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Abstract Uveitis (UVT), an inflammatory disease of the

eye significantly contributes to vision impairment and

blindness. Uveitis is associated with systemic infectious

and autoimmune diseases, but in most cases, the aetiology

remains unidentified. Dysbiosis in the gut microbiome has

been implicated in autoimmune diseases, inflammatory

diseases, cancers and mental disorders. In a mice model of

autoimmune UVT, it was observed that manipulating the

gut microbiome reduces the inflammation and disease

severity. Further, alterations in the bacterial gut micro-

biome and their metabolites were reported in UVT patients

from a Chinese cohort. Hence, it is worth comparing the

bacterial gut microbiome of UVT patients with that of

healthy controls (HC) to ascertain whether dysbiosis of the

gut microbiome has implications in UVT. Our analyses

showed reduced diversity of several anti-inflammatory

organisms including Faecalibacterium, Bacteroides,

Lachnospira, Ruminococcus and members of Lach-

nospiraceae and Ruminococcaceae families, and enrich-

ment of Prevotella (proinflammatory) and Streptococcus

(pathogenic) OTUs in UVT microbiomes compared to HC.

In addition, decrease in probiotic and antibacterial organ-

isms was observed in UVT compared to HC microbiomes.

Heatmap and PCoA plots also indicated significant varia-

tions in the microbiomes of UVT versus HC. This is the

first study demonstrating dysbiosis in the gut bacterial

communities of UVT patients in an Indian cohort and

suggests a role of the gut microbiome in the pathophysi-

ology of UVT.
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Introduction

Uveitis (UVT) is a vision threatening inflammatory disease

of the uveal tract (iris, ciliary body and choroid) and

adjacent structures (retina, vitreous humor and optic nerve)

of the eye. UVT is responsible for about 25% of blindness

in the developing world [1] and affects people in the

working age group (20–60 years) thus contributing to the

socio-economic burden [2]. Generally, UVT is associated

with either a systemic infection or an immunological dis-

ease. But, in 50% of the cases, the eye is the only affected

organ [3] and the aetiology remains unknown and such

cases of UVT are referred to as ‘‘idiopathic Uveitis’’.

Corticosteroids and cycloplegics are given to reduce

inflammation and pain but recurrence of the disease is

common.

Microbiome refers to the multi-species community of

microorganisms (bacteria, fungi and viruses) residing in or

on the body surface that varies in abundance and compo-

sition from niche to niche [4]. Alterations in the gut

microbiome (dysbiosis) have been implicated in several
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diseases like auto-immune diseases (diabetes, rheumatoid

arthritis, muscular dystrophy, multiple sclerosis, and

fibromyalgia) [5], inflammatory diseases (obesity, entero-

colitis, inflammatory bowel disease, and vaginosis) [6, 7],

cancers and mental disorders [8, 9], probably mediated by

the interaction of the gut microbiome with host immune

system [10]. Several bacterial species within the gut

microbiome that are either beneficial or deleterious to the

host have also been identified. For example, Akkermansia

muciniphila reduces diabetes in humans, Faecalibacterium

prausnitzii protects mice against intestinal inflammation

[11] whereas Klebsiella pneumoniae and Proteus mirabilis

have been implicated in inducing spontaneous and mater-

nally transmitted colitis in mice [12], and segmented fila-

mentous bacteria were shown to drive autoimmune arthritis

[13]. However, studies on the involvement of the gut

microbiome in ocular diseases are rare. Studies on mice

have implicated gut microbiome with autoimmune Uveitis

[14] and had demonstrated that high-fat and high-glycemic

index diet [15] induced gut dysbiosis drives inflammation

and angiogenesis associated with age-related macular

degeneration (AMD). Similar studies implicating dysbiosis

in the human gut microbiome in dry eye disease in Sjögren

syndrome patients [16], AMD patients [17] and more

recently in Uveitis patients from a Chinese cohort [18]

were reported. In the present study, the gut bacterial

microbiomes of healthy controls (HC) and UVT patients

categorized as idiopathic or autoimmune UVT were char-

acterized from a south Indian population to ascertain

whether dysbiosis in the gut microbiome is associated with

UVT. Organisms that were either enriched or depleted in

UVT patients compared to HC were also identified so as to

help in disease management.

