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Abstract
Background

Nasopharyngeal antigen Rapid Diagnostic Tests (RDTs) and saliva RT-PCR have shown variable
performance to detect SARS-CoV-2.

Methods

In October 2020, we conducted a prospective trial involving patients presenting at testing centers
with symptoms of COVID-19. We compared detection rates and performance of RDT, saliva PCR and
nasopharyngeal (NP) PCR.

Results

Out of 949 patients enrolled, 928 patients had all three tests. Detection rates were 35.2% (95%Cl
32.2-38.4%) by RDT, 39.8% (36.6-43.0%) by saliva PCR, 40.1% (36.9-43.3%) by NP PCR, and 41.5%
(38.3-44.7%) by any test. For those with viral loads (VL) 210° copies/ml, detection rates were 30.3%
(27.3-33.3), 31.4% (28.4-34.5), 31.5% (28.5-34.6), and 31.6% (28.6-34.7%) respectively.

Sensitivity of RDT compared to NP PCR was 87.4% (83.6-90.6%) for all positive patients and 96.5%
(93.6-98.3%) for those with VL>10°. Sensitivity of STANDARD-Q®, Panbio™ and COVID-VIRO® Ag tests
were 92.9% (86.4-96.9%), 86.1% (78.6-91.7%) and 84.1% (76.9-89.7%), respectively. For those with
VL>108, sensitivities were 96.6% (90.5-99.3%), 97.8% (92.1-99.7%) and 95.3% (89.4-98.5%)
respectively. Specificity of RDT was 100% (99.3-100%) compared to any PCR. RDT sensitivity was
similar <4 days (87.8%) and 24 days (85.7%) after symptoms onset (p=0.6). Sensitivities of saliva and
NP PCR were 95.7% (93.1-97.5%) and 96.5% (94.1-98.1%), respectively, compared to the other PCR.

Conclusions

The high performance of RDTs allows rapid identification of COVID cases with immediate isolation of
the vast majority of contagious individuals. RDT could be a game changer in primary care practices,
and even more so in resource-constrained settings. PCR on saliva can replace NP PCR.
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Introduction

COVID-19 is responsible for a dramatic health and social situation around the globe. Rapid and
accurate detection of SARS-CoV-2 virus in symptomatic individuals is essential for taking immediate
measures such as patient isolation and quarantine. Testing is the cornerstone of pandemic
management.! At present, nasopharyngeal (NP) swabbing followed by reverse transcription RT-qPCR
analysis is the reference standard for detection of SARS-CoV-2 infection.2 This method requires
trained staff to perform the swabbing, as well as laboratory personnel and sophisticated equipment
to perform PCR analysis. In addition, NP swabbing causes discomfort for the patient and can lead
rarely to complications.® Also, the turnaround time for getting results is usually 24-48 hours, which
forces most tested individuals to wait until they might resume usual activities if tested negative.
Because of these limitations, there is definitely a need to investigate alternative testing methods to
break transmission chains more rapidly, release the pressure on the health system and ease the way

for patients.

To address the issues of laboratory infrastructure and procedures, as well as turnaround time,
several companies have developed point of care antigen rapid diagnostic tests (RDT) to detect SARS-
CoV-2. These tests are performed on NP swabs for the time being. Manufacturers report analytical
sensitivities above 95% for all of these tests, while independent laboratory based studies report
variable performances.** However, very few studies have been performed in the so-called real world,
i.e. in clinical settings where these tests will be applied. A recent study reports a clinical
manufacturer-independent evaluation on three different RDT brands. Results show that sensitivity of

the best-performing test (STANDARD Q®) was 77% and specificity 99%.°

To address the swabbing issue, there has been several attempts to use saliva for the detection of
SARS-CoV-2, as it has been done for different viruses, including coronaviruses responsible for SARS
and MERS.” For SARS-CoV-2, a systematic review published on studies conducted up to April 2020
documented a sensitivity of 91% (95%Cl 80—99%) for saliva and 98% (89—100%) for NP RT-PCR in
previously confirmed COVID-19 patients.® More recent studies, conducted in hospitalized patients,

reported a sensitivity between 80%,%'° and 100%.1%*2

To simultaneously investigate analytical (PCR and RDTs) and sampling procedures (saliva and NP
swab), we conducted a prospective clinical trial in symptomatic patients, in order to compare the
detection rate of SARS-CoV-2 and sensitivities of i) RDT on NP swab, ii) PCR on NP swab and iii) PCR
on saliva. Secondary objectives were to compare detection rates and sensitivities stratified by VL

categories.
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Methods
Ethic statement

