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Abstract

Genomic surveillance has been applied since the beginning of the COVID‐19

pandemic to track the spread of the virus, leading to the characterization of multiple

SARS‐CoV‐2 variants, including variants of concern (VOC). Although sequencing is

the standard method, a rapid molecular test for screening and surveillance of VOC is

considered for detection. Furthermore, using alternative saliva as specimen

collection facilitates the implementation of a less invasive, self‐collected sample.

In this study, we applied a combinatory strategy of saliva collection and reverse

transcription polymerase chain reaction (RT‐PCR) for SARS‐CoV‐2 VOC detection.

Saliva samples from patients attending a tertiary hospital with suspected COVID‐19

were collected and SARS‐CoV‐2 RNA was detected using SARS‐CoV‐2 RT‐qPCR

reagent kit (PerkinElmer). Positive saliva samples were screened for SARS‐CoV‐2

VOC with previously described RT‐PCR for Alpha, Beta, and Gamma variants. Saliva

samples were positive in 171 (53%) of 324 tested. A total of 108 (74%) from positive

samples were also positive for VOC by RT‐PCR screening. Those samples were

found between January and August 2021. This approach allowed us to successfully

use an alternative and complementary tool to genomic surveillance to monitor the

circulation of SARS‐CoV‐2 VOC in the studied population.
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1 | INTRODUCTION

As the COVID‐19 pandemic continues and new SARS‐CoV‐2 variants

emerge, it is necessary to develop strategies to track them,

particularly when they enter new territories.1 Several genomes have

been shared since the beginning of the pandemic. The analysis of

these sequences has allowed multiple variants to be categorized,2

including the variants of concern (VOC): Alpha, Beta, Gamma, Delta,

and more recently, Omicron (https://www.who.int/en/activities/

tracking-SARS-CoV-2-variants/). In Brazil, Alpha circulated very

briefly but in late 2020 Gamma emerged, in the Amazon city of

Manaus and has spread quickly over the country, thus becoming the

dominant lineage for months.2,3

The use of complementary tools for genomic surveillance based

on next‐generation sequencing such as reverse transcription poly-

merase chain reaction (RT‐PCR) is an important, accessible, and

economical strategy to monitor VOCs. Among these strategies are

those using gene target failure, which is based on deletion in the

region of the assay. For instance, the commercial assay TaqPath

(Thermo Fisher Scientific) identifies Alpha and more recently

Omicron, despite being not designed for this specific purpose. There

are also in‐house assays for the identification of circulating VOC

based on similar strategies.1,4

Although nasopharyngeal swab (NPS) is the standard method for

laboratory COVID‐19 diagnosis, saliva analysis has been pointed out as an

alternative technique for the detection of SARS‐CoV‐2 RNA. Moreover,

saliva has important advantages: less invasiveness, possibility of self‐

collection, and easy implementation of serial collections.5,6 The use of

saliva as an alternative sample for SARS‐CoV‐2 detection by using RT‐

PCR has been explored since the beginning of the pandemic.6 The

sensitivity of saliva compared to NPS range from 78% to 100%, showing

that saliva can be used as a reliable sample for SARS‐CoV‐2 detection,

especially on population‐based tests.7 However higher cycle threshold

(Ct) values have been noticed in saliva.8,9

Here, we assessed the use of a strategy combining saliva

collection, SARS‐CoV‐2 diagnostic, and RT‐PCR specific for VOC in

the follow‐up of a population attending a tertiary hospital.

2 | MATERIALS AND METHODS

This study was approved by the Research Ethics Committee of the

Emilio Ribas Institute of Infectious Diseases, São Paulo, Brazil,

according to protocol CAAE 35589320.6.0000.0061 and carried

out in accordance with the Helsinki Declaration. Patients with clinical

manifestations of COVID‐19 who received first‐aid care (outpatient),

hospitalization care (inpatient), or intensive care unit (ICU) at ERIID

were included in the study. They were instructed to chew a

Salivette® cotton pad (Sarstedt AD & Co). for 1 min for saliva

collection. For patients under mechanical ventilation, a dentist, by

using a tweezer, maintain the cotton pad in the oral cavity of the

patient also for 1 min. Salivette® were centrifuged at 1000g for 2 min

to retrieve the saliva.

Extraction of total nucleic acid was performed from 200 μl of the

saliva by using the PureLinkTM viral RNA/DNA mini kit (Invitrogen),

whereas RNA was detected through the SARS‐CoV‐2 RT‐qPCR

reagent kit (PerkinElmer). The samples were considered positive

when one or more targets (N gene and ORF1ab gene) had a Ct value

≤42, as stated by the manufacturer.

The positive saliva samples were screened for VOC by using in‐

house RT‐PCR previously described,4 which uses a pair of primers

and two probes to differentiate wild variants (designated here as

non‐VOC) from the three known VOC at that time (Alpha, Beta, and

Gamma) without, however, discriminating them. Results were

interpreted according to reference procedures.4 The PKampTM

variant detectTM SARS‐CoV‐2 RT‐PCR assay (PerkinElmer) was used

in VOC positive samples to classify them as Alpha, Beta, or Gamma.

