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ABSTRACT

Aims: To assess potential changes of pharmacological 
activities of a novel normal immunoglobulin for 
intravenous administration from pooled normal plasma 
(IVIG).

Methods: We assessed the impact of the SARS-CoV-2 
pandemic on the level and activity of pathogen-specific 
antibodies in IVIG batches produced before and during 
the pandemic. Antibody levels were determined by 
immunoassays. The functional activity of SARS-CoV-2 
antibodies was determined by in vitro neutralization.

Results: In the IVIG, the antibody titer against bacteria, 
different viruses and a fungus were found to be in a defined 
range, whereas titers to common pathogens remained 
consistent over time, the level of antibodies to SARS-
CoV-2 have increased within two years after onset of the 
pandemic to levels comparable to a hyperimmunoglobulin 
preparation. These antibodies could neutralize SARS-
CoV-2 and cross-react with other coronaviruses.

Conclusion: Increasing titers of SARS-CoV-2 antibodies 
might be beneficial for special vulnerable patient groups.
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INTRODUCTION

Several hundred different, very rare genetic defects 
can be the cause of primary immunodeficiency, which 
often are only recognized in adulthood through the 
occurrence of frequent, particularly severe or even life-
threatening infections. Secondary immunodeficiency 
occurs more frequently and is becoming more common. 
It can be caused, for example, by specific viruses [human 
immunodeficiency virus (HIV)] or by certain therapeutic 
agents, for example, successful immunotherapy, as 
a complication of the cytotoxic agents used in cancer 
treatment. On the one hand, immunosuppressants used 
in transplantation medicine to improve the recipient’s 
tolerance to the transplant. On the other hand, unusual 
infections occur frequently in all acquired immune 
deficiency diseases.

For patients with primary immunodeficiency with 
antibody deficiency, immunoglobulin substitution is the 
therapeutic standard. In secondary immunodeficiency, 
prophylactic antimicrobial therapy is usually the first 
choice. Vaccinations can reduce the risk of infection. 
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Antibody substitution is mainly considered for those 
patients in whom infections nevertheless become 
critically severe or frequent, antibody levels are low (<4 
g/L) and there is no adequate vaccine response.

Human immunoglobulin preparations from human 
plasma are used for substitution therapy. They contain 
highly purified IgG from plasma coming from healthy 
donors. Complementary immunological mechanisms 
contribute to the anti-bacterial [1] and anti-fungal activity 
of IVIG [2], e.g., through bacterial cell lysis via complement 
activation, phagocytosis via bacterial opsonization, toxin 
neutralization, and antibody-dependent cell-mediated 
cytotoxicity. The antibody specificity and levels in the 
plasma for fractionation is enriched in the IVIGs. They 
contain a broad spectrum of antibodies such as virus 
specific antibodies, e.g., against cytomegalovirus (CMV), 
varicella-zoster virus (VZV), herpes simplex virus (HSV), 
hepatitis A virus (HAV), respiratory syncytial viral (RSV), 
Epstein–Barr virus (EBV), measles, mumps, rubella, 
parvovirus B19, and polyomavirus BK. The anti-viral 
effects of IVIG include their activity in preventing cell 
penetration and activating innate immune system cells 
and the complement pathways [3].

Intravenous immunoglobulin (IVIG) antigen 
specificities reflect the antibody diversity in the donor 
population. For pathogens with a high prevalence in 
the general population stable antibody titers in IVIGs 
are observed through natural exposure. In addition, 
vaccination programs can lead to stable and increased 
antibody titers in IVIGs, in particular those that are 
widespread in countries where the most plasma for 
fractionation is collected. The emergence of SARS-CoV-2 
in 2019 and the rapid spread of novel vaccines make it 
possible to uniquely track the emergence of specific 
antibodies against a foreign pathogen in the donor 
population and the IVIGs produced from it.

In this report we characterize virus neutralization 
and the reactivity of antibodies in Yimmugo (a registered 
trademark in the European Union and certain other 
countries, Biotest AG, Dreieich, Germany), a new 10% 
normal intravenous immunoglobulin G preparation. 
Specificity against different antigens derived from SARS-
CoV-2 as well as related viruses like SARS-CoV, Middle 
East respiratory syndrome (MERS), and the circulating 
corona viruses are determined. Since the different strains 
of SARS-CoV-2 have a high impact on vaccine efficacy the 
IVIG activity against Spike protein of different variants is 
analyzed in further detail [4]. The substitution of specific 
antibodies by IVIG therapy is likely to contribute to the 
protection of patients with immunodeficiency.

