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Introduction
The chronic fatigue syndrome (CFS) or myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS) is an illness of uncertain etiol-
ogy. The pathophysiology is currently not clear, and there are no 
specific diagnostic tests with sufficient sensitivity and specificity 
[1]. Recent studies have investigated antibodies targeting neuro-
transmitter receptors in a subset of patients with infection-trig-
gered diseases [2]. Current studies highlight several connections 

between the pathology of ME-CFS and the post-COVID syndrome 
[3–5]. The post-COVID syndrome affects up to 20 % of patients fol-
lowing recovery from acute SARS-CoV-2 infection [6, 7]. It can man-
ifest with various symptoms, including fatigue, cognitive impair-
ment, sleep disturbances, and shortness of breath [8]. The accu-
mulation of agonistic receptor autoantibodies (AAbs) targeting 
beta-adrenergic (β1 and β2) and muscarinic (M3 and M4) neuro-
transmitter receptors may play a crucial role in the pathomechanism 
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Abstrac t

After the COVID-19 pandemic, many patients have reported 
chronic fatigue and severe post-exertional malaise, with symp-
toms similar to those of myalgic encephalomyelitis/chronic 
fatigue syndrome (ME/CFS). The accumulation of agonistic 
receptor autoantibodies targeting beta-adrenergic (β1 and β2) 
and muscarinic (M3 and M4) neurotransmitter receptors may 
play a crucial role in the pathomechanism of both ME/CFS and 
post-COVID conditions. Therapeutic apheresis has been sug-
gested as an effective treatment option for alleviating and mit-
igating symptoms in this desperate group of patients. In this 
single-center pilot study, we analyzed autoantibodies in a co-
hort of 20 post-COVID patients before and after therapeutic 
apheresis. Apheresis resulted in a decline of β1 or β2 adrenergic 
receptor antibodies in all patients. Additionally, the majority 
of patients experienced a concurrent reduction in symptoms 
such as fatigue, physical activity restrictions, myalgia, post-
exertional malaise, and concentration disorders. This study 
clearly demonstrates an association between autoantibodies 
and the clinical improvement of post-COVID patients. Even if 
future sham-controlled trials do not show a positive outcome, 
extracorporeal apheresis may still be valuable for this patient 
group by temporarily improving microperfusion and symp-
toms. Success in restoring patients to work and normal life, as 
observed in many individuals after therapeutic apheresis, 
should be recognized. Therefore, we believe that extracorpor-
eal therapeutic apheresis, as part of a multimodal treatment, 
should be considered an early intervention for postinfectious 
syndromes in selected patients.
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of both ME/CFS and post-COVID [9, 10]. In addition, several pa-
tient-level risk factors have been shown to increase the risk of 
post-COVID. According to a recent meta-analysis, among COVID-
19 survivors, older age, female sex, higher Body Mass Index (BMI), 
smoking, the presence of physical and mental comorbidities, and 
hospitalization or admission to the ICU are associated with a high-
er risk of post-COVID [11]. Some studies have observed a benefi-
cial effect of immunoadsorption treatment in patients testing pos-
itive for AAbs [2]. Due to the limited treatment options available, 
patients often seek specialized centers for apheresis treatment. 
The current study retrospectively analyzed the effect of apheresis 
treatment in 20 patients with a high likelihood of infection-trig-
gered post-COVID syndrome. The patients underwent therapeutic 
apheresis with immunoglobulin reduction, comparable to immu-
noadsorption therapy as described earlier [12]. The treatment was 
administered five times at weekly intervals. The severity of symp-
toms was assessed using modified disease-specific scores based on 
a modified questionnaire developed by Fluge et al. [13]. Addition-
ally, agonistic receptor AAbs were measured.