3 | RESULTS

A total of 324 patients attending the ERIID between January 13 and

December 8, 2021, were included in the study and had their saliva

collected. Of these patients, 148 saliva samples were from the first‐

aid room (outpatient), 88 from the hospital ward (inpatient), and 88

from the intensive care unit (ICU). Male patients accounted for 56.2%

(n = 182) of the participants and female for 43.8% (n = 142). The

mean age was 49.7 ± 14.7 years old (ranging from 19 to 88 years).

The mean time between symptoms and saliva collection was 8.9 ± 6.0

days (interval of 0–43 days). A total of 171 (53%) saliva samples were

positive among the 324 tested using RT‐PCR for SARS‐CoV‐2, with

Ct values ranging from 16.7 to 38.6 (mean of 30.4 ± 5.3) for the N

gene and from 16.0 to 39.1 (29.7 ± 5.6) for ORF1ab gene. Positive

samples were found in 57.3% (n = 98) of the male patients and in

42.7% (n = 73) of the female patients. The mean time between the

onset of the symptoms and saliva collection was 9.6 ± 4.6 days, with

an interval of 0–24 days. Negative samples were 8.1 ± 7.2 days

(interval 0–43 days) (Figure 1A).

Positive saliva samples (n=171) were submitted to the RT‐PCR

screening for VOC. The amplification curve was observed in 84.8%

(n=145) in one of the two targets (i.e., non‐VOC or VOC). VOC (Alpha,

Beta, or Gamma) was detected in 108 (74%) samples, and 37 (26%) were

typed as non‐VOC. Positive samples in which Ct value was < 35 (n=91)

for VOC screening were tested for characterization with PKampTM

variant detectTM SARS‐CoV‐2 RT‐PCR assay (PerkinElmer). Of these, a

total of 85 (93%) samples were Gamma and 6 (7%) were inconclusive or

negative. Detection of VOC varied throughout the time with predomi-

nance betweenMarch and July (76.9%) and non‐VOC were mostly found

in January, February, and August (Figure 1B).

4 | DISCUSSION

In this study, it was possible to identify the circulation of SARS‐CoV‐

2 VOC by using RT‐PCR screening and noninvasive saliva sampling

from symptomatic patients attending a tertiary hospital. Out of 171
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positive saliva samples, SARS‐CoV‐2 VOC (Alpha, Beta, or Gamma)

was detected in 145 patients by using a strategy combining RT‐PCR

screening assays. Therefore, it was confirmed the early detection in

January of the VOC Gamma and its dominance in the period between

March and July 2021.

The genomic analysis is extremely important for follow up

adequately an epidemic such as the COVID‐19 and the rapid spread

of SARS‐CoV‐2 variants.2 Although genomic surveillance is the most

used and standard method for variant detection, it is dependent on

resources and expertize. Therefore, the use of complementary tools,

for example, RT‐PCR screening, for the detection of VOC is

important to monitor their transmission and circulation, as similarly

described in Vogels et al.1 This method allowed not only assessment

of the presence/absence of VOC in approximately 85% of the

positive samples but also monitored the emergence and dominance

of Gamma between March and July 2021, which is consistent with

studies using sequencing data.10 A recent study showed that saliva is

also highly sensitive for detecting Beta variants.11

Saliva sampling has been increasingly used as an alternative to

the standard nasopharyngeal swab for the detection of SARS‐CoV‐2.

It showed excellent sensitivity for detecting SARS‐CoV‐2 VOC when

RT‐PCR screening was used in this study. The method is an easy‐to‐

use noninvasive technique with proven sensitivity and allows self‐

collection.5 Although the collection time in relation to the onset of

symptoms can impact the viral RNA detection,12 the results remain

unaffected. Hence, saliva can be considered the sample of choice for

studies aimed at monitoring the circulation of SARS‐CoV‐2 lineages.

The combination of a method of noninvasive (self‐) collection

(with the possibility of serial collection) and RT‐PCR screening for

SARS‐CoV‐2 VOC, or even variants of interest, would be of great

importance for assisting in the genomic surveillance. Considering its

low cost and less complexity, saliva sampling can be implemented in

regions with low resources or competencies available.

Despite the monitoring of the Gamma circulation, it was

observed a decrease in cases from September in the city of São

Paulo (outbreak.info), which impact the number of patients attend-

ance and saliva collection in the site of the study. Considering this

limitation, it was not possible to assess the introduction of Delta or

possible cases of Omicron in the study population. The introduction

and replacement of Gamma in the Brazilian population by Delta

occurred in the second half of 2021.13

Our results have demonstrated the successful use of RT‐PCR in

saliva samples for the evaluation of VOC circulation in patients with

COVID‐19. This method allows the use on a complimentary basis of

genomic surveillance, to monitor the epidemiological scenario during

the pandemic in specific regions or services.
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