MATERIALS AND METHODS

Human intravenous immunoglobulin 
preparations 

Twenty-three different batches of a new human normal 

immunoglobulin preparation for intravenous application 
(IVIG; Yimmugo) produced between 2015 and 2021 were 
subject of the investigation. A subset of these batches is 
used for the different analysis methods. The number and 
production year of used batches is specified in the figure 
caption. All batches had a protein concentration of 100 
g/L with a purity of at least 98% IgG. For the production 
plasma donations gathered in the EU and the United 
States were used.

Immunoassays
Binding activities against different pathogens was 

measured using in-house enzyme-linked immunosorbent 
assay (ELISA) systems. All ELISA assays were thoroughly 
tested and suited for the intended purpose. The anti-
SARS-CoV-2 titers were determined using an in-house 
ELISA based on the Spike protein with self-coated plates. 
All other assays were based on antigen coated 96 well 
plates (commercially available pre-coated plates as well 
as self-coated plates) and an anti-human IgG-horseradish 
peroxidase (HRP) conjugate to detect the bound IVIG 
product. A specific product standard was used in all 
assays as reference in order to determine quantitative 
results.

The ability to opsonize bacterial pathogens (measured 
for Escherichia coli) and reactivity against Rubella 
antigen were determined using cell based assay with 
flow cytometry as readout. The assays were developed 
in-house, thoroughly tested and suited for the intended 
purpose. A specific product standard was used in all 
assays as reference in order to determine quantitative 
results.

The data evaluation used parallel line assay software 
(PLA 3.0, Stegman systems) resulting in a potency, 
which was converted to an activity using the predefined 
standard activity.

Virus neutralization
Virus neutralization against SARS-CoV-2 Wuhan 

strain was performed by a contract research organization 
(Texcell, France). The assay was based on cytopathic 
effect of the virus on mammalian cells. The concentration-
dependent ability of IVIG preparations to neutralize the 
virus and therefore inhibit the cytopathogenic effect 
(CPE) was compared to an internal standard. This 
standard was bridged to the SARS-CoV-2 WHO standard 
and the results were converted to international units (IU/
mL).

SARS-CoV-2 variants and other respira-
tory pathogens

For in-depth analysis of different SARS-CoV-2 variants 
as well as different respiratory pathogen antigens, the kit 
systems from mesoscale discovery were used according 
to the manufacturer’s instructions (V-PLEX SARS-CoV-2 
Panel 23 Kit, V-PLEX COVID-19 Coronavirus Panel 1 
Kit).
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RESULTS

Activity against common pathogens
Nineteen different batches of a new IVIG produced 

between 2015 and 2021 were tested for antibodies 
against the pathogens with low (hepatitis E virus) to high 
prevalence. They showed an antibody binding activity 
against all test antigens. Batch to batch variations were 
small for common pathogens (Figure 1). Only the anti-
hepatitis E activity varies more with up to 14-fold difference.

produced in the second half of 2021. Two experimental 
IVIG preparations were added as a reference. These 
two preparations produced only from convalescent or 
vaccinated donor’s plasma represent the upper range of 
the expected activity. It was apparent that vaccinated 
donors produce around 10 times more antibody activity 
than convalescent donors, which we could confirm on the 
single plasma donation level (n=41 vaccinated donors, 
n=19 convalescent donors, data not shown). The level of 
the normal IVIG and the hyperimmune preparation from 
convalescent donors were comparable.

Neutralizing antibodies against SARS-
CoV-2

The activity in a cell-based virus neutralization assays 
with the SARS-CoV-2 Wuhan strain was compared to the 
binding activity (Table 1). The neutralizing activity was 
rising with the binding activity. The obtained data also 
suggest that antibodies from convalescent donors show 
higher neutralizing activity if correlated to the binding 
activity, than those from vaccinated donors.

Reactivity against other respiratory 
pathogens

Although SARS-CoV-2 is a new virus, it belongs to 
the family of corona viruses and shares some common 
features with the other family members. Concerning the 
symptoms of a COVID-19 infection, it resembles those of 

Figure 1: Activities of different IVIG batches against different 
pathogens. Shown is the IgG activity against the pathogens, 
listed on the x-axis. Results are shown in arbitrary units. The 
box plots show the quartiles, minimum and maximum value 
as well as the median. Dataset from n=19 batches, n=3 batches 
were produced in 2015, n=7 in 2016, and n=9 in 2021.

