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A B S T R A C T   

The current naso-oropharyngeal swab for SARS-CoV-2 detection faces several problems, such as 
waste issues and its use for quantitative studies. This study aimed to evaluate the total RNA and 
viral loads from different upper respiratory tract swabs types and whether SARS-CoV-2 quanti-
fication can use the current internal control for normalization. This cross-sectional study collected 
positive specimens with single oropharyngeal or nasopharyngeal swabs and naso-oropharyngeal 
swabs. The samples were extracted, tested with qualitative RT‒PCR, and then tested with 
quantitative RT‒PCR. The RNA eluate was measured for the total RNA concentration. The total 
RNA concentration, viral load, and RNaseP Ct values were collected and analysed statistically. 
The positive results came from 41 oropharyngeal swabs, 34 nasopharyngeal swabs, and 36 naso- 
oropharyngeal swabs. The total RNA increased significantly from oropharyngeal swabs to naso-
pharyngeal swabs to naso-oropharyngeal swabs. Significant differences in RNaseP Ct values be-
tween groups and their correlations with total RNA were found. In addition, the increase in the 
total RNA and the RNaseP Ct values were unrelated to the viral load. The physical features in the 
naso-oropharyngeal area and the swabbing procedures could affect the total RNA but not the viral 
load. However, since the virus particles could present inside and outside human cells, the increase 
in collected human cells may not always be followed by the viral load increase. Normalization 
using the RNaseP Ct value became unnecessary due to the factors mentioned above. Therefore, a 
careful approach is needed in viral load studies of swab specimens.   

1. Introduction 

According to World Health Organization interim guidance in 2020, one of the minimum respiratory materials needed for SARS- 
CoV-2 diagnosis is nasopharyngeal and oropharyngeal swabs [1]. The combination of nasopharyngeal and oropharyngeal swabs 
has been found to provide a wider diagnostic yield of respiratory viruses [2]. Therefore, combination swabs have been adapted as the 
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ideal specimen for SARS-CoV-2 diagnosis in Indonesia [3]. However, single swabs (either oro- or nasopharyngeal swabs) have been 
widely used, and their decent sensitivity has been reported [4]. Hence, the use of a single type of swab could help to reduce medical 
waste and simplify the diagnostic protocol [5], especially considering the future of SARS-CoV-2 as an endemic disease. 

In addition to qualitative real-time polymerase chain reaction (PCR), quantitative methods have been used in many studies to 
develop guidance for clinicians in patient management and as a baseline for infection control measures and policies [6–9]. However, 
the current approach for SARS-CoV-2 quantification has raised awareness due to inconsistent standard curves and the variety of 
estimated viral loads [10]. Some quantitative studies reported their findings with the defined measurement (copies/ml [7] or Log10 
copies/ml [11]), and the other studies used the cycle threshold (Ct) values from qualitative PCR methods to represent the viral load [6, 
12–14]. Since the amount of specimen within the swab could be influenced by the amount of the absorbed fluid [15] and the type of 
swab itself [16], several studies have explored the need for normalization of viral load [17,18]. 

This study aimed to observe the variety of total amounts of extracted RNA from different types of swabs, whether the increase in 
total RNA would affect virus quantification, and the potential of the current internal control (human RNaseP) as the component to 
normalize viral load from respiratory swab specimens. This report is important since, to our knowledge, current published studies 
rarely discussed the type of swab’s performance for SARS-CoV-2 detection from this point of view. 

2. Materials and methods 

This study was conducted after obtaining ethical clearance from the Research Ethics Committee of Universitas Indonesia (protocol 
number 20-05-0516). Patients provided written consent after they were informed about the study details. All the patients involved in 
this study agreed to have their SARS-CoV-2-positive results and upper respiratory tract specimens used for analysis. 

The study design was cross-sectional, using positive specimens collected from a referral laboratory in Jakarta on November 13–23, 
2020. We selected specimens that were sent to the lab within 24 h after collection from the health-care provider (both hospitals and 
public health centres), used the same volume and type of viral transport medium (BioVTM, Biofarma, Indonesia), used the same type of 
nasopharyngeal and oropharyngeal swab (Dacron swab, China), and were already positive for the N and ORF genes (Da An Gene, 
China). To ensure that the entire range of cycle threshold (Ct) values was covered, we collected specimens with Ct values under 20, 20 
to 30, and above 30. Since many viral load studies have been widely reported, we decided to take each type of swab from different 
patients to emulate the field situation and observe the factors that could influence the results. We collected 111 positive specimens, 
with 41 oropharyngeal swabs, 34 nasopharyngeal swabs, and 36 naso-oropharyngeal swabs. All specimens were stored at − 80 ◦C in an 
ultra freezer before being processed for this study. 

