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A B S T R A C T

Detection of SARS-CoV-2 RNA in nasopharyngeal samples using the real-time reverse transcription polymer-
ase chain reaction (rRT-PCR) is the gold standard for diagnosing COVID-19. Determination of SARS-CoV-2
RNA by rRT-PCR sometimes results in an inconclusive test result due to a high cycle threshold-value.
We retrospectively analyzed 30,851 SARS-CoV-2 rRT-PCR test results. Borderline positivity was considered
as the presence of ≤25 viral copies per milliliter, while no amplification was considered as a negative test
result. Of all test results, 204 were answered as borderline, of which 107 were accompanied by a follow-up
test within 96 hours.
Of the 107 follow-up samples, 10 (9.35%) were found positive for SARS-CoV-2. COVID-19 symptoms were not
predictive for testing positive in the follow-up test. The positive SARS-CoV-2 samples in the follow-up group
represented 0.92% of all positive test results, highlighting the need for retesting and increased hygienic
measures for borderline SARS-CoV-2 patients [NCT04636294].

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

The coronavirus disease (COVID)-19 pandemic tremendously
impacts health, social and economic sectors (Chu et al., 2020)
(Boeckmans et al., 2020). Early detection of severe acute respiratory
syndrome coronavirus (SARS-CoV)-2-infected persons is crucial to
limit viral transmission among the population. Recent data show an
asymptomatic infection rate of about 46% (95% confidence interval
[CI] 18.48; 73.60) (He et al., 2020), which hampers quick interven-
tions to prevent disease spread by using disinfection, protective
equipment, quarantine or isolation measures (Lotfi et al., 2020).

SARS-CoV-2 is an enveloped, positive-sense single-stranded RNA
beta-coronavirus (Romano et al., 2020). Detection of viral RNA in
nasopharyngeal samples by real-time reverse transcription polymer-
ase chain reaction (rRT-PCR) is the gold standard for diagnosis of
COVID-19 (Tahamtan and Ardebili, 2020)(Jamal et al., 2020).

Low rRT-PCR cycle thresholds (CT), are a relative indication for
high viral titers and confer a higher risk for developing severe
COVID-19 which may relate to increased mortality (Rao et al., 2020).
High CT-values could either indicate an incipient (novel) infection, an
evading (asymptomatic) infection (Drew et al., 2020)(Lan et al., 2020)
or a nonspecific rRT-PCR reaction (Tahamtan and Ardebili, 2020). The
amount of SARS-CoV-2 RNA in the upper respiratory tract peaks
around symptoms onset (Walsh et al., 2020)(Cevik et al., 2020). Viral
RNA may, however persist up to 3 months without the presence of
transmissible virus or being infectious (Li et al., 2020)(Wang et al.,
2020), which makes the interpretation of weak positive results chal-
lenging. Further, CT-values may inherently vary because of the
patients’ tolerance to sampling, sampling skills of medical personnel
and the use of different RNA extraction kits and PCR instrumentation
(Dabouh et al., 2020)(Raymaekers et al., 2009).

Since limiting SARS-CoV-2 transmission is of vital importance
to curb COVID-19 spread, we aimed to investigate at which
ratio weak positive, further termed 'borderline' rRT-PCR test
results, taking a minimum of >25 template copies per milliliter
as a threshold for true positivity, ultimately culminate in true
infections.
2. Methods

2.1. Ethical approval

Ethical approval was obtained from the ethics committee of the
Jessa Hospital (number f/2020/166). The study is registered on Clini-
calTrials.gov (NCT04636294).
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2.2. Sample collection

After deep nasopharyngeal sampling, swabs (FLOQSwabs, Copan,
Italy) were brought into 2 milliliter of cell lysis buffer (Promega). All
samples were tested within 24 hours upon arrival in the laboratory.

