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Abstract

Since the beginning of the coronavirus disease (COVID) 2019 pandemic, thou-
sands of articles on the topic have been published, and although there is a
growing trend of research on another associated condition, long coronavirus
disease, important points still remain to be clarified in this respect. Robust
evidence has suggested a relevant link between new clinical discoveries and
molecular mechanisms that could be associated with the manifestations of
different signs and symptoms involving cases of long COVID. However, one of
the existing gaps that requires further investigation concerns a possible rela-
tionship between gut candidiasis and long COVID. While recent studies also
suggest an interplay between the occurrence of these two conditions, it is not yet
fully clear how this may happen, as well as the specifics regarding the possible
pathophysiological mechanisms involved. In this connection and with the advent
of a potential strengthening of the body of evidence supporting the hypothesis of
a link between gut candidiasis and long COVID, a better understanding of the
clinical presentation, pathophysiology and clinical management of such a
relationship should be essential and useful for both, additional advances towards
more targeted research and appropriate case management. Knowing more about
the signs, symptoms, and complications associated with cases of long COVID is
essential in order to more effectively mitigate the related burden and provide a
higher quality of care and life for the affected population. In light of this and the
need for better outcomes, here we review and discuss the content on different
aspects of long COVID, including its pathophysiology and the existing evidence
of a potential relationship between such a condition and gut candidiasis, as well
as suggest propositions for future related research.
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Core Tip: More research is needed to address the specifics of a possible relationship between gut candidiasis and long
coronavirus disease, in order to provide more robust knowledge on the topic, and consequently more appropriate
management and treatment for affected patients. This, in turn, could lead to greater understanding and learning about the
subject among all related healthcare professionals, with the potential to achieve better outcomes and improved quality of life
and quality of care for the population.

Citation: Bistagnino F, Pizzi D, Mantovani F, Antonino JR, Tovani-Palone MR. Long COVID and gut candidiasis: What is the
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INTRODUCTION

Long coronavirus disease (COVID) is a condition characterized by the emergence of new symptoms or the persistence of
existing symptoms for at least two months, three months after the initial infection[1]. Although such a condition has
initially been extensively studied, there are still many contradictions between the findings and methodologies of different
related research articles[2,3]. Within this context and since the middle of the COVID-19 pandemic, important studies have
been published in the literature reporting the occurrence of fungal infections among COVID-19 patients[4,5], including
mucormycosis' and oral candidiasis[6]. On the other hand, evidence on a possible relationship between gut candidiasis
and long COVID is still recent[7]. Indeed, a marked gastrointestinal (GI) fungal dysbiosis together with perturbation of
the lung-gut axis has been observed in severe COVID-19 patients. This combined with neutrophilia and an exacerbated
worsening of the inflammatory response, which can be implicated in the acute and chronic immunopathology of such a
viral disease[7,8].

Furthermore, persistent changes in the immune system may also occur, resulting in a possible relationship with the
occurrence of long COVID[7]. However, more targeted evidence is still scarce and the specific topic related to gut
candidiasis has been the subject of little discussion. In response to this, in this article we discuss general aspects of long
COVID, the inherent pathophysiology and current evidence of a potential relationship between this condition and gut
candidiasis, in addition to providing recommendations for future research.

GENERAL ASPECTS OF LONG COVID

According to the literature, the term “long COVID” encompasses different nomenclatures, including chronic COVID-19
syndrome, late sequelae of COVID-19, long haul COVID, long-term COVID-19, post COVID syndrome, post-acute
COVID-19, and post-acute sequelae of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Such a
condition occurs in cases in which COVID-19 symptoms persist or emerge 3 months after the initial SARS-CoV-2
infection, lasting for at least 2 months without any other known cause[9-12].

In terms of epidemiology, the long COVID prevalence rates, as documented to date, have been variable between
different countries. Although its real estimates are difficult to be appropriately measured due to different factors such as
the attribution of different definitions for the condition and even variable follow-up times in the literature on the subject
(especially before the introduction of the first 2021 World Health Organization definition of post-acute sequelae of SARS-
CoV-2)[1,13], recent studies using standardized methodology confirm the existence of notable variations in the prevalence
of long COVID between different regions of the world, reporting rates ranging from 51% in Asia, 44% in Europe, and 31%
in North America[14].

