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Abstract
Background Dry eye is a chronic and multifactorial ocular surface disease caused by tear film instability or imbalance 
in the microenvironment of the ocular surface. It can lead to various discomforts such as inflammation of the 
ocular surface and visual issues. However, the mechanism of dry eye is not clear, which results in dry eye being only 
relieved but not cured in clinical practice. Finding multiple environmental pathways for dry eye and exploring the 
pathogenesis of dry eye have become the focus of research. Studies have found that changes in microbiota may be 
related to the occurrence and development of dry eye disease.

Methods Entered the keywords “Dry eye”, “Microbiota”, “Bacteria” through PUBMED, summarised the articles that meet 
the inclusion criteria and then filtered them while the publication time range of the literature was defined in the past 
5 years, with a deadline of 2023.A total of 13 clinical and 1 animal-related research articles were screened out and 
included in the summary.

Results Study found that different components of bacteria can induce ocular immune responses through different 
receptors present on the ocular surface, thereby leading to an imbalance in the ocular surface microenvironment. 
Changes in the ocular surface microbiota and gut microbiota were also found when dry eye syndrome occurs, 
including changes in diversity, an increase in pro-inflammatory bacteria, and a decrease in short-chain fatty acid-
related bacterial genera that produce anti-inflammatory effects. Fecal microbiota transplantation or probiotic 
intervention can alleviate signs of inflammation on the ocular surface of dry eye animal models.

Conclusions By summarizing the changes in the ocular surface and intestinal microbiota when dry eye occurs, it 
is speculated and concluded that the intestine may affect the occurrence of eye diseases such as dry eye through 
several pathways and mechanisms, such as the occurrence of abnormal immune responses, microbiota metabolites- 
intervention of short-chain fatty acids, imbalance of pro-inflammatory and anti-inflammatory factors, and release of 
neurotransmitters, etc. Analyzing the correlation between the intestinal tract and the eyes from the perspective of 
microbiota can provide a theoretical basis and a new idea for relieving dry eyes in multiple ways in the future.
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Background
Dry eye is a chronic ocular surface disease caused by tear 
film instability or imbalances in the ocular surface micro-
environment and resulted in a range of discomfort symp-
toms and visual problems. While the exact causes and 
mechanisms are not fully understood, leading to the situ-
ation can only be managed but not cured. The microbiota 
with many residing on the skin and mucosal surfaces of 
the host body in a symbiotic relationship. In recent years, 
research has shown a significant link between micro-
biota and disease development, making the exploration 
of this relationship a key area of focus [1]. The unique 
structure of the ocular surface, constantly exposed to 
the external environment, results in the development of 
a stable symbiotic microbiota that plays a crucial role in 
maintaining the immune balance of the ocular surface. 
Disrupting microenvironment can lead to various ocu-
lar diseases. The gut, extensively studied as a key muco-
sal site for understanding the human microbiome by the 
National Institutes of Health (NIH) in the United States, 
harbors approximately 150 times more microbial genes 
than human genes [2]. Recent studies demonstrated that 
changes in gut microbiota can impact the onset of ocu-
lar diseases. Investigating the correlation between the 
microbiome and ocular diseases has emerged as a start-
ing point for examining disease pathways and prevent-
ing disease progression. This review aims to delve into 
the potential mechanisms of the gut-eye axis by analyz-
ing the impact of microbiota on ocular surface immunity 
and outlining the alterations in the ocular surface and 
gut microbiota in cases of dry eye, seeking to offer novel 
insights for the treatment and management of clinical 
dry eye through a multi-faceted approach.

Methods
During the search and screening process, the keyword 
“dry eye” was entered using PubMed. In order to ensure 
the innovation and timeliness of the article, while screen-
ing the literature based on the keywords, the publica-
tion time range of the literature was defined in the past 
5 years, with a deadline of 2023. In September 2019, a 
total of 4,701 search terms were obtained. After entering 
the keyword “Microbiota” at the same time, 37 searches 
were obtained; after entering the keyword “Bacteria”, 
221 searches were obtained. Keywords are not separated 
using Boolean operators in this process. The correspond-
ing references were reviewed at the same time as inclu-
sion, and screened out 2 articles that met the inclusion 
criteria (Document 63 and Document 64).

The search results that simultaneously satisfied “Dry 
eye""Microbiota” and “Dry eye” “Bacteria” were extracted, 
review articles and research articles using animals as 
experimental subjects were excluded.A total of 13 articles 
were screened out, among which dry eye and there are 9 

studies on ocular surface microbiota and 4 studies on dry 
eye and gut microbiota. At the same time of inclusion, 
taking into account the new concept of fecal microbiota 
transplantation and further verifying the relationship 
between the gut and the ocular surface, the team also 
included an animal-related study based on “fecal micro-
biota transplantation” in 2016. This work was completed 
by the cooperation of six members.

Results
Characterisation of the ocular surface microbiota
The ocular surface, composed of the cornea and conjunc-
tiva, exhibits fewer microbial gene sequences compared 
to intestinal mucosa. Low abundance sequences from 
external sources and pollutants can be considered part of 
the ocular surface commensal microbiota, have resulted 
in varied findings in research. Despite advancements in 
research methods from traditional culture to second-
generation sequencing-based assays, there remains no 
consensus regarding the existence of a core microbial 
composition on the ocular surface.

Research on microorganisms present on the ocular sur-
face can be traced back to the 1930s. The most frequently 
identified microorganisms in the conjunctiva of healthy 
individuals include coagulase-negative staphylococci, 
Propionibacterium spp, Corynebacterium spp, Staphylo-
coccus aureus, Streptococcus, as well as Gram-negative 
bacteria like Haemophilus species, Neisseria species, 
and Pseudomonas species [3, 4]. With the stability of the 
genetic code confirmed, sequencing the 16  S ribosomal 
ribonucleic acid gene (16  S rRNA) has emerged as an 
improved method for analyzing microbial composition 
in habitats. These habitats typically consist of five main 
phyla: Proteobacteria, Actinobacteria, Firmicutes, Cyano-
bacteria, and Bacteroidetes. The first three phyla make up 
more than 87% of the total composition, while Cyanobac-
teria and Bacteroidetes were identified as contaminants. 
In addition to 59 genera, the presence of Bradyrhizobium, 
Acinetobacter, Brevundimonas, Aquabacterium, and 
Sphingomonas was noted, along with genera commonly 
found in culture methods [5]. In addition to differences in 
species, there were variations in abundance between the 
two methods. The dominant bacteria identified through 
the traditional culture method constituted a significantly 
lower percentage of the sequencing results. For instance, 
Staphylococcus, which was more prevalent in the former 
method, accounted for only 4% of the total. This discrep-
ancy could be attributed to the bias of the traditional cul-
ture method towards genera that are suitable for growth 
in the medium. In contrast, the 16 S sequencing method 
revealed a much more diverse microbial species compo-
sition, making it more suitable for analyzing dominant 
species in the environment. This study had a limited 
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number of subjects for analysis, and a larger sample size 
would be necessary to validate the findings.

Sampling effort plays a crucial role in the detection of 
environmentally relevant genera on the ocular surface. 
Light pressure wiping has been shown to detect gen-
era such as Rothia, Herbaspirillum, Leptothrichia, and 
Rhizobium, while reducing the detection of Firmicutes 
(Staphylococci), Actinobacteria (Corynebacterium spp.), 
and Proteobacteria. On the other hand, strong pressure 
wiping results in a higher abundance of Proteobacteria, 
Bradyrhizobium, Delftia, and Sphingomonas on the con-
junctival epithelium [5]. Deep pressure is recommended 
over scraping when studying ocular surface microor-
ganisms, as the microbial fraction easily washed away 
by mucus. Wen et al [6] discovered that older individu-
als had higher levels of Shannon’s index and increased 
abundance of Staphylococcus haemolyticus, Micrococcus 
luteush, and E. coli, while younger individuals had more 
Ochrobactrum anthropi, Mycoplasma hyorhinis, and 
P. acnes. Additionally, the elderly group showed higher 
abundance of conjunctival microbial metabolic path-
ways related to carbohydrates, fats, nutrients, and amino 
acids compared to the young group, suggesting that age 
may have a stronger impact on microbial composition 
than sex.In a recent study on diabetic dry eye in chil-
dren and adolescents, similar results to previous findings 
were observed [5, 7]. The phylum levels of ocular surface 
microorganisms in normal children and adolescents were 
mainly composed of Proteobacteria, Firmicutes, and Acti-
nobacteria. However, variations in abundance could indi-
cate a potential correlation with factors such as age and 
immune status.

Research on the microbiological characterization of the 
ocular surface has shown a growing trend over the past 
decade. The results of a comprehensive study indicate 
that the main phyla present on the ocular surface include 
Proteobacteria, Actinobacteria, Firmicutes, and Bacte-
roidetes. Sampling technique, environment, age, and 
gender have been found to influence the microbiological 
composition of the ocular surface. The definition of the 
core microbiota remains inconclusive. Despite the vari-
ous influencing factors, they do not seem to disrupt the 
normal status of the ocular surface, suggesting the pres-
ence of a unique immune system that provides a response 
to external pathogens while also developing tolerance to 
commensal microorganisms. Further exploration of the 
relationship between ocular surface microorganisms and 
immunity may offer insights into their role in the devel-
opment of ocular surface diseases.

