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Abstract
Background: A serology testing for infectious diseases (HIV, 
hepatitis B and C, syphilis) is mandatory in tissue donors. In 
many donors postmortem blood is the only sample avail-
able. Even though serological tests and nucleic acid amplifi-
cation tests (NAT) used are validated for postmortem blood, 
a characterization of those blood samples is not yet estab-
lished. We therefore investigated the total immunoglobulin 
G (IgG) content in postmortem blood of tissue donors and 
compared it to a corresponding antemortem blood sample. 
Methods: Ante- and postmortem blood samples were ob-
tained from 100 consecutive tissue donors. The total IgG of 
all samples was measured using an immune-turbidometric 
test on the AU 480 Chemistry Analyzer (Beckman Coulter). 
Results: The mean total IgG concentration of antemortem 
blood samples from all 100 donors was 8.9 g/L ± 3.7 g/L (me-
dian 8.9 g/L, range 1.5 to 23.8 g/L). In 80 donors the IgG con-
centration in the antemortem blood sample was within the 
normal range with values ≥6 g/L (mean 10.0 g/L ± 3.3 g/L, 
median 9.3 g/L,). The total IgG concentration of the postmor-
tem blood samples was lower with 7.2 g/L ± 3.2 g/L (median 
6.7 g/L, range 0.6 to 18.2 g/L). The difference between the 
values of the antemortem and postmortem blood samples 
was 1.7 g/L ± 2.6 g/L (16.3%) (median 1.6 g/L, range –7.7 to 

10.1 g/L). In 36 donors this difference was less than 10%, in 
23 it was between 10 and 25%, in 33 between 26 and 50%, 
and in 8 over 50%. In 57 donors the total IgG in the postmor-
tem blood sample was within the normal range with ≥6 g/L, 
in 53 of them also the value of the antemortem blood sample 
was within the normal range. No correlation for total IgG was 
found regarding the donor characteristics (age, sex, disease) 
and the sample characteristics (hemolysis, postmortem 
time). Conclusion: Total IgG values in antemortem samples 
were below the lower limit of 6 g/L in 20% of the cases. Total 
IgG was significantly lower in the postmortem samples com-
pared to the antemortem samples, while 57% were still 
above the lower limit. No correlation with the postmortem 
time could be found. This lowered IgG levels should be 
payed attention to when using postmortem blood for infec-
tious serology testing. Additional NAT testing should be con-
sidered. © 2021 S. Karger AG, Basel

Introduction

The demand for tissue transplants is still far behind 
meeting the needs. For example, Gain et al. [1] showed in 
their global survey in 2016 that only 1 cornea can be pro-
vided for 70 needed. With an aging population in devel-
oped countries, the need for corneas and other tissue 
transplants is expected to continue to grow. Last but not 
least, improved surgical techniques with better postop-
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erative functional results and thus an extended indica-
tion, such as Descemet membrane endothelial kerato-
plasty, play a major role in the increasing demand [2].

In order to minimize the risk of transmitting a disease 
from the donor to the recipient of a tissue transplant, the 
donor’s medical history is reviewed by a physician, phys-
ical examination is performed, and infectious serological 
testing is carried out. According to current guidelines, at 
least the determination of antibodies against the human 
immunodeficiency virus (anti-HIV-1 and -2), the hepati-
tis B and C virus (anti-HBc and anti-HCV) as well as 
against Treponema pallidum (TPHA and TPPA) is car-
ried out. In addition, the donor blood is tested for the 
surface antigen of the hepatitis B virus (HBsAg). Further-
more, testing for hepatitis C virus RNA is mandatory in 
Germany [3]. In addition, it is not uncommon for tissue 
donors to be tested for hepatitis B, hepatitis A, and HIV 
by nucleic acid amplification test (NAT), in analogy to 
blood donors, before the donated tissue is released for 
transplantation [4]. On the one hand, this is done to avoid 
a second serological blood test of the donor who donates 
tissue during lifetime (e.g., placenta for the extraction of 
amniotic membrane, femoral head donation in the con-
text of a femoral head endoprosthesis), which is manda-
tory due to the diagnostic window of these infectious dis-
eases, as this is associated with a certain amount of effort 
and would also mean a second blood sample collection 
from the tissue donor. On the other hand for tissue do-
nors who donate tissue after their death (e.g., cornea, 
bones), NAT testing is also useful, since severe diseases 
and their treatment, e.g., malignancies, autoimmune dis-
eases, or septicemia, of the donor can lead to immuno-
suppression and therefore a false negative serological test 
result. In order not to have to make an individual medical 
decision in the sense of a risk assessment, many tissue es-
tablishments carry out an extended diagnosis by means 
of NAT as standard.