The study protocol and related documents were approved by the ethical review committee of

Canton Vaud (CER-VD 2020-02269).
Brand of Rapid Diagnostic Tests evaluated

Three antigen-based RDTs were assessed: 1) STANDARD Q® COVID-19 Ag Test from

Biosensor/Roche , 2) Panbio™ COVID-19 Ag Test from Abbott and 3) COVID-VIRO® from AAZ-LMB. All
assays are lateral flow tests which detect viral nucleocapside antigens with color change assessed by
naked eye reading. All tests were performed according to manufacturers’ information. RDT brands

were rotated after around 30 positive patients until at least 100 positive per test were reached.
SARS-CoV-2 RT-PCR, cycle thresholds and viral load quantification

SARS-CoV-2 RT-PCR were performed using an in-house RT-PCR on the automated molecular
diagnostic platform targeting the E gene,*> > or using the SARS-CoV-2 test of the Cobas 6800
instrument (Roche, Basel, Switzerland). Viral load were obtained by converting cycle thresholds of

the RT-PCR instruments, using the formula logVL=- 0.27Ct+13.04, as previously reported.®*’
Outcomes

The primary outcome was the proportion of SARS-CoV-2 positive patients for PCR on saliva, PCR on
NP swab, and RDT on NP swab. The secondary outcome were the viral loads of SARS-CoV-2 measured

by PCR on saliva and NP swabs.
Study design and participants

This was an observational prospective comparative clinical trial. Patients above 18 years were
recruited from three different outpatient clinics in Lausanne with symptoms compatible with COVID-

19 according to regional testing criteria (www.coronacheck.ch) (see supplementary file for details).

Study procedures

Patients collected themselves the saliva for PCR analysis (swabbing their oral mucosa and finishing by
drooling saliva in a tube) (see supplementary file for more details). Then, the health professional
collected two nasopharyngeal swabs, one for PCR and one for RDT analyses. Test and control lines
were read by the person having collected the swab after 15 to 20 minutes and judged as positive
intense, positive weak, or negative. Remaining samples (saliva and second NP swab) were sent to

the molecular diagnostics laboratory for RT-PCR analysis.

Sample size
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We based our sample size of 250 positive among 1250 cases tested to have a precision of £2% on the

detection rate if the latter was 20%.
Statistical analysis

All patients having a result available for the 3 tests were included in the study analysis population.
Detection rate, sensitivity, and specificity of each test with 95% confidence intervals (Cls) were
estimated. Chi-square test was used for comparison between proportions, and Student t-test along
with ANOVA F-tests for comparisons between log viral loads. Analyses were stratified by viral load
categories. The thresholds chosen for binary stratified analyses by VL were 10° copies/ml (Ct=30) and
106 copies/ml (Ct=26), based on recent and older data investigating the link between viral loads and

the presence of culture-competent virus.'®2?

Results

Presumed SARS-CoV-2 patients were screened from September 25™ to November 4™ 2020. 949
patients providing consent were enrolled. Median age was 31 years (IQR 25-42; range 18-87) with
49% being female. On the day of testing, 96% of participants had at least one major symptom (41%
fever, 64% cough, 62% sore throat, 32% anosmia/ageusia) and 4% at least one minor and a close
contact with a documented COVID-19 case. Mean duration of symptoms at the time of swab

collection/testing was 2.6 days (SD 2.3, range 0-30).

Among the 928 who had all three tests done, 333 (36%) were tested using STANDARD Q® COVID-19
Ag, 271 (29%) using the Panbio™ COVID-19 Ag, and 324 (35%) using the COVID-VIRO® (see

supplementary figure 1 for details on study flow).
Detection rates of RDT, NP PCR and saliva PCR

Of the 928 patients analyzed, 327 (35.2%; 95%Cl 32.2-38.4%) tested positive by RDT, 369 (39.8%;
36.6-43.0%) by saliva PCR, 372 (40.1%; 36.9-43.3%) by NP PCR, and 385 (41.5%; 38.3-44.7%) by any
of the 3 tests (Figure 1A). Detection rates were thus equivalent for both NP and saliva PCR (p=0.9),
with NP PCR detecting 16 additional cases when compared to saliva PCR, and saliva PCR detecting 13
additional cases when compared to NP PCR. The detection rate for RDT was significantly inferior to
NP PCR (p=0.03) and saliva PCR (p=0.04), with NP and saliva PCR detecting 45 and 42 additional cases

compared to RDT, respectively.

