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Abstract

SARS-CoV-2, the etiologic agent of the COVID-19 pandemic, emerged as the cause of a global crisis in 2019. Currently,
the main method for identification of SARS-CoV-2 is a reverse transcription (RT)-PCR assay designed to detect viral RNA
in oropharyngeal (OP) or nasopharyngeal (NP) samples. While the PCR assay is considered highly specific and sensitive,
this method cannot determine the infectivity of the sample, which may assist in evaluation of virus transmissibility from
patients and breaking transmission chains. Thus, cell-culture-based approaches such as cytopathic effect (CPE) assays are
routinely employed for the identification of infectious viruses in NP/OP samples. Despite their high sensitivity, CPE assays
take several days and require additional diagnostic tests in order to verify the identity of the pathogen. We have therefore
developed a rapid immunofluorescence assay (IFA) for the specific detection of SARS-CoV-2 in NP/OP samples following
cell culture infection. Initially, IFA was carried out on Vero E6 cultures infected with SARS-CoV-2 at defined concentrations,
and infection was monitored at different time points. This test was able to yield positive signals in cultures infected with
10 pfu/ml at 12 hours postinfection (PI). Increasing the incubation time to 24 hours reduced the detectable infective dose to
1 pfu/ml. These IFA signals occur before the development of CPE. When compared to the CPE test, IFA has the advantages
of specificity, rapid detection, and sensitivity, as demonstrated in this work.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic
has been declared a “public health emergency of interna-
tional concern” by the World Health Organization (WHO).
COVID-19 exhibits high morbidity and substantial mor-
tality. Countermeasures applied to mitigate the pandemic
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have also unfortunately resulted in some cases in dramatic
deleterious consequences for human society and the global
economy. COVID-19 is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which was iden-
tified as the seventh coronavirus to infect humans. Other
pathogenic coronaviruses include the severe acute respira-
tory syndrome coronavirus (SARS-CoV) and Middle East
respiratory syndrome coronavirus (MERS-CoV). SARS-
CoV-2 utilizes its homotrimeric spike glycoprotein (S) to
bind its receptor, angiotensin-converting enzyme 2 (ACE2)
on the host cell surface as a major route for cellular infec-
tion [1]. SARS-CoV-2 is transmitted by respiratory droplets
originating from contagious individuals [2].

Currently, the main method of identification of SARS-
CoV-2 is reverse transcription (RT)-real time PCR of upper
respiratory oropharyngeal (OP) or nasopharyngeal (NP)
samples, collected by swabs [3]. Though sensitive and spe-
cific, this direct nucleic acid detection test cannot differ-
entiate between viable and non-viable viruses. Moreover,
the correlation between SARS-CoV-2 real-time PCR results
(C, values) and infectivity is still not clear [4, 5]. Thus, the
patient's disease state and infectivity remain unknown.
Indeed, recent studies have shown that SARS-CoV-2 RNA
remains detectable weeks after recovery [6, 7]. In addition, it
has been shown that no viable virus could be recovered eight
days after symptom onset despite the presence of viral RNA
[8, 9]. Virus shedding occurs before and soon after onset of
illness [10]. Thus, infectivity assays may assist in evaluating
virus transmissibility from patients and help break transmis-
sion chains.

Identification of viable viruses derived from clinical sam-
ples is usually carried out using cell-culture-based methods.
Particularly, Vero E6 cells are widely used for SARS-CoV-2
propagation and diagnosis by observing a cytopathic effect
(CPE). In practice, CPE is a general phenomenon caused
by numerous viruses and is detectable within several days
by light microscopy. Subsequent real-time PCR assays
may then confirm the presence of viral genomic RNA [11,
12]. As CPE assays are lengthy (requiring several days to
a week), a faster assay for assessing infectivity would be
of great advantage. Here, we present the development of
an infectivity assay that relies on immunofluorescence.
Whereas CPE formation requires massive virus replication
in cells, immunolabeling of infected cells (immunofluores-
cence assay, IFA) may be used for rapid virus detection prior
to CPE formation. This is feasible if cells express viral pro-
teins at detectable levels at early stages of infection. In con-
trast to PCR assays, which detect nucleic acids, IFA detects
viral proteins, whose presence constitutes direct evidence
of cellular infection.

