Clinical Infectious Diseases

BRIEF REPORT

Association Between Duration of
SARS-CoV-2 Positivity and
Long COVID

Chiara Pozzi,"* Riccardo Sarti,">? Riccardo Levi,"* Maximiliano Mollura,
Elena Azzolini,"? Riccardo Barbieri,> Alberto Mantovani,%* and Maria Rescigno'*

Uistituto di Ricovero e Cura a Carattere Scientifico, Humanitas Research Hospital, Rozzano, Milan,
Italy; “Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, Milan, Italy;
3politecnico di Milano, Department of Electronic, Information and Bioengineering, Milan, ltaly;
and “William Harvey Research Institute, Queen Mary University of London, London, United Kingdom

In an observational study, we analyzed 1293 healthcare workers
previously infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), of which 34.1% developed
postacute sequelae of SARS-CoV-2 infection (also known as
long COVID). Using a multivariate logistic regression model,
we demonstrate that the likelihood of developing long
COVID in infected individuals rises with the increasing of
duration of infection and that 3 doses of the BNT162b2
vaccine are protective, even during the Omicron wave.
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Long COVID (also known as post-COVID conditions) refers to
a condition in which individuals continue to experience symp-
toms after recovering from acute severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection [1]. These
symptoms can persist for weeks to months and can be severe
and debilitating, affecting a person’s physical and mental well-
being [1-3]. Studies have found that several factors may influ-
ence the onset of long COVID [2, 4]. Furthermore, a meta-
analysis and systematic review reported that female sex and
preexisting asthma were associated with a higher probability
of long COVID [5], even though women are less susceptible
to severe disease [2, 6-8]. Additionally, recent evidence from
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our and other groups has shown that individuals who have re-
ceived full vaccination against coronavirus disease 2019
(COVID-19) are less likely to develop long COVID compared
to those who have not been vaccinated [9, 10]. However, the
mechanism underlying the protective effects of vaccination
against long COVID remains elusive, and further investigation
is needed. To our knowledge, the potential relationship be-
tween the duration of SARS-CoV-2 positivity and the develop-
ment of long COVID has yet to be explored.

METHODS

Clinical Study

We excluded from the analysis participants with missing epide-
miological data and individuals who completed the survey <28
days after their infection date as for time-restrain it was impos-
sible to determine if they would develop long COVID. No ex-
clusion was made based on the participants’ working role or
hospitalization status.

All the analyzed individuals were vaccinated with 3 doses of
BNT162b2 vaccine received in the same periods: first and sec-
ond doses between January and February 2021 and the third
dose in November-December 2021.

The observational period consisted of wave 1 (wild-type
variant), ranging from the beginning of the pandemic till 30
September 2020; wave 2 (Alpha variant), ranging from 1
October 2020 to 31 July 2021; and wave 3 (Delta and
Omicron variants), ranging from 1 August 2021 to April 2022.

Self-reported SARS-CoV-2 positivity duration was categorized
into 4 groups: <10 days, 11-14 days, 15-21 days, and >21 days.

Statistical Analysis
All continuous variables were tested for normality distribution
with the Shapiro-Wilk test.

Univariate statistical analyses were performed with
t test (2-sided) or Mann-Whitney test (2-sided) according to
the feature’s distribution (normal and nonnormal, respective-
ly). Categorical variables were tested using y* test. A multivar-
iate logistic regression model was used to identify variables that
could correlate with the long COVID status, including self-
reported positivity duration. To check our findings, we also
performed a sensitivity analysis using a similar logistic regres-
sion model on the subset of individuals with known exact
positivity duration (n =479). Statistical significance was set at
P < .05. Analyses were done using Python, version 3.8.3.

RESULTS AND DISCUSSION

In this observational study, approved by the Institutional
Review Board of Humanitas Research Hospital, we recruited
4354 individuals working in Humanitas healthcare facilities
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from March 2020 to April 2022 [10]. All participants provided
written informed consent, and at the end of the study
(February-April 2022) they completed a survey including de-
mographics, comorbidities, vaccination status, and questions
about their SARS-CoV-2 history (date of infection, positivity
duration, and SARS-CoV-2-related symptoms at the time of
infection and their duration). We defined long COVID as at
least 1 symptom lasting for >4 weeks following the first
SARS-CoV-2 infection. Of 3883 participants with a complete
survey, we analyzed 1293 healthcare workers previously infect-
ed with SARS-CoV-2, of whom 441 (34.1% [95% confidence in-
terval {CI}: 31.5%-36.8%]) had long COVID. All of the
analyzed individuals received 3 doses of BNT162b2 vaccine.
We considered only the first COVID-19 infection during the
observational period consisting of wave 1 (wild-type variant),
wave 2 (Alpha variant), and wave 3 (Delta and Omicron vari-
ants). Univariate analysis revealed significant associations be-
tween long COVID and factors such as female sex (P=.01),
older age (P <.001), high body mass index (BMI) (P=.01),
the presence of allergies (P=.001), COVID-19 wave
(P <.001), number of vaccine doses received prior to infection
(P <.001), higher number of comorbidities (P < .001), and self-
reported longer positivity duration (P <.001) (Supplementary
Table 1). In a multivariate logistic regression model that con-
trolled for multiple factors (Table 1), with a reference group
of males with no allergy, infected during wave 1, unvaccinated,