When considering the 293 (31.6%) patients with a VL >10° copies/ml by either NP or saliva PCR, the
differences were lower with a detection rate of 30.3% (27.3-33.3) (281/928) for RDT, 31.4% (28.4-
34.5) (291/928) for saliva PCR, 31.5% (28.5-34.6) (292/928) for NP PCR, and 31.6% (28.6-34.7%) by
any test (Figure 1B). There were no more significant differences between detection rates of PCRs

and RDT (p=0.6).
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Diagnostic test performance (sensitivity, specificity) of RDTs, NP PCR and saliva PCR

The sensitivity of RDT compared to NP PCR was 87.4% (83.6-90.6). When considering those with a VL
>10° copies/ml by NP PCR, sensitivity was 96.5% (93.6-98.3%) (Figure 2). The sensitivity of RDT
according to viral load categories remained higher than 95% up to 10° and dropped rapidly for lower
loads (Figure 3). Sensitivities of the three RDT brands were 92.9% (86.4-96.9%) for STANDARD Q°,
86.1% (78.6-91.7%) for Panbio™ and 84.1% (76.9-89.7%) for COVID-VIRO® Ag tests (p=0.1). When
considering those with a VL >10° copies/ml by NP PCR, sensitivities were 96.6% (90.5-99.3%), 97.8%
(92.1-99.7%) and 95.3% (89.4-98.5%) respectively (Figure 2). Of note, the median log VL of all

participants were similar between the 3 brands of RDT (Supplementary Figure 3).

The diagnostic performance of NP PCR and saliva PCR were equivalent: sensitivities were 95.7%

(93.1-97.5%) for saliva compared to NP PCR and 96.5% (94.1-98.1%) for NP compared to saliva PCR.

When using the composite reference standard (385 patients with any test positive), sensitivities were
84.9% (81.0-88.3%) for RDT, 95.8% (93.3-97.6%) for saliva PCR, and 96.6% (94.3-98.2%) for NP PCR.
The difference was not significant between NP PCR and saliva PCR (p=0.6), but was so between RDT
and NP PCR or saliva PCR (p<0.001). Specificity of RDT was 100% (99.3-100%), which means that
there was no false positive RDT. In two instances, RDT was positive and NP PCR was negative, but the

saliva PCR was positive with viral loads of 4.0x108 and 1.7x103.
Virus loads (VL)

VLs of patients with positive saliva PCR (median 1.3x10% IQR 1.9x10%-8.8x10°; range 2.0-9.3) were
significantly lower than those with positive NP PCR (median 1.3x107; IQR 1.3x105-8.4x107; range 2.0-
9.4) (p<0.001). Among 285 patients with VL>10° by NP PCR, 10 (3.5%) were negative by RDT. Among
87 patients with VL<10° by NP PCR, 50 (57.5%) were positive by RDT (Figure 4A). The difference

between NP and saliva VLs is illustrated in Figure 4B.

The sensitivity of RDT according to symptoms duration varied between 80% and 90%. It was lowest
the day of symptoms onset (80%, 95%Cl 44.4-97.5%) and highest on day 4 (90.0%, 73.5-97.9%)
(Figure 5). There was no significant difference in the sensitivity of RDT, neither between the first 4
days of symptoms (87.8%) and thereafter (85.7%) (p=0.6), nor the first 7 days (87.7%) and thereafter
(81.3%) (p=0.5).