In addition to the determination of binding antibodies, 
in vitro neutralization tests were performed to directly 
show the ability to block virus attachment, entry and 
infection as well as to neutralize the toxin. The observed 
activities were all high enough to provide a protective titer.

Activity against SARS-CoV-2
The SARS-CoV-2 pandemic and the associated global 

vaccination campaign resulted in the emergence of a new 
activity in the products. Due to the rise in anti-SARS-
CoV-2 antibody activity in the plasma donations, this 
activity was also reflected in the IVIG batches (Figure 2). 
Batch 1 was produced in 2017 (pre-pandemic material). 
All other batches were produced in 2021, while the pre-
pandemic material showed no detectable activity, the 
anti-SARS-CoV-2 activity was constantly rising in 2021. 
After the impact of the vaccination program in spring 
2021 the antibody in the donor population and therefore 
in the IVIG products were rising with an offset of around 
six months. This trend was reflected in batches 8–11, 

Figure 2: Development of antibody activity against SARS-CoV-2 
over time. Dashed line is trendline to show gradual increase, 
pointed lines are displayed for better visibility and highlight the 
area where products from convalescent donors are expected, 
batches 1–7 are below LoQ of the method and therefore 
extrapolated. Ref con is a reference IgG preparation from 
convalescent donors (n > 1000 donors); ref vacc is a reference 
IgG preparation from vaccinated donors (n=2 donors). Batch 
1 was produced in 2017 and added as negative control since 
no anti SARS-CoV-2 activity should be present in this pre-
pandemic batch. All other batches were produced in 2021 and 
are sorted in order of production.
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other respiratory pathogens like influenza virus. To assess 
cross reactivity the batches were tested against antigens 
of several respiratory viruses, i.e., different respiratory 
pathogens as well as the different available SARS-CoV-2 
antigens (Figure 3).

Two pre-pandemic batches showed very low signal 
against all SARS-CoV-2, SARS-CoV, and MERS antigens. 
This was expected and judged as background signal 
or natural cross reactivity. Interestingly all batches 
showed very comparable high-level activity against the 
circulating corona viruses and influenza. This shows the 
high prevalence of these viruses in the population as well 
as the very low cross reactivity between these viruses and 
the corona viruses causing severe respiratory syndromes 
(SARS-CoV-2, SARS-CoV, MERS).

Intravenous immunoglobulins from convalescent as 
well as vaccinated donors showed high reactivity against 
the spike proteins of Corona viruses causing severe 
respiratory syndromes. The preparations from vaccinated 
individuals showed in general a lower reactivity against 
the SARS-CoV-2 nucleocapsid antigen since the majority 
of vaccines distributed in the United States and Europe 
are based on the SARS-CoV-2 spike protein only. Early 
batches from 2021 showed very low activity against 
SARS-CoV-2 in the ELISA test, whereas the activity in 
later batches rose with one batch close to the reference of 
convalescent donors (Figure 3).

Reactivity against SARS-CoV-2 variants
The SARS-CoV-2 pandemic produces a variety of 

different virus variants that show different infectivity 
and a difference in the symptoms and disease outcome. 
The IVIG batch showed binding activity against all 
tested variants common in Europe and the United States 

(Figure 4), whereas the antibodies retained >80% of 
binding activity against the Delta and Alpha variants, 
the Omicron variant showed the highest evasion of all 
variants (20% of the wild type binding activity). A similar 
prevalence of binding activity could be reproduced with 
batches of another IVIG product (data not shown).

Table 1: Anti-SARS-CoV-2 antibody binding activity against S 
protein in ELISA and neutralizing activity against SARS-CoV-2 
(Wuhan strain). Batches are sorted in order of production date.

# - Production 
year

Binding activity 
[BAU/mL]

Neutralization 
[IU/mL]

1 - 2017 0 nd

2 - 2021 0 nd

3 - 2021 86 nd

4 - 2021 78 nd

5 - 2021 84 nd

6 - 2021 79 nd

7 - 2021 59 nd

8 - 2021 95 nd

9 - 2021 168 24

10 - 2021 3378 837

11 - 2021 125 15

Ref convalescent 3419 1645

Ref vaccinated 48745 8740

Abbreviations: BAU: Binding antibody unit; Ref.: reference;
nd: not determined.

