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/ Resumo

Introducao: Os profissionais de saude, pela sua exposi¢ao, estao sujeitos a um
risco superior de desenvolver COVID-19. Inicialmente, aqueles que tiveram resultado
positivo para SARS-CoV-2, foram colocados em isolamento e s6 retornaram ao
trabalho apds dois testes consecutivos de PCR negativos, com um intervalo minimo
de 24 horas. A detegao prolongada de RNA viral tem sido associada a varios fatores,
nomeadamente idade, género e resposta imune.

Objetivos: Analisar o papel das medidas de isolamento na detecao prolongada

de RNA de SARS-CoV-2. Procuramos ainda analisar outras caracteristicas dos
profissionais de sadde.

Métodos: Realizdmos uma analise retrospetiva baseada nos registos clinicos dos
profissionais de salide de um grande hospital da Regido Centro de Portugal, com
teste positivo para SARS-CoV-2. Recolhemos dados demograficos, comorbilidades,
categoria profissional, existéncia de coabitantes e medidas de isolamento.
Resultados: A mediana do periodo de isolamento foi 35 dias. As mulheres tiveram
periodos de isolamento mais longos que os homens. Verificdmos ainda que os
profissionais de salde que nao praticavam medidas de isolamento na habita¢do
tiveram periodos de isolamento mais prolongados que aqueles que se isolaram ou
viviam sozinhos.

Conclusdes: Os nossos resultados sugerem que as medidas de isolamento podem
ter um impacto importante na redugao do periodo de deteg¢ao de RNA.

Palavras-chave: detecao de RNA prolongado, profissionais de saide, medidas de
isolamento



| Abstract

Background: Healthcare workers are at increased risk of infection with COVID-19,

due to their greater exposure. In the beginning, those who tested positive, were

asked to stay in isolation, and were only allowed to return to work after two

consecutive negative RT-PCR tests from a respiratory sample with a minimum 24

hours interval. Prolonged RNA detection has been associated with disease severity,

age gender and immune response.

Objective: We aim to evaluate the impact of isolation measures in prolonged RNA

detection. We also aim to study health care workers characteristics.

Methods: We performed a retrospective analysis based on the healthcare workers

records, from a large hospital in the Center Region of Portugal, who tested positive

for COVID-19. During the follow up we collected demographic data, comorbidities,

professional category, the existence of cohabitants and isolation measurements.

Results: We found an average isolation period of 35 days. Women took longer than

men to be discharged. We also found that healthcare workers who did not isolate

themselves from their cohabitants took longer than those who did and those who

lived alone.

Conclusions: /solation measurements may have an important impact on the

reduction of RNA detection period.

Keywords: prolonged RNA detection, health care workers, isolation measures

/ Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a
single-stranded RNA virus that caused the outbreak of coronavirus
disease 2019 (COVID-19) in humans." It is responsible for an acute
infection, with a broad clinical spectrum, that includes an
asymptomatic infection, mild upper respiratory tract illness, a severe
viral pneumonia with respiratory failure and even death.?* The
average incubation period is 5 days, with an interquartile range
(IQR) of 2-7 days. Most patients develop symptoms within 12 days.?

Viral RNA levels are detectable in the respiratory tract 2-3 days
before symptoms appear, peak at symptoms’ onset*® and decline
over the next 7-8 days in most patients.>®* SARS-Cov-2 RNA can
be detected for 20 days or longer.*’#

Healthcare workers (HCW) are potentially at increased risk of
infection with COVID-19 and may transmit the disease to
vulnerable patients.” Those who test positive for SARS-CoV-2 via
reverse transcriptase PCR (RT-PCR) of nasopharyngeal and/or
oropharyngeal swab specimens are asked to stay in isolation
provided that they don't need specialized care.

