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Background. There is a need to understand the duration of infectivity of primary and recurrent coronavirus disease 2019 
(COVID-19) and identify predictors of loss of infectivity.

Methods. Prospective observational cohort study with serial viral culture, rapid antigen detection test (RADT) and 
reverse transcription polymerase chain reaction (RT-PCR) on nasopharyngeal specimens of healthcare workers with 
COVID-19. The primary outcome was viral culture positivity as indicative of infectivity. Predictors of loss of infectivity 
were determined using multivariate regression model. The performance of the US Centers for Disease Control and 
Prevention (CDC) criteria (fever resolution, symptom improvement, and negative RADT) to predict loss of infectivity 
was also investigated.

Results. In total, 121 participants (91 female [79.3%]; average age, 40 years) were enrolled. Most (n = 107, 88.4%) had received 
≥3 severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine doses, and 20 (16.5%) had COVID-19 previously. Viral 
culture positivity decreased from 71.9% (87/121) on day 5 of infection to 18.2% (22/121) on day 10. Participants with recurrent 
COVID-19 had a lower likelihood of infectivity than those with primary COVID-19 at each follow-up (day 5 odds ratio [OR], 
0.14; P < .001]; day 7 OR, 0.04; P = .003]) and were all non-infective by day 10 (P = .02). Independent predictors of infectivity 
included prior COVID-19 (adjusted OR [aOR] on day 5, 0.005; P = .003), an RT-PCR cycle threshold [Ct] value <23 (aOR on 
day 5, 22.75; P < .001) but not symptom improvement or RADT result.

The CDC criteria would identify 36% (24/67) of all non-infectious individuals on day 7. However, 17% (5/29) of those meeting all 
the criteria had a positive viral culture.

Conclusions. Infectivity of recurrent COVID-19 is shorter than primary infections. Loss of infectivity algorithms could be 
optimized.
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Coronavirus disease 2019 (COVID-19) is caused by the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. 
The current evidence regarding duration of infectivity rely on vi
ral culture to detect shedding of replication-competent virus (also 
called viable or infectious virus). These studies suggest that 

immunocompetent individuals with non-severe COVID-19 can 
remain infective for up to 10 days [2–6].

Although infective, healthcare workers (HCWs) must refrain 
from working to prevent nosocomial transmission [7, 8]. The 
timing of their return to work is complicated by the interindi
vidual variation in the durations of infectivity. Approximately a 
fifth of individuals may be infective for as little as 5 days, where
as approximately a quarter can remain infective for ≥10 days 
[9]. Determinants of loss of infectivity are largely unknown, 
but could be useful to optimize return-to-work policies. To lim
it absenteeism [10], the US Centers for Disease Control and 
Prevention (CDC) and European CDC have provided guidance 
to allow earlier return to work of eligible HCWs using informa
tion such as symptom improvement and the result of rapid an
tigen detection tests (RADT) [7, 8]. However, whether these 
criteria can reliably distinguish infective and non-infective in
dividuals remain unclear.
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Furthermore, many studies that investigated duration of in
fectivity were conducted early in the pandemic when individu
als were infected for the first time and often were unvaccinated. 
Few studies have investigated duration of infectivity of recur
rent COVID-19 [9]. Hence, we sought to evaluate the duration 
of infectivity of HCWs infected with primary and recurrent 
COVID-19, and identify predictors of infectivity using viral 
culture as a marker of infectivity.

METHODS

Study Population

We conducted a prospective observational cohort study be
tween 20 February 2022 and 6 March 2023 at a large healthcare 
organization employing 12 000 HCWs across 20 institutions. 
Participants were identified through the Occupational Health 
service. Inclusion criteria included (1) SARS-CoV-2 infection 
confirmed by reverse transcription polymerase chain reaction 
(RT-PCR) from a nasopharyngeal specimen, and (2) symptom 
onset <72 hours prior to enrolment. Exclusion criteria included 
asymptomatic infections; moderate-to-severe COVID-19 
(World Health Organization [WHO] Ordinal Scale for 
Clinical Improvement ≥3) [11]; contraindication to nasopha
ryngeal sampling; and use of COVID-19-specific therapies 
(eg antivirals). Participants were followed on the fifth, seventh, 
and tenth day of their infection (with the day of onset of symp
toms defined as day 1).

