
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Virological Methods 304 (2022) 114522

Available online 9 March 2022
0166-0934/© 2022 Elsevier B.V. All rights reserved.

Concordance in RT-PCR detection of SARS-CoV-2 between samples 
preserved in viral and bacterial transport medium 

Bia Peña a,*, Mayra Ochoa a, Omar Flores a, Ana I. Gil a, Lucie Ecker a, Rubelio Cornejo a, 
Claudio F. Lanata a,b,c, Leigh M. Howard d, Carlos G. Grijalva d 

a Instituto de Investigación Nutricional, Lima 15024, Peru 
b Vanderbilt University, Nashville, TN 37235, USA 
c London School of Hygiene and Tropical Medicine, London WC1E, UK 
d Vanderbilt University and Vanderbilt University Medical Center, Nashville, TN 37232, USA   

A R T I C L E  I N F O   

Keywords: 
SARS-CoV-2 
Nasal swab 
Nasopharyngeal swab 

A B S T R A C T   

Background: While the detection of SARS-CoV-2 in samples preserved in viral transport medium (VTM) by RT- 
PCR is a standard diagnostic method, this may preclude the study of bacterial respiratory pathogens from the 
same specimen. It is unclear if the use of skim milk, tryptone, glucose, and glycerin (STGG) transport media, used 
for study of respiratory bacteria, allows an efficient and concurrent study of SARS-CoV-2 infections. 
Objectives: To determine the concordance in SARS-CoV-2 detection by real time RT-PCR between paired naso-
pharyngeal (NP) swabs preserved in STGG and nasal (NS) swabs preserved in VTM. 
Study design: Paired samples of NP and NS swabs were collected between December 2020 and March 2021 from a 
prospective longitudinal cohort study of 44 households and 132 participants from a peri-urban community 
(Lima, Peru). NP and NS swabs were taken from all participants once and twice per week, respectively, inde-
pendent of respiratory symptoms. STGG medium was used for NP samples and VTM for NS samples. Samples 
were analyzed for SARS-CoV-2 by RT-PCR for N, S and ORF1ab targets. We calculated the concordance in de-
tections between sample types and compared the RT-PCR cycle thresholds (Ct). 
Results: Among the 148 paired samples, we observed a high concordance in detections between NP and NS 
samples (agreement = 94.59%; Kappa = 0.79). Median Ct values were statistically similar between sample types 
for each RT-PCR target: N, S and ORF1ab (p = 0.11, p = 0.71 and p = 0.11, respectively). 
Conclusions: NP swabs collected in STGG medium are reliable alternatives to nasal swabs collected in VTM for the 
study of SARS-CoV-2.   

1. Background 

Previous influenza pandemics have been associated with a high 
burden of bacterial co-infections (Morens et al., 2008; Petersdor et al., 
1959; Schwarzmann et al., 1971; Palacios et al., 2009), which have been 
associated with an increased mortality (Gupta et al., 2008). Under-
standing patterns of bacterial colonization and the frequency of bacterial 
co-infections during viral pandemics is of great public health interest. 

SARS-CoV-2 infections spread rapidly throughout the world and 
disproportionately affected those with limited access to diagnostic ser-
vices and medical care. As of November 2021, nearly 240 million cases 
have been reported worldwide and, in Peru at least 200,000 people have 
died with the associated coronavirus disease 2019 (COVID-19) (Johns 

Hopkins Coronavirus Resource Center, 2020). While bacterial 
co-infections have been proposed as possible contributors to the severity 
and mortality associated with COVID-19 (Mirzaei et al., 2020), existing 
studies suggest that secondary bacterial infections were uncommon 
during the COVID-19 pandemic. Nevertheless, while several studies 
have focused on symptomatic bacterial infections, few studies have 
evaluated the influence of SARS-CoV-2 viral infections on bacterial 
colonization. 

The World Health Organization (WHO) considers nasopharyngeal 
(NP) swabs in viral transport medium (VTM) as one of the recommended 
types of sample for the detection of SARS-CoV-2 (WHO, 2020). Other 
health authorities, such as the U.S. Food and Drug Administration (FDA) 
and the Centers for Disease Control and Prevention (CDC), supports the 
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collection of anterior nasal (NS) swabs in VTM (Péré et al., 2020) for 
viral detections. However, these options generally preclude the study of 
bacterial co-detections, which would require collection of additional NP 
samples in specialized media, which is burdensome for patients and 
logistically challenging. 

NP samples preserved in skim milk–tryptone–glucose–glycerol 
(STGG) medium are commonly used for the detection of Streptococcus 
pneumoniae and other respiratory bacteria (Satzke et al., 2013). Prior 
studies have evaluated STGG medium as an alternative for the study of 
respiratory viruses (Grijalva et al., 2014; Turner et al., 2011). We 
postulate that use of NP samples preserved in STGG medium is also 
adequate for the detection of SARS-CoV-2. 

