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Objectives

1. Review the current knowledge 
regarding duration of infectivity 
of individuals with COVID-19

2. Identify current knowledge gaps 
that influences current 
recommendations
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Why talk about COVID-19 in 2024? 

• Still prevalent
– 1-2 peaks per year 

• Still morbid in some populations

• HCWs with COVID-19 still subjected to work restrictions in 
some jurisdictions

• Because we are still being asked what to do with HCWs with 
COVID-19  
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45% positivity among HCWs tested

Positivity rate (COVID-19) per week, by NAAT indication grouping, from February 25, 2020 to August 28, 2024

HCW

Nombre et proportion de CH et de CHSLD en éclosion active de 
COVID-19 (SI-SPIN) 
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Notes : 
• Une installation en éclosion active sera comptée chaque semaine où elle aura au moins une 

éclosion active pendant une journée. 
• Le graphique est construit en utilisant la date de début de la plus ancienne éclosion et la date de 

fin de la plus récente éclosion, parmi la période d’éclosion de chaque installation. 
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Number and proportion of hospitals and LTCF with active COVID-19 outbreaks



Should we still test HCWs for COVID-19? 
• HCP with even mild symptoms of COVID-19 should be prioritized for viral 

testing with nucleic acid or antigen detection assays

• When testing a person with symptoms of COVID-19, negative results from at 
least one viral test indicate that the person most likely does not have an active 
SARS-CoV-2 infection at the time the sample was collected.

• If using NAAT (molecular), a single negative test is sufficient in most 
circumstances. If a higher level of clinical suspicion for SARS-CoV-2 infection 
exists, consider maintaining work restrictions and confirming with a second 
negative NAAT.

• If using an antigen test, a negative result should be confirmed by either a 
negative NAAT (molecular) or second negative antigen test taken 48 hours after 
the first negative test.

https://www.cdc.gov/covid/hcp/infection-control/guidance-risk-assesment-hcp.html



Infectivity of COVID-19

• COVID-19 Infectivity 

– May be up to 10 days in non-severe cases among non immunocompromised individuals
– Wide interindividual variability
– Assessed by viral culture (gold standard)

• Healthcare workers with COVID-19

– Must be isolated until deemed non-infectious but can lead to staff shortages
– Criteria to allow early return to work developed by several jurisdictions



CDC1 ECDC2 Victoria, AUS4 Quebec May 20233 Quebec July 2023

Without criteria At least 10 days 
have past since 
onset of symptoms

At least 10 days 10 days 6 days 

With criteria

At least 7 days At least > 6 days At least 5 days off At least 7 days At least 4 days

Symptom 
improvement

Symptom 
improvement

Resolution of acute 
symptoms

Symptom 
improvement

No fever without 
antipyretic use x 
24h

No fever No fever without 
antipyretic use x 
24h

No fever

Negative viral 
testing last 48h 
(NAAT or RADT)*

Negative NAAT or 
RADT on Day 6

Negative RADT 
may be considered

Negative RADT x 2 Negative RADT

1. Last updated Sept 2022, for nonsevere COVID-19 not immunocompromised
2. 3rd update, Jan 2022. https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-discharge-and-ending-isolation
3. https://www.inspq.qc.ca/publications/3141-covid-19-gestion-travailleurs-sante-milieux-soins
4. https://www.health.vic.gov.au/infectious-diseases/covid-19-coronavirus-disease-2019#control-measures-for-covid-19

Return to work criteria for HCWs with COVID-19

* If test positive on days 5-7: extend to 10 days isolation in all cases

https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-discharge-and-ending-isolation
https://www.inspq.qc.ca/publications/3141-covid-19-gestion-travailleurs-sante-milieux-soins


Downgrading COVID-19 measures? 

Updates may be slow to come as fundamental 
questions arise re. how COVID-19 is managed

https://www.cdc.gov/covid/hcp/infection-control/guidance-risk-assesment-hcp.html



How are return-to-work criteria determined 
for HCWs? 

• References that justify recommendations not always 
included in the recommendations

• Risk-benefit assessment must be conducted and 
influence recommendations
– Zero risk = implicitly abandoned from societal point of view
– No more screening or isolation in the community
– Population at risk (patients)



• Viral culture is the current gold standard
– Growth of virus on cell culture is an indicator that viral particles have capacity to infect human cells
– However, poorly standardized

• Choice of cell line 
• Inoculation volume
• Freeze-thaw vs fresh samples
• Duration of incubation

• Main cell line: Vero E6
– Median tissue culture infectious dose (TCID50/ml) ranges between 2,0E+04 to 6.3E+06 

Determination of SARS-CoV-2 infectivity

Wurtz N, Penant G, Jardot P, Duclos N, La Scola B. Culture of SARS-CoV-2 in a panel of laboratory cell lines, 
permissivity, and differences in growth profile. Eur J Clin Microbiol Infect Dis. Mar 2021;40(3):477-484. 