The use of postmortem blood samples for infectious 
serology and NAT testing is permitted, as long as the tests 
used for this purpose are validated accordingly and the 
postmortem blood sample was obtained within a certain 
time window after death. In the member states of the Eu-
ropean Union this time is limited to a maximum of 24 h. 
Although scientific studies have been taken into account 
in setting this 24-hour period, there are studies that could 
allow a significantly longer period for obtaining postmor-
tem blood samples [5]. While the infectious serological 
testing of live blood samples in clinical routine, e.g., in the 
testing of blood donors, has been firmly established for 
many years with automated and validated procedures, the 
testing of postmortem blood samples continues to be 
rather the exception. Against the background that false 
negative test results must strictly be avoided, the estab-
lishment of the 24-hour limit for postmortem blood sam-

ples can certainly be seen as a regulatory compromise de-
cision. Unfortunately, this results in a relevant loss of tis-
sue donors for whom neither a live blood sample is 
available nor a blood sample can be obtained within 24 h 
after death. In the background of a significant shortage of 
tissue transplants described above, this is a relevant prob-
lem in the recruitment of tissue donors in many coun-
tries. It would therefore be desirable to have one or more 
objective laboratory parameters that would allow the suit-
ability of a postmortem blood sample to be determined 
independently of time. Immunoglobulins are protein 
molecules with antibody activity and are produced by the 
terminal cells of B-cell differentiation known as “plasma 
cells.” There are five classes of immunoglobulin: immu-
noglobulin G (IgG), IgM, IgA, IgD, and IgE. In normal 
serum, about 80% is IgG, 15% is IgA, 5% is IgM, 0.2% is 
IgD, and a trace is IgE [6]. The infectious serology testing 
is targeting especially IgG. Therefore, this study was per-
formed to determine and compare the total IgG in ante- 
and postmortem blood samples from the same tissue do-
nor.

Materials and Methods

From January to June 2020, ante- and postmortem blood sam-
ples could be obtained from 100 consecutive tissue donors from 
the university tissue bank of the Charité – Universitätsmedizin 
Berlin. For some of the donors, a second postmortem blood sample 
was obtained at a later date.

Antemortem Blood Samples
The antemortem blood samples are samples that are examined 

in clinical diagnostics – the tissue donors were all hospitalized be-
fore their death – and afterwards routinely kept refrigerated at 4 ± 
2  ° C for several days in the laboratory (Labor Berlin GmbH, Berlin, 
Germany). These samples are EDTA and lithium heparin blood 
samples (BD Vacutainer®, Becton, Dickinson and Company, 
Franklin Lakes, NJ, USA), which are stored upright after centrifu-
gation and testing. At the time of tissue donation, these samples 
were collected from the laboratory, transported refrigerated, and 
centrifuged again at 5,000 rpm for 5 min. The heparin or EDTA 
plasma was transferred into a sterile tube without additives (BD 
Vacutainer®) and stored below –20  ° C until the determination of 
total IgG, which in the majority of cases was performed together 
with the infectious serological testing. The samples were stored 
frozen for 1 to 4 days and thawed at room temperature on the 
morning of the day of measurement. For all samples, the time be-
tween blood collection and preparation in the university tissue 
bank was recorded in hours. This time corresponds to the ante-
mortem time of these blood samples.

