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FUT2 genotype influences lung function,
exacerbation frequency and airway microbiota
in non-CF bronchiectasis
Steven L Taylor,1,2 Richard J Woodman,3 Alice CH Chen,4 Lucy D Burr,5,6

David L Gordon,7,8 Michael A McGuckin,5 Steve Wesselingh,1,2 Geraint B Rogers1,2

ABSTRACT
Objective To assess whether FUT2 (secretor) genotype
affects disease severity and airway infection in patients
with non-cystic fibrosis bronchiectasis.
Participants Induced sputum samples were obtained
from 112 adult patients with high-resolution CT scan-
proven bronchiectasis and at least two exacerbations in
the previous year, as part of an unrelated randomised
control trial.
Outcome measures Presence of null FUT2
polymorphisms were determined by gene sequencing
and verified by endobronchial biopsy histochemical
staining. Outcome measures were FEV1% predicted,
exacerbation frequency, and bacterial, fungal and viral
components of the microbiota (measured by culture
independent approaches).
Results Patients were grouped by FUT2 loss-of-function
genotype; categorised as non-secretors (n=27, sese),
heterozygous secretors (n=54, Sese) or homozygous
secretors (n=31, SeSe). FEV1% was significantly lower in
SeSe patients compared with sese patients (mean 61.6
(SD 20.0) vs 74.5 (18.0); p=0.023). Exacerbation
frequency was significantly higher in SeSe (mean count
5.77) compared with sese (4.07; p=0.004) and Sese
(4.63; p=0.026) genotypes. The time until first
exacerbation was significantly shorter in SeSe compared
with Sese (HR=0.571 (95% CI 0.343 to 0.950);
p=0.031), with a similar trend for sese patients
(HR=0.577 (0.311 to 1.07); p=0.081). sese had a
significantly reduced frequency of Pseudomonas
aeruginosa-dominated airway infection (8.7%) compared
with Sese (31%; p=0.042) and SeSe (36%; p=0.035).
In contrast, fungal, viral and non-dominant bacterial
components of the microbiome were not significantly
different between FUT2 genotypes.
Conclusions FUT2 genotype in patients with non-cystic
fibrosis bronchiectasis was significantly associated with
disease outcomes, with homozygous secretors exhibiting
lower lung function, higher exacerbation number and a
higher frequency of P. aeruginosa-dominated infection.
Trial registration number ACTRN12609000578202
(anzctr.org.au); Pre-results.

INTRODUCTION
Non-cystic fibrosis bronchiectasis is a chronic
airway disease characterised by irreversible bron-
chial dilation and persistent bacterial infections.1

Owing to its multifactorial aetiology, a patient’s
individual disease progression is difficult to

predict.2 However, the composition of the airway
microbiota, which differs substantially between
patients, correlates with clinical markers of disease
severity.3–5

Most notably, patients where Pseudomonas aeru-
ginosa numerically dominates the composition of
the airway microbiota have an accelerated decline
in lung function, more frequent pulmonary exacer-
bations, greater sputum production and a greater
requirement for antibiotic therapy.2 6–8 Respiratory
viral9 and fungal10 infections have also been linked
to bronchiectasis disease markers, which suggests
that multiple infectious agents can contribute to the
pathophysiology of non-cystic fibrosis bronchiec-
tasis. While genetic loci in genes related to inflam-
mation and airway remodelling have been
previously investigated in non-cystic fibrosis bron-
chiectasis,11–15 little is known regarding common
genetic polymorphisms that affect microbial acqui-
sition in patients.
Variability in carbohydrate expression on

mucosal surfaces is high, with some commensal
and pathogenic microbes able to use glycans for
adherence, induction of pathogenicity genes, and

Key messages

What is the key question?
▸ Does FUT2 genotype predict disease severity in

non-cystic fibrosis bronchiectasis?

What is the bottom line?
▸ Patients who had non-cystic fibrosis

bronchiectasis with a homozygous
polymorphism in the FUT2 gene have higher
lung function, lower exacerbation frequency
and lower prevalence of Pseudomonas
aeruginosa-dominated airway infections,
compared with patients without a FUT2
polymorphism.

Why read on?
▸ The potential mechanisms by which FUT2 act

provide insight into susceptibility to infection in
chronic respiratory diseases, implicating FUT2
polymorphisms as an important marker to
predict non-cystic fibrosis bronchiectasis disease
progression.

BronchiectasisBronchiectasis

To cite: Taylor SL,  
Woodman RJ, 
Chen ACH, et al. Thorax 
2017;72:304–310.

