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SUMMARY 23 

The fight against the COVID-19 pandemic has created an urgent need to detect and isolate 24 

infected people. The challenge for clinical laboratories has been finding a high throughput, cheap, 25 

and efficient testing method in the context of extraction reagent shortages on a planetary scale. 26 

To answer this need, we studied SARS-CoV-2 detection in nasopharyngeal swabs stored in UTM 27 

(Universal Transport Media) or RNAse-free water by rRT-PCR with the Seegene AllplexTM 2019-28 

nCoV assay without RNA extraction. Optimal results were obtained with 1/2 dilution for swabs in 29 

RNAse free water (30/30 detected) and 1/5 dilution for swabs in UTM (29/30 detected) followed 30 

by thermal lysis. In addition, a proteinase K (PK) treatment allows a significant reduction of invalid 31 

results and increases sensitivity for detection of low viral load specimens. In a panel of 90 known 32 

positives with all 3 viral genes present and N gene Ct values from 15 to 40, our detection rate was 33 

98.9% with PK and 94.4% without. In a panel of 60 low positives with only the N gene detectable 34 

at Ct values > 30, the detection rate was 76.7% with PK vs 53.3% without it and the invalid rate 35 

fell off from 18.3% to 0%. Furthermore, we demonstrated that our method reliably detects 36 

specimens with Ct values up to 35, however false negatives become frequent above this range. 37 

Finally, we show that swabs should be stored at -70 oC rather than 4 oC when testing cannot be 38 

performed within 72 hours of collection when laboratories are overwhelmed.  39 

 40 

KEYWORDS: SARS-CoV-2, rRT-PCR, RNA, COVID-19, Detection 41 

 42 

 43 

INTRODUCTION 44 

In December 2019, the world saw an unknown virus emerge in Wuhan, China. It was quickly 45 

identified as a coronavirus , first called 2019-nCoV (2019 novel coronavirus), and then SARS-CoV-46 

2 (severe acute respiratory syndrome-Coronavirus 2) (1). SARS-CoV-2 is a positive-sense single-47 

stranded RNA virus belonging to the Sarbecovirus subgenus and Coronaviridae family. At the time 48 

of its discovery, few people realized that the virus would spread so quickly around the world. In 49 

fact, based on the limited scale of the outbreaks of its predecessors, SARS-CoV in 2003 (severe 50 

acute respiratory syndrome-Coronavirus) and MERS-CoV in 2012 (Middle East respiratory 51 

syndrome-Coronavirus), SARS-CoV-2 was severely underestimated. 52 

The rapid increase of daily cases worldwide has made imperative the development of fast and 53 

accurate diagnostic tools of SARS-CoV-2 in order to isolate infected people quickly to reduce 54 

transmission. Accurate and fast detection also allows scientists to understand the transmission 55 

rate of this virus. 56 

The usual method used for Sarbecovirus RNA detection involves reverse transcription polymerase 57 

chain reaction (rRT-PCR) on viral genes (2). As a coronavirus, SARS-CoV-2 contains 4 structural 58 

proteins (S spike, M membranes, E envelope and N nucleocapsid) and several non-structural 59 

proteins produced from cleavage of ORF1a and ORF1ab (3). One of them, the RNA-dependant 60 

RNA polymerase (RdRP) plays a crucial role in replication and transcription of SARS-CoV-2 since it 61 

is responsible for the synthesis of viral RNAs. 62 
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In the context of the current pandemic, testing at our hospital laboratory involves more than a 63 

thousand samples a day, and with RNA extraction, this throughput was unattainable with the 64 

equipment at hand. Moreover, RNA extraction kits are in limited supply due to high demands. 65 

Validating rRT-PCR directly on samples without any RNA extraction step offered a quick and cost-66 

efficient solution to deliver urgent results. Our concern was rRT-PCR inhibition or interference 67 

from the specimen itself and from the transport media in the case of UTM. One objective of our 68 

study was to address the feasibility of this approach and to explore if specimen dilution and 69 

proteinase K treatment could reduce rRT-PCR interference. 70 

In this study, we developed an optimized method to detect SARS-CoV-2 from nasopharyngeal 71 

swabs in UTM or in RNase-free water by amplifying E, N and RdRP genes using rRT-PCR without 72 

requiring an RNA extraction step. We demonstrate that proteinase K can be added to samples to 73 

improve detection sensitivity and reduce rates of invalid results. Finally, we also show that non- 74 

extracted samples can be analysed within 3 days if stored at 4oC without altering rRT-PCR 75 

sensitivity. 76 

 77 

 78 

MATERIAL AND METHODS 79 

Reagents and sample 80 

Oro-nasopharyngeal flocked swabs were collected either in 2ml of UTM® (Universal Transport 81 