Postmortem Blood Samples
The postmortem blood samples were taken at the time of tissue 

explantation. The subclavian vein was punctured with a large-lu-
men cannula. Postmortem coagulation and sedimentation phe-
nomena of the blood usually occur. As a result, it is not uncommon 
to obtain serum and not whole blood postmortem. Therefore, it 
cannot be excluded that pleural effusion is aspirated and mistaken 
for serum. In this study, therefore, only donors were included in 
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whom it was certain that the blood or serum could be obtained by 
means of the collection technique (e.g., depth of puncture). The 
blood samples were taken by experienced and qualified staff of the 
university tissue bank.

The blood was then transferred into serum tubes (S-Monovette® 
Serum Gel, Nümbrecht, Germany) and transported cooled togeth-
er with the donor tissues to the university tissue bank. There, cen-
trifugation and storage were performed, analogous to the ante-
mortem blood samples. The samples were stored in frozen condi-
tion for 7 to 30 days and thawed at room temperature on the 
morning of the day of measurement. For all samples, the time be-
tween patient death (irreversible cardiac arrest) and preparation in 
the university tissue bank was recorded in hours. This time corre-
sponds to the postmortem time of these blood samples. The col-
lection of the second postmortem blood sample and its prepara-
tion took place at a later time, otherwise identical as described 
above. The hemolysis of the postmortem blood sample was classi-
fied by an experienced staff member by visual inspection of the 
supernatant after centrifugation into three grades: no (1), low to 
moderate (2), severe hemolysis (3).

IgG Measurement
Total IgG was determined in the laboratory for infectious serol-

ogy of the Center for Transfusion Medicine and Cell Therapy Ber-
lin (ZTB – Zentrum für Transfusionsmedizin und Zelltherapie 
Berlin, Germany) at the AU480 Chemistry Analyzer (Beckman 
Coulter Ireland Inc., Clare, Ireland) with reagents of the test spec-
ification OSR64472. The principle is an immune-turbidometric 
test for the quantitative determination of IgG in human serum or 
plasma (EDTA or heparinized). Human IgG reacts specifically 
with anti-human IgG antibodies to yield insoluble aggregates. The 
absorbance of these aggregates is proportional to the IgG concen-
tration in the sample.

Tissue Donors
The 100 donors included in this study were postmortem tissue 

donors who all donated cornea and in 6 cases also bone. For all 
donors, medical contraindications for tissue donation were ex-
cluded before explantation. These include the presence of a hema-
tological neoplasia (e.g., leukemia, lymphoma), a hemodilution of 
more than 50% by transfusion or infusion, the presence or in-
creased risk of transmissible infectious diseases, neurodegenera-
tive diseases of unclear etiology, and unclear cause of death or un-
derlying diseases. Carcinoma and septicemia are no contraindica-
tions for cornea donation.

For this study, the causes of death of tissue donors were divid-
ed into the following categories:
•	 pulmonary/respiratory (e.g., pneumonia),
•	 cardiac/cardiocirculatory (e.g., heart failure, cardiovascular 

failure, myocardial infarction),
•	 cerebral (e.g., apoplex, intracerebral hemorrhage),
•	 multi-organ failure (e.g., metastatic carcinoma),
•	 and sepsis.

In addition, an assessment was made for a possible disease-re-
lated immunosuppression: presence of a carcinoma, chemothera-
py administered in the last 3 months, or presence of an autoim-
mune disease treated with immunosuppressive drugs.

Statistical Analysis
The data were collected for analysis using Excel and evaluated 

for descriptive statistics. All statistical analysis was performed us-
ing R 3.63 (ggplot2 for plotting), SPSS 26, and SAS 9.4M5.

To compare the mean difference of the samples we used the 
independent samples t test as well as the paired sample t test. The 
significance level was set to 0.05, which means p values ≤0.05 were 

considered to be significant. The data was generally corrected for 
outliers. The assumption of normality was tested by Shapiro-Wilk 
(p > 0.05). In cases were the assumption of normality was violated, 
we checked whether the sample size was big enough to compensate 
for that – in order to reach an approximate normal distribution of 
the sample mean. The assumption of homogeneity of variances 
was tested with Levene’s test for equality of variances (p ≤ 0.05). 
We calculated the exact p values and confidence intervals (CI) with 
corresponding t values.

