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Abstract

Background—Patients with atopic dermatitis (AD) are prone to skin infections, with microbes 

like Staphylococcus aureus suspected of contributing to pathogenesis. Bleach baths might improve 

AD by reducing skin microbial burden.

Objective—To characterize the microbiota of lesional and nonlesional skin in young children 

with AD and controls and compare changes after treatment with a topical corticosteroid (TCS) 

alone or TCS + dilute bleach baths (BB).

Methods—In a randomized, placebo-controlled, single-blinded clinical trial in 21 children with 

AD and 14 healthy children, lesional and nonlesional AD skin was examined at baseline and after 

4-week treatment with TCS alone or TCS plus BB. Microbial DNA was extracted for qPCR of 

predominant genera and 16S rRNA sequencing.

Results—At baseline, densities of total bacteria and Staphylococcus, including S. aureus, were 

significantly higher at the worst AD lesional site than nonlesional (p=0.001) or control (p<0.001) 

skin; bacterial communities on lesional and nonlesional AD skin significantly differed from each 

other (p=0.04) and from control (p<0.001). After TCS + BB or TCS alone, bacterial compositions 

on lesional skin normalized (p<0.0001), resembling nonlesional skin, with microbial diversity 

restored to control skin levels.

Limitations—The 4-week time period and/or the twice-weekly baths may not have been 

sufficient for additional impact on the cutaneous microbiome. More detailed sequencing may 

allow better characterization of the distinguishing taxa with BB-treatment.
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Conclusions—Treatment with a topical corticosteroid cream suffices to normalize the cutaneous 

microbiota on lesional AD; after treatment, bacterial communities on lesional skin resemble 

nonlesional skin but remain distinct from control.

INTRODUCTION

Atopic dermatitis (AD) is a common, chronic inflammatory skin condition characterized by 

pruritic eczematous lesions in specific distribution patterns in infants and children.1 

Morbidity in patients with AD is often due to cutaneous infections with particular bacteria, 

fungi, and viruses. Staphylococcus aureus is highly prevalent on AD skin, and culture-based 

studies have shown direct correlation between AD clinical severity and S. aureus density.2 

Whether S. aureus contributes to the pathophysiology or merely reflects the abnormal 

environment has never been conclusively established. Molecular techniques enable a more 

comprehensive characterization of the changing cutaneous microbiota in skin disease and its 

relationship to clinical features.3,4

In this study, in the context of a clinical trial comparing topical corticosteroids (TCS) alone 

to TCS plus dilute bleach baths (BB) for AD treatment, we used high throughput DNA 

sequencing and quantitative PCR to characterize the cutaneous microbiota of children with 

AD and controls. Comparison of lesional and nonlesional skin with that of controls at 

baseline and over the course of the two regimens enabled a more comprehensive view of 

microbiota characteristics and their changes with disease activity. Our results show that in 

addition to its clinical efficacy in treating AD, TCS treatment also normalizes cutaneous 

microbiota compositions in AD, even without added BB.

METHODS

Patients and study design

Children of age 3 months-5 years with moderate-to-severe AD (based on modified Hanifin 

and Rajka criteria5) were enrolled from the pediatric dermatology clinics at the Charles C. 

Harris Skin and Cancer Unit (SCU) and NYU Dermatologic Associates, both at NYU 

Langone Medical Center, and at Bellevue Hospital Center (BHC). Control patients were 

enrolled from the adjacent general pediatric clinics if they were in the correct age group, and 

did not have any skin disease. This study was approved by the NYULMC Institutional 

Review Board.

Exclusion criteria

Patients with concurrent chronic inflammatory skin disorders or who were currently using or 

had used systemic or topical antibiotics, corticosteroids, or calcineurin inhibitors for AD in 

the prior two weeks were excluded from the study, as were children with overt infection. See 

Figure 1 for study design.6

Randomization

Treatment randomization was done by two independent non-clinical staff members. Twelve 

sealed envelopes containing the word bleach and 12 identical sealed envelopes containing 
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the word water were made by one person, which were then shuffled and numbered 

sequentially. The envelopes were opened in number order and plain white bottles were filled 

with the corresponding ingredient, bleach or water, and then labeled with the corresponding 

number.