From this perspective, it is worth highlighting that the widespread prevalence of long COVID may also affect the
burden and financial costs in healthcare systems. Indeed, the management of persistent symptoms involves substantial
expenditures for patient care[15]. This, in turn, is related to the fact that different body systems can also be affected at this
stage of the disease, including the respiratory, cardiovascular, neurological, GI, and musculoskeletal systems, each
characterized by a wide range of clinical presentations, as represented in Figure 1[16-18]. Moreover, the prevalence of
long COVID symptoms varies over different follow-up periods. In the first 6-9 months, symptoms such as cough,
headache, loss of taste, and loss of smell are usually present, while after 12 months dyspnea, fatigue, myalgia, and sleep
disorder are among the most reported symptoms[19].

An additional crucial point underscoring the severity of COVID-19 and the period following the initial infection
concerns its link to a potential increased risk of also developing other systemic disorders and specific complications,
including but not limited to acute myocardial infarction[20], diabetes[21], and arterial hypertension[22]. However, despite
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Clinical manifestation of long COVID
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Figure 1 Typical clinical features in patients with long coronavirus disease. Source: Image created using Biorender, with content adapted from[16-
18]. COVID: Coronavirus disease.

the significant heterogeneity of the clinical presentation of COVID-19 and related disorders, and the resulting diversity of
treatment approaches[23], the majority of studies have focused on alleviating general symptoms and thus new and more
standardized trials continue to be needed[24].

On the other hand, given the possible outcomes of the disease, recent evidence suggests that the administration of
antiviral treatment may correlate with a decreased risk of developing long COVID and the need for hospitalization as
well as in the occurrence of related deaths[25]. Even more impactful may be the adoption of broad preventive measures
through vaccination against SARS-CoV-2 infection, which can undoubtedly lead to more favorable outcomes for both
patients and healthcare systems compared to the exclusive use of medicines that only aim to reduce the severity of
COVID-19 or long COVID[26,27]. Of great value in this context, this practice towards achieving satisfactory vaccination
coverage rates should therefore continue to be encouraged by governments, health authorities and other key stakeholders
around the world, in order to effectively mitigate both COVID-19 and its implications.

PATHOPHYSIOLOGY OF LONG COVID

The several phenotypic manifestations of long COVID pose a significant challenge in the discovery of a univocal
pathogenesis. In principle, the related symptoms have been attributed as resulting from organ damage in the acute phase
of COVID-19; however, another plausible explanation is that certain precipitating factors may lead to a state of inflam-
mation that gives rise to the symptoms seen in patients with long COVID[18]. Previous literature suggests that the
potential mechanisms related to long COVID may be linked to a complex interplay of different pathophysiological factors
[18,28,29].

A common link between these hypotheses seems to be the presence of elevated levels of interleukin (IL)-6 in affected
patients. Yin ef al[30] confirmed it in a cohort of long COVID patients, in which was found a significant increase in IL-6
levels compared to healthy individuals. A mean value of 20.92 pg/mL was observed for the pooled estimate in patients
with long COVID, while the forest plot analysis revealed a significant difference of 9.75 pg/mL between the IL-6 levels in
patients with long COVID and healthy individuals. Considering that IL-6 is a potent inflammatory cytokine, such
findings provide an important basis for a better understanding of long COVID and other possible associated mechanisms
[30]. Table 1 summarizes some of the relevant available evidence on the pathophysiology of long COVID published in the
literature[18,28,31-41].

In addition to the propositions described above, in a recent systematic review published in 2024, Diar Bakerly et al[42]
examined different proposed pathophysiological mechanisms for long COVID through a combination of the evidence
found with known biological relationships. In this context, as most symptoms can be causally associated with multiple
etiologies, comprehensive and personalized multidisciplinary care should be required, especially for more severe and
long-lasting cases. On the other hand, the lack of a clear causal relationship between some symptoms and the proposed
pathophysiological mechanisms still represents an important challenge for both appropriate patient care and
understanding of the condition, thus leading to difficulties in accurate and early diagnosis, as well as in effective case
management[42]. Notwithstanding the increasing efforts directed towards a better comprehension of the
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Table 1 Summary of evidence on the pathophysiological mechanisms related to long coronavirus disease

Proposed etiology

Available evidence

Ref.