The study follows the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guideline 
[12] and was approved by local research ethics committees 
(2022–3235). Written informed consent was obtained from 
participants.

Data Collection

Clinical data included sociodemographic information, medical 
history (including prior laboratory-confirmed COVID-19), 
COVID-19 vaccination status (including number of doses 
and manufacturer), and symptomatology. We also assessed 
the use of antipyretics (acetaminophen and non-steroidal anti- 
inflammatory drugs) among afebrile participants as their use 
can mask fever. Participants reported this information online 
(LimeSurvey, Hamburg, Germany).

Outcome Definitions

SARS-CoV-2 infectivity was defined as evidence of cytopathic 
effect (CPE) on microscopy of viral culture from a nasopharyn
geal specimen, with etiology of the CPE being confirmed as 
SARS-CoV-2 by RT-PCR on the culture supernatant demon
strating at least 3 cycle threshold (Ct) values lower than the 
RT-PCR on the original sample [13]. Duration of infectivity 

was defined as the number of days between the onset of symp
toms and the last positive culture.

Laboratory Methods

Nasopharyngeal samples using a flocked swab (FLOQSwabs, 
Copan Italia) were placed in 3 mL universal viral transport me
dia (UTM, Copan Italia) and kept at −80°C. Primary samples 
and supernatants were processed with an in-house RT-PCR 
targeting the SARS-CoV-2 N gene as previously described 
[14]. Forward, reverse, and probe sequences were as follows: 
AACCAGAATGGAGAACGCAGTG, CGGTGAACCAAGAC 
GCAGTATTAT, and CGATCAAAACAACGTCGGCCCCAA 
GGTTTAC [14].

Viral cultures were performed on Vero E6 cells by blinded 
technologists as previously described using 0.1 mL of specimen 
as inoculum [14]. This cell line is commonly used to cultivate 
SARS-CoV-2 and has a median tissue culture infectious dose 
(TCID50) ranging between 2.0E+04 and 6.3E+06 [15]. 
Cultures were incubated at 35°C–37°C in 5% CO2 for 15 days.

All initial samples were sequenced to determine SARS-CoV-2 
lineage using the Illumina technology. Data analysis was per
formed using the GenPipes Covseq pipeline [16], and variant 
identification was performed with Pangolin program (see appen
dix for details) [17].

Lateral-flow RADT were provided to participants (COVID-19 
Antigen Rapid Test, BTNX, Hannover, Germany) who per
formed the tests on self-sampled midturbinate swab specimens 
by following the manufacturer’s instructions [18].

Sample Size Estimate

Based on studies indicating that 25% of individuals remain in
fective on the seventh day of their infection [19], we estimated 
that recruiting 120 participants would provide a precision 
of ± 7% at the 95% confidence interval (CI).

Statistical Analyses

Descriptive statistics reported discrete variables as numbers and 
proportions, and continuous variables as mean ± standard devi
ation (SD) or median and interquartile ranges (IQR). Ct values 
were categorized according to quartiles on day 5. The primary 
outcome was the proportion of HCWs with evidence of infectiv
ity on the fifth, seventh, and tenth day of their infection.

To investigate the capacity of the RT-PCR Ct value (an indi
cator of viral load that is inversely proportional to the quantity 
of nucleic acid in a sample) and RADT to predict infectivity, the 
Ct values of samples with positive versus negative culture was 
depicted in the form of boxplots with overlaid jitter plot.

To investigate factors associated with persistent infectivity, 
odds ratios (OR) and 95% CI were estimated using bivariate 
and multivariate logistic regression at each visit. Multivariate 
models included clinical characteristics (symptom severity, 
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symptom resolution, and fever) and results laboratory assays 
(RADT and RT-PCR) collected at each follow-up, as well as 
baseline individual (age, sex, and immunological status) 
and viral (SARS-CoV-2 lineage) information. These variables 
were pre-defined as potential predictors of infectivity accord
ing to literature and current practices [7, 8]. Categories were 
grouped when necessary for model convergence. Variables 
perfectly predicting the presence of infectivity could not be in
cluded in the corresponding multivariate model. Immunologic 
status was categorized according to vaccination and prior 
infection as follows: recent vaccination (last dose received <6 
months ago) without prior infection; non-recent vaccination 
(last dose received ≥6 months ago) without prior infection; and 
hybrid immunity (vaccination at any time and prior infection).

