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SUMMARY
Background: COVID-19 has recently been declared an epidemic by the WHO, and there is an urgent need for affected countries and laboratories to assess and treat people at risk of COVID-19. A heat procedure has been suggested for specimen inactivation. This study was designed to evaluate the effect of serum heating on biochemical
indexes, and providing a basis for accurate detection results of the COVID-19 patients.
Methods: We collected 29 normal cases of two tubes of 5 mL whole blood. One tube was analyzed directly, and the
other was analyzed after heating at 56°C 30 minutes.
Results: A total of 34 serum biochemical index quantitative results were obtained, 28/34 indexes were not significantly affected by the heat inactivation and remained clinically interpretable. As the thermal inactivation for these
indexes showed good correlation, ALB (p = 0.04, Pearson R = 0.91, 2.6% mean increase), CysC (p = 0.03, Pearson
R = 0.98, 9.9% mean increase), CO2CP (p < 0.001, Pearson R = 0.96, 13% mean decrease), they were still interpretable. Four biochemical indexes ALP, CK, CK-MB, and insulin were inactivated and showed significant statistical differences (p < 0.001).
Conclusions: Our study showed CK, CK-MB, ALP, and insulin were sensitive to heat and will be inhibited or degrade after heating, indicating that the rapid decrease of this indexes in the COVID-19 patients may be caused by
sample heat inactivation. For safety and diagnostic accuracy, we recommend the use of a point-of-care device for
blood gases, electrolytes, troponin, and liver and renal function tests within a ISL 2 or above biosafety cabinet
with level 3 or above biosafety laboratory practice.
(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2020.200743)
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INTRODUCTION
An outbreak of 2019 novel coronavirus disease
(COVID-19) has rapidly spread throughout the world
[1]. 2019-nCoV belongs to the β-genus coronavirus,
with a linear positive single-stranded RNA genome. It is
the seventh coronavirus known to infect humans [2].
Common symptoms include fever, dry cough, and my-
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algia [3]. For physicians to make important diagnostic
and treatment decisions, timely reporting of laboratory
results is critical. On March 3, the Handbook of Prevention and Treatment of the Pneumonia Caused by the
Novel Coronavirus (2019-nCoV (version 7) included
that blood routine, urine routine, CRP, biochemical indexes (liver enzyme, myocardial enzyme, kidney function, etc.) should be monitored according to the condition [4].
Samples from these patients should only be handled by
experienced laboratory personnel in laboratories equipped with P-3 safety facilities. Unfortunately, only a few
such laboratories exist and they may be limited in the
type of clinical analyses. There is another concern that
the COVID-19 is infectious in laboratory generated
aerosol. Hence, stringent guidelines for laboratory personnel with respect to handling of laboratory specimens
containing COVID-19 have been published in China.
According to the new type of coronavirus laboratory
biosafety guidelines (version 2), the infectious materials
must be inactivated using a reliable method before serological detection, biochemical analysis, and virus antigen detection in a level BSL-II laboratory [5].
Serum biochemical tests are the most basic and common tests for patients, especially those requiring intensive care and critically ill patients. At present, most general serum biochemical tests are performed by automated analyzers, but for highly infectious specimens, adequate disinfection and virus inactivation cannot be carried out, causing occupational health hazards to laboratory staff. 2019-nCoV was sensitive to ultraviolet and
heat, it can be inactivated effectively by 56°C 30 minutes, ethyl ether, 75% ethanol, and chlorine-containing
disinfectant [6]. Heating has long been recognized as an
effective method of virus inactivation [7], and 56°C 30
minutes can inactivate the 2019-nCoV completely for
routine laboratory examination. However, it has not
been reported whether thermal inactivation has an impact on serum biochemical indexes or not. This study
was designed to compare the biochemical indexes in
heated or unheated blood samples. Evaluating whether
the biochemical indexes after heat inactivation had significant differences and providing a statistical delineation for heat inactivation procedure effects on COVID19 patients’ serum biochemical tests.

A total of 34 serum biochemical indexes were analyzed,
including insulin, C-Peptide, 25-OH VitD, Hs-CRP,
UA, CO2CP, Glu, HCY, liver function indexes (GLB,
A/G, GGT, ALP, ALT, TBA, PA, ALB, TP ), kidney
function indexes (CysC, Urea, Cr, β2-MG), myocardial
enzyme indexes (α-HBDH, LDH, CK-MB, CK, AST),
and serum lipid level ( Apo A1, Apo B, Apo A1/Apo B,
LP(a), TC, TG, HDL-C, LDL-C). All the serum biochemistry detection was performed using the automatic
biochemical analyzer (C501, Roche, Germany).
Data were statistically analyzed using SPSS 19.0 software. Measurement data were expressed as mean
± standard deviation (x̅ ± SD). t-test was used to evaluate the characteristics between heated or unheated
group. We considered a p-value less than 0.05 as statistically significant. We also calculated the correlation coefficient for the accuracy of each index and considered
Pearson R > 0.90 to show good correlation. The effect
of heat inactivation on an analyte was considered insignificant if the linearity was preserved and correlation
coefficient/rank correlation was ≥ 0.9, and the constant
bias was evaluated as to its statistical significance by
paired t-test. If an analyte did not fulfil the above two
criteria, the heat inactivated measurement result was
considered to have lost the diagnostic values.