Microbiota and ocular immune tolerance
The homeostasis in ocular surface microenvironment is 
primarily accomplished through mechanical eye move-
ments and the activation of local immunity. Blinking and 

tear flushing aid in the removal of foreign bodies from 
the ocular surface.Apart from the actions, the ocular 
surface houses a natural immune system that regulates 
host immunity in response to microorganisms. This reg-
ulation involves the corneal epithelium, maintenance of 
corneal avascularity, and interaction with conjunctiva-
associated lymphoid tissues and resident immune cells 
such as secretory IgA (sIgA) and lymphocytes.

The primary antibody produced by Goblet cells in the 
lacrimal and conjunctival glands is sIgA, which is gen-
erated by B cells. These B cells are initially prompted by 
primitive B cells that travel from the bone marrow to 
the conjunctiva or lacrimal glands after undergoing class 
switching. sIgA plays a crucial role in preventing patho-
genic bacterial infections by aggregating in the mucin 
layer, binding to mucin, and also promoting the anti-
inflammatory cytokine IL-10, which influences the matu-
ration of dendritic cells [8]. This process ultimately leads 
to the induction of immune tolerance in the mucous 
membranes. In research studies, it was observed that 
ocular surface sIgA levels decreased in conventionally 
reared mice following oral administration of antibiotics 
[9]. Conversely, levels of IgA-producing B cells showed a 
significant increase in germ-free rats after transitioning 
them to a conventional rearing environment [10]. Addi-
tionally, a positive relationship was identified between 
the diversity of intestinal microbiota and sIgA levels [11]. 
While there is no direct evidence linking this change to 
the ocular surface microbiota, it is conceivable that this 
change could be influenced by alterations in the ocu-
lar surface environment or other parts of the host, like 
the gut. Further research is needed to confirm whether 
the ocular surface microbiota plays a role in stimulating 
and transforming B cells. The mechanism by which the 
microbiota initiates this response remains unclear. Stud-
ies have shown that when MyD88 and TRIF are knocked 
out from the Toll-like receptor activation pathway in the 
gut, mice experience reduced IgA production [8]. On the 
other hand, Toll-like receptor stimulation leads to B-cell 
activating factor promoting IgA class switching through 
a T-cell-independent pathway, ultimately stimulating IgA 
production. It is more probable that this antibody pro-
duction is initiated by recruitment from other mucosal 
sites, such as the gut, rather than originating from the 
lacrimal gland.

Various receptors on the ocular surface can respond 
to different signals that trigger inflammatory pathways.
Pathogen-associated molecular pattern receptors located 
in the ocular epithelium are activated by specific stimuli, 
initiating innate and specific immune responses through 
the production of cytokines, chemokine ligands, and the 
activation of inflammatory pathways like nuclear factor-
kB and mitogen-activated protein kinases [4, 12]. TLR4 
activation by lipopolysaccharide (LPS) can induce dry eye 
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development by increasing cytokine release in the cornea 
and conjunctiva [13]. Studies in animal models demon-
strated that LPS up-regulates the expression of IL-12a, 
IL-1β, and IFN-γ in dry eye [13], as well as increasing 
the production of chemokines associated with Th1 cells, 
ultimately leading to Th1-related dry eye development. 
TLR5, found in the conjunctival epithelium, recognizes 
flagellin proteins from pathogenic bacteria and responds 
to them [14]. Pathogenic bacteria trigger a response by 
activating receptors on the ocular surface, while com-
mensal bacteria contribute to mucosal protection by 
competing with pathogenic bacteria. In vitro studies 
show that healthy corneal and conjunctival cells do not 
mount an immune response to ocular surface commen-
sal bacteria like Staphylococcus epidermidis or Propioni-
bacterium acnes. Instead, they secrete cytokines like IL-6 
and IL-8 in response to pathogens such as Pseudomonas 
aeruginosa [15]. Mice colonised with Corynebacterium 
mastitidis enhance ocular surface immune responses 
against Pseudomonas aeruginosa and Candida albicans 
infections by inducing ocular surface T cells to produce 
IL-17 [16]. While the exact role of Toll-like receptors 
(TLR) in the immunopathogenesis of dry eye remains 
to be fully elucidated, it is plausible to suggest that dis-
turbances in microbiota balance and activation of TLR 
signaling can trigger immune responses linked to the 
development of dry eye.

Dry eye - ocular surface homeostasis imbalance
The healthy ocular surface plays a crucial role in main-
taining the eye’s stability. The cornea, lacking blood 
vessels and lymphatic vessels, is considered an immune-
privileged area, limiting the access of immune cells. This 
helps prevent excessive immune responses on the ocular 
surface. The balance of angiogenic and anti-angiogenic 
factors in the corneal epithelium is key to this defense 
mechanism. Studies have shown that immature antigen-
presenting cells at the corneal limbus promote T-lym-
phocyte tolerance. Anti-inflammatory factors like TGF-β, 
VIP, and IL-Ra can counteract inflammatory responses 
by inhibiting the activation of antigen-presenting cells 
when the ocular surface is compromised.Cells and fac-
tors such as regulatory T cells (Treg) and programmed 
death ligands are expressed on the ocular surface to regu-
late inflammation and maintain homeostasis. In dry eye 
conditions, activation of the innate and adaptive immune 
systems leads to increased infiltration of effector T cells, 
causing inflammation. NK cells play a crucial role in the 
early stages of dry eye development by responding rap-
idly to dryness stress [17], secreting IFN-γ, promoting 
APC cell maturation, and inducing pathogenic Th17 cell 
polarization [18], ultimately exacerbating dry eye symp-
toms. Ocular surface NK cells showed significant correla-
tions with OSDI scores, TBUT, and Schirmer’s test in dry 

eye patients [19]. However, their percentage remained 
unaltered, consistent with previous research that found 
no significant increase in NK cells in the conjunctiva [20]. 
This discrepancy could potentially be attributed to varia-
tions in NK cell status between humans and animals, as 
well as differing disease states as contributing factors.

Elevated levels of pro-inflammatory factors such as 
IL-1, IL-6, IFN-γ, and IL-17 have been observed in clini-
cal and animal models of dry eye [18, 21–23]. IL-1 plays 
a role in stimulating the secretion of chemokines, IL-6, 
and IL-8 by human corneal epithelial cells [21], as well 
as inducing the expression of antimicrobial peptides by 
epithelial cells in the cornea and conjunctiva to bolster 
ocular surface protection. Correlations have been found 
between IL-1 levels and corneal fluorescein staining [24]. 
Additionally, IL-1, in conjunction with TNF-α, facilitates 
the up-regulation of inter-cellular adhesion molecule on 
ocular surface epithelium, as well as the expression of 
co-stimulatory factors (CD80/86), chemokine receptor 7, 
and MHC-II. This leads to chemotactic leukocyte recruit-
ment and the initiation of early phases of inflammation in 
the disease.IL-6 concentration in tears showed significant 
correlations with the severity of ocular surface epithelial 
lesions, tear film rupture time, Schirmer’s test, tear clear-
ance, keratoepithelioplasty score, and cupped cell density 
[22]. Additionally, IL-6 was found to inhibit the differen-
tiation of Foxp3 + Treg cells, which, in conjunction with 
TGF-β, promotes the expression of Th17 cell-associated 
transcription factors linked to various ocular diseases 
[25]. Research has shown that IFN-γ-associated Th1 cells 
and IL-17-associated Th17 cells are distinct cell subpop-
ulations present in the draining lymph nodes of mice in 
the dry eye model. IL-17 plays a crucial role in disrupt-
ing the corneal barrier and is considered a key factor in 
the progression of dry eye [23]. When mice are subjected 
to experimental drying stress on the ocular surface, there 
is an increase in the number of CD4 + T cells in the con-
junctival epithelium, along with elevated levels of IL-17 in 
the cornea, conjunctiva, and tears [23]. IL-17 plays a criti-
cal role in promoting inflammation and corneal epithelial 
barrier dysfunction by upregulating ICAM-1 expression 
and activating matrix metalloproteinase-9 [23]. Block-
ing IL-17 has been shown to reduce disease severity and 
restore Treg function [26]. Additionally, IL-17 contrib-
utes to corneal lymphangiogenesis via the VEGFD/C-
VEGFR3 signaling pathway, facilitating immune cell 
transport to the ocular surface and worsening dry eye 
inflammation. Chemokines such as CCR5 and CXCR3 
produced by Th1 cell stimulation recruit more lympho-
cytes to the ocular surface epithelium of dry-eyed mice, 
leading to a Th1-type inflammatory response. Increased 
expression of CCL20 also plays a role in the aggrega-
tion of Th17 + cells and the influx of corneal IL-17 + cells 
involved in Th17 cell homing [23]. Fractalkine/CX3CL1, 
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a potent chemoattractant for CX3CR1 + leukocytes found 
in normal human tear fluid, is involved in leukocyte acti-
vation, transport, and adhesion. In the mouse model of 
desiccation syndrome, Fractalkine is a key molecule in 
inducing monocyte infiltration and inflammation [27].

