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Abstract
Purpose According to the European Public Health Authority guidance for ending isolation in the context of COVID-19, a 
convalescent healthcare worker (HCW) can end their isolation at home and resume work upon clinical improvement and two 
negative RT-PCR tests from respiratory specimens obtained at 24-h intervals at least 8 days after the onset of symptoms. 
However, convalescent HCWs may shed SARS-CoV-2 viral RNA for prolonged periods.
Methods 40 healthy HCWs off work because of ongoing positive RT-PCR results in combined nasopharyngeal (NP) and 
oropharyngeal (OP) swabs following SARS-CoV-2 infection were invited to participate in this study. These HCWs had been 
in self-isolation because of a PCR-confirmed SARS-CoV-2 infection. NP and OP swabs as well as a blood sample were col-
lected from each participant. RT-PCR and virus isolation was performed with each swab sample and serum neutralization 
test as well as two different ELISA tests were performed on all serum samples.
Results No viable virions could be detected in any of 29 nasopharyngeal and 29 oropharyngeal swabs taken from 15 long-
time carriers. We found SARSCoV- 2 RNA in 14/29 nasopharyngeal and 10/29 oropharyngeal swabs obtained from screening 
15 HCWs with previous COVID-19 up to 55 days after symptom onset. Six (40%) of the 15 initially positive HCWs converted 
to negative and later reverted to positive again according to their medical records. All but one HCW, a healthy volunteer 
banned from work, showed the presence of neutralizing antibodies in concomitantly taken blood samples. Late threshold 
cycle (Ct) values in RT-PCR [mean 37.4; median 37.3; range 30.8–41.7] and the lack of virus growth in cell culture indicate 
that despite the positive PCR results no infectivity remained.
Conclusion We recommend lifting isolation if the RT-PCR Ct-value of a naso- or oropharyngeal swab sample is over 30. 
Positive results obtained from genes targeted with Ct-values > 30 correspond to non-viable/noninfectious particles that are 
still detected by RT-PCR. In case of Ct-values lower than 30, a blood sample from the patient should be tested for the pres-
ence of neutralizing antibodies. If positive, non-infectiousness can also be assumed.

Keywords COVID-19 · SARS-CV-2 · Infectiousness · Health care worker · Isolation

Introduction

In Austria, coronavirus disease 2019 (COVID-19) causing 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was first documented in January 2020 [1]. As the 

disease progressed all over Austria, increasing numbers 
of infected health care workers (HCWs) contributed to 
long periods of absence in the system-relevant infrastruc-
ture, placing an unprecedented strain on the healthcare 
systems. Current guidance (by ECDC [2]) regarding end-
ing isolation for HCWs requires two negative real-time 
reverse transcriptase-polymerase chain reaction (RT-PCR) 
tests from respiratory specimens gained at 24 h interval, 
taken at least 8 days after the onset of symptoms. However, 
prolonged SARS-CoV-2 RNA shedding with a median 
duration of 53 days and a maximum of 83 days has been 
reported recently in 36 patients by Li et al. [3]. In another 
study, median viral shedding duration of 20 days was 
observed with a maximum of 37 days [4]. In the context 
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of HCWs, these facts lead to long periods of sick leave, 
potentially causing staff shortage in hospitals and a poten-
tial overload of the healthcare service. As there is no con-
sistent evidence that viral nucleic acid detection of SARS-
CoV-2 via RT-PCR automatically equates to infectivity, 
these periods of absence may be longer than necessary. 
The aim of our evaluation was to determine if the infec-
tious virus can be isolated from upper respiratory tract 
samples from clinically recovered HCWs with continued 
SARS-CoV-2 RNA shedding and to match these data with 
the presence of SARS-CoV-2 neutralizing antibodies in 
serum.

Methods

Study design and participants

In Austria, COVID-19 has been a reportable disease since 
27 January 2020. Between April 30 and June 11, 2020, 
40 healthy HCWs off work because of ongoing positive 
RT-PCR results in combined nasopharyngeal (NP) and 
oropharyngeal (OP) swabs following SARS-CoV-2 infec-
tion were invited by the Viennese public health authority 
to participate in this study. These HCWs had been in self-
isolation because of a PCR-confirmed SARS-CoV-2 infec-
tion. Persons with positive RT-PCR result were invited for 
follow-up visits, of which the last one took place on 29 
June 2020. At each appointment, NP and OP swabs as well 
as a blood sample were collected from each participant. 
RT-PCR and virus isolation was performed with each swab 
sample and serum neutralization test as well as two dif-
ferent ELISA tests were performed on all serum samples.