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http://dx.doi.org/10.1136/
thoraxjnl-2016-208775).

For numbered affiliations see 
end of article.

Correspondence to
Dr Geraint B Rogers, 5D332, 
Level 5, Flinders Medical Centre, 
Flinders Drive, Bedford Park SA 
5042, Australia; geraint.rogers@
sahmri.com

Received 14 April 2016
Revised 23 June 2016
Accepted 12 July 2016
Published Online First 
8 August 2016

 ► http://dx.doi.org/10.1136/
thoraxjnl-2016-209274

304 Taylor SL, et al. Thorax 2017;72:304–310. doi:10.1136/thoraxjnl-2016-208775

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2016-208775 on 8 A

ugust 2016. D
ow

nloaded from
 

https://www.brit-thoracic.org.uk/
http://thorax.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/thoraxjnl-2016-208775&domain=pdf&date_stamp=2017-03-03
http://thorax.bmj.com/


for use as carbon sources.16–18 Therefore, variability in glycan
expression in the respiratory tract affects susceptibility to colon-
isation or infection with many bacteria, viruses and fungi.19 The
FUT2 (secretor) gene encodes an α(1,2)fucosyltransferase, and
homozygous loss-of-function mutations result in the inability to
express ABH, Lewisb and Lewisy glycans on mucosal surfaces.20

Individuals who carry at least one functional copy of the FUT2
gene are known as ‘secretors’ (Sese or SeSe based on one or two
functional copies, respectively) while those with two non-
functional copies (approximately 20% of the Caucasian popula-
tion) are known as ‘non-secretors’ (sese).20 21

Secretion of α(1,2)fucosylated glycans elicits a dichotomous
effect on host–microbe interactions, the result of which is a dif-
ference in infection susceptibility, disease susceptibility and
microbiome composition22 between secretors and non-
secretors. For example, non-secretors have reduced incidence of
influenza A, influenza B, rhinovirus and respiratory syncytial
virus infections,23 but increased incidence of Neisseria meningi-
tidis, Streptococcus pneumoniae24 and Candida albicans25 infec-
tions, compared with secretors. In relation to chronic
respiratory conditions, non-secretor asthma patients present
with fewer exacerbations26 and non-secretor cystic fibrosis
patients (with severe impairment of lung function) have pro-
longed time until P. aeruginosa colonisation;27 however, non-
secretors with COPD have a lower FEV1%.28 While one func-
tional copy of FUT2 is sufficient to facilitate α(1,2)fucosylation,
it is currently unclear whether heterozygote secretors (Sese)
exhibit the same infection and disease susceptibility patterns as
homozygote secretors (SeSe), or whether incomplete dominance
presents, whereby heterozygotes display an intermediate
phenotype.

We hypothesised that secretor genotype is a factor underlying
variation in infection type and disease severity in non-cystic
fibrosis bronchiectasis. To address this, we determined secretor
genotype in a randomised controlled trail cohort of 112 adult
patients with non-cystic fibrosis bronchiectasis, and performed
secondary analysis by determining associations between geno-
type and key measures of disease severity. Additionally, we
assessed whether secretor genotype was associated with changes
in bacterial, viral and fungal components of the airway
microbiota.

METHODS
Study population
Patients with non-cystic fibrosis bronchiectasis were recruited as
part of a randomised controlled trial designed to determine the
efficacy of macrolides in preventing exacerbations.29 Adult
patients aged 20–85 years with high-resolution CT scan-proven
bronchiectasis, two or more exacerbations in the previous
12 months and daily sputum production were eligible. Patients
were not receiving systemic corticosteroids, had not smoked
cigarettes in the preceding 6 months, were macrolide naïve, and
were not receiving nebulised antibiotics. Full details of inclusion
and exclusion criteria for the study are detailed in online supple-
ment E1.

Clinical sample collection and processing
Induced sputum was collected at baseline as described previ-
ously30 and detailed in online supplement E2. Endobronchial
biopsies were obtained from 32 patients who underwent bron-
choscopies as an outpatient procedure. Biopsies were taken
from subsegmental carinae of the lower lobes as detailed in
online supplement E2.