A role for CD4 + T cells in dry eyes has been dem-
onstrated, with clinical and animal models showing 
increased Th1 and Th17 cells and decreased Treg cells in 
T cell subsets. Clinical cases of dry eye have also shown 
increased expression of the IL-23/Th17 axis, leading 
to higher levels of IL-6, IL-23R, TGF-β2, and the tran-
scription factor RoRγt [23]. In animal models, excessive 
transfer of CD4 + T cells in dry eye mice exacerbates 
symptoms in Treg-deficient mice, confirming the sup-
pressive role of Treg cells in dry eye conditions. The 
dysregulation of Treg cells is linked to various immune 
disorders, with Th17 exerting an opposing effect on Treg 
function. Restoring Treg function by blocking IL-17 sig-
nificantly reduces disease severity [26]. These findings 
indicate that effector T cells may adapt to dry eye pro-
gression by differentiating into specific subpopulations to 
preserve cellular balance.

Conjunctiva-associated lymphoid tissue and tear drain-
age-associated lymphoid tissue, along with the lacrimal 
gland [28], contain abundant plasma cells that produce 
sIgA)to defend the ocular mucosa against external patho-
gens. In an experimental model of dry eye, blocking the 
pathogenic IL-17 associated with dry eye led to reduced 
formation of germinal centers and decreased transfer of 
pathogenic B cells [29]. While there is limited research 
on the role of B cells in dry eye, further studies using ani-
mal and clinical models are needed to clarify their mech-
anisms of action in this condition.

Dry eye and ocular surface microbiota
The inflammatory nature of dry eye is linked to changes 
in microbiomics, emphasizing the importance of altered 
ocular surface microbiota in dry eye development. 
Recent clinical studies have outlined the variations in 
ocular surface microbiota in dry eye states, highlighting 
both similarities and differences compared to normal 
subjects(Table 1). Some studies have reported a decrease 
in alpha diversity of ocular surface microbiota in dry 
eyes [30–32], while others have found no change [33], 
potentially related to the underlying causes of dry eyes. 
Meibomian Gland Dysfunction dry eye (MGD) shows 
no difference in diversity compared to normal eyes or 
other types of dry eye [32, 33],whereas in the abundance 
in meibomian gland secretions is lower than healthy 
[34], which suggests that fewer disease-related microbial 
species in MGD patients may be more expressed inside 
the glands. At the same time, it was also found that the 
study by Dong [33] believed that the diversity of meibo-
mian gland dysfunction dry eye did not change with the 

severity of the disease, but the study by Jiang [35] found 
that the detection rate and number of bacterial species 
in the severe MGD group were both significantly higher 
than the control group, mild and moderate MGD groups 
[35]. Another cause of dry eye-Aqueous tear deficiency 
(ATD) is associated with reduced alpha diversity [31]. 
Dry eye patients with diabetes exhibit increased diversity 
[7, 36]. The heightened alpha diversity suggests a state of 
resistance to inflammation on the ocular surface. In con-
trast, studies on β diversity consistently show differences 
between dry eye patients and normal subjects [7, 31, 32, 
36].

Li et al. [32] found that the dominant ocular surface 
bacteria in dry eye, Corynebacterium and Staphlococci 
epidermidis, were altered to include Pseudomonas, Aci-
netobacter, Bacillus, Chryseobacterium, and Corynebac-
terium, potentially impacting ocular surface immunity 
and IgA production. Dry eyes are typically categorized 
as lipid-abnormal or aqueous-deficient based on tear 
composition. Bacilli abundance, associated with uve-
itis and ocular surface infections, was higher in lipid-
abnormal dry eyes like MGD [38]. Staphylococcus and 
Sphingomonas were identified as signature genera of 
MGD, with enrichment of Acinetobacter sp. WCHA45, 
Deinococcus sp. NW-56, and Staphylococcus aureus [31]. 
Corynebacterium was more prevalent in mild MGD [33]. 
Sphingomonas has been linked to endophthalmitis devel-
opment [39], while Staphylococcus has been linked to 
post-cataract surgery complications like bacterial kerati-
tis, conjunctivitis, and endophthalmitis. This association 
may be attributed to the notably higher lipase content 
of Staphylococcus found on the ocular surface. This high 
lipase content can potentially impact the lipid layer com-
position in individuals with MGD, worsening tear film 
instability and inflammation on the ocular surface [40]. 
Corynebacterium stimulates T cells to produce IL-17, 
which serves a protective function [16]. A decrease in 
Corynebacterium levels has been linked to the onset of 
fungal keratitis [29]. The continuous cycle of bacterial-
induced blepharitis further supports the worsening of dry 
eye inflammation over time. However, it is important to 
note that in this study, the sampling site included the eye-
lids categorized as skin, raising questions about whether 
the high prevalence of Staphylococci can be solely attrib-
uted to the microbiota of the ocular surface conjunctiva. 
Interestingly another finding was obtained in the meibo-
mian gland secretions (meibum) of MGD. The abundance 
of Campylobacter coli, Campylobacter jejuni and Entero-
coccus faecium was significantly increased in meibum, 
while it was almost not detected in healthy controls [34]. 
This special microbiota also exhibited a significant rela-
tionship with carbohydrate metabolism, fatty acid elon-
gation, biosynthesis, and degradation. Changes in gene 
expression levels related to, glyceride metabolism and 
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other related gene expression levels can enable immune 
evasion through the Type IV secretion system [34]. There 
are not many analyzes of meibomian glands, and some 
studies believe that the identification results of meibo-
mian gland secretions may be affected by the deep and 
superficial layers, and as the disease deepens, its compo-
sition becomes increasingly complex [35], which further 
illustrates the disease is responsible for the etiology of 
MGD. By identifying the unique functions and metabolic 
pathways of the microbial community in MGD patients, 
it can provide another way to explore the pathogenesis of 
MGD, and also provide a potential target for the devel-
opment of new treatment strategies.Various studies have 
reported different findings regarding anterior blepharitis 
associated with ATD. Liang et al. [31] identified elevated 
levels of Janibacter melonis in anterior blepharitis, while 
another study found Enhydrobacter and Brevibacterium 
to be marker genera of the condition [30]. Given that 
the subgroup of patients with anterior blepharitis in this 
study included individuals with graft-versus-host disease, 
it is postulated that the presence of this immune disorder 
may influence the identification of dry eye markers, war-
ranting further validation. Dry eye with systemic factors 
is characterized by involvement of multiple ocular sites, 
greater damage to ocular surface cells, and challenges in 
treatment. Moreover, compared to simple dry eye, ocu-
lar surfaces of individuals with autoimmune diseases 
exhibit higher levels of Corynebacterium, Staphylococcus, 
and Prevotella, along with decreased levels of Pelomonas 
and Herbaspirillum [37]. The unique characteristics of 
Corynebacterium cell wall can impact macrophage func-
tion. In the study, correlations were identified between 
Herbaspirillum and Pelomonas with blepharoplakia loss 
score, time to first tear film break-up (FTBUT), and lipid 
layer score. Furthermore, the combination of Coryne-
bacterium and Pelomonas is believed to be able to dif-
ferentiate markers of immune dry eye from simple dry 
eye. The development of immune dry eye is also associ-
ated with increased expression of signaling pathways 
related to cell growth and apoptosis. Dry eye patients 
with diabetes mellitus exhibit a reduction in ocular sur-
face antimicrobial substances, leading to greater diver-
sity and abundance of their ocular surface microbiota 
[36]. Diabetic patients may experience corneal nerve 
damage, resulting in increased tear film instability and 
decreased TBUT [36]. A study [7]conducted in Shanghai 
focused on characterizing the ocular surface microbiota 
of diabetic dry eyes in children and adolescents. The 
study identified core genera such as Pseudomonas, Pae-
nibacillus, Lactococcus, Bacteroidetes, Acinetobacter, and 
Rhodococcus, along with a high abundance of Staphylo-
coccus and Staphylococcus aureus.Staphylococcus aureus 
could impact lipid secretion from the lid glands, con-
tributing to tear film instability. This indicates that the A
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pathogenesis of diabetic dry eye may share similarities 
with severe MGD [33]. Lactococcus, commonly utilized 
as a probiotic, was found to be more prevalent in children 
with diabetic dry eyes, potentially linked to its role in 
regulating NF-KB and STAT-3 signalling pathways [41]. 
The variations in properties displayed by the ocular sur-
face microbiota in dry eyes highlight the intricate nature 
of this condition, emphasizing the necessity for a thor-
ough and multifaceted investigation into the connection 
between ocular surface microbiota and dry eyes.

