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ABSTRACT 
Background: Coronavirus disease 2019 (COVID-19) is characterized as a global pandemic by World Health Or-
ganization. For the safety of medical laboratory personnel and the environment, thermal inactivation of clinical 
samples is a common practice performed by most laboratories before nucleic acid extraction. However, there are 
conflicting reports in the literature regarding the effect of thermal inactivation on the analytical sensitivity of mo-
lecular assays.  
Objective: To test the impact of thermal inactivation using alternative methods on the analytical sensitivity of 
respiratory samples.  
Method: We compared the impact of thermal inactivation of biological samples after adding lysis buffer at 720C 
for 10 minutes by dry heat block and water bath on analytical sensitivity of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV2). Furthermore, we tested the effect of the thermal inactivation method at 560C using a 
water bath on the detection rate of SARS-CoV2.  
Result: All samples tested positive in dry heat block was also tested positive in the water bath. We observed a 
similar viral detection rate of viral RNA at 560C for 15 min and 30 min, whereas inactivating samples at 560C on 
the water bath for 45 minutes drastically reduces the virus detection rate by 20%. 
Conclusion: Water bath is not inferior to dry heat block to treat samples with lysis buffer, and can be used in-
stead of dry heat block in district laboratories. However, the inactivation of samples at 560C over 30 minutes dras-
tically reduces the virus detection rate. Hence, samples shall not be heat-treated before nucleic acid extraction. 
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INTRODUCTION 

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV2) is the virus responsible for the coro-
navirus disease 2019 (COVID-19) pandemic [1]. 
The World Health Organization (WHO) on March 
11, 2020, has declared the COVID-19 outbreak a 
global pandemic [2], and then the demand for la-
boratory equipment, chemicals, and personal pro-
tective equipment has soared. In resources limited 
countries like Ethiopia, the availability of the right 
and properly functioning laboratory equipment is 
scarce. Given that the expansion of the pandemic to 
different regional states in the country is rapid, it is 
very difficult for district laboratories to avail all the 
necessary and standard equipment used for SARS-
CoV2 diagnosis in this emergency time. Hence, the 
shortage of laboratory equipment and consumables 
needed for the extraction and detection of SARS-
CoV-2 RNA in respiratory samples has forced 
many laboratories to find alternative approaches for 
sample preparation [3]. To protect medical labora-
tory personnel from infection, most laboratories 
inactivate the virus, causing COVID-19 in clinical 
samples before nucleic acid extraction and testing 
by applying high temperatures [4]. However, the 
outcome of applying different methods of heat inac-
tivation on the detection of the viral RNA is not 
well explored and findings are controversial.  

Therefore, this study aims to explore the impact 
of heat inactivation of the nasopharyngeal swab 
on the water bath and compare with heat treat-
ment of samples after adding lysis buffer using 
dry heat [heat block] and moist heat [water bath] 
on reverse transcription-polymerase chain reac-
tion (RT-PCR). 

 
METHODS 

 
We performed two experimental designs to show 
the impact of temperature on the test result of 
nasopharyngeal swab (NPS) samples that were 
known positive for SARS-CoV2 RNA.  In the 
first experiment, we compared the impact of dry 
heat block with water bath heat inactivation of 
samples after lysis buffer is applied to the sam-
ples. Briefly, in a standard Da An Gene Nucleic 
Acid extraction protocol next to the addition of 
proteinase K, we apply lysis buffer into the sam-
ples followed by a dry heat block at 720C for 10 
minutes. However, in most of our district labora-
tories, there is a huge shortage of dry heat blocks, 
hence we wanted to test if water bath inactivation 
(moist heating) at 720C for 10 minutes can be 
used instead of dry heat block to facilitate viral 
RNA extraction. For this purpose, randomly 20 
NPS samples  sent to AHRI’s SARS-CoV2  
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laboratory for routine diagnosis that were con-
firmed positive for SARS-CoV-2 RNA were in-
cluded. 
 
We aimed the second experimental design to assess 
the impact of water bath heat inactivation at 560C 
directly on NPS samples over time before initiation 
of nucleic acid extraction. Here we took 15 NPS 
samples randomly that were confirmed positive for 
SARS-CoV-2 RNA from the samples AHRI re-
ceived for routine COVID-19 diagnosis. The sam-
ples were heat-treated by a water bath at 560C for 
15 minutes, 30 minutes, and 45 minutes.  
 