100-fold variation in sensitivity

Khandelwal N et al. Frontiers in Cellular and Infection Microbiology. 2021-November-23 2021;11doi:10.3389/fcimb.2021.771524



Increasing sensitivity? 

• Frozen air samples

• Conducting 2 successive cycles of infection on Vero E6 cells 
can lead to detectable CPE and expression of Spike (S) and 
nucleocapsid (N) proteins (indicative of de novo infctious
virions)

• Detects virions in Frozen air samples with TCID50 3.6 x 102
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To the Editor,

Managing the COVID-19 pandemic has required the imple-
mentation of public health mitigation measures to limit the
transmission of SARS-CoV-2. Airborne transmission via particles of
different sizes, generally called droplets and aerosols, was recog-
nized very late by public health organizations in part due to limited
direct evidence of infectious virus in air samples. SARS-CoV-2 RNA
has been detected in indoor air samples in various settings [1], but
to this day only a few studies reported infectious virus particles in
bioaerosols [2e5]. Well-defined methods to monitor indoor air
remain essential to inform on the risks of acquisition in the com-
munity and occupational environments and to evaluate mitigation
methods [1,6]. The quantity and infectivity of viral particles
collected from air is strongly influenced by the samplers, the
environmental context, the time of sampling and sample storage
before cell culture requiring level 3 containment laboratory. In this
study, we sought to assess the possibility of isolating infectious
SARS-CoV-2 virus particles in a retrospective analysis of aerosol
samples. We collected air samples in individual airborne isolation

hospital rooms with negative pressure and >12 air changes/hour
occupied by patients with acute COVID-19 in fall 2020 in Quebec,
Canadawhen the Alpha variant was circulating but not yet detected
in Quebec and before vaccines were available. Thirty samples were
collected in 10 different rooms using two types of samplers selected
based on previous reports, namely 37mm closed-face cassettes
with 0.8mmpolycarbonate filters (SKC, Eighty Four) with a flow rate
of 10L air/min or a condensation growth tube (CGT) air sampler
(Series 110A Liquid Spot Sampler, Aerosol Devices) with a nominal
flow rate of 1.5L air/min, located at 2-3m from the patient's bed
with sampling duration of 4.75-20h to cover sporadic events
generating viral aerosols (Fig. 1A and B). Samples eluted in Viral
Transport Media (VTM) were stored at -80!C. SARS-CoV-2 RNA
(ORF1b) was detected by quantitative RT-PCR (RT-qPCR) in 9/22
(40.9%) cassettes and 2/8 (25%) Spot Sampler samples with con-
centration ranging from 129 to 2056 genomes equivalent/m3 air
(Fig. 1B). We interrogated for the presence of replicating virus in
four samples (two Spot Sampler and two cassettes) collected from
the same patient room among the highest RNA concentrations
detected (Fig. 1B). The samples had been stored 14 months before
carrying out the cell culture experiments. We first confirmed that
our cell culture design clearly differentiated between replicating
and non-replicating virus. VERO E6 cells were inoculated with
150 pfu (chosen based on the mean copy number of the air samples
analyzed) of replicating or b-propiolactone (BPL)-inactivated SARS-
CoV-2/SB2 isolate (obtained from Dr. Samira Mubareka, Sunny-
brook Research Institute, Toronto, Canada). Signs of cytopathic ef-
fects (CPE) attributable to SARS-CoV-2 replication (Fig. 1C), cellular
expression of spike (S) and nucleocapsid (N) proteins (Fig. 1D), and
production of de novo virions quantified via the median tissue
culture infectious dose (TCID50) were observed at 3 days of infec-
tion with the replicating virus (Fig. 1E), while none of these pa-
rameters turned positive 2 hours after inoculation, or when using
BPL-inactivated SARS-CoV-2. Having confirmed that only actively
replicating virus led to positive read-outs, we proceeded with the

* Corresponding author. Centre de recherche du Centre Hospitalier de l’Universit!e
de Montr!eal, Montr!eal, QC, Canada.; þ1 514 890-8000 #35392.
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• 8 studies attempted to isolate live virus from resp samples
• No live virus isolated after day 9 of symptoms

Cevik M et al. Lancet Microbe. 2021 Jan;2(1):e13-e22. 

Pre-OMICRON



Previous studies 
Study Study design Sample size Population Period Culture method Confirmation of 

replication

L’huillier
EID 2020

Cross sectionnal 23 Children 2020 Vero E6 CPE and decrease in Ct 
value

Lescure
Lancet ID 2020

Prospective cohort 5 patients Inpatients 2020 Vero E6, 3 days CPE only

Kujawski
Nature Med 2020

Prospective cohort 12 patients Inpatients/outpatient 2020 Vero CCL-81 CPE and RT-PCR, no 
quantification criteria