Dry eye and gut microbiota
The interaction between the gut microbiome and the 
immune system is crucial for maintaining intestinal 
balance and preventing disease. Commensal microor-
ganisms in the gut help protect the host by inhibiting 
pathogen growth, breaking down indigestible polysac-
charides to produce short-chain fatty acids (SCFAs) like 
butyric acid [42], which have strong immunomodulatory 
effects. These SCFAs also enhance the intestinal mucosal 
barrier, defending against pathogens and exhibiting anti-
inflammatory properties. Disturbance in the balance of 
symbiotic bacterial composition can lead to a variety of 
immune diseases. LPS in the gut trigger local inflamma-
tion, allowing immune cells to travel to distant areas like 
the retina [43]. This implies that alterations in gut com-
mensal bacteria can impact the immune status of the 
ocular surface. Disruption of intestinal homeostasis can 
result in pathogenic microorganisms breaching the intes-
tinal mucosal barrier, leading to the release of inflam-
matory factors and activation of T and B lymphocytes, 
culminating in disease development. The inflammatory 
byproducts are then carried by lymphatic vessels to dis-
tant tissues, including the ocular surface. Recent studies 
have gradually confirmed the connection between imbal-
anced intestinal microbiota and ocular diseases (Table 2).

In a 2020 study examining changes in the gut micro-
biome of patients with Sjögren’s syndrome-associated 
dry eye (SS-Dry eye) [44], similar alterations to those 
observed in other immune disorders [49, 50] were iden-
tified in SS-Dry eye. Includeding a decrease in the 
abundance of the butyrate-producing bacterium Faeca-
libacterium, as well as reduced levels of Treg-inducing 
Clostridiales and Bacteroides, which play a role in sup-
pressing the inflammatory response in Th17 cells [47]. 
Intestinal commensal bacteria play a role in achieving 
mucosal immune tolerance by balancing Th17 and Treg 
cells. Changes in gut microbiota in SS-Dry eye patients 
suggest a link between gut microbiota and the robust 
immune response at the ocular surface. This raises the 
question: could this change be influenced by autoim-
mune antibody factors in SS subjects? A comparative 
study on environmental factors and SS-associated dry eye 
revealed both similarities and differences in the results of 

the two causative groups of dry eye [45]. The pathogen-
esis of environmental dry eye differs from that of SS dry 
eye [51], with the former showing intermediate changes 
in gut microbiota between SS-Dry eye and healthy indi-
viduals. Both groups exhibited an increase in Veillonella, 
while environmental dry eye displayed a notable decrease 
in Subdoligranulum. Additionally, SS-Dry eye showed 
a decrease in the Firmicutes/Bacteroidetes ratio and a 
decrease in Bifidobacterium, indicating potential intesti-
nal dysbiosis and the initiation of chronic inflammation 
[52]. A previous study [47]also observed a reduction in 
the butyrate-producing bacterium Eubacterium hallii in 
SS-Dry eye. Butyrate, known for its anti-inflammatory 
properties and maintaining the colonic epithelial bar-
rier, may suggest an imbalance in butyrate-associated 
immunomodulatory mechanisms and intestinal barrier 
function. Conversely, the β-diversity of environmental 
dry eye does not show significant differences compared 
to healthy [45, 46], with a composition that appears more 
akin to normal. Notably, high levels of Bifidobacterium 
bifidum was identified in SS through metagenome [46]. 
Bifidobacterium is commonly used as a probiotic in ani-
mal studies to reduce inflammation in mouse models of 
SS [41]. However, in the current study, it may be impli-
cated in the ocular pathology of SS. The findings related 
to Alistipes in this study are contradictory to previous 
research [45]. These variability in the functions of the 
same genera suggests that further functional studies on 
commensal bacteria are essential to explore the role of 
specific strains in disease development. More research 
is needed to determine if there is a causal relationship 
between certain strains and ocular disease. To further 
investigate the potential role of gut-microbiota in influ-
encing ocular phenotype, researchers conducted trans-
planted with humanised faecal bacteria obtained from 
individuals with dry eye to germ-free mice. The ocular-
cervical lymph nodes of the humanised mice exhibited 
low levels of CD4+CD45+Foxp3+Treg and more severe 
signs of corneal destruction. Additionally, a notable 
decrease in CD4+ Treg was observed in the cervical 
lymph nodes and spleens of the offspring of the colonised 
mice.Treg levels were found significantly decreased in 
the cervical lymph nodes and spleens of offspring from 
colonised mice, indicating that the development of Treg 
cells regulated by intestinal microbiota may impact sub-
sequent generations through vertical transmission. This 
suggests a potential genetic component in the develop-
ment of dry eye in children. Sterile mice colonised with 
humanised faeces from dry eye patients showed ocular 
surface symptoms. Additionally, an animal study revealed 
that altering gut microbiota before exposure to dry-stress 
resulted in significant changes in gut microbiota, leading 
to increased global cell loss and disruption of the corneal 
barrier, potentially linked to a reduction in commensal 
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bacteria and an increase in pathogenic bacteria [47]. 
Intestinal interventions may serve as a potential avenue 
for addressing ocular surface inflammation. The effi-
cacy of fecal transplants in treating intestinal conditions 
like ulcerative colitis, suggesting a potential therapeutic 
option for immune disorders linked to intestinal dysbio-
sis. A study conducted by ARJUN WATANE et al. [48] 
highlighted the promising role of fecal transplants in alle-
viating symptoms of immune-mediated dry eye. How-
ever, further research is needed to address key aspects 
such as measurement control, identification of optimal 
donor microbiota composition, and potential impact of 
varying dietary habits and living environments of donors 
and recipients.

Limited research exists on the relationship between 
gut microbiota and dry eye, factors such as disease dura-
tion and severity may impact gut microbiota changes. 
Sjögren’s syndrome (SS) is typically diagnosed late 
making it challenging to identify correlations between 
specific antibodies like SSA/SSB and gut microbiota 
alterations. Another point, current methods rely on 16 S 
rRNA, potentially missing subtle changes. Establishing a 
deeper connection between gut and eye requires exten-
sive animal experiments and histological studies.

Gut microbiota and other eye diseases
Uveitis
Uveitis is a prevalent eye disease and a major cause of 
blindness. Abnormal autoimmune responses and inflam-
mation are playing significant roles in its development. 
Similar to AMD and SS-Dry eye [47, 53], both patients 
and animal models of uveitis show a decrease in the 
diversity and number of intestinal microbiota, mak-
ing it easier for pathogenic bacteria to colonize [47, 54]. 
A reduction in beneficial butyrate-producing and anti-
inflammatory bacteria such as Faecalibacterium, Bacte-
roides, Lachnospira, Ruminococcus, Lachnospiraceae, and 
Ruminococcaceae families.An increasing in the genera 
Prevotella, Lactobacilli, Anaeroplasma, Parabacteroides, 
and Clostridium was also observed in the intestinal tract 
of mice with Experimental Autoimmune Uveitis [53, 55]. 
The molecular basis of how altered gut microbiota affects 
uveitis remains unclear. It is hypothesized that disruption 
of the blood-retinal barrier by autoreactive T cells target-
ing retinal antigens, possibly induced by commensal bac-
teria from the gut [56]. Uveitis is an inflammatory bowel 
disease, accounting for approximately 4-6% of cases also 
support a potential connection between gut and eyes 
[57], where microbial antigens from the intestines could 
trigger ocular inflammation by promoting the develop-
ment of auto-reactive Th17 cells and other T-helper cells.

Age-related macular disease (AMD)
AMD is characterized by dysfunction of retinal pigment 
epithelium cells and loss of photoreceptor cells. Vari-
ous factors, including diet influence the development 
of AMD.Studies have shown a connection between gut 
microbiota and neovascular AMD in both animal and 
clinical research. Dietary habits can influence the com-
position of gut microbiota, potentially impacting the pro-
gression of AMD [53, 58]. A high glycemic index diet is a 
significant risk factor for the development and progres-
sion of AMD in individuals without diabetes. This type 
of diet is linked to specific changes including a decrease 
and loss of RPE pigmentation, build-up of lipofuscin, 
and deterioration of photoreceptor cells in animal stud-
ies. High-fat diet can worsen choroidal neovasculariza-
tion, increase intestinal permeability, and promote the 
production of inflammatory molecules in mouse model 
by enhancing the presence of Firmicutes. Research has 
also identified an increase in pro-inflammatory bacte-
ria Anaerotruncus and Oscillibacter, which contribute 
to intestinal permeability, in the intestines. Moreover, 
higher levels of Ruminococcus torques and Eubacterium 
ventriosum, associated with a high-fat diet were also 
observed. Reductions in glutamate, the primary excit-
atory neurotransmitter in the retina, have been linked to 
impairments in retinal neurotransmission, while elevated 
levels of arginine have been correlated with progressive 
choroidal retinal atrophy.

Bacterial keratitis (BK)/ fungal keratitis (FK)
Keratitis is an inflammatory disease of the eye, stud-
ies have found that the diversity of ocular surface flora 
changes when bacterial keratitis occurs  [59, 60], and 
intestinal commensal bacteria can affect the susceptibil-
ity to ocular keratitis by affecting sIgA levels [61]. Animal 
models have shown that gut microbiota can provide pro-
tection against Pseudomonas aeruginosa-induced kera-
titis by regulating mature neutrophils. An imbalance in 
gut microbiota can increase susceptibility to ocular ker-
atitis, leading to higher bacterial load in the cornea and 
increased production of inflammatory factors [61]. Fur-
thermore, in BK, there is a decrease in Firmicutes and an 
increase in pro-inflammatory bacteria such as Prevotella 
copri, Bilophila, pathogenic Enterococcus, Bacteroides (B. 
fragilis), and CF231 genera, along with the presence of 
gastroenteritis-inducing Dysgonomonas in immunocom-
promised patients. This is coupled with a decrease in the 
anti-inflammatory bacterium Blautia [62].