Figure 3: Activity against different antigens of respiratory 
viruses. Signal of different samples (n=11 batches produced in 
2021) against antigens from different Corona viruses and an 
influenza strain, details are listed in Method section. Antibody 
preparations solely made from convalescent donors (n > 1000 
donors) or vaccinated donors (n=2 donors), respectively as well 
as two pre-pandemic batches (produced in 2017) are added as 
reference. CoV = Corona virus; MERS = Middle East respiratory 
syndrome; S = Spike protein, NTD = N terminal domain (of the 
Spike protein); RBD = Receptor binding domain (of the Spike 
protein); H3/Hong Kong = Influenza virus strain; HKU1 = 
Corona virus strain; OC43 = Corona virus strain.

DISCUSSION

The IVIG production processes including the selection 
and control of plasma yield batches with a constant 
biological activity against common pathogens. The 
observed variabilities are well below the published batch 
to batch variations for bacterial (up to 11 fold) [5] and viral 
titers (up to 8 fold) [6]. Larger differences in titers against 
low-prevalence pathogens, such as hepatitis E virus, 
are most likely due to heterogeneous seroprevalence 
depending on the geographical origin of plasma donors 
[7, 8]. Antibodies against the globally spreading pathogen 
SARS-CoV-2 appear in the IVIG in this study as well as 
in other products already after a good year since the start 
of the pandemic [7]. This matches the simulations based 
on expected natural infections as well as vaccination 
programs [9].

It remains to be seen whether high anti-SARS-CoV-2 
titers will permanently occur in IVIG products. It could 
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also be influenced by vaccination and infection waves. 
Vaccinated donors have an average 10 times more 
antibody activity than convalescent donors (own data and 
[10]). Even a small number of freshly vaccinated donors 
with high antibody titers could strongly influence the 
plasma pool level.

Besides the ability to bind virus antigens some reports 
show the ability of IVIG to neutralize SARS-CoV-2 [11–
14] in line with our findings. In accordance with the 
binding activity, the Omicron variant is reported to be 
less neutralized by present antibodies [4, 15].

Passive immunization with immunoglobulin 
preparations is a successful strategy for protecting 
patients. Transfer of immunoglobulins provides 
immediate protection against a range of pathogens (for a 
review see, e.g., [16, 17]). Immunocompromised patients 
are particularly vulnerable, as they are usually unable 
to mount a full adaptive immune response and are less 
likely to benefit from active immunization.

Also for SARS-CoV-2, a direct correlation between 
binding activity and protection from productive 
infection by antibodies was reported by Dimeglio [18]. 
In nursing home residents the neutralizing antibodies 
reduced mortality and hospitalization [19]. Passive 
antibody transfer could also be beneficial in primary 

immunodeficiency, solid organ transplantation or 
oncohematological patients [20]. As the level of SARS-
CoV-2 specific antibodies has only recently increased, this 
activity should be monitored while evaluating the clinical 
benefit of such preparations. Clinical data published today 
with IVIG preparations were likely gathered with product 
batches manufactured before the observed increase in 
specific antibodies. The time lag between the first reported 
cases of infection with a novel virus and the emergence of 
specific antibodies in IVIG batches is one and a half years, 
despite the historically uniquely rapid and successful 
vaccine development. Considering a turnaround time of 
6–12 months of the entire production cycle from plasma 
donation to the final product in patients an important 
measure for pandemic preparedness may be to establish 
special donor vaccination and recruitment programs, so 
that specific antibody preparations can be made available 
quickly for outbreaks of new viral epidemics.

Our data do not constitute a treatment 
recommendation. The protective effect of SARS-CoV-2 
antibodies may depend on many factors beyond the 
quantity and quality of pathogen-specific antibodies. 
Owing to the content of specific IgG antibodies, IVIG may 
have a benefit, especially if administered after exposure 
or in the early stages of disease.

The immunomodulatory properties of the antibody 
molecules may be of greater importance in critically ill 
patients, as initial clinical data with an IgM-enriched 
preparation are encouraging [21]. We expect that 
further clinical trials will provide a better picture of the 
possibilities of treating COVID-19 with antibodies.