Immune dysregulation

Auto-immunity

Viral antigen
persistence

Latent virus
reactivation

End-organ damage

Endotheliopathy

Mitochondrial
dysfunction

Microbiome dysbiosis

Metabolic dysregu-
lation

Autonomic nervous
system dysfunction

The immune profiling of patients recovering from acute COVID-19 shows an up-regulation of immuno-
logical signaling molecules associated with inflammation, including ESR, CRP, TNF-q, IL-4, and IL-6

Both latent autoimmunity and PolyA have been observed in a high percentage of patients (83% and 62% of
cases, respectively). The delayed resolution resulting from low-grade inflammation is evidenced by
elevated levels of IL-1pB, IL-6, IL-8, and TNF-o. The detection of circulating ANA/ENAs further reinforces
this hypothesis

The SARS-CoV-2 NP has been detected in different organs and structures of the body of patients who
recovered from COVID-19, such as the gallbladder, lymph nodes, colon, appendix, ileum, hemorrhoid, and
liver. In some of these cases, the presence of the viral antigen was observed in all the tissues evaluated,
which may therefore predispose to the occurrence of a possible widespread involvement of multiple organs
and structures

Marked differences in viral reactivities against non-SARS-CoV-2 antigens have been detected in patients
with long COVID. In this respect, different herpesvirus antigens, such as the EBV minor viral capsid
antigen gp23, the EBV fusion-receptor component gp42, and the varicella zoster virus glycoprotein E can be
found in elevated levels in these patients

The invasive potential of SARS-CoV-2 has been shown to cause damage to different organs. A study that
included a sample of young adults, most of whom were free of risk factors for severe COVID-19, found that
66% of the subjects had at least one radiological abnormality in various organs, such as the lungs, liver,
pancreas, among others, thus demonstrating the possibility of multisystemic involvement. Organ damage
has also been reported in the nervous system (brainstem)

The levels of different biomarkers of endothelial damage have been observed to be changed in patients with
long COVID, including Ang-1, Ang-2, sP-selectin, SSICAM-1, VEGF, and vWf, demonstrating an important
correlation to the presence of related symptoms

Increased levels of blood biomarkers together with mitochondrial damage and oxidative stress have been
evidenced in cases of long COVID. For example, increased levels of F2-isoprostanes, malondialdehyde, with
a respective reduction in the levels of antioxidants (coenzyme Q10). Results from genomic studies have
provided additional evidence in this respect. Patients with COVID-19 may exhibit altered gene expression
associated with both mitochondrial function and the cellular response to viral infections

In addition to reduced bacterial diversity, the SCFA-producing salutary commensal bacteria are also
significantly reduced in patients with previous COVID-19 history. SCFAs play a key role in regulation of
the immune system response

Metabolomic and proteomic profiling of patients with long COVID can aid in determining whether the
symptoms of long COVID may be attributed to metabolic dysregulation. In this connection, higher levels of
lactate, pyruvate, and total triglycerides, and significantly lower Apo-Al and A2 levels have been observed
in patients with long COVID compared to healthy individuals

Different mechanisms, such as, direct tissue damage, immune dysregulation, hormonal disturbances,
persistent low-grade infection, invasion of SARS-CoV-2 into the brain, and elevated levels of cytokines have
been proposed as pathways with potential to lead to reduced levels of vagal activity in patients with
COVID-19. Patients with long COVID presenting neurological symptoms have been shown to exhibit
higher levels of NfL and glial fibrillary acidic protein, which may be related to persistent axonal damage in
such patients

Haunhorst et al[28]
Rojas et al[31], Son

et al[32]

Cheung et al[33]

Klein et al[34]

Yong[18], Dennis
et al[35]

Vassiliou et al[36]

Molnar et al[37]

Zhang et al[38]

Berezhnoy et al[39]

Giunta et al[40],
Marchegiani et al
[41]