Materials and Methods

Recruitment of Subjects

Patients with UVT (n = 13) were recruited from individ-

uals attending an eye hospital, the L. V. Prasad Eye

Institute, Hyderabad, India. Only individuals with idio-

pathic (n = 10) and auto-immune (n = 3) UVT were

recruited and those with infectious Uveitis or those having

a systemic infection were eliminated to avoid confounding

factors like infection that may also influence gut micro-

biome/UVT. Out of the 13 UVT patients, 10 were idio-

pathic UVT and 3 patients with Vogt–Koyanagi–Harada

disease constituted the autoimmune group. Such an

approach of using only idiopathic and autoimmune UVT

patients would help to rule out that the changes that are

observed in the microbiome due to inflammation are due to

UVT and not due to the infection that caused inflammatory

changes. UVT individuals with a systemic disease

involvement like diabetes as judged by examination of

blood glucose level, tuberculosis as judged by Mantoux,

syphilis checked by Venereal Disease Research Laboratory

test, HIV by HIV positive test, serum ACE (angiotensin

converting enzyme level) for sarcoidosis and complete

blood profile for any other systemic infection were not

recruited in the study. Exclusion criteria for UVT patients

included any significant ocular disease such as diabetic

retinopathy (proliferative or non-proliferative), wet age-

related macular degeneration, myopic degeneration with

active sub-foveal choroidal neovascularization and pres-

ence of any form of ocular malignancy in either eye

including choroidal melanoma. The UVT patients included

11 women and 2 men who were between 28 and 62 years

of age, with mean ± SD age of 44.54 ± 12.64 years. HC

(n = 13) who were age (22–62 years with mean ± SD age

of 43.08 ± 12.99 years; P = 0.774), sex (male 2;

P = 1.000; female 11; P = 0.441), ethnicity (P = 1.000)

and diet (P = 1.000) matched with the UVT group were

only included. The HC subjects were without any ocular

pathology. The HC and UVT patients were from Telangana

state in India. Exclusion criteria for all HC and UVT

subjects was as follows: participants who had taken pro-

biotics, prebiotics or antibiotics 3 months prior to sample

collection; or who had undergone gastrointestinal tract

surgery; or having diseases like diabetes, hypertension,

obesity, inflammatory bowel disease, any form of malig-

nancy; or having prolonged constipation or diarrhea.

Informed consent was taken from all the study subjects

prior to sample collection. The study protocols were

approved by the Institutional Review Board of L. V. Prasad

Eye Institute, Hyderabad (Ethics Ref. No. LEC 06-14-060)

and all methods were performed in accordance with rele-

vant guidelines and regulations.

Fecal Sample Collection and DNA Extraction

The stool samples were collected by the subjects in a sterile

container (HiMedia, India) and frozen at - 80 �C until

processing. Genomic DNA was extracted from 300 mg of

homogenized fecal samples using QIAamp DNA stool

minikit (Qiagen, Hilden, North Rhine-Westphalia, Ger-

many) according to the instructions provided by the man-

ufacturer. DNA extractions were performed in triplicate;

equal volume of DNA from each replicate was pooled

together and used for PCR amplification and sequencing.

Genomic DNA was checked for quality on a 0.8% agarose

gel and quantified using Qubit� 2.0 fluorometer (Life

Technologies, India).
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PCR Amplification, Illumina Library Preparation

and Amplicon Sequencing

V3–V4 region of bacterial 16S rRNA gene was amplified

using the primers 50-CCTACGGGNGGCWGCAG-30 and

50-GACTACHVGGGTATCTAATCC-30. The standard

Illumina protocol was used to generate the bacterial

microbiome libraries. The libraries were sequenced using

2 9 250 bp chemistry on an Illumina MiSeq at the Xcelris

Genomics Pvt. Ltd., Ahmedabad, India.