CONCLUSION

Over the course of the coronavirus pandemic, antibody 
activity against common pathogens remain constant in 
an IVIG preparation. In contrast, binding activity against 
SARS-CoV-2 reaches high levels one and a half years 
after the start of the pandemic and correlates with virus 
neutralization. All virus variants tested are detected. It 
has been established for decades that passive transfer of 
immunoglobulins provides immediate protection against 
a number of pathogens. Increasing the titer of SARS-
CoV-2 antibodies could be beneficial for vulnerable patient 
populations. Because SARS-CoV-2-specific antibody 
levels have recently increased, this activity should be 
monitored when evaluating the clinical benefit of such 
preparations. While congenital immunodeficiencies are 
diverse and underdiagnosed, protection of patients by 
antibody substitution is well established. The number 
of patients with acquired antibody deficiency, for 
example as a concomitant of successful drug therapy, is 
increasing and research into therapy is not keeping pace. 
Such patients therefore represent a growing and new 
vulnerable group with high medical need in known and 
novel infections.

Figure 4: Activity against different SARS-CoV-2 variants. 
Activity of Wuhan variant is set to 100%, other activities are 
normalized to this activity. Antigens: Wuhan; Omicron: SARS-
CoV-2 Spike (B.1.1.529; BA.1); Delta 1: SARS-CoV-2 Spike 
(AY.4.2); Delta 2: SARS-CoV-2 Spike (B.1.617.2; AY.4) Alt Seq 
2; Gamma: SARS-CoV-2 Spike (P.1); Alpha: SARS-CoV-2 Spike 
(B.1.1.7); Beta: SARS-CoV-2 Spike (B.1.351); Delta 3: SARS-
CoV-2 Spike (B.1.617.2; AY.3; AY.5; AY.6; AY.7; AY.14) Alt Seq 
1. The IVIG batch with the highest anti-SARS-CoV-2 Spike 
activity (10 - 2021) was tested.



International Journal of Blood Transfusion and Immunohematology, Volume 13, Issue 1, 2023; Pages 1–8. ISSN: 2230-9020

Int J Blood Transfus Immunohematol 2023;13(1):1–8.
www.ijbti.com

Hein et al.  6

REFERENCES

1.	 Sawa T, Kinoshita M, Inoue K, Ohara J, Moriyama 
K. Immunoglobulin for treating bacterial infections: 
One more mechanism of action. Antibodies (Basel) 
2019;8(4):52. 

2.	 Stratta RJ, Shaefer MS, Cushing KA, et al. A 
randomized prospective trial of acyclovir and immune 
globulin prophylaxis in liver transplant recipients 
receiving OKT3 therapy. Arch Surg 1992;127(1):55–
63.

3.	 Perricone C, Triggianese P, Bursi R, et al. Intravenous 
immunoglobulins at the crossroad of autoimmunity 
and viral infections. Microorganisms 2021;9(1):121.

4.	 Wilhelm A, Widera M, Grikscheit K, et al. Limited 
neutralisation of the SARS-CoV-2 Omicron 
subvariants BA.1 and BA.2 by convalescent and vaccine 
serum and monoclonal antibodies. EBioMedicine 
2022;82:104158.

5.	 Galama JM, Vogels MT, Jansen GH, Gielen M, 
Heessen FW. Antibodies against enteroviruses in 
intravenous Ig preparations: Great variation in titres 
and poor correlation with the incidence of circulating 
serotypes. J Med Virol 1997;53(3):273–6.

6.	 Lamari F, Anastassiou ED, Tsegenidis T, 
Dimitracopoulos G, Karamanos NK. An enzyme 
immunoassay to determine the levels of specific 
antibodies toward bacterial surface antigens in human 
immunoglobulin preparations and blood serum. J 
Pharm Biomed Anal 1999;20(6):913–20.

7.	 Serra A, Marzo N, Pons B, Maduell P, López M, 
Grancha S. Characterization of antibodies in human 
immunoglobulin products from different regions 
worldwide. Int J Infect Dis 2021;104:610–6.

8.	 Capai L, Falchi A, Charrel R. Meta-analysis of human 
IgG anti-HEV seroprevalence in industrialized 
countries and a review of literature. Viruses 
2019;11(1):84.  

9.	 Stinca S, Barnes TW, Vogel P, et al. Modelling the 
concentration of anti-SARS-CoV-2 immunoglobulin 
G in intravenous immunoglobulin product batches. 
PLoS One 2021;16(11):e0259731.

10.	 Edara VV, Hudson WH, Xie X, Ahmed R, Suthar 
MS. Neutralizing antibodies against SARS-CoV-2 
variants after infection and vaccination. JAMA 
2021;325(18):1896–8.