2. Objectives 

To determine the concordance of SARS-CoV-2 detection by real time 
RT-PCR between paired nasopharyngeal (NP) swabs preserved in STGG 
and nasal (NS) swabs preserved in VTM. 

3. Study design 

3.1. Study population 

Paired NP and NS samples were collected between December 2020 
and March 2021 from a prospective cohort study of individuals in 44 
households enrolled in the San Juan de Lurigancho district (Lima, Peru) 
as described elsewhere (Lanata et al., 2021). The cohort included at least 
a child (< 18 years of age), a young adult (18–50 years of age) and an 
older adult (> 50 years of age) from each household and encompassed 
132 participants (44 participants < 18 years of age, 44 participants 
18–50 years of age, and 44 participants > 50 years of age). Paired NP 
and NS swabs were collected from the same participant and on the same 
date, regardless of respiratory symptoms. 

The study was approved by the independent ethics committee of 
Instituto de Investigación Nutricional (IIN) and Vanderbilt University 
Medical Center, and written informed consent was obtained from each 
participant at enrollment. 

3.2. Sample collection 

Trained field workers collected NP samples from study participants 
using rayon swabs (Puritan®) and preserved the swabs in 1 ml of STGG 
medium. STGG, the standard medium for pneumococcal colonization 
studies, was prepared at the laboratory of the Instituto de Medicina 
Tropical – Universidad Peruana Cayetano Heredia according to a pre-
viously established protocol (O’Brien et al., 2001). NS samples were 
collected using Polyester swabs (Puritan®) and preserved in 3 ml of 
VTM (Remel®). NS samples were transported in cold envelopes for their 
separation in aliquots and maintained refrigerated at 2–8 ◦C until their 
final storage at − 80 ◦C (within 24 h of collection). NP samples were 
stored in their original STGG medium at − 20 ◦C in a local processing 
site until their final storage at − 80 ◦C. 

3.3. Identification of SARS-CoV-2 by real time RT-PCR 

RNA extraction from both types of samples was performed using the 

KingFisher DUO Prime equipment with the MagMAX™ Viral/Pathogen 
Nucleic Acid Isolation kit following the manufacturer’s instructions 
(Thermo-Fisher Scientific, 2021) The extraction process was performed 
using 200 μl of sample to obtain a volume of 50 μl of eluted RNA. 
Real-time RT-PCR was performed on the QuantStudio 5 equipment using 
the TaqPath™ COVID-19 CE-IVD RT-PCR kit (Thermo-Fisher Scientific, 
2021) and following manufacturer’s instructions (Thermo-Fisher Sci-
entific, 2021). TaqPath™ COVID-19 CE-IVD RT-PCR kit (Thermo-Fisher 
Scientific, 2021) includes the MS2 phage, an internal RNA extraction 
control. The reported limit of detection for this kit is 10 genomic copy 
equivalents per reaction. If samples provided inconclusive results, a 
second RT-PCR was performed on those samples using the IDT 
2019-NCOV RUO KIT (IDT, 2021) and following the CDC instructions of 
use (CDC, 2021). 

3.4. Statistical analysis 

We compared the results between NP and NS samples using overall 
percent agreement and calculated the Kappa statistic to determine their 
concordance. Additionally, we compared the cycle threshold (Ct) dif-
ferences by the Ct mean between paired NP and NS samples using Bland- 
Altman plots (Bland and Altman, 1986). These examinations were done 
for each one of the SARS-CoV-2 target genes in the TaqPath™ COVID-19 
CE-IVD RT-PCR kit (Thermo-Fisher Scientific, 2021) N, S and ORF1ab. 
To verify the quality of the RNA extracted from paired samples, we 
compared the Cts of the MS2 phage applying a Wilcoxon signed-rank 
test. Furthermore, we compared the mean Cts between paired tests for 
each target gene using the Wilcoxon signed-rank test. Statistical analyses 
were performed using the STATA 16.0 program. 

4. Results 

148 paired samples of NP and NS were included in this analysis. 

Table 1 
SARS-CoV-2 results by real-time RT-PCR in NP and NS samples after resolution of inconclusive results.    

Nasopharyngeal  Percent agreement CI 95% Kappaa CI 95% 

Result Negative Positive Total 

Nasal Negative 121 (81.8%) 5 (3.4%) 126 (85.1%) 94.59% 0.90–0.98 0.79 0.66–0.93 
Positive 3 (2%) 19 (12.8%) 22 (14.9%)  

Total 124 (83.8%) 24 (16.2%) 148 (100%)      

a Cohen’s Kappa, Standard error= 0.082. 