Sampling

All AD patients had four clinical sites swabbed including the worst affected site (i.e. the 

lesion with the highest local EASI score), a nonlesional site, and 2 other representative 

lesional sites. Control patients were swabbed at the typical age-specific areas of eczema 

appearance. When possible, the nonlesional sample was taken from a site contralateral to the 

lesional site; however, when the presence of symmetric disease rendered this impossible, we 

selected an adjacent uninvolved area. Specimens were obtained using a sterile cotton-tipped 

applicator pre-moistened with 0.9% normal saline and 0.1% Tween 20, and swabbing the 

skin at the specified site with moderate pressure for 40 seconds, as exactly described.7 After 

centrifugation, the fluid was used for DNA extraction, using the MoBio Powersoil kit 

(Carlsbad CA) per the manufacturer’s protocol.

Quantitative PCR

TaqMan quantitative PCR (qPCR) was performed using specific primers and probes for the 

16S rRNA sequences of Staphylococcus aureus, other Staphylococcus species, 
Corynebacterium, Proprionibacterium, Streptococcus, and universal bacteria exactly as 

described.8 S. aureus was amplified using the primers to target the S.aureus-specific nuc 
gene.

High throughput DNA Sequencing

For each sample, the V4 region of bacterial 16S rRNA genes was amplified in triplicate 

reactions using the universal bacterial primer set 515F/806R, as described.9,10

Statistical analysis

Comparisons of bacterial densities between cutaneous sites or between moist, dry, or 

sebaceous groups at different times were performed by the repeated measures ANOVA test 

with post hoc paired comparison. The compound symmetry correlation structure was used to 

account for the correlation between different samples from the same patient. Comparison of 

bacterial densities between treatments was performed by paired t- test. The relationship 

between bacterial density and EASI was analyzed with Spearman correlation. P-values 

<0.05 were considered to be significant and false discovery rate (FDR) was used to control 

for multiple comparisons. See Supplementary Methods for statistical analysis of sequencing 

data.

RESULTS

Patients

There were no significant differences in sex, age, or race between the 35 enrolled AD 

patients or the 29 subjects who completed the study and controls (Table S1), nor in the 
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clinical severity scores between the subjects randomized to the two treatment groups. Three 

subjects with AD (two in placebo group, one in bleach group) and three control group 

subjects did not receive follow-up assessment due to their moving out of state or not 

returning for the examination. When contacted, parents of all three of these AD patients 

reported improvement of their child’s eczema. Among patients who completed the study, the 

mean age in the TCS alone group was lower than in the TCS + bleach and control groups 

(Table S1). As expected, AD patients reported a family history of AD more often than 

controls, a significant difference for the TCS + bleach group (p=0.002), but not for the TCS 

alone group, after adjustment for multiple comparisons. There were no significant 

differences among the AD groups and controls in proportions of subjects who were born via 

vaginal delivery or bathed less than daily, or in the mean time from the last bath or topical 

cream application.

Clinical outcome

All 18 AD subjects who completed the trial had significant improvement in clinical scores; 

both treatment groups had significant improvements in IGA, total EASI and local EASI 

scores over time (Figure S1A–C), with no significant differences between the groups. Only 

two subjects in our cohort were of school age (>48 months old). We have analyzed the 

change in EASI with respect to age, controlling for treatment, mode of delivery and skin 

site, using a multiple linear regression model. The coefficient for age was not significant 

(p>0.05). Therefore, we conclude that the age of the subject did not have an effect on 

treatment outcome.

Baseline bacterial densities

From the 21 AD patients, we sampled 63 lesional and 21 nonlesional sites. As expected, at 

baseline, lesional skin had higher total bacterial concentrations by qPCR than nonlesional or 

control skin, which did not differ from one another. The same trends were observed for 

Staphylococcus species (Figure 2A–D). In contrast, there were no overall differences in 

baseline densities of Streptococcus, Corynebacterium, or Proprionibacterium species in 

control versus lesional or nonlesional skin. At the worst affected sites, Corynebacterium and 

Proprionibacterium species densities were significantly lower than for control skin (data not 

shown).

