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Abstract: Adverse skin reactions caused by the COVID-19 vaccine have attracted considerable attention. As we all know, the
development mechanism of some skin diseases is related to the gut and skin microbiome. A 78-year-old male patient who received the
COVID-19 vaccine developed generalized eczema with multiple dense black patches over the body, a widespread rash, erosion, and
scabs on his limbs, as well as facial edema. The patient experienced recurrent flare-ups after conventional treatment, but then
recovered well without recurrence after undergoing three fecal microbial transplantation (FMT) treatments. This rare case is reported
for the first time in this study. This report demonstrates the possible potential of FMT in targeting refractory skin diseases, such as
eczema, as well as diseases associated with gut microbiota disturbance after vaccination.
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Introduction

Eczema, which is not only found in young children’s bodies in common but can also appear in adults. The main clinical
characteristics of dry, inflamed, and intensely itchy skin can occur in all parts of the body. Its development is usually
accompanied by elevated levels of the immunomarker IgE, but the specific immunological mechanisms are not yet fully
understood.! The skin is the largest organ in the human body, harboring approximately 1 billion bacteria per 1 cm? of
surface area and the composition of skin microorganisms is closely related to dermatologic diseases.” With the proposal
of the concept “gut-microbe-skin axis”, more and more studies have shown that the gut microbiota may influence the
development of skin diseases by mediating the immune system.>* However, evidence for gut microbiota-based therapies
in the treatment of eczema is still lacking. Here, we describe a patient treated with fecal microbial transplantation (FMT)
for recurrent flare-ups of generalized eczema after COVID-19 vaccination.

Case Report

In June 2022, a 78-year-old male patient was admitted to the department with generalized eczema three days after
receiving the inactivated COVID-19 vaccine (0.5 mL). The patient’s medical history included hypertension, cardiac
arrhythmia, adrenalectomy, and gastrointestinal dysfunction characterized by constipation, as well as sleep disorders. The
patient denied having any previous drug or food allergies, as well as a prior COVID-19 infection. He presented with
swelling of the face and lower limbs, as well as large erythematous, papular, and scaly patches that were densely
distributed in multiple locations throughout the body. The immune marker IgE was 611.00 IU/mL (0-100 IU/mL), and
the inflammatory markers PCT and IL-6 were 1.0865 ng/mL (0-0.051 ng/mL) and 0.2544 ng/mL (0-0.007 ng/mL),
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respectively. The diagnosis was “adverse reactions of COVID-19 vaccine - generalized eczema”. So he was treated with
promethazine (25mg/day, intramuscular injection), diphenhydramine (20mg/night, intramuscular injection), ebastine
(10mg/night, orally), loratadine (8.8 mg/day, orally), and traditional Chinese medicine. The patient was discharged
from the hospital one week later with marked improvement in eczema symptoms. After discharge, the patient continued
to take oral ebastine and topical fluticasone cream, moisturizing cream, and herbal lotion. However, as the symptoms
subsided, the patient took intermittent medication at home. Because the patient did not adhere to the medication and due
to the relapse-prone nature of the disease, the disease recurred repeatedly, and the symptoms worsened as time went on.

Five months later, the patient was admitted to the hospital presenting with a recurrence of eczema, facial swelling,
widespread dark patches on the body, and a generalized rash with erosion and crusts on the extremities (Figure 1).
Laboratory tests revealed elevated levels of IgE (2600 IU/mL), inflammatory markers (PCT) (0.110 ng/mL), and IL-6
(0.0174 ng/mL) beyond the normal range. As the patient had a history of gastrointestinal dysfunction, an intestinal
functional barrier test was performed. The test showed that the concentration of diamine oxidase was within the normal
range at 7.08 U/L (normal range: 0—10 U/L). However, the concentrations of D-lactate (32.91 mg/L) and serum
endotoxin (25.11 U/L) were much higher than the normal range of 0-15 mg/L and 0-20 U/L, respectively.
Considering the abnormalities in D-lactate and serum endotoxin levels, we suspected that the patient might have an
imbalance in the intestinal flora. The subsequent results of the intestinal flora testing confirmed our suspicion. The
concept of the gut-skin axis has advanced the study of the microbiome associated with the skin and gut.*®* Numerous
studies have shown that GM metabolites can be involved in the mechanisms of inflammatory responses. Short-chain fatty
acids (SCFA), tryptophan, and pathogen-associated molecular patterns can activate different receptors to restore TH1/
TH2 balance, thereby enhancing the epidermal barrier of the skin.”® This provides a theoretical basis for treating skin-
related diseases by restoring the gut microbiota. Therefore, a customized comprehensive treatment plan, including FMT
and anti-allergy medication, was eventually considered for this patient.