Fig. 1. Ct comparisons of the phage MS2 from NS and NP swabs (n = 148) 
using a Wilcoxon signed-rank test. The analysis showed; NS samples, 
median = 28.98 and IQR = 2.01, for NP swabs; median = 26.86 
and IQR = 2.56. 
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There were 7 and 6 samples with initial inconclusive results for NS and 
NP swabs respectively (4.1% versus 4.7%). After resolution of the 
inconclusive results, a total of 22 NS and 24 NP samples were positive. 
The overall percent agreement was 94.59%, with a Cohen’s Kappa of 
0.79 (Table 1), indicating excellent agreement. (Fleiss et al., 2003). 

The Ct comparisons of MS2 phage demonstrated a significant dif-
ference in the total RNA concentration between the two types of paired 
samples with lower median Ct in NP than NS (p = 0.0001; Wilcoxon 
signed-rank test) (Fig. 1). However, the Ct differences for the viral genes 
were small and close to 0 (< 10 cycles for N and ORF1ab, and < 12 
cycles for S) (Fig. 2). The Cts between the three targets did not show 
statistically significant differences between the two types of samples 
(Table 2). The visual inspection of the Bland-Altman plots suggested no 
systematic trends in the agreement between NP and NS values, although 
the differences in Ct values for the S gene detections seemed to increase 

with increasing mean Ct values (Fig. 2). 

5. Discussion 

Our report demonstrates excellent concordance between real-time 
RT-PCR detection of SARS-CoV-2 RNA from NP samples preserved in 
STGG and NS samples preserved in VTM, supporting the use of NP 
specimens preserved in STGG to enable the simultaneous study of SARS- 
CoV-2 and respiratory bacterial co-detections. 

Previous studies have reported high concordance between NP sam-
ples preserved in STGG medium and nasal aspirate or nasal swab spec-
imens preserved in VTM for the detection of common respiratory viruses 
(Grijalva et al., 2014; Turner et al., 2011). A previous study described 
the use of STGG for identification of SARS-CoV-2 infections, but the 
reliability of this approach has remained unclear (Desmet et al., 2021). 

Our study has important strengths. This is one of few studies that 
evaluated the performance of different paired specimens on detection of 
SARS-CoV-2 infections. We used RT-PCR and approved methodologies 
for viral detections. We complemented our agreement assessments with 
comparisons of semiquantitative Ct values obtained from the same RT- 
PCR testing platform. We also acknowledge some limitations. 
Although collecting separate NP swabs in VTM and STGG may have 
provided a more direct assessment of the performance of transport 
media, we considered that collecting additional NP swabs would have 

Fig. 2. Differences in Ct of NP and NS versus their mean using the Bland-Altman graphs for each evaluated gene with the TaqPath™ COVID-19 CE-IVD RT-PCR kit. 
(A) N gene target, 20 paired samples analyzed (B) ORF1ab gene target, 16 paired samples analyzed (C) S gene target, 19 paired samples analyzed. When the Ct 
difference in the y-axis is above 0, NS samples were more sensitive, Ct differences under 0 indicates NP swabs were more sensitive. 

Table 2 
Comparison of the distribution of Cts between NS and NP for each gene evalu-
ated using the Wilcoxon signed-rank test.  

Target NS Median IQR NP Median IQR p 

N 27.92 (30.51 – 21.26) 24.41 (31.12 – 19.12) 0.11 
S 26.90 (29.47 – 19.55) 22.74 (31.31 – 17.65) 0.44 
ORF1ab 23.81 (29.47 – 18.61) 20.93 (28.44 – 17.71) 0.43  
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resulted in unnecessary discomfort and burden for the participants, who 
were enrolled in a parent longitudinal cohort study that required twice 
per week collection of respiratory samples. Furthermore, the less inva-
sive nasal swabs are well-accepted methods for detection of SARS-CoV-2 
and viral infections (Péré et al., 2020). The overall number of specimens 
was small, which may have limited the precision of our agreement es-
timates. Furthermore, the limited number of specimens precluded 
comparisons by subgroups, for example, specimens collected when viral 
loads are low, or at the beginning or end of the infection, due to the 
replicative kinetics of SARS-CoV-2. Additional studies would be helpful 
to complement our findings. Finally, the study was conducted in a 
peri-urban population using specific research settings, and our findings 
may not be directly applicable to other populations or settings. 

In conclusion, our results support the use of NP samples with STGG as 
an efficient sampling technique that enables the study of both SARS- 
CoV-2 and nasopharyngeal bacteria. 
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