FK is an infectious corneal disease associated with 
a high risk of blindness, caused by pathogenic fungi. 
Similar to other ocular diseases, patients with FK show 
a reduction in the diversity of intestinal microbiota, and 
decrease in genera such as Faecalibacterium prausnitzii, 
Megasphaera, Mitsuokella multacida, and Lachnospira. 
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Conversely, there is an increase in pro-inflammatory 
bacteria like Enterobacteriaceae and pathogenic bacte-
ria such as Shigella, Treponema, and Bacteroides fragilis. 
Notably, Shigella has also been associated with decreased 
butyrate production [63, 64].

Studies are increasingly revealing the impact of micro-
biota and their byproducts on ocular inflammation and 
immunity. These findings support the concept of an gut-
eye axis, shedding light on how gut microbiota influences 
ocular surface diseases.

The gut-eye axis hypothesis
The imbalance of the ocular surface microenvironment, 
inflammation, imbalance of the Th17/Treg, abnormal 
activation of the immune system are key factors in the 
development of dry eye [26]. Considering immune bal-
ance and metabolite production induced by gut micro-
biota, it is reasonable to suggest that gut microbiota may 
influence eyes by affecting host immunity, creating a 
potential gut-eye axis. This concept was supported in a 
study using an animal model which interventions target-
ing the gut, such as fecal transplants containing a mixture 
of probiotics and improved dry eye symptoms [41]. These 
interventions targeted the gut were linked to improved 
ocular surface inflammation and signs, providing further 
evidence of the role of gut microbiota in ocular diseases 
and suggesting the existence of an gut-eye axis.

The potential mechanisms of the gut-eye axis can be 
summarized as follows: 1. Myeloid cells acting as trig-
gers. Intestinal commensal bacteria can development 
and activation of macrophages originating. Myeloid cells 
like CD103+CXCR1+ dendritic cells or macrophages may 
migrate from the gut to the ocular surface and leading 
to the activation of T-cells which then travel to the eye 
through lymphatic drainage fluid to exert their effects. 
2. An imbalance between pro- and anti-inflammatory 
cells.The decrease in Tregs can lead to an increase in gut-
derived helper T cells Th1 and Th17 cells, which migrate 
to the ocular surface and lacrimal glands and then pro-
duce cytokines, causing damage to the ocular surface. 3. 
Disrupt the production of SCFA. SCFAs play a significant 
role in modulating both the proximal and distal immune 
system, with their anti-inflammatory properties extend-
ing from the gastrointestinal tract to the ocular surface. A 
decrease in SCFA levels can compromise the anti-inflam-
matory functions of macrophages.A decrease in the 
abundance of Faecalibacterium, a key butyrate-produc-
ing genus has been observed in individuals with SS-dry 
eye and FK [44, 47, 63]. 4. Molecular mimetic modeling 
suggests that autoreactive T cell-mediated autoimmune 
responses may arise due to the cross-reactivity between 
microbial peptides and self-antigens. Pathogenic Th17 
cells have the ability to migrate from the gut, to the 
ocular surface contributing the autoimmune diseases 

through this cross-reactivity mechanism. The generation 
of these pathogenic Th17 cells may be modulated by fac-
tors such as IL-23 and dietary components [65]. 5. The 
T-cell threshold model suggests that Th17 cells, which 
are activated by gut microbes, may travel to target organs 
through draining lymph nodes. This migration can 
decrease the activation threshold for autoreactive T cells, 
including Teff cells. 6. The neuropeptide cycle hypothesis 
suggests that neuropeptide Y, substance P, and vasoactive 
intestinal peptide from the gut are crucial in regulating 
tear secretion [66]. Given the abundance of nerve distri-
butions in the eye, exploring how this gut-derived neu-
ropeptide cycle impacts tear secretion in the lacrimal 
glands could offer further insights into the intricate gut-
eye axis.

Discussion
The intestine is a complex organ containing trillions of 
microbial inhabitants that significantly contribute to 
digestion as well as the development and maintenance 
of the immune system. The overall health of the host is 
closely linked to the balance or imbalance of these intesti-
nal microorganisms. Given its distinct immune and phys-
iological properties, the intestinal microbiota has become 
a major focus of research for exploring potential mecha-
nisms involved in the onset and progression of various 
diseases. One emerging area of interest is the connection 
between gut microbiota and eye diseases, known as the 
‘gut-eye axis.’ Studies have indicated that disturbances 
in intestinal microbiota are related to multiple eye con-
ditions such as AMD, uveitis, and corneal inflamma-
tion. Notable disparities have been documented in the 
gut and ocular surface microbiota composition among 
individuals with eye disease and those who are healthy, 
potentially impacting the development and progression 
of such conditions. Various sequencing techniques can 
yield different types of bacteria at the genus or species 
level. Presently, most studies on the connection between 
ocular surface diseases and microbiota depend on 16s 
rRNA sequencing, concentrating on alterations in diver-
sity and structure. Metagenomics is applied to examine 
the ocular surface, where bacterial presence is limited. 
This method enables prompt identification and response 
to newly detected pathogens. The detailed resolution of 
metagenomics assists in distinguishing between benefi-
cial and potentially harmful bacteria, including fungi and 
viruses, as evidenced in bacterial infections such as kera-
titis. Certain pathogens like Cutibacterium acnes, Staph-
ylococcus aureus, Moraxella lacunata, Pseudomonas 
alcaligenes, and HSV Simplex virus type 2 have been rec-
ognized [67], emphasizing the potential for personalized 
treatment strategies based on the individual’s microbi-
ome profile [68, 69]. While metagenomics shows prom-
ise for investigating microbiome-disease connections, its 
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substantial initial expense poses a challenge to clinical 
investigations. Nonetheless, simply identifying microbial 
species does not fully elucidate the microbiota’s impact 
on dry eye pathogenesis. Further research into commu-
nity relationships is crucial for uncovering the underly-
ing mechanisms and pathways.Current studies primarily 
focus on the complex interaction between gut microbiota 
and the host’s immune system. For example, metabolites 
produced by gut microbiota, such as short-chain fatty 
acids, can migrate to the eyes via the blood circulation 
and boost the generation of ocular Tregs. These Tregs 
aid in suppressing exaggerated immune responses, pre-
serving immune tolerance, and regulating the immune 
equilibrium and inflammatory reaction in the eye. This 
investigation also provides new potential treatment tar-
gets for eye ailments, including utilizing probiotics, pre-
biotics, and antibiotics. Adjusting the gut microbiota 
composition, like through fecal microbial transplanta-
tion, may potentially confer benefits for eye diseases. 
While this approach has displayed encouraging outcomes 
in animal models, difficulties emerge due to the complex-
ity of human dietary habits compared to the relatively 
simplistic animal diet. Variations in dietary choices and 
behaviors among individuals can impact the efficacy of 
probiotics and prebiotics, making research interpretation 
more intricate. In addition to the variability in efficacy 
caused by factors such as diet, gender, and geographical 
location, there are also different ‘Intestinal Type’ and ‘Eye 
Community State Types’ among individuals. It is impor-
tant to explore these variations separately and develop 
personalized plans, which may aid in improving the diag-
nosis of DED and achieving the best treatment outcomes 
[70, 71]. The connection between changes in gut micro-
biota and shifts in ocular surface microbiota, as observed 
in dry eye syndrome, remains uncertain. Future studies 
should concentrate on unraveling the mechanisms that 
connect gut microbiota to eye disorders, pinpointing 
particular bacterial strains and metabolites linked to eye 
wellness, and performing animal and clinical trials to 
confirm their efficiency and safety. Additionally, explor-
ing the influence of age, sex, and other variables on the 
correlation between gut microbiota and eye diseases is 
crucial.

Conclusions
Recent studies have found a notable link between gut 
microbiota and eye conditions, referred to as the ‘gut-eye 
axis’. Disruption in gut microbiota can affect overall and 
ocular immune responses via different routes, potentially 
resulting in eye disorders. Treatments like fecal micro-
biota transplantation targeting gut microbiota regulation 
could have a positive effect on eye conditions. Although 
this field of research is still in the investigative and theo-
retical stage, it shows potential in unveiling the precise 

connections between gut microbiota and eye conditions, 
providing fresh possibilities for preventing and managing 
such conditions.

Abbreviations
NIH  National Institutes of Health
16S rRNA  16 S ribosomal ribonucleic acid gene
sIgA  Secretory IgA
TLR  Toll-like receptors
TLR4  Toll-like receptors 4
TLR5  Toll-like receptors 5
LPS  Lipopolysaccharide
Treg  Regulatory T cells
MGD  Meibomian Gland Dysfunction dry eye
ATD  Aqueous tear deficiency
FTBUT  First tear film break-up
SCFAs  Short-chain fatty acids
SS-Dry eye  Sjögren’s syndrome-associated dry eye
SS  Sjögren’s syndrome
AMD  Age-Related Macular Disease
BK  Bacterial Keratitis
FK  Fungal Keratitis

Acknowledgements
In the process of finding and summarising the article, we received valuable 
help from Tingting Wang, He Yu, Jian Yu, Shaokang Ma, Xiaohai Song, Qianhui 
Sun, whose work contributed to this article. In addition, we would like to 
thank Yongcheng Xu, Mingkai Liu, and He Dong for their valuable advice and 
guidance, whose expertise and experience had a significant impact on the 
direction of our research.