2.3. rRT-PCR

All samples were analyzed with one of the following 3 methods:

The first method included RNA extraction on the Maxwell RSC
Instrument (Promega) using the RSC Viral TNA kit (Promega)
according to the manufacturers’ instructions. An extraction and
amplification control (Phocine Distemper Virus, kindly provided by
the Department of Viroscience, Erasmus Medical Centre Rotter-
dam) was added to each sample as amplification and extraction
control. These extracts were analyzed on QuantStudio 7 flex
(Thermo Fisher Scientific), with an in-house rRT-PCR test, based on
the CDC oligonucleotide primers and probes for detection of the
viral nucleocapsid (N) gene of SARS-CoV-2. The second method
was performed on the m2000 (Abbott) using the m2000 RealTime
SARS-CoV-2 assay, according to the manufacturers’ instructions.
The last method comprised the fully-automated instrument Alinity
(Abbott), using the Alinity m SARS-CoV-2 amp kit. Signals gener-
ated from the m2000 and Alinity platforms were derived from a
combined RdRp/N-gene fluorophore. Viral loads were semiquanti-
tatively calculated based on a standard curve from a viral suspen-
sion (Sciensano, Belgian Institute for Health, Brussels, Belgium).

2.4. Threshold for SARS-CoV-2 positivity

The threshold for SARS-CoV-2 positivity was set on the presence
of more than 25 viral template copies per milliliter, which was calcu-
lated based on a SARS-CoV-2 dilution series of SCV2QC (Qnostics).
The cut-off CT-values were determined for each platform separately.
Results of samples with CT-values representing ≤25 viral copies per
milliliter, but with a visible PCR signal, crossing the threshold, were
assigned as ‘borderline’ test results. Samples were considered as
being negative if no amplification occurred.

2.5. Inclusion criteria

All samples sent to the molecular department of the clinical labo-
ratory of the Jessa Hospital (Hasselt, Belgium) for determination of
SARS-CoV-2 between August 1, 2020 and November 20, 2020 were
included. The inclusion criterion for the follow-up study was the
presence of a borderline SARS-CoV-2 test result accompanied by a
follow-up test within 96 hours.

2.6. Statistical analyses and data visualization

Statistics were performed using GraphPad Prism. Comparison of
initial and follow-up viral loads was performed using a Wilcoxon
signed rank test. Proportions were compared using a Fisher's exact
test. A result was considered as significantly different when the P-
value was lower than 0.05. Confidence intervals (CIs) for proportions
were calculated using the modified Wald method. Figures were made
using MS office PowerPoint and GraphPad Prism.

3. Results

3.1. Study population

From a total of 30,851 analyses, 1,092 tests were found positive
and 29,555 were found negative, resulting in a positivity ratio of
3.54%. Borderline test results were observed for 204 samples (i.e.,
0.66% of all SARS-CoV-2 test results) (Fig. 1A), indicating that 15.74%
(95% CI [13.86; 17.83]) of the reported non-negative test results com-
prised inconclusive test results. From these 204 borderline test
results, 18 samples were preceded by a positive test result, ranging
from 4 to 220 days in the past (Fig. 1B). The majority of patients
with a borderline SARS-CoV-2 rRT-PCR test result were ambulatory
patients.

3.2. Follow-up testing of borderline SARS-CoV-2 patients

We retrospectively analyzed SARS-CoV-2 rRT-PCR results of
patients with a borderline test result and who were re-tested in the
same laboratory within a timeframe of 96 hours. Out of 107 follow-
up samples, 10 samples (9.35%, 95% CI [4.99; 16.52]) showed conver-
sion of the borderline viral load to a positive test result. Four border-
line samples still showed a borderline test result (3.74%, 95% CI [1.16;
9.53]) and 93 samples tested negative (86.92%, 95% CI [79.11; 92.17])
(Fig. 2A).

For the 10 patients that became SARS-CoV-2 positive after follow-
up testing, significantly higher viral titers were obtained at re-testing
(Fig. 2B, P-value for Wilcoxon signed rank test = 0.002). The mean
viral load at follow-up testing was 7£ 1010 copies/milliliter. As such,
9.35% of retested patients became true SARS-CoV-2 positive after fol-
low-up testing (Fig. 2A).