Comparison of VLs in RDT positive vs negative patients, as well as according to RDT color band
intensity, type of symptoms and saliva volume are detailed in the supplementary file and

supplementary figures.


https://doi.org/10.1101/2020.11.23.20237057
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.11.23.20237057; this version posted November 24, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Discussion

The results of the present study show that the detection rate of positive COVID-19 cases by RDT was
high, especially for those with a VL of 210° copies/ml. The sensitivity of RDT compared to NP PCR was
above 85%, and above 95% for patients with a high VL, and was similar between the three RDT
brands, with an advantage for Standard Q®. The sensitivity varied slightly according to symptoms
duration but remained above 80%, even after 7 days despite a progressive drop in VLs.® Actually, a
lower sensitivity after the acute phase of disease might be an advantage to prevent unnecessary
isolation of patients who are, for most of them, no more contagious, despite a positive PCR result
(known to sometimes persist for a long time).2>2* Our results are quite strong since they are based on
a high number of positive patients and two PCR performed in parallel on each patient. We reached
385 positive cases, with >100 by RDT brand, thus fulfilling the FIND/WHO requirements for validating

rapid diagnostic tests.

The detection rate of SARS-CoV-2 by PCR performed on a saliva sample was equivalent to that of RT-
PCR performed on NP swabs. The sensitivity of PCR of one type of sampling compared to the other
were similar and above 95%. The two positive saliva PCR but negative NP PCR patients who were still
detected by RDT illustrates that some but rare false negative results of tests based on NP swabs are

likely due to sampling procedure.
RDT versus PCR

The sensitivity of RDT of more than 95% in patients with VL>10° copies/m| means that these rapid
tests are likely to identify reliably individuals that are contagious, which would, if largely deployed,
reduce transmission more substantially than what would be expected from its imperfect overall
sensitivity. Furthermore, the short turn-around time to return the result to the patient allows more
rapid isolation of cases and efficient contact tracing, which should also contribute to more efficient

pandemic control.

There was a slight variability in performance between the three different RDTs with STANDARD Q®
having a higher sensitivity (93%) than those of Panbio™ (86%) and COVID-VIRO® (84%), but all met
the threshold of 80% sensitivity and 97% specificity of the WHO recommendations for use?. The
sensitivities of all tests in the present study were higher than those reported in the first
manufacturer-independent clinical validation study.® The reasons might be that Kriiger et al included
a more diverse subject population, with a small number of positive samples (70), and used different
PCR targets.® Our high number of patients investigated with well-defined conditions and

standardized procedures make results of the present work rather robust.

The specificity of all three tests was 100%, which is impressive considering the potential for inter-
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observer variation in RDT test line reading. This observation implies that the assessed RDTs brands
are easy to read, and that faint lines can still be easily detected. This perfect specificity, which was
also shown in the other studies on high quality RDT, allows to state that there is no need to confirm a

positive RDT test result by an additional PCR test.

One of the strength of our study also lies in the fact that the study population represented that of
routine COVID-19 diagnostic centers, namely symptomatic outpatients with fever or cough or
anosmia/ageusia or symptomatic close contacts. The study was performed at the end-user level in
real-life conditions, which is in agreement with WHO recommendations for evaluating the
performance of new diagnostic tests.?® Real-life evaluation also allows to take into account context-

specific factors that could influence clinical accuracy, such as common comorbidities.
Saliva PCR versus NP PCR

Having a detection rate of saliva PCR equivalent to that of NP PCR is in line with a previous study done
on 70 patients COVID-19 positive that showed excellent concordance between the two sampling
methods.'? Other studies showed much lower performance with around 80% sensitivity for saliva PCR
when compared to NP PCR. These divergent results are likely to be due to the sampling procedure and

inhibitors that can interfere with amplification.

The median SARS-CoV-2 VL in saliva was approximately two log lower than that in the NP swab. With
such a difference, an overall lower sensitivity of saliva PCR when compared to NP PCR would have been
expected. This was not the case in the present evaluation because it is essentially the peak and not the

extremes of the VL distribution curve that is shifted towards a lower value for saliva.

In terms of procedures, patients were able to easily perform the saliva sampling on themselves after
getting a precise explanation by the health professional. Some were not able though to drool saliva in
the tube, but this did not affect the sensitivity, the VL being not significantly lower in this group

(supplementary figure 4).