COVID-19: Coronavirus disease 2019; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; TNF: Tumor necrosis factor; IL: Interleukin; PolyA:

Polyautoimmunity; ANAs: Antinuclear-nuclear antibodies; ENAs: Extractable-nuclear antibodies; SARS-CoV-2: Severe acute respiratory syndrome
coronavirus 2; NP: Nucleocapsid protein; COVID: Coronavirus disease; EBV: Epstein-Barr virus; Ang: Angiopoietin; sP-selectin: Soluble platelet selectin;
sICAM-1: Soluble intercellular adhesion molecule-1; VEGF: Vascular endothelial growth factor; viWf: von Willebrand factor; SCFAs: Short-chain fatty acids;
Apo: Apolipoprotein; NfL: Neurofilament light chain.

pathophysiology underlying long COVID, a general consensus on this subject has not yet been reached. In light of this,
new and updated knowledge on the topic should be extremely important, aiming above all at more progress in both
research and related care practice.

LONG COVID AND ITS IMPACTS ON THE GI TRACT

Among the various systems affected by COVID-19, the GI tract emerges as a significant site of involvement, with related
symptoms showing a wide variation in prevalence among affected patients[43]. Such symptoms cover a broad spectrum,
including but not limited to diarrhea, nausea, vomiting, and abdominal pain; however, with conflicting data on their
relative frequency and relevance[44,45]. Notably, GI tract involvement has been shown to be a very relevant parameter in
clinical diagnosis, since the presence of GI symptoms together with respiratory complaints is associated with a 70%
increased likelihood of testing positive for SARS-CoV-2[46]. Furthermore, such symptoms may be correlated with
increased risks of hospitalization and worse outcomes, thus highlighting their clinical importance[47,48].
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A further important point in this regard is that the GI tract symptoms of COVID-19 are not only related to its acute
phase, as they may persist in cases of long COVID[49,50] manifesting through different clinical presentations known
among other names as post-infectious functional GI disorders (PI-FGID), which include both irritable bowel syndrome
and dyspepsia[51]. PI-FGID commonly arises following acute GI infections, affecting approximately 1 in 10 adult patients
[52]. Although the prevalence of these complications in adults after acute COVID-19 infection is potentially lower, given
its primary respiratory nature, the scale of COVID-19 cases (estimated at 775 million globally) has implied an important
impact in this respect. Therefore, even if slightly less than 10% of patients develop PI-FGIDs, the potential for an
increased burden on healthcare systems, the economy, and society may be considerably significant[51]. On top of this,
some studies suggest that such percentages may range between 10% and 25%[49], and other evidence indicates that these
symptoms can persist for 2-3 years after SARS-CoV-2 infection in previously hospitalized COVID-19 survivors[48].

In an attempt to advance further, different mechanisms have been proposed to elucidate how long COVID may impact
the GI tract, including angiotensin-converting enzyme II related pathways, prolonged GI inflammation, neurochemical
alterations, abnormal intestinal mucosal permeability, and involvement of both central and peripheral nervous systems
[50]. Interestingly, while SARS-CoV-2 can affect the GI tract via highly expressed angiotensin-converting enzyme II
receptors[53,54], the persistence of the virus in cases of long COVID does not appear to induce increased inflammation or
even direct damage[55,56], which however is not yet fully understood. In addition to this, most patients may clear SARS-
CoV-2 from the GI tract within 6 months of initial infection. In this connection, it should not be expected that the
occurrence of long COVID symptoms could be explained solely on the basis of persistence of the virus[49].

Instead, the prolonged GI symptoms could be attributed to dysbiosis in the resident microbiota, as a result of the
inflammatory condition during the acute phase of COVID-19[57,58]. However, it is still unclear whether the prolonged
dysbiosis observed in COVID-19 patients is directly caused by SARS-CoV-2 infection or whether it is a consequence of the
prolonged use of antibiotics and/or corticosteroids by many of these patients, especially those with more severe
symptoms. Indeed, it has been observed that the severity of GI symptoms due to COVID-19 may be more closely linked
to the severity of the disease and, consequently, the burden of treatment, and not simply to the patient’'s COVID-positive
status[49,56,59].