To differentiate clinically between individuals with a positive and
negative test result in the follow-up test, we investigated whether
the first group might initially present more often with typical COVID-
19 symptoms. Data regarding the presence of COVID-19 symptoms
were available in 80% (8/10) of the positive follow-up cases and 61%
(57/93) of the negative follow-up cases. Three out of 8 (37.50%, 95%
CI [13.49; 69.62]) SARS-CoV-2 positive follow-up patients presented
with typical COVID-19 symptoms, while 31 out of 57 (54.38%, 95% CI
[41.59; 66.63]) SARS-CoV-2 negative patients were also symptomatic,
resulting in no significant difference between both groups regarding
the presence of typical COVID-19 symptoms upon first presentation
(P = 0.463) (Fig. 2C). Patients that tested SARS-CoV-2 negative in the
follow-up test, significantly experienced less COVID-19 symptoms
upon first presentation compared to patients that tested positive
without pre-existing borderline test result (P = 0.030). Patients that
tested positive in the follow-up test did not experience significantly
more or less symptoms than patients that tested positive without
pre-existing borderline test result (P = 0.113). The fact that SARS-
CoV-2 positivity was observed in 9.35% of the follow-up samples
makes that 0.92% (95% CI 0.47−1.70) of all positive samples origi-
nated from previous borderline test results that would have been
neglected without advising follow-up testing. In addition, the conver-
sion ratio to positivity after a borderline test result is 2.64 times
higher than the general positivity ratio in this cohort.

4. Discussion

SARS-CoV-2-infected patients show heterogenic clinical presenta-
tions ranging from asymptomatic patients to patients needing
mechanical intubation and transfer to the intensive care unit
(Boeckmans et al., 2020)(Botta et al., 2020). Screening programs,
especially after high risk contacts, are important to prevent COVID-
19 outbreaks (Cheng et al., 2020). Different CT-cutoff values for SARS-
CoV-2 positivity may be used among different laboratories. This
inconsistency triggered us to investigate the time course of patients
exhibiting almost undetectable viral loads. We applied a testing strat-
egy in which samples containing a viral titer of more than 25 tem-
plate copies per milliliter were assigned as being positive. Samples in
which ≤25 template copies per milliliter were present, but in which a
signal was generated during the PCR reaction, were considered as
“borderline” for which follow-up testing within 1 to 2 days was pro-
posed to the treating physician.



Fig. 1. Description of the patient cohort. (A) Organigram of positive, negative and borderline SARS-CoV-2 rRT-PCR test results. (B) From a total of 204 SARS-CoV-2 borderline sam-
ples, 18 were preceded by a positive test result.
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We found that more than 9% of patients with borderline SARS-
CoV-2 test results developed higher viral titers within a timeframe of
96 hours after initial sample collection, which implies that 0.92% of
all positive samples originated from earlier borderline test results.
The conversion rate to positivity after a borderline test result is
2.64 times higher than the general positivity ratio, which substanti-
ates the relevance of reporting these low viral loads. Of note, positiv-
ity conversion could be substantially higher since not all borderline
test results were accompanied by a follow-up test. Further, conse-
quent follow-up testing after 5 or 10 days could as well result in a
higher conversion ratio, since the mean incubation time was
found to be 5.68 days (99% CI: 4.78−6.59 days) in a meta-analysis
(Khalili et al., 2020).

Significantly higher viral loads were observed among the posi-
tive retested borderline patients, indicating viral shedding in the
period between the initial and follow-up test. Borderline SARS-
CoV-2 patients are hence potentially highly infectious (Drew et al.,
2020) during the intermittent period before the follow-up test
result is known, which implicates that follow-up testing should
be strongly encouraged and isolation measures should be taken
until proven negative. In addition, patients with a positive fol-
low-up test result did not experience more often COVID-19 symp-
toms upon first presentation than patients that turned negative in
the follow-up test, hampering symptom-based differentiation. It
should be mentioned that results regarding the possible presence
of symptoms at first presentation in this study could be under-
powered due to the relative small-sample size of the follow-up
SARS-CoV-2 positive patient group and the fact that governmen-
tal testing policies and test indications vary throughout time. In
addition, not all clinical information was present for all patients
which could be due to large screening programs. Nevertheless, a
meta-analysis showed that about 20% of SARS-CoV-2-positive
adults were never febrile and less than 60% developed a cough
(Grant et al., 2020).