Taxonomic Classification of Sequenced Reads

Paired-end reads of each sample were first demultiplexed

into separate files (Fastq) and, combined into contigs using

FLASH software [19]. Sequence reads were quality filtered

using Prinseq-lite (reads with mean Phred score\ 25 were

removed). Chimeric sequences were removed using

Usearch61. The leftover high quality reads (HQ) were used

for OTU picking using QIIME. UCLUST run with default

parameters was used for clustering sequences with 97%

similarity. GreenGenes 13.8 OTUs clustered at 97% iden-

tity was used as the reference OTU database for bacteria.

Taxonomic assignments for denovo clustered OTUs (den-

ovo-OTUs) were obtained using MOTHUR (version

v.1.29.2) and the Wang Classifier [20] with a bootstrap of

80%. Samples in which C 60% of sequences were assigned

to an OTU were only considered for further analysis.

Sparse OTUs (representing \ 0.001% of the total HQ

reads) were not considered for further analysis.

Diversity Analyses of Bacterial Microbiome Samples

R-Vegan 2.4-2package (http://vegan.r-forge.r-project.org/)

was used for rarefaction curves and for calculating the

alpha diversity indices (Shannon diversity, Simpson index,

observed number of OTUs and Chao1) for all the micro-

biomes. OTUs which were present in over 80% of samples

with a minimum abundance of 0.01% in the sample were

assigned as core OTUs.

Identification of Differentially Abundant Taxonomic

Groups

Wilcoxon signed rank test (with Benjamini Hochberg (BH)

corrected P\ 0.05 as significant) was implemented to

identify significantly different taxonomic groups in the

bacterial microbiomes at various levels of hierarchy

including phylum, family, genus and OTU. Further to

assess the variation between the healthy controls (HC),

idiopathic Uveitis (UVT_ID) and autoimmune Uveitis

(UVT_AD), a Kruskal–Wallis test was first performed to

identify significantly different taxonomic groups (BH

corrected P\ 0.05) in the gut microbiomes of the three

groups. Subsequently to assess the variation in the above

three groups, post hoc Wilcoxon tests (BH corrected

P\ 0.05) were performed between the microbiomes of HC

vs. UVT_ID, HC vs. UVT_AD and UVT_ID vs. UVT_AD.

Differences in the HC and UVT bacterial microbiomes,

at the OTU level, were also visualized through a PCoA plot

using ade4 package in R (v3.2.5). JSD was used as a dis-

tance metric (http://enterotyping.embl.de/enterotypes.

html). K-means clustering (k = 2) was also performed with

the data to generate the PCoA plot to identify clusters on

the PCoA plot.

Correlation Network Between Bacterial Genera

Two interactive networks specific to the HC and UVT

microbiomes were generated to infer bacteria-bacteria

interaction (both positive and negative interactions) at the

genus level based on pair-wise correlations between

abundances using Spearman correlation coefficient (r).

Cytoscape [21] and CoNet [22] were used to visualize and

analyse the network.

Results

Gut Bacterial Communities in Healthy Subjects

and UVT Individuals

Twenty-six gut bacterial microbiomes (13 HC and 13

UVT) were generated and the average reads per micro-

biome were 765,389 (Online Resource 1). From the 26

microbiomes, 2992 OTUs were identified and consisted of

1380 reference and 1612 denovo-OTUs respectively (On-

line Resource 2). Rarefaction curves of all microbiomes

were tending towards saturation indicating that the

sequencing depth and coverage is adequate to capture the

diversity in the microbiomes (Fig. 1a). Alpha diversity

measured using Shannon diversity index, Simpson index

(evenness), number of observed OTUs and Chao1 index

(richness) indicated that both the number of species and

diversity was higher in HC subjects compared to UVT

patients (Fig. 1b).