Author contributions
The research draft was designed by Jiaping Song. Literature acquisition was 
done by Tingting Wang, He Yu, Jian Yu, Shaokang Ma, Xiaohai Song, Qianhui 
Sun. Summarising and drafted the work or substantively revised of the article 
was done by Jiaping Song and He Dong. Advice and guidance on the article 
was provided by Yongcheng Xu, Mingkai Liu and He Dong. Article writing and 
revision was done by Jiaping Song. All authors have approved the submitted 
version.All authors have agreed both to be personally accountable for the 
author’s own contributions and to ensure that questions related to the 
accuracy or integrity of any part of the work.

Funding
The startup funding for specific research project of The Third People’s Hospital 
of Dalian (2021ky001); The Third People’s Hospital of Dalian (2022ky003); The 
Third People’s Hospital of Dalian (2023ky003).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors have read and agreed to the published version of the manuscript.

Competing interests
The authors declare no competing interests.

Received: 29 February 2024 / Accepted: 14 June 2024

References
1. NIH HMP Working Group, Peterson J, Garges S, Giovanni M, et al. The NIH 

human microbiome project. Genome Res. 2009;19(12):2317–23. https://doi.
org/10.1101/gr.096651.109.

https://doi.org/10.1101/gr.096651.109
https://doi.org/10.1101/gr.096651.109


Page 15 of 16Song et al. BMC Ophthalmology          (2024) 24:262 

2. Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh C, et al. A human 
gut microbial gene catalogue established by metagenomic sequencing. 
Nature. 2010;464(7285):59–65. https://doi.org/10.1038/nature08821.

3. Keilty RA. 1930. The bacterial flora of the normal conjunctiva with compara-
tive nasal culture study. Am J Ophthalmol. 1930;13:876–9.

4. Miller D, Alfonso Iovieno. The role of microbial flora on the ocular surface. 
Curr Opin Allergy Clin Immunol. 2009;9(5):466 – 70. https://doi.org/10.1097/
ACI.0b013e3283303e1b.

5. Dong BJ, Iovieno A, Bates B, Garoutte A, Miller D, Revanna KV, Gao X, 
Antonopoulos DA, Slepak VZ, Shestopalov VI. Diversity of Bacteria at Healthy 
Human Conjunctiva. Invest Ophthalmol Vis Sci. 2011;52(8):5408–13. https://
doi.org/10.1167/iovs.10-6939.

6. Xiaofeng Wen L, Miao Y, Deng PW, Bible X, Zou HY, Liu Y, Guo S, Liang J, 
Chen T, Peng G-H, Chen W, Liang L. Lai Wei. The influence of age and sex 
on ocular surface microbiota in healthy adults. Invest Ophthalmol Vis Sci. 
2017;58(14):6030–7. https://doi.org/10.1167/iovs.17-22957.

7. Chen Z, Jia Y. Ying Xiao.et al. Microbiological characteristics of Ocular 
Surface Associated with Dry Eye in Children and adolescents with Diabetes 
Mellitus. Invest Ophthalmol Vis Sci. 2022;63(13):20. https://doi.org/10.1167/
iovs.63.13.20.

8. Peterson DA, McNulty NP, Guruge JL, Gordon JI. IgA response to sym-
biotic bacteria as a mediator of gut homeostasis. Cell Host Microbe. 
2007;2(5):328 – 39. https://doi.org/10.1016/j.chom.2007.09.013.

9. Ng KM, Ferreyra JA, Higginbottom SK et al. Microbiota-liberated host 
sugars facilitate post-antibiotic expansion of enteric pathogens. Nature. 
2013;502(7469):96 – 9.https://doi.org/10.1038/nature12503.

10. Allansmith MR, Gudmundsson OG, Hann LE et al. The immune response 
of the lacrimal gland to antigenic exposure. Curr Eye Res. 1987;6(7):921 – 7. 
https://doi.org/10.3109/02713688709034860.

11. Abirami Kugadas Q, Wright J, Geddes-McAlister M. Gadjeva. Role of Micro-
biota in strengthening ocular mucosal barrier function through secretory IgA. 
Invest Ophthalmol Vis Sci. 2017;58(11):4593–600. https://doi.org/10.1167/
iovs.17-22119.

12. Hou A, Tin MQ, Tong L. Toll-like receptor 2-mediated NF-kappa B pathway 
activation in ocular surface epithelial cells. Eye Vis (Lond). 2017;2017 Jul 
11:4:17. https://doi.org/10.1186/s40662-017-0082-x.

13. Simmons KT, Xiao Y, Pflugfelder SC, de Paiva. CS. Inflammatory response 
to lipopolysaccharide on the ocular surface in a murine dry eye model. 
Invest Ophthalmol Vis Sci. 2016;57(6):2443–51. https://doi.org/10.1167/
iovs.15-18396.

14. Kojima K, Ueta M, Hamuro J, Hozono Y, Kawasaki S, Yokoi N, et al.  Human 
conjunctival epithelial cells express functional toll-like receptor 5. Br J Oph-
thalmol. 2008;92(3):411–6. https://doi.org/10.1136/bjo.2007.128322.

15. Mayumi Ueta. Innate immunity of the ocular surface and ocular surface 
inflammatory disorders. Cornea. 2008 Sep:27 Suppl 1:S31–40. https://doi.
org/10.1097/ICO.0b013e31817f2a7f.

16. St Leger AJ, Desai JV, Drummond RA, Kugadas A, Almaghrabi F, Silver P, 
Raychaudhuri K, Gadjeva M, Iwakura Y, Lionakis MS, Caspi RR. An ocular 
commensal protects against corneal infection by driving an interleukin-17 
response from mucosal γδ. T Cells Immun. 2017;47(1):148-e1585. https://doi.
org/10.1016/j.immuni.2017.06.014.

17. Chen Y, Chauhan SK, Saban DR, Sadrai Z, Okanobo A, Dana R. Interferon-
γ-secreting NK cells promote induction of dry eye disease. J Leukoc Biol. 
2011;89(6):965 – 72. https://doi.org/10.1189/jlb.1110611.

18. Zhang X, Volpe EA, Gandhi NB, et al. NK cells promote Th-17 mediated 
corneal barrier disruption in dry eye. PLoS ONE. 2012;7(5):e36822. https://doi.
org/10.1371/journal.pone.0036822.

19. Nair AP, D’Souza S, Shetty R, Ahuja P, Kundu G, Khamar P et al. Altered ocular 
surface immune cell profile in patients with dry eye disease. Ocul Surf. 2021 
Jul:21:96–106. https://doi.org/10.1016/j.jtos.2021.04.002.

20. Barabino S, Montaldo E,Solignani F,Valente C, Mingari MC,Rolando M. 
Immune response in the conjunctival epithelium of patients with dry eye. 
Exp Eye Res. 2010;91(4):524–9. https://doi.org/10.1016/j.exer.2010.07.008.

21. Srihari Narayanan A, Glasser Y-S, Hu, Alison MMD. The effect of interleukin-1 
on cytokine gene expression by human corneal epithelial cells. Exp Eye Res. 
2005;80(2):175 – 83. https://doi.org/10.1016/j.exer.2004.08.027.

22. Yoon KC, Jeong IY, Park YG, Yang SY. Interleukin-6 and tumor necrosis 
factor-alpha levels in tears of patients with dry eye syndrome. Cornea. 
2007;26(4):431-7. https://doi.org/10.1097/ICO.0b013e31803dcda2.

23. De Paiva CS, Chotikavanich S, Pangelinan SB, Pitcher JD 3rd, Fang B, Zheng X, 
Ma P, Farley WJ, Siemasko KF, Niederkorn JY, Stern ME, Li DQ, Pflugfelder SC. 

IL-17 disrupts corneal barrier following desiccating stress. Mucosal Immunol. 
2009;2(3):243 – 53. https://doi.org/10.1038/mi.2009.5.

24. Solomon A, Dursun D, Liu Z, Xie Y, Macri A, Pflugfelder SC. Pro- and 
anti-inflammatory forms of interleukin-1 in the tear fluid and con-
junctiva of patients with dry-eye disease. Invest Ophthalmol Vis Sci. 
2001;42(10):2283–92.

25. Liu R, Gao C, Chen H, Li Y, Jin Y, Qi H, et al. Analysis of Th17–associated 
cytokines and clinical correlations in patients with dry eye disease. PLoS ONE. 
2017;12(4):e0173301. https://doi.org/10.1371/journal.pone.0173301.

26. Chauhan SK, El Annan J, Ecoiffier T, Goyal S, Zhang Q, Saban DR, Dana R. 
Autoimmunity in dry eye is due to resistance of Th17 to Treg suppression. J 
Immunol. 2009;182(3):1247–52. https://doi.org/10.4049/jimmunol.182.3.1247.