Subjects and Methods

Patients and assessment of post-Covid symptoms
In Bochum, Germany, a cohort of 20 patients who had previously 
tested positive for SARS-CoV-2 in a PCR test and were diagnosed 
with post-COVID syndrome and chronic fatigue syndrome under-
went therapeutic apheresis. Prior to treatment initiation, patients 
were thoroughly examined to exclude other potential causes of 
chronic fatigue syndrome. Symptom evaluation was conducted 
using standardized questionnaires for post-COVID, including symp-
toms outlined in the Canadian Consensus Criteria for ME/CFS [14]. 
A modified questionnaire developed by Fluge et al. [13] was utilized 
to assess symptoms before the first and after the final apheresis 
treatment. Symptoms were categorized on a scale ranging from 0 
to 9, with 0 indicating no symptoms, 5 indicating moderate symp-
toms, and 9 indicating very severe symptoms. Included patients 
had a score of ≥ 6 in at least 4 out of the 5 criteria (tiredness, restric-
tion of physical activity, myalgia, post-exertional malaise, concen-
tration disorders). In accordance with the ethical guidelines during 
the pandemic, all participants in the study have provided written 
consent, and all samples have been analyzed completely anony-
mously.

Therapeutic apheresis (toxopheresis)
A group of 20 patients diagnosed with severe post-COVID syn-
drome underwent therapeutic apheresis, specifically toxopheresis, 
which is a filtration-based technique using SelectiSmart M plasma 
filters. This method is effective in removing AAbs, inflammatory 
cytokines, lipoproteins, and large molecules that contribute to plas-
ma viscosity [15]. The patients received a total of five treatments, 
administered once per week for five weeks. Each treatment in-
volved a tagged plasma volume of four liters, and patients received 
5000 IU of heparin prior to apheresis.

Adrenergic receptor antibodies
Blood samples were collected from patients both before the initial 
treatment and after the final treatment. The analysis specifically 
targeted antibodies against β1 and β2 adrenergic receptors, and 
in 8 patients, additional testing was conducted for antibodies 
against muscarinic acetylcholine receptors 3 and 4. These analyses 
were carried out at a specialized institute in Berlin, Germany (IMD 
Labor Berlin, Berlin, Germany), following the manufacturer's in-
structions for measuring the blood samples.

Results

Patients’ characteristics
The cohort consisted of 13 (65 %) female and 7 (35 %) male partic-
ipants. The primary symptoms reported by the participants includ-
ed tiredness, restriction of physical activity, myalgia, post-exer-
tional malaise, and concentration disorders.

Adrenergic receptor antibodies
All patients underwent testing for β1 and β2 adrenergic receptor 
antibodies prior to apheresis. Among the 20 patients, 6 (30 %) had 
elevated β1 adrenergic receptor antibodies, while 10 (50 %) had el-
evated β2 adrenergic receptor antibodies. Additionally, testing for 
M3 and M4 adrenergic receptor antibodies was conducted in 8 of 
the 20 patients. Among these 8 patients, 2 (25 %) had elevated M3 
adrenergic receptor antibodies, while none of the 8 patients test-
ed had elevated M4 adrenergic receptor antibodies (▶Table 1).

The levels of β1 adrenergic receptor antibodies were significantly 
reduced after the final apheresis treatment (14.9 ± 17.8 vs. 7.3 ± 9.2; 
p = 0.0002; ▶Fig. 1a). On average, there was a 40.8 ± 28.0 % reduc-
tion in β1 adrenergic receptor antibodies compared to baseline 
(▶Fig. 1b). In two patients with initially high values, β1 adrenergic 
receptor antibodies were reduced but remained above the refer-
ence value after apheresis. In one patient, β1 adrenergic receptor 
antibodies increased by 32 %, although they were not detected be-
fore apheresis and remained below the reference value (pre: below 
2.5 U/ml/post: 3.3 U/ml). Similarly, β2 adrenergic receptor anti-
bodies were significantly reduced after the last apheresis treatment 
(15.6 ± 19.9 vs. 6.9 ± 11.2; p = 0.0003; ▶Fig. 1c). The mean reduc-
tion in β2 adrenergic receptor antibodies compared to baseline was 
45.2 ± 27.0 % (▶Fig. 1d). In three patients, β2 adrenergic receptor 
antibodies were reduced but remained above the upper reference 
value after apheresis. Regarding M3 adrenergic receptor antibod-
ies, there was a significant reduction after the last apheresis treat-
ment (7.1 ± 3.6 vs. 3.2 ± 0.9; p = 0.0156; ▶Fig. 2a). The mean re-
duction in M3 adrenergic receptor antibodies compared to base-
line was 47.4 ± 21.4 % (▶ Fig. 2b). For M4 adrenergic receptor 
antibodies, there was also a significant reduction after the last 
apheresis treatment (6.3 ± 3.3 vs. 3.4 ± 0.9; p = 0.0142; ▶Fig. 2c). 
The mean reduction in M4 adrenergic receptor antibodies com-
pared to baseline was 39.5 ± 16.9 % (▶Fig. 2d).