In order to investigate the effect of time (postmortem time of 
measurement) on the size of difference in IgG we used a linear re-
gression model. In general, the assumption of homoscedasticity 
was checked via a scatterplot of standardized predicted values ver-
sus standardized residuals. Whether residuals were normally dis-
tributed was assessed by checking the corresponding Q-Q plot. 
Model fit was assessed via R2 and outlier detection was based on 
Cook’s distance.

The difference was defined as “difference IgG (antemortem) – 
IgG (postmortem)” and consequently a positive difference meant 
a reduction and a negative difference an increase in the IgG level. 
More precisely, we used a (simple) linear regression model: “dif-
ference” was the dependent while time (postmortem time of mea-
surement) was the (only) independent variable.

We tested this model based on four different pre-selections of 
the samples (1st: consider all 100 samples, given the first postmor-
tem time; 2nd: consider only non-negative differences, given the 
first postmortem time; 3rd: consider all 100 samples, given the first 
and where possible the second postmortem time; 4th: consider 
only non-negative differences, given the first and where possible 
the second postmortem time).

Results

The donor characteristics are shown in Table 1. The 
mean total IgG concentration of antemortem blood sam-
ples from all 100 donors was 8.9 ± 3.7 g/L (median 8.9 g/L, 
range 1.5 to 23.8 g/L). In 80 donors the IgG concentration 
in the antemortem blood sample was above the lower ref-

Table 1. Donor characteristics (n = 100)

Age, years
Mean ± SD
Median (IQR)

75.2±9.3
77.0 (69–82.5)

Postmortem time, h
Mean ± SD
Median (range)

25.9±12.3
24 (6–64)

Sex
Female
Male

32
68

Cause of death
Pulmonal/respiratory
Cardiac/cardiocirculatory
Cerebral
Multi-organ failure
Septicemia

26
23
14
12
25

Carcinoma
Chemotherapy up to 12 weeks before death

43
9

Autoimmune disease 6
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erence value of ≥6 g/L (mean 10.0 ± 3.3 g/L, median 9.3 
g/L). In 20 donors the mean value was reduced with 4.5 ± 
1.2 g/L (median 4.8 g/L). There was no correlation be-
tween the IgG values and the antemortem time of these 
blood samples. In the blood samples with IgG values 
above the lower reference value the mean antemortem 
time was 46.7 ± 28.6 h (median 40.5 h), while in the blood 
samples with diminished total IgG value it was 36.3 ± 28 
h (median 33 h).

The mean total IgG concentration of the postmortem 
blood samples was 7.2 ± 3.2 g/L (median 6.7 g/L, range 
0.6 to 18.2 g/L), which is significantly lower than in the 
antemortem blood samples (p < 0.0001, CI 1.18 to 2.24, t 
value = 6.46). The difference between the values of the 
antemortem and postmortem blood samples was on aver-
age 1.7 g/L ± 2.6 g/L (reduction by 16.3%) (median 1.6 
g/L; range –7.7 to 10.1 g/L). In 36 donors this difference 
was less than 10%, in 23 it was between 10 and 25%, in 33 
between 25 and 50%, and in 8 over 50%.

In 56 donors the total IgG in the postmortem blood 
sample was within the normal range with ≥6 g/L, in 53 of 
them the value of the antemortem blood sample was 
above the lower reference value. In the samples with nor-
mal IgG values the mean postmortem time was 24.8 ± 
11.9 h (median 23.5 h, range 6 to 58 h). In the group of 44 
donors with a reduced IgG value in the postmortem blood 
sample, the mean postmortem time was 27.1 ± 12.9 h 
(median 24 h, range 9 to 64 h). There was no statistically 
significant difference in the postmortem time (p = 0.143, 
CI –1.1 to 7.5, t value = 1.48).

Likewise, no correlation was found with the degree of 
hemolysis of the postmortem sample (in the group with 
normal values on average 1.9, in the group with reduced 
values 2.3).