Media purchased from COPAN) or RNase-free water and stored at 4oC before analysis. No patients 82 

were specifically recruited, and only samples already known as positive or negative were used in 83 

this study. Poly (A) potassium salt was purchased from Millipore Sigma (ref P9403). β-84 

mercaptoethanol was purchased from Gibco™ (ref 31350010). Proteinase K solution (20mg/ml) 85 

was purchased from ThermoFischer Scientific (ref 25530049). 86 

Sample sets and experiments 87 

A. 30 (ONP) specimens collected with flocked swabs in 2 ml of UTM, that were known positives 88 

for which all three viral genes had previously been detected. These were retested by rRT-PCR 89 

after RNA extraction as a reference standard. These specimens were then tested by direct rRT-90 

PCR with and without thermal lysis, at the following concentrations: undiluted, after dilution 91 

with RNAse free water 1/2, 1/5, 1/10. The results obtained by direct rRT-PCR were compared 92 

to those obtained after extraction. 93 

B. 30 ONP specimens collected with flocked swabs in 2ml of RNAse-free water that were known 94 

positives for which all three viral genes had been detected. These were retested by rRT-PCR 95 

after RNA extraction as a reference standard. The specimens were tested by direct rRT-PCR 96 

with or without thermal lysis at the same dilutions mentioned above and compared to the 97 

reference standard (rRT-PCR after extraction). 98 

C. 90 ONP specimens collected with flocked swabs in 2ml of RNAse-free water that were known 99 

positives for which all three viral genes at been detected were selected with a wider range of 100 

Ct values than the previous sample sets. 101 
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D. 60 ONP specimens collected with flocked swabs in 2ml RNAse free water that were known 102 

positives for only N gene with low to very low viral loads (selected with Ct’s ≥ 30).   103 

E. 60 ONP specimens collected with flocked swabs in 2ml RNAse free water that had previously 104 

been tested as negatives. 105 

The specimens in sample sets C, D and E were retested by direct PCR, at the optimal dilution of 106 

1/2, with thermal lysis, either with or without proteinase K treatment prior to thermal lysis. 107 

Experiments on sample sets C, D and E were designed to further evaluate the performance of our 108 

optimized direct rRT-PCR on a larger sample of ONP specimens collected in molecular water and 109 

to evaluate the impact of proteinase K pre-treatment on sensitivity and reduction of invalid 110 

results.  111 

RNA extraction 112 

OMEGA BIO-TEK E.Z.N.A.® Total RNA Kit I (R6834) protocol for manual extraction of viral RNAs 113 

was used. Briefly, 150 μl of nasopharyngeal swab from UTM or RNase-free water were added to 114 

500μl of TRK lysis buffer supplemented with RNA carrier (10μg/ml) and β-mercaptoethanol 115 

(1mM) into a 1.5 mL microcentrifuge tube. Tubes were vortexed for 30 seconds and kept at room 116 

temperature for 5-10 minutes. 350 μl of 100% ethanol were then added and tubes were vortexed 117 

for 30 seconds. Samples were transferred (including any precipitate) to a HiBind® RNA Mini 118 

Column. Columns were centrifuged at maximum speed (≥13,000g) for 15 seconds. Columns were 119 

then washed once with 500μl of RNA Wash Buffer I and twice with 500μl of RNA Wash Buffer II 120 

at 10,000g for 1 minute. Columns were centrifuged one last time at maximum speed (≥13,000g) 121 

for 2 minutes to remove residues. Columns were transferred into clean nuclease-free 1.5 mL 122 

tubes. 40-70 μl Nuclease-free Water was added directly on membranes into columns for 1 minute 123 

and then columns were centrifuged at maximum (≥13,000g) speed for 2 minutes. Eluted RNAs 124 