11.	 Karbiener M, Farcet MR, Schwaiger J, et al. Highly 
potent SARS-CoV-2 neutralization by intravenous 
immunoglobulins manufactured from post-COVID-19 
and COVID-19-vaccinated plasma donations. J Infect 
Dis 2021;224(10):1707–11.

12.	 Farcet MR, Karbiener M, Knotzer S, Schwaiger J, 
Kreil TR. Omicron severe acute respiratory syndrome 
coronavirus 2 neutralization by immunoglobulin 
preparations manufactured from plasma collected 
in the United States and Europe. J Infect Dis 
2022;226(8):1396–400.    

13.	 Romero C, Díez JM, Gajardo R. Anti-SARS-CoV-2 
antibodies in healthy donor plasma pools and IVIG 
products. Lancet Infect Dis 2021;21(6):765–6.

14.	 Volk A, Covini-Souris C, Kuehnel D, De Mey C, 
Römisch J, Schmidt T. SARS-CoV-2 neutralization in 
convalescent plasma and commercial lots of plasma-
derived immunoglobulin. BioDrugs 2022;36(1):41–53.

15.	 Lu L, Mok BWY, Chen LL, et al. Neutralization of 
severe acute respiratory syndrome coronavirus 2 
omicron variant by sera from BNT162b2 or coronavac 
vaccine recipients. Clin Infect Dis 2022;75(1):e822–
6.

16.	 Casadevall A, Dadachova E, Pirofski LA. Passive 
antibody therapy for infectious diseases. Nat Rev 
Microbiol 2004;2(9):695–703.

17.	 Tharmalingam T, Han X, Wozniak A, Saward L. 
Polyclonal hyper immunoglobulin: A proven treatment 
and prophylaxis platform for passive immunization to 
address existing and emerging diseases. Hum Vaccin 
Immunother 2022;18(2):1886560.

18.	 Dimeglio C, Herin F, Martin-Blondel G, Miedougé 
M, Izopet J. Antibody titers and protection against a 
SARS-CoV-2 infection. J Infect 2022;84(2):248–88.

19.	 Alam MM, Mahmud S, Aggarwal S, et al. Clinical impact 
of the early use of monoclonal antibody LY-CoV555 
(bamlanivimab) on mortality and hospitalization 
among elderly nursing home patients: A multicenter 
retrospective study. Cureus 2021;13(5):e14933. 

20.	 Focosi D, Franchini M. Potential use of convalescent 
plasma for SARS-CoV-2 prophylaxis and treatment 
in immunocompromised and vulnerable populations. 
Expert Rev Vaccines 2022;21(7):877–84.

21.	 Rahmel T, Kraft F, Haberl H, et al. Intravenous IgM-
enriched immunoglobulins in critical COVID-19: A 
multicentre propensity-weighted cohort study. Crit 
Care 2022;26(1):204.

*********

Acknowledgments
The contributions of the entire Bioanalysis and Analytical 
Development and Validation teams, most notably 
Irina Beidokat and Nadine Feldmann, are gratefully 
acknowledged.

Author Contributions
Christopher Hein – Conception of the work, Design of the 
work, Analysis of data, Interpretation of data, Drafting the 
work, Final approval of the version to be published, Agree 
to be accountable for all aspects of the work in ensuring 
that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and 
resolved

Viola Marschall – Acquisition of data, Analysis of data, 
Revising the work critically for important intellectual 
content, Final approval of the version to be published, 
Agree to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved

Veit Braun – Conception of the work, Design of the work, 
Acquisition of data, Analysis of data, Interpretation 
of data, Revising the work critically for important 
intellectual content, Final approval of the version to be 
published, Agree to be accountable for all aspects of the 
work in ensuring that questions related to the accuracy 
or integrity of any part of the work are appropriately 
investigated and resolved



International Journal of Blood Transfusion and Immunohematology, Volume 13, Issue 1, 2023; Pages 1–8. ISSN: 2230-9020

Int J Blood Transfus Immunohematol 2023;13(1):1–8.
www.ijbti.com

Hein et al.  7

Jörg Schüttrumpf – Conception of the work, Design of the 
work, Analysis of data, Interpretation of data, Revising 
the work critically for important intellectual content, 
Final approval of the version to be published, Agree to be 
accountable for all aspects of the work in ensuring that 
questions related to the accuracy or integrity of any part 
of the work are appropriately investigated and resolved

Matthias Germer – Conception of the work, Design of 
the work, Analysis of data, Revising the work critically 
for important intellectual content, Final approval of the 
version to be published, Agree to be accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved

Guarantor of Submission
The corresponding author is the guarantor of submission.