Table 1. Multivariable Logistic Regression Analysis of the Association of
Long COVID (N = 1293) With Patient Characteristics

Characteristic OR (95% CI) P Value
Female sex 1.78 (1.30-2.44) <.001
Age® 1.09 (.95-1.25) 24
BMI? 1.17 (1.02-1.34) .02
No. of comorbidities® 1.17 (.97-1.40) 10
Allergies 1.51 (1.16-1.96) .002
COVID-19 wave and No. of vaccine doses®
Wave 2 and no doses 0.77 (.65-1.07) 12
Wave 2 and 1 dose 0.70 (.24-1.99) .50
Wave 2 and 2 doses 0.62 (.28-1.37) 24
Wave 3 and 2 doses 0.55 (.27-1.12) .10
Wave 3 and 3 doses 0.42 (.29-.61) <.001
Positivity duration
11-14d 2.30 (1.53-3.46) <.001
15-21d 4.10 (2.84-5.91) <.001
>21d 5.39 (3.74-7.77) <.001

Reference model: males with no allergies, infected in COVID-19 wave 1, unvaccinated, and
with a positivity duration of <10 days. Significant characteristics are highlighted in bold.
Abbreviations: BMI, body mass index; Cl, confidence interval; COVID-19, coronavirus
disease 2019; OR, odds ratio.

2Age and BMI have been standardized: mean, 0 (standard deviation [SD], 1). Age: SD, 12.1
years; BMI: SD, 4.1.

No. of comorbidities is a discrete variable ranging from 0 to 4, where 4 represents >4
different comorbidities. Individuals with >4 comorbidities were classified as value 4.

°The number of vaccine doses received prior to infection were only considered if at least 14
days had passed between the vaccine dose and the infection date. Fourteen is a number of
days sufficient for the immune system to respond to the vaccination dose.

and with a positivity duration of <10 days, we found that vac-
cination with 3 doses and infection in wave 3 (odds ratio [OR],
0.42 [95% CI: .29-.61]; P < .001) correlated with a lower prob-
ability of long COVID. By contrast, a higher probability of long
COVID was associated with the self-reported positivity dura-
tion (11-14 days: OR, 2.30 [95% CIL: 1.53-3.46], P <.001;
15-21 days: OR, 4.10 [95% CI: 2.84-5.91], P<.001; >21
days: OR, 5.39 [95% CI: 3.74-7.77]; P<.001), female sex
(OR, 1.78 [95% CI: 1.30-2.44]; P <.001), high BMI (OR, 1.17
[95% CI: 1.02-1.34]; P=.02), and the presence of allergies
(OR, 1.51 [95% CI: 1.16-1.96]; P=.002). Interestingly, the
probability of developing long COVID increased as the dura-
tion of the infection increased. Indeed, only 14.5% of individu-
als with a positivity duration of <10 days developed long
COVID, but this percentage reached 42.5% for individuals in-
fected for 15-21 days and 56.2% for those positive for >21 days
(Supplementary Table 1). To assess the reliability of the self-
reported positivity duration, we conducted a sensitivity analysis
that included a subcohort of 479 healthcare workers with a
known record of positivity duration provided by the occupa-
tional medicine of Humanitas hospital (using the exact dates
of the initial positive and subsequent negative polymerase
chain reaction [PCR] test for SARS-CoV-2). Confirming the
analysis on the large cohort, we found a positive correlation be-
tween long COVID and the number of days of COVID-19
positivity with an OR of 1.47 (95% CI: 1.17-1.85; P=.001),
after adjusting for the same confounders mentioned above
(Supplementary Table 2). On the contrary, vaccination with 3
doses and infection in wave 3 were associated with a lower
probability of long COVID (OR, 0.32 [95% CI: .13-.78];
P=.01). In addition, female sex (OR, 1.73 [95% CI: 1.02-
2.95]; P=.04) and older age (OR, 1.28 [95% CI: 1.02-1.6];
P =.03), but not BMI, were associated with a higher probability
of long COVID.