Bullard 
CID 2020

Cross sectional 90 samples Outpatients 2020 Vero CCL-81, 4 days CPE only

To 
Lancet ID 2020 

Prospective cohort 23 patients Inpatients 2020 Vero E6,  3 days CPE only

Wolfel
Nature 2020 

Prospective cohort 9 patients, Inpatients 2020 Vero E6, 6 days CPE and RT-PCR, no 
quantification criteria

Arons
NEJM 2020

Cross sectionnal 47 samples LCTF 2020 Vero CCL-81 CPE and RT-PCR, no 
quantification criteria

La Scola (Raoult)
Eur J Clin Microbiol
Infect Dis 2020

Cross sectional 183 samples Inpatient/outpatient 2020 Vero E6 CPE and RT-PCR, no 
quantification criteria

Le TQM 
EID 2020

Prospective cohort 12 patients Returning travelers 2020 Vero

This is the type of study on which current recommendations are based!
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Previous studies 

LIMITATIONS

• Small sample sizes 

• Some cross-sectional data

• Sensitivity of the culture technique

• Patient population: Heterogenous

• Early in the pandemic

This is the type of study on which current recommendations are based!



• 11 studies (n=384 patients) reported duration 
of viable virus shedding of Omicron 

– Pooled duration viable virus shedding: 5.16 days 
(95% CI, 4.2 to 6.14)

– Maximum duration: 15 days 

– Boucau: 25% still shedding virus at 8 days 

Interindividual 
Variation!

OMICRON



How to count durations of infectivity

• Where does the timer start? 
– Day 0 

• Symptom onset n=8 studies
• Symptom onset OR diagnosis n=4 studies 
• Diagnosis n=2 studies

• How do you call the day of onset? 
– Experts: Day 0
– Non-experts: Day 1 

Oordt-Speets AM, Spinardi JR, Mendoza CF, Yang J, Del Carmen Morales G, Kyaw MH. Duration of SARS-CoV-2 shedding: A 
systematic review. J Glob Health. 2024 Mar 29;14:05005. doi: 10.7189/jogh.14.05005. PMID: 38547496; PMCID: 
PMC10978056.



From Original virus to Omicron, many things 
changed

Δ O
Virus

Vaccination

Natural immunity

Many potential confounders!



Return-to-Work criteria 

• Can they really distinguish infectious and 
non-infectious individuals? 

• Could we improve them? 

• What is their impact on absenteeism? 



How could we Improve these rules? 

• Need to find variables that are predictors of loss of 
infectivity!

The number of studies was too small and had insufficient 
statistical power to show clear trends of daily SARS-CoV-2 
culture status or culture positivity for stratified groups, 
such as vaccinated vs unvaccinated persons; different 
SARS-CoV-2 variants of concern; symptomatic vs 
asymptomatic SARS-CoV-2 infected persons; and time 
since symptom onset vs time since diagnosis. 

Oordt-Speets AM, Spinardi JR, Mendoza CF, Yang J, Del Carmen Morales G, Kyaw MH. Duration of SARS-CoV-2 shedding: A 
systematic review. J Glob Health. 2024 Mar 29;14:05005. doi: 10.7189/jogh.14.05005. PMID: 38547496; PMCID: PMC10978056.



https://www.flickr.com/photos/nihgov/49666507451

Dzieciolowska S, et al. Clin Infect Dis. 2024 Mar 20;78(3):613-624



Objectives

• Primary objective:

– Proportion of HCWs infected with COVID-19 (Omicron variants) who 
are shedding infectious viral particles on the 5th, 7th and 10th day of 
COVID-19 infection using viral culture as a marker of infectiousness 

• Secondary objective:

– To assess the value of various clinical variables such as fever, symptom 
resolution, rapid antigen test result and RT-PCR Ct value to predict loss 
of infectivity. 



Primary outcome definition

• Definition of persistent viral infectivity

– Presence of cytopathic effect (CPE) in viral culture 

PLUS

– RT-PCR confirming presence of SARS-CoV-2 on the supernatant
at least 3 Ct values lower than in the original sample



METHODS



Methods
• Study design: Prospective observational 

study

• Population:

– 121 HCWs with laboratory confirmed 
symptomatic COVID-19 (ID Now)

– Identified through Occupational Health and 
Safety

• Recruitment and enrolment

– Remotely within 72h of symptom onset 
– Follow-up visits on Day 5, 7 and 10 (CDD)

• REB approval (project 2022-3235)

• Inclusion criteria
 Employee of CIUSS COMTL (or CIUSSS COMTL 

healthcare worker such as physician)
 Acute symptomatic COVID infection with 

symptom onset less than 72 hours prior to 
enrollment. 