In the studied cohort, the bacterial gut microbiomes

were dominated by the phyla Firmicutes, Bacteroidetes,

Proteobacteria and Actinobacteria (Fig. 1c, Online

Resource 3). The abundance of these four dominant phyla

in HC and UVT microbiomes was not statistically signifi-

cant. However, several low abundant phyla (mean abun-

dance\ 1%) showed significant variation (P\ 0.05). A

total of 63 bacterial families were identified in the micro-

biomes out of which 38 and 5 respectively were enriched in

HC and UVT patients (BH corrected P\ 0.05) (Fig. 1d,
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Online Resource 4). The predominant families were Veil-

lonellaceae, Ruminococcaceae, Prevotellaceae and

Lachnospiraceae among which Ruminococcaceae and

Fig. 1 a Rarefaction curves of the 26 gut bacterial microbiomes from

healthy controls (HC) and Uveitis (UVT) patients. b Box-plots

illustrating alpha diversity indices (Shannon diversity, Simpson index,

Observed number of OTUs and Chao1) in gut microbiomes of healthy

controls (HC) and Uveitis (UVT) patients. Median values (horizontal

line) and interquartile ranges have been indicated in the plots.

c Abundance of different bacterial phyla in the gut microbiomes of

healthy controls (HC) and Uveitis (UVT) patients. ‘‘Other phyla’’

includes phyla with \ 1% mean abundance. ‘‘Other’’ includes

singletons, unassigned reads and sparse OTUs (\ 0.001% of total

abundance). d Abundance of different bacterial families in gut

microbiomes of healthy controls (HC) and Uveitis (UVT) patients.

‘‘Other families’’ includes families with \ 1% mean abundance.

‘‘Other’’ includes singletons, unassigned reads and sparse OTUs

(\ 0.001% of total abundance)
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Lachnospiraceae were enriched only in HC compared to

UVT.

We also identified 171 and 34 core OTUs in HC and

UVT samples respectively (Online Resource 5). At the core

OTU level also, Ruminococaceae and Lachnospiraceae

were increased in HC (24 and 22 OTUs respectively).

Further, at the OTU level also we observed that more

OTUs were enriched in HC (180 OTUs) compared to UVT

where 24 OTUs were enriched (Fig. 2a). OTUs enriched in

HC were affiliated to Lachnospiraceae (27 OTUs),

Ruminococcaceae (25 OTUs), Clostridiales (16 OTUs) and

Bacteroides (12 OTUs) where as in UVT microbiomes,

Prevotella copri with 6 OTUs was predominantly enriched

(Fig. 2a, b). PCoA plot (Fig. 2c) based on the relative

abundances of differentiating OTUs in the HC and UVT

gut bacterial microbiomes showed two separate clusters

formed by HC and UVT microbiomes thus illustrating the

distinct patterns of bacterial composition occurring in the

HC and UVT gut microbiomes.

Differentially Abundant Bacterial Communities

in the Gut Microbiomes of Healthy Controls

and Uveitis Patients

At the genera level, Faecalibacterium, Bacteroides,

Lachnospira and Ruminococcus (median abundance[ 1%)

were abundantly enriched in HC compared to UVT patients

gut microbiomes (Fig. 3a). No genera were enriched in

UVT patients. Heatmap constructed with the 17 most

abundant genera also showed a clear separation of HC and

UVT microbiomes into two clusters (Fig. 3b). Two UVT

microbiomes clustered away from the remaining UVT

microbiomes and appeared to be more related to the HC

microbiomes.