Another potential explanation for the association between long COVID and GI dysbiosis may be the increased global
prevalence of depression and anxiety following the pandemic[60]. It is well established in the literature that irritable
bowel syndrome is related to mental health disorders[52,61,62], and additional evidence also suggests that the increased
incidence of some FGIDs over time, including irritable bowel syndrome and functional dyspepsia, can be impacted by
chronic stress and anxiety[63]. More specifically, feelings of sadness or anxiety after COVID-19, as well as pre-existing
mental health symptoms may increase the risks of developing GI symptoms[49,64]. However, although the precise
mechanism underlying the impact of long COVID on the GI tract remains unclear, the high prevalence of PI-FGID among
COVID-19 patients underscores the urgent need to delve deeper into this relevant issue and subsequent complications.

PATHOPHYSIOLOGY OF GUT CANDIDIASIS, MECHANISMS OF OVERGROWTH AND CLINICAL
PRESENTATION

Candida spp. are well-established as commensal microorganisms in the human GI tract[65]. Different studies report that
systemic candidiasis often originates from Candida spp. dissemination from the GI tract[65-67]. Moreover, results of
molecular typing demonstrate that such systemic infections are usually related to strains already resident in affected
individuals[65,68]. Understanding the connection between gut colonization and systemic candidiasis is essential to
achieving more targeted and effective advances in preventing the spread of the infection from the gut to the rest of the
body. Due to the relevant significance of this relationship, it is crucial to explore the pathophysiology of gut candidiasis,
the mechanisms leading to Candida overgrowth, as well as the associated clinical manifestations, in order to better identify
the potential risk factors, signs and symptoms also in patients with long COVID.

The shift from a commensal microorganism to a pathogenic one is influenced by various factors, primarily including
host-related aspects such as the digestive tract environment, intestinal mucosa integrity and permeability, genetics,
overall health, the state of the microbiota (e.g., dysbiosis), in addition to the morphology of Candida albicans (for instance
the transition from yeast to hyphal morphology)[66,69]. Well-known risk factors involved in Candida overgrowth include
broad-spectrum antibiotic use, immune system suppression (e.g., in cases of human immunodeficiency virus infection,
chemotherapy, and use of corticosteroids), changes in the gut pH and nutrient availability (e.g., due to use of proton
pump inhibitors; consumption of high-sugar diet), mucosal barrier disruption (e.g., in cases of inflammatory bowel
diseases), hyphal transformation and biofilm formation[66,69,70]. Some of these risk factors and their associated manifes-
tations have also been observed to be related to complications in cases of COVID-19[71,72] and can be present in the
setting of long COVID, including as part of the treatment used[72,73].

The clinical manifestation of C. albicans colonization is very heterogeneous and aspecific, which can often make it
difficult to identify such a relationship. Among the possible clinical features are the occurrence of oral, esophageal,
gastric, and intestinal candidiasis, in addition to other GI manifestations such as, gastric and intestinal ulceration, GI
bleeding, and cases of diarrhea and constipation. Other related important features include abdominal pain and
peritonitis. Furthermore, perianal itch, napkin dermatitis, and other relevant disorders, such as chronic “irritable bowel”
syndrome, and auto-brewery syndrome, can also be observed in affected patients[70,74]. In light of the mechanisms
mentioned in this section of the manuscript and of the predisposing factors underlying the development of GI
candidiasis, it is possible to highlight a potential existence of important relationships with long COVID. In continuation of
this discussion, we address below further insights into the evidence between long COVID and GI candidiasis.
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AVAILABLE EVIDENCE ON A POSSIBLE RELATIONSHIP BETWEEN LONG COVID AND GUT
CANDIDIASIS

After a careful search of the PubMed database combining the following terms “long COVID” and “candidiasis” with the
Boolean operator AND, the scarcity of specialized literature on the subject becomes clear. This is in contrast to the
availability of literature on acute COVID-19 and candidiasis, especially when considering the more severe cases[75,76].