The extraction was performed according to the manufacturer’s instructions (PureLink™ Viral RNA Mini Kit, Thermo Fisher Sci-
entific, USA). In brief, 200 μl of specimen was used for extraction. The total RNA extracted from every specimen was measured using a 
NanoDrop™ (Thermo Fisher Scientific, USA). The specimens with a total RNA 260/280 ratio >2.0 were included in this study. Before 
proceeding to quantitative RT‒PCR, positive specimens were retested by qualitative real-time RT‒PCR with N2 as the gene target. The 
cut-off cycle threshold (Ct) value was 40, and Ct values < 40 were defined as positive. rRT-PCR was performed within 30 min after 
extraction. The rRT-PCR mixture was made following the manufacturer’s instructions (SensiFAST™, Meridian Bioscience, USA). The 
primer used was the N2 gene recommended by the CDC, with the forward primer TTA CAA ACA TTG GCC GCA AA and reverse primer 
GCG CGA CAT TCC GAA GAA; the probe was FAM-ACA ATT TGC CCC CAG CGC TTC AG-BHQ1. Confirmatory rRT-PCR was conducted 
if the first reaction resulted in a Ct value between 38 and 40. The RNaseP primer was used as the internal control. The RNAaseP Ct 
values were collected; the cut-off cycle threshold (Ct) value was 40, and Ct values < 40 were defined as positive. 

The 20 μl qualitative RT‒PCR system contained 12.1 μl of reaction mixture and 7.9 μl of RNA template (SensiFAST™, Meridian 
Bioscience, USA). The qRT‒PCR protocol was 50 ◦C for 30 min of RT incubation, followed by 95 ◦C for 2 min as the cDNA denaturation 
step, and then 45 cycles consisting of 94 ◦C for 15 s and 55 ◦C for 45 s. The viral copy number was plotted against a standard curve 
constructed based on standard products (AMPLIRUN® SARS-CoV-2 RNA CONTROL, 20MBC137103-R1). All RT‒PCRs were con-
ducted using the same instrument (MA6000, Shuzou Molarray Co. Ltd., China). 

Table 1 
Total RNA concentration, viral load, and Ct value of RNaseP from oropharyngeal swabs, nasopharyngeal swabs, and naso-oropharyngeal swabs.   

Oropharyngeal swabs (n =
41) 

Nasopharyngeal swabs (n =
34) 

Naso-oropharyngeal swabs (n =
36)  

Specimens characteristic 
Total RNA concentration (ng/μl) 3.20 (1.20) 5.05 (6.20) 8.15 (10.35) p <

0.001 
Viral Load (copies/ml) 9.8 × 105 (3.1 × 106) 7.3 × 105 (4.6 × 106) 10.4 × 105 (6.1 × 106) p = 0.36 
Ct value of RNaseP 28.87 (28.10–29.63) 29.57 (28.85–30.27) 25.83 (24.93–26.73) p <

0.001 

Correlation test 

Total RNA Concentration and Viral Load p = 0.024 
r = - 0.35 

p = 0.84 p = 0.35  

Total RNA Concentration and Ct value of 
RNaseP 

p = 0.001 
r = - 0.5 

p = 0.003 
r = - 0.5 

p < 0.001 
r = - 0.8  

Viral Load and Ct value of RNaseP p = 0.35 p = 0.053 p = 0.94   
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The total RNA concentration is provided as ng/μl, and the viral load is provided as copies/ml. The data were numerical and tested 
for normality and presented as the mean (CI 95%, lower–upper) or median (interquartile range (IQR), number), depending on the 
normality result. The statistical analysis was performed with an appropriate test. 

3. Results 

When grouped according to the N2 gene Ct value from the rRT-PCR, we found 18 specimens with a Ct value under 20, 54 specimens 
with a Ct value of 20–30, and 39 specimens with a Ct value above 30 (Supplementary 1). The specimen total RNA, viral load, and 
RNaseP Ct values are described in Table 1, including the p value of the comparison of mean/median between the three groups. 

We were expecting a significant difference in viral load between groups, but our statistical analysis showed otherwise because each 
swab type covered almost the same range of Ct values despite the number of specimens (Supplementary 1). Since our study was 
directed to evaluate the factors affecting the performance of a single swab to collect virus from each intended area, this situation 
benefitted our study, and we continued with the analysis. 

The medians of the total RNA concentration and viral load between the three specimen groups were analysed with the Kruskal‒ 
Wallis test (Table 1); the Mann‒Whitney test was used for the post hoc analysis. The median total RNA concentration extracted from 
the naso-oropharyngeal swabs was significantly different from that of the oropharyngeal swabs (p < 0.001) but not from that of the 
nasopharyngeal swabs (p = 0.2). However, there was a significant difference between oropharyngeal swabs and nasopharyngeal swabs 
(p < 0.001). 

The mean RNaseP Ct values between groups were analysed by ANOVA and showed a significant difference. The Bonferroni 
correction was used as the post hoc analysis, and the differences were significant between naso-oropharyngeal and oropharyngeal 
swabs (p < 0.001; CI 95% − 4.3 to − 1.7) and between naso-oropharyngeal swabs and nasopharyngeal swabs (p < 0.001; CI 95% − 5.1 
to − 2.3). No difference was found between oropharyngeal swabs and nasopharyngeal swabs. 

The correlation between the total RNA concentration and viral load was only statistically significant for the oropharyngeal swabs, 
with weak power (p = 0.02, r = 0.35). The correlation between the total RNA concentration and RNaseP Ct value was significant for 
every type of specimen, with the strongest correlation seen with the naso-oropharyngeal swabs (Table 1, Fig. 1). There was no cor-
relation between the RNaseP Ct value and viral load (Table 1, Fig. 1). 