Out of the 13 microbiomes in the UVT group, 10 were

from patients with idiopathic UVT (UVT_ID) and the

remaining 3 were from autoimmune UVT (UVT_AD)

patients. Therefore, it was necessary to identify the dif-

ferences in the microbiomes between UVT_ID, UVT_AD

and HC. Kruskal–Wallis test was performed to identify the

differentially abundant OTUs (BH corrected P\ 0.05)

among the three groups and subsequently a PCoA plot was

constructed with the identified differentiating OTUs. Two

clusters were seen in the PCoA plot, one formed by HC and

the other formed by UVT_ID and UVT_AD together

(Fig. 3c). This indicates that UVT_ID and UVT_AD

groups have similar bacterial gut microbiome composition

irrespective of their aetiology that was distinct from the HC

microbiome. We also observed that two HC samples

clustered with the UVT samples.

Further, post hoc pairwise Wilcoxon tests were per-

formed between HC vs. UVT_ID, HC vs. UVT_AD and

UVT_ID vs. UVT_AD to know whether idiopathic and

autoimmune aetiology of the disease have any effect on the

observed dysbiosis in UVT patients. Several significantly

different (BH corrected P\ 0.05) OTUs were identified

between HC vs. UVT_ID as well as HC vs. UVT_AD

samples, but no OTUs were identified that were signifi-

cantly different between UVT_ID and UVT_AD samples

(Online Resource 6) indicating that the microbiomes of

idiopathic and autoimmune UVT patients were similar and

influenced the observed dysbiosis in the gut bacterial

microbiome of UVT patients compared to HC.

Interactions of Bacterial Genera in the Gut

Microbiomes of Healthy Subjects and Uveitis

Patients

Complex positive and negative interactions were observed

within the bacterial population in the HC (Fig. 4a) and

UVT microbiomes (Fig. 4b). Two major hub genera (in-

teractions C 10) could be identified in HC network viz.

Prevotella and Oscillospira and they showed negative

interactions with 14 and 10 other bacterial genera respec-

tively. In contrast, in the UVT network, 15 hub genera

(interactions C 10) were identified among which Megas-

phaera, Prevotella and Dialister were predominant (inter-

actions C 15) and showed negative interactions with other

bacterial genera.

Discussion

UVT causes 10–15% of severe visual impairment in the

Western world and nearly 25% of blindness in the devel-

oping world [1, 3]. The most challenging task of man-

agement of UVT is related to the fact that it has multiple

aetiologies like it could be due to infection of the eye,

systemic infection including viral infection, autoimmune

manifestation as in Vogt–Koyanagi–Harada disease and it

could be idiopathic UVT. Uveitis has also been categorized

as anterior, intermediate and posterior depending on whe-

ther the site of inflammation is in the anterior chamber,

vitreous, retina or choroid respectively and is known as

panuveitis when it simultaneously involves all the above

sites. However, in all the above cases the underlying factor

is that it manifests as an inflammation of the uveal tract and

adjacent structures of the eye. Therefore, in the present

study we have considered UVT mainly as an inflammatory

disease irrespective of the site of manifestation and chose

to analyze the gut microbiomes of only individuals with

idiopathic and autoimmune UVT to avoid confounding

factors that could be caused due to infections of the eye and

systemic infections which may also cause inflammation of

the eye. Recruiting individuals with idiopathic UVT

(UVT_ID) and autoimmune UVT (UVT_AD) was yet
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another challenge and especially when the two groups in

the cohort (HC vs. UVT) were to be matched for age, sex,

diet, ethnicity and region of origin. The entire process of

recruitment took close to two years and eventually we

could analyse the gut microbiomes of only 13 HC and 13

UVT individuals.