were stored at -70°C.  125 

Reverse Transcriptase – Polymerase Chain Reaction 126 

Non-extracted samples were plated at dilution 1/1, 1/2, 1/5 and 1/10 in RNase-free water in a 96-127 

well PCR plates from BioRad. RNA extracted samples were used undiluted. Plates were then either 128 

stored at 4°C while preparing master mix or heated at 90°C for 3 min to perform thermal lysis and 129 

cooled down at 4°C. AllplexTM 2019-nCoV assay from Seegene Inc. were used according to the 130 

manufacturer protocol to perform rRT-PCR. Briefly, for one reaction: 5μl of 2019-nCoV MOM, 5μl 131 

of buffer 5x, 5μl of RNase-free water, 1μl of internal control and 2μl of enzymes. 18μl of master 132 

mix were distributed in each well and added with either 8μl of sample, 8μl of positive control or 133 

8μl of RNase-free water for negative control (final volume of 26μl). Plates were then spinned 134 

down at low speed for a few seconds and analysed in CFX96 Touch Real-Time PCR from BioRad. 135 

Reverse Transcription reaction 1 cycle: 50°C/20min – 95°C/15min. PCR reaction 45 cycles: 136 

94°C/15s – 58°C/30sec. Gene amplification were analyzed by FAM (E gene), HEX (IC), Cal Red 610 137 

(RdRP) and Quasar 670 (N gene) fluorophores. Results were compiled and analyzed using 2019-138 

nCoV viewer from Seegene Inc. according to the manufacturer’s instructions (4). 139 

 140 



5 

 

Proteinase K treatment (PK) 141 

Proteinase K was directly added in RNAse-free water prior to dilution 1/2 at a concentration of 142 

200µg/ml (final concentration after dilution 1/2 is 100µg/ml). Microwell plates were then heated 143 

in a thermal cycler at 50oC for 15 min to activate enzyme activities and then heated at 90oC for 3 144 

min for inactivation. 145 

Thermal Lysis 146 

A heat shock treatment in which the specimen is brought to 90oC for 3 min followed by rapid 147 

cooling to 4oC prior to the rRT-PCR process.   148 

Experimental design and statistical analyses 149 

All sample sets were divided in 3 groups and analysed in an independent manner. Statistical 150 

significance was evaluated by Multiple t-test using GraphPad Prism 8.0 software. p value < 0.05 151 

was considered significant: ****: p<0.0001; ***: p< 0.001; **: p < 0.01; * p< 0.05. 152 

 153 

 154 

RESULTS 155 

Dilution of UTM samples improves rRT-PCR sensitivity 156 

With sample set A, we compared results obtained from extracted rRT-PCR with direct rRT-PCR at 157 

various dilutions, with or without thermal lysis treatment (Fig.1A, C and E).  When using the 158 

reference standard, the range of Ct values in our sample set A was 14 to 39 with a mean value of 159 

23.33. Our data show that direct use of undiluted UTM without RNA extraction interferes with 160 

the rRT-PCR, since only 50% (15/30) were detected positive (Fig.1A). Sensitivity was relatively well 161 

restored when samples were diluted in RNAse-free water (Fig.1C and E). Specimen dilutions 1/2 162 

and 1/5 showed a positive concordance of 93%, but the 1/5 dilution increased the detection rate 163 

for E and RdRP genes (+10% and + 30% respectively). Further diluting samples to 1/10 (data not 164 

shown) lead to a loss in detection (E: -7%; RdRP: -16%). These data suggest that direct rRT-PCR 165 

should be performed on diluted UTM and the optimal dilution for our test was 1/5. At this dilution, 166 

only two of thirty patient specimens were missed, with N gene Ct values of 30.76 and 38.42 167 

obtained with our reference standard. Thermal lysis before rRT-PCR testing slightly improved our 168 

detection rate for the N gene at the 1/5 dilution (+4%) by recovering only the missed specimens 169 

with N gene Ct value of 30.76. The average N gene ΔCt for our 1/5 dilution with thermal lysis as 170 

compared to our reference standard was 2.7. 171 

RNAse-free water as media improves unextracted rRT-PCR sensitivity 172 

Experiments with sample set B were performed in an identical manner to sample set A except 173 

that the ONP samples were collected in RNAse free water (Fig.1B, D and F). When using the 174 

reference standard, the range of Ct values in our sample set B was 11 to 32 with a mean value of 175 

