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To the Editor,

Eosinophilic esophagitis (EoE) is a chronic inflammatory disease characterized by an 

eosinophil-predominant inflammation of the esophageal mucosa.1 We have previously 

characterized bacterial communities of the human esophagus in healthy children and adults.2 

Our data and work from others suggest that the normal esophageal bacterial microbiota is 

dominated by Firmicutes species.2–4 Active inflammation in EoE is associated with bacterial 

dysbiosis, specifically with an increase in members of the Proteobacteria.2,3 However, while 

some have described the role of bacteria in atopic gastrointestinal diseases,5 little is known 

about the role of fungi in allergic esophageal inflammation or the role of topical swallowed 

steroids (TSS) in disease-associated dysbiosis. We aimed to characterize the bacterial and 

fungal communities in the esophageal mucosa of children with EoE and non-EoE controls 

and examine the effects of TSS on the microbiota in children with EoE. We additionally 

provide a longitudinal analysis of the EoE fungal and bacterial communities before and after 

TSS.

The esophageal bacterial and fungal microbiota was analyzed in 69 subjects with EoE and 

10 non-EoE controls by 16S rRNA marker gene sequencing and internal transcribed spacer 

(ITS) sequencing, respectively (Appendix S1). Subjects’ demographics, clinical phenotypes, 

and therapies are indicated in Table S1. Subjects were 1.7 to 19.7 years of age. A total of 33 

subjects were classified as active EoE (≥15 eos/hpf), of which 17 were steroid-naïve, and 16 
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were on TSS. Of the 36 subjects with inactive EoE (<15 eos/hpf), 18 were steroid-naïve and 

18 were on TSS. A group of 9 steroid-naïve subjects who later responded to TSS was 

studied longitudinally (Figure S1).

Characterization of the esophageal microbiota in EoE subjects relative to non-EoE controls 

was performed by comparison of steroid-naïve subjects with active or inactive EoE to non-

EoE controls. Streptococcus, Prevotella, and Alloprevotella were prominent in esophageal 

biopsies from all three groups (Figure 1A), consistent with our previous findings.2 Bacterial 

community composition based on PERMANOVA test on Bray-Curtis distances was not 

different between groups; however, differences in individual taxon abundance were observed 

based on linear mixed-effects models. Alloprevotella was significantly decreased in both 

active (q = 0.02) and inactive EoE (q = 0.001) compared to non-EoE controls (Figure 1B). 

Conversely, the abundance of Haemophilus increased in a stepwise manner from inactive to 

active EoE subjects, relative to non-EoE controls (q = 0.02, Figure 1B), as seen by Harris et 

al.3

We then compared steroid-naïve EoE subjects to steroid responders and non-responders to 

investigate the effect of TSS on bacterial communities (Figure 1A,B). No significant 

differences associated with TSS or disease activity were seen based on weighted and 

unweighted UniFrac. However, the relative abundance of Actinobacillus was lower in the 

presence of TSS, relative to the steroid-naïve populations (P = .01, Figure 1B). The relative 

abundance of Haemophilus was lower in active steroid non-responders relative to active 

steroid-naïve subjects (P = .004, Figure 1B), suggesting that the Haemophilus signature in 

active EoE may be diminished by TSS regardless of response to therapy.

Fungal taxa commonly present in esophageal samples included Candida, Cladosporiaceae, 
and Malassezia (Figure 1C–E). Agaricomycetes, Candida, Cladosporiaceae, and Peniophora 
were seen most often in control samples. A negative correlation with total fungal abundance 

and eosinophil count in steroid-naïve subjects was found (P = .03); however, this was not 

seen in the presence of TSS (P = .3, Figure S2).Candida was present in a greater proportion 

of non-EoE controls compared to steroid-naïve EoE subjects (P = .002, Figure 1D); 

however, the prevalence of Candida was not different between active and inactive steroid-

naïve subjects. TSS were associated with perturbations in the fungal community. In inactive 

EoE subjects, Candida was significantly increased in TSS-treated vs untreated subjects (P 
= .007, Figure 1E). These results are concordant with clinical observations of higher 

Candida infection rate during TSS therapy.6,7 Additionally, the family Cladosporiaceae was 

significantly increased in inactive steroid responders compared to inactive steroid-naïve 

subjects (P = .022, Figure 1E).