RNA extraction 
Viral nucleic acid (NA) was extracted from 200 μL 
respiratory samples (NPS and oropharyngeal swabs 
in viral transport medium using the NA extraction 
and purification reagent, Dn An Gene Co., Ltd, as 
recommended by the manufacturer (Da An Gene 
Co., Ltd, of Sun Yat-sen University, China). Brief-
ly, 50 μL proteinase K and 200 μL lysis buffer were 
mixed with 200 μL NP and/or Nasal swab samples. 
Then, the lysed samples were heat-inactivated par-
allelly on a dry heat block and in a water bath at 
720C for 10 minutes, followed by the addition of 
inhibitor remover and subsequent washing. Finally, 
the NA was eluted in 50 μL molecular grade water 
preheated at 720C. 
 
RT-PCR for the detection of viral RNA  
In the experiments, the careGENETM COVID-19 
RT-PCR kit was used to detect SARS‐CoV2 RNA. 
The kit has the following combination of detection 
targets and fluorescent reporters; nucleocapsid (N) 
gene reported by FAM, RNA-dependent RNA pol-
ymerase (RdRP) gene by CY5, and the internal 
control (IC) by ROX. Regardless of the RT-PCR 
system, the kit has the limit of detection10copies/
µL of viral RNA. The analytical sensitivity (cut-off 
value) of the careGENETM for positive tests is a 
cycle threshold of ≤ 43, and any reading above 43 
is a negative test. Finally, the amplification reaction 
mixes for both experiments were run on Agilent 
Technologies Stratagene, Max3005P RT-PCR sys-
tem according to the protocol provided by the man-
ufacturers. 
 
Ethics: The study is approved by the Armauer 
Hansen Research Institute/ALERT Ethics Review 
Committee. 
 

RESULT 

The first experiment where we have compared the 
use of dry heat block and water bath at a tempera-
ture of 720C for 10 minutes after the addition of 
lysis buffer during RNA extraction shows that all 
the 20 samples that were positive in dry heat block 
turned out to be all positive in the water bath. The  

Ct values of the samples tested by dry heat block 
and water bath were nearly similar (P-value = 
0.00023). Interestingly, the overall average of the 
change in the Ct value (∆Ct) for the N gene (in 
the FAM Chanelle) of the samples processed by 
water bath demonstrated a 2.79 lower Ct value 
than the sample treated by heat block. We ob-
served a similar result for RdRP gene (in the 
CY5 channel) that is, samples inactivated by 
water bath had a 2.63 lower Ct value than the 
sample treated by dry heat block (Table 1). 
 
In the experiment where we tested the impact of 
heat inactivation by the use of water bath directly 
on NPS samples at 560C over time, we observed 
that the N-gene which is reported by HEX chan-
nel showed similar analytical sensitivity 
(detection level) when samples were treated at 
560C for 15 min and 30 min. That is, out of the 
15 samples that were confirmed positive before 
heat treatment, 6.67% of the specimens were 
detected negative for the N-gene; whereas 13.3% 
of the samples were turned negative for the 
RdRP gene when they were heated 560C for 15 
min and 20 min. When the time of inactivation 
increased to 45 min, 20% of the samples turned 
negative for both N gene and RdRP gene (Table 
2).  
 

DISCUSSION 

 
Heat treatment of virus inactivation rate depends 
on ways of applying heat [5].  Concerning the 
modes of transmission of SARS-CoV-2 inactiva-
tion rate under heat treatment at 700C can vary 
by almost two orders of magnitude depending on 
the treatment procedure [6]. Here, we tested the 
impact of different sources of heat on the analyti-
cal sensitivity or the limit of detection of SARS-
CoV-2 RNA. The study shows that all the sam-
ples that were positive when treated by dry heat 
block during lysis nearly all turned positive when 
heat treated by a water bath. This suggests that 
the water bath is not inferior in its use for virus 
inactivation during lysis for RNA extraction, and 
can be used in place of a dry heat block in district 
laboratories where there is a shortage. The Unit-
ed States Centre for Disease Control and Preven-
tion advised moist heat as the method for virus 
inactivation [7]. Interestingly, in line with this, 
our data shows samples heat treated with water 
bath during lysis have a higher viral load, on 
average a difference of Ct value greater than 2.5 
for both N and RdRP genes, showing that SARS-
CoV2 inactivation by water bath during lysis is 
advantageous over dry heat block because it low-
ers the limit of detection of the viral RNA. 
 
Studies suggest that heat-inactivated biological  
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Table 1: A compar ison of the Ct values of the targets, N and RdRP genes repor ted by FAM and CY5, 

respectively of the NP samples treated at 720C for 10 minutes using dry heat block and water bath for RNA 

extraction. ROX channel is the reporter for internal control. 