Performance of Return-to-Work Algorithms

We estimated the capacity of the CDC algorithm to discrimi
nate infective and non-infective HCWs on day 7 of their infec
tion [7]. We also quantified the probability of an infectious 
HCW returning to work and estimated the impact of these cri
teria on absenteeism. Finally, we explored the performance of 
alternative algorithms that were derived from variables 

identified in the current study. These evaluations assumed 
that in the absence of return-to-work criteria, HCWs would re
turn to work 10 days after the onset of their symptoms.

All analyses were performed in SAS version 9.4. All tests 
were 2-tailed, and a P value < .05 was considered statistically 
significant. Adjustment for multiple comparisons were not ap
plied in this exploratory study [20, 21].

Role of Funding Source

The study was sponsored by the Ministère de la Santé et des 
Services Sociaux du Québec and the Public Health Agency of 
Canada. The sponsors had no role in the design, conduct and 
reporting of the study.

RESULTS

Overall, 121 (51.1%) participants were included in the analy
ses (Figure 1), and 714 specimens (360 nasopharyngeal and 
354 mid-turbinate swabs) were collected. Characteristics of 
participants are shown in Table 1; 79.3% (96/121) were fe
male, and the average age was 40.2 (SD, 12.0 years). The in
fections were due to multiple Omicron lineages including 

Figure 1. Flow diagram of participant selection into the study and proportion of infective participants at each follow-up visit. Abbreviations: HCW, healthcare worker; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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BA.1 (11.6%), BA.2 (60.3%), and BA.5 (8.3%), inclusive of 
sublineages. Virtually all participants (98.3%) were previous
ly immunized with ≥ 1 dose of SARS-CoV-2 vaccine. Most 
(84.3%) had received 3 doses, most commonly the Pfizer– 
BioNTech Comirnaty (89.3% of all received doses). The 
median elapsed time between the last dose and the current 
infection was 122 days (IQR, 95–175 days). Twenty (20) par
ticipants (16.5%) had a prior COVID-19 episode. All these 
previous episodes were mild (WHO Grade scale ≤2) and 
occurred a median of 347.5 days prior to the current episode 
(IQR, 264 to 454 days).

Symptoms of Current COVID-19

Upon enrollment, all participants described their infection as 
“very mild” or “mild” (WHO Grade scale of 1 or 2). The 
most common symptoms were sore throat (77.7%), rhinorrhea 
and/or nasal congestion (72.7%) and fatigue (66.9%). The clin
ical evolution was favourable. No participant was hospitalized. 
A single participant received nirmatrelvir-ritonavir after en
rollment. The proportion of participants with markedly im
proved or resolved symptoms increased from 43.8% on day 
5% to 84.3% on day 10 (data not shown). Fever was uncom
mon: only 14.9% were febrile on enrollment. However, antipy
retics were used by 50% and 31% of afebrile individuals on day 
5 and 7 of their infection, respectively.

Evolution of Infectivity and Viral Shedding

The proportion of participants with a positive viral culture was 
71.9% (87/121; 95% CI, 63.0% to 79.7%) on day 5, 46.7% (56/ 

Table 1. Demographic and Clinical Characteristics of Healthcare 
Workers With COVID-19

Characteristic

Overall 
Population  
(n = 121)

Demographic characteristics

Mean age—y (SD) 40.2 (12.0)

Female sex (%) 96 (79.3)

Workplace

Acute care hospital (%) 56 (46.3)

Local community services centers (%) 16 (13.2)

Long term care facilities (%) 15 (12.4)

Rehabilitation center (%) 9 (7.4)

Private clinic, family medicine clinic (%) 7 (5.8)

Othera (%) 18 (14.9)