24.06. We reached 90% detection rate with undiluted samples in RNAse-free water. We evaluated 176 

if dilutions could improve the direct rRT-PCR efficiency as observed for UTM samples. Once again, 177 



6 

 

both dilutions 1/2 and 1/5 showed greater positive concordance (93% and 100% respectively). 178 

However, the 1/2 dilution demonstrated Ct values closer to the ones observed following RNA 179 

extraction (ΔCt mean N gene: 1/2=1.85; 1/5=3.24). Detection using 1/10 diluted specimen (data 180 

not shown) was also sensitive (97%) but with Ct values higher than dilution 1/2 (ΔCt mean N gene: 181 

3.35). This data suggests that RNAse-free water as media allows direct rRT-PCR process with 182 

results approaching those of RNA extracts and that dilution improved the sensitivity of this 183 

approach. Thermal lysis improved our detection rates to 100% in undiluted and diluted specimens 184 

without modifying the Ct values and accessorily improved detection rates for the E and RdRP 185 

genes. 186 

Proteinase K allowed 100% valid results and improves detection of low viral load samples 187 

Sample set C consisted of 90 known positives, with all three viral genes detected with N gene Ct 188 

values ranging from 15 to 40 and a mean of 29.74. We achieved a detection rate of 98.9% (89/90) 189 

when PK was used and only 94.4% (85/90) without PK. Three specimens missed only in the arm 190 

without PK (3.3%) had Ct values > 37 in the PK arm. The 1 missed specimen in both conditions 191 

(1.1%) was retested with manual extraction and was still found negative. One invalid result was 192 

obtained in the arm without PK (1.1%) and none with PK. 193 

Sample set D consisted of 60 known positive samples detected solely with the N gene and with Ct 194 

values > 30. In this challenging sample, the detection rate with PK was 76.7% (46/60) vs 53.3% 195 

(32/60) without, and this difference was mostly due to PCR inhibition in the arm without PK as 196 

attested by the 18.3% invalid rate. The range of Ct values previously obtained for the 14 197 

specimens missed with PK treatment was 36 to 40. We illustrated our results as a function of 198 

incremental Ct values in order to evaluate the threshold at which detection rates start to wane 199 

which is a Ct of 36 in the PK arm (Fig.3). The 14 missed specimens were further submitted to 200 

manual RNA extraction and 9/14 were detected positive with N gene Ct values > 35 whereas 5 201 

samples were still detected as negative. 202 

Sample set E consisted of previously tested negative samples and was analysed mainly for the 203 

impact of PK treatment on the production of invalid results. In the arm without PK, 28.3% (17/60) 204 

results came out invalid whereas there were no invalids in the PK arm. Interestingly, we detected 205 

4 positives in the arm with PK that had previously been missed. The Ct range for these positives 206 

was 34 to 38.   207 

Although PK treatment did not improve Ct values (ΔCt mean N gene: 0.46, 0.02, N/A, Fig.2A, C 208 

and E respectively), it improved detection of low viral load specimens. In fact, PK treatment 209 

retested 3/90 and 7/60 positives in sample set C and D respectively with only the N gene at Ct 210 

values > 33. In the samples set E, 4/60 samples previously tested negative were found positive 211 

with proteinase K at N gene Ct values > 34, demonstrating 6.7% false negatives without PK in this 212 

sample (Fig.2E and F). Of note, these patients were known positives undergoing retesting for 213 

infection control purposes as mandated by our public health. 214 

We conclude that PK treatment increases sensitivity and reduces rates of invalid results for direct 215 

rRT-PCR on oro-nasopharyngeal samples collected in RNAse free water.  216 

 217 
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Analytical sensitivity 218 

A previous study was performed to determine the limit of detection (LoD) of the Allplex™ 2019-219 

nCoV Assay using a reference RNA material (4). The LoD was evaluated at 4167 copies/ml for the 220 

gene N using a CFX96TM. In order to evaluate the LoD of the AllplexTM 2019-nCoV Assay on our 221 

optimized method, we analyzed a panel of 8 samples from the Laboratoire de Santé Publique du 222 

