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Abstract

Forensic diagnosis of anaphylactic shock is a challenging task in forensic practice due to the lack of characteristic morpho-
logical changes. Postmortem analysis of serum IgE can provide helpful information for determining anaphylaxis. However,
postmortem serum always suffers from hemolysis. To investigate the interference of hemolysis on postmortem analysis of
total IgE by electrochemiluminescent immunoassay (ECLIA) and verify the suitability of the commercially available ECLIA
kit for postmortem hemolyzed blood with the dilution-correction method, different levels of hemolyzed serum were prepared
to evaluate the interference of hemolysis. A linear regression analysis was then performed on the concentration of total IgE
in the completely hemolyzed blood and the corresponding serum. Our results indicated that hemolysis negatively interfered
with the total IgE analysis by ECLIA and the interference (IBias%l) increased with increasing levels of hemolysis. After
controlling for IBias%l by dilution, the test concentration of total IgE in the completely hemolyzed blood was still significantly
lower than that in the serum (P < 0.05) and resulted in eight false-negative cases. A strong correlation was observed between
the test concentration of total IgE in the completely hemolyzed blood and that in the serum (r=0.983). After correction by
the regression formula, the corrected concentration revealed no significant differences and exhibited the same diagnostic
ability, compared with the serum total IgE concentration. These results indicate that the completely hemolyzed blood is not
recommended for postmortem analysis of total IgE directly. The dilution-correction method might have potential utility in
forensic practice for evaluating serum total IgE concentrations.

Keywords Forensic medicine - Hemolysis - Postmortem biochemistry - Postmortem serum - IgE - Electrochemiluminescent
immunoassay

Introduction

Anaphylactic shock is a rapid and fatal multisystem syn-
drome, and its forensic diagnosis is a challenging task for
forensic pathologists in practical work due to the lack of
characteristic morphological changes [1-3]. Previous reports
have indicated that serum biomarkers, such as specific and
total immunoglobulin E (IgE), tryptase, chymase, and his-
tamine, are useful for postmortem diagnosis of anaphylaxis
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[4-10]. As a key mediator of classic IgE-mediated anaphy-
laxis, IgE is often used as one of the indicators for the diag-
nosis of anaphylactic diseases in both clinical and foren-
sic medicine [11]. Clinical studies have demonstrated that
hemolysis interferes with the measurement of multiple indi-
cators and that hemolyzed samples are not suitable for bio-
chemical analysis in clinical laboratories [12—15]. However,
in forensic practice, blood samples always suffer from irre-
versible hemolysis due to postmortem changes, even within
a short postmortem interval (PMI) [16], which induces una-
vailable or unsuitable serum for postmortem biochemical
analysis of IgE. As a result, it is necessary to investigate
the interference of hemolysis on the postmortem analysis of
serum IgE, and effective methods of reducing the interfer-
ence in hemolyzed blood samples should be identified.

The commercial electrochemiluminescent immunoas-
say (ECLIA) kit has been applied as a clinical measure-
ment method for the biochemical analysis of IgE [17, 18].
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Compared with the traditional enzyme-linked immunosorb-
ent assay (ELISA) method, ECLIA has lower background
noise and detection limits for analytes [14]. Clinical studies
have shown that ECLIA exhibits good anti-interference abil-
ity against hemolysis in the measurement of various indica-
tors and drugs, including the current new coronavirus pneu-
monia virus (COVID-19) antibody test [19-23]. However,
no forensic reports are available on the postmortem analysis
of IgE in hemolyzed samples with ECLIA.

Therefore, the present study first aims to investigate the
interference of hemolysis on the analysis of total IgE with
ECLIA by using different levels of hemolyzed serum, and
subsequently further verify the suitability of the commer-
cially available ECLIA kit for the postmortem hemolyzed
blood samples with the dilution-correction method.

Materials and methods
Sample collection

Forty-nine autopsy cases (30 males and 19 females) with a
mean age of 46.8 years (range 19-92 years) in the School
of Forensic Medicine, China Medical University from 2017
to 2019 were included. The causes of death, which were
diagnosed by three blinded forensic pathologists, included
hemorrhage shock, hanging, mechanical asphyxia, trau-
matic shock, poisoning (alcohol and carbon monoxide),
pneumonia, and cardiovascular and cerebrovascular acci-
dents. No individuals died from anaphylactic shock. Com-
prehensive medico-legal autopsies were undertaken for
each case within a PMI of 48 h, and nonhemolyzed blood
samples were collected from the left ventricle via incision
at the aortic root using a Pasteur pipette. For each of the 49
included cases, the serum sample was obtained from 1 ml
of nonhemolyzed blood following centrifugation at 3000 g
for 20 min, and another 2 ml of the nonhemolyzed blood
was frozen at—20 °C and slowly thawed at room tempera-
ture (approximately 24 °C) for five cycles to prepare the
completely hemolyzed blood sample. The serum and com-
pletely hemolyzed blood samples were stored at — 80 °C for
biochemical analysis of total IgE. For six of the 49 included
cases, 20 ml of nonhemolyzed blood from each case was col-
lected to prepare the concentrated hemolyzed blood for use
in the different levels of hemolyzed serum samples accord-
ing to the previous methods [24]. The flow diagram of the
study design is shown in Fig. 1.

