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Abstract: Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a complex disease
characterized by profound fatigue, post-exertional malaise (PEM), and neurocognitive dysfunction.
Immune dysregulation and gastrointestinal symptoms are commonly observed in ME/CFS patients.
Despite affecting approximately 0.89% of the general population, the underlying
pathophysiological mechanisms remain poorly understood. This study aimed to elucidate the
relationship between immunological characteristics and intestinal barrier function in ME/CFS
patients. ME/CFS patients were stratified into two groups based on their immune competence. After
documentation of detailed medical records, serum and plasma samples were collected for
assessment of inflammatory immune mediators and biomarkers for intestinal barrier integrity by
ELISA. We found reduced complement protein C4a levels in immunodeficient ME/CFS patients
suggesting a sub-group specific innate immune dysregulation. ME/CFS patients without
immunodeficiencies exhibit a mucosal barrier leakage, as indicated by elevated levels of
Lipopolysaccharide-binding protein (LBP). Stratifying ME/CFS patients based on immune
competence enabled the distinction of two subgroups with different pathophysiological patterns.
The study highlights the importance of emphasizing precise patient stratification in ME/CFS,
particularly in the context of defining suitable treatment strategies. Given the substantial health and
socioeconomic burden associated with ME/CFS, urgent attention and research efforts are needed to
define causative treatment approaches.

Keywords: myalgic  encephalomyelitis, chronic fatigue syndrome, immunology,
immunodeficiencies, mucosal barrier function, patient stratification, post-viral fatigue, intestinal
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1. Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CES) is a multifactorial disease
associated with a profound and disabling fatigue, a systemic exercise intolerance and worsening of
symptoms after physical or mental exertion, which is termed post-exertional malaise (PEM), as well
as neurological and/or cognitive dysfunction. Besides, immune dysregulation, autoimmunity or
immunodeficiencies (IDs) are also frequently observed in ME/CFS patients [1]. Based on data from
public databases, 0.89% of the general population are estimated to suffer from ME/CFS, with
approximately 1.5- to 2-fold higher prevalence in women [2]. Diverse mechanisms of disease
development are discussed ranging from metabolic and endocrinological disorders to immune
related mechanisms. While a subset of patients develops ME/CFS over a long-time span without
being able to name a certain disease initiating event, a large subgroup of patients develops post-
infectious ME/CFS, mentioning especially viral infections as the main trigger [3]. Hypotheses on
disease trigger range from asymptomatic viral infections, explaining the subgroup of patients, who
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are not able to identify the disease initiating event, to a genetically greater host susceptibility to
infections, where latent infected cells are associated with immune dysfunction and post-viral fatigue
[4]. However, a definite disease trigger has not been described yet, leaving definition of
pathomechanisms challenging.

With the outbreak of the COVID-19 pandemic, we are in the unique situation to monitor and
investigate the mechanisms of early post-viral fatigue, which might ultimately lead to ME/CFS.
SARS-CoV-2 infection, independent of the severity of the acute phase, results in 1 — 10% of cases in
sequelae termed Long-COVID (LC) or post-acute sequelae of COVID-19 (PASC) [5]. While some LC
symptoms are associated with organ damage due to viral host invasion [6], a sizeable subgroup of
patients develops post-viral fatigue. Alarmingly, first estimations predict a doubling of ME/CFS
patients due to SARS-CoV-2 within the next years [7], making an increase in ME/CFS research effort
a matter of uttermost importance. Translating LC research into ME/CFS research will be crucial to
improve patient health care and improve definition of disease onset and pathogenesis in ME/CFS,