In the group of 29 donors in whom a second post
mortem blood sample was obtained at a mean interval of 
26.9 h from the first postmortem sample, the mean total 
IgG value (i) in the antemortem blood sample was 8 ± 3.4 
g/L (median 8.1 g/L), (ii) in the first postmortem blood 
sample was 6.9 ± 3.1 g/L (median 5.9 g/L), and (iii) in the 
second postmortem blood sample was 5.5 ± 2.7 g/L (me-
dian 5.4 g/L). In all cases the IgG concentration in the 
second postmortem blood sample was lower than in the 
first postmortem sample. This difference was on average 
1.8 g/L (25.4%). However, no correlation with postmor-
tem time could be found: in the 7 donors where the dif-
ference in total IgG between the first and second post-
mortem blood samples was less than 10%, the second 
sampling took place on average 44.6 ± 8.9 h after irrevers-
ible cardiac arrest, in the other 22 donors with more than 
10% reduction in total IgG this was the case after 51.6 ± 
19.4 h.

Figure 1 illustrates the distribution of IgG level differ-
ences (“difference IgG [antemortem] – IgG [postmor-
tem]”) versus the postmortem time of all blood samples 
(scatter plot). According to the results of the 1st setting of 
our model, the postmortem time did not significantly pre-
dict the difference in IgG concentration (F(1,94) = 3.76,  
p = 0.056, R2 = 0.04). Table 2 compares the total IgG values 
of ante- and postmortem blood samples with donor char-

Fig. 1. Postmortem time (in hours) in terms of the difference between ante- and postmortem IgG levels (in g/L) 
for all samples. The results for the 71 donors with only one postmortem blood sample are shown with a black 
dot. For the 29 donors with two postmortem blood samples, the differences are displayed with a grey dot for the 
first sample and a white dot for the second sample.
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acteristics such as age, cause of death, and the presence of 
carcinomas or autoimmune diseases. Multiple regression 
analysis to investigate these possible factors influencing 
the postmortem drop in IgG levels was not performed (a) 
since we were not able to establish a significant linear re-
lationship between time and the difference in IgG and (b) 
due to the small number of cases in the respective groups 
(causes of death) and the considerable variance in IgG lev-
els measured in the postmortem specimen.

As the antemortem blood samples were samples for 
routine clinical diagnostic, only EDTA and heparin plas-
ma was available. No statistically significant difference for 
the type of antemortem plasma could be found compar-
ing the IgG values in EDTA and heparin samples in total 
and in the groups with values < and ≥6 g/L (p = 0.128,  
CI –0.27 to 2.08, t value = 1.5; p = 0.632, CI –0.87 to 1.42, 
t value = 0.5; p = 0.515, CI –0.51 to 0.98, t value = 0.67).

Discussion

To the best of our knowledge, this is the first study that 
quantitatively examines and compares total IgG in ante- 
and postmortem blood samples from tissue donors. In 80 
and thus the majority of the 100 donors examined, the 
value of the antemortem blood sample was within the 
normal range. In 53 of them, the value of the correspond-
ing postmortem blood samples was also within the nor-
mal range. A correlation between donor characteristics 
and the age of the blood sample was not recognizable. We 
think it is therefore not possible to draw any reliable con-
clusions about the immunoglobulin value from the dis-
eases of the donors, their age, sex, or age of the blood 

samples. The total IgG values were lower in the postmor-
tem samples. In the donors in whom a second blood sam-
ple was obtained postmortem, the IgG concentration was 
further reduced. The postmortem time was not the deci-
sive influencing factor. Consequently, there must be oth-
er influencing factors, but these remain unclear to us after 
this first examination.

The total IgG values of the examined tissue donors, 
who mainly died after a longer-lasting and severe course 
of a disease, are comparable to the distribution found in 
patients with severe sepsis or septic shock by Dietz et al. 
[7] and could therefore be considered representative for 
severely ill patients. The serum IgG levels of the septic 
patients in the work of Dietz et al. [7] were not correlated 
with mortality, which would suggest that we have not 
found a correlation with cause of death.

Freezing and storage at –20  ° C of the plasmas in our 
study most likely has no negative effect on the IgG level. 
Siennicka et al. [8] were able to show that even repeated 
freezing and thawing of serum samples up to 10 times had 
no negative effect on IgG stability.

