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Effect of Virus Inactivation by Heating on
Routine Clinical Laboratory Indicators in Serum
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SUMMARY

Background: Highly infectious viruses such as SARS-CoV-2, MERS-CoV, and Ebola virus represent a threat to
clinical laboratory workers. We aimed to investigate how virus inactivation by heating at 60°C for 1 hour affects
routine clinical laboratory indicators.

Methods: Each collected serum sample was separated into two aliquots, and various indicators were measured in
first aliquot after inactivation by heating at 60°C for 1 hour and in the second after room-temperature incubation
for 1 hour.

Results: Serological test results for 36 indicators remained mostly unaffected by heat inactivation, with a mean es-
timated bias of < 10%. By contrast, the results for alanine transaminase, pseudocholinesterase, creatine Kinase,
lactate dehydrogenase, cardiac troponin I, and myoglobin were affected by heat inactivation, with the mean esti-
mated bias here being > 20%, which was further increased in the case of the results for alkaline phosphatase, li-
pase, and creatine kinase isoenzyme MB. Immunological serological measurements showed good agreement ac-
cording to Kappa consistency checks after heat inactivation of serum. The results for alanine transaminase, pseu-
docholinesterase, creatine kinase, lactate dehydrogenase, cardiac troponin I, and myoglobin were significantly
correlated (r > 0.95) after heat inactivation, and after correction by using a regression equation, the results for the
indicators still retained a clinical reference value.

Conclusions: Inactivation by heating at 60°C for 1 hour exerts no marked effect on numerous routine biochemical
and immunological indicators in serum, but the detection values for certain items are significantly decreased. Our
method could serve as reference strategy for routine serological diagnostics in patients with suspected or con-
firmed infection with highly pathogenic viruses.
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Supplementary Tables and Figures

Table S1. Statistical description of 53 biochemical and immunological serological tests between non-inactivation and inacti-

vation group.

CAP
Statistical description dep\?igiegrgagi) Betwee(g/—;un &y evaluation
& 4 criteria
Baseline values n n N.O n- Inactivation p-value S I
inactivation level level
Enzymatic activity indicators
Alanine 3.00 - 224.00 2050 12.50 .
transaminase /L 10| (775 92.25) (5.75, 32.5) DDA | e -EalT | B3R e £
Aspartate 9.00 - 100.00 2350 225 o .
transaminase UL L e W T R =T GO I ORI = T I (e
Gamma-
7.00 - 126.00 19.00 15,50
glutamyl oL 0 | o o 0036 | -3158-2857 | 169 | 134 +3SD
transpeptidase
—— 20.00-19200 | 45 | g764+5551 6.20  3.39 0001 | -9440--7778 | 309 | 277 +30%
Phosphatase u/L
Pseudocho- 263-1239 1 15 | 5234289 418+251 <0001 | -59.70--16.86 | 351 | 214 +30%
linesterase KU/L
- 12.00 - 2437.00 96.00 3.00 .
Creatine Kinase UL 10 (27.00, 412.25) (2.00, 8.50) 0.005 -99.47 - 83.33 1.89 1.78 + 30%
Lactate 102.00 - 528.00 183.00 149.00 i .
Dehydrogenase 1U/L = (117.75, 370.25) (91.25, 324.75) UL w2 e 2l L2 2
15.00 - 1813.00 5450 5350 .
Amylase oL 10 | ooso 43125 | @s7eoasrs | 0007 | AL73-000 | 201 | 245 +30%
. 2.40 - 722.00 2150 9.00 .
Lipase s 0 | e e e 0011 | -9820-4000 | 655 | 400 +30%
Protein and ion indicators
Protein, Total 49'6%/'31'70 10 | 722441347 7049+11.90 | 0147 | -1047-312 | 195 | 209 +10%
Albumin 27'6%/'|_47'°° 10 | 4057+6.58 40.85 + 6.62 0272 | -150-357 247 | 203 +10%
Prealbumin 52'°(r’n'gj‘|(_)2'°° 10 | 2356+101.09 | 2306+97.15 | 0239 | -7.09-4231 | 178 | 244 NA
.. 0.62 - 24.05 5.46 5.13
Total bile acid umol/L 10 (2.46, 11.40) (2.55,11.08) 0.878 -9.76 - 26.66 6.81 6.40 NA
. 7.70-174.30 36.1 354 +0.4 mg/dL
Bilirubin, Total umol/L 10 (11.55, 50.1) (11.78, 50.48) 0.444 -5.76 - 3.23 242 251 or 20%
o 2.30 - 28.00 4.65 4.45 +0.4 mg/dL
Bilirubin, Direct g G T 0135 | -1571-435 | 262 | 321 "%tk
Carbon dioxide zoégn'of/i'“ 10 | 2571+3.79 2454 +4.21 0048 | -1380-298 | 483 | 434 +3SD
. 34.00 - 639.00 61.00 6150 +0.3 mg/dL
Creatinine umol/L 10 (50.00, 238.50) (5050, 244.75) 0.031 -2.00 - 3.33 2.71 1.78 or 15%
355 - 1850 4.95 ~ +6.0 mg/dL
Glucose - 10 | 43t 1o | 4870442.1018) | 0108 -3.86-2.91 220 | 216 |*80moK
Urea 171-2374 | 44 | gos+6.97 8.27+7.00 0173 -0.92-2.26 221 | 261 |E20mo/dL
mmol/L or 9%
Uric Acid 127'321(')336'00 10 | 316.00+173.04 | 31740417592 | 0285 | -2.15-1.29 201 | 257 +17%
Beta-hydroxy- 0.03-0.57 0.18 } )
el iRy 9805 10 | oot oag | 016004051 | 0064 | -3333-833 | 588 | 221 NA
Sodium 13260-166.60 | 14 | 14409+118 | 14478+1097 | 0709 | -2.90-1.18 078 | 080 Eadl
mmol/L mmol/L
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Table S1. Statistical description of 53 biochemical and immunological serological tests between non-inactivation and inacti-
vation group (continued).