Despite huge knowledge gaps in disease onset and fatigue development, similarities in ME/CFS
and LC are documented. Both ME/CFS and LC are often associated with altered immune functions
and a dysregulated mucosal barrier. In ME/CFES a dysregulated natural killer (NK) cell function leads
to reduced cytotoxicity and increased levels of pro-inflammatory cytokines, especially, tumor
necrosis factor alpha (TNF-alpha). After exertion, reduced levels of complement system components
as well as elevated markers of oxidative stress were detected and the concentrations of interleukin
(IL)-10 and toll-like receptor 4 (TLR4) were found to be elevated [8,9]. Furthermore, TNF-alpha, IL-6
and IL-8 were previously shown to be related to fatigue severity in ME/CFS [10]. However, results
are often inconsistent through out literature depending on the study design and subsequent ME/CFS
patient stratification. In LC, patient stratification and subsequent data interpretation are less
challenging as the disease trigger and time of infection are known. Here, an inadequate immune
function was also identified to predispose to post-viral fatigue [11]. A higher prevalence of Mannose-
binding lectin (MBL) deficiency is found among LC patients with persistent severe fatigue and PEM
[12]. This is also in line with ME/CFS patients developing the disease after EBV infection [1,13].
Noteworthy, MBL is essential for the innate immune response, which acts as a first line defense to
prevent viral invasion or replication. It has been suggested to regulate NK cell function [14] and
works as a pattern recognition receptor [15] by binding and opsonizing viral proteins, i.e. the S and
N proteins of SARS-CoV-2 [16,17]. Low MBL level are associated with release of several cytokines,
including TNF-alpha and IL-6 [14,18,19]. High concentrations of MBL drastically reduce IL-6 and
TNF-alpha production by monocytes, as seen in response to meningococcal infection [20], which
highlights the importance of well-regulated MBL level during an acute infection. Furthermore, MBL
deficiency is associated to an increased susceptibility to infection and genetically determined low
levels of MBL can predispose to viral diseases, such as COVID-19 [15]. Also, LC patients showed
altered humoral responses to distinct herpesviruses including EBV. In accordance with these data,
our group recently demonstrated an association between EBV-reactivation and LC fatigue, with
presence of EBV DNA in 50% of LC fatigue patients and only 20% in fully convalescent COVID-19
patients [21]. These mechanisms tempt to hypothesize, that in a sub-set of ME/CSF and post-
infectious syndrome patients, an inadequate immune activation during a viral acute phase may
contribute to the disease development.

When focusing on an inadequate immune response during an acute infection, it is important to
elucidate the role of mucosal barrier function. As mucosae protect the human body from the outside
environment, a failed protection has been suggested to be involved in disease mechanisms of post-
infectious syndromes. This hypothesis is based on frequently observed gastrointestinal complaints in
ME/CFS patients. While recurring infections can be associated to inadequate host defense, most
gastrointestinal affected patients suffer from symptoms similar to irritable bowel syndrome (IBS) or
gastrointestinal mast cell activation disorders [22,23], without being diagnosed with inflammatory
bowel disease (IBD) or other detectable inflammatory gastrointestinal disorders. The gut microbiome
gained much attention in ME/CFS research with proposed pathomechanisms regarding gut dysbiosis
and subsequent altered gut-brain-axis activity, but also increased gut permeability with concomitant


https://doi.org/10.20944/preprints202311.2007.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2023 doi:10.20944/preprints202311.2007.v1

bacterial translocation enabling a chronic, low-grade gastrointestinal inflammation. SARS-CoV-2 has
been demonstrated to affect gastrointestinal barrier function via ACE-2 receptor binding, and viral
particles are found in patients with gastrointestinal inflammation [24] providing a possible
mechanism for intestinally triggered post-viral fatigue. Also, other discussed viral triggers of ME/CFS,
like influenza virus A, coxsackievirus and several members of the Herpesviridae family are known
to break mucosal tissue barriers and impair epithelial and microbial barrier functions [25,26].

Although ME/CEFS has been described as a disease by the WHO more than 50 years ago and
ME/CFS prevalence is increasing due to SARS-CoV-2, the exact causes of the disease remain elusive.
The lack of well-characterized patient stratification not only hinders identification of biomarkers,
which are urgently needed in diagnostics, but also ultimately impairs the definition of causative
treatment approaches. Most intervention approaches with diverse compounds such as antivirals and
monoclonal antibody rituximab have not shown promising results [27-29]. Thus, ME/CFS patients
rely on symptomatic treatment, partially with off-label use of medication, and energy management
(pacing) [30], which enables patients to successfully manage their disease. However, symptomatic
treatment is highly individual and often poorly documented. In contrast, pacing prevents PEM and
sustainable disease improvement might also be explained by the prevention of de-conditioning [31].
Until today, there is no cure or approved treatment strategy for ME/CFS [31].