Preparation of concentrated hemolyzed blood
samples

Twenty milliliters of the nonhemolyzed blood from each of
six cases was centrifuged at 3000 g for 10 min. All the upper
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serum was collected as the serum for total IgE analysis and
preparation for different levels of hemolyzed serum sam-
ples. The lower blood cells were mixed with normal saline
solution to a total volume of 50 ml, and then, the mixture
was centrifuged at 3000 g for 10 min. The lower blood cells
were collected, and the supernatant was discarded. After
five cycles of mixing-centrifuging-discarding, the total IgE
concentration in the final discarded supernatant could not
be measured by ECLIA (< 0.1 IU/mL). The blood cells col-
lected in the last round (approximately 10 ml) were vortexed
and hemolyzed artificially by ultrasonication (500 Watts,
20 kHz, 5 min), and the concentrated hemolyzed blood sam-
ple was successfully prepared (Fig. 2). The concentrations
of hemoglobin in these six concentrated hemolyzed blood
samples were determined.

Preparation of different levels of hemolyzed serum
samples

Hemoglobin concentration was employed to evaluate the
degree of hemolysis. A total volume of 200 pl mixture
composed of different ratios of concentrated hemolyzed
blood and the corresponding serum was prepared, which
contained seven hemolyzed levels with hemoglobin concen-
trations from 10 to 200 g/L. The volume of the concentrated
hemolyzed blood in the mixture is shown in Table 1. The
total IgE concentrations were determined in different levels
of hemolyzed serum samples.

Biochemical analysis

The total IgE concentration was determined with a commercial
ECLIA kit (electrochemiluminescent method, Roche Diag-
nostic GmbH, Mannheim Germany) using a Roche automatic
electrochemiluminescent immunoassay analyzer (Cobas e411,
Roche Diagnostic GmbH, Mannheim Germany). The hemo-
globin concentration was analyzed with Van Kampen-Zijlstra’s
reagent (cyanmethemoglobin method, Zhongshan Institution
of Tianjin Modern High-Tech Research Institute, Tianjin
China) using a UV spectrophotometer (UV-1800, Shimadzu
Corporation, Kyoto, Japan).

Statistical analysis
With reference to the previous study, Bias% was used as an

indicator to assess the interference of hemolysis on the analysis
of total IgE by ECLIA. The formula for Bias% is as follows:

V\\CI‘UI
Ccalcu]ation = Cserum X TOHIU/WZI
. Cro=Contontas
BlaS% — m& caloulation ¢ 100%
calculation
where C,,, represents the concentration of total IgE in the

corresponding serum, which was subsequently added to the
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Fig. 1 Flow diagram of the
study design
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mixture of different levels of hemolyzed serum samples;
Verum T€presents the volume of the added serum, which can
be calculated with the data presented in Table 1; and C
represents the test concentration of total IgE in samples with
different levels of hemolyzed serum [24, 25].

A linear regression analysis was conducted to analyze
the correlation between the test concentrations of total IgE
in the completely hemolyzed blood and that in the corre-
sponding serum. The Wilcoxon signed-rank test was used
to evaluate the difference in total IgE concentration among
the paired samples. SPSS 20.0 (SPSS Inc., Chicago, IL)
was used to perform the statistical analysis, and P <0.05
was considered statistically significant.
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Results

Interference of hemolysis on the analysis of total IgE
by ECLIA

To evaluate the interference of hemolysis on the biochemical
analysis of total IgE by ECLIA, gradient hemolyzed serum
samples were prepared. The color of the different levels of
hemolyzed serum gradually became redder and darker as
the hemoglobin concentration increased, and the transpar-
ency gradually decreased. The test concentration of total
IgE in the mixture (Cy) was lower than the corresponding

calculation concentration (Cycyiaion)> and [Bias%l increased
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Table 1 Volume of concentrated hemolyzed blood in the mixture (ul)

Different levels Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Total volume

of hemoglobin  (hemoglobin: (hemoglobin: (hemoglobin: (hemoglobin: (hemoglobin: (hemoglobin:

(g/L) 239.64 g/L) 204.87 g/L) 222.2 g/L) 252.87 g/L) 215.62 g/L) 232.90 g/L)

10 8.3 9.8 9.0 7.9 9.3 8.6 Mixed with the

20 16.7 19.5 18.0 15.8 18.6 17.2 f:orrespond—

50 41.7 48.8 45.0 39.5 46.4 429 & serum
(Veerum) UPp to

100 83.5 97.6 90.0 79.0 92.8 85.9 a total volume

120 100.2 117.1 108.0 94.9 111.3 103.0 of 200 ul

150 125.2 146.4 135.0 118.6 139.1 128.8

200 166.9 195.2 180.0 158.2 185.5 171.7

with each increase in the level of hemolysis. These observa-
tions indicate that hemolysis negatively interfered with the
analysis of total IgE by ECLIA and that the more severe
hemolysis corresponded to the greater interference (Fig. 3).
The test concentrations (C,), calculation concentrations
(C.atculation)> and Bias% values are shown in Table 2.

Linear regression analysis of total IgE
concentrations in the completely hemolyzed blood
and serum

Given the fact that hemolysis negatively interfered with the
analysis of total IgE performed with a commercially avail-
able ECLIA kit, we further investigated whether dilution
of the completely hemolyzed blood can be used to estimate
the level of total IgE in the serum. Due to the lack of quality
control standards for postmortem biochemical analysis, a
IBias%I value within 10% was considered acceptable, accord-
ing to previous relevant clinical research [26]. Based on the
Bias% shown in Table 2, all the 49 completely hemolyzed
blood samples (HB: 136.18 +-44.28 g/L) were diluted auto-
matically on a Roche Cobas e411 with a ninefold volume
of Diluent Universal (Roche Diagnostic GmbH, Mannheim
Germany) to keep the final hemoglobin concentration less
than 20 g/L (HB: 13.62+4.43 g/L). Then, the concentrations
of total IgE in the serum and diluted completely hemolyzed
blood were tested. After obtaining the final test concentra-
tion of the completely hemolyzed blood by multiplying the
total IgE concentration in the diluted blood by 10, the results
showed that the final test concentration of total IgE in the
completely hemolyzed blood (range: 1.65-532.00 IU/mL,
median: 20.24 IU/mL) was still significantly lower than that
in the serum (range: 3.53-955.70 IU/mL, median: 41.04 TU/
mL) (P <0.05), which indicate that only dilution of the com-
pletely hemolyzed blood cannot be used to estimate serum
IgE levels.

A linear regression analysis was subsequently carried
out for all the 49 cases. The results revealed that the test
concentrations of total IgE in the completely hemolyzed
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blood (x) exhibited a strong correlation with those in the
corresponding serum (y), and the regression formula was
y=1.7099x+ 15.69 (r=0.983) (Fig. 4). Then, we used
the regression formula to correct the test concentration of
total IgE in the completely hemolyzed blood and obtained
the corrected concentration (range: 19.44-924.48 TU/mL,
median: 51.16 IU/mL), which showed no significant differ-
ence with the concentration of total IgE in serum (P=0.435)
(Fig. 5). These observations preliminarily confirmed the fea-
sibility of using the corrected concentrations obtained by
the dilution-correction method to estimate serum IgE levels.

Diagnostic ability of the test and corrected
concentration of completely hemolyzed blood

To further verify the effectiveness of the corrected concen-
tration, the forensic diagnostic abilities of total IgE in the
serum, completely hemolyzed blood, and the corrected con-
centration were compared. According to Lara Tran’s study,
which regarded a postmortem level of 60 IU/mL as the cutoff
value of serum total IgE, 20 of 49 cases showed a risk for
atopic disposition or sensitivity to an allergen [10]. As a
result, positive and negative serum total IgE was observed

40
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v case4
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j@ 20 O case6
@
10-
0_