The aim of the current study was to develop a rapid,
sensitive, and specific IFA for SARS-CoV-2. This article
describes the development of the test and shows preliminary
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results obtained from 44 NP/OP specimens positive for
SARS-CoV-2 by RT-PCR derived from routine clinical
surveys for COVID-19 in elderly care facilities (population
and care staff) in Israel.

Materials and methods
Antibodies

FITC-conjugated anti-rabbit IgG (catalog no. F6005, Sigma)
was used in this study as the secondary antibody in IFA.
Anti-SARS-CoV-2 antibodies, produced in-house, were used
in this study for virus detection (Fig. 1A and [13]). Briefly,
rabbits were inoculated five times intravenously with 10°
PFU of live SARS-CoV-2 at days 0, 7, 10, 14, and 17. Serum
was collected 14 days after the final dose. The binding abil-
ity of the immunized rabbit serum was confirmed by ELISA
(Fig. 1B).

Cell lines

African green monkey kidney (Vero) clone E6 cells (ATCC®
CRL-1586™) were obtained from the American Type Cul-
ture Collection (ATCC). Cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% (v/v)
fetal bovine serum (FBS), 1% L-glutamine, 1% (v/v) non-
essential amino acids (NEAA), and 0.5% (v/v) antibiotics
and incubated at 37 °C under 5% CO, in a humidified incu-
bator. All reagents were purchased from Biological Indus-
tries, Beit-Haemek, Israel.

Viruses

SARS-CoV-2 (GISAID accession EPI_ISL_406862) was
kindly provided by the Bundeswehr Institute of Microbi-
ology, Munich, Germany. Viral stocks were propagated (4
passages) and titrated on Vero E6 cells. All handling of virus
was done in a BSL3 facility in accordance with the biosafety
guidelines of the Israel Institute for Biological Research
(IIBR).

Virus was grown overnight on Vero E6 cells in DMEM
containing 10% FBS, MEM non-essential amino acids,
2 mM L-glutamine, and antibiotics (Biological Industries,
Israel). Titration of the virus was carried out as described
recently [14].

Infection of Vero E6 cells with SARS-CoV-2 for PCR,
IFA, and CPE assays

Vero E6 were infected with known concentrations of SARS-
CoV-2 or RT-PCR-positive NP/OP samples from COVID-19
patients. A 300-ul suspension of Vero E6 cells was seeded
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Fig.1 (A) Rabbit immuniza- A
tion. Rabbits were inoculated
five times intravenously with
10° PFU of live SARS-CoV-2
on days 0, 7, 10, 14, and 17 PL.
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Serum was collected 14 days
after the final dose. (B) Bind-
ing curves of IgG polyclonal
antibodies from rabbit serum
were obtained by ELISA against
the S1 subunit of the spike gly- B
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at 2x 10° cells/well or 5 x 103 cells/well in 8-well chambers
(LabTek™, Nunc) or 12-well plates (Greiner Bio-One),
respectively, and incubated at 37 °C for 24 hours. Then, 1-ml
samples of the NP/OP swab specimens (Lingen, viral trans-
port medium.) were centrifuged for 10 min at 10,000 x g at
22 °C. The cells were infected with 150 pl of NP/OP super-
natant samples or known concentrations of SARS-CoV-2
(1-50 pfu/ml) and incubated for one hour at 37 °C under 5%
CO, in a humidified incubator. Next, 150 ul or 1 ml of 2%
FCS-DMEM containing 0.15% bicarbonate was added, and
the cells were incubated for 24 hours, 48 hours, or 5 days.
Samples were taken for RT-PCR, IFA, and CPE at these time
points as described below.

RNA extraction and RT real time PCR analysis

All procedures for RNA extraction and RT real-time PCR
analysis were done as described previously [15]. Briefly,
200 pl of each sample was transferred to 150 ul of lysis
buffer, followed by incubation for 20 minutes at room tem-
perature for virus denaturation and inactivation. RNA was
extracted using an RNAdvance Viral Kit and a Biomek i7
Automated Workstation (Beckman Coulter) and eluted with
25-50 pl of water.

Primers and probes for the SARS-CoV-2 E and N genes
were designed according to the Berlin protocol [16], and RT-
PCR assays were performed according to WHO instructions,
using a SensiFAST Probe Lo-ROX One-Step Kit (Bioline).
The sensitivity of the RT real-time PCR was determined
by performing a virus dilution assay, and the lowest virus

concentration detected was 0.1 pfu/ml (Supplementary Fig.
S1).