In this study, we aim to evaluate immunological and mucosal barrier related insights in an
Austrian ME/CFS cohort. Understanding immune dysfunction and the impact of related factors, like
immunodeficiency and mucosal barrier disruption, can lead to targeted interventions and therapies
to alleviate symptoms and improve patient outcomes. We offer insights into ME/CFS subgroups, with
the ultimate goal of improving the medical care situation of ME/CFS and post-infectious fatigue
patients.

2. Materials and Methods

2.1. Study Cohort and Sampling Procedure

All participants provided written informed consent before study inclusion. As shown in Figure
1, 39 ME/CFS patients and 19 healthy sex- and age matched control participants were recruited.
ME/CFS was diagnosed based on the Institute of Medicine (IOM) criteria [32] which define that
following three symptoms and at least one of two additional manifestations are required for
diagnosis. The three required symptoms are: (1) a substantial reduction/impairment in the ability to
engage in pre-illness levels of activity, (2) PEM and (3) unrefreshing sleep. Additional manifestations
include cognitive impairment and/or orthostatic intolerance. ME/CFS patients were further divided
in a group of patients without immunodeficiencies (ME/CFS - ID, n=19) and patients with
immunodeficiencies (ME/CFES + ID, n=20). The immunological stratification of the ME/CFS patients
(Figure 1) was conducted during diagnostic evaluations prior to study participation. Before sampling
of biological material, participants were asked to give a detailed medical record on background and
individual symptoms. The information was collected to enable detailed stratification after the
analyses of disease markers. ME/CFS patients with immunodeficiencies were in average 41.2 years
old (+ 12.6 years) and 75% female, while ME/CFS patients without immunodeficiencies were in
average 38.4 years old (+ 10.8 years) and 84.2% female. Healthy control participants were in average
43.1 years old (+ 13.0 years) and 73.7% female (Table 1). Besides one severely affected patient in the
ME/CFS - ID group, all ME/CFS patients were mild to moderate affected by the disease. Healthy
controls were excluded when suffering from neurological, immunological or psychiatric pre-existing
conditions. Blood was collected in serum and plasma/EDTA vials on the day of study participation
at the Institute for Pathophysiology and Allergy Research, Medical University of Vienna. After
centrifugation with 2000 x g for 10 minutes, serum and plasma were retrieved and stored at -20°C
until further analysis.
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Figure 1. Patient stratification based on immunological parameters. The information on
immunodeficiencies of patients was obtained during medical examinations of already diagnosed
ME/CFS patients prior to study participation. All patients were recruited in the doctor’s office of
Assoc.-Prof. Eva Untersmayr, MD, PhD.

Table 1. Demographics and in-/exclusion criteria of the study cohort. * ME/CFS was diagnosed based
on the IOM criteria (Committee on the Diagnostic Criteria for Myalgic Encephalomyelitis/Chronic
Fatigue, Board on the Health of Select et al. 2015) and includes a profound and debilitating fatigue,
PEM, unrefreshing sleep and at least one of the two following manifestations: cognitive impairment
and/or orthostatic intolerance.

Study Group ME/CFS +1ID ME/CES-ID  Healthy
Demographic Data
Mean age in years (+ SD) 41.2 (£12.6) 38.4(x10.8) 43.1(x13.0)
Female sex in percentage (n) 75 (15) 84.2 (16) 73.7 (14)
Immunodeficiency (ID) yes no no
ME/CEFS (IOM criteria)* yes yes no
Exclusion criteria
Neurological/psychiatric co-morbidities no no yes