This study was approved by the local research ethics 
committee (approval number EK 20–131-VK).

Material collection and processing

SARS‑CoV‑2 RNA detection by RT‑PCR

RNA was extracted from 200 µl of NP and OP swab super-
natants using a commercial kit (BioExtract® SuperBall®, 
BioSellal, France) and the KingFisher™ Flex Purifica-
tion System (Thermo Fisher Scientific, USA). Negative 
extraction controls (nuclease-free water) were prepared 
alongside clinical samples to monitor for potential cross-
contamination. Detection of SARS-CoV-2 RNA was per-
formed using a commercial primer/probe mix (LightMix® 
Modular SARS and Wuhan CoV E-gene; TIB Molbiol, 
Germany) and SuperScript™ III Platinum® One-Step 

Quantitative RT-PCR System with ROX (Thermo Fisher 
Scientific, USA) on the ABI7500Fast system (Thermo 
Fisher Scientific, USA). Assays were performed as duplex 
real-time RT-PCR reactions, also targeting β-actin mRNA 
as extraction control (Toussaint et al. 2007 [5]). Nuclease-
free water and a synthetic RNA control provided with the 
primer/probe mix were included as respective no-tem-
plate-control (NTC) and positive control (PC). A SARS-
CoV-2 Ct-value of > 42 was considered a negative result.

Cell lines and viruses

Vero 76 clone E6 cells (CCLV-RIE929, Friedrich-Loeffler-
Institute, Riems, Germany) were cultured in a minimum 
essential medium Eagle (E-MEM) with Hank’s balanced 
salt solution (HBSS) (BioWhittaker, Lonza, Szabo Scan-
dic, Austria), supplemented with 10% fetal bovine serum 
(Corning, Szabo Scandic, Austria) (FBS) and were used to 
titrate virus preparations and neutralization assays. Fifty-
percent tissue culture infective dose  (TCID50) was calculated 
according to Reed and Muench [6]. Vero E6 TMPRSS-2 
(provided by Stefan Pöhlmann; Deutsches Primatenzentrum, 
Göttingen, Germany)—initially described in Hoffmann et al. 
 [7]—were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) with 10% fetal bovine serum (FBS) and used for 
virus passaging and isolating infectious virus from clini-
cal samples. The virus used for the neutralization assay was 
originally isolated from a clinical specimen (NP swab), 
taken in mid-March 2020 from a 25-year-old male patient 
in Lower Austria and further passaged twice on Vero E6 
TMPRSS-2 cells [7].

Virus isolation from clinical samples

Vero E6 TMPRSS-2 cells were seeded in 12- or 24-well 
tissue culture plates to 80% confluency; 400 µl of NP and 
OP swab supernatant was inoculated on to the monolayer 
and incubated for 2 h to allow virus entry. After that, the 
inoculum was removed, the cells washed once with ster-
ile Dulbecco’s phosphate-buffered saline (DPBS) (Lonza, 
NH, USA) and DMEM added, supplemented with 2% FBS 
and 1xanti/anti (Life technologies, AT). As positive con-
trol, 2000  TCID50 of SARS-CoV-2 virus preparation were 
inoculated at the same time with the samples, but on sepa-
rate tissue culture plates. After 2 or 3 days, the cells were 
inspected under an inverted light microscope for any signs 
of cytopathic effects (CPE). The tissue culture plates were 
transferred to -80 °C for an hour and subsequently defrosted 
at room temperature. A maximum of 50% of the first passage 
was transferred onto a new cell monolayer after sterile fil-
tration of the sample (0.45 µM PES, Minisart, Millipore) to 
remove cellular debris. After incubation for 2 h, the cleared 
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supernatant of passage 1 was removed, cells were washed 
with 1xDPBS and fresh medium was added. These steps 
were repeated for up to four passages.

ELISA

Sera were tested with COVID-19 ELISA IgG test kit (Vir-
cell, Spain) and ID Screen ® SARS-CoV-2-N IgG Indirect 
ELISA (IDvet, France). All samples were thermally inac-
tivated (water bath, 56 °C, 60 min) and tested in techni-
cal duplicates. Optical density (OD) was measured by the 
ELISA reader ELx808 (BioTek Instruments, Inc., VT, USA) 
using the included software “Gen5” version 3.08 (BioTek 
Instruments). Tests were performed and analyzed following 
the producer’s instructions: for the COVID-19 ELISA IgG 
test kit, an antibody index > 6 was considered positive. In 
the ID Screen ® SARS-CoV-2-N IgG Indirect ELISA sam-
ples presenting a sample to positive ratio (S/P%) > 70 were 
considered positive.