Longitudinal changes were assessed in EoE subjects following TSS therapy (Figure 2). Nine 

subjects from the cross-sectional analysis who were steroid-naïve at Timepoint 1 and 

achieved remission on TSS at Timepoint 2 were analyzed. Bacterial community composition 

was altered between timepoints (Figure 2B). The abundance of Actinobacillus was 

decreased, consistent with the cross-sectional comparison (q = 0.09), while the relative 

abundance of Haemophilus was unchanged (Figure 2C). Longitudinal changes in fungal 

composition were also assessed (Figure 2D). Interestingly, Candida was not detected more 
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frequently following initiation of TSS (P = .6, Figure 2E), and neither was the relative 

abundance significantly different (P = .73, Figure 2F). The relative abundance of 

Cladosporium was also not significantly different following TSS (P = .11, Figure 2F).

For the first time, we characterize the fungal population of the EoE esophagus and provide a 

longitudinal assessment of the microbiota in EoE. Similar to others, we found that 

Haemophilus had higher abundance in active EoE subjects. Despite these differences, a 

lower abundance was not seen longitudinally in steroid responders. Environmental factors 

could have contributed to the lower abundance of Haemophilus in responders prior to 

therapy. Similarly, the lack of longitudinal changes in the abundance of Candida in the 

presence of TSS suggests that factors such as non-eosinophilic inflammation or disease 

chronicity could have impacted the establishment of fungal communities after resolution of 

eosinophilic inflammation.

Even though sample size and the heterogeneous indications of the patients were limiting 

factors, we have found significant alterations in bacterial and fungal communities in patients 

with EoE during TSS therapy. New studies should take into account the effect of proton 

pump inhibitor (PPI) therapy when comparing results to these findings as PPI use may vary 

with revised guidelines. This study highlights the importance of mapping the esophageal 

microbiota to potentially identify how environmental factors influence responses to 

therapies. Additionally, proliferation or reduction of some species could indicate an evolving 

inflammatory process or the resolution of it. Our findings provide the foundation for future 

studies investigating the effect of TSS or other EoE therapies on esophageal microbial 

communities. Further studies are needed to identify associations between the resident 

microbiota, mucosal markers, and risk factors, to determine cause and effect relationships in 

inflammatory disorders.
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FIGURE 1. 
Alterations in bacterial and fungal communities in esophageal samples of patients with EoE 

and non-EoE controls. A, Heatmap of the bacterial composition. Colors represent the 

relative abundance of a taxon. B, Relative abundance of Alloprevotella, Haemophilus, and 

Actinobacillus. Haemophilus showed significant differences between control and EoE 

steroid-naïve subjects. C, Heatmap of the fungal composition. Colors represent PicoGreen-

corrected operational taxonomic unit (OTU) abundances. D, Fraction of samples where the 
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fungal genus Candida is present. E, PicoGreen-corrected OTU abundances of Candida and 

Cladospiraceae
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FIGURE 2. 
Alterations in bacterial and fungal communities of active steroid-naïve subjects achieving 

remission after topical swallowed steroid (TSS) therapy. A, Heatmap of bacterial 

composition. The colors represent the relative abundance of a taxon. B, Principle coordinate 

analysis of unweighted UniFrac distances between samples. The lines connect the pre- and 

post-TSS samples from the same subject. C, Relative abundances of Actinobacillus and 

Haemophilus. D, Heatmap of fungal composition. The colors represent PicoGreen-corrected 

operational taxonomic unit (OTU) abundances. E, Fraction of samples where fungal genus 

Candida is present. F, PicoGreen-corrected OTU abundances of Candida and Cladosporium. 

Lines connect pre- and post-TSS samples from the same subjects

Benitez et al. Page 7

Allergy. Author manuscript; available in PMC 2021 May 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	References
	FIGURE 1
	FIGURE 2