Occupation

Nurse, nurse practitioner, patient care attendant (%) 45 (37.2)

Physician (%) 20 (16.5)

Administration (%) 13 (10.7)

Physiotherapy, occupational therapy, social worker, 
radiology technician (%)

22 (18.2)

Other (%) 21 (17.4)

Comorbidities and past medical history

Immunocopromised conditionb (%) 4 (3.3)

Previous COVID-19 episode (%) 20 (16.5)

Median elapsed time since last COVID-19  
episode—d (IQR)

347.5 (264–454)

COVID-19 vaccination status

Not vaccinated (%) 2 (1.7)

1 dose (%) 3 (2.5)

2 doses (%) 9 (7.4)

3 doses (%) 102 (84.3)

4 doses (%) 5 (4.1)

COVID-19 vaccine type (n = 347 doses)d

Pfizer-BioNTech Comirnaty (%) 310 (89.3)

Moderna Spikevax (%) 30 (8.6)

AstraZeneca Vaxzevria (%) 7 (2.0)

Median elapsed time since last COVID-19 vaccine  
dose—d (IQR)

122 (95–175)

Severity of COVID-19 infectionc

Very mild (Ambulatory, no limitation of activities) (%) 97 (80.2)

Mild (Ambulatory, with limitation of activities) (%) 24 (19.8)

SARS-CoV-2 specific therapye (%) 1 (0.8)

COVID-19 symptomatology on enrollment

Median number of symptoms (IQR) 5 (3–6)

Sore throat (%) 94 (77.7)

Rhinorrhea and/or nasal congestion (%) 88 (72.7)

Fatigue (%) 81 (66.9)

Headache (%) 77 (63.6)

Myalgia (%) 55 (45.5)

Chills (%) 50 (41.3)

Cough (%) 21 (17.4)

Fever (%) 18 (14.9)

Dizziness (%) 17 (14.0)

Diarrhea (%) 14 (11.6)

Nausea and/or vomiting (%) 10 (8.3)

Chest pain (%) 10 (8.3)

Dyspnea (%) 8 (6.6)

Anosmia (%) 3 (2.5)

Ageusia (%) 3 (2.5)

Table 1. Continued  

Characteristic

Overall 
Population  
(n = 121)

SARS-CoV-2 lineage

BA.1 and sublineages (%) 14 (11.6)

BA.2 and sublineages (%) 73 (60.3)

BA.4 and sublineages (%) 3 (2.5)

BA.5 (%) 10 (8.3)

BQ.1 (%) 9 (7.4)

XBB (%) 1 (0.8)

Recombinants (%) 2 (1.7)

Unknown (%) 9 (7.4)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2; SD, standard deviation.  
aIncludes vaccination center (n = 3), research institute (n = 5), rehabilitation centers (n = 3), 
health phone services (n = 5), cancer wellness center (n = 1), and medical school (n = 1).  
bIncludes multiple sclerosis receiving fingolimod (n = 1), multiple myeloma post autologous 
stem cell transplantation (n = 1), colorectal cancer under chemotherapy (n = 1), and Crohn 
disease receiving anti-tumor necrosis factor (anti-TNF) therapy.  
cSeverity determined by the World Health Organization Ordinal Scale for Clinical 
Improvement.  
dSum of percentages is greater than 100% because of rounding.  
eA single patient received nirmatrelvir and ritonavir after enrollment into the study.
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120; 95% CI, 37.5% to 56.0%) on day 7, and 18.2% (22/121; 95% 
CI, 11.8% to 26.2%) on day 10, respectively (Figure 1). The pro
portion of participants with a positive RT-PCR decreased from 
93.3% (112/120) on day 5 (median Ct value, 23.4 [IQR, 20.6– 
27.9]) to 61.2% (74/120) on day 10 (median Ct value, 32.5 
[IQR, 28.5 to undetectable]). Similarly, the proportion of 
RADT tests that were positive decreased from 81.5% (97/119) 
on day 5 to 34.2% (40/117) on day 10.