10 I 100 120 150 200

Hemoglobln concentration (g/L)
in different levels hemolyzed serum

Fig.3 IBias%! of total IgE in different levels of hemolyzed serum
tested by ECLIA (n=6 in each group)
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S in 20 and 29 cases, respectively. Eight false-negative
38 2% E u“ﬁ cases (concentration of total IgE > 60 IU/ml in the serum
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€zz a =g 4 Zq but < 60 TU/ml in the completely hemolyzed blood) occurred
g f et 2 . . . .
s § c8d & o= 5 = D with the direct use of the test concentration of total IgE in
. o~ .
N I the completely hemolyzed blood. However, the corrected
_ _ concentration of total IgE showed the same diagnosis result
E E o as that of serum, indicating that the corrected concentration
S . . . .
5\ § B g’ = g obtained by the dilution-correction method had the same
<t @ ke 1 : . . . oqe
a g %l 8 % e a forensic diagnostic ability as serum.
D2 22 X3a
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£ &K :ﬂ T measurement of multiple biomarkers [12-15] for the fol-
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§' ﬁ -;5' i = § = lowing main reasons. First, the released intracellular sub-
glgs ¢d8 FT=< stances from blood cells impact the progress of the assay.
In severely hemolyzed postmortem samples, the main
= ) s intracellular substance is hemoglobin, which has a strong
g‘ ] bl ©° absorbance peak in the spectrum, and a high concentration
E” ;:r 5 ; E ¢ g of hemoglobin also interferes with the binding of antigens
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§ E ‘f ! E H é i and antibodies [27]. Second, in severe hemolysis, the intra-
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.E olgs 2F « i T cellular substances released from blood cells may affect the
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% 2 g 5 is more serious due to the effects of postmortem changes.
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& By Z3 %9 analysis of total IgE by ECLIA. As the level of hemolysis
2|8|ls8 &8 171 increased, the IBias%l| of total IgE in the hemolyzed blood
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Fig.4 Linear regression analysis of total IgE concentrations in the
completely hemolyzed blood and the corresponding serum (n=49)

study used Bias% as an indicator to evaluate the interfer-
ence of hemolysis. After a tenfold dilution of the completely
hemolyzed blood to a final hemoglobin concentration less
than 20 g/L, IBias%| was controlled to less than 10%. The
test concentration of total IgE in the completely hemolyzed
blood was still approximately twofold lower than that in the
corresponding serum (P <0.05). In addition, eight false-
negative values appeared in the completely hemolyzed
blood. Regarding the results of the present study and the
interference of hemolysis, we speculate that the release of
intracellular substances from blood cells may contribute to
the dilution of total IgE in the serum, which is similar to the
decrease of sodium in postmortem samples [28]. Therefore,
the results can be considered positive if the test concentra-
tion of total IgE in the completely hemolyzed blood obtained

N.S.
r ” 9
1000
900 T -
600 I I
500 ¥
o 150 1
E
2
w 1004
2 3.53-955.70 H9.44-924.4
I (41.04) (51.16)
5]
= 1.65-532.00
(20.24)
ol I . —
T ! T
Serum Completely  Corrected value

hemolyzed blood

Fig.5 Concentration of total IgE in the serum and completely
hemolyzed blood, and the corrected concentration (n=49 in each
group). Data in the boxes are presented in a range (median). *There
was a statistically significant difference between the test concentra-
tion of total IgE in completely hemolyzed blood and that in serum
(Wilcoxon signed-rank paired test, P <0.05). N.S., no significance
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through ECLIA is higher than the cutoff value. However,
false-negative values cannot be excluded if the test concen-
tration in the completely hemolyzed blood is lower than the
cutoff value. Consequently, the test concentration of total
IgE in completely hemolyzed blood is not recommended for
direct use in forensic diagnostics.

The concentration of total IgE corrected by the regres-
sion formula showed no significant difference with the total
IgE in serum (P> 0.05) and exhibited the same diagnostic
ability as serum. Therefore, we believe that the corrected
concentration can be used to evaluate the concentration of
total IgE in serum for diagnostics when hemolysis is severe
and serum is not available.

Certain limitations were observed in the present study.
First, the number of included cases was relatively small.
More samples will lead to a better regression analysis, and
the corrected concentration will be more accurate. How-
ever, we believe that the method in the present study for the
evaluation of serum total IgE concentrations from completely
hemolyzed blood samples of these 49 cases is effective. Sec-
ond, as we discussed above, in addition to the influence of
hemoglobin and other interfering substances, the dilution of
serum caused by the release of intracellular substances also
leads to hemolysis-induced interference on the analysis of
total IgE [13, 27, 29]. We believe that hematocrit (HCT), an
indicator that reflects the proportion of red blood cells in the
volume of whole blood, may act as another useful correction
factor [33, 34]. Regrettably, because of the equipment limita-
tions in our laboratory, the influence of HCT was not investi-
gated in the present study. Therefore, the regression formula
should be established according to the different situations in
each laboratory.

In conclusion, the present study demonstrated that hemoly-
sis negatively interferes with the biochemical analysis of total
IgE by ECLIA and that more severe hemolysis corresponds to
greater interference. Therefore, completely hemolyzed blood is
not recommended for direct postmortem analysis of total IgE,
and the corrected concentrations obtained by the dilution-cor-
rection method might be of potential utility in forensic practice
for evaluating serum total IgE concentrations. Although fur-
ther studies may be needed, this pilot study provides a possible
method for total IgE analysis in postmortem hemolyzed blood.
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