Immunofluorescence assays for the detection
of SARS-CoV-2-infected cells

Uninfected and SARS-CoV-2-infected cells were fixed with
4% paraformaldehyde (PFA) for 20 minutes, permeabilized
with 0.5% Triton X-100 for 2 minutes, and blocked with
2% FBS for 20 minutes. SARS-CoV-2-positive cells were
detected using 1:100-diluted anti-SARS-CoV-2 polyclonal
antibodies for 30 minutes in a humid chamber. After wash-
ing with double-distilled water, cells were incubated with
a 1:200 dilution of FITC-conjugated anti rabbit-IgG and
counterstained with 1 pg of 4',6-diamidino-2-phenylindole
(DAPI) per ml. Cells were visualized using an Axioskop
fluorescence microscope (Zeiss) equipped with a DS-iR1
camera (Nikon), and images were taken using NIS-elements
software (Nikon).

Clinical samples

Nasopharyngeal (NO) and oropharyngeal (OP) swab speci-
mens were collected as part of a routine clinical survey per-
formed in elderly care facilities (population and care staff)
in Israel. Ethical review and approval were waived by the
Israel Health Department because the samples used for this
study were leftover anonymized samples.
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Results

Assessment of anti-SARS-CoV-2 antibodies
from immunized rabbits by ELISA

The main goal of this study was to develop a specific immu-
nofluorescence assay for the detection of SARS-CoV-2. Ini-
tially, the steps for production of specific anti-SARS-CoV-2
antibodies were implemented. Rabbits were immunized iv
with 10° PFU of live SARS-CoV-2 on days 0, 7, 10, 14, and
17 PI, and serum was collected 14 days after the final dose.
The presence of anti-SARS-CoV-2 antibodies in the serum
was detected by ELISA using the S1 subunit of the SARS-
CoV-2 spike glycoprotein as the antigen. Serum collected
from rabbits immunized with SARS-CoV-2 was serially
diluted and added to microplates coated with SARS-CoV-2
S1 subunit (Fig. 1B). The binding curves shown in Fig. 1B
demonstrate the binding capability of anti-SARS-CoV-2
antibodies in rabbit serum. These antibodies were used for
IFA studies, as presented below.

A Non-Infected

D Non-Infected

']

Fig.2 (A-C) Vero E6 cells were either mock infected or infected with
SARS-CoV-2 at the indicated concentrations for 48 hours and then
fixed and immunolabeled with immunized rabbit serum and a second-
ary goat anti Rb-FITC antibody. (A) Uninfected cells exhibit a low
fluorescent background. (B and C) Significant infection of the cells
(as indicated by green color) could be seen at concentrations of 25
and 50 pfu/ml at 48 hours PI. (D-F) Vero E6 cells were either mock
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25 pfu/ml C

Development of an immunofluorescence assay
for detection of SARS-CoV-2

Identification of viruses in clinical samples can be carried
out using cell culture techniques. In particular, Vero E6 are
widely used for SARS-CoV-2 propagation and diagnosis,
as these cells are readily infected, produce high virus titers,
and exhibit a characteristic cytopathic effect (CPE) within
several days [11, 17]. Immunofluorescence assays are com-
monly used for diagnosis of pathogens in clinical settings
[18]. In this study, we developed an in-house IFA for detec-
tion of SARS-CoV-2-infected Vero E6 cells and compared
it to the standard CPE assay. Initially, we sought to deter-
mine the feasibility of using the IFA for specific detection
of SARS-CoV-2 in infected cells. For this purpose, the cells
were seeded in 8-well chambers, and after attachment, they
were infected with the virus at a concentration of 50 pfu/
ml or 25 pfu/ml for 48 hours. Virus was detected by IFA,
and this was confirmed by RT-PCR using supernatants from
infected cells. As can be seen in Fig. 2, panels A-C, infec-
tion of Vero E6 cells with SARS-CoV-2 at 25 pfu/ml or
50 pfu/ml for 48 hours resulted a significant positive staining
of the cultures, while uninfected cells showed a negligible
fluorescent background. In parallel, a CPE assay was con-
ducted. At 48 hours PI, undefined clear areas suggesting the