Clinical measures of respiratory function and disease
severity
Clinical assessments included FEV1, as a percentage of predicted
value (FEV1%), Leicester Cough Questionnaire (LCQ) score,
St. George’s Respiratory Questionnaire (SGRQ) score, sputum
weight over a period of 24 hours, physician defined pulmonary
exacerbations (PDPEs) over the 48 weeks of the trial and pul-
monary exacerbations in the prior 12 months (treated with
either oral or intravenous antibiotics). During exacerbations,
oral antibiotics were typically prescribed for milder exacerba-
tions, where the patients were deemed well enough to return
home, while intravenous antibiotics, in hospital, were prescribed
if patients were deemed by the treating physician to have a
severe exacerbation. Details of clinical data collection are
detailed in online supplement E2.

All clinical measures analysed in this study were obtained
prior to commencement of the clinical trial, except PDPEs
which were recorded over the 48 weeks of the trial. Data relat-
ing to PDPEs were therefore presented for the total cohort and
for those receiving placebo alone as a sensitivity analysis, in
order to remove the possibility of confounding from macrolide
use during the trial.

Secretor genotype and phenotype
Secretor genotype was determined by sequencing a 1162 bp
region of the second exon of the FUT2 gene to identify
loss-of-function polymorphisms. Sequences were aligned to a
reference genome and cross-referenced with four known
loss-of-function polymorphisms.20

Where bronchial biopsies were obtained, sections were
stained for α(1,2)fucosylated glycans using horse radish peroxid-
ase conjugated Ulex Europaeus lectin 1 (HRP-UEA1) (EY
Laboratories, San Mateo, California, USA) to determine secretor
phenotype, as previously described.26 A full description is
detailed in online supplement E2.

Bacterial dominance
16S rRNA gene sequencing and identification of numerically
dominant species (using specific PCR-based assays) were per-
formed in 93 of the 112 patients, based on the availability of
suitably archived samples, as described previously4 and provided
in online supplement E2. Patients were categorised into one of
three groups on the basis of numerically dominant bacterial
species, which has been shown to be more clinically informative
than culture-based methods.8 The groups comprise of
P. aeruginosa-dominated, Haemophilus influenzae-dominated or
dominated by a species other than these two. Previous quantifi-
cation of the relative abundance of bacterial genera in this
patient cohort has revealed that the airway microbiota is highly
polarised in patients with H. influenzae-dominated and
P. aeruginosa-dominated infections, with dominance of either
exceeding 80% abundance.4 A summary of the dominant
microbes in the patient cohort is provided in supplementary
table E3. For analysis of the non-dominant microbiota,
Pseudomonas or Haemophilus taxa was removed (where domin-
ant) and the remaining relative abundance measures rescaled, as
described previously.31

Fungal detection
Detection of C. albicans and A. fumigatus were performed by
quantitative PCR in 78 patient samples, where suitably archived
samples were available. Oligonucleotides and thermocycling
conditions were performed as previously described.32 33
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Detection limits were defined by serial dilutions of the clinical
isolates (obtained from Flinders Medical Centre Microbiology
Facility) and approximate copy numbers calculated (see online
supplement E4).

Viral detection
Detection of nine common respiratory viruses (rhinovirus,
adenovirus, influenza A, parainfluenza 1, 2, 3, respiratory syn-
cytial virus, influenza B and human metapneumovirus) was
assessed in baseline-induced sputum from the same 78 patients
as those where fungal detection was performed. Detection was
performed by the diagnostic virology unit, SA Pathology, using
routine clinical diagnostic quantitative reverse-transcriptase PCR
assays. Sample extraction was performed on a MagNA Pure 96
automated workstation (Roche Diagnostics, Castle Hill, New
South Wales, Australia) and amplification and detection using
specific in house primers and probes in validated PCR assays
was performed on a LightCycler 480 with an extraction control
and multiplexed assays with a maximum of three targets/
reaction.

Statistical analysis
Clinical patient characteristics were tested for non-normality
including skewness and kurtosis using the D’Agostino-Pearson
omnibus test. Continuous data were analysed by one-way ana-
lysis of variance (ANOVA) with Tukey’s post hoc test or by
Kruskal-Wallis with Dunn’s post hoc test, according to the
distribution of the data. Ordinal data was analysed by
Wilcoxon rank-sum test. Exacerbation counts were tested
for Poisson distribution and subsequently analysed using a
Wald test. Categorical data were analysed by χ2 or Fisher’s
exact test as appropriate. For time until first PDPE, Kaplan-
Meier curves were produced and Cox proportional-hazards
regression analyses were performed. All analyses were per-
formed using SPSS (V.23.0, IBM, Armonk, New York, USA)
or GraphPad Prism (V.6.05; GraphPad Software, San Diego,
California, USA).