2.2. Measurement of Disease-Related Parameters

As an important aspect of the study was to improve ME/CFS diagnosis and patient health care,
we focused on parameters feasible in routine diagnostics. All parameters were obtained from plasma
or serum samples and measured by commercially available Enzyme-linked immunosorbent assays
(ELISAs). Markers of interest were chosen to determine (1) chronic, low-grade inflammation and
immune dysfunction, (2) mucosal barrier disruption and (3) mast cell related disorders. All markers
and respective ELISA Kits are listed in the supplementary materials (Table Al). ELISAs were
performed according to the respective manufacturer’s protocols. Briefly summarized, 96-well
microplates were coated with an antigen-specific capture antibody. After incubation and washing,
serum or plasma samples were applied. All used detection antibodies were biotinylated and detected
by a streptavidin/horse radish peroxidase conjugate. Tetramethylbenzidine and an acidic stopping
solution was used for the colorimetric reaction. Absorbance was measured at 450 nm using ELISA
Reader Infinite m200 PRO (Tecan, Mannedorf, Switzerland). A four-parameter logistic (4PL) curve
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was used to analyze antibody concentrations after subtracting levels detected in blank wells as
background values.

2.3. Statistical Analyses

Quantitative variables are reported as mean * standard deviation (SD) if not stated otherwise.
All acquired data sets were tested for normal distribution by using the Kolmogorov-Smirnov test. If
normally distributed, data sets were compared by one-way ANOVA. The confidence level was
adjusted by Tukey’s multiple comparison test and variances were computed for each comparison. If
normal distribution was not given, data sets were compared by Kruskal-Wallis test. The confidence
level was adjusted by Dunn’s multiple comparisons of all columns and individual variances were
computed for each comparison. Multiplicity adjusted P-values <0.05 were considered statistically
significant. Data analysis was done by GraphPad Prism 9 software (GraphPad, San Diego, USA).

3. Results

3.1. Evaluation of Pro-Inflammatory Immune Mediators

To detect signs of chronic low-grade inflammation and evaluate respective markers in ME/CFS
patients, pro-inflammatory and mucosal barrier integrity related cytokines IFN-gamma, TNF-alpha,
IL-6, IL-1-beta, IL-8 and IL-33 were measured in serum samples, as well as complement factor protein
C4a and fibroblast growth factor FGF21, which is exported into the circulation by the liver in response
to stress. There were no notable statistical variances detected in plasma C4a levels when comparing
individuals with ME/CFS to healthy participants (Figure 2A). However, upon stratifying patients
based on their immunological status, a noteworthy, statistically significant decrease in plasma C4a
concentrations was observed in individuals with ME/CFS and immunodeficiencies (ME/CFES + ID) in
contrast to those with ME/CFES but no immunodeficiencies (ME/CFS - ID) and the healthy control
group (Figure 2B). A significant reduction in serum IL-1-beta levels was observed when comparing
ME/CEFS patients without immunodeficiencies to the healthy control group (Figure 3A). Serum IL-33
levels were increased in ME/CFS patients without immunodeficiencies when compared to healthy
control participants, but also slightly increased when compared to ME/CES patients with
immunodeficiencies. (Table 2). A similar trend was observed in serum levels of IL-6 as shown in
Figure 3B, with a statistically significant difference in the ME/CFS - ID group compared to healthy
controls. Evaluation of TNF-alpha, IL-8 and FGF21 serum did not show statistically significant
differences between the tested groups as described in Table 2. The data on IFN-gamma level is not
shown, as all measured values were below the limit of detection (LOD) stated in the manufacturer’s
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Figure 2. (A) No statistically significant differences in plasma C4a level were found comparing
ME/CFS patients with healthy controls. (B) After immunological patient stratification, concentrations
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of plasma C4a samples are significantly reduced in patients with immunodeficiencies (ME/CFS + ID)
compared to patients without immunodeficiencies (ME/CFS — ID) and healthy control participants.
LOD: 6 pg/ml; * p<0.05. * *p<0.01.