27. Tsubota K, Nishiyama T, Mishima K, Inoue H, Doi T, Hattori Y, Kodama T, 
Higuchi A, Hayashi Y, Saito I. .The role of fractalkine as accelerating factor 
on the autoimmune exocrinopathy in mice. Invest Ophthalmol Vis Sci. 
2009;50(10):4753–60. https://doi.org/10.1167/iovs.08-2596.

28. Knop E, Knop N. Claus. Local production of secretory IgA in the eye-asso-
ciated lymphoid tissue (EALT) of the normal human ocular surface. Invest 
Ophthalmol Vis Sci. 2008;49(6):2322–9. https://doi.org/10.1167/iovs.07-0691.

29. Ge C, Wei C, Yang BX, Cheng J, Huang YS. Conjunctival microbiome changes 
associated with fungal keratitis: meta-genomic analysis. Int J Ophthalmol. 
2019;12(2):194–200. https://doi.org/10.18240/ijo.2019.02.02.

30. Jasmine Andersso JK, Vogt MD, Dalgaard O, Pedersen K, Holmgaard. Steffen 
Heegaard. Ocular surface microbiota in patients with aqueous tear-deficient 
dry eye. Ocul Surf. 2021;19:210–7. https://doi.org/10.1016/j.jtos.2020.09.003.

31. Qiaoxing Liang J, Li Y, Den ZXHX, Zou B, Liu Y, Wei L, Lian L. Xiaofeng Wen. 
Metagenomic Analysis Reveals the Heterogeneity of Conjunctival Microbiota 
Dysbiosis in Dry Eye Disease. Front Cell Dev Biol. 2021;9:731867. https://doi.
org/10.3389/fcell.2021.731867.

32. ZhenHao Li Y, Gong SZ. Chen. Comparative portrayal of ocular surface 
microbe with and without dry eye. J Microbiol. 2019;57(11):1025–32. https://
doi.org/10.1007/s12275-019-9127-2.

33. Xiaojin Dong Y, Wang W, Wang P, Lin. Yusen Huang. Composition and 
Diversity of Bacterial Community on the Ocular Surface of Patients With Mei-
bomian Gland Dysfunction. Invest Ophthalmol Vis Sci. 2019;60(14):4774–83. 
https://doi.org/10.1167/iovs.19-27719.

34. Fuxin, Zhao. Dake Zhang,Chaoxiang Ge. Metagenomic profiling of ocular 
surface Microbiome Changes in Meibomian Gland Dysfunction. Invest Oph-
thalmol Vis Sci 2020 Jul 1;61(8):22. https://doi.org/10.1167/iovs.61.8.22.

35. Xiaodan Jiang A, Deng J, Yang et al. Pathogens in the meibomian gland and 
conjunctival sac: microbiome of normal subjects and patients with meibo-
mian gland dysfunction. Infect Drug Resist 2018 Oct 11:11:1729–40. https://
doi.org/10.2147/IDR.S162135.

36. Zhang Zhang X, Zou W. Xue. Ocular surface microbiota in diabetic patients 
with dry eye disease. Invest Ophthalmol Vis Sci. 2021;62(12):13. https://doi.
org/10.1167/iovs.62.12.13.

37. Yun Qi Y, Wan T. Li. Comparison of the Ocular microbiomes of Dry Eye 
patients with and without autoimmune Disease. Front cell infect Microbiol. 
2021 Sep 22:11716867. https://doi.org/10.3389/fcimb.2021.716867.

38. Szkaradkiewicz A, Chudzicka-Strugala I, Karpinski TM, Goslinska-Pawlowska 
O, Tulecka T, Chudzicki W, Szkaradkiewicz AK, Zaba R. Bacillus oleronius and 
Demodex mite infestation in patients with chronic blepharitis. Clin Microbiol 
Infect. 2012;18(10):1020–5. https://doi.org/10.1111/j.1469-0691.2011.03704.x.

39. Kriet MM, Bouya Y, Louaya S. Endogenous postpartum panophthalmi-
tis induced by sphingomonas paucimobili. Bull Soc Belge Ophtalmol. 
2011;(318):37–40.

40. Tam K, Torres VJ. Staphylococcus aureus secreted toxins and extracellular 
enzymes. Microbiol Spectr. 2019;7(2). https://doi.org/10.1128/microbiolspec.
GPP3-0039-2018.

41. Kim J, Choi SH, Kim YJ et al. Clinical effect of IRT-5 probiotics on immune 
modulation of autoimmunity or alloimmunity in the eye. Nutrients. 
2017;9(11):1166. https://doi.org/10.3390/nu9111166.

42. Arpaia N, Campbell C, Fan X, Dikiy S, van der Veeken J, deRoos P et al. 
Metabolites produced by commensal bacteria promote peripheral regulatory 
T-cell generation. Nature. 2013;504(7480):451–5. https://doi.org/10.1038/
nature12726.

43. Hajjar AM, Ernst RK, Wilson CB, Miller SI. Human toll-like receptor 4 recognizes 
host-specific LPS modifications. Nat Immunol. 2002;3(4):354–9. https://doi.
org/10.1038/ni777.

44. Roberto Mendez A, Watane, Monika Farhangi. Gut microbial dysbiosis in 
individuals with Sjögren’s syndrome. Microb Cell Fact. 2020;19(1):90. https://
doi.org/10.1186/s12934-020-01348-7.

https://doi.org/10.1038/nature08821
https://doi.org/10.1097/ACI.0b013e3283303e1b
https://doi.org/10.1097/ACI.0b013e3283303e1b
https://doi.org/10.1167/iovs.10-6939
https://doi.org/10.1167/iovs.10-6939
https://doi.org/10.1167/iovs.17-22957
https://doi.org/10.1167/iovs.63.13.20
https://doi.org/10.1167/iovs.63.13.20
https://doi.org/10.1016/j.chom.2007.09.013
https://doi.org/10.1038/nature12503
https://doi.org/10.3109/02713688709034860
https://doi.org/10.1167/iovs.17-22119
https://doi.org/10.1167/iovs.17-22119
https://doi.org/10.1186/s40662-017-0082-x
https://doi.org/10.1167/iovs.15-18396
https://doi.org/10.1167/iovs.15-18396
https://doi.org/10.1136/bjo.2007.128322
https://doi.org/10.1097/ICO.0b013e31817f2a7f
https://doi.org/10.1097/ICO.0b013e31817f2a7f
https://doi.org/10.1016/j.immuni.2017.06.014
https://doi.org/10.1016/j.immuni.2017.06.014
https://doi.org/10.1189/jlb.1110611
https://doi.org/10.1371/journal.pone.0036822
https://doi.org/10.1371/journal.pone.0036822
https://doi.org/10.1016/j.jtos.2021.04.002
https://doi.org/10.1016/j.exer.2010.07.008
https://doi.org/10.1016/j.exer.2004.08.027
https://doi.org/10.1097/ICO.0b013e31803dcda2
https://doi.org/10.1038/mi.2009.5
https://doi.org/10.1371/journal.pone.0173301
https://doi.org/10.4049/jimmunol.182.3.1247
https://doi.org/10.1167/iovs.08-2596
https://doi.org/10.1167/iovs.07-0691
https://doi.org/10.18240/ijo.2019.02.02
https://doi.org/10.1016/j.jtos.2020.09.003
https://doi.org/10.3389/fcell.2021.731867
https://doi.org/10.3389/fcell.2021.731867
https://doi.org/10.1007/s12275-019-9127-2
https://doi.org/10.1007/s12275-019-9127-2
https://doi.org/10.1167/iovs.19-27719
https://doi.org/10.1167/iovs.61.8.22
https://doi.org/10.2147/IDR.S162135
https://doi.org/10.2147/IDR.S162135
https://doi.org/10.1167/iovs.62.12.13
https://doi.org/10.1167/iovs.62.12.13
https://doi.org/10.3389/fcimb.2021.716867
https://doi.org/10.1111/j.1469-0691.2011.03704.x
https://doi.org/10.1128/microbiolspec.GPP3-0039-2018
https://doi.org/10.1128/microbiolspec.GPP3-0039-2018
https://doi.org/10.3390/nu9111166
https://doi.org/10.1038/nature12726
https://doi.org/10.1038/nature12726
https://doi.org/10.1038/ni777
https://doi.org/10.1038/ni777
https://doi.org/10.1186/s12934-020-01348-7
https://doi.org/10.1186/s12934-020-01348-7


Page 16 of 16Song et al. BMC Ophthalmology          (2024) 24:262 

45. Jayoon Moon SH, Choi CH, Yoon MK. Kim. Gut dysbiosis is prevailing 
in Sjo¨gren’s syndrome and is related to dry eye severity. PLoS ONE. 
2020;15(2):e0229029. https://doi.org/10.1371/journal.pone.0229029.

46. Laura Schaefer CM, Trujillo-Vargas, Firas S. Midani. Gut microbiota from 
Sjögren syndrome Patients Causes Decreased T Regulatory Cells in the 
lymphoid organs and Desiccation-Induced corneal barrier disruption in 
mice. Front Med (Lausanne) 2022 Mar 9:9852918. https://doi.org/10.3389/
fmed.2022.852918.

47. de Paiva CS et al. Altered mucosal microbiome diversity and disease severity 
in Sjogren syndrome. Sci Rep 2016 Apr 18:6:23561. https://doi.org/10.1038/
srep23561.