Return to work and discharge strategies can be symptom or test
based.” Center for Disease Control and Prevention (CDC)
recommends a 10-day isolation from symptom onset (including

>24 hours since resolution of fever and improvement of
symptoms) for mild-moderately ill patients without severely
immunocompromising conditions. Moreover, CDC recommends up
to 20 days for patients with severe illness or severely
immunocompromising conditions.” HCW who were asymptomatic
throughout their infection may return to work when at least 10
days have passed since the date of their first positive viral
diagnostic test or two consecutive negative RT-PCR tests." A test
based strategy requires resolution of fever and symptoms
improvement and at least two consecutive negative results from
respiratory specimens collected 224 hours apart for SARS-CoV-2
RNA.""" World Health Organization (WHO) allows countries to
choose either symptom or a test based strategy."

In Portugal, a test-based strategy was in place until recently.” In
the general population, clinically recovered COVID-19 patients
who have one negative test where discharged,’ while HCW could
only return to work after two consecutive negative RT-PCR tests
from respiratory specimens with a minimum 24 hours interval, as
previously suggested by CDC."

This approach, could be overestimating the length of infectious
spreading by detecting non-infectious viral shedding,*'® since the
ability of SARS-CoV-2 to replicate in cultured cells is a better
surrogate for infectivity.'
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Prolonged RNA detection has been associated with disease
severity, age, gender and immune response.®”'® We hypothesize
that there could also be an association with the fact that there
are cohabitants who are also potentially infected and the isolation
measures at home. Until this moment, there are no studies in the
literature exploring this specific topic. This study aims to evaluate
the HCW characteristics and its potential association with
prolonged RNA detection, in order to provide a better
understanding of SARS-CoV-2's viral clearance profile.

/ Methods

We performed a retrospective analysis based on HCW records. The
data was collected during the COVID-19 follow up from a large
hospital in the Center Region of Portugal.

The diagnosis was established after a positive detection of SARS-
CoV-2 through a semi quantitative RT-PCR targeting SARS-CoV-2
on nasopharyngeal and/or oropharyngeal swab samples. The ones
who tested positive were accompanied by the Occupational Health
Department (OHD) until the moment of discharge and return to
work, which was established by achieving two consecutive negative
tests from respiratory specimens with a minimum 24-hour interval.

During this period, data regarding age, gender, comorbidities,
professional category, the existence of cohabitants, and isolation
measures were collected. Professional categories were divided into
physicians, nurses, health care assistants and others, which
includes technical assistants, diagnosis and therapeutic
technicians and pharmaceuticals. We analyzed data collected
between 14 of March and 15 of June of 2020.

The statistical analysis was performed using SPSS 26.0 (IBM, USA).
Quantitative variables were tested for normality using Shapiro
Wilk test. Comparisons between groups were performed using
t-student, Mann-Whitney or Kruskal-Wallis. Correlation between
quantitative variables was analyzed with Spearman's Correlation
Coefficient. The significance level was established at 0.05.

/ Results

Between March 14 and June 15 of 2020, 208 out of 8037 HCW
from tested positive for SARS-CoV-2. From those, 172 were
included in the analysis, since 8 were still positive at the time of
the analysis. Four were possible false positive results, as they
repeated the test right after and were negative, and therefore
were excluded. Finally, 24 did not have enough information on
their clinical file and, consequently, were excluded. There were
only two HCW that required specialized care and were
hospitalized, but happily none in an intensive care unit.

The average age of our sample was 43.34 + 10.56 years, ranging
from 19 to 65 years old. Mostly women (n=135; 78.45%). We
found that the most affected group were nurses (n= 88; 51.16%),
followed by health care assistants (n=42; 24.42 %), physicians

(n=28; 16.28%) and finally others (n=14; 8.14%), as shown in
Table I. The isolation period lasted 37.08 + 14.63 days on average,
ranging from 11 to 78 days.

Interestingly, we found significantly less time to discharge men
than women (P=0.03). In women, it took 36 days (IQR 26 - 48) to
achieve two negative test results, while in men it took 31 days
(IQR 21.4 - 42.5). There was no correlation between age groups
and the isolation period (Spearman's rho=0.067, P>0.05).