CAP
o . Percentage Between-run CV .
Statistical description iy evaluation
deviation (%) (%) criteria
Baseline values n n N_on-_ Inactivation p-value Lo hilol
inactivation level level
Potassium 311-633 | 45 | 4444100 447 +1.10 0015 | -0.26-173 084 | 089 A
mmol/L mg/DI
Chloride 92501299 | 10 | 10684£1134 | 106641096 | 0666 | -3.12-149 078 | o081 +5%
Calcium L8 - Sl 10 2.30+£0.41 2.26 £0.39 0.028 -4.49 -1.18 1.91 2.01 £LU
mmol/L mg/dL
0.49 - 4.80 112 + 0.3 mg/dL
Phosphorus mmol/L 10 (0.72. 1.71) 1.16 (0.71, 1.62) 0.798 -7.19-10.20 3.20 224 or 10.7%
. 0.59 - 1.30
Magnesium 10 0.90 +0.23 0.91+0.22 0.309 -2.67 - 5.63 2.82 2.46 + 25%
mmol/L
Lipid indicators
. . 0.39-6.81 1.11 (0.58,
Triglyceride mmol/L 10 2.55) 1.11 (0.60, 2.58) 0.288 -2.06 - 15.38 1.18 1.28 + 25%
0.71-2.12
HDL Cholesterol mmol/L 10 1.36 +0.49 1.30+0.54 0.039 -23.38-2.11 2.19 2.64 +30%
1.70 - 4.99
LDL Cholesterol mmol/L 10 3.15+1.22 3.12+1.19 0.248 -2.94 -3.41 4.22 4.78 + 30%
154 -6.75
Cholesterol 10 422 +2.04 4.28 +2.07 0.032 -0.67 - 3.00 1.49 1.90 +10%
mmol/L
nflammatory indicators
C-Reactive 0.79 - 175.23 4.27
Protein mg/L 10 (1.03, 38.23) 4.24 (1.06, 38.42) 0.374 -2.25-3.88 5.07 5.07 +3SD
L 0.05-4.74 0.18
Procalcitonin ng/mL 10 (0.06. 0.93) 0.17 (0.04, 0.94) 0.080 -46.94 - 6.98 4.37 3.29 NA
. 2.16 - 222.12 60.18 34.89
Interleukin-6 pg/mL 10 (11.68, 112.06) (11.14, 94.87) 0.013 -64.93 - 0.40 211 4.38 NA
Myocardial injury indicators
B-type
. . 3.00 - 1219.00 197.50 172.50 +3SD
natrlqretlc ng/L 10 (36.75, 268.50) (485, 219) 0.037 -29.85 - 35.56 2.70 343 or 10%
peptides
Cardiac 0.01-7.88 0.07 0.06
troponin | ug/L 101 (0,03 053) (0.03, 0.23) BEd ) eBleasy | 4l ) Sl A
. 11.9-611.9 23.95 21.55
Myoglobin ug/L 10 (14.30, 113.63) (10.38, 93.53) 0.005 -58.39 - -6.63 3.79 3.14 NA
Creatine kinase 0.40 - 78.00 1.60 0.05
isoenzyme MB ug/L 10 (0.40 11.90) (0.00, 0.10) Bt | eBiEy - alBE | il s 2
Thyroid function indicators
Thyroid 1.26 - 8.17
Stimulating ’ mU/L 10 4.01+249 3.83+2.52 0.023 -13.53-0.75 3.46 4.94 +3SD
Hormone
Triiodothyro- 0.50-3.21
nine (T3 Total) Amol/L 10 1.70+0.75 1.58 + 0.66 0.024 -14.44 -16.00 3.97 5.23 +3SD
Thyroxine, Total | 80.30 - 168.17 _ + 1.0 pg/dL
(T4 Total) nmol/L. 10 122.7 + 28.27 131.93 +29.83 0.003 0.96 - 16.87 3.96 3.28 or 20%
Triiodothyronin 257-7.87
e Free (T3 Free) pmol/L 10 5.22+£1.35 5.60 £1.38 0.083 -7.99 - 21.29 3.22 3.02 +3SD
TP, (A2 | S0 =AU o | apeme e 12394554 | <0001 | -6.07-2385 | 632 | 6690 | +3SD
(T4 Free) pmol/L
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Table S1. Statistical description of 53 biochemical and immunological serological tests between non-inactivation and inacti-
vation group (continued).