RESULTS
We collected 29 normal cases of whole blood. There
were 9 males and 20 females. Age range from 21 to 48
years old, mean 31.69 ± 6.88. The participants were
confirmed to have no history of COVID-19 infection
and no symptoms.
A total of 34 serum biochemical index quantitative results were obtained. These indexes reflected the risk of
liver function, kidney function, myocardial injury, lipid
profile, endocrine dyscrasia, and independent risk factors (Table 1). Combined with a t-test p > 0.05 and
Pearson R > 0.90, 28/34 indexes were not significantly
affected by the heat inactivation and remained clinically
interpretable (Figure 1).
Despite the proportional differences, analytical results
for ALB (p = 0.04, Pearson R = 0.91, 2.6% mean increase), CysC (p = 0.03, Pearson R = 0.98, 9.9% mean
increase), and CO2CP (p < 0.001, Pearson R = 0.96,
13% mean decrease) were still interpretable, as the thermal inactivation for these indexes showed good correlation. The effect of heat inactivation on an analyte was
considered insignificant if the slope of the regression
line was between 0.95 and 1.05, the linearity was preserved, and the correlation coefficient/rank correlation
was ≥ 0.9 (Figure 2).
Four biochemical indexes ALP, CK, CK-MB, and insulin were inactivated and showed significant statistical
differences (p < 0.001). They all showed poor correlation (R = 0.82, R = 0.50, R = 0.64, R = 0.42). After the
samples were heated, they were all obviously decreased,
CK from 77.46 ± 26.36 to 16.97 ± 5.01, CK-MB from

MATERIALS AND METHODS
Whole blood samples were collected in two EDTA-containing tubes (5 mL) and kept at 4 ± °C to be analyzed
within 24 hours. One tube was isolated serum directly
from whole blood centrifuged at 3,000 r/minute for 15
minutes and analyzed immediately. The other tube was
heat inactivated at 56°C for 30 minutes. Then serum
was isolated by centrifugation and analyzed. The heat
inactivation procedure was performed according to the
new type of coronavirus laboratory biosafety guidelines
(version 2).
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Table 1. Laboratory results of 34 biochemistry indexes between heated and unheated groups.

Normal range

Non heated group

Heated group

t-test

(Means ± SD.)

(Means ± SD.)

p-value

A/G

1.5 - 2.5

1.63 ± 0.21

1.71 ± 0.23

0.16

ALB (g/L)

35 - 52

46.45 ± 2.25

47.67 ± 2.07

0.04

ALP (U/L)

40 - 130

72.24 ± 22.44

30.31 ± 13.16

< 0.001

ALT (U/L)

7 - 40

21.46 ± 21.07

16.18 ± 14.97

0.28

ApoA1 (g/L)

1.08 - 2.25

1.39 ± 0.16

1.4 ± 0.15

0.87

ApoA1/ApoB

0.8 - 2.2

2.04 ± 0.54

2 ± 0.53

0.79

ApoB (g/L)

0.6 - 1.17

0.72 ± 0.17

0.75 ± 0.16

0.58

AST (U/L)

15 - 40

22.14 ± 11.62

22.13 ± 11.53

1.00

CK (U/L)

20 - 200

77.46 ± 26.36

16.97 ± 5.01

< 0.001

CK-MB (U/L)

0 - 25

11.96 ± 3.51

5.62 ± 1.72

< 0.001

CO2CP (mmol/L)

21 - 31

23.9 ± 2.05

20.74 ± 2

< 0.001

Cr (µmol/L)

45 - 84

55.79 ± 12.58

54.97 ± 13.12

0.81

GGT (U/L)

7 - 45

24.1 ± 30.62

23.19 ± 30.66

0.91

GLB (g/L)

20 - 40

28.93 ± 3.56

28.28 ± 3.66

0.49

Glu (mmol/L)

3.9 - 6.1

5.41 ± 0.75

5.43 ± 0.76

0.91

HCY (µmol/L)

0 - 15

12.37 ± 6.52

12.4 ± 6.36

0.98

HDL-C (mmol/L)

1 - 1.55

1.32 ± 0.28

1.3 ± 0.3

0.83

Hs-CRP (mg/dL)

0 - 0.5

0.11 ± 0.18

0.11 ± 0.18

0.95

LDH (U/L)

135 - 214

175.31 ± 31.35

175.1 ± 31.82

0.98

LDL-C (mmol/L)

1.9 - 3.1

2.58 ± 0.64

2.53 ± 0.62

0.75

PA (g/L)

0 - 10

0.26 ± 0.05

0.26 ± 0.05

0.96

TBA (µmol/L)

0 - 10

3.73 ± 2.61

4.01 ± 2.88

0.71

TC (mmol/L)