Factors Associated With Infectivity

In bivariate analysis, multiple variables were associated with a 
positive viral culture (Table 2 and Supplementary Table 1 in 
supplementary appendix). A history of previous COVID-19 
was strongly associated with a decreased likelihood of infectiv
ity at each follow-up visit. Only 35% (7/20) of individuals with 
recurrent COVID-19 were still infective on day 5 compared 
with 79% of those with a primary episode (OR, 0.14; 95% CI 
.05–.40; P < .001). Similarly, only 5% (1/20) of participants 
with recurrent COVID-19 were still infective on day 7, com
pared with 55% (55/100) of those with a first episode (OR, 
0.04; 95% CI, .01–.33; P = .003). Finally, the proportion of par
ticipants with primary versus recurrent infection that were still 
infective on day 10 were 22% versus 0%, respectively (P = .02 by 
Fisher exact test).

In terms of lineage, the BA.1 lineage was associated with a 
higher likelihood of infectivity on each follow-up visit than 
the BA.2 (P ≤ .02), although no difference was detected be
tween BA.2 and BA.4/5.

From a clinical perspective, a lack of symptom improvement 
was predictive of ongoing infectivity on day 7 (OR, 4.81; 
P = .01) but not on day 5 or 10. Also, when compared to afebrile 
individuals who were not using antipyretics, those who were 
still using antipyretics were more likely to be infective at each 
follow-up visit (range of OR, 2.97 to 4.26; P ≤ .01 for each 
comparison).

From the perspective of laboratory assays, a positive RADT 
result was associated with a higher likelihood of infectivity at 
day 5 (OR, 6.16; P = .004) and day 7 (OR, 10.93; P < .001). 
A positive RT-PCR was also significantly associated with infec
tivity at each follow-up, and there was an inverse association 
between the RT-PCR Ct value and ongoing infectivity 
(Figure 2). Notably, test results of participants with recurrent 
COVID-19 differed from those with primary infection. At 
each visit, they had significantly higher RT-PCR Ct values 
(Figure 3) and were significantly more likely to have a negative 
RADT test result (Table 3).

In multivariate analysis (Table 4), the following variables were 
independently associated ongoing infectivity: A RT-PCR Ct value 

Figure 2. Box plot with overlaid jitter plot comparing SARS-CoV-2 RT-PCR Ct, RADT result, and viral culture positivity at day 5, 7, and 10 of COVID-19 among 121 healthcare 
workers. The horizontal line in each box indicates the median, whereas the top and bottom of the boxes represent the 75th and 25th percentile, respectively. Error bars 
represent 95% confidence intervals. Negative RT-PCR results were attributed a Ct value of 40 to facilitate data visualization. Abbreviations: COVID-19, coronavirus disease 
2019; Ct, cycle threshold; RADT, rapid antigen diagnostic test; RT-PCR, real-time polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Duration of COVID-19 Infectivity • CID 2024:78 (15 March) • 619

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/78/3/613/7262516 by guest on 24 M

arch 2024

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad535#supplementary-data


<23 was associated with an increased probability of infectivity on 
each visit (adjusted OR [aOR] on day 5, 22.75; P < .001; aOR on 
day 7, 182.30; P < .001; and aOR on day 10; 24.71; P = .02). A 
Ct value ranging between 23 and 27 was also predictive of ongoing 
infectivity at day 7 and day 10. A history of previous COVID-19 
was independently associated with a decreased probability of in
fectivity on day 5 (aOR, 0.005; P < .001). By contrast, there was 
no significant association between ongoing infectivity and the ab
sence of fever (regardless of the use of antipyretics), symptom im
provement, or RADT results.

Performance of Return-to-Work Algorithms

We applied the US CDC criteria to our cohort to identify non- 
infectious individuals on day 7 of COVID-19 (Figure 4) [7]. 
After exclusion of 4 participants with incomplete data, 
approximately three quarters (88/117; 75.2%) would be 

ineligible for return to work because of fever (n = 3), the use 
of antipyretics (n = 35), a lack of symptom improvement (n  
= 3), or a positive RADT (n = 47). Hence, only 29 HCWs 
(24.8%) would meet all the return-to-work criteria. Of these, 
17.2% (5/29) were infectious by viral culture, and 82.8% 
(24/29) were non-infectious. Hence, this algorithm could 
identify a third (35.8%; 24/67) of all non-infectious individu
als on day 7. If all 29 HCWs who fulfilled all criteria returned 
to work on day 7, this algorithm would decrease absenteeism 
by 7.4%.