Edler et al. [5] found in their 2011 study a reliable de-
tection of IgG antibodies against HCV, HBV, and HIV up 
to 48 h postmortem without false negative test results. 
They therefore assumed a high stability of the corre-
sponding immunoglobulins. This is in line with the re-
sults of our work with slightly more than 50% of the do-
nors with normal IgG in the first postmortem blood sam-
ple after 24.8 h on average and the average value of 5.5 g/L 
close to the lower limit in a second postmortem blood 
sample after about 42 h.

In 2006 Challine et al. [9] described that the macro-
scopic aspect of postmortem blood samples is the best 

Table 2. Total IgG content in g/L (±SD)

Antemortem blood Postmortem blood p value

Total concentration 8.9±3.7 7.2±3.2 <0.0001
Age

≤60 years (n = 11)
60 to 80 years (n = 49)
≥80 years (n = 40)

8.5±2.9
8.5±3.7
9.4±3.9

5.8±2.6
7.0±3.3
7.8±3.2

<0.0002
<0.0007
<0.0001

Cause of death
Pulmonary/respiratory (n = 26)
Cardiac/cardiocirculatory (n = 23)
Cerebral (n = 14)
Multi-organ failure (n = 12)
Septicemia (n = 25)

9.2±3.5
7.9±2.7
8.5±3.6

11.7±5.2
8.3±3.6

8.0±3.4
7.2±3.1
7.1±3.4
8.2±3.1
5.9±2.8

0.005
>0.3
<0.007

–
<0.0001

Carcinoma
No carcinoma (n = 57)
Carcinoma (n = 43)

Chemotherapy up to 12 weeks before death (n = 9)

8.3±3.3
9.6±4.1
9.6±4.2

7.2±3.2
7.2±3.2
8.0±3.7

<0.0008
<0.0001
<0.022

Autoimmune disease
No autoimmune disease (n = 94)
Autoimmune disease (n = 6)

8.9±3.7
9.0±4.4

7.2±3.3
7.4±2.0

<0.0001
0.2
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predictor of the specificity of serological testing in cornea 
donors. We found no correlation between the degree of 
hemolysis and the IgG value in postmortem blood sam-
ples. The phenomenon of false positive serological test 
results seems to be related with the degree of hemolysis, 
but not directly with the IgG content [9].

The antemortem blood samples used from the tissue 
donors came from the routine clinical laboratory, which 
mainly uses EDTA and heparin plasma for its diagnostics. 
Serum samples were therefore not available. The mea-
surement method used to determine IgG is suitable and 
validated for the use of such materials. Accordingly, we 
found no statistically significant difference in IgG con-
centrations for these different plasma types. From the re-
sults of our study we conclude that the IgG level is basi-
cally a suitable parameter to assess the suitability of a 
blood sample for serological testing. If its total IgG value 
is within the normal range, specific fractions should also 
be detected with the infectious serology tests without any 
problems. If this value is lowered, also by hemodilution, 
it is more likely that specific IgG antibodies are present 
but below the detection limit of the test.

With regard to false negative serological test results, 
which must be strictly avoided in order to ensure the safe-
ty of the tissue transplant recipients, the average lowered 
total IgG in the postmortem blood sample compared to 
the antemortem value and the only 50% normal values in 
the donors in our study is remarkable. The problem of 
false negative serological test results and thus possible 
transmission is well known for hepatitis C in tissue do-
nors [10, 11]. This is one of the reasons why the determi-
nation of HCV RNA by NAT is mandatory in tissue do-
nors in Germany.

Due to the possible and unpredictable lowered total 
IgG levels in pre- and postmortem blood samples in our 
study, routine NAT testing for HCV, HBV, and HIV 
seems to be reasonable. Already in 2010, a review paper 
by Pruß et al. [12] came to the recommendation to test 
tissue donors more frequently by NAT. Even if antemor-
tem blood samples remain the preferred method for do-
nor testing, validated NAT systems are now also available 
for postmortem blood samples [13, 14].

We think that further studies are useful investigating 
the IgG content to find donor-related influencing factors, 
since the number of subjects in our study is rather low. 
Additionally the investigation of other parameters char-
acterizing the protein content of the plasma sample seems 
to be of interest to us.
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