A B
et —
159
401 -
= [ ]
£
D 10- =
1 E
g g-, 20
2 s @
30 2
—1 & 104
[ d
0- 0-
ME/CFS +ID ME/CFS - ID Healthy ME/CFS + ID ME/CFS - ID Healthy

Figure 3. (A) Significantly reduced serum IL-1-beta level were found when comparing of ME/CFS
patients without immunodeficiencies to healthy control participants. (B) Serum IL-6 level were
significantly elevated in ME/CFS patients without immunodeficiencies compared to healthy control
participants. LOD: 2 pg/ml; * p<0.05.

Table 1. Evaluation of disease-related marker associated with low-grade inflammation, enhanced
mast cell activity and mucosal barrier disruption. No parameter showed statistically significant
difference between the groups. LOD = Limit of detection.

Study Group ME/CEFES + ID ME/CFS - ID Healthy

Parameter (unit + SD) ‘ ‘
TNF-alpha (pg/ml)
LOD: 4 pg/ml
IL-8 (pg/ml)

LOD: 2 pg/ml
IL-33 (pg/ml)
LOD: 0.9 pg/ml

2.76 (+ 2.56) 7.03 (+ 9.08) 3.63 (+ 3.68)

10.80 (+7.78) 10.68 (= 12.63) 10.37 (+ 8.00)

35.70 (£48.23) | 52.13 (+77.37) | 27.77 (+ 35.44)

FGF21 (pg/ml) 170.50 (+ 158.90) | 149.70 (+ 116.80) | 155.80 (+ 90.14)
LOD: 7 pg/ml

ECP (ng/ml) 1150 (£2.66) | 1277 (x9.31) | 12.34 (x4.12)
LOD: 39 pg/ml

EDN (ng/ml)

50.11 (£27.60) | 52.29 (£29.19) | 41.03 (+17.78)
LOD: 0.63 ng/ml

Endotoxin-Core IgG (MU/ml)
LOD: 0.13 MU/ml

sCD14 (ug/ml)

LOD: 6 pg/ml

I-FABP (ng/ml)

LOD: 25 pg/ml

113.10 (+ 219.30) | 77.79 (£ 79.75) | 75.97 (+ 46.80)

12.23 (= 2.00) 11.99 (£ 2.20) 11.39 (+ 1.00)

7.86 (+1751) | 3.90(x7.30) | 11.35(+20.29)
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3.2. Immune Marker Related to Enhanced Mast-Cell Activity and Eosinophil Activation

As chronic mast cell activation is difficult to determine, due to the acute nature and short half-
life of the major mediators tryptase and histamine [33], we aimed to measure serum level of
eosinophil cationic protein (ECP) and eosin-derived neurotoxin (EDN). The measurement of ECP did
not reveal differences between the test groups of the study cohort. Serum EDN level were more
elevated in ME/CFS patients with immunodeficiencies (50.11 + 27.60 ng/ml) and without
immunodeficiencies (52.29 £ 29.19 ng/ml) than in the healthy control group (41.03 +17.78 ng/ml, Table
2). Results are not statistically significant.

3.3. Biomarker Associated to Mucosal and Intestinal Barrier Integrity

When comparing ME/CEFES patients to the healthy control participants (Figure 4A), there were no
statistically significant differences detected in serum Lipopolysaccharide-binding protein (LBP)
levels. However, following immunological patient stratification, serum LBP levels were found to be
significantly increased in patients without immunodeficiencies (ME/CFS - ID) when compared to the
healthy control group (Figure 4B). Soluble CD14 serum level, which is needed as a co-factor together
with LBP to mediate innate immunity against LPS to the immune system, did not differ between the
test groups (Table 2). Conversely, I-FABP levels were slightly reduced in ME/CFS patients without
immunodeficiencies compared to healthy control participants, but results were not significant (Table
2). Endotoxin-core IgG-antibodies were highest in immunodeficient ME/CFS patients (113.10 +219.30
MU/ml), while ME/CEFS patients without immunodeficiencies had similar Endotoxin-core IgG level
like healthy control participants (Table 2), although results are not statistically significant.
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Figure 4. (A) When comparing ME/CFS patients to healthy control participants no statistically
significant differences in serum LBP level were found. (B) Only after immunological patient
stratification, serum LBP level are significantly elevated in patients without immunodeficiencies
(ME/CFS - ID) compared to healthy control participants. LOD: 0.82 ng/ml; * p<0.05.