We applied an alternative algorithm that used a history of 
previous COVID-19 and a RT-PCR Ct value >27 to predict 
loss of infectivity on day 7. This algorithm would identify 
56.4% (66/117) of all HCWs as eligible for return to work 
and could avoid 198 days of absence (16.9%). Of these, 52 
(78.8%) were non-infectious, and 14 (21.2%) were infectious. 

Figure 3. Box plot comparing SARS-CoV-2 RT-PCR Ct at day 5, 7, and 10 of primary versus recurrent COVID-19 infection. The horizontal line in each box indicates the median, 
whereas the top and bottom lines represent the 75th and 25th percentile, respectively. Error bars represent 95% confidence intervals. Negative RT-PCR results were attributed a Ct 
value of 40 to facilitate data visualization. Comparison between primary versus recurrent infections assessed by Mann-Whitney U test. Abbreviations: COVID-19, coronavirus disease 
2019; Ct, cycle threshold; RADT, rapid antigen diagnostic test; RT-PCR, real-time polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Table 3. Comparison of Rapid Antigen Detection Test Results of Healthcare Workers With Primary Versus Recurrent COVID-19

Day 5 of Infection Day 7 of Infection Day 10 of Infection

Primary 
COVID-19 

N (%)

Recurrent 
COVID-19 

N (%)
P 

Value

Primary 
COVID-19 

N (%)

Recurrent 
COVID-19 

N (%)
P 

Value

Primary 
COVID-19 

N (%)

Recurrent 
COVID-19 

N (%)
P 

Value

RADT result (n) 100 20 99 19 98 19

Positive RADT 86 (86.0) 11 (57.9) .005 73 (73.7) 3 (15.8) <.001 40 (40.8) 0 (.0) <.001

Negative RADT 7 (7.0) 6 (31.6) 18 (18.2) 16 (84.2) 45 (45.9) 19 (100)

Uncertain RADT 7 (7.0) 2 (10.5) 8 (8.1) 0 (0.0) 13 (13.3) 0 (0.0)

Abbreviations: COVID-19, coronavirus disease 2019; RADT, rapid antigen detection test.
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This algorithm would identify a greater proportion of all non- 
infectious HCWs than the CDC algorithm (77.6% vs 35.8%; 
P < .001). Even though it would return to work a greater num
ber of infectious individuals, it would not significantly increase 
in the probability of returning to work an infectious HCW 
(21.2% vs 17.2% of all eligible HCWs, P = .78).

Given that approximately two thirds of individuals with re
current COVID-19 were non-infectious by day 5, we explored 
various criteria that could accelerate their return-to-work 
(Supplementary Figure 1). Among these, a RT-PCR Ct value 
>27 could identify most (77%; 10/13) non-infectious individu
als on day 5 with low probability (9%; 1/11) of returning to 
work an infectious HCW.

DISCUSSION

The absence of healthcare workers with COVID-19 can exacer
bate staff shortages [22]. There is a need to develop strategies to 
prevent unwarranted prolongation of absence. Most published 
studies on this topic were relatively small, limiting the identifi
cation of predictors of loss of infectivity [5, 23, 24].

In this prospective study, approximately three quarters 
(71.9%) were still shedding infectious viral particles on fifth 

day of infection, half (46.7%) on the seventh day, and a fifth 
(18.2%) on the tenth day. These results, along with other recent 
publications [25–28], differ from those of earlier studies that es
timated the duration of infectivity to 10 days or less [5, 29]. A 
study of 66 individuals infected with the Omicron variant BA.1 
reported that a quarter of participants were still infective on the 
tenth day of infection [9]. In another study, 8.5% were still 
shedding viable virus on day 14 [24].