Québec (LSPQ). These 8 samples were made of SARS-CoV-2 particles resuspended in RNAse-free 223 

water at different concentrations. We then compared in triplicate direct rRT-PCR with no dilution 224 

nor treatment, or with dilution 1/2 and PK treatment. Surprisingly, both conditions were able to 225 

detect down to 180 ARN copies/ml for all replicates with a N gene Ct values mean of 37.0 ± 0.6 226 

and 37.8 ± 1.2, respectively. Further concentrations under 180 copies/ml showed less detection 227 

in both conditions with Ct values > 38. These data suggest that our optimized rRT-PCR method 228 

can detect at least down to 180 ARN copies/ml. 229 

Viral RNAs in UTM or RNase-free water is stable for a few days at 4oC 230 

Finally, since laboratories received thousands of samples a day, we sought to evaluate the stability 231 

of viral RNAs stored at 4oC and -70oC. We performed rRT-PCR on 4 extracted-RNA samples, 4 non-232 

extracted samples in UTM (diluted 1/5) and 4 in RNase-free water (dilution 1/2) at day 1, day 2, 233 

day 3 and day 4 (Fig.4). Interestingly, freeze/thaw at -70oC cycle did not perturb viral RNAs 234 

detection since Ct values were steady at each time points and all specimens were detected as 235 

positive even on the fourth day. However, viral RNAs kept at 4oC showed some variations in 236 

detection and 1 UTM positive sample was missed on the fourth day (91.7% of detection). These 237 

data suggest that patient specimens should be frozen if they are not analyzed in less than 3 days. 238 

 239 

 240 

DISCUSSION 241 

In this study, we successfully optimized a direct rRT-PCR method to detect SARS-CoV-2 RNA in 242 

oro-nasopharyngeal swabs with the AllplexTM 2019-nCoV assay from Seegene Inc.  243 

With our sample sets A and B, we evaluated the impacts of dilution and thermal lysis in detection 244 

rates for direct rRT-PCR testing with manual RNA extraction as a standard reference. Dilutions 245 

allowed improved detection of viral RNA in non-extracted samples. With direct rRT-PCR testing, 246 

we infer an equipoise between dilution of viral RNAs and dilution of specimen derived as well as 247 

transport media derived inhibitors to the rRT-PCR reaction. We found an optimal dilution of 1/5 248 

for specimens collected in UTM and of 1/2 for specimens collected in RNAse free water based on 249 

evaluation of detection rates and comparison of Ct values to those obtained after RNA extraction. 250 

Although Merindol et al., showed that UTM is a suitable media for the amplification of SARS-CoV-251 

2 without RNA extraction using the AllplexTM 2019-nCoV assay from Seegene Inc. ((5), we 252 

demonstrated in our study that dilutions of samples are required to obtain reliable detection. We 253 

believe that the UTM medium itself is inhibitory for the rRT-PCR reaction and this explains why a 254 

stronger dilution was required for UTM. As a result of these findings, we switched from UTM as a 255 

transport medium to RNAse free water.   256 
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A thermal lysis treatment improved detection rates as well as number of genes detected in most 257 

conditions. This was most marked for UTM at the 1/2 dilution where N gene detection rose from 258 

93% to 97%, RdRP rose from 63% to 77% and E gene rose from 87% to 90%. However, it did not 259 

have an impact on gene detection at the UTM dilution of 1/5. Thermal lysis improved detection 260 

rates for undiluted RNAse free water from 90% to 100% and in the 1/2 dilution from 93% to 100%. 261 

Thermal lysis could function by denaturing inhibitors in the specimen rather than increasing viral 262 

template release, which would explain why its impact is lost at higher dilutions. 263 

The optimal conditions for our direct rRT-PCR were RNAse free water as a transport medium, a 264 

1/2 specimen dilution and thermal lysis treatment. With these conditions we were able to detect 265 