The FMT donor and preparation of intestinal bacterial fluid were conducted according to established standards.’ The
patient received a three-day course of orally administered vancomycin (500 mg, twice/day) up to two days before the
FMT procedure. On the day before the FMT procedure, the patients were required to orally take polyethylene glycol to
eliminate any remaining antibiotics and fecal material for bowel preparation. The bacterial solution was injected via
colonic catheterization, using an injection tube to administer 50 mL of the solution into the terminal ileum and ileocecum
once daily for three consecutive days (Figure 2). In addition, the patient received loratadine for anti-allergic medication
and topical moisturizing treatment for the skin. Following the first FMT treatment, the patient reported a significant
improvement in itchy skin symptoms and sleep quality. After the second day of FMT treatment, supplemented with
probiotics, prebiotics, and other medications, the patient experienced a notable reduction in frontal and facial erythema,
as well as alleviation of pimples and scales on the limbs (Figure 3A). By the fourth day, after the third FMT treatment,
the papules on the patient’s entire body had significantly subsided, and there was a marked improvement in black spots.

Figure | Patient’s skin condition.
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Figure 3 Patient’s skin condition after the second FMT (A); after the third FMT (B).

The patient also reported a significant relief in itchiness throughout their body (Figure 3B). After two days of
observation, the patient was discharged from the hospital with a satisfactory recovery. The re-examination results before
discharge showed a significant improvement in the levels of diamine oxidase (3.59 U/L), D-lactic acid (13.02 mg/L), and
bacterial endotoxin (12.51 U/L) compared to the pre-FMT levels, returning to the levels observed in a healthy individual.
The level of IL-6 (13.00 pg/mL) slightly decreased, while the levels of PCT (0.120 ng/mL) and IgE (3100 IU/mL) were
slightly elevated, still indicating a higher risk of allergies. Treatment with oral anti-allergy medication (loratadine) and
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Figure 4 Shannon index (A); relative species abundance at phylum level (B) and genus level (C).

topical moisturizing medication for the skin was continued after discharge. Three months later, the patient reported no
recurrence of eczema and a significant improvement in sleep quality and bowel movements.

Stool samples were collected from the patient before FMT treatment and one month after three FMT treatments. The
composition of the gut microbiota was compared by utilizing high-throughput sequencing of the 16S V3+V4 region.
After FMT, the Shannon index, which represents the alpha diversity of the sample, increased in the gut microbiota,
indicating an increase in microbial diversity within the gut (Figure 4A). A higher diversity and richness of the intestinal
microbial community are more conducive to the stability of the intestinal microecology. At the phylum level, the gut
microbiota of patients was dominated by Firmicutes before FMT, while after FMT, there was a significant decrease in
Firmicutes and a notable increase in Bacteroidota and Verrucomicrobiota (Figure 4B). A significant change in the
microbiota was observed at the genus level after FMT (Figure 4C). The relative abundance of Bacteroides, Akkermansia,
Faecalibacterium, and Bifidobacterium increased, while Subdoligranulum, Megamonas, Catenibacterium,
Ruminococcus, and Holdemanella showed a decrease in relative abundance. It is worth mentioning that there was
a significant increase in the abundance of Akkermansia in Verrucomicrobiota after FMT. However, it is important to note

that the relative abundance of Akkermansia in the donors was relatively low.

Discussion

Vaccination is an effective measure for controlling epidemics. The new COVID-19 vaccine has played an important role
in stopping the spread of the rapidly evolving SARS-CoV-2. However, there is also growing attention on the adverse
reactions to the COVID-19 vaccine that has received accelerated approval. In addition to major discomforts such as fever,
headache, and respiratory symptoms, some vaccinated individuals may experience dermatological conditions such as
localized erythematous herpes zoster, pityriasis rosea, erythema multiforme, varicella, herpes simplex, psoriasis, and
others.'” One study showed that eczema-like rashes accounted for 27.27% of all adverse skin reactions.'' Generalized
eczema is an extremely rare condition with a complex mechanism of occurrence and development that is related to
immune system dysfunction. The characteristics of a prolonged onset period, frequent recurrence, and difficulty in
finding a cure seriously affect the quality of life for patients. As far as we all know, this is the first report of using FMT as
a treatment for generalized eczema after vaccination.

