 
The shedding duration was calculated as the time from first positive sample to last positive sample. 
In the histogram (n=176), the proportion of patients is plotted as density on the y-axis and shedding duration (in days) is on the x-axis.
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Reinfection with SARS-CoV-2 and Failure of Humoral Immunity: a case report.

Figure 3. Anti-SARS-CoV-2 serologies and neutralizing antibodies. Plasma samples were analyzed by ELISA at a 1:100 dilution for the presence of IgG, IgA 
and IgM antibodies binding to the SARS-CoV-2 spike (Panel A), nucleocapsid (Panel B), and RBD (Panel C) antigens. Panel D shows the results of testing for 
antibodies that block the binding of ACE2 to RBD, carried out with a 1:10 dilution of plasma (left y-axis). Pseudovirus neutralizing antibodies were detected 
with in vitro cell culture assay with D614 (Wuhan) pseudovirus and D614G pseudovirus (right y-axis). For all panels, time on the x-axis indicates days after 
symptom onset during SARS-CoV-2 reinfection. Plasma pools from SARS-CoV-2 pre-pandemic healthy blood donors and from primary infection COVID-19 
patients were used as negative and positive quality control (QC), respectively.
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Agerer bioRxiv Dec 2020

A) Experimental overview.   
B) CTL responses against wildtype epitopes. PBMCs were isolated from HLAA* 02:01 or HLA-B*40:01 positive SARS-CoV-2 patients, expanded 10-12 days with indicated peptides and 

stained with wildtype tetramers.  
C-E) T-cells expanded with mutant peptides do not give rise to wildtype peptide-specific PBMCs. PBMCs were isolated 5 as in B), stimulated with wildtype or mutant peptides and     

stained with tetramers containing the wildtype peptide. 
G-I) Impact of mutations on CTL cell response. PBMCs expanded with wildtype or mutant peptides as indicated, were analyzed for IFNγ-production via intracellular cytokine staining 

after restimulation with each peptide (n = 3-13 patients per epitope). 
Significance is indicated as *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, tested by Wilcoxon matched-pairs signed rank test
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SARS-CoV-2 epitope mutations lead to escape from CTL responses.