30/30 positive specimens with minimal impact on Ct values as compared with manual RNA 266 

extraction with a ΔCt mean for N gene of 1.85.   267 

With sample sets C, D and E we evaluated our optimized direct PCR process on a greater number 268 

of positive specimens including many positives with high Ct values. We also tested the impact of 269 

a proteinase K pre-treatment both on detection rates and the rate of invalid results with negative 270 

specimens. 271 

In sample set C, with a wide range of Ct values and few low positives the detection rate increased 272 

marginally from 94.4% to 98.9% with addition of PK. In sample set D, consisting exclusively of low 273 

to very low viral loads, the detection rate rose significantly from 53.3% to 76.7%. Finally, in sample 274 

set E 6.7% (4/60) positive were detected with PK. The increased sensitivity gained concerns 275 

exclusively specimens with Ct values > 33. Even with PK, our detection rates decline when Ct 276 

values are above 36 as we approach the detection limit of the test. Furthermore, PK treatment 277 

eliminated invalid results which represented 23.3% (28/120) results in sample sets D and E 278 

together. We infer that PK breaks down specimen-derived inhibitors which have a greater impact 279 

when there is limited viral template, and which seem to affect the internal control amplification 280 

much more than the viral gene amplification explaining the low rate of invalid results (1.1%) in 281 

sample set C even without PK. 282 

In our experience, samples from newly infected patients often result in the detection of the three 283 

viral genes with Ct values lower than 30, suggesting a high viral titer. We have demonstrated that 284 

our protocol accurately detects specimens with viral loads conferring Ct values up to 36 and that 285 

detection rates decline beyond these levels. Interestingly, the majority of low viral load specimens 286 

are detected uniquely with the N gene by this assay. One possible explanation is a higher 287 

sensitivity of the N gene primers.  However, all coronaviruses do nested transcription and 288 

generate couples of subgenomic mRNAs coding for different structural viral proteins. While the 289 

N gene sequence is present in all subgenomic mRNAs, E and RdRP are less represented (3)  With 290 

our own observation and the literature, we hypothesized that samples with only N gene 291 

detectable with Ct values > 30 could be either non-infectious viral particles (6) or fragmented viral 292 

genome that are no longer infectious.  293 

The overwhelming majority of specimens submitted with very low viral loads come from patients 294 

in late stages of disease or in the convalescent phase and were ordered for infection control 295 

purposes as mandated by the provincial health authorities in the province of Quebec. An 296 

abundant body of literature documents that infectivity is lost in these patients and we conclude 297 

that missed specimens with Ct values above 36 have little if any clinical relevance (7-12).  298 
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CONCLUSION 299 

In conclusion, we successfully optimized the unextracted rRT-PCR process using the Seegene 300 

AllplexTM 2019-nCoV assay to detect SARS-CoV-2 RNAs in nasopharyngeal swabs. Our clinical 301 

laboratory currently tests for Covid-19 using ONP swabs collected in 2ml of RNAse free water 302 

which are diluted 1/2 with a solution of RNAse free water and PK at a final concentration of 303 

100ug/ml. The samples are submitted to a 15min 50oC cycle to maximise PK activity and then to 304 

a thermal lysis cycle at 90oC for 3 min which inactivates PK and viruses. Samples are then added 305 

to the PCR wells for amplification with AllplexTM 2019-nCoV assay from Seegene Inc. The 306 

performance of this method is not only clinically acceptable but also confers cost savings and TAT 307 

advantages compared to automated extraction. Here, we offer an alternative faster and cheaper 308 

rRT-PCR method with high efficiency of detection that could play an important role in the 309 

surveillance of Covid-19. In fact, Larremore and al., have suggested that effective surveillance 310 

depends on testing and the speed of reporting rather than high test sensitivity. Covid-19 311 

surveillance should favor accessibility and frequency while sensitivity should be secondary (13). 312 

We then confirm that our optimized rRT-PCR method reaches these criteria as we are able to 313 

perform analyses and report positive cases very quickly. Moreover, we are also confident that this 314 

process does not miss cases in the early stages of infection. The samples missed by our process 315 

are probably far into the disease recovery and unlikely to be contagious anymore. Finally, we 316 

demonstrated that laboratories could keep samples at 4oC up to 3 days but should store them at 317 