Most workers had cohabitants during the time of disease (n=149;
86.63% versus n=23; 13.37%). Those with (36 days, IQR 26-47.5)
or without (32 days, IQR 21 - 42) cohabitants took a similar
amount of time to achieve two negative consecutive tests, P>0.05,
but that ignores the role of isolation. Regarding those with
cohabitants, 124 (83.22%) were isolated from them and 25
(16.78%) were not. The ones who didn't perform any isolation
measures at home took 47 days (IQR 32-55) to discharge, which
was significantly longer than those who did (34.5 days IQR 26-45;
P=0.042) and those who lived alone (32 days IQR 21-42; 0.015).
No differences were found between the group that lived alone and
the ones who performed isolation measures, P>0.05.

Most HCW did not have cohabitants with a diagnosis for
COVID-19 (n=120, 69.77% vs n=29, 16.86%). Furthermore, no
differences were found between the ones who had a known
positive inhabitant (41 days IQR 32-52.5), and those who did not
(34.5 days IQR 26-47) and those who lived alone (32 days IQR
21-42). The group with a positive inhabitant took longer than the
other groups to achieve 2 consecutive negative tests, but the
difference was not statistically significant, P>0.05.

No differences were found in HCW with comorbidities, as
represented in Table Il. Moreover, we also did not find differences
between workers without any comorbidity (35 days IQR 23-48),
having one (35 days |QR 26-46.5) or two or more (36 days IQR
25.5-44.25), P>0.05. The same happened between smokers (36
days IQR 24-44) and non-smokers (35 days IQR 26-47), P>0.05.

/ Discussion

Several studies, using a test based strategy, showed that viral
SARS-CoV-2 RNA can be detected in nasopharynx for 20 days or
longer, 78 but we found a higher period of time, with HCW taking
35 days (IQR 26 - 46.75) between the moment of diagnosis and
achieving 2 consecutive negative tests at least 24 hours apart.

Women took longer to achieve two consecutive negative tests
than men. Our results are in accordance with Zheng et al.® but in
disagreement with Vaz et al.”. There is also evidence suggesting a
higher proportion of males among severe cases'®"'¢, even though
this difference seems to be attenuated by adjustments for age and
comorbidities.'

We did not find differences between age groups or correlation
between age and time needed to test negative. There is some



TABLE | — GENERAL CHARACTERISTICS OF HCW WITH CONFIRMED COVID-19

Healthcare
Physicians Nurses . Others Total
assistants
Gender Female 20 (71.43) 68 (77.27) 34 (80.95) 13 (93.86) 135 (78.45)
N (%) Male 8 (28.57) 20 (22.72) 8 (19.05) 1(7.14) 37 (21.51)
Age (years)
41.86 + 14.46 40.97 + 8.96 48.43 +9.93 46 + 8.65 43.34 + 10.56
Average + SD
Total N (%) 28 (16.28) 88 (51.16) 42 (24.42) 14 (8.14) 172 (100)

Abbreviations: HCW, healthcare workers; COVID-19, coronavirus disease 2019; SD, standard deviation.