4. Discussion 

From our observation, the increase in total RNA was not in parallel with the viral load, although there were differences in total RNA 
between the types of swabs. Both nasopharyngeal swabs and naso-oropharyngeal swabs had higher total RNA concentrations but 
showed no significant increase in viral load, and only oropharyngeal swabs showed a significant correlation between total RNA and 
viral load (Fig. 1). We consider several factors to have roles in these results, including the anatomy and histology of the nasopharynx 
and oropharynx and the swabbing method. 

The surface size of the oropharynx is larger than that of the nasopharynx [19]. However, tongue size and variations in the gag reflex 
between patients could affect the medical worker’s manoeuvre while swabbing the intended oropharynx area, therefore reducing the 
obtained amount of fluid and cells. The size variation of nasopharyngeal tonsils might affect the nasopharyngeal swab process, but the 
lack of an expulsion reflex gives medical workers enough time to place the flocked swab inside the nasopharynx cavity, let the flocked 
swab absorb any extracellular fluid, and brush the mucosa, which is impossible to perform with an oropharyngeal swab [20]. In 
addition, 60% of the total epithelial surface of the nasopharyngeal mucosa is lined by a stratified squamous epithelium, with alter-
nating patches of squamous and ciliated epithelia [21]. Similar to the nasopharynx, the soft palate and posterior oropharynx are lined 
with a stratified squamous epithelium [22]. A previous study on SARS-CoV-2 showed viral shedding from ciliated epithelia [23]. The 

Fig. 1. Correlation between total RNA concentration with viral load and Ct value of RNaseP.  
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report suggests that virus entry and shedding take place on ciliated epithelia found in the nasopharyngeal mucosa. Stratified squamous 
epithelium also demonstrates ACE protein expression [24]. Therefore, the oropharynx had the same opportunity to be the location for 
virus entry and shedding. We assume that the total RNA difference between each type of swab was influenced by anatomy and the 
swabbing method rather than by real differences in the amount of viral shedding in the oropharynx. 

We also examined the Ct values of the RNaseP gene as the internal control. There were significant differences in the mean RNaseP 
Ct value, especially between naso- or oropharyngeal swabs and naso-oropharyngeal swabs, and a significant correlation was observed 
between total RNA and the RNaseP Ct value in all types of swabs. This result was in concordance with the assumption that the more 
swabs obtained, the higher the number of human cells collected [25]. Nonetheless, the correlation between the internal control and the 
total RNA did not guarantee an increase in viral load. This was supported by the independence of our RNaseP Ct value from the viral 
load, in line with the report from Van Wesenbeeck et al.’s study [17]. Our findings showed that the number of host cells on the swab 
was near the optimum and that the number of secreted viral particles was sufficient, in concordance with Akmatov et al.’s study [26]. 
Therefore, similar to the Piralla et al. study [18], normalization using internal controls seemed unnecessary for upper respiratory swab 
specimens. 

In addition, RNaseP only came from the intracellular compartment, but the viral load came from the intracellular compartment (the 
infected cells) and extracellular compartment (the shedding virus particles). The different disease stages showed different viral loads 
[27]. When the virus was at its highest shedding period, the virus particles obtained from the extracellular compartment would in-
crease, regardless of the number of collected human cells. This circumstance could explain the insignificant correlation of viral load 
with total RNA within the single and combination swabs, despite the obvious correlation between the Ct value of the internal control 
and the total RNA concentration. Hence, more rigorous sampling might not increase viral detection in our study, similar to the report 
by Akmatov et al. [26]. 

As described above, each type of swab is sufficient to obtain viral particles for diagnosis, in concordance with a report by Zhang 
et al. on similar yields of SARS-CoV-2 detection in nasopharyngeal swabs and oropharyngeal swabs [28]. Calame et al. also reported 
comparable sensitivity from both swabs [4]. When the skill of the medical worker is reliable, either a single nasopharyngeal swab or 
single oropharyngeal swab for SARS-CoV-2 diagnosis is equivalent to a naso-oropharyngeal swab. 

5. Study limitations 

The limitation of our study was our inability to evaluate the medical worker’s technique in performing oropharyngeal swabs, the 
small number of specimens, and the unknown stage of the patient’s disease. We could also not obtain the control plasmid to generate 
the RNaseP standard curve; therefore, we only used the Ct value. The positivity rate of each type of swab was also not mentioned to 
avoid ascertainment bias because the specimens were sent from various health-care centres with different rates of COVID-19 cases. 

6. Conclusions 

In conclusion, we found that the nasopharynx had anatomical and histological advantages in determining the total RNA obtained 
from nasopharyngeal and combination (naso- and oropharyngeal) swabs. We also found that the increase in total RNA concentration 
did not indicate a higher viral load, and the RNaseP Ct value was not suitable for normalizing the SARS-CoV-2 viral load from upper 
respiratory swabs. Hence, we suggest a careful approach using upper respiratory swabs for future SARS-CoV-2 viral load research. 
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