48. Arjun Watane, Kara M, Cavuoto M. Rojas. Fecal microbial transplant in indi-
viduals with Immune-mediated Dry Eye. Am J Ophthalmol. 2022;Jan:233:90–
100. https://doi.org/10.1016/j.ajo.2021.06.022.

49. Costello ME, Ciccia F, Willner D, et al. Brief report: intestinal dysbiosis in 
ankylosing spondylitis. Arthritis Rheumatol. 2015;67(3):686–91. https://doi.
org/10.1002/art.38967.

50. Lv LX et al.  Alterations and correlations of the gut microbiome, metabolism 
and immunity in patients with primary biliary cirrhosis. Environ Microbiol. 
2016;18(7):2272–86. https://doi.org/10.1111/1462-2920.13401.

51. Subbarayal B, Chauhan SK, Di Zazzo A. Dana. IL-17 augments b cell activation 
in ocular surface autoimmunity. J Immunol. 2016;197(9):3464–70. https://doi.
org/10.4049/jimmunol.1502641.

52. Mandl T, Marsal J, Olsson P, Ohlsson B. Kristofer Andréasson. Severe intestinal 
dysbiosis is prevalent in primary sjogrens syndrome and is associated with 
systemic disease activity. Arthritis Res Ther. 2017;19(1):237. https://doi.
org/10.1186/s13075-017-1446-2.

53. Zinkernagel MS et al. Association of the intestinal microbiome with the 
development of neovascular age-related macular degeneration. Sci Rep. 
2017 Jan 17:740826. https://doi.org/10.1038/srep40826.

54. Cathleen Janowitz YK, Nakamura C, Metea A, Gligor W, Yu L, Karstens JT, 
Rosenbaum M, Asquith. Phoebe Lin. Disruption of intestinal homeostasis 
and intestinal Microbiota during Experimental Autoimmune Uveitis. Invest 
Ophthalmol Vis Sci. 2019;60(1):420–9. https://doi.org/10.1167/iovs.18-24813.

55. Kalyana Chakravarthy S, Jayasudha R, Sai Prashanthi G, Ali MH, Sharma S, 
Tyagi M et al. Dysbiosis in the gut bacterial microbiome of patients with uve-
itis, an inflammatory disease of the eye. Indian J Microbiol. 2018;58(4):457–69. 
https://doi.org/10.1007/s12088-018-0746-9.

56. Horai R, Sen HN, Caspi RR. Commensal microbiota as a potential trigger of 
autoimmune uveitis. Expert Rev Clin Immunol. 2017;13(4):291–3. https://doi.
org/10.1080/1744666X.2017.1288098.

57. Vavricka SR, Brun L, Ballabeni P, Pittet V, Prinz Vavricka BM, Zeitz J, Rogler 
G, Schoepfer AM.  Frequency and risk factors for extraintestinal manifesta-
tions in the Swiss inflammatory bowel disease cohort. Am J Gastroenterol. 
2011;106(1):110–9. https://doi.org/10.1038/ajg.2010.343.

58. Andriessen EM et al. Gut microbiota influences pathological angiogen-
esis in obesity-driven choroidal neovascularization. EMBO Mol Med. 
2016;8(12):1366–79. https://doi.org/10.15252/emmm.201606531.

59. Carlos Rocha-de-Lossada, Mazzotta C, Gabrielli F et al. Ocular Surface 
Microbiota in Naïve Keratoconus: A Multicenter Validation Study. J Clin Med. 
2023;12(19):6354. https://doi.org/10.3390/jcm12196354.

60. Abicca DS-LI, Contento L et al. Infectious Keratitis: Characterization of 
Microbial Diversity through Species Richness and Shannon Diversity Index. 
Biomolecules. 2024;14(4):389. https://doi.org/10.3390/biom14040389.

61. Kugadas A, Christiansen SH, Sankaranarayanan S, Surana NK, Gauguet S, 
Kunz R, Fichorova R, orup-Jensen V. .Impact of microbiota on resistance 
to ocular Pseudomonas aeruginosa-induced Keratitis. PLoS Pathog. 
2016;12(9):e1005855. https://doi.org/10.1371/journal.ppat.1005855.

62. Hatziioanou D, Gherghisan-Filip C, Saalbach G, Horn N, Wegmann U, Duncan 
SH, Flint HJ, Mayer MJ, et al. .Discovery of a novel lantibiotic nisin O from Blau-
tia Obeum A2-162, isolated from the human gastrointestinal tract. Microbiol 
(Reading). 2017;163(9):1292–305. https://doi.org/10.1099/mic.0.000515.

63. Kalyana Chakravarthy S, Jayasudha R, Ranjith K, Dutta A, Pinna NK, Mande 
SS, et al. Alterations in the gut bacterial microbiome in fungal keratitis 
patients. PLoS ONE. 2019;14(1):e0211757. https://doi.org/10.1371/journal.
pone.0211757.

64. Załęski A, Banaszkiewicz A, Walkowiak J. Butyric acid in irritable bowel 
syndrome. Prz Gastroenterol.2013; 8(6):350–3. PubMed PMID: PMC4027835. 
https://doi.org/10.5114/pg.2013.39917 PMID:24868283.

65. McGeachy MJ et al. The interleukin 23 receptor is essential for the terminal 
differentiation of interleukin 17-producing effector T helper cells in vivo. Nat 
Immunol. 2009;10(3):314 – 24. https://doi.org/10.1038/ni.1698.

66. Peter, Holzer. Aitak Farzi. Neuropeptides and the microbiota-
gut-brain axis. Adv Exp Med Biol. 2014;817:195–219. https://doi.
org/10.1007/978-1-4939-0897-4_9.

67. Davide Borroni C, Bonzano. José-María Sánchez-González,et al. Shotgun 
metagenomic sequencing in culture negative microbial keratitis. Eur J Oph-
thalmol. 2023;33(4):1589–95. https://doi.org/10.1177/11206721221149077.

68. Davide Borroni V, Romano SB, Kaye, et al. 2019.Metagenomics in ophthal-
mology: current findings and future prospectives. BMJ Open Ophthalmol. 
2019;4(1):e000248.

69. Paola Gallon M, Parekh S, Ferrari, et al. Metagenomics in ophthalmol-
ogy: hypothesis or real prospective? Biotechnol Rep (Amst) 2019 Jun. 
2019;26:23:e00355. https://doi.org/10.1016/j.btre.2019.e00355.

70. Davide Borroni W, Sanseverino et al. 2022. Exploring the Healthy Eye Micro-
biota Niche in a Multicenter Study.Int J Mol Sci 2022;23(18):10229.

71. Davide Borroni C, Mazzotta et al. 2023. Ocular microbiome evaluation in dry 
eye disease and meibomian gland dysfunction: Values of variables. Exp Eye 
Res 2023 Nov:236:109656. https://doi.org/10.1016/j.exer.2023.109656.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0229029
https://doi.org/10.3389/fmed.2022.852918
https://doi.org/10.3389/fmed.2022.852918
https://doi.org/10.1038/srep23561
https://doi.org/10.1038/srep23561
https://doi.org/10.1016/j.ajo.2021.06.022
https://doi.org/10.1002/art.38967
https://doi.org/10.1002/art.38967
https://doi.org/10.1111/1462-2920.13401
https://doi.org/10.4049/jimmunol.1502641
https://doi.org/10.4049/jimmunol.1502641
https://doi.org/10.1186/s13075-017-1446-2
https://doi.org/10.1186/s13075-017-1446-2
https://doi.org/10.1038/srep40826
https://doi.org/10.1167/iovs.18-24813
https://doi.org/10.1007/s12088-018-0746-9
https://doi.org/10.1080/1744666X.2017.1288098
https://doi.org/10.1080/1744666X.2017.1288098
https://doi.org/10.1038/ajg.2010.343
https://doi.org/10.15252/emmm.201606531
https://doi.org/10.3390/jcm12196354
https://doi.org/10.3390/biom14040389
https://doi.org/10.1371/journal.ppat.1005855
https://doi.org/10.1099/mic.0.000515
https://doi.org/10.1371/journal.pone.0211757
https://doi.org/10.1371/journal.pone.0211757
https://doi.org/10.5114/pg.2013.39917
https://doi.org/10.1038/ni.1698
https://doi.org/10.1007/978-1-4939-0897-4_9
https://doi.org/10.1007/978-1-4939-0897-4_9
https://doi.org/10.1177/11206721221149077
https://doi.org/10.1016/j.btre.2019.e00355
https://doi.org/10.1016/j.exer.2023.109656

	What is the impact of microbiota on dry eye: a literature review of the gut-eye axis
	Abstract
	Background
	Methods
	Results
	Characterisation of the ocular surface microbiota
	Microbiota and ocular immune tolerance
	Dry eye - ocular surface homeostasis imbalance
	Dry eye and ocular surface microbiota
	Dry eye and gut microbiota
	Gut microbiota and other eye diseases
	Uveitis
	Age-related macular disease (AMD)
	Bacterial keratitis (BK)/ fungal keratitis (FK)
	The gut-eye axis hypothesis


	Discussion
	Conclusions
	References