Evidence linking SARS-CoV-2 and Candida spp. infection in the Gl tract

Within the limited literature on the topic mentioned above, Kusakabe et al[7] published one study with highly relevant
findings. In their important research, the authors found evidence of a potential relationship between the occurrence of gut
candidiasis and long COVID from the activation of neutrophils and their progenitors involving severe COVID-19 cases.
Such findings reveal the possibility of persistence for a prolonged period of elevated levels of anti-fungal antibodies-C.
albicans immunoglobulin G-derived from severe COVID-19 cases along with the activation of antifungal immune path-
ways in granulocyte myeloid progenitors. The patients included in the respective study had excessive growth of fungus-
Candida spp.-in the intestine, microbiota dysbiosis, in addition to systemic neutrophilia. Moreover, the related fungal
activity was found to be IL-6 dependent, and which therefore involves a cytokine that is known as an important inflam-
matory marker[7]. Indeed, in 2020, the findings by Zuo et al[77] already suggested a concern about the need for long-term
health monitoring due to the possible persistence of gut fungal dysbiosis in patients with COVID-19. These researchers
found altered composition of the gut microbiome in fecal samples of some patients even after SARS-CoV-2 clearance
(which was confirmed by nasopharyngeal swab)[77].

In addition and not least within this discussion, the study conducted by Johansson et al[78] investigated the general
and oral symptoms of acute and long COVID in 80- and 90-year-old Swedish COVID-19 survivors. In this connection, the
authors highlighted within their discussion the possibility of an interplay with candidiasis, including oral candidiasis and
COVID-19 with the potential to increase negative outcomes[78]. It is worth noting here that the systemic immune
dysfunction resulting from COVID-19, which is related to gut dysbiosis, may also contribute to the exacerbation of oral
candidiasis. This in turn suggests a predisposition to systemic implications, in addition to the exacerbation of Candida spp.
promoted by SARS-CoV-2 infected salivary glands[79], both in children and adults, which could be even more intense in
severe COVID-19 cases[80]. A further important point is that a growing body of evidence suggests that different factors
such as dysbiosis, damage to the gut barrier, and immune dysfunction can lead to disseminated C. albicans infection,
which may occur especially via the GI tract[66]. Based on this, one could hypothesize the potential involvement of more
severe cases of long COVID in this occurrence.

Possible impact of COVID-19 treatment on Candida spp. proliferation in the Gl tract

While long COVID can develop following mild, moderate, or severe acute SARS-CoV-2 infection, post-COVID symptoms
are especially common in severe cases and those requiring intensive care unit admission. Consequently, it is crucial to
investigate the relationship between COVID-19 treatment in severe cases and the proliferation of Candida[81,82]. In light
of this, and complementary to what has been previously discussed, SARS-CoV-2 infection is not the only agent capable of
creating a favorable environment for Candida spp. proliferation in the GI tract. Some of the medicines that have been
administered to patients with COVID-19 also represent an important concern in this regard, especially antibiotics and
corticosteroids[83,84]. Their use has also been associated with the occurrence of post-COVID symptoms[85]. Different
studies have highlighted the relationship between the incidence of digestive tract candidiasis and the use of antibiotics.
Esophageal candidiasis tends to occur in patients with chronic diseases who have been treated with antibiotics[86], and a
high prevalence of this type of fungal infection can be observed in children undergoing antibiotic treatment[57].

Another study involving neonates and conducted by Aliaga et al[88] demonstrated a reduced incidence of invasive
candidiasis associated with decreased use of broad-spectrum antibacterial antibiotics. Furthermore, a murine model of
candidiasis treated with tetracycline and prednisolone showed how the concomitant effect of C. albicans and antibiotics
can lead to destruction of the mucous membrane, thus allowing the passage of the fungus across the mucosa and
consequently into the systemic circulation[89]. In light of these findings, antibiotics may be a risk factor for the
development of gut candidiasis, as well as for its dissemination and the possibility of developing a systemic fungal
infection.

A further point of concern in this regard is the use of long-term steroids. It is known that their use, especially in the
acute setting of COVID-19, is recommended in hospitalized patients requiring oxygen therapy in order to reduce the
systemic inflammatory response[83]. However, in the case of long COVID this question still remains controversial with
different studies suggesting eventual benefits of their administration to manage the condition in certain situations, but
with important reservations, whether it is about the occurrence of side effects[90] or even the need for more studies to
confirm the related findings[91]. Considering this, it is worth mentioning that there is robust evidence demonstrating the
role of corticosteroids, both in the promotion of GI candidiasis and its translocation from the bloodstream[92,93].