Clinical Course
At the beginning of the study, all patients experienced tiredness, 
post-exertional malaise, concentration disorders, myalgia, and re-
striction of physical activity. The changes in symptoms pre and post 
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apheresis are presented in ▶Fig. 3. Following apheresis, 12 out of 
20 (60 %) patients reported improvement in tiredness, while 6 
(30 %) reported no change and 2 (10 %) reported worse tiredness. 
Improvement in restriction of physical activity was reported by 17 
out of 20 (85 %) patients, with 3 (15 %) reporting no change and 

none reporting worse restriction of physical activity. Myalgia 
showed improvement in 15 out of 20 (75 %) patients, with 4 (20 %) 
reporting no change and 1 (5 %) patient not responding to the ques-
tion. Post-exertional malaise improved in 15 out of 20 (75 %) pa-
tients, with 4 (20 %) reporting no change and 1 (5 %) patient report-
ing worse post-exertional malaise. Concentration disorders im-

▶Table 1	  Concentration of adrenergic receptor antibodies before and after apheresis.

β1-adr-R-Ab (U/ml) Β2-adr-R-Ab (U/ml) M3-adr-R-Ab (U/ml) M4-adr-R-Ab (U/ml)

Before apheresis 14.9 ± 17.8 15.6 ± 19.9 7.1 ± 3.6 6.3 ± 3.3

After apheresis 7.3 ± 9.2 6.9 ± 11.2 3.2 ± 0.9 3.4 ± 0.9

Mean reduction in  % 40.8 ± 28.0 45.2 ± 27.0 47.4 ± 21.4 39.5 ± 16.9

Upper reference value 15 8 8 10.7

Patients above reference (n) 6/20 (30 %) 10/20 (50 %) 2/8 (25 %) 0/8 (0 %)

adr-R-Ab: Adrenergic receptor antibodies; n: Number.

▶Fig. 1	 Therapeutic apheresis reduces the amount of β adrenergic autoantibodies: a: Levels of β1 adrenergic receptor antibodies before (pre) and 
after (post) therapeutic apheresis treatment; b: Percentage reduction of β1 adrenergic receptor antibodies before (pre) and after (post); c: Levels of 
β2 adrenergic receptor antibodies before (pre) and after (post) therapeutic apheresis treatment; d: Percentage reduction of β2 adrenergic receptor 
antibodies before (pre) and after (post). Note: adr-R-Ab refers to adrenergic receptor antibodies.
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proved in 17 out of 20 (85 %) patients, with 2 (10 %) reporting no 
change and 1 (5 %) patient reporting concentration disorders after 
apheresis.

Discussion
This single-center study describes the course of 20 patients with 
post-COVID after apheresis therapy. Apheresis resulted in a decline 
in β1 or β2 adrenergic receptor antibodies in all patients. Moreover, 
the majority of patients experienced a concurrent reduction in 
symptoms such as tiredness, restriction of physical activity, myal-
gia, post-exertional malaise, and concentration disorders. Howev-
er, none of the patients achieved a complete reduction in the symp-
tom scores reported in the questionnaire following apheresis. 
In recent research, it has been observed that the clinical fatigue 
improved following the therapeutic elimination of adrenergic 
receptor antibodies in individuals with ME/CFS and post-COVID 
[10, 15, 16]. The correlation between post-COVID symptoms and 
adrenergic receptor antibodies is further supported by the findings 
from our study. However, not all patients appear to respond equal-
ly to antibody reduction. Giszas et al. described the course of two 
patients with post-COVID following apheresis and successful anti-
body elimination. One patient benefited significantly, while the sec-