• Exclusion criteria
 Asymptomatic infection
 Severe COVID (defined as hospitalization)
 HCW eligible to get a COVID-specific treatment 

such as Paxlovid or Sotrovimab)
 Contraindication to nasopharyngeal swab
 Cannot commute to the Clinique de Dépistage for 

testing using a personal mode of transportation
 Not fluent in French or English 
 No access to internet or to a cell phone



Methods
Sympto
m onset 
(Day 1)

Enrollment

Day 3 Day 5 Day 7 Day 10

Self-conducted
Self interpreted

RT-PCR
Viral culture

Self-administered
LimeSurvey



Rapid antigen detection assay 
• Rapid Response COVID-19 Antigen (BTNX Inc) provided to each participant

• Performed by the participants at home on Days 5, 7 and 10 (before or after visit to CDD)

• Nasal swab

• 3 possible interpretations
– Positive
– Negative
– Uncertain

• Picture uploaded

1100030963

Retp nse Procedure Card I COVID-19 Antigen Rapid Test Device BTNX ,~ 

COV-19C25 IMPORTANT: Bring all testing materials and specimens to room temperature (15-3o•q before use. Process specimens as soon as possible after collection. 

Step 1: Set Up 

Step1.1 Before collecting the sample, 
place the extraction tube into the =c: 
tube stand so it stands upright. 

Step1.2 Gentty mix the extraction buffer bottle. 

