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Abstract
Background: The detection of serum antibodies to the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) is emerging as a new tool for the coronavi-
rus disease 2019 (COVID-19) diagnosis. Since many coronaviruses are sensitive to 
heat, heating inactivation of samples at 56°C prior to testing is considered a possible 
method to reduce the risk of transmission, but the effect of heating on the measure-
ment of SARS-CoV-2 antibodies is still unclear.
Methods: By comparing the levels of SARS-CoV-2 antibodies before and after heat 
inactivation of serum at 56°C for 30 minutes using a quantitative fluorescence im-
munochromatographic assay
Results: We showed that heat inactivation significantly interferes with the levels of 
antibodies to SARS-CoV-2. The IgM levels of all the 34 serum samples (100%) from 
COVID-19 patients decreased by an average level of 53.56%. The IgG levels were de-
creased in 22 of 34 samples (64.71%) by an average level of 49.54%. Similar changes 
can also be observed in the non–COVID-19 disease group (n = 9). Of note, 44.12% of 
the detected IgM levels were dropped below the cutoff value after heating, suggest-
ing heat inactivation can lead to false-negative results of these samples.
Conclusion: Our results indicate that heat inactivation of serum at 56°C for 30 min-
utes interferes with the immunoanalysis of antibodies to SARS-CoV-2. Heat inactiva-
tion prior to immunoanalysis is not recommended, and the possibility of false-negative 
results should be considered if the sample was pre-inactivated by heating.
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1  | INTRODUC TION

The current outbreak of coronavirus disease 2019 (COVID-19) 
caused by a novel severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) is posing a serious threat to public health.1-3 
Early diagnosis of suspect cases is critical to reduce and interrupt 
the transmission of COVID-19 from person to person.4 Currently, 
laboratory testing of viral nucleic acid by real-time reverse tran-
scriptase–polymerase chain reaction (RT-PCR) assay is the “gold 
standard” for COVID-19 diagnosing.5 However, the requirement 
of sophisticated instruments and laboratory conditions, tedious 
experimental procedures, and longer detection time significantly 
hamper its widespread applicability.4 Antibodies produced in the 
blood after COVID-19 infection are emerging as a promising class 
of biomarkers.6 The antibodies to SARS-CoV-2 are specific, sensi-
tive, and more importantly, their detection can be much faster and 
simpler than RT-PCR, which allows rapid screening of suspect cases 
to be possible.7

All the biological specimens for COVID-19 testing should be 
considered to be potentially infectious. Therefore, the test must 
be performed by medical professionals with protective equipment 
in a qualified laboratory. To further reduce the risk of exposure to 
infectious agents, viral inactivation before sample handling is usu-
ally be recommended.8,9 While the sensitivity of SARS-CoV-2 to the 
conditions of inactivation is unknown, it is reported that many coro-
naviruses such as SARS are heat-sensitive and can be killed at 56°C 
for 30 minutes.10-14 It is thus inferred that heating at 56°C could be 
an effective approach for SARS-CoV-2 inactivation.15 However, the 
effect of heating at 56°C on COVID-19 antibody detection is unclear. 
The objective of this study was to compare the levels of COVID-19 
antibody before and after heat inactivation.

2  | METHODS

A total of 34 serum samples with positive SARS-CoV-2 antibody 
results from patients with COVID-19 infections, and 9 serum sam-
ples from non–COVID-19 diseases were collected from Hankou 
Hospital, Wuhan city, with approval of the ethics committee 
(hkyy2020-004). All patients with COVID-19 infections were con-
firmed by RT-PCR. The antibody detection kits for SARS-CoV-2 
were obtained from Kingfocus Biomedical Engineering Co., Ltd, 
(AIE/quantum dot-based fluorescence immunochromatographic 

assay, AFIA). The immunoassay quantitatively measures IgM and 
IgG antibodies to SARS-CoV-2. Serum samples before and after 
heat inactivation at 56°C for 30 minutes were analyzed according 
to the protocol. Briefly, 100 µL of serum was dropped on the test 
card and the fluorescence signal was measured after 15 minutes. 
Detection values above the cutoff threshold are considered posi-
tive for COVID-19.

3  | RESULTS

In the patients with COVID-19, the IgM signals of all the 34 serum 
samples (100%) decreased (Figure 1, Table 1) by an average level 
of 53.56% ([95% CI, 7.64%-99.49%]; P < .013) after heat inactiva-
tion. The IgG signals were decreased in 22 of 34 samples (64.71%) 
by an average level of 49.54% ([95% CI, 8.76%-90.32%]), and 12 
samples (35.29%) increased with a median percentage of 24.22%. 
44.12% of the IgM signals from COVID-19 patients were below 
the cutoff value after heat inactivation. In the non–COVID-19 
group, the IgM levels were decreased in 7 of 9 samples (77.78%) 
by an average of 43.31% (Figure 2, Table 2) after heat inactiva-
tion and 2 samples (22.22%) increased with an average level of 
29.84% ([95% CI, 5.44%-54.23%]). The IgG signals were decreased 
in 7 of 9 samples (77.78%) by an average level of 79.42% ([95% 
CI, 44.54%-114.31%]), and 2 samples (22.22%) increased with an 
average level of 44.00% ([95% CI, 21.37%-66.63%]). None of the 
measured antibodies became higher than the cutoff value after 
heating.