4. Discussion

Previous studies on ME/CFS already investigated immunological dysregulation with the
potential to trigger inflammatory processes [1,13]. In our research, we focused on investigating the
mucosal intestinal barrier to gain a deeper understanding of pathological mechanisms underlying
ME/CEFS. Our goal was to bridge these two aspects to elucidate the link between mucosal (intestinal)
barrier function and immunodeficiencies. We divided the ME/CFS patients into two subgroups based
on immunological stratification. Based on our results, we defined 3 key-messages. Our data suggest
that the two patient groups exhibit distinct pathophysiological mechanisms and most importantly,
we show the importance of immunological stratification prior to down-stream analyses. Our findings
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should be considered when diagnosing ME/CFS and developing targeted medications to mitigate
disease progression and improve patient health care.

It was previously demonstrated that C4a levels in ME/CFS patients were in general lower than
in healthy control participants but elevated after exercise challenge and correlating with PEM-
associated symptoms [34-36]. Interestingly, the rise in C4a levels was not observable one hour after
being physically challenged [34-36] but only after six hours [36] and returned almost to baseline 24
hours post exercise. This suggests C4a as a potential PEM-associated biomarker and a
pathophysiological marker in ME/CFS. Noteworthy, none of the above-mentioned studies examined
the immune competence of the ME/CFS patients before study participation. In our study, comparing
all ME/CFS patients to healthy control participants showed reduced C4a levels as well, although
results were not significant. However, after stratifying ME/CFS patients based on their immune
competence we found statistically reduced C4a levels in ME/CFS patients with immunodeficiencies
compared to both other test groups (Figure 2). Furthermore, ME/CFS patients without
immunodeficiencies showed C4a levels comparable to healthy controls. This demonstrates that not
only immunological patient stratification before study inclusion is required when using C4a as
marker of interest, but it also indicates a potential dysregulation in the inflammatory processes
involving complement system activation. Ten percent of the ME/CFS patients with
immunodeficiencies in our study suffered from a complement deficiency. C4a, which serves together
with C3a and Cba as an inflammatory anaphylatoxin, plays a crucial role in histamine release from
mast cells, increased vascular permeability, chemotaxis, inflammation, smooth muscle cell
contraction, and the generation of cytotoxic oxygen radicals [37]. These effects may contribute to the
flu-like symptoms frequently associated with PEM.

Elevated levels of the barrier marker LBP indicate mucosal barrier leakage in the ME/CFS patient
group without immunodeficiencies (Figure 4B). This marker is associated with bacterial wall
components that breach the intestinal barrier and enter the bloodstream [38]. LBP production is
dependent on circulating LPS concentrations in the blood, as the body produces more LBP on
increased LPS levels. Interestingly, we did not find sCD14 levels to be different within the whole
study cohort (Table 2), although it is needed as a co-factor for LBP when mediating innate immunity
[38]. In mice, it has been demonstrated that sCD14 presents protective effects in inflammatory bowel
disease and that a rise of LBP/sCD14 ratio in both humans and mice is linked to an increase of plasma
IL-6 [39]. Thus, it is suggested that LBP and sCD14, as well as the ratio to each other, are important
factors in low-grade inflammation during metabolic diseases. In line with these data, the ME/CFS -
ID group, which has the highest LBP values, also shows higher level of serum IL-6 (Figure 3B),
compared to the other study groups, indicating barrier leakage and low-grade inflammation. Also,
our findings regarding IL-1-beta (Figure 3A) and IL-33 levels (Table 2), which are associated with
homeostasis of the gut microbiota, support the hypothesis of a mucosal barrier leakage [40,41]. Gut
microbiota homeostasis is essential for maintenance and repair of the mucosal epithelial barrier. IL-
1-beta production induced by mucosa-associated gut commensal bacteria promotes intestinal barrier
repair, thus reduced IL-1beta levels in ME/CFS might promote barrier dysfunction. Increased IL-33,
which is a member of the IL-1 cytokine family, points towards a mucosal barrier leakage in ME/CFS
patients without immunodeficiencies, as it acts as an alarmin to provide acute initial protection [40].
Interestingly, I-FABP levels, which are found in elevated levels in situations of epithelial damage [42]
showed an inversed pattern with the biggest reduction in the ME/CFS — 1D group (Table 2). However,
it is important to emphasize that intestinal barrier leakage is not necessarily induced by epithelial
damage, as the gastrointestinal mucosal tissues also regulates its dynamics via intra- and inter-
cellular transportation pathways [43]. With the slightly elevated endotoxin-core antibodies in the
ME/CFS + ID group, we hypothesize that ME/CFS patients with immunodeficiencies have suffered
an epithelial damage, while ME/CFS patients without immunodeficiencies fail to maintain mucosal
barrier function resulting in leakage.