Empty the entire Without touching the 

~~~11:n~i~~r~ctlon Or 10 
buffer vial into the drops into the extraction 
extraction tube. tube. 

Step 2 - Option A: Nasopharyngeal Swab 
Step2a.1 
Remove the swab from Its 
packaging. 
Step2a.2 
Gently insert the sterile swab into the nostri l 
para llel to the palate, not upwards. The distance 
should be equivalent to that from the ear to the 
nostril of the patient, indicating 1 
contact with the nasopharynx. or 
until resistance is encountered. 

~e;i~~;us~:~~r~~~~~J;'~b. leave /) 
saturate tip with secretions. Slowly 
remove the swab while rotating it. 

Step 2 - Option B: Nasal Swab 
Step2b.1 
Remove the swab 
from its packaging. 

Slep2b.2 
Tilt patient's head back 10•. mlnO.Snch Insert the swab through the 
anterior nares in contact 
with nasal septum at least 
0.5 inches inside the nostril fp until mild resistance is 3 10° encountered at the middle 
turbinate. 

Slep2b.3 ~1p Using a circu lar motion, 
the nasal ori fice should 
be swabbed for a 
minimum of five seconds. 310° 
Step2bA 
Compress the nostril with 
the fingers to trap the 
swab tip and rotate the tip 
for a minimum of five 
seconds. 

Slep2b.5 rninO.Sinch 

Remove and repeat for 
the other nostril with the 
same swab. 

10°/;_ 

Step 3: Test Procedure 

Slep3.1 r Insert the swab with the 
collected specimen Into the !_ _--+ +-
extraction tube. Swirl the swab, 
mixing well. Squeeze the swab 
10-15 times by compressing the 
walls of the tube against the 
swab. 

Slep3.2 
With the swab still 
inside. securely place the extraction 
tube upright Into 
the tube stand. Let 

!~: ~n · = <C 

minutes. 

Step3.3 
Remove the swab while 
pressing the swab head i 
fi rmly ag. a inst t.he Inner 
wall of the tube to 
release as much liquid .,_ 
as possible. Dispose of 
the used swab in 
accordance with the 
appropriate biohazard 
waste disposal protocol. 

!~:~ozzle to sample extraction tube. Invert the 8 I fJ 
tube and add 3 drops of the extracted solution into ~ {;J 
the sample well of the test device by gently - . 
squeez ing the tube. Start the timer. Wait for coloured . 
line(s) to appear. Read results at 15 minutes. 

~oo 
Positive Negative Invalid 

This reference sheet Is not a 
replacement for the Product Insert 
Read the instructions prior to use 
and follow the directions carefully. 

Vl.1-10202021 



Clinical data
• 4 questionnaires

– Baseline
• Demographic data, comorbidity, vaccination status, history of previous 

COVID-19 infection, and symptomatology of current infection 

– Day 5, 7 and 10
• Symptomatology (including evolution)
• Tylenol and NSAID use in afebrile individuals

– Online self-administered surveys (Limewire)



Statistical considerations
• Sample size calculation

– 115 participants to recruit 
• Provides +/- 8% confidence interval for a proportion of 25% viral culture positivity at day 7

• Analyses

– Standard descriptive analyses

– Association between variable and persistent infectivity assessed by univariate and 
multivariate logistic regression

– All tests were 2-tailed and a p-value < 0.05 was considered statistically significant



RESULTS



Results

• 127 participants 
recruited between Feb 
20th and June 30th, 2022

• 121 included in final 
analyses



https://www.covid19immunitytaskforce.ca/seroprevalence-in-canada/

STUDY 
PERIOD

A UNIQUE 
PERIOD IN THE 
PANDEMIC WITH 
SIMULTANEOUS 
PRIMARY AND
RECURRENT 
INFECTIONS



Participant 
Characteristics

YOUNG

MOSTLY FEMALES

VARIOUS HC SETTINGS

ALL TYPES OF HCWs

NON-IMMUNOCOMPROMISED



Participant 
Characteristics

20 REINFECTIONS
(approx.. 1 year prior)

HIGHLY VACCINATED

MOSTLY Pfizer-BioNTech



Participant 
Characteristics

• No hospitalization

• No O2 requirement

• A single participant received 
nirmatrelvir/ritonavir

MILD COVID-19

6 
MAIN 

SYMPTOMS

Antipyretic 
use in afebrile 

50% at day 5
31% at Day 7

OUTCOME



Participant 
Characteristics



Infectivity on Days 5, 7 and 10

Wide range in 
duration – confirms 
need to find 
predictors of loss 
infectivity 

Culture 
technique 
sensitive



Predictors of loss of infectivity 

Bivariate analysis



Predictors of loss infectivity (baseline)

Recurrent COVID-19



0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Day 5 Day 7 Day 10

Primary COVID-19

Recurrent COVID-19

P<0.001

P=0.003

P=0.02

Day of COVID-19 infection

7/20

1/20 0/20

55/100

80/101

22/101

Proportion of healthcare workers with positive viral culture 

i.e. day 4 after symptom onset

Primary COVID-19 
with Omicron = 
longer infectivity 
than previously 
described 



Predictors of loss infectivity (baseline)

RADT Result

RT-PCR Result





RADT False negative 4/12 (33%) 5/34 (15%) 0/64 (0%)



Recurrent COVID-19: Lower viral load throughout study



Recurrent COVID-19: earlier negativisation of RADT 



BA.1 ↑ duration

Lack of improvement ↑ 
duration

Antipyretic use 
↑ duration



Day 5 Day 7 Day 10

Explanatory variable Nb OR (95% CI) P-valuec Nb OR (95% CI) P-valuec Nb OR (95% CI) P-valuec

Antipyretic Use

Fever and Tylenol use (last 24h)

No fever, without Tylenol use 73 Ref 88 Ref 102 Ref

No fever, with Tylenol use 36 1.52 (0.64-3.64) 0.34 26 2.67 (1.08-6.56) 0.03 14 1.36 (0.34-5.41) 0.66

Fever
9

1.17 (0.27-5.08) 0.83
3

0.83 (0.07-9.55) 0.84
1

NE

Fever and NSAID use (last 24h)

No fever, without NSAID use 78 Ref 95 Ref 106 Ref

No fever, with NSAID use
31

2.75 (1.01-7.47) 0.047
19

1.60 (0.59-4.29) 0.36
10

9.86 (2.47-39.35) 0.001

Fever
9

1.32 (0.31-5.67) 0.71
3

0.72 (0.06-8.20) 0.79
1

NE

Table 2. Predictors of infectivity on day 5, 7 and 10 of COVID-19 among healthcare workers (bivariate analyses)



Kushner P, et al. NPJ Prim Care Respir Med. 2022 Sep 21;32(1):35. 



Predictors of loss of infectivity 

• Multivariate analysis
– Included variables

• Age, sex
• Immune status (vaccine-derived and natural)
• Clinical characteristics (symptom severity, resolution, fever
• Antipyretic use
• RADT result
• RT-PCR Ct value