Source of Support
None.

Consent Statement
Written informed consent was obtained from the patient 
for publication of this article.

Conflict of Interest
Authors declare no conflict of interest.

Data Availability
All relevant data are within the paper and its Supporting 
Information files.

Copyright
© 2023 Christopher Hein et al. This article is distributed 
under the terms of Creative Commons Attribution 
License which permits unrestricted use, distribution 
and reproduction in any medium provided the original 
author(s) and original publisher are properly credited. 
Please see the copyright policy on the journal website for 
more information.

ABOUT THE AUTHORS

Article citation: Hein C, Marschall V, Braun V, Schüttrumpf J, Germer M. Rising anti-SARS-CoV-2 titer in a 
human immunoglobulin preparation. Int J Blood Transfus Immunohematol 2023;13(1):1–8.

Christopher Hein is a laboratory head at the Bioanalysis department, Biotest AG, Dreieich, Germany.
He earned the doctoral degree in Biochemistry at Goethe University Frankfurt (Germany) in cooperation 
with Merck KGaA (Darmstadt, Germany). He has published 14 research papers, reviews and method 
papers in national and international academic journals or books. His research interests include, 
bioanalysis and analytics of large biological molecules as well as drug–target and protein–protein 
interactions. He intends to pursue the development of new biological drugs and improved analytical 
methods.
Email: Christopher.hein@biotest.com

Viola Marschall is a laboratory head at the R&D department, Biotest AG, Dreieich, (Germany). She 
earned the undergraduate degree in biochemistry from Max Planck Institute of Biophysics, Frankfurt 
(Germany) and Goethe University Frankfurt (Germany) and the postgraduate degree form Institute 
for Experimental Cancer Research in Pediatrics, Goethe University Hospital Frankfurt (Germany), 
and the Institute of Biophysical Chemistry, Goethe University Frankfurt (Germany). She has published 
11 research papers in national and international academic journals. Her research interests include 
assay development for analytical compound testing and drug development. She intends to pursue the 
development of improved bioassays and innovative analytical methods for new therapeutics.

Veit Braun is Director of Bioanalysis at Biotest AG, Dreieich, Germany. He earned the doctoral degree 
in Biology from Institute of Medical Microbiology, Johannes Gutenberg-University, 55131 Mainz, 
Germany. He has published 11 research papers in national and international academic journals or books. 
His research interests include bioanalysis and analytics of immunoglobulin and coagulation products 
and molecular microbiology. He intends to pursue development of new plasma derived drugs in future.



International Journal of Blood Transfusion and Immunohematology, Volume 13, Issue 1, 2023; Pages 1–8. ISSN: 2230-9020

Int J Blood Transfus Immunohematol 2023;13(1):1–8.
www.ijbti.com

Hein et al.  8

Matthias Germer is Vice President Preclinical Research at Biotest AG, Dreieich, Germany. He 
graduated in Biochemistry and earned his doctoral degree at the University of Hannover, worked at the 
German Cancer Research Center, Heidelberg, and the Max-Planck-Institute in Bad Nauheim, Germany.
His research interests are immunology and transfusion medicine. He is an expert in pharmaceutical 
research and development of  novel  biological and biotherapeutical drugs. He advocates for plasma 
donation as a prerequisite for the responsible and efficient use of plasma to produce life-saving 
medicines. Technological excellence and standardization as key tools play an important role in his 
professional work.
Email: Matthias.germer@biotest.com

Jörg Schüttrumpf is Chief Scientific Officer at Biotest AG, Dreieich, Germany. He earned doctoral 
degrees in Medicine from the Albert-Ludwigs-University in Freiburg, Germany and the Goethe 
Unviersity, Frankfurt, Germany, as well as a master degree in Business Administration from IMD 
business school, Lausanne, Switzerland. He has published 47 research papers in national and 
international academic journals, or books. His research interests include pharmaceutical development, 
plasma protein therapeutics, coagulation, transfusion medicine, and gene & cell therapy. He intends to 
pursue development of new therapies for highest medical need indications in future.

Access full text article on
other devices

Access PDF of article on
other devices



Submit your manuscripts at

www.edoriumjournals.com

http://www.edoriumjournals.com/