As expected, densities of total bacteria and predominant skin genera varied by 

microenvironment (moist, dry and sebaceous) (Figure S2A–E). At baseline for dry skin 

sites, known to harbor the greatest diversity11, total bacterial counts on lesional skin were 

significantly higher than for controls. At sebaceous sites, known to be the least diverse, S. 
aureus density on lesional skin was significantly higher than control skin although there 

were no significant differences in genus Staphylococcus. Corynebacterium was greater on 

control dry sites than dry sites from lesional AD skin (Figure S2A–E). Bacterial densities 

were similar for control and nonlesional AD skin at dry and sebaceous sites.
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Correlation of EASI clinical score with bacterial densities

Mean lesional total bacterial density and mean lesional S. aureus density each were 

moderately correlated with overall EASI scores; (Figure S3A–B). Patients in whom S. 
aureus was not detected tended to have lower total EASI scores.

Effect of treatment on bacterial densities

The effect of TCS + bleach bath versus TCS alone on bacterial densities is shown in Figure 

3A–F.

Microbiota status

In total, 256 samples were analyzed, yielding 1,246,175 sequences in total [median 4,297 

sequences per sample (IQR = 2,700 – 6,163)]. To ensure valid comparisons, we examined 

the 249 samples with > 1,000 sequences available.

Alpha diversity

The mean Shannon diversity index (SDI) of microbial communities at all lesional sites was 

inversely correlated with overall EASI score at baseline (Figure S3C). Both treatments 

resulted in decreased overall EASI scores, and higher diversity scores (Figure S3D). Using 

linear regression, the follow-up EASI scores by treatment group were not significantly 

associated (p>0.05) with Shannon and richness diversities; thus correlation of disease 

severity with diversity was equally lost with both successful treatments.

Significant increases in bacterial community richness and SDI after both treatments are 

shown in Figure 4. Each cutaneous microenvironment showed similar trends (Figure S4).

Community structure

Community structure (β-diversity) assessed by Unifrac analysis after controlling for method 

of delivery (vaginal or Caesarean-section) is shown in Figures 5A–D.

Taxa abundance and changes in microbiome composition

Taxonomic normalization occurred on the lesional and nonlesional microbiota after 

treatment in both groups. The relative abundance of major phyla and major genera in control 

and AD lesional and nonlesional sites at baseline and after treatment is shown in Figures 6 

and S5, respectively.

In most controls at baseline, 13 major genera comprised < 50% of all reads (Figure S5), with 

Staphylococci generally < 25%, indicating high diversity in the lower abundance genera. In 

contrast, the median representation of Staphylococci in lesional skin was 60–70% (Panels 
A, C), and nonlesional skin showed intermediate patterns (Panels B, D). At the 4-week 

follow up, there was little change in controls (Panel J), but both lesional and the nonlesional 

AD samples normalized (Panels F–I). On nonlesional skin, bleach baths lead to a greater 

suppression of Staphylococcus species compared to the TCS group (Panel G).

Area under the curve (AUCS) plots showing differentiating taxa and differentiating genera 

with ≥≥1% abundance can be seen in Figure 7A–B and 7C–D respectively.
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DISCUSSION

High throughput sequencing of the conserved 16S rRNA gene sequences has allowed in-

depth profiling of the cutaneous microbiota and is advancing our knowledge of microbial 

roles in disease.12,13,14,15 Studies of inflammatory diseases including psoriasis and atopic 

dermatitis indicate associations with cutaneous microbiota alterations.3,16,17,18 Whether the 

altered microbial composition has a pathogenic role or reflects selection of particular taxa 

due to epidermal and immune abnormalities inherent to the inflammatory condition remains 

to be fully determined.

In this study, genus-specific quantitative PCR confirmed the findings of culture-based 

studies showing that patients with atopic dermatitis have increased colonization with 

S.aureus on both lesional and nonlesional skin.19,20,21,22,23 In addition, S. aureus density 

correlated with disease severity (by EASI score), confirming earlier studies.24,25

In a study of the cutaneous microbiome using near-full-length sequencing of 16S rRNA 

genes, Kong et al. show that AD lesional skin during disease flares had increased abundance 

of S. aureus and S. epidermidis, but decreased Streptococcus, Corynebacterium, and 

Propionibacterium; disease severity and cutaneous bacterial diversity were inversely 

associated. The patients they studied were given varying combinations of treatments (TCS, 

BB, and topical and systemic antibiotics), yet microbial diversity was restored to baseline 

levels, resulting from re-expansion of taxa already present at baseline. In that study, 

“baseline” referred to a stable disease state and was often obtained several months after the 

flare and post-flare time points. Since multiple treatments, including anti-bacterial and anti-

inflammatory modalities, were used, it is not clear which treatment led to the normalization 

of diversity.