Previous infection

RT-PCR Ct value

Symptomatology
Fever and antipyretic
NOT predictive

RADT
NOT predictive



Evaluation of
return-to-work 
algorithms 



Returns only a 
quarter of HCWs 
on Day 7 (while 
57% are 
non-infectious)







Earlier return-to-work of individuals with recurrent COVID-19? 

DAY 5 Return-to-work algorithms



Earlier return-to-work of individuals with recurrent COVID-19? 

421 (36%)

16% back on Day 5
5% back on Day 7



CDC1 ECDC2 Quebec May 20233 Quebec July 2023

Without criteria At least 10 days have 
past since onset of 
symptoms

At least 10 days 10 days 6 days 

With criteria

At least 7 days At least > 6 days At least 7 days At least 4 days

Symptom improvement Symptom improvement Symptom improvement

No fever without 
antipyretic use x 24h

No fever No fever without 
antipyretic use x 24h

No fever

Negative viral test 
(NAAT or RADT)

Negative NAAT or 
RADT on Day 6

Negative RADT x 2 Negative RADT

1. Last updated Sept 2022, for nonsevere COVID-19 not immunocompromised
2. 3rd update, Jan 2022. https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-discharge-and-ending-isolation
3. https://www.inspq.qc.ca/publications/3141-covid-19-gestion-travailleurs-sante-milieux-soins

Return to work criteria for HCWs with COVID-19

https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-discharge-and-ending-isolation
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Symptom improvement Symptom improvement Symptom improvement

No fever without 
antipyretic use x 24h
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Negative viral test 
(NAAT or RADT)

Negative NAAT or 
RADT on Day 6

Negative RADT x 2 Negative RADT

1. Last updated Sept 2022, for nonsevere COVID-19 not immunocompromised
2. 3rd update, Jan 2022. https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-discharge-and-ending-isolation
3. https://www.inspq.qc.ca/publications/3141-covid-19-gestion-travailleurs-sante-milieux-soins

Return to work criteria for HCWs with COVID-19

https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-discharge-and-ending-isolation


Duration of infectivity of recurrent COVID-19

• The first study demonstrating that recurrent COVID-19 has 
a distinct virology: 

– Shorter period infectivity using viral culture as reference
– Lower viral load
– Faster negativization of RADT 

• Impact on 
– Understanding of COVID-19
– R0 and modelization of transmission
– Return-to-Work algorithms



Duration of infectivity of recurrent COVID-19

• Could this be a spurious finding?

• No, it’s indirectly supported by 
previous studies



Duration of infectivity of recurrent COVID-19

• NBA Occupational Health 
Cohort (players, staff)

– 1241 first infections vs 159 
reinfections

– Reinfection associated with
• Faster clearance by RT-PCR 

(4.9 days vs 7.2 days)
• No impact of the lineage of 

the first infection

Kissler SM, Hay JA, Fauver JR, et al. Viral kinetics of sequential SARS-CoV-2 infections. medRxiv
2023:2023.03.03.23286775



• COVID-19 infections in Yukon-Kuskokwim Health Corporation (YKHC) 

• Jan-Feb 2022

• 729 COVID-19 with follow-up RADT (Binax NOW) at Day 5 to 9 of 
infection (to release from isolation

– Global positivity: 54.3% 
– Decreased positivity : 

• Reinfections (aOR, 0.30 [0.19-0.46])
• Complete primary vaccination (aOR, 0.60  [0.37-0.99])
• Reinfection AND complete vaccination (aOR, 0.17 [0.09-0.33])

Lefferts B et al. MMWR Morb Mortal Wkly Rep. 2022 Feb 25;71(8):293-298. doi: 10.15585/mmwr.mm7108a3. 

Vaccine-derived and 
natural immunity have 
additive effect on duration 
of infectivity



• Objective: understand the role of vaccination 
and natural immunity on infectiousness of 
individuals with COVID-19

• Setting: Surveillance data from 35 California 
state prisons 

• n=22,334 individuals and 1,226 index 
infections

– Index cases removed ASAP from cell

• Assessed risk of COVID-19 in cellmates of 
index case
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Infectiousness of SARS-CoV-2 breakthrough 
infections and reinfections during the 
Omicron wave

Sophia T. Tan1, Ada T. Kwan2,3, Isabel Rodríguez-Barraquer1,3, Benjamin J. Singer1, 
Hailey J. Park1, Joseph A. Lewnard4,5,6, David Sears3,7 & Nathan C. Lo    1,3 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
breakthrough infections in vaccinated individuals and reinfections in 
previously infected individuals have become increasingly common. 
Such infections highlight a broader need to understand the contribution 
of vaccination, including booster doses, and natural immunity to the 
infectiousness of individuals with SARS-CoV-2 infections, especially in 
high-risk populations with intense transmission, such as in prisons. Here 
we show that both vaccine-derived and naturally acquired immunity 
independently reduce the infectiousness of persons with Omicron 
variant SARS-CoV-2 infections in a prison setting. Analyzing SARS-CoV-2 
surveillance data from December 2021 to May 2022 across 35 California 
state prisons with a predominately male population, we estimate that 
unvaccinated Omicron cases had a 36% (95% confidence interval (CI): 
31–42%) risk of transmitting infection to close contacts, as compared 
to a 28% (25–31%) risk among vaccinated cases. In adjusted analyses, we 
estimated that any vaccination, prior infection alone and both vaccination 
and prior infection reduced an index case’s risk of transmitting infection 
by 22% (6–36%), 23% (3–39%) and 40% (20–55%), respectively. Receipt of 
booster doses and more recent vaccination further reduced infectiousness 
among vaccinated cases. These findings suggest that, although vaccinated 
and/or previously infected individuals remain highly infectious upon 
SARS-CoV-2 infection in this prison setting, their infectiousness is reduced 
compared to individuals without any history of vaccination or infection. 
This study underscores benefit of vaccination to reduce, but not eliminate, 
transmission.

