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Therapeutic apheresis: A promising method to remove microplastics?
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M icroplastics and nanoplastics have
emerged as a major and growing health

concern, with recent data revealing alarming
levels of human exposure and contamination.
Thus, there is a clear and urgent need for an
effective method to remove microplastics
and nanoplastics from the human body. Here,
we provide the first evidence that extracor-
poreal apheresis, a therapeutic technique
established around the world, may have the
potential to achieve this goal.

Microplastics (1 μm–5 mm) and nanoplas-
tics (<1 μm) (MNPs) are small plastic parti-
cles originating from commercial production,
such as cosmetics and medical drugs and
from the degradation of large plastic waste.
MNPs are virtually omnipresent and only lately
the concerning magnitude and health dimen-
sion of this environmental threat is becoming
evident (1, 2).

Due to current methodological limitations,
we prefer to speak about MNPS or MNP-like
structures, which may consist of MNPs com-
bined with other molecules, such as proteins.

Figure 1. Extracorporeal therapeutic apheresis removes microplastic- and nanoplastic-like particles from human blood. (A) Schematics of an extracorporeal apheresis system. First blood
is drawn from a large vein and processed through an apheresis machine. Then a porous membrane is used to separate blood cells from plasma. The plasma is processed through specific
filters for removal of different blood components such as lipids or autoantibodies. After removal of the targeted component, the remaining blood components are reinfused into the
patient through a second venous access. The components removed from the plasma, potentially including microplastics and nanoplastics, will be contained in the eluate. Created with
BioRender.com. (B and C) Two examples from 21 patient samples demonstrating microplastics in the concentrated eluate removed from the patients’ blood, measured by ATR-FT-IR. The
full IR spectra, followed by analysis of individual spots, showed a 67.5% match with polyamide 6 (B) and a 35.3% match with polyurethane (PUR-WS) (C).
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It is crucial to emphasize that correct sampling
and storage are extremely sensitive steps in the
workflow, as contamination occurs instantly (2,
3). To ensure the reliability of findings, strict
quality standards should always be applied.
Given these limitations, recent studies report-
ing the presence of microplastics in numerous
tissues, including the lung, heart, gut, liver,
brain, and metabolically active tissues (4, 5),
should be interpreted with some caution.
Nonetheless, growing evidence suggest that
MNPs may contribute to the development and
progression of various conditions, including
cardiovascular and metabolic diseases, in-
fertility, cancer, and even neurodegenerative
disorders such as dementia (5, 6). Moreover,
it has been proposed that MNPs engulfed in
adrenal tissue may alter steroidogenesis and
cortisol levels (7, 8), and that perturbations in
stress regulation may contribute to symptoms
of chronic fatigue following viral infections.
Additionally, MNPs may facilitate the transport
of infectious particles into tissues and cellular
compartments (9, 10), though further research
is needed to confirm these mechanisms.

Given the ubiquitous presence of MNPs in
the environment, completely avoiding exposure
is unrealistic. While some initiatives promote a
global strategy to reduce the intake of MNPs,
there remains a critical need for an effective
method to remove them from the human
body. Therefore, our group recently suggested
that extracorporeal therapeutic apheresis
could be used to remove environmental factors
(11). Apheresis is an extracorporeal technique
used to selectively remove specific blood com-
ponents, such as particular cells or plasma
constituents (Figure 1A). Previously, we and
others demonstrated that up to 70% of patients
with myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS), including some with long
COVID, reported a significant improvement
in their symptoms following extracorporeal
apheresis (12–15).

An astonishing rise in patients with ME/CFS
has been linked to the increasing levels of
environmental airborne particle matter 10 μm
or less in diameter (16). In the current study,
we have investigated whether therapeutic
apheresis can remove MNP-like particles from
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the human body. Twenty-one patients with a
confirmed diagnosis of ME/CFS related to a
postinfectious syndrome, received at least two
cycles of therapeutic apheresis with double
filtration (INUSpheresis) (Figure 1A). The con-
centrated eluate sequestered from the blood
circulation during apheresis was analyzed for
MNP-like particles after each treatment using
attenuated total reflection Fourier transform
infrared (ATR-FT-IR) spectroscopy (for further
details see supporting online material). The
analysis of the patient eluates showed that 14
different substances or mixtures of substances
could be detected only in the eluates from
these patients with resemblance to for exam-
ple polyamide 6 and a polyurethane, PUR-WS
(Figure 1B and C). Polyamide 6, also known
as nylon 6, is a synthetic polymer primarily
produced as a fiber rather than a particle. For
specialized applications, electrospun fibers are
manufactured with diameters below 100 nm,
which may explain why we can detect particles
in eluates that were double filtered (blood
separator and TKM58 apheresis filter) with
pore sizes of ≤ 200 nm. Of note, this analysis
does not quantitatively measure MNPs; it only
determines whether MNP-like particles are
present or not. The MNP-like particles found in
eluates from patient samples were not present
in any samples from the filter prerinse process
(Supplementary Figure S1), indicating that they
can only be attributed to the patient eluates.
However, as ATR-FT-IR spectroscopy detects
polyamide bonds, it should be noted that these
could also originate partly from proteins.