Serum neutralization test (SNT)

The neutralization assay was set up in flat-bottom 96-well 
tissue culture plates. Human sera were heat-treated for 
30 min at 56 °C and diluted 1–10 in serum-free DMEM 
medium as a starting point for the assay. Twofold serially 
diluted sera were incubated with an equal volume of 50 μl 
SARS-CoV-2 at a minimum of 2000 tissue culture infectious 
dose 50%  (TCID50)/ml) for 90 min at 37 °C. Next, 25,000 
Vero 76 clone E6 cells were added to the serum/virus mix-
ture in each well in a volume of 100 µl in EMEM, supple-
mented with 10% FBS and incubated for 4 days at 37 °C, 5% 
 CO2 in a humidified incubator. The CPE in every well was 
scored under an inverted optical microscope and the recipro-
cal of the highest serum dilution that protected more than 
50% of cells from CPE was taken as the neutralizing titer.

Results

Twenty-three of the forty invited HCW agreed to participate 
in the study and attended the outpatient clinic of the Kaiser 
Franz Josef Hospital.

Among these, eight yielded negative NP and OP RT-
PCR results on samples gained during their first study visit 
at the outpatient clinic. Among the 15 remaining study 
participants, four (27%) were males and eleven (73%) 
females. Their median age was 41 years (mean 43 years; 
range 22–59 years). Four of the 15 HCWs (27%) had asso-
ciated co-morbidities, including two persons with treated 
arterial hypertension, two with substituted hypothyroid-
ism and one with well-controlled bronchial asthma. None 

of the study participants had been hospitalized during their 
SARS-CoV-2 infection; two of 15 (13%) have had an asymp-
tomatic and 13 of 15 (87%) a mild course of the disease. 
The median duration of RT-PCR test positivity was 23 days 
(range 5–51 days), the median duration between symptom 
onset and first study visit was 37 days (range 19–58 days). 
Evaluation of the test subject’s medical records revealed the 
occurrence of alternating positive and negative PCR results 
from previously taken swabs for 6 (40%) of these 15 HCWs. 
Among the 13 symptomatic participants, the most common 
symptoms were fever (11; 85%), cough (5; 33%), dysosmia 
(9; 60%) and dysgeusia (10; 67%). The basic demographic, 
clinical and diagnostic characteristics of the study partici-
pants are summarized in Table 1.

Of 58 respiratory specimen swabs, 24 yielded a posi-
tive result for viral RNA in RT-PCR (Table 2); 14 posi-
tive samples were detected in NP and 10 in OP swabs. Five 
persons had detectable viral RNA in OP and NP samples 
taken at the same time. Among all 58 respiratory speci-
men swabs, median threshold cycle was 37.2 (mean 37.3; 
range 30.8–41.6) for NP swabs and 37.6 (mean 37.6; range 
34.5–40) for OP swabs.

13 of the 15 participants RT-PCR positive at the first 
study visit, appeared at a follow-up after 7 days (second 
study visit); of these, 4 persons again tested positive by RT-
PCR of respiratory swabs. Among those four HCWs, two 
agreed on a third study visit—one after 7, the other one after 
14 days; no viral nucleic acid was detected in either.

Infectious virus was not detected in any culture of the 58 
respiratory specimens over the entire period of the study. 
The presence of IgG antibodies was observed in all 15 RT-
PCR positive HCWs, as seen in Table 2. Neutralizing anti-
bodies were detected in 7 of 15 HCW at the first visit and in 
14 of 15 HCWs at their second study visit. A Spearman-Rho 

Table 1  Overview

This table shows the basic demographic, clinical and diagnostic char-
acteristics of the 15 study participants who visited the outpatient 
clinic between April 30 and June 11, 2020
Abbreviations: no., number; RT-PCR, reverse transcription polymer-
ase chain reaction; IgG, immunoglobulin G; ELISA, enzyme-linked 
immunosorbent assay

Characteristics All HCWs (n = 15)

Median age—years (range) 41 (22–59)
Female sex—no. (%) 11 (73%)
Co-morbidity—no. (%) 4 (27%)
Symptomatic course of disease—no. (%) 13 (87%)
Median duration of symptoms—days (range) 10 (0–38)
Median duration of positive RT-PCR—days 

(range)
23 (5–51)

Positive IgG-ELISA serology—no. (%) 15 (100%)
Positive serum neutralization assay—no. (%) 14 (93%)
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correlation analysis was performed showing a significant 
correlation between the level of IgG in ELISA and level 
of neutralizing antibodies. The correlation was shown for 
both the IgG Vircell ELISA (p = 0.003) and the IgG IDvet 
ELISA (p < 0.001). Furthermore, a t test analysis showed a 
significant correlation between the level of IgG antibodies 
in both test kits and the SNT result (p < 0.001); in samples 
with negative SNT results, the median level of IgG anti-
bodies was 18.5 (Vircell IgG ELISA; range 9–29, SD 8.1) 
and 150 (IDvet IgG ELISA; range 68–245, SD 61.3), while 
samples with positive SNT results showed median levels of 
35.8 (range 10–64, 17.3) and 231 (range 68–344, SD 74.7).