0 - 5.2

4.33 ± 0.84

4.39 ± 0.84

0.77

TG (mmol/L)

0 - 2.26

1.41 ± 1.22

1.45 ± 1.22

0.90

TP (g/L)

65 - 85

75.38 ± 4.32

75.94 ± 4.33

0.62

UA (µmol/L)

119 - 416

304.07 ± 81.09

306.03 ± 81.48

0.93

Urea (µmol/L)

2.78 - 8.07

3.87 ± 1.11

3.94 ± 1.18

0.80

α-HBDH (U/L)

72 - 182

121.48 ± 23.96

123.31 ± 25.85

0.78

β2-MG (mg/L)

0.8 - 2.2

1.62 ± 0.3

1.59 ± 0.24

0.64

CysC (mg/L)

0.59 - 1.03

0.81 ± 0.13

0.89 ± 0.13

0.03

Lp(a) (mg/dL)

0 - 30

30.99 ± 36.76

30.10 ± 35.86

0.93

Insulin (µU/mL)

3 - 25

7.12 ± 3.23

3.55 ± 1.78

< 0.001

C-Peptide (µU/mL)

0.80 - 4.20

2.16 ± 0.90

2.14 ± 0.90

0.95

25-OH VitD (ng/mL)

30 - 100

21.19 ± 5.81

23.21 ± 6.74

0.32

11.96 ± 3.51 to 5.62 ± 1.72, ALP from 72.24 ± 22.44 to
30.31 ± 13.16, insulin from 7.12 ± 3.23 to 3.55 ± 1.78.
ALP and CK were not acceptable with a significant decrease, even below the reference range after heat inactivation (Figure 3).
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DISCUSSION
2019-nCoV infection mainly involves the respiratory
tract, and it also causes liver dysfunction, kidney injury,
and myocardial injury [8]. Therefore, it is of great sig-
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Figure 1. Correlation coefficient of 34 biochemical indexes between heated and unheated samples.

Figure 2. Linear regression expression of seven biochemical indexes with p ≤ 0.05 by t-test.
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Figure 3. Seven biochemical indexes’ statistical differences between heated and unheated samples.
Red dashed line: lower limit, Blue dashed line: upper limit.

nificance to detect the blood biochemical indexes of patients, which can continuously reflect the course of disease and the prognosis for recovery patients. According
to the Guideline for determination of biochemical indexes in serum on Roche cobas c501, the cap of the
EDTA-tube is removed during sample testing, which
may increase aerosol contamination and increase the
risk of infection for the environment and operators.
Therefore, virus inactivation of samples is needed before detection.
To the best of our knowledge, this is the first time that a
comparison of the 34 serum biochemical indexes between the heated and unheated samples was made. Our
results showed that 30/34 indexes were well correlated,
among which 28/30 has no significant difference. No
abnormal renal function indexes were noticed through
the whole process. There was a p < 0.05 of ALB by
t-test; however, the data had good correlation between
two groups and there was no abnormality beyond the
reference range. So, we believe this index is within acceptable limits, which may be related to the small number of samples. CO2CP can reflect the ability of respiration to regulate the acid-base balance [9]. As CO2 mole-
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cules have a strong dispersion ability, it is possible that
heating will accelerate the CO2 loss. Our assay of AST,
LDH, ALT showed no significant difference despite
more adverse effects reported by Bhagat et al. [10] and
Mak et al. [11]. This may be caused by differences in
analytical assays. Therefore, every clinical laboratory
should evaluate their own assays.
Biochemical analysis of CK, CK-MB, LDH, and αHBDH are biomarkers of myocardial damage and are
used as a potential adjunct test in clinical and forensic
medicine [12]. As recently reported, 2019-nCoV infection can also injur the cardiovascular system, especially
causing severe myocardial damage. Laboratory examination was accompanied by an increase in cTnt, CK,
and LDH [13]. Our data showed a significant difference
(p < 0.001) in statistics after heat inactivation in CK and
CK-MB levels, indicating that CK and CK-MB were
sensitive to heat and will be inhibited or degraded after
heating. Serum CK is relatively unstable, and the active
center contains easily oxidized cells. So, CK should be
determined as soon as possible after specimen collection [14]. In 1982, Fusae Kanemitsu reported the residual CK activity of the atypical CK after heating at 56°C
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for 60 seconds was 77% [15]. The indexes of LDH and
α-HBDH were stable and showed no significant difference after heating. In the evaluation of myocardial injury, more clinical diagnosis should be combined to
make a judgment. This is the first time the endocrine indexes insulin, C-peptide, and 25-OH VitD were evaluated. Our data showed insulin was inactivated and showed a significant decrease and poor correlation, which
suggests that for the detection of diabetic patients, attention should be paid to the impact of heat inactivation,
which has lost its clinical significance.
Our study reminded that it is critical to pay attention to
the myocardial enzyme CK and CK-MB level. The rapid decrease in the COVID-19 patients may be caused by
sample heat inactivation. The detection indexes showed
a large degree of decline, which would affect the clinical judgment, thus missing the abnormal indicators of
myocardial injury.
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