Currently, the primary method of treating eczema is through the external application of glucocorticoids and
emollients.'>"* In addition, immunosuppressive drugs (cyclosporine, methotrexate, etc.) are often clinically recommended
for patients with severe generalized eczema. It is worth mentioning that the FDA’s approval of dupilumab and abrocitinib has
benefited numerous patients with atopic dermatitis.'*'> However, the actual clinical situation is complex. Therefore,
treatment strategies often require a comprehensive assessment of the patient’s age, medical history, and disease severity.
In this case, the patient was initially treated with a combination of an anti-allergic drug (promethazine, diphenhydramine,
ebastine, and loratadine), a glucocorticoid (fluticasone cream), and a moisturizing cream. This treatment approach resulted in
a positive outcome. However, the eczema recurred, and the patient’s condition worsened even further after a few months.
This result suggests that conventional treatment may only provide temporary relief for this patient. Therefore, safer and more
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effective treatments are needed for certain patients. Microbial therapies focused on the “gut-microbe-skin axis” are gaining
attention from dermatologists as research in microbial therapies. Navarro-Lopez et al have demonstrated that novel probiotic
agents can improve atopic dermatitis (AD) by regulating the composition of the microbiota.'®'” It was not until Huang'® and
Mashiah et al'® began to attempt to use fecal fluid directly in the form of FMT to treat AD. However, there are currently
relatively few clinical studies on FMT in AD, and there are no relevant reports on generalized eczema. Therefore, more
research is needed. Considering the unique circumstances of this patient, we discovered that his intestinal microecology was
disrupted after analyzing his gut microbiota. As a result, we have decided to implement the treatment plan of FMT.

We observed significant changes in the gut microbiome after FMT in this patient. Before FMT, the abundance of
Subdoligranulum (associated with diseases such as food allergies),”® Megamonas (associated with systemic inflammatory
cytokines),”! Catenibacterium (associated with metabolic syndrome),”> and Ruminococcus (associated with intestinal
mucolysis)* is relatively high. This finding is consistent with the results reported in other immune system-associated skin
diseases (Symptomatic dermographism, psoriasis, and atopic dermatitis).”'**2° However, another study by Zhang et al
showed a reduction in the abundance of Megamonas and Dialister in patients with chronic spontaneous urticaria (CSU)
compared to healthy individuals.?” In a case study by Huang et al on the treatment of patients with functional constipation and
accompanying AD using FMT, it was found that Ruminococcus was enriched in the patient before FMT, while Bacteroides,
Alistipes, Bilophila, and other bacteria related to bile metabolism increased after FMT.'® However, these changes may also be
associated with constipation. In this case report, the patient had a lower abundance of Faecalibacterium and Bifidobacterium

28 31
831 there

before FMT compared to healthy individuals. Although similar evidence has been found in the reported literature,
appear to be some inconsistencies regarding changes in Faecalibacterium. Faecalibacterium prausnitzii has been strongly
associated with AD and infantile eczema.*** Interestingly, a macrogenomic analysis of psoriasis by Dei-Cas et al** yielded
similar results. However, the higher abundance of Bacteroides in non-psoriasis patients is consistent with the findings in this
case. This contradiction may be related to a correlation between the specific mechanisms of different disease types. In
addition, there are significant differences in Akkermansia before and after FMT, as well as between healthy donors. Although
research results have shown that the abundance of Akkermansia is significantly reduced in patients with psoriasis,’*>'~*" this
phenomenon cannot be well explained from the perspective of fecal microbiota transplantation. Interestingly, the findings of
Mashiah et al seem to help us understand this phenomenon.'® They demonstrated through continuous FMT capsule treatments
that the gut microbiota of patients gradually became more similar to that of the donor over time, especially in terms of the
transmission of specific bacterial strains rather than changes in relative abundance. The gut microbiota is a functionally
complex microecosystem. Therefore, we speculate that this may be the result of the comprehensive effect of the gut
microbiota. In the future, it is recommended to employ continuous sampling and other methods to dynamically monitor
the gut microbiota. Additionally, as this study is a single case report, we need to consider limitations such as individual
differences, donor differences, and lack of controls. Therefore, it is necessary to expand the study cohort to further elucidate
the relationship between gut microbiota and immune system-related skin diseases, such as eczema.

The case we reported demonstrates the possible therapeutic effect of FMT in treating refractory eczema. This finding
warrants further large-scale clinical research and the exploration of FMT as a potential treatment for other forms of
eczema. While focusing on exploring specific microbial biomarkers and metabolic markers of particular microbial
groups, it is also important to consider the dynamic changes of the entire microbial community over time. This will
help further understand the microbial processes at different stages of the disease and provide scientific guidance for
personalized treatment.
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