TABLE Il — CHARACTERISTICS OF HCW CONFIRMED WITH COVID-19 AND TIME NEEDED TO ACHIEVE 2 CONSECUTIVE TESTS PERFORMED AT

LEAST 24 HOURS APART

Isolation period, Median

N (% P value*
(%) (I0R) valu
Gender F:M 135 (78.45) : 37 (21.51) 36 (26 - 48) : 31 (21.4 - 42.5) 0.03
<20 1(0.58) 34 (-)
20 - 29 19 (11.05) 33 (21 -43)
30 -39 46 (26.74) 35 (23 - 44.35)
Age (years) 0.272
40 - 49 50 (29.10) 39.5 (27.75 - 53)
50 - 59 43 (25.0) 33 (26 - 46)
2 60 13 (7.56) 33 (28 - 45)
Hypertension 22 (13.02) : 147 (86.98) 33.3(26.75-435):35(26 - 47) 0.556
With Diabetes 3(1.78) : 166 (98.22) 35 (-): 35 (26 - 47) 0.564
comorbidities: | Other cardiovascular disease 7 (4.14) : 162 (95.86) 30 (27 - 52) : 35 (26 - 46.25) 0.972
Without Immunosuppression 2(1.18) :167 (98.82) 26.5 (<) : 35 (26 - 47) 0.285
comorbidities | chronic respiratory disease 35(20.71) : 134 (79.29) | 35 (24 - 43) : 35.3 (26 - 47.25) 0.279
Obesity 27 (15.98) : 145 (85.80) 36 (27 - 46) : 30 (25 - 47) 0.427
None 82 (48.52) 35 (23 - 48)
Number of 1 69 (40.83) 35 (26 - 46.5) 0.956
comorbidities : - ’
22 18 (10.65) 36 (25.5 - 44.25)
Yes 21 (12.21) 36 (24 - 44)
Smoker 0.905
No 151 (87.79) 35 (26 - 47)
Yes 149 (86.63) 36 (26 - 47.5)
Cohabitant 0.103
No 23 (13.37) 32 (21 -42)
Isolated from cohabitants 124 (72.09) 34.5 (26 - 45)
Isolation B .
Not isolated from cohabitants 25 (14.53) 47 (32 - 55) 0.013
measures
Without cohabitant 23(13.37) 32 (21-42)
Yes 29 (16.86) 41 (32 - 52.5)
Cohabitant with No 120 (69.77) 34.5 (26 - 47) 0.07
COvID-19 : : '
Without cohabitant 23(13.37) 32 (21 -42)
Total 172(100) 35 (26 - 46.75) -

Abbreviations: F, female; M, Male; COVID-19, Coronavirus disease 2019; IQR, Inter-Quartile range.
* Non-parametric tests comparing the isolation period between groups. The isolation period corresponds to the number of days between the
diagnosis and the achievement of two consecutive negative tests results, performed at least 24 hours apart.
The bold values represent the level of significance is 0.05 (5%).
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evidence suggesting that patients older than 60-65 years'
experience more severe'® and longer disease®”, but since our sample
is taken from a working-age population that difference may not be
as evident. We did not perform an analysis for severity of illness,
since only two of the 172 HCW required inpatient care, although
there is evidence suggesting that patients with severe disease took
longer to test negative than those with mild disease.”

We compared the time needed to achieve two negative consecutive
tests with the isolation measures at home. We found that HCW who
did not isolate themselves from their cohabitants took longer than
those who did and those who lived alone. We did not find
differences between the group that lived alone and the ones who
performed isolation measures. This suggests that the isolation
measures may be an epidemiologic factor with relevance in the time
needed to achieve two consecutive negative tests, with potential
impact on planning of end of isolation and return to work.

We also found that the group with a positive inhabitant took
longer than the other groups to achieve two consecutive negative
tests, but the difference was not statistically significant. Since we
do not have direct control over the screening of relatives who are
not CHUC HCW, we cannot confirm if the testing was performed.
More studies would be needed to exclude the importance of this
factor in the disease duration and virus detection.

Previous studies found evidence suggesting that
hypertension'®'9-?" (particularly in patients over 60 years old'),
diabetes®?!, other cardiovascular diseases?®?', chronic obstructive
pulmonary disease?'** and obesity'®*-* have been associated with
worse clinical outcome. However, we didn't find any differences on
the time needed to achieve two consecutive negative tests in
HCW with or without co-morbidities like hypertension, diabetes,
other cardiovascular diseases, immunosuppression, chronic
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respiratory disease, or obesity. We also did not find differences
between workers without comorbidities, with one comorbidity, or
two or more. The same happened between smokers and non-
smokers. Accordingly, results regarding smoking have been
contradictory.?*? |t is important to consider that the population
we analyzed has been associated with a higher proportion of
non-severe cases.'® It may be due to the younger nature of our
population, as they are all active people. The prevalence and
severity of these comorbidities might be different from the general
population, and therefore their effect may be understated.