The FDA has granted emergency use authorization to two saliva-based assays for the SARS-CoV-2,
namely Rutgers’ RUCDR Infinite Biologics, and Curative-Korva SARS-Cov-2 Assay. Both of these assays
are now in use to test for COVID-19, in spite of the fact that no independent scientific analysis has yet
established their effectiveness. Our pragmatic approach, using the same transport medium tube as
for NP swabs, can be applied in any testing facility. The similar sensitivity and specificity achieved by
sampling the saliva instead of the nasopharynx validates the sampling method and procedure, at
least in this outpatient population with relatively high viral load. The results of the present study,
together with that of Wyllie et al,*? provide evidence that RT-PCR on saliva can be used for SARS-CoV-

2 detection to ease testing and improve comfort and safety.
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Clinical significance

If RDT would be used in settings with a lower SARS-CoV-2 prevalence, such as 10%, a negative test
would have a negative predictive value (NPV) of 98.6%. Such an NPV is acceptable if the patients do
not belong to high-risk populations (severe cases, hospitalized patients). If the prevalence would be
only 1%, the NPV would be 99.9%. Other NPV, whenever for RDT or PCR, can be simply calculated

using the following formula: (1-P)/1-SP (P=prevalence; S=sensitivity), the specificity being 100%.

Regarding the positive predictive value (PPV), even taking the lowest specificity confidence interval
(99.3%), it would be 93% at 10% prevalence, which is high enough. At a lower prevalence, the PPV
would drop and the solution would be to restrict testing to patients with a high enough pre-test

probability rather than confirming each positive case by PCR.
Limitations

The present study was conducted in a well-defined outpatient population with usual testing criteria
for COVID-19 and presenting within 7 days after symptom onset for most of them. Our results might
not apply in a setting where patients would attend after one week of symptoms, keeping in mind

t.27 Our results might neither apply to

that these outpatients would be much less likely to transmi
hospitalized patients, who tend to present late in the course of the disease, thus with lower viral
loads. We did not include children in the study; however, viral loads seem not to differ between

children and adults,?®

which suggests that RDT could perform similarly in younger age groups. We
cannot infer the accurate diagnostic performance of saliva PCR and RDTs in an asymptomatic
population that was not investigated here. The sufficient sensitivity (82%) in patients with viral loads
between 10° and 10° suggests that RDTs can be safely used for screening schools, university students

or contacts of SARS-CoV-2 positive patients. ?

Conclusion

The very good performance of the best available RDTs allows point of care management with
immediate relevant isolation of the majority of contagious individuals. The almost perfect
concordance between saliva PCR and NP PCR results, the ease of administration and the safety of the
procedure could trigger change in sampling method using saliva as reference standard, at least in
outpatients who have higher viral loads than inpatients. RDT complies with the ASSURED (Affordable,
Sensitive, Specific, User-friendly, Rapid and robust, Equipment-free and Deliverable to end-users)
criteria, which makes them very useful in primary care practices, and even more so in resource-

constrained settings.3® The variability in performance of different RDTs highlights the need to


https://doi.org/10.1101/2020.11.23.20237057
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.11.23.20237057; this version posted November 24, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

continue the efforts for having manufacturer-independent validation in the population that will be

the target group for use, before implementation of a new brand at large-scale.
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Title: Antigen rapid tests, nasopharyngeal PCR and saliva PCR to
detect SARS-CoV-2: a prospective comparative clinical trial

Figure 1: Detection rates of COVID patients by RDT, NP PCR and saliva PCR: A) all positive patients; B) positive
patients with viral loads >10° copies/ml by any PCR (supposedly significantly contagious)
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Figure 2: Sensitivity of three brands of antigen RDT compared to NP PCR: A) all positive patients; B) positive
patients with viral loads >10° copies/ml (supposedly significantly contagious)
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Figure 3: Number of patients positive by RDT (in red) and NP PCR (in blue) and sensitivity of RDT according to

Number of positive patients

Figure 4:
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Comparison between log viral loads by NP PCR and salivary PCR; A) Log viral loads in RDT positive
(black dots) and negative (white dots) patients. Dotted lines: mean log viral loads; Black line:
considered threshold for presence of cultivable virus (NP PCR); B) Bland-Altman analysis showing the
difference between NP and saliva log viral loads; SD=Standard deviation.
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Figure 5: Log viral loads by NP PCR (A) and sensitivity of antigen RDT (B) according to symptoms duration
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Supplementary figure 1: Study flow
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Supplementary figure 3: Log viral loads by NP PCR and saliva PCR according to A) RDT result and B) intensity

band of positive RDT
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Supplementary figure 4: Log viral loads by saliva PCR saliva volume: low volume corresponds to a gingivo-buccal
swab only; high volume corresponds to a gingivo-buccal swab with <0.5 ml of saliva in addition.
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