50 pfu/ml

50 pfu/ml
-
N

infected or infected with the indicated concentrations of SARS-
CoV-2 and then incubated for 48 hours and monitored for CPE devel-
opment. Undefined clear areas suggesting the development of CPE
(white arrows) were seen when concentrations of 25 and 50 pfu/ml
were used for infection. Uninfected cells did not show an observable
cytopathic effect. Bar=100 um
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development of CPE were observed (Fig. 2E and F, white
arrows), but this was not seen at the lower concentrations of
1 and 10 pfu/ml (Supplementary Fig. S2). Uninfected cells
did not show CPE (Fig. 2D). The growth of SARS-CoV-2
in Vero E6 cells was confirmed by RT real-time PCR. The
results showed a reduction in the C, values of roughly 20
over two days for the 25 pfu/ml and 50 pfu/ml concentra-
tions, demonstrating the SARS-CoV-2 growth in the cells.
The combined results demonstrate the capability of the [FA
to detect SARS-CoV-2 in Vero E6 cultures.

Next, we sought to determine the sensitivity of the assay
and evaluate its ability to detect early infection of the cells by
SARS CoV-2. For this purpose, we seeded VeroE6 cells in
8-well chambers and incubated them at 37 °C for 24 hours to
allow attachment. Next, the cells were infected with SARS-
CoV-2 at different doses (1-50 pfu/ml). Cells were moni-
tored by IFA for viral growth at 12 and 24 hours PI. Rep-
resentative images obtained from random fields are shown
in Fig. 3. As can be seen, infection of cells with 10-50 pfu
of SARS-CoV-2 per ml resulted in positive detection of the
virus within 12 hours (Fig. 3, panels B-D), while extending
the incubation time to 24 hours allowed the detection of
fluorescence in cells infected with virus at 1 pfu/ml (Fig. 3,
panels E-H). The IFA results were supported by RT real-
time PCR analysis demonstrating a reduction in the C, value
of approximately 20 for the 10-50 pfu/ml virus concentra-
tions at 24 hours PI, while a significant reduction in the C,
value at the lower concentration of 1 pfu/ml was observed
only at 48 hours PI. CPE was not observed at 24 hours PI at
any of the tested virus concentrations (Supplementary Fig.
S3). These results emphasize the advantage of using the IFA
for early detection of SARS-CoV-2 in infected Vero E6 cells
compared to using a CPE assay.

1 pfu/ml 10 pfu/ml

10 pfu/ml

Fig.3 Detection of SARS-CoV-2 in Vero E6 cells using an indi-
rect immunofluorescence assay. (A-H) Vero E6 cells were seeded in
8-well LabTek chambers and incubated for 24 hours at 37 °C to allow
cell adhesion. Cells were infected with SARS-CoV-2 at concentra-

Validation of the developed IFA using positive NP/
OP samples from patients

We next sought to verify the capability of this assay to detect
SARS-CoV-2 in clinical samples. To this end, we tested 44
clinical samples previously determined to be positive for
SARS-CoV-2 by RT real-time PCR (Fig. 4). The results
were clustered into three representative groups: IFA*/CPE?Y,
IFA/CPE™, and IFA" /CPE".

Representative images obtained with IFA*/CPE* samples
yielding positive IFA results at 48 hours PI and five days
PI are shown in Fig. 5A1-D1. In agreement with the IFA
results, CPE was detected at five days PI with both samples
(Fig. 5, panels B2 and D2). No CPE was observed at 48
hours PI with sample #1 (Fig. 5, panel A2), and moderate
morphology changes implying the onset of CPE were seen
with sample #2 (Fig. 5, panel C2, white arrow). Thus, a posi-
tive IFA signal precedes CPE formation in this case.

NP/OP samples are by nature heterogeneous because they
are comprised of many undefined constituents, and are vari-
able among individuals (and even over time for a specific
individual). In addition, they may contain a variety of cultur-
able respiratory viruses and bacteria, many of which (mainly
viruses) may induce CPE [19]. Figure 6 shows an example of
a sample from the IFA/CPE* group exhibiting nonspecific
positive CPE that is not supported by IFA (Fig. 6A1, A2). In
this NP/OP sample, there was no IFA signal, even at 5 days
PI, although substantial CPE was observed. Thus, the use
of CPE assays alone can lead to false-positive results, while
IFA is more specific, reducing such false results.