Studies that showed association of human gut micro-

biome with ocular diseases are rare and have been reported

only recently in AMD patients [17], in dry eye in Sjögren

syndrome patients [16] and more recently in Uveitis

patients [18] from a Chinese population. Two earlier

studies also showed association of gut microbiome with

autoimmune Uveitis [14] in mice. In the present study, we

analysed the gut microbiomes of HC and UVT patients in a

south Indian population to identify whether dysbiosis was

associated with UVT patients. The sequencing depth (an

average of 765,389 reads/microbiome), the rarefaction

analysis and stringent quality filtering methods applied

were sufficient to make genuine comparisons between the

HC and UVT gut microbiomes (Online Resource 1,

Fig. 1a). We observed an overall decrease in the diversity

and abundance of the bacterial communities in the gut

microbiomes of UVT patients compared to HC (Fig. 1b)

thus confirming the recent findings of Huang et al. [18] in

Chinese patients with Uveitis. Decrease in the diversity and

abundance in the bacterial microbiomes was also reported

in patients with AMD [17], dry eye disease in Sjögren

syndrome [16] and IBD [23]. It was suggested that reduced

diversity may favour the emergence of pathogenic bacteria

that mediate inflammation [16]. Further analyses of the gut

microbiomes of HC and UVT patients clearly indicated

dysbiosis in the gut microbiomes of UVT patients

compared to the control as judged by the decrease in

diversity and abundance at the phyla, OTU, family and

genera level. Dysbiosis was further confirmed by the

heatmap and PCoA analysis that demonstrated that UVT

and HC microbiomes are distinctly different.

In the bacterial gut microbiomes of both HC and UVT,

bacteria affiliated to the phylum Firmicutes (Fig. 1c) and

the families Ruminococcaceae and Lachnospiraceae were

the most abundant as observed earlier in Chinese and

Indian population [24–26]. We also found that several

bacteria like Lachnospira, Ruminococcus, Bacteroides,

Dialister, Dorea, Blautia, Clostridium, Coprococcus, Bifi-

dobacterium adolescentis, Oscillospira, Odoribacter,

Veillonella dispar, Faecalibacterium prausnitzii, Akker-

mansia municiphala, Mitsuokella, Magasphaera and

Roseburia which are known butyrate producers and con-

tribute to anti-inflammatory response in the host [27, 28]

were increased several folds in HC microbiomes compared

to UVT. These dominant genera in HC microbiomes are

likely to be beneficial to the host. Decrease in bacteria that

produce short chain fatty acids (SCFAs) which confer

several health benefits to the host in the microbiomes has

also been reported in the gut microbiome of dry eye

patients [16], Crohn’s disease patients [29] and ulcerative

colitis [30]. Thus, it may be concluded that in UVT sub-

jects, the decrease in gut bacteria with anti-inflammatory

properties may contribute or exacerbate the inflammatory

reaction. In addition, Bifidobacterium adolescentis and

Bifidobacterium longum, which are probiotic and anti-in-

flammatory and thus are beneficial to human host [27, 31]

are also enriched in HC. This is in accordance with a recent

study by Kim et al. [32] who demonstrated that in mice

with autoimmune uveitis a consortium of probiotic bacteria

(Lactobacillus caseii, Lactobacillus acidophilus, Bifi-

dobacterium bifidum and Streptococcus thermophilus)

reduced the concentration of pro-inflammatory cytokines

and predicted that this may attenuate autoimmune uveitis.

Several other OTUs such as Enterobacteriaceae, Cori-

obacteriaceae, Bacteroides plebeius, Bacteriodes ovatus,

Parabacteroides, Paraprevotella, Haemophilus, Cateni-

bacterium, Slackia, Succinivibrio, Sutturella, Bilophila,

Desulfovibrio, Bacteroides uniformis and Collinsella

aerofaciens were also significantly enriched in HC and

substantially reduced in UVT patients (Fig. 2a). We do not

know the physiological relevance of these enrichments in

HC vs. UVT patients. It was also observed by Anand et al.

[27], a few SCFA producing bacteria viz. Faecalibac-

terium, Roseburia were present in the guts of diseased

individuals, but their abundances were less than half when

compared to healthy controls implying that abundance is

important.

