Characterization of conjunctival microbiome dysbiosis

associated with allergic conjunctivitis

To the Editor,

Allergic conjunctivitis (AC) is one of the most common ocular surface diseases that
encompasses a spectrum of diseases featured by antigen-specific immunoglobulin E
(IgE) and T helper type 2 (Th2) lymphocyte-mediated hypersensitivity responses.’
Among different types of AC, seasonal allergic conjunctivitis (SAC) and perennial
allergic conjunctivitis (PAC) manifest the classical type | hypersensitivity. In contrast
to SAC/PAC, the major mechanism of vernal keratoconjunctivitis (VKC) and atopic
keratoconjunctivitis (AKC) is type IV hypersensitivity.

Increasing evidence shows that the microbiome of skin, gut, and airways play an
important role in allergic diseases like atopic dermatitis, food allergies, and asthma.?
Similar to other mucosal surfaces, conjunctiva is colonized with a variety of
microorganisms. We thus hypothesized that the dysbiosis of conjunctival microbiome
is associated with AC. To test this hypothesis, we surveyed the conjunctival
microbiome of 39 individuals with AC and 48 healthy subjects using metagenomic
shotgun sequencing (Table S1). The group of AC comprised 14 patients with PAC, 7
with SAC, and 18 with VKC (Table S2).

We first assessed whether the conjunctival microbiome is generally different
between healthy and AC individuals. Overall, bacteria accounted for the majority of
the conjunctival microbiota of all individuals (Figure S1). Malassezia Fungi (M. furfur
in particular) were abundant in a fraction of patients with SAC/PAC (Figure 1A).
Malassezia produces immunogenic proteins that elicit IgE and thus induce pro-
inflammatory cytokines and auto-reactive T cells, which contributes to atopic
dermatitis pathogenesis.* Notably, SAC/PAC is dominated by IgE-mediated reactions
in contrast to VKC. The alpha diversity showed no significant difference (Figure 1B),
whereas the inter-individual variation within AC groups were slightly lower than

healthy groups (Figure 1C). The species composition showed a clear delineation



between healthy and AC participants (Figure 1D), suggesting that dysbiosis of the
conjunctival microbiome is associated with AC.

We then used multivariable linear models adjusting for covariates to identify the
species that account for the dysbiosis. Numerous associated species were identified
(Figure 1E). Interestingly, we detected the enrichment of Moraxella catarrhalis in AC
(P = 0.0077). Moraxella catarrhalis in the upper airways is linked with the
development or exacerbation of allergic airway inflammation.* This implies that
common microbial mechanisms may underlie both ocular allergy and allergic
diseases at other sites. Functional profiles of the conjunctival microbiome also
showed differences between healthy and AC individuals (Figure S2). In particular, we
observed that antibiotic resistance genes are more prevalent in AC patients than
healthy individuals.

We next examined whether the conjunctival microbiota is different between SAC/
PAC and VKC. The conjunctival microbiota of the patients with SAC/PAC was less
diverse than healthy subjects (Figure 2A; P = 0.043). We did not find significant
difference in inter-individual variation within samples of SAC/PAC and VKC (Figure
2B; P = 0.31). As expected, the species composition of conjunctival microbiome
distinguished between SAC/PAC and VKC (Figure 2C, D; Figure S3). The species
associated with SAC/PAC included Brevibacterium aurantiacum (P = 0.002) and
Staphylococcus sciuri (P = 0.021). We observed the enrichment of Streptococcus
species in VKC (Figure 2E). Colonization of S. pneumoniae in airways are the risk
factors of asthma.® Interesting, alpha-hemolytic Streptococcus (which includes S.
pneumoniae and S. sanguinis) were observed on the ocular surface of the patients
with ocular graft-versus-host disease.® These results indicate that the composition of
conjunctival microbiota is associated with specific types of AC.

In summary, the dysbiosis of conjunctival microbiome is associated with AC.
Moreover, SAC/PAC and VKC harbor distinct microbial signatures. The microbiome
signatures identified here represent potential targets for follow-up studies on the

microbial mechanisms that underlie AC and other non-infectious ocular surface



inflammations.
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FIGURE LEGENDS

FIGURE 1. Conjunctival microbiome differences between individuals with AC and
healthy individuals. A, Genus compositions of healthy subjects (n = 48) and AC
patients with SAC/PAC (n = 21) or VKC (n = 18). B, Alpha diversity of AC and healthy
samples. C, Beta diversity within AC and healthy samples. D, Principal coordinates
analysis of samples from all 87 participants based on species-level Bray-Curtis
distance. E, Relative abundance distributions of species accounting for the dysbiosis
in AC (P < 0.05, fold change > 5). Relative abundances in the heatmap were

centered and scaled across all the samples.

FIGURE 2. Conjunctival microbiome differences between individuals with SAC/PAC
and VKC. A, Alpha diversity of healthy subjects (n = 48) and patients with SAC/PAC
(n = 21) and VKC (n = 18). B, Beta diversity within healthy, SAC/PAC, and VKC
samples. C, Principal coordinates analysis of samples from 39 AC participants with
SAC/PAC or VKC based on species-level Bray-Curtis distance. D, Model coefficients
of species associated with SAC/PAC or VKC (P < 0.05, coefficient > 0.2). GLM,
general linear model. E, Relative abundance distributions of Streptococcus species

enriched in VKC.
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