Panels B1 and B2 show an example of images obtained
using IFA™ /CPE’ samples, revealing negative IFA and CPE
after infection with an NP/OP sample. Although the NP/

25 pfu/ml 50 pfu/ml
-
12 hours PI
25 pfu/ml 50 pfu/ml
24 hours PI

tions of 1-50 pfu/ml for 12 hours (A-D) or 24 hours (E-H) and then
fixed and immunolabeled with 1:100-diluted SARS-CoV-2-immu-
nized rabbit serum, followed by the addition of FITC-conjugated anti-
rabbit IgG (green color). Bar=100 pm
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Fig.4 Correlation between RT real-time PCR of SARS-CoV-2 (C,
value) and IFA results. Forty-four NO/NP clinical specimens were
tested by RT real-time PCR for SARS-CoV-2 RNA and for infec-
tious virus using the newly developed IFA. As shown, samples with
C, >26 were negative in the IFA. No strict correlation was observed
with samples with C; <18

48 hours PI

Fig.5 Vero E6 cells were infected with two confirmed SARS-CoV-
2-positive NP/OP samples (#1 and #2) for 48 hours or five days
and then processed for IFA (panels A1-D1) and CPE assays (panels
A2-D2). (A1-D1) Representative IFA images showing prominent
infection of the cells (green color). (A2 and B2) Representative light
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OP sample used for infection of the cells was confirmed to
be positive for SARS-CoV-2, there was no viral growth in
culture, even after five days, as demonstrated by IFA, CPE,
and RT real-time PCR analysis of supernatants from this
sample (no changes in C, value were detected over five days
of infection). Panels C1 and C2 show positive IFA and CPE
results in Vero E6 cultures five days after inoculation with
another NP/OP sample (supported by RT-PCR).

Overall, our results support the notion that IFA is superior
to CPE. This is demonstrated by the sensitivity, rapidity, and
specificity of the method in comparison to the CPE assay.

Discussion

Diagnosis of COVID-19 relies mainly on RT-PCR assays
that identify viral genetic material in NP/OP clinical samples
directly [15]. However, the presence of SARS-CoV-2 RNA
in a sample does not necessarily mean that viable virus is
present. Infectivity is even less directly evident. Currently,
determination of infectivity of clinical samples relies on
CPE assays in cell cultures combined with specific RT-PCR
analysis for confirmation that SARS-CoV-2 is the infectious
agent in the sample. The time frame for CPE is usually sev-
eral days [12, 20]. In general, CPE can be induced by viruses
as well as intracellular bacteria [21]. This makes CPE a non-
specific, if relatively sensitive, phenomenon that needs to be

#2

48 hours PI

microscopy images showing no visible CPE at 48 hours PI for sample
#1. At five days PI, CPE was clearly observed. (C2 and D2) The CPE
was less definitive in the case of sample #2. Some clear areas in the
cell cultures were observed, possibly representing the onset of CPE
(white arrows)
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#3 #4
5 days PI

5 days PI

“a

Fig.6 Vero EG6 cells were infected for five days with three confirmed
SARS-CoV-2-positive NP/OP samples (#3, #4, #5) and then pro-
cessed for IFA (panels A1-C1) and CPE assays (panels A2-C2). (Al-
C1) Representative IFA images showing no infection with samples #3
and #4 or prominent infection of the cells in the case of sample #5
(green color). (A2) Representative light microscope images showing

supported by additional tests for validation of infection by
a specific pathogen.

In the current study, we aimed to address this limitation
by developing a sensitive assay for infectivity that is both
faster and more specific than the CPE assay. This method
combines an immuno-based assay for SARS-CoV-2 detec-
tion with cell culture techniques. Specifically, cells are inoc-
ulated with a sample suspected of containing SARS-CoV-2,
and, upon successful infection, an immunofluorescence
assay specifically detects the multiplying viral antigens in
the infected tissue culture. Ideally, this should be achiev-
able prior to CPE formation. Initially, an infectious SARS-
CoV-2 preparation was used to infect cells for 24 and 48
hours at different concentrations. Effective infection depends
on many parameters, including the type of cells and their
susceptibility to infection by a specific virus, passage of the
cultures, and the virus concentrations used for infection.