† Refers to change in Ct value  
‡ Refers to subtraction of Ct value in FAM channel reading of the water bath from a 
FAM channel reading in the dry heat block 
§ Refers to subtraction of Ct value in Cy5 channel reading of the water  bath from 
a Cy5 channel reading of dry heat block 
NCt: No cycle threshold  

 

Samples ID Dry heat block Water bath Change in Ct values (†∆Ct) 

ROX FAM CY5 ROX FAM CY5 ‡FAMDry-

FAMWet 

§CY5Dry-CY5Wet 

AHRI-16584 18.64 13.77 16.50 17.65 12.13 15.29 1.64 1.20 

AHRI-16063 17.04 14.48 16.60 16.51 14.13 16.14 0.35 0.47 

AHRI-16055 16.93 13.86 17.10 16.76 12.83 14.98 1.03 2.09 

AHRI-16283 16.48 18.11 20.80 14.94 16.46 19.01 1.65 1.77 

AHRI-16307 23.03 23.17 24.20 21.78 21.97 23.31 1.20 0.89 

AHRI-16442 16.25 29.49 29.60 16.18 28.71 29.17 0.78 0.43 

AHRI-16281 15.16 30.65 29.70 15.45 29.49 28.85 1.16 0.81 

AHRI-16448 16.86 28.98 29.10 16.02 24.93 24.80 4.05 4.30 

AHRI-16392 14.82 33.72 32.80 14.29 29.23 29.12 4.49 3.67 

AHRI-16441 16.84 30.17 30.50 16.58 29.15 30.58 1.02 -0.08 

AHRI-16417 17.91 32.73 32.30 17.50 31.05 30.71 1.68 1.55 

AHRI-16447 16.05 31.51 31.90 16.20 29.96 30.31 1.55 1.56 

AHRI-16404 16.82 33.27 33.30 15.78 31.07 31.83 2.20 1.47 

AHRI-16437 16.55 35.6 34.10 15.14 31.40 32.46 4.20 1.60 

AHRI-16447 16.05 31.51 31.90 16.20 29.96 30.31 1.55 1.56 

AHRI-16439 19.37 43 29.60 16.66 33.07 NCt 11.40 NCt 

AHRI-16478 14.61 31.75 32.8 15.46 29.99 31.43 1.76 1.36 

AHRI-16403 19.42 29.2 41.4 17.44 NCt 28.9 NCt 12.46 

AHRI-16435 19.65 36.54 41.7 19.67 36.56 31.58 0.2 10.14 

AHRI-16466 15.36 44.63 NCt 15.65 33.38 32.46 11.3 NCt 
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Table 2: Positive detection rates of SARS-CoV2 NP samples for N- and RdRP-genes after direct heat inac-

tivation using water bath at 560C over time.  

 

 

  

Total 

number 

of sam-

ples 

No treat-

ment 

(Zero 

time) 

Heat treatment at 560C 

15 min 30 min 45 min 

N-gene RdRP 

gene 

N-gene RdRP 

gene 

N-gene RdRP 

gene 
15 100% 93.3% 86.7% 93.3% 86.7% 80% 80% 

samples may not be suitable for proper detection 
of viral RNA as there is a possible reduction in the 
sensitivity and increase in the limit of detection of 
viral RNA resulting in a significant number of 
false-negative results [6,8]. In this context, in our 
second experiment, we tested the impact of water 
bath heat inactivation methods over time on the 
detection rate of SARS-CoV2. Our data show a 
similar detection rate of the viral RNA when ap-
plying heat of 560C for 15 min and 30 min while 
heating the NPS samples for 45 minutes [which is 
the standard temperature-time combination to in-
activate viruses] drastically reduces the virus de-
tection rate that is, 20% (3/15) positive samples 
turned to negative. This implies that the standard 
temperature-time combination to inactivate viruses 
has a negative impact on the RT-PCR-based diag-
nosis. This agrees with a study that reported after 
heat inactivation treatment 13% (6/46) of positive 
samples turned negative [4] and is in line with 
WHO recommendation. We have also observed 
that there is a difference in the detection rate of the 
virus regarding the two target genes, N gene has a 
higher detection rate where 6.67% of positive 
samples turned in to negative whereas 13.3% of 
positive samples turned to negative for RdRP 
gene. An earlier study also reported that the Ct 
value for RdRP gene was 1.2 times larger than that 
of the N gene [9], suggesting that primer sets for 
detecting the SARS-CoV2 N gene might be the 
choice for highly sensitive detection of the virus. 
 
In conclusion, the water bath is not inferior to dry 
heat block for virus inactivation for detecting  

SARS-CoV2  RNA and can substitute dry heat block 
in district laboratories where there is a shortage. 
However, the inactivation of NPS samples at 560C 
over 30 minutes drastically reduces the virus detec-
tion rate and increases false negativity, and thus 
sample should not be heat-treated before nucleic acid 
extraction. 
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