CAP
_— i Percentage Between-run CV .
Statistical description deviation (%) (%) eval_uat_lon
criteria
. Non- . Low High
Baseline values | n n R Inactivation p-value
inactivation level level
Immune indicators
. < 2.00 - 597.60 8.37 9.13
Anti-HBs mIU/mL 10 (< 2.00, 108.62) (< 2.00,93.17) 0.138 -31.03 - 10.32 4.10 NA NA
0.46 - 5801.00 80.88 92.55
HBsAg s/CO 10 (0.58, 3310.25) (0.59, 3237.00) 0.541 -9.02 - 14.46 6.25 NA NA
. 0.00-1.61 1.00 0.91
Anti-Hbe S/CO 10 (0.00, 1.42) (0.00, 1.42) 0.498 -14.48 - 2.40 7.46 NA NA
0.09 - 1417 67.11 46.32
HBeAg i 10 | (010,137625) | (0.1, 1071.50) 0.016 -35.29 - 3.03 7.46 NA NA
. 0.01-3.34 0.69 0.67
Anti-HBc s/co 10 (0.01, 3.14) (0.01,3.2) 0.400 -7.69 -4.11 6.60 NA NA
. 0.03 - 105.30 1.24 1.08
Anti-HCV S/CO 10 (0.04, 33.81) (0.03, 37.88) 0.241 -27.03 - 28.39 4.44 NA NA
Anti-HIV-1/2
Antibody, -
Y 007 2% 10| 0142006 0.22 +0.06 0005 | 357-12016 | 411 | 283 NA
HIV-1 p24 SICO
Antigen
Syphilitic 0.06 - 166.60 17.23 16.57 ) )
specific antibody SICO 101 (0.06,71.42) @as summ | O || esbeamas | e N N
SARS-CoV-2 0.22-19.99 477 4.04
IgM S/CO 10 (0.22, 8.08) (0.19, 7.43) 0.005 -0.18 - -0.03 7.84 7.74 NA
SARS-CoV-2 0.14-39.03 6.33 6.39
19G S/CO 10 (0.30, 15.23) (031 13.52) 0.059 -0.14 -0.04 10.68 7.49 NA

CV - coefficient of variation, S/CO - signal-to cutoff ratio, HIV - human immunodeficiency virus, HCV - hepatitis C virus, HBV - hepatitis B
virus, Ag - antigen, Ab - antibody, SARS-CoV-2 - Severe Acute Respiratory Syndrome Coronavirus 2, NA - not available.
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