In UVT patients, Prevotella copri which is pro-inflam-

matory and associated with rheumatoid arthritis, an

bFig. 2 a Bacterial OTUs exhibiting significant (BH corrected

P\ 0.05) differential abundance in the gut microbiomes of Uveitis

patients (UVT) compared to healthy controls (HC). OTUs having a

median abundance of[ 0.01% in at least one group of samples (HC

or UVT) have been depicted. Out of 204 OTUs, 180 were enriched in

HC and 24 were enriched in UVT patients. Data is represented as log2

fold change. Each circle denotes an OTU; OTUs to the right of zero

line and shown in pink are enriched in UVT compared to HC and

OTUs to the left of zero line and shown in blue are depleted in UVT

compared to HC. OTUs are organized according to the lowest

taxonomic classification along the y-axis. b Bacterial OTUs exhibit-

ing significant (BH corrected P\ 0.05) differential abundance in the

gut microbiomes of healthy controls (HC, green) and Uveitis patients

(UVT, red). Only the top 5 abundant OTUs enriched in HC or UVT

samples have been depicted. The median abundances and the

interquartile ranges have been indicated in the plots. c Principal

Coordinate Analysis (PCoA) based on JSD (Jensen–Shannon diver-

gence) distances between bacterial OTU abundance in the micro-

biomes of healthy controls (HC, blue) and Uveitis patients (UVT,

red). Samples plotted along first two principal coordinates PC1 and

PC2 showed distinct clustering of healthy controls (HC) and Uveitis

(UVT) microbiomes
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autoimmune disease [3] was enriched. That P. copri has an

autoimmune aetiology is relevant to the present study since

it may imply that idiopathic UVT in the present cohort with

dominance of P. copri is of autoimmune aetiology. This

assumption of gut bacterial involvement in autoimmune

Uveitis is further supported by studies in a mouse model of

autoimmune Uveitis which showed that gut bacteria acti-

vate retina specific T-cells that trigger autoimmune Uveitis

[33]. Earlier studies have also indicated that bacteria

affiliated to the genus Prevotella exhibit significant inter-

individual variation in the gut microbiota and increased

proportions of Prevotella are associated with a vegetarian

diet rich in plant-derived products such as the diet in

Indians [34]. The abundance of Prevotella in the present

cohort was not significantly different implying that the

diets of the individuals in the two groups were similar. In

addition, enrichment of Streptococcus OTU, a pathogenic

genus was observed in UVT patients (Fig. 2a). The other

OTUs enriched in UVT patients were affiliated to Lach-

nospiraceae, Ruminococcaceae, Clostridiaceae, Bifidobac-

terium, Bifidobacterium adolescentis, Faecalibacterium

prausnitzii, Lactobacillus, Dorea and Dialister. Thus,

overall it would appear that increase in bacteria with pro-

inflammatory and pathogenic characteristics in UVT

patients may be responsible for the inflammatory response

seen in UVT patients and increase in bacteria with ant-

inflammatory, probiotic and antibacterial properties would

prevent the inflammatory response in HC individuals

(Table 1).

Fig. 3 a Bacterial genera exhibiting significant (BH corrected

P\ 0.05) differential abundance in gut microbiomes of healthy

controls (HC) compared to Uveitis (UVT) patients. Genera having a

median abundance of[ 0.1% in at least one group of samples (HC or

UVT) have been depicted. Median abundances (horizontal line) and

interquartile ranges have been indicated in the plots. b Two

dimensional heatmap depicting rank normalized abundances (scaled

between 0 and 1) of the 17 bacterial genera (median abundance

[ 0.1% in at least one group [HC or UVT] which were differentially

abundant in the gut microbiomes of healthy controls (HC) compared

to the Uveitis (UVT) patients. The discriminating genera as well as

the samples (HC and UVT) were arranged along the two dimensions

(axes) based on hierarchical clustering. c Principal Coordinate

Analysis (PCoA) based on OTU abundances in the bacterial

microbiomes of healthy controls (HC, blue), idiopathic Uveitis

patients (UVT_ID, black) and autoimmune Uveitis patients

(UVT_AD, red). JSD was used as a distance metric. Except 2

samples, all healthy controls (HC) samples clustered together, and all

Uveitis patients (UVT_ID and UVT_AD) irrespective of their

aetiology clustered together when plotted along the first two principal

coordinates PC1 and PC2
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Complex positive and negative interactions were