Our study identifies important nuances regarding durations 
of infectivity. Nowadays, an increasing proportion of infections 
occurs in individuals who have hybrid immunity due to vacci
nation and previous COVID-19. Our study identified that 
vaccinated individuals with recurrent COVID-19 have a signif
icantly shorter duration of infectivity as well as a distinct viral 
kinetic as evidenced by lower viral loads and earlier negativisa
tion of RADT. A prepublication study of 1400 professional ath
letes also reported faster viral clearance by RT-PCR in 
individuals with recurrent COVID-19 compared with primary 
infections (4.9 vs 7.2 days, respectively) [30]. A cohort study in 
Alaska reported that individuals with previous COVID-19 in
fections were less likely to have a positive RADT result by 
day 5 compared to those with primary COVID-19 [25]. A sim
ilar phenomenon has been described with other Coronaviridae. 

Figure 4. Performance of return-to-work criteria for healthcare workers with COVID-19. Panel A shows the performance of the US CDC Return to Work criteria on a cohort 
of healthcare workers with COVID-19. Panel B shows the performance of an alternative set of criteria derived from the current study. Panel C compares the CDC and 
alternative criteria. Abbreviations: CDC, Centers for Diseases Control and Prevention; COVID-19, coronavirus disease 2019; Ct, cycle threshold; HCW, healthcare workers; 
RADT, rapid antigen diagnostic test; RT-PCR, real-time polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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A study performed three decades ago among volunteers infect
ed with coronavirus 229E determined that reinfections led to a 
shorter duration of virus shedding compared with the primary 
episode [31]. Taken together, these findings profoundly alter 
our understanding of the infectivity and viral kinetic of recur
rent COVID-19. We hypothesize these observations are due to 
the more diverse immune response to multiple antigenic sites 
on the virus reported with hybrid immunity compared with 
only vaccine-generated immunity [32].

Our study also identified that a higher RT-PCR Ct value was 
the strongest independent predictor of loss of infectivity. This 
confirms findings from other studies that demonstrated that 
higher Ct values correspond with a non-replicative virus [3,6, 
26, 33–37]. Hence, RT-PCR Ct values could help determine 
the timing of return to work of HCWs. A negative RADT result 
was also predictive of loss of infectivity by bivariate analysis 
[38]. However, our multivariate analysis indicates that 
RT-PCR Ct values hold superior predictive capacity.

Our study also suggests that the guidance provided by the 
CDC to accelerate the return to work of infected HCWs is rel
atively stringent as it allows the return to work of only a third of 
all non-infectious individuals [7, 8]. Also, they appear to have 
moderate discriminatory power as up to a sixth of those eligible 
for return to work are still shedding viable virus. By contrast, an 
alternative algorithm using RT-PCR Ct values and a history of 
previous COVID-19 could be able to return to work a greater 
proportion of HCWs on day 7 without significantly increasing 
the probability of returning to work an infectious HCW. 
Importantly, the performance of these algorithms will be influ
enced by whether the COVID-19 episode is a first episode or a 
recurrence. In our opinion, such distinction will be essential 
when updating these algorithms.

Our study has strengths. To our knowledge, this study is the 
first to demonstrate that individuals with recurrent COVID-19 
have significantly shorter durations of infectivity using the gold 
standard of viral culture. It is among the largest that assessed 
infectivity using viral culture. Our laboratory technique was 
sensitive and could detect viable viruses in many individuals 
10 days into their infection. It also has limitations. The study 
enrolled mainly young, healthy, and highly immunized female 
participants with mild COVID-19, so generalizability to other 
populations is uncertain. There are limitations to using cycle 
threshold values to predict infectivity as they cannot be com
pared across testing platforms, and regulation often prevents 
the release of these results [39]. The correlation between culture 
positivity and risk of transmission remains unclear [9]. 
Additional studies, including validation with an external co
hort, would be required to better inform return-to-work poli
cies [20, 21].

In conclusion, our study detected a higher RT-PCR Ct value 
and COVID-19 reinfection as independent predictors of loss of 
infectivity in a highly vaccinated population, and suggests that 

return-to-work algorithms could be optimized to limit absen
teeism [10]. Further studies are needed to further characterize 
the viral kinetics of COVID-19 reinfections as they appear to 
differ from those with primary COVID-19.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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