-70oC if they are unable to perform immediate rRT-PCR. 318 

 319 

 320 

ABBREVIATION 321 

COVID19: Coronavirus Disease 2019 322 

Ct values: Cycle threshold values 323 

LSPQ: Laboratoire de Santé Publique du Québec 324 

MERS-CoV: Middle East respiratory syndrome-Coronavirus 325 

ONP: oro-nasopharyngeal 326 

PK: Proteinase K 327 

RdRP: RNA-dependant RNA polymerase 328 

RNA: Ribonucleic acid 329 

rRT-PCR: real-time reverse transcription polymerase chain reaction 330 

SARS-CoV-2: severe acute respiratory syndrome-Coronavirus 2 331 

UTM: Universal Transport Media 332 

 333 
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FIGURES 402 

Fig.1: Dilutions and thermal lysis mimic RNA extraction values 403 

60 known positive samples in UTM (n=30) and in RNAse-free water (n=30) were divided in 3 equal 404 

groups and analysed in 3 independent experiments by rRT-PCR on E, RdRP and N viral genes. 405 

Undiluted extracted samples were used as reference values. Red numbers indicate the 406 

percentage of detected samples. A to B: samples were directly used without any dilution, with or 407 

without thermal lysis treatment. C to F:  Samples were diluted in 1/2 and 1/5; with or without 408 

thermal lysis treatment.  409 



13 

 

 410 

Fig.2: Proteinase K improves efficiency and accuracy of detection 411 

90 known positive RNAse-free water samples for three viral genes (A and B), 60 known RNAse-412 

free water positive samples for N gene only (C and D), and 60 known RNAse-free water negative 413 

samples (E and F) were divided in 3 equal groups and analysed in 3 independent experiments by 414 

rRT-PCR on E, RdRP and N viral genes with dilution 1/2 and thermal lysis treatment and with or 415 

without a proteinase K treatment at 100µg/ml. Red numbers indicate the percentage of detected 416 

samples. A, C and E: Comparison of Ct values of viral genes. B, D and F: Distribution of invalid, 417 

negative, or positive results.  418 
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 419 

Fig.3: Detection efficiency over Ct values 420 

Results from direct rRT-PCR of 60 previously positive samples for only N gene with Ct values > 30 421 

were sorted by Ct values and with or without a proteinase K treatment. Ct values of missed 422 

samples were taken from previous analyses. Red numbers indicate the percentage of detection.  423 

  424 
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 425 

Fig.4: Effect of storage temperature on viral RNAs stability  426 

E, RdRP and N genes from 4 non-extracted RNA samples in UTM (diluted 1/5), 4 in RNase-free 427 

water (dilution 1/2) and 4 RNA-extracted samples kept either at +4oC or -70oC were analyzed by 428 

rRT-PCR at day 1, day 2, day 3 and day 4. Red numbers indicate percentage of detection at day 4. 429 

 430 

 431 



Figures

Figure 1

Dilutions and thermal lysis mimic RNA extraction values. 60 known positive samples in UTM (n=30) and
in RNAse-free water (n=30) were divided in 3 equal groups and analysed in 3 independent experiments by
rRT-PCR on E, RdRP and N viral genes. Undiluted extracted samples were used as reference values. Red



numbers indicate the percentage of detected samples. A to B: samples were directly used without any
dilution, with or without thermal lysis treatment. C to F: Samples were diluted in 1/2 and 1/5; with or
without 408 thermal lysis treatment.

Figure 2

Proteinase K improves e�ciency and accuracy of detection 90 known positive RNAse-free water samples
for three viral genes (A and B), 60 known RNAse-free water positive samples for N gene only (C and D),



and 60 known RNAse-free water negative samples (E and F) were divided in 3 equal groups and analysed
in 3 independent experiments by rRT-PCR on E, RdRP and N viral genes with dilution 1/2 and thermal lysis
treatment and with or 415 without a proteinase K treatment at 100μg/ml. Red numbers indicate the
percentage of detected samples. A, C and E: Comparison of Ct values of viral genes. B, D and F:
Distribution of invalid, negative, or positive results.

Figure 3

Detection e�ciency over Ct values Results from direct rRT-PCR of 60 previously positive samples for only
N gene with Ct values > 30 were sorted by Ct values and with or without a proteinase K treatment. Ct
values of missed samples were taken from previous analyses. Red numbers indicate the percentage of
detection.

Figure 4



Effect of storage temperature on viral RNAs stability E, RdRP and N genes from 4 non-extracted RNA
samples in UTM (diluted 1/5), 4 in RNase-free water (dilution 1/2) and 4 RNA-extracted samples kept
either at +4oC or -70oC were analyzed by rRT-PCR at day 1, day 2, day 3 and day 4. Red numbers indicate
percentage of detection at day 4.