The current study was a prospective controlled clinical trial in which all AD patients had no 

active treatments in the preceding 2 weeks; all subjects were prescribed fluticasone cream 

and then randomized to either bleach baths or placebo. Sequencing the V4 region of 16S 

rRNA allowed for genus-level characterization and greater (median ~4300) sequencing 

depth, that can be compared with the many other current studies using V4 

sequencing.26,27,28 Patients in the current study were 3 months to 5 years of age, 

representing a more homogeneous AD population than in prior studies and the age range 

most closely associated with disease emergence. The majority of patients in the current 

study were less than 2 years old; and thus the current study is the first to use molecular 

techniques to characterize the cutaneous microbiota in well infants and young children, and 

those with AD.

We show that overall microbial diversity was inversely correlated with disease severity, as 

low diversity was associated with relatively high Staphylococcus relative and absolute 

abundances. Nonlesional skin also exhibited decreased diversity relative to controls, 

suggesting an altered cutaneous microbiota beyond clinically affected skin in AD patients. 

While culture-based studies have shown increased rates of Staphylococcus colonization on 

nonlesional skin,29,30 molecular characterization of the nonlesional cutaneous microbiome 
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and how it differs from control skin using both qPCR and 16Ss sequencing had not been 

reported.

In addition, we show that baseline bacterial communities on both lesional and nonlesional 

AD skin differed in composition from controls. After the immunomodulating TCS treatment 

with or without BB, lesional bacterial community compositions resembled nonlesional skin 

but remained different from controls, pointing to primary microbiota abnormalities in AD.

Several studies have demonstrated that nonlesional AD skin is different from normal skin 

with respect to terminal differentiation and immunity.31,32 Atopic skin, both lesional and 

nonlesional, is associated with increased transepidermal water loss, increased permeability 

to topical agents,33 and reduced antimicrobial peptides.34 Filaggrin (FLG) gene mutations, 

which lead to higher pH and decreased moisture across cutaneous surfaces,35 are associated 

with increased AD severity and duration plus predisposition to cutaneous infection, and 

increased S. aureus colonization.36,37 Filaggrin expression is also decreased in nonlesional 

AD skin. Similarly, cutaneous bacterial compositions differ from control in immunodeficient 

patients,38 and the skin of ADAM17-deficient mice.39 Our observations suggest that in 

addition to alterations in cutaneous immunity, nonlesional skin demonstrates a unique 

microbial community composition.

TCS treatment with or without BB led to similar significant clinical improvements, 

associated with restoration of microbial diversity and decreased numbers of total bacteria, S. 
aureus, and other Staphylococcus species on lesional skin. Our findings are consistent with 

an updated Cochrane review concluding that although anti-staphylococcal interventions may 

reduce S. aureus density in AD patients, there was no added clinical benefit compared to 

anti-inflammatory interventions.40 A randomized study in pediatric AD patients who first 

received two weeks of oral antibiotic for skin infections showed greater EASI score 

reduction with twice-weekly BB and intranasal mupirocin for 3 months than with placebo; 

clinical benefit was observed despite continued cutaneous S. aureus presence.41 Another 

study of pediatric and adult AD patients showed that twice-weekly BB led to a lower 2-

month EASI score than TCS and emollient use alone; the BB diminished but did not 

eradicate S. aureus.42 Our four-week follow-up time may not have been sufficient to observe 

BB benefits, and the marked EASI score reduction in both groups left little room for 

additional benefit. It is possible that anti-inflammatory as well as antimicrobial effects of 

sodium hypochlorite contribute to BB-related improvement of AD.43

We observed increased overall cutaneous microbial diversity with SDI returning to the same 

levels as control skin after both treatments, however the composition of the bacterial 

communities after treatment resembles nonlesional skin and is distinct from control skin. 