As mentioned above, there is increasing ev-
idence that MNPs can be associated with a
number of health problems (5–8). However, the
long-term effects and specific mechanisms still
need to be further elucidated. Different analyt-
ical methods have been developed to identify
and characterize MNPs, each with distinct capa-
bilities and limitations in relation to morphol-
ogy, chemical composition, and quantity (17).
Until now, no methods have been reported for
removing MNPs from the human body. In this
study, we demonstrate for the first time that ex-
tracorporeal therapeutic apheresis might have
this capability. However, larger patient cohorts
and quantitative analyses, such as pyrolysis
gas chromatography mass spectrometry, are re-
quired to confirm the effective removal of MNPs
through therapeutic apheresis. This should in-
clude measuring MNP levels in plasma samples
before and after apheresis, as well as in eluates,
across multiple cycles. Such analyses will help
determine particle removal from blood and tis-
sues and assess correlations with symptom im-
provement in conditions like ME/CFS. We rec-
ommend a comprehensive study on the removal
of MNPs using various filter systems with dif-
ferent pore sizes to develop strategies for both
preventing uptake and facilitating detoxifica-
tion of accumulated particles.

Ethics
All participants in the study have provided
written consent.

Author Disclosures
G.P., R.S., and K.V.-B. work at INUS Medical Cen-
ter AG in Cham, offering therapeutic apheresis
as a treatment for conditions such as chronic
fatigue.

Data Availability
The datasets generated during and/or analyzed
during the current study are included in this
published article (and its supplementary infor-
mation files) or available from the correspond-
ing author.

Author Contributions
RS and KVB designed research; GP, RS, and KVB
collected the clinical data; TG, DK, AEA, and LP
performed research. SRB, MY, WK, KVB, JL, and
CS analyzed data. CS and SRB wrote the ini-
tial draft of the paper; All authors read and
approved the manuscript.

Stefan R. Bornstein1,2,3 , Timo Gruber4,
Danai Katsere4, Ayoub El Attaoui4,

Leopold Wohlsperger4, Mohamad Yaman5,
Waldemar Kanczkowski1 , Gunther Piwernetz6,

Richard Straube6, Karin Voit-Bak6, Julio Licinio7 ,
and Charlotte Steenblock1

1Department of Internal Medicine III, University
Hospital Carl Gustav Carus, Technische Universität

Dresden, 01307 Dresden, Germany
2School of Cardiovascular and Metabolic Medicine
and Sciences, Faculty of Life Sciences & Medicine,

King’s College London, London WC2R 2LS, UK
3Department of Endocrinology, Diabetology and

Clinical Nutrition, University Hospital Zurich (USZ) and
University of Zurich (UZH), 8091 Zurich, Switzerland

4TKM Sub Health Laboratory GmbH, 93413 Cham,
Germany

5Transmedac Innovations AG, 6340 Baar, Switzerland
6INUS Medical Center AG Cham, 93413 Cham,

Germany
7Department of Psychiatry and Department of

Neuroscience & Physiology, Norton College of
Medicine, State University of New York (SUNY)

Upstate Medical University, Syracuse, NY 13210, USA
e-mail: stefan.bornstein@ukdd.de

1. Balakrishnan VS. Lancet Respir Med. 2025. DOI: 10.
1016/S2213-2600(25)00086-4. PMID: 40215993

2. Li Y, Chen L, Zhou N, Chen Y, Ling Z, Xiang P. Sci Total
Environ. 2024;946:174215. DOI: 10.1016/j.scitotenv.
2024.174215. PMID: 38914339

3. Dong HK, Wang XP, Niu XR, Zeng JM, Zhou YQ, Suona
Z, et al. Trac-Trend Anal Chem. 2023;167:117261. DOI:
10.1016/j.trac.2023.117261.

4. Fabiano N, Luu B, Puder D. Brain Med. 2025:1–2. DOI:
10.61373/bm025c.0020.

5. Nihart AJ, Garcia MA, El Hayek E, Liu R, Olewine M,
Kingston JD, et al. Nat Med. 2025;31:1114–9. DOI:
10.1038/s41591-024-03453-1. PMID: 39901044;
PMCID: PMC12003191

6. Gou X, Fu Y, Li J, Xiang J, Yang M, Zhang Y. J Haz-
ard Mater. 2024;465:133518. DOI: 10.1016/j.jhazmat.
2024.133518. PMID: 38228001

7. Babaei AA, Rafiee M, Khodagholi F, Ahmadpour
E, Amereh F. Environ Sci Pollut Res Int. 2022;29
(8):11332–44. DOI: 10.1007/s11356-021-15920-0.
PMID: 34535860

8. Ullah S, Ahmad S, Guo X, Ullah S, Ullah S, Nabi G, et al.
Front Endocrinol (Lausanne). 2022;13:1084236. DOI:
10.3389/fendo.2022.1084236. PMCID: PMC9885170