Another finding of this study is the persistence of borderline CT-
values among 3.74% of the samples in this specific setting within
96 hours. Absence of evolution to higher viral loads was in these
cases presumed as a sign of previous infection, in which residual viral
particles were present in the nasopharynx (Lan et al., 2020). Further,
18 of 204 borderline test result were preceded by a positive test
result, which likely also implies the persistence of virus particles
without being infectious (D’Ardes et al., 2020)(Cento et al., 2020).
Since reinfection cannot be ruled out, we speculate that reporting
borderline test results might become less relevant upon attaining
(partial) herd immunity since a large part of the population is likely
to exhibit a borderline test result. Upon reaching a stadium of herd
immunity, determination of IgM/IgG antibody titers might serve as a
more appropriate diagnostic tool (Zhang et al., 2020), perhaps in
combination with rRT-PCR. Antibody, memory B-cell, CD4+ T-cell,
and CD8+ T-cell responses to SARS-CoV-2, however, all exhibit dis-
tinct kinetics (Dan et al., 2021) and the key triggers for developing
humoral and/or cellular immunity remain unclear. The development
of an efficient testing algorithm will therefore likely rely on specific
epidemiological conditions and available diagnostic tools. An efficient
testing strategy could, for example, be implemented by pooling sam-
ples for rRT-PCR to reduce costs and work load. Nonetheless, SARS-
CoV-2 borderline patients might be missed due to sample dilution,
leading to false negative test results (Lohse et al., 2020). Therefore we
advocate consequent follow-up testing after a borderline SARS-CoV-
2 rRT-PCR result when a recent infection is not documented. Further,
emerging SARS-CoV-2 variants (Fiorentini et al., 2021) could possibly
escape the current SARS-CoV-2 rRT-PCR primers, making testing
strategies even more complicated.

Notably, CE-in vitro diagnostic medical devices marking of the PCR
instrumentation used in our study states that every sample in which
amplification occurs, should be reported as being positive. This strat-
egy would result in a considerable number of false positives, seen
that the majority of borderline follow-up tests turned out as being
negative. It should, however, also be mentioned that nonspecific PCR
reactions are as well a possible source of false positive results (Ruiz-
Villalba et al., 2017).

To efficiently implement a SARS-CoV-2 borderline testing strat-
egy, it is of utmost importance to maximize efforts in reducing
sample to sample and amplicon contamination. Strict laboratory



Fig. 2. Follow-up of borderline SARS-CoV-2 rRT-PCR results. (A) Ten out of 107 patients (9.35%) tested positive within 96 hours after a borderline SARS-CoV-2 test result. (B) Follow-
up viral loads were significantly higher in SARS-CoV-2-positive patients (Wilcoxon signed rank test). (C) Patients with a positive SARS-CoV-2 test result within 96 hours after a bor-
derline test result, did not experience more often COVID-19 symptoms upon first presentation compared to patients that turned out SARS-CoV-2 negative in the follow-up test
(Fischer’s exact test).
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decontamination is performed at our site to reduce false positive PCR
results. One particular method for laboratory decontamination is
using decontamination solutions (bleach, RNAse and DNAse solutions
for surfaces, instruments and biosafety cabinets) and separation of
activities (Fischer et al., 2016), although this is not possible when
using fully automated systems. Another strategy to avoid false weak
positive results could be lowering the CT-threshold for positivity.
This approach seems, however, not recommended because of the sig-
nificantly higher viral loads present in the positive follow-up sam-
ples, indicating the relevance of the previously reported low
borderline viral loads.
5. Conclusion

Reporting SARS-CoV-2 rRT-PCR borderline test results and follow-
up testing of patients with borderline test results is crucial to early
detect COVID-19 cases and prevent outbreaks, which is especially rel-
evant for hospitals and nursing homes. Future studies should, how-
ever, clarify how testing strategies could be optimized taking these
borderline results into account.
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