Discussion

In this study, we demonstrate that despite RT-PCR positivity, 
no infectious virus could be isolated from respiratory swab 
samples taken from convalescent HCWs.

Our findings agree with the literature [3, 4] indicating 
that even after a mild course of COVID-19 nucleic acid of 
SARS-CoV-2 can still be detected by RT-PCR for several 
weeks after symptoms have already subsided. In our study, 
the longest duration of SARS-CoV-2 nucleic acid shedding 
was 58 days after illness onset and 51 days after the patients’ 
first positive RT-PCR result.

We observed a higher sensitivity for nasopharyngeal 
swabs than for oropharyngeal swabs. This contrasts with a 
study by Woelfel et al. (2020) [8] who described no discern-
ible differences concerning detection rates when comparing 
NP and OP swabs in nine patients hospitalized with COVID-
19. However, their swabs were only taken during days 1–5 of 
symptoms. Our results are in accordance with the findings of 
Yang et al. (2020) which also indicated that SARS-CoV-2 is 
less frequently detected in OP than in NP swabs: the differ-
ences in detection rate increase with the time passed since 
symptom onset, particularly from day 8 onwards [9].

Viral RNA shedding of SARS-CoV-2 does not equate 
with infectivity unless there is proof that the virus can 
be isolated and cultured from the particular samples [2]. 
In our study, no viable virus was detected in either NP or 
OP swabs. This is in line with findings from Woelfel et al. 
(2020) [8] who found that virus isolation probability was 
low when the SARS-CoV-2 RNA load was below 5.4  log10 
copies/swab, which corresponds with a Ct-value of about 
29.5 in their RT-PCR system [10].

Our findings are also consistent with the quantitative 
data gained in a Chinese study, showing a high viral load 
of SARS-CoV-2 in the upper respiratory tract around the 
time of symptom onset, followed by a gradual decrease to 
low levels in the second week [11]. In a Canadian study, 
SARS-CoV-2 confirmed positive throat samples were tested 

for their ability to infect Vero cell lines, like we did, to deter-
mine infectivity [12]. Again, it was shown that infectivity 
was only observed in throat samples from persons with 
symptoms lasting fewer than 8 days.

A French study group obtained 183 samples (174 naso-
pharyngeal swabs and 9 sputum samples) from 155 patients 
and inoculated them in cell cultures to correlate viral load 
to cultivable viruses. No positive culture result was obtained 
from samples with Ct value of > 34. Based on these data, La 
Scola et al. deduced that patients with Ct values > 34 do not 
excrete infectious viral particles and may thus be discharged 
[13].

In our study, only one of the 15 volunteers yielded posi-
tive PCR results with Ct values below 34. Test subject no. 
19 showed a threshold cycle of 30.8 from a NP swab taken 
on day 19 after symptom onset (neutralization assay titer 
at this time: 1:20) and a threshold cycle of 33.4 with a NP 
swab gained 26 days after symptom onset (neutralization 
assay titer at this time 1:40). However, infectious virus was 
not isolated from any of these swabs.

Based on results gained from 19 Canadian cases, Bullard 
et al. concluded that respiratory samples from COVID-19 
patients at ≥ 8 days post symptom onset and a SARS-CoV-2 
E-gene RT-PCR value > 24 (!) may predict lack of infectiv-
ity; of 90 RT-PCR SARS-CoV-2-positive samples incubated 
on Vero cells, there was no growth in samples with a Ct > 24 
or symptom onset to viral culture test time > 8 days. They 
state, that for every unit increase in Ct, the odds ratio for 
infectivity decreases by 32% [12]. Based on the studies men-
tioned above, recent recommendations of the federal public 
health authority in Germany (Robert Koch Institute) for the 
cessation of isolation of HCWs with severe COVID-19, i.e. 
requiring oxygen, include a Ct value of > 30 [14].