Transmission dynamics of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) have shifted over the course of the pandemic 
due to widespread vaccination, natural infection and emergence of 
novel variants1. Although the early pandemic was characterized by 
infections in fully susceptible individuals, SARS-CoV-2 breakthrough 

infections among vaccinated individuals and reinfections among previ-
ously infected individuals are now increasingly frequent2–4. After the 
emergence of the highly infectious Omicron variant in December 2021, 
the United States observed the largest surge in Coronavirus Disease 
2019 (COVID-19) cases to date5. Determining the impact of vaccination, 
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would be expected to bias our findings to the null. SARS-CoV-2 testing 
was variable over time in the prison system, with periods of routine 
weekly testing and other periods of reactive testing; however, periods 
without reactive testing align with times during which SARS-CoV-2 was 
unlikely to be circulating at high levels within the facilities, suggesting 
that this is unlikely to bias results substantially. The study findings on 
boosters may also be related to recent vaccination effects. This study 
design did not provide a basis for identifying effects of vaccination and 
prior infection on risk of acquiring SARS-CoV-2 among close contacts, 
although we did adjust for prior infection and vaccination in close 
contacts in the primary analysis. Of note, vaccine effectiveness against 
infection among incarcerated persons has been reported within this 
population during earlier periods33,34. We do not have a detailed record 
of person-level masking, symptoms, cycle thresholds for polymerase 
chain reaction (PCR) testing or serologic testing. During the study, the 
predominant Omicron subvariants in California and California prisons 
were BA.1 and BA.2 based on genomic surveillance, although we did not 
genotype every SARS-CoV-2 isolate in this study.

This study demonstrates that breakthrough COVID-19 infections 
with the Omicron variant remain highly infectious but that both vac-
cination and natural infection confer reductions in transmission, with 
benefit of additional vaccine doses. As SARS-CoV-2 breakthrough 
infections and reinfections become the predominant COVID-19 
case, this study supports the importance of booster doses in reduc-
ing population-level transmission with consideration of mass timed 
vaccination during surges, with particular relevance in vulnerable, 
high-density congregate settings.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 

acknowledgements, peer review information; details of author 
contributions and competing interests; and statements of data 
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Fig. 4 | Relative change in Omicron SARS-CoV-2 attack rate in close contacts 
based on index cases’ vaccine and prior natural infection status in an 
adjusted model. We applied a robust Poisson regression model to estimate 
the relationship between vaccination and natural immunity in index cases on 
their risk of SARS-CoV-2 transmission to close contacts. We plotted the adjusted 
relative reduction in infectiousness of index cases (represented as points), as 
measured via attack rate in close contacts, conferred by vaccination alone, prior 

infection alone and both vaccination and prior infection. The estimate for both 
vaccination and prior infection is based on a linear combination of regression 
coefficients, given lack of formal statistical interaction between vaccination and 
prior infection. We conducted a separate regression analysis (right side of graph) 
that was stratified based on the number of vaccine doses received by the index 
case. We plotted cluster-robust 95% CIs (represented by error bars).
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
breakthrough infections in vaccinated individuals and reinfections in 
previously infected individuals have become increasingly common. 
Such infections highlight a broader need to understand the contribution 
of vaccination, including booster doses, and natural immunity to the 
infectiousness of individuals with SARS-CoV-2 infections, especially in 
high-risk populations with intense transmission, such as in prisons. Here 
we show that both vaccine-derived and naturally acquired immunity 
independently reduce the infectiousness of persons with Omicron 
variant SARS-CoV-2 infections in a prison setting. Analyzing SARS-CoV-2 
surveillance data from December 2021 to May 2022 across 35 California 
state prisons with a predominately male population, we estimate that 
unvaccinated Omicron cases had a 36% (95% confidence interval (CI): 
31–42%) risk of transmitting infection to close contacts, as compared 
to a 28% (25–31%) risk among vaccinated cases. In adjusted analyses, we 
estimated that any vaccination, prior infection alone and both vaccination 
and prior infection reduced an index case’s risk of transmitting infection 
by 22% (6–36%), 23% (3–39%) and 40% (20–55%), respectively. Receipt of 
booster doses and more recent vaccination further reduced infectiousness 
among vaccinated cases. These findings suggest that, although vaccinated 
and/or previously infected individuals remain highly infectious upon 
SARS-CoV-2 infection in this prison setting, their infectiousness is reduced 
compared to individuals without any history of vaccination or infection. 
This study underscores benefit of vaccination to reduce, but not eliminate, 
transmission.

Transmission dynamics of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) have shifted over the course of the pandemic 
due to widespread vaccination, natural infection and emergence of 
novel variants1. Although the early pandemic was characterized by 
infections in fully susceptible individuals, SARS-CoV-2 breakthrough 

infections among vaccinated individuals and reinfections among previ-
ously infected individuals are now increasingly frequent2–4. After the 