Our results suggest that TCS suffices to normalize the cutaneous microbial communities on 

lesional skin. We cannot rule out a contribution from excipients present in the fluticasone 

proprionate cream. After both treatments, S. aureus was replaced by Corynebacterium, 
Prevotella, and Acinetobacter (Figure 7). Corynebacteria, one of the most abundant genera 

on healthy human skin may be inversely related to S. aureus from the nares.44 Although not 

major cutaneous taxa, Acinetobacter and Prevotella may be normal bacterial biota in moist 
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intertriginous areas,45,46 and Prevotella species, have been found on the skin of vaginally-

delivered newborns.47

While sequencing the V4 region allowed us to detect differential effects of bleach (Figure 7 

& S5), the 4-week time period and/or the twice weekly baths may not have been sufficient 

for the added treatment to have a meaningful impact on the cutaneous microbiome. In 

addition, children in this study were younger on average than prior studies showing clinical 

effects of bleach. More detailed sequencing (sequencing of V1-3 or whole 16S rRNA gene) 

in future studies may allow more detailed characterization of the distinguishing genera in 

bleach bath treated patients.

Deciphering complex cutaneous host-microbe and microbe-microbe interactions and their 

roles in skin disease and innate immunity is a daunting task. Certain commensals, such as S. 
epidermidis and P. acnes, may inhibit S. aureus,48,49,50,51 and their reemergence may help 

restore balanced communities. Recent evidence suggests that nonpathogenic bacteria 

alleviates AD related skin inflammation.52 Conversely, AD-related perturbations in S. aureus 
populations may be secondary to the disease process, largely a function of the disrupted 

barrier function, rather than representing primary etiologic events.53 Marked reductions in S. 
aureus levels in atopic dermatitis have been observed in subjects treated with topical 

corticosteroids or tacrolimus ointment.54,55 Our study adds to the evidence that decreasing 

inflammation and improving barrier function may suffice to reduce S. aureus and normalize 

AD bacterial compositions.3,56 Dilute sodium hypochlorite (bleach) baths have been 

recommended to patients with atopic dermatitis by dermatologists for decades. Few studies 

have rigorously examined the utility of this measure. Our study did not find any 

microbiologic benefits beyond fluticasone proprionate cream in the acute treatment setting. 

Further studies are needed to definitively establish the value of dilute bleach baths in the 

long-term maintenance of AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study Design
Twenty-one subjects with AD and 14 controls were enrolled. Moderate to severe AD was 

defined as an investigator’s global assessment (IGA) score of 3 or 4 (0–4 scale). At baseline, 

a detailed questionnaire was administered, local and overall Eczema Area and Severity 

Index (EASI) scores were recorded and skin swabs were obtained from 4 clinical sites (3 

lesional and 1 nonlesional) in AD patients and at 4 sites of AD predilection in control 

patients. Ten AD subjects were randomized to receive a bottle of bleach to be diluted into 

bath water twice weekly to achieve a 0.005% sodium hypochlorite concentration, while 11 

(TCS alone group) received an identical bottle containing water and the same instructions 

for its use. At 4-week follow-up, parents were asked about treatment use, and local and 

overall EASI scores were again recorded and the 4 same sites were swabbed.
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Figure 2. Bacterial densities at baseline determined by specific qPCR assays
Mean densities of all sites swabbed from all enrolled subjects at baseline are presented here. 

A. Baseline, lesional skin had higher total bacterial concentrations than nonlesional or 

control skin, which did not differ from one another. The mean total bacterial density at the 

worst affected site was 4 log10/ sample, which represents ~5-fold greater density than on 

nonlesional skin in the same subject, and ~10-fold greater density than on control skin. B. 
The same trends were observed for Staphylococcus. C. At baseline, S. aureus was detected 

in a higher proportion of the worst affected lesional sites than in the control sites. D. The 

mean S. aureus density in lesions in which it was detected was significantly higher in the 

worst affected sites than on control or nonlesional sites. Symbols: T1, baseline; T2, follow-

up visit.