One point of strength of this study is the large population an-
alyzed and the subcohort with confirmed positivity by the oc-
cupational medicine records. We showed that the higher the
SARS-CoV-2 positivity duration, the higher the chances of
long COVID development. Indeed, as the number of days of in-
fection increased, the likelihood of contracting long COVID in-
creased. This suggests that long COVID is related to the
persistence of viral infection, which likely chronicizes the in-
flammatory response and prolongs symptom duration.
Moreover, we confirmed our previous work that COVID-19
vaccination is associated with protection [10]; by combining
COVID-19 waves and BNT162b2 vaccine doses, we observed
that 3 vaccine doses and infection in wave 3 were associated
with a lower probability of long COVID, suggesting that vacci-
nation by reducing the duration of infection impacts long
COVID establishment. Finally, in agreement with the literature
and our previous work, female sex and preexisting allergies
were associated with a higher probability of long COVID
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[5, 10]. Our study has some limitations: SARS-CoV-2 positivity
duration and COVID-19-related symptoms and their duration
were self-reported, which may introduce bias. However, our
sensitivity analysis performed on 479 individuals with a known
record of the exact positivity duration confirmed the analysis
on the larger cohort. In summary, this observational study con-
ducted among healthcare workers reveals that the likelihood of
developing long COVID in infected individuals rises with the
increased duration of SARS-CoV-2 positivity, and 3 doses of
BNT162b2 vaccine are protective even during the Omicron
wave.

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.

Notes

Author contributions. C. P.: data curation, project administration,
writing—original draft. R. S: data curation, formal analysis,
methodology. R. L. and M. M.: formal analysis, methodology. E. A.: data col-
lection, project administration. R. B.: supervision, methodology. A. M.: con-
ceptualization, supervision. M. R.: conceptualization, supervision, funding
acquisition, writing—original draft.

Data availability. Patient informed consent does not allow for the dep-
osition of clinical data in public access repositories. Interested researchers
should contact biblioteca@humanitas.it to inquire about access; requests
for noncommercial academic use will be considered and require ethics
review.

Financial support. This work was supported by Ministero della Salute,
Italy (to M. R.).

Potential conflicts of interest. M. R. reports payment or honoraria for
speaking engagements from Fondazione Internazionale Menarini. All oth-
er authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Contflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Nalbandian A, Sehgal K, Gupta A, et al. Post-acute COVID-19 syndrome. Nat
Med 2021; 27:601-15.

2. Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major findings, mech-
anisms and recommendations. Nat Rev Microbiol 2023; 21:133-46.

3. Groff D, Sun A, Ssentongo AE, et al. Short-term and long-term rates of postacute
sequelae of SARS-CoV-2 infection: a systematic review. JAMA Netw Open 2021;
4:€2128568.

4. Durstenfeld MS, Peluso M]J, Peyser ND, et al. Factors associated with long
COVID symptoms in an online cohort study. Open Forum Infect Dis 2023;
10:0fad047.

5. Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG, Mukherjee B. Global
prevalence of post-coronavirus disease 2019 (COVID-19) condition or long
COVID: a meta-analysis and systematic review. ] Infect Dis 2022; 226:
1593-607.

6. Takahashi T, Ellingson MK, Wong P, et al. Sex differences in immune responses
that underlie COVID-19 disease outcomes. Nature 2020; 588:315-20.

7. Booth A, Reed AB, Ponzo S, et al. Population risk factors for severe disease and
mortality in COVID-19: a global systematic review and meta-analysis. PLoS
One 2021; 16:0247461.

8. Abate BB, Kassie AM, Kassaw MW, Aragie TG, Masresha SA. Sex difference in
coronavirus disease (COVID-19): a systematic review and meta-analysis. BMJ
Open 2020; 10:e040129.

9. Ayoubkhani D, Bermingham C, Pouwels KB, et al. Trajectory of long covid symp-
toms after covid-19 vaccination: community based cohort study. BMJ 2022; 377:
€069676.

10. Azzolini E, Levi R, Sarti R, et al. Association between BNT162b2 vaccination and
long COVID after infections not requiring hospitalization in health care workers.
JAMA 2022; 328:676-8.

BRIEF REPORT « CID 2023:77 (1 December) « 1533

€20z Jequiada( g0 uo ysenb Aq 056.22./LESL/ L L/LL/BI91E/pIo/WOod dnoolwapese//:sdiy wolj papeojumo(


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad434#supplementary-data
mailto:biblioteca@humanitas.it

	Association Between Duration of SARS-CoV-2 Positivity and Long COVID
	METHODS
	Clinical Study
	Statistical Analysis

	RESULTS AND DISCUSSION
	Supplementary Data
	Notes
	References