emergence of the highly infectious Omicron variant in December 2021, 
the United States observed the largest surge in Coronavirus Disease 
2019 (COVID-19) cases to date5. Determining the impact of vaccination, 
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Supplementary Figure 9: Unadjusted estimates of the attack rate of Omicron SARS-CoV-2 
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plotted the unadjusted attack rate (represented by points) and 95% binomial confidence intervals 
(represented by error bars) IRU�YDFFLQDWHG�LQGH[�FDVHV��VWUDWLILHG�E\�WLPH��LQ�ZHHNV��VLQFH�WKH�LQGH[�FDVHV¶�
most recent vaccine dose prior to first positive SARS-CoV-2 test. The adjusted estimates from the 
regression model are available in Supplementary Table 5.  
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
breakthrough infections in vaccinated individuals and reinfections in 
previously infected individuals have become increasingly common. 
Such infections highlight a broader need to understand the contribution 
of vaccination, including booster doses, and natural immunity to the 
infectiousness of individuals with SARS-CoV-2 infections, especially in 
high-risk populations with intense transmission, such as in prisons. Here 
we show that both vaccine-derived and naturally acquired immunity 
independently reduce the infectiousness of persons with Omicron 
variant SARS-CoV-2 infections in a prison setting. Analyzing SARS-CoV-2 
surveillance data from December 2021 to May 2022 across 35 California 
state prisons with a predominately male population, we estimate that 
unvaccinated Omicron cases had a 36% (95% confidence interval (CI): 
31–42%) risk of transmitting infection to close contacts, as compared 
to a 28% (25–31%) risk among vaccinated cases. In adjusted analyses, we 
estimated that any vaccination, prior infection alone and both vaccination 
and prior infection reduced an index case’s risk of transmitting infection 
by 22% (6–36%), 23% (3–39%) and 40% (20–55%), respectively. Receipt of 
booster doses and more recent vaccination further reduced infectiousness 
among vaccinated cases. These findings suggest that, although vaccinated 
and/or previously infected individuals remain highly infectious upon 
SARS-CoV-2 infection in this prison setting, their infectiousness is reduced 
compared to individuals without any history of vaccination or infection. 
This study underscores benefit of vaccination to reduce, but not eliminate, 
transmission.

Transmission dynamics of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) have shifted over the course of the pandemic 
due to widespread vaccination, natural infection and emergence of 
novel variants1. Although the early pandemic was characterized by 
infections in fully susceptible individuals, SARS-CoV-2 breakthrough 

infections among vaccinated individuals and reinfections among previ-
ously infected individuals are now increasingly frequent2–4. After the 
emergence of the highly infectious Omicron variant in December 2021, 
the United States observed the largest surge in Coronavirus Disease 
2019 (COVID-19) cases to date5. Determining the impact of vaccination, 
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Supplementary Table 2: Unadjusted estimates of the attack rate of SARS-CoV-2 infection among 
close contacts of index cases by COVID-19 vaccination and SARS-CoV-2 infection history of index 
cases 

Attack rate (%) (95% CI) No prior vaccination Prior vaccination 
No prior infection 39.2 (32.2, 46.5) 31.5 (27.8, 35.4) 
Prior infection 29.8 (20.5, 40.9) 21.3 (17.3, 26) 

 
 
 
 
Supplementary Table 3: Primary analysis of the relationship of COVID-19 vaccination and prior 
SARS-CoV-2 infection on infectiousness of Omicron SARS-CoV-2 infections 

  

Relative % change in attack rate of 
infection in close contact 

(95% CI) 
Index case Prior vaccination only -22.4 (-36, -6) 

Prior infection only -22.6 (-38.5, -2.7) 
Close contact Duration of exposure (per day) 6.9 (-2.3, 16.9) 

Number of vaccine doses   
      1 dose 1.3 (-8.1, 11.8) 
      2 doses 2.7 (-15.5, 24.9) 
      t3 doses 4.1 (-22.4, 39.6) 
Prior infection only -19.1 (-34.9, 0.6) 

Institution SARS-CoV-2 incidence in the 7 days 
preceding the positive test in the index case 
(per natural log increase in incidence) 10.2 (-4.8, 27.6) 

The primary analysis estimated WKH�UHODWLRQVKLS�RI�WKH�LQGH[�FDVHV¶�YDFFLQH�VWDWXV�DQG�SULRU�QDWXUDO�LQIHFWLRQ history 
on attack risk of SARS-CoV-2 infection in the close contact. We adjusted for potential confounders, including the 
duration of exposure between index cases and close contacts, number of COVID-19 vaccine doses and prior natural 
infection history in close contacts as well as institution SARS-CoV-2 incidence.  
 
 
 
 
  



Other coronaviridae

• Duration of viral shedding, coronavirus 
229E, 15 healthy volunteers

– Primary infections: 5.6 days

– Reinfections (1 year later, same 
coronavirus): 2.0 days

Callow KA, et al. Epidemiol Infect. 1990 Oct;105(2):435-46. 



Knowledge from early pandemic has become OBSOLETE 



Unknowns

• Correlation between viral culture positivity and transmissibility 
in healthcare setting unclear

– Viral culture = the best available surrogate marker, but unclear 
correlation

• Applicability of these variables for return-to-work policies may 
be affected by desirability bias

– E.g. Assessment of symptom improvement



Next steps
• Source control strategies to decrease infectivity of 

HCWs with COVID-19
– Coll. Dr Caroline Duchaine, Ulaval
– Sampling of exhaled air, Day 3 or 4 of COVID-19

• Highly contagious; average Ct value NP swab: 18.9

– 20 minutes per modality; including talking, coughing 
and moving head 

– Results
• Without mask   3/6 (50%) RT-PCR positive
• With procedure mask 1/6 (16%) RT-PCR positive
• With N95 0/6 (0%) RT-PCR positive 

– Viral culture pending (Spot sampler) 
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