It is also important to consider that our study reflects a very
specific population, of working age, and with sociodemographic
characteristics that may limit the generalization of its conclusions
to the general population.

In conclusion, our study suggests that SARS-CoV-2 viral RNA may
persist for a long period in respiratory samples, and that isolation
measures may have an important impact on the duration of that
period.

Our study has several limitations. Firstly, polymerase chain
reaction (PCR) cannot distinguish between viable and non-viable
virus and does not reflect the replication level of the virus.
Secondly, isolation measures at home, based on the report of the
HCW, were not verified by the investigator. Therefore, there could
be other factors regarding housing conditions with impact on
duration of test positivity, such as number of inhabitants,
ventilation conditions, and so on.

Further investigation is needed to better understand how isolation
measures influence temporal dynamics in viral shedding and if
there is any impact on transmissibility of COVID-19.

Mot isolated from cohabitants

Isolated from cohabitants

Without cohabitant

Isolation mesurements at home

Fig. 1 - Boxplot representing the time needed to achieve 2 consecutive negative tests at least 24
hours apart according to the isolation measures performed.




/ References

1. Wu Y, Chen C, Chan Y. The outbreak of
COVID-19 : An overview. J Chinese Med Assoc.
2019:217-220. doi:10.1097/
JCMA.0000000000000270>Wu.

2. Cevik M, Bamford C, Ho A. COVID-19 pandemic
- A focused review for clinicians. Clin Microbiol
Infect. 2020;(20):6-13. doi:10.1016/j.
cmi.2020.04.023.

3. Rhee C, Kanjilal S, Baker M. Duration of
SARS-CoV-2 Infectivity: When is it Safe to
Discontinue Isolation? Oxford Univ Press Infect Dis
Soc Am. 2020.

4. To KK, Tak O, Tsang Y, et al. Temporal profiles of
viral load in posterior oropharyngeal saliva
samples and serum antibody responses during
infection by SARS-CoV-2: an observational cohort
study. Lancet Infect Dis. 2020;20(5):565-574.
doi:10.1016/S1473-3099(20)30196-1.

5. Zou L, Ruan F, Huang M, et al. SARS-CoV-2
Viral Load in Upper Respiratory Specimens of
Infected Patients. N Engl J Med.
2020;382(12):1175-1177. doi:10.1056/
NEJMc2000231.

6.Zheng S, Fan J, Yu F, et al. Viral load dynamics
and disease severity in patients infected with
SARS-CoV-2 in Zhejiang province, China,
January-March 2020: Retrospective cohort study.
BMJ. 2020;369(March):1-8. doi:10.1136/bmj.
m1443.

7. Vaz JP, Morais C, Coelho A, Camilo E, Silva C.
Clearance and persistence of SARS-CoV-2 RNA in
patients with COVID-19. J Med Virol. 2020;(June).
d0i:10.1002/jmv.26103.

8. Gombar S, Chang M, Hogan CA, et al. Persistent
detection of SARS-CoV-2 RNA in patients and
healthcare workers with COVID-19. J Clin Virol J.
2020;129(January).

9. Keeley AJ, Evans C, Colton H, et al. Roll-out of
SARS-CoV-2 testing for healthcare workers at a

large NHS Foundation Trust in the United.
Eurosurveillance. 2020;(March):1-4.

10. CDC. Coronavirus Disease 2019 (COVID-19)
Criteria for Return to Work for Healthcare
Personnel with Con rmed or Suspected COVID-19
(Interim Guidance ) Return to Work Criteria for
HCP with Confirmed or Suspected COVID-19.
https://www.cdc.gov/coronavirus/2019-ncov/
healthcare-facilities/hcp-return-work.html.
Published 2020. Accessed June 28, 2020.