Previous research on ME/CFS has often focused on altered cytokine patterns, mucosal barrier
dysfunction, chronic low-grade inflammation and various other mechanisms but the results have
been inconsistent. The multi-factorial nature and the still unknown disease trigger hamper research
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as much as the highly individual symptoms, which also differ depending on the disease severity and
co-morbidities of affected patients. To support this observation, we aimed to bridge immunological
and mucosal barrier dysfunction as the gut-associated lymphoid tissues represent the largest immune
organ in the human body [44]. No major differences were found in most measured parameters when
comparing ME/CFS patients with healthy control participants. Minor trends were found in IL-6
(p=0.049), IL-33 (not significant), EDN (not significant) and I-FABP (not significant) levels (Figure 3B
and Table 2). However, an examination of larger study cohorts is needed to confirm the observed
results. While IL-8, ECP and sCD14 measurements did not reveal major differences between all test
groups, an interesting trend was detected when examining the other parameters. If ME/CFS patients
are not stratified based on their immune competence, the measured results are averaged out and
comparable to the healthy control participants (Table 2). This effect was especially prominent when
evaluating the immunological marker C4a (Figure 2A) and the mucosal barrier marker LBP (Figure
4A). Thus, we provide evidence that ME/CFES patient subgroups exhibit different pathophysiological
pattern. These distinct patterns represent subgroup-specific characteristics, thus might serve as target
points for future diagnostic and treatment approaches. Without precise patient stratification,
potential biomarker might lose discrimination power.

As patient recovery is poorly and incoherently documented [45], it is difficult to find common
mechanistic pathways. Attempts to define causative treatment approaches have failed so far. From
an immunological perspective, promising treatment strategies could be identified in well-
characterized ME/CFS subgroups. The gavage of intravenous immunoglobulins shows good results,
but the outcome strongly depends on well-stratified responders, as they must show markers of
immune dysfunction [46,47]. Also, immunoadsorption to remove ff2-adrenergic receptor antibodies
leads to clinical improvement in some cases, but only if the premise is given that patients show
elevated £2 autoantibodies in the first place [48]. The synthetic oligonucleotide aptamer BC-007,
which was designed to neutralize antibodies against G-protein coupled receptor (GPCR) and SARS-
CoV-2 autoantibodies, is currently under investigation for treatment of post-infectious disease
[49,50]. When it comes to the gastrointestinal barrier function, treatment approaches are rather based
on case reports and the use of off-label medication. In children with multisystemic inflammatory
syndrome (MIS-C), elevated plasma zonulin levels were associated with gastrointestinal permeability
after SARS-CoV-2 infection and therefore, suggested to serve as a biomarker [51]. In line, the zonulin
antagonist Larazotide (AT1001) might offer potential benefit in treatment of MIS-C patients, by
preventing a break-down of tight junctions and subsequent protection of gastrointestinal barrier
integrity [52]. Altogether, these findings highlight the importance of well stratified ME/CFS patients
in research and medical care. Promising treatment approaches can be defined on subgroup-specific
characteristics but might fail if patient subgroups are too heterogenous [53].