Different cases are reported in the literature highlighting the occurrence of Candida infection in individuals who
recently recovered from COVID-19 and underwent antibiotic and/or corticosteroids therapy. Among the 4 cases cited
below, 3 were affected by severe COVID-19, in line with the previously mentioned reasoning. Candida infection in these
cases can affect different regions of the body, including the eyes, oral cavity, central nervous system and often following a
candidemia episode[94-96]. This, together with the fact that the GI tract can be considered as one of the main sources of
Candida spp.[66], should raise the concern that at least part of the related manifestations is the result of a previous GI
spread of fungi. As a result, further research and investigation aimed at early identification of susceptible patients may
represent a key step towards preventing potentially life-threatening scenarios.
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In line with this premise, one of the relevant related articles is a case reported by Gautam et al[97] describing a patient
who was being treated with corticosteroids to mitigate lung fibrosis after severe COVID-19 infection. In this context of
immune dysregulation due to a secondary hemophagocytic lymphohistiocytosis in association with a post-COVID-19
status, the use of corticosteroid treatment may also have facilitated the development of invasive candidiasis. From the
evidence presented and in reaction to all the above in this section, it should also be a priority that additional and new
investigations focus on studying the GI tract as a possible cluster for the spread of Candida spp. This in turn should be
linked to the aim of understanding in more detail how to prevent the set of related changes, which may be elementary for
reducing the burden of possible disseminated and invasive forms of fungal involvement in patients with long COVID.
Although there are already relevant studies that suggest that the GI tract may in fact be the source of candidemia[98], the
establishment of new insights concerning the topic and more specifically related to cases of long COVID is essential and
key for more effective advances towards appropriate management of affected patients.

Future research

Continuing the previous reasoning, even if new and continued advances in long COVID research are ongoing,
appropriate addressing of more specific topics possibly related to this condition, such as gut candidiasis, still needs
further investigation. With this and other related needs in mind, we have listed some topics that require priority for
further research in this field. Table 2 describes our main propositions.

Table 2 Proposals for future research investigating the relationship between long coronavirus disease and gut candidiasis

Proposals for future research involving

Studies on the burden of gut candidiasis in patients with long COVID

More in-depth experimental investigations into the related pathophysiological mechanisms

Randomized clinical studies aimed at evaluating potential new therapies

Microbiological investigations to determine with greater predictability the predominant resident microbiota in such conditions
Studies to establish the average duration of gut candidiasis related to long COVID

Impact of using new technologies in case management

Elaborated by the authors. COVID: Coronavirus disease.

CONCLUSION

In order to achieve a better and broader understanding of the pathophysiological mechanisms related to long COVID and
its potential systemic and local associations, further research is needed as discussed in the present manuscript. In this
connection and based on a clinical perspective, the likely persistence and similarity of predisposing factors for gut
candidiasis in patients with long COVID compared to the acute phase of COVID-19, including GI dysbiosis, immune
dysfunction, and altered permeability of the intestinal mucosa[66,79], should not be neglected during case evaluation.
This outcome may also be impacted by the already often vulnerable conditions of many of the patients as a result of the
prolonged use of antibiotics and/or corticosteroids for other purposes, which may have the potential to contribute to
further affecting the diversity of the resident microbiota[99].

Finally, in addition to providing a greater knowledge of long COVID and its complications, new related insights can
also serve as a basis for the development of future treatment protocols and therapies for this condition. Not least,
considering the lack of appropriate surveillance of cases of long COVID around the world, as well as its outcomes[100],
knowing more about the associated signs and symptoms should play a key role in improving health planning and care as
well as in developing more and better targeted research in the area. Indeed, the well-documented underreporting of cases
of long COVID[100], coupled with the possibility of non-specific clinical presentation of GI candidiasis[101], raises
additional concerns about the related burden that imminently continues to require further action.
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