observed within the bacterial population in the HC

(Fig. 4a) and UVT microbiomes (Fig. 4b). It was antici-

pated that in HC microbiomes, bacterial interactions would

lead to increase in anti-inflammatory organisms, decrease

in pro-inflammatory organisms, increase in SCFA pro-

ducers and decrease in pathogens. Accordingly it was

observed that in HC microbiomes Prevotella and Oscil-

lospira showed together negative interactions with several

pathogenic bacteria like Fusobacterium, Rothia, Slackia,

Treponema, Actinomyces, Atopobium, Haemophilus and

Streptococcus. Such negative interactions on pathogens

would benefit the gut of HC. But it was also surprising that

Prevotella showed competition with SCFA producers

Butyricimonas, Anaerostipes, Veillonella and Clostrid-

ium and with probiotic Bifidobacterium and, Oscillospira

also negatively influenced Butyricicoccus which is a pro-

biotic organism and Anaerostipes which is a butyrate

producer. Such interactions where in the same organism

have both a beneficial effect and a detrimental effect is

difficult to interpret though the outcome could depend on

the severity of interaction.

In contrast, in the gut microbiome of UVT patients,

interactions were as anticipated and supported increase in

pro-inflammatory organisms, decrease in anti-inflamma-

tory organisms, decrease in SCFA producers and increase

in pathogens. It was observed that Dialister, which pro-

duces SCFAs negatively interacts with anti-inflammatory
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Fig. 4 a Bacterial interaction network in the gut microbiome of

healthy controls (HC) showing significant co-occurrence and co-

exclusion relationships at genus level. Each node represents a genus

and the node sizes in the network correspond to their degree of

interaction. The positive and negative correlations/associations have

been indicated with green and red edges respectively. b Bacterial

interaction network in the gut microbiome of Uveitis (UVT) patients

showing significant co-occurrence and co-exclusion relationships at

genus level. Each node represents a genus and the node sizes in the

network correspond to their degree of interaction. The positive and

negative correlations/associations have been indicated with green and

red edges respectively
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Oscillospira, and with SCFA producers like Blautia, Ru-

minococcus, Butyricimonas and Coprococcus; another

genus Megasphaera also negatively interacted with bene-

ficial organisms like Butyricicoccus (probiotic), Blautia

and Oribacterium (SCFA producers) and Prevotella neg-

atively interacted with several beneficial bacteria including

Ruminococcus, Megasphaera, Roseburia, Dorea, Veil-

lonella, Lachnospira, Faecalibacterium (SCFA producers),

with anti-inflammatory Oscillospira and with pathogenic

organisms like Erwinia, Cronobacter, Peptoniphilus and

Atopobium.

Conclusion

This is the first study that demonstrates dysbiosis in the gut

bacterial communities of UVT patients compared to heal-

thy human subjects from a south Indian population. Several

beneficial bacteria that are anti-inflammatory, probiotic and

antibacterial were enriched in healthy subjects, whereas,

the pro-inflammatory and pathogenic bacteria were enri-

ched in the guts of UVT patients. These changes may

probably contribute to or exacerbate the inflammatory

reaction in the ocular tissues of UVT patients probably by
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Fig. 4 continued
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modulating the host immune system. The data also sug-

gests the possibility of developing alternate strategies

for addressing inflammatory disease of the eye by manip-

ulating the gut microbiome by the use of probiotics and

nutritional supplements, a strategy also proposed for pul-

monary infectious disease like Tuberculosis [35].
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