5. Conclusion

This research investigates the relationship between immunological abnormalities and mucosal
intestinal barrier function in ME/CEFS patients. The study stratified ME/CFS patients into two groups
based on their immunological status and presented three key findings: Reduced C4a levels in ME/CFS
patients with immunodeficiencies suggested a sub-group specific disease pattern impairing innate
immunity. It remains elusive if this deficiency contributes to disease onset due to a failure innate
immunity in situations of (viral) host defense or is a result of the ongoing disease. ME/CFS patients
without immunodeficiency exhibited mucosal barrier leakage, indicated by elevated levels of the
marker LBP, potentially contributing to low-grade inflammation. The use of standardized detection
methods is needed to rapidly translate research into clinics. This ensures the definition of bench-to-
bedside orientated approaches to make evidence-based ME/CFS diagnosis and treatment generally
available for patients. Stratifying ME/CFS patients based on their immune competence enabled
distinction of ME/CFS patient sub-groups with generally accessible detection methods. This finding
further highlights the importance of careful patient stratification when studying ME/CFS, especially
in evaluation of novel treatment strategies, as different disease mechanisms might be involved in
fatigue and PEM development.
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The COVID-19 pandemic clearly demonstrated that viral infections may be of asymptomatic
nature. Due to the progressing climate change novel pathogens, like the West Nile virus or tick-borne
diseases, which trigger post-infectious conditions, are on the forefront [3,54]. The population of
ME/CEFS patients will increase and will include more patients, who experience an asymptomatic
disease course and are not aware of their infection. The role of immune dysregulation and mucosal
barrier disruption as disease mechanisms needs in-depth investigations as they represent promising
target point in ME/CFS and post-viral treatment. When considering that in ME/CFS around 25% of
patients are bedbound and 75% of patients are unable to work, it is obvious that prolonged fatigue
represents an enormous health burden and socioeconomic challenge. ME/CFS is associated with
yearly costs of 17-24 billion USD in the United States alone [55], highlighting the enormous impact of
the disease. Noteworthy, this information is based on an estimation from 2004. Considering the
drastically increasing incidences of post-virally triggered ME/CFS due to SARS-CoV-2 infections, the
financial burden for health authorities, as well as individual patients needs to be counteracted as soon
as possible.
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Appendix A
Table Al. List of used ELISA Kits.
Kit Manufacturer Cat.-Number
Human IL-1-beta Uncoated ELSIA ThermoFisher Scientific, Waltham, USA 88-7261
Human IL-6 Uncoated ELISA Kit ThermoFisher Scientific, Waltham, USA 88-7066
Human TNF-alpha Uncoated ELISA ThermoFisher Scientific, Waltham, USA 88-7346
Human IL-8 Uncoated ELISA Kit ThermoFisher Scientific, Waltham, USA 88-8086
Human IL-33 ELISA Kit ThermoFisher Scientific, Waltham, USA  BMS2048
Human IFN-gamma Uncoated ELISA ThermoFisher Scientific, Waltham, USA 88-7316
BD OptEIA Human C4a ELISA Kit BD Biosciences, Franklin Lakes, USA 550947
Fibroblast Growth Factor 21 Human ELISA BioVendor, Brno, Czech Republic = RD191108200R
Human RNASE3/ECP (Ribonuclease Elabscience, Houston, USA E-EL-H1379
A3/Eosinophil cationic Protein) ELISA Kit
Human EDN (Eosinophil-Derived Elabscience, Houston, USA E-EL-H2341
Neurotoxin) ELISA Kit

Human LBP ELISA Kit ThermoFisher Scientific, Waltham, USA  EH297RB



https://doi.org/10.20944/preprints202311.2007.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2023 doi:10.20944/preprints202311.2007.v1

11

EndoCAb IgG, Human, ELISA Kit Hycult Biotech, Wayne, USA HK504-1GG
Human CD14 ELISA Kit ThermoFisher Scientific, Waltham, USA  EHCD14
Human FABP-2 (intestinal) ELISA Kit ThermoFisher Scientific, Waltham, USA EHFABP2
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