Gonzalez et al. Page 13

J Am Acad Dermatol. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Effect of TCS + bleach versus TCS alone on bacterial densities
Densities determined by specific qPCR assays. A. Both treatments (TCS + bleach and TCS 

alone) significantly lowered total bacterial densities on lesional sites, but not on nonlesional 

sites or control skin. B. Total bacterial and Staphylococcus densities on lesional skin became 

similar to control skin. On nonlesional skin, Staphylococcus densities remained stable. C. 
The S. aureus density significantly decreased in both treatment groups on lesional sites and 

unexpectedly in controls and trended down on nonlesional skin. D. Streptococcus species 

did not change significantly with treatment. E &F. Corynebacterium and Propionibacterium 
densities did not change on lesional or nonlesional skin after TCS + bleach treatment but 

increased on lesional skin in those who received TCS alone. Symbols: T1, baseline; T2, 

follow-up visit.
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Figure 4. Diversity scores for control, lesional, and nonlesional sites
At baseline, bacterial community richness and SDI at both lesional and nonlesional sites in 

both treatment groups were lower than control skin, to similar extents. A. Following 

treatment, the mean OTU numbers (representing community richness) increased at lesional 

sites, becoming similar to control skin in both treatment groups. B. After treatment, there 

were no changes in the mean Shannon diversity index in control or nonlesional skin but 

diversity for lesional skin for both treatment groups normalized, resembling control skin. 

Symbols: L, lesion; NL, uninvolved site; C, control site.
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Figure 5. Principal Coordinates Analysis (PCoA) of microbial community composition
A. Compositions of bacterial communities on lesional AD skin were significantly different 

than control sites at baseline. After either treatment, communities on lesional AD skin 

approached that of control skin but remained significantly different. The bacterial 

communities on control skin was not different at the two sampling timepoints. B. At 

baseline, lesional and nonlesional communities differed, but not significantly. After 

treatment, bacterial communities on lesional AD skin significantly differed from baseline, 

becoming similar to nonlesional skin. The nonlesional sites did not significantly change after 

treatment. C. The bacterial communities on lesional sites in the two treatment groups were 

similar to each other at baseline and after treatment. D. There was no significant difference 

in the bacterial communities of vaginally-delivered versus subjects delivered by C-section at 

baseline. Symbols: AD: Lesional; N: nonlesional; B: TCS + bleach; W: TCS alone.
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Figure 6. Relative abundance of major phyla in control and AD lesional and nonlesional sites at 
baseline and after treatment
Analysis performed at sequence depth > 4,800 reads for each of the 249 specimens. At 

baseline (Panels A–E), all sites showed a mixture of five major phyla but for AD lesional 

skin, Firmicutes dominated with relative absence of Bacteriodetes (Panels A,C). 

Nonlesional skin showed intermediate patterns (Panels B, D). After the treatment period 

(Panels F–J), controls were largely unchanged, as expected (Panel J), but all AD sites 

normalized (Panel F) with decreased Firmicutes, and Bacteroidetes reappearing. Control 

subjects: E,J; TCS + bleach treatment group: lesional sites: A,J; nonlesional sites; B,G; TCS 

alone group: lesional sites: C,H; nonlesional sites: D,I.

Gonzalez et al. Page 17

J Am Acad Dermatol. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 7. Area under the curve (AUCS) plots showing differentiating taxa (A & B) and 
differentiating genera with ≥≥ 1% abundance (C & D)
A. Baseline AD lesional sites versus control skin at the class level. At baseline, Bacilli were 

significantly over-represented on lesional AD skin compared to control skin (AUC = 0.01; 

p<0.001), whereas Actinobacteria and several other taxa were significantly over-represented 

in controls. B. Baseline AD lesional sites versus control skin at the genus level. At the genus 

level, Staphylococcus was significantly overrepresented at baseline for lesional compared to 

control skin, where Lautropia and Cupriavidus were significantly over-represented in 

control. C. TCS + bleach treated group at baseline and after treatment. On lesional skin, 

Staphylococcus was significantly over-represented at baseline and after treatment, 

Staphylococcus was replaced by Corynebacterium (AUC = 0.87, p=0.006). D. TCS alone 

group at baseline and after treatment. On lesional skin Staphylococcus was significantly 

over-represented at baseline and after treatment, Prevotella (AUC = 0.92, p=0.007) and 

Acinetobacter (AUC = 0.83, p=0.01) were significantly enriched. Significance defined as 

p<0.05, based on Mann-Whitney rank sum test and FDR adjusted.
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