ond patient continued to experience persistent symptoms. Both 
patients experienced a subsequent rise in antibodies after apher-
esis, which the authors attributed to a strong autoimmune compo-
nent of the post-COVID disease [16]. In our findings, we observed var-
ying efficacy in the removal of adrenergic receptor antibodies through 
apheresis. This implies the need for individualized therapeutic 
apheresis protocols, ensuring that the levels of relevant adrenergic 
receptor antibodies are consistently below their respective thresh-
old values. It is important to note that therapeutic apheresis leads 
to a reduction in antibodies comparable to immunoadsorption, as 
used in the studies conducted by Tölle et al. [17] and Stein et al. 
[18, 19], which also resulted in a temporary reduction of symptoms 
in a subgroup of patients with post-COVID ME/CFS. This observa-
tion was also supported by an analysis of 27 patients with post-COV-
ID and elevated antibodies [15]. Considering the potential for a re-
bound response, adjustments to the therapeutic regimen, such as 
incorporating immunosuppressant therapy, may be necessary to 
minimize this risk [9]. Besides antibodies, numerous other biomark-
ers may be associated with post-COVID, including markers of sys-
temic inflammation, acute phase proteins, cytokines, and chemok-
ines [20, 21]. A meta-analysis by Yin et al. revealed that elevated 
interleukin (IL)-6 levels were correlated with post-COVID [22]. Re-
duction of inflammatory cytokines could potentially alleviate symp-

▶Fig. 2	 Therapeutic apheresis reduces the amount of β adrenergic autoantibodies: a: Levels of M3 adrenergic receptor antibodies before (pre) and 
after (post) therapeutic apheresis treatment; b: Percentage reduction of M3 adrenergic receptor antibodies before (pre) and after (post); c: Levels of 
M4 adrenergic receptor antibodies before (pre) and after (post) therapeutic apheresis treatment; d: Percentage reduction of M4 adrenergic receptor 
antibodies before (pre) and after (post). Note: adr-R-Ab refers to adrenergic receptor antibodies.
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toms in post-COVID patients post-apheresis, as double filtration 
apheresis has demonstrated the ability to decrease levels of vari-
ous cytokines and chemokines, such as IL-8, macrophage inflam-
matory protein (MIP)-1α, IL-5, IL-4, and interferon (IFN)-γ [23].

Limitations of the study include its single-center design and the 
absence of a control group. It is not feasible to implement a sham 
apheresis in this particular setting. Additionally, the potential pla-
cebo effect should not be disregarded as we cannot exclude a 
strong psychological effect of the intervention in these patients 
that may be unrelated to inflammation and autoimmunity. The pla-
cebo effect in clinical trials can present advantages by providing a 
baseline for evaluating treatment outcomes and studying the psy-

chosocial aspects of healing. However, it poses limitations as it may 
confound the assessment of true treatment efficacy and create 
challenges in designing placebo-controlled studies. Understand-
ing the maximum extent of placebo effectiveness is crucial for 
accurately interpreting treatment responses and ensuring evi-
dence-based practice.

Even if future sham-controlled trials do not show a positive out-
come, the ability of extracorporeal apheresis to improve micro
perfusion and clinical symptoms for a certain period may still hold 
value for this desperate group of patients. When a patient can re-
sume work and normal life over a longer period, as we have ob-
served in numerous individuals after therapeutic apheresis, this 
could be seen as a success of practice-oriented medicine [24]. 

▶Fig. 3	 Symptoms are reduced after therapeutic apheresis: a: Patients’ symptoms before and after apheresis. Symptom scores for tiredness (3a), 
restriction of physical activity (3b), myalgia (3c), post-exertional malaise (3 d), and concentration disorders (3e) are indicated on a scale from 0 
(absent) to 9 (most severe).
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Given the heterogeneity of this patient group, conducting a rand-
omized clinical evidence-based trial will be challenging. Therefore, 
an individualized, practice-oriented, multimodal treatment strat-
egy is likely to be the best approach for these patients [5].
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