4  | DISCUSSION

This study analyzed the changes in SARS-CoV-2 antibody concentra-
tion before and after heat inactivation at 56°C for 30 minutes. We 
found that after heat inactivation, all of the serum IgM (100%) dem-
onstrated significantly lower levels. For IgG, 64.71% of the sample 
levels dropped after heat inactivation.

All immunological assays are highly dependent on the recogni-
tion and binding of antigens to antibodies. The decrease in SARS-
CoV-2 antibody levels may be related to their structural change in 
denaturation and aggregation.16,17 Previous studies have shown that 
antibodies can be denatured and lose their antigen-binding activities 
after heating,18 and IgM is reported to be less thermally stable than 
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F I G U R E  1  The changes in the IgM and IgG levels of the 34 serum samples from patients with COVID-19 infections detected by AFIA 
before (blue dot) and after heat inactivation (red dot). Dash line indicates the cutoff value of the assay
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IgG19,20 due to their different compositions and structures of heavy 
chains.21 This is consistent with our results that SARS-CoV-2 IgM 
concentration decreased more significantly than IgG after heating. 
In addition, the IgG levels in 12 samples (35.29%) increased with a 
median of 24.22% after heating, which may be due to the increases 
in immunogenicity caused by the formation of IgG aggregates heat-
ing at 56°C.16,22,23 It is noteworthy that after heat inactivation, 
44.12% of the IgM levels from COVID-19 patients were below the 

cutoff value. These results suggest that heat inactivation of serum 
can lead to false-negative results in these samples.

5  | CONCLUSIONS

Heat inactivation of serum at 56°C for 30  minutes interferes 
with the immunoanalysis of antibodies to SARS-CoV-2. For 

Patient ID

IgM IgG

Before 
inactivation

After 
inactivation

Before 
inactivation

After 
inactivation

P1 3.16 0.51 25.36 14.25

P2 10.68 5.00 109.02 88.66

P3 3.70 1.28 24.52 41.56

P4 10.54 6.07 38.08 14.22

P5 2.98 1.40 3.59 7.08

P6 1.18 0.57 99.46 34.40

P7 1.35 0.50 13.77 4.63

P8 3.83 0.91 26.02 12.23

P9 5.56 3.40 5.55 6.06

P10 10.36 2.94 5.70 8.91

P11 2.11 0.96 200.56 61.56

P12 3.60 1.62 25.00 28.59

P13 1.21 0.75 265.06 162.96

P14 3.52 1.07 182.76 35.36

P15 3.17 2.73 82.78 25.12

P16 2.98 0.56 2.17 1.61

P17 1.22 0.82 24.41 26.28

P18 17.53 3.90 13.94 13.43

P19 1.77 1.38 12.21 31.69

P20 2.74 1.18 19.88 14.83

P21 10.60 10.17 2.11 1.57

P22 1.54 1.09 24.24 12.76

P23 1.26 1.14 4.89 5.78

P24 2.19 0.98 35.14 14.69

P25 4.97 1.34 16.51 21.42

P26 19.08 3.22 38.14 15.81

P27 1.98 1.91 3.37 4.00

P28 3.36 1.81 17.23 9.57

P29 2.01 0.95 13.99 4.52

P30 7.35 3.79 17.57 5.10

P31 2.76 0.82 42.84 42.98

P32 5.06 1.43 1.43 0.94

P33 3.24 0.98 12.93 5.19

P34 3.59 0.73 1.63 11.45

TA B L E  1   The signal intensity of the 
IgM and IgG levels of the 34 serum 
samples from patients with COVID-19 
infections detected by AFIA before and 
after heat inactivation
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highly suspected cases, the possibility of false-negative re-
sults should be considered if the sample was inactivated by  
heating.
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Patient ID

IgM IgG

Before 
inactivation

After 
inactivation

Before 
inactivation

After 
inactivation

N1 0.42 0.27 0.09 0.04

N2 0.13 0.18 0.43 0.07

N3 0.25 0.02 0.09 0.02

N4 0.33 0.4 0.19 0.71

N5 0.63 0.26 0.7 0.02

N6 0.26 0.12 0.21 0.57

N7 1.01 0.97 0.82 0.13

N8 0.61 0.56 0.59 0.25

N9 0.69 0.34 0.39 0.00

TA B L E  2   The signal intensity of the 
IgM and IgG levels of 9 serum samples 
from non–COVID-19 group detected by 
AFIA before and after heat inactivation

F I G U R E  2  The changes in the IgM and IgG levels of 9 serum samples from non–COVID-19 group detected by AFIA before (blue dot) and 
after heat inactivation (red dot)
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