An IFA for detection of SARS-CoV-2 was published
recently. A serological IFA was developed to detect SARS-
CoV-2 IgG antibodies in the serum of COVID-19 patients
using cells exogenously expressing the SARS-CoV-2 spike
[22]. Serological IFA is commonly used for detection of
previous infections with SARS-CoV-2 (or other pathogens
as well) [23-25]. However, as IgG antibodies are not detect-
able until days/weeks after exposure, this type of assay is
not suitable for rapid and direct detection of SARS-CoV-2
infections. In another study, an IFA was developed for the

#5
5 days PI

nonspecific CPE in the case of sample #3. (B2) In agreement with
the IFA results, no CPE was seen in the case of sample #4. (C2) The
onset of CPE was observed in the cell cultures after infection with
sample #5. The CPE observed is in agreement with the IFA results
obtained with this specific sample

detection of the SARS-CoV-2 nucleocapsid antigen in cells
isolated directly from throat wash samples of patients [26].
In that work, the authors were able to detect viral antigen in
11 out of 17 samples from COVID-19 patients. In contrast,
assay described here is based on virus replication in cell
culture. In this manner, enrichment of the virus is achieved,
leading to rapid, direct detection by IFA. Hence, the cur-
rent IFA assay requires infectious SARS-CoV-2 particles,
directly demonstrating the infectivity of the sample in the
process.

Virus isolation and diagnosis using clinical samples is
fraught with many challenges. For instance, NP/OP samples
potentially contain diverse respiratory pathogens in addition
to SARS-CoV-2 [19], which might also infect the queried
cell cultures [27]. This was demonstrated in our study. RT-
PCR-positive NP/OP samples were used to infect Vero E6
cells, and after five days, CPE was monitored and the IFA
protocol was performed. In some cases, CPE was observed
(Fig. 6, panel A1) while IFA was negative and RT-PCR val-
ues hardly changed over time, indicating a lack of SARS-
CoV-2 replication. These results suggest that the observed
CPE was induced by another pathogen and emphasize the
advantage of adding specificity by combining an immunoas-
say application to the observation of CPE and the original
positive RT-PCR result. In addition, with sample #1 we were
able to observe infection by IFA after 48 hours, before the
onset of CPE (Fig. 5, panels A1l and 2). At five days PI, CPE
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was seen concomitant with positive IFA. This result demon-
strates another merit of our methodology over CPE, which
is a significant (days) shortening of the duration of the test.

Identification of CPE requires skill and expertise and is
not always straightforward, while IFA signals are usually
clearer and easier to identify. Overall, 44 NP/OP samples
that were positive by RT-PCR were examined for viral
infectivity by IFA. Of these, 14 were found to be positive
by cell-culture-based IFA (31.8%). The low infectivity rate
might have been a result of a loss of virus viability in a
sample, positivity of the specimen due to presence of viral
RNA without viable viral particles, or a very low viral
concentration — insufficient to sustain infection (or induc-
ing such low levels if infection that more time was required
for identification). In addition, the NP/OP specimens used
in this study were obtained from asymptomatic individu-
als, which might explain the low correlation between IFA
and C, values in real-time RT-PCR, as shown previously
[28]. Further comprehensive studies are needed to validate
the correlation of the IFA relative to RT real-time PCR. A
previous study conducted on 90 NP/OP and endotracheal
samples revealed that 28.9% of the samples contained
viable SARS-CoV-2 particles as detected by tissue cul-
ture infection dose 50% assay (TCIDs) in Vero cells [29].
These results are consistent with the findings obtained in
our study in which infectivity was detected in 31.8% of the
specimens by IFA. In our study, there was no detectable
growth of virus in any of the samples with Ct values >
25. This result is similar to those of a previous study that
showed significantly reduced viral growth in NP/OP and
endotracheal samples with C, values > 24 [29]. One main
limitation of the current study is the use of polyclonal
antibodies, which might show variations between batches.
This issue could be addressed by performing routine stand-
ardized batch-to-batch comparisons in order to validate the
performance of each new polyclonal antibody preparation.

In conclusion, we show that tissue culture infection and
IFA for detection of infectious SARS-CoV-2 is superior
to CPE in terms of specificity, rapidity, and sensitivity.
The results of our study imply that positive NP/OP speci-
mens are not always infectious. Community health meas-
ures for prevention of SARS-CoV-2 spread are crucial for
the eradication of COVID-19. In addition to genetic and
immuno-based diagnostic assays, rapid assays for detec-
tion of infectivity of a virus in a sample will contribute to
breaking the chain of infection and preventing the spread
of the virus in the population.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00705-022-05392-z.
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