11. Discontinuation of Transmission-Based
Precautions and Disposition of Patients with
COVID-19 in Healthcare Settings (Interim
Guidance): Updated August 10, 2020. https://
www.cde.gov/coronavirus/2019-ncov/hcp/
disposition-hospitalized-patients.html. Published
2020.

12. Criteria for releasing COVID-19 patients from
isolation. WHO. https://www.who.int/news-room/
commentaries/detail/criteria-for-releasing-covid-
19-patients-from-isolation. Published 2020.

13. Direcdo-Geral da Saide. Norma n.c 019/2020
de 26/10/2020: Estratégia Nacional de Testes para
SARS-CoV-2. 2020.

14. Direcdo-Geral da Saude. Norma n.° 004/2020
de 23/03/2020 Atualizada a 31/08/2020:
Abordagem do Doente com Suspeita ou Infegcéo
por SARS-CoV-2.; 2020. https://covid19.
min-saude.pt/normas|.

15. Chang D, Zhao P, Zhang D, Dong J, Xu Z, Yang
G. Persistent Viral Presence Determines the
Clinical Course of the Disease in COVID-19. J
Allergy Clin Immunol Pr. 2020:1-8. doi:10.1016/j.
jaip.2020.06.015.

16. Li X, Xu S, Yu M, et al. Risk factors for severity
and mortality in adult COVID-19 inpatients in
Wuhan. J Allergy Clin Immunol. 2020;146(1):110-
118. doi:10.1016/j.jaci.2020.04.006.

17. Klein SL, Morgan R. The impact of sex and

gender on immunotherapy outcomes. Biol Sex Differ.
2020;11(1):1-13. doi:10.1186/s13293-020-00301-y.

18. Petrilli CM, Jones SA, Yang J, et al. Factors
associated with hospitalization and critical illness
among 4,103 patients with COVID-19 disease in
New York City. medRxiv. 2020;(646). doi:https://
doi.org/10.1101/2020.04.08.20057794.

19. Lippi G, Wong J, Henry BM. Hypertension in
patients with coronavirus disease 2019
(COVID-19): A pooled analysis. Polish Arch Intern
Med. 2020;130(4):304-309. doi:10.20452/
pamw.15272.

20. Li B, Yang J, Zhao F, et al. Prevalence and
impact of cardiovascular metabolic diseases on
COVID-19 in China. Clin Res Cardiol.
2020;109(5):531-538. doi:10.1007/s00392-020-
01626-9.

21. Wang B, Li R, Lu Z, Huang Y. Does comorbidity
increase the risk of patients with COVID-19. Aging
(Albany NY). 2020;12(7):6049-6057.
doi:10.18632/aging.103000.

22. Olloquequi J. COVID-19 Susceptibility in
chronic obstructive pulmonary disease. EurJ Clin
Invest. 2020. doi:10.1111/eci.13382.

23. Tadic M, Cuspidi C, Sala C. COVID-19 and
diabetes: Is there enough evidence? J Clin
Hypertens. 2020;22(6):943-948. doi:10.1111/
jch.13912.

24. Lighter J, Phillips M, Hochman S, et al. Obesity
in Patients Younger Than 60 Years Is a Risk Factor
for COVID-19 Hospital Admission. Clin Infect Dis.
2020;71(15):895-896. doi:10.1093/cid/ciaa409.

25. Simonnet A, Chetboun M, Poissy J, et al. High
Prevalence of Obesity in Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) Requiring
Invasive Mechanical Ventilation. Obesity.
2020;28(7):1195-1199. doi:10.1002/0by.22831.
26. Vardavas Cl, Nikitara K. COVID-19 and
smoking: A systematic review of the evidence. Tob
Induc Dis. 2020;18(March):1-4. doi:10.18332/
tid/119324.