9. Loiseau C, Sorci G. Sci Total Environ. 2022;823:
153694. DOI: 10.1016/j.scitotenv.2022.153694. PMID:
35143788

10. Tuna A, Itmec Y, Kacmaz B, Gul S, Kaygusuz S.
Acta Otolaryngol. 2025;145(4):308–12. DOI: 10.1080/
00016489.2025.2468396. PMID: 39981898

11. Bornstein SR, Voit-Bak K, Schmidt D, Morawietz H,
Bornstein AB, Balanzew W, et al. Horm Metab Res.
2020;52(7):540–6. DOI: 10.1055/a-1182-2016. PMID:
32599638

12. Achleitner M, Steenblock C, Danhardt J, Jarzebska
N, Kardashi R, Kanczkowski W, et al. Mol Psychia-
try. 2023;28(7):2872–7. DOI: 10.1038/s41380-023-
02084-1. PMCID: PMC10152027

13. Stein E, Heindrich C, Wittke K, Kedor C, Rust R, Freitag
H, et al. Lancet Reg Health Eur. 2025;49:101161. DOI:
10.1016/j.lanepe.2024.101161. PMID: 39759581;
PMCID: PMC11699797

14. Korth J, Steenblock C, Walther R, Barbir M, Husung M,
Velthof A. Horm Metab Res. 2024;56(12):869–74. DOI:
10.1055/a-2445-8593. PMID: 39653042

15. Steenblock C, Walther R, Tselmin S, Jarzebska N, Voit-
Bak K, Toepfner N, et al. Horm Metab Res. 2022;
54(11):715–20. DOI: 10.1055/a-1945-9694. PMID:
36113501

16. Jones CL, Haskin O, Younger JW. Int J Envi-
ron Res Public Health. 2024;21(12):1560. DOI:
10.3390/ijerph21121560. PMID: 39767402; PMCID:
PMC11675267

17. Soliz DL, Paniagua Gonzalez G, Munoz-Arnanz J,
Bravo-Yague JC, Fernandez Hernando P, Garcinuno
Martinez RM. Heliyon. 2024;10(11):e30749. DOI:
10.1016/j.heliyon.2024.e30749. PMID: 38867989;
PMCID: PMC11167249

Publisher’s note: Genomic Press maintains a position
of impartiality and neutrality regarding territorial as-
sertions represented in published materials and af-
filiations of institutional nature. As such, we will use
the affiliations provided by the authors, without edit-
ing them. Such use simply reflects what the authors
submitted to us and it does not indicate that Genomic
Press supports any type of territorial assertions.

Open Access. This article is licensed to
Genomic Press under the Creative Com-

mons Attribution-NonCommercial-NoDerivatives 4.0
International License (CC BY-NC-ND 4.0). The license
mandates: (1) Attribution: Credit must be given to the
original work, with a link to the license and notifi-
cation of any changes. The acknowledgment should
not imply licensor endorsement. (2) NonCommercial:
The material cannot be used for commercial purposes.
(3) NoDerivatives: Modified versions of the work can-
not be distributed. (4) No additional legal or tech-
nological restrictions may be applied beyond those
stipulated in the license. Public domain materials or
those covered by statutory exceptions are exempt from
these terms. This license does not cover all potential
rights, such as publicity or privacy rights, which may
restrict material use. Third-party content in this article
falls under the article’s Creative Commons license un-
less otherwise stated. If use exceeds the license scope
or statutory regulation, permission must be obtained
from the copyright holder. For complete license de-
tails, visit https://creativecommons.org/licenses/by-
nc-nd/4.0/. The license is provided without warranties.

Brevia
Bornstein et al.

https://doi.org/10.61373/bm025l.0056
2 of 2

BRAIN MEDICINE
Genomic Press

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-21 via O
pen Access. C

C
 BY-N

C
-N

D
 4.0. https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/

https://bm.genomicpress.com
https://orcid.org/0000-0002-5211-2536
https://orcid.org/0000-0002-5595-8393
https://orcid.org/0000-0001-6905-5884
https://orcid.org/0000-0002-9635-4860
mailto:stefan.bornstein@ukdd.de
https://doi.org/10.1016/S2213-2600(25)00086-4
https://doi.org/10.1016/j.scitotenv.2024.174215
https://doi.org/10.1016/j.trac.2023.117261
https://doi.org/10.61373/bm025c.0020
https://doi.org/10.1038/s41591-024-03453-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12003191
https://doi.org/10.1016/j.jhazmat.2024.133518
https://doi.org/10.1007/s11356-021-15920-0
https://doi.org/10.3389/fendo.2022.1084236
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9885170
https://doi.org/10.1016/j.scitotenv.2022.153694
https://doi.org/10.1080/00016489.2025.2468396
https://doi.org/10.1055/a-1182-2016
https://doi.org/10.1038/s41380-023-02084-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10152027
https://doi.org/10.1016/j.lanepe.2024.101161
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11699797
https://doi.org/10.1055/a-2445-8593
https://doi.org/10.1055/a-1945-9694
https://doi.org/10.3390/ijerph21121560
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11675267
https://doi.org/10.1016/j.heliyon.2024.e30749
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11167249
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.61373/bm025l.0056