In our study, we could not detect infectious virus in any 
of 29 nasopharyngeal and 29 oropharyngeal swabs from 
15 long-time carriers. Currently, it is not clear what role 
neutralizing antibodies (NAbs) play during a SARS-CoV-2 
infection [15]. NAb titers in the early stages of the infection 
are inversely correlated with subsequent viral loads, meas-
ured as RNA copies in sputum and throat swabs, but are 
directly correlated with a more severe subsequent disease 
[8]. People with mildly symptomatic infections not requiring 
hospitalization generally have far weaker antibody responses 
than patients who develop the most severe disease, also in 
the oldest ones [16, 17]. Wu et al. tested 175 patients who 
had recovered from mildly symptomatic COVID-19; in 10 
cases (5.7%) NAbs were undetectable [18]. This percentage 
correlates very well with our finding, where 1/13 (7.7%) 
participants lacked any detectable NAbs. Undetectable NAbs 
must not be misunderstood as evidence for lack of protec-
tion from SARS-CoV-2 infection and/or severe disease. 
Gallais et al. recently stated, that some contacts of patients 
with COVID-19, who failed to seroconvert, already show 



100 H. Laferl et al.

1 3

evidence of T-cell response to SARS-CoV-2, suggesting 
the development of non-humoral immunity or prior T-cell 
immunity due to a previous infection with other coronavi-
ruses [19].

The limitations of our study include the small sample 
size, the lack of persons with a severe clinical course as well 
as the short follow-up.

According to PCR results not gained in our study, but 
documented in our study participants’ medical records, 
6/15 initially positive HCWs converted to negative and later 
reverted again to positive. This pattern may be expected in 
the course of an infection, especially for patients with low 
SARS-CoV-2 RNA loads near the limit of detection. Among 
their 10,643 cases, Green et al. identified 49 initially positive 
patients who converted to negative and later reverted to posi-
tive. Such cases likely represent the persistence of viral RNA 
at low levels and demonstrate that previous repeatedly nega-
tive results cannot completely rule out a subsequent positive 
test [20]. Green et al. conclude that for patients with a posi-
tive SARS-CoV-2 molecular assay result, repeating the test 
before at least 15 days after the first test is unlikely to yield a 
negative result. According to ECDC guidance, for asympto-
matic SARS-CoV-2-infected persons, the tests to document 
virus clearance should be taken a minimum of 14 days after 
the initial positive test [21].

Virological findings predicting lack of infectivity already 
after day 8 [8, 12] are supported by epidemiological data 
in household contact studies, demonstrating that the serial 
interval was 4–5 days [22, 23], with no transmission after 
6 days from symptom onset [23].

Although there is no specific evidence for COVID-19, 
immunocompromised patients may shed SARS-CoV-2 
viral RNA for prolonged periods, similar to other respira-
tory viruses. However, viral RNA shedding of SARS-CoV-2 
does not equate with infectivity, unless there is proof that 
the virus can be isolated and cultured from the particular 
samples [2]. Our finding of substantially higher Cts in virus 
isolation negative, convalescent HCWs as compared to virus 
culture-positive patients further supports the hypothesis 
that repeat positivity in convalescent persons represents the 
detection of non-viable virus material, rather than an active 
infection.

For several other viral infections, like influenza or mea-
sles, a long period of detection of nucleic acid in recovered 
patients by RT-PCR with simultaneous lack of infectivity 
is well documented [24, 25]. However, no prolonged iso-
lation of persons recovered from such viral infections is 
demanded by public health authorities. Based on our find-
ings of the absence of culturable virus in respiratory swabs 
from convalescent SARS-CoV-2 RNA shedders, we recom-
mend revising present guidelines; we propose de-isolation 
of HCWs clinically recovered from COVID-19, despite 
positive RT-PCR results, from swabs gained after at least 

8 days of isolation. If the threshold cycle of the RT-PCR of 
a naso- or oropharyngeal swab is over 30, the person can 
be considered non-infectious and isolation can be repealed. 
Positive results obtained from genes targeted with Ct-values 
over 30 are most likely due to non-viable/noninfectious par-
ticles that are still detected by RT-PCR. In case of a thresh-
old cycle, lower than or equal to 30, a serum neutralization 
test (SNT) should be performed on the convalescent HCW. 
If the latter is positive, non-infectiousness could be assumed. 
We acknowledge that SNT is not available in all laboratories 
and is time-consuming and expensive. Our data suggest that 
there is a correlation between levels of IgG antibodies and 
the probability of detecting neutralizing antibodies. How-
ever, no ELISA cut-off level could be determined. Further 
studies will be needed to show the suitability of IgG anti-
body levels for the determination of infectiousness.
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