α diversity (Simpson’s Index, Shannon-Weiner Index) and β
diversity (Bray-Curtis similarity matrices) measures were calcu-
lated using sample-normalised, square root transformed relative
operational taxonomic unit abundance using PRIMER
(V.6.1.16; PRIMER-E, Plymouth, UK). Principal coordinate ana-
lysis was used to visualise clustering of samples based on their
similarity matrices. The two-factor permutational multivariate
analysis of variance (PERMANOVA) on the Bray-Curtis matrix
was performed using PERMANOVA+package for PRIMER
with 9999 random permutations.

RESULTS
Secretor genotype and phenotype
FUT2 exon 2 genotype was determined in 112 patients, of
whom 27 (24%) had a homozygous rs601338 428G→A base
change (non-secretors), 54 (48%) were heterozygotes and 31
(28%) were homozygous for no mutation, termed sese, Sese and
SeSe, respectively. The minor allelic frequency of this was 0.48
and the proportions fit Hardy-Weinberg distribution. Secretor
phenotype, determined by histochemical staining of bronchial
tissue, aligned with the genotype in all 32 patients with available
biopsies (see online supplementary figure E5).

Clinical characteristics
Age, gender, duration of disease, drug treatments and comorbid-
ities did not differ significantly between secretor genotypes
(table 1). However, of the clinical measures of disease severity,

homozygous secretor patients (SeSe) had significantly lower
FEV1 (% predicted) compared with non-secretor patients (sese)
(mean 61.6 (95% CI 54.3 to 69.0) vs 74.5 (67.3–81.6);
p=0.023; table 1, see online supplementary figure E6).

The number of exacerbations over the 12 month period prior
to the trial intervention was also significantly higher in SeSe
compared with sese (incident rate ratio (IRR)=1.42 (95% CI
1.11 to 1.78); p=0.004) and Sese (IRR=1.25 (1.03–1.51);
p=0.026) patients (figure 1A). Of those, exacerbations requiring
intravenous antibiotics (broadly indicative of a more severe pul-
monary exacerbation) also differed, with no sese patients record-
ing an exacerbation which required intravenous antibiotic
therapy over the 12 months prior to the trial compared with
29% of SeSe patients having at least one exacerbation requiring
intravenous antibiotics (figure 1B).

Over the course of the clinical trial, the primary outcome
measures were the number of PDPE, as well as the time until
the first PDPE. Significantly fewer sese patients recorded
PDPEs compared with both Sese (IRR=1.52 (1.01–2.28);
p=0.045) and SeSe (IRR=1.77 (1.15–2.72); p=0.009) patients
(table 1 and see online supplementary figure E7). In the sensi-
tivity analysis using the placebo subgroup alone, results fol-
lowed the same trend (Sese IRR=1.76 (1.02–3.04); p=0.042
and SeSe IRR=1.69 (0.963–2.74); p=0.068, see online supple-
mentary figure E7). The time until the first PDPE was also sig-
nificantly longer in the Sese compared with SeSe genotype
(HR=0.571 (95% CI 0.343 to 0.950); p=0.031), with a
similar trend for sese patients compared with SeSe (HR=0.577
(0.311–1.07); p=0.081) (figure 2A). A similar pattern was also
found in the placebo subgroup, however, due to the smaller
sample size this did not reach statistical significance (Sese vs
SeSe, HR=0.663 (0.329–1.34); p=0.252; sese vs SeSe,
HR=0.669 (0.305–1.60); p=0.396, figure 2B). As many of the
PDPEs were treated with antibiotic therapy, the total number
of days on prescribed antibiotics was also tested, however, was
not significantly lower in sese patients compared with Sese
(p=0.502) or SeSe (p=0.094) patients (see online supplemen-
tary figure E8).

Airway bacterial predominance
Of the 93 patients where airway bacterial composition was
determined (23 sese, 48 Sese and 22 SeSe), 25 had infections
dominated by P. aeruginosa, 33 by H. influenzae and 35 by any
other species. The proportion of patients with P. aeruginosa-
dominated infections was significantly lower in sese patients
compared with Sese (p=0.042) and SeSe (p=0.035) patients
(figure 3).

Airway non-dominant bacterial taxa
To determine whether non-dominant components of the micro-
biota differed according to secretor genotype, differences in
the non-dominant bacterial taxa, key fungal pathogens and key
viral pathogens were compared. For non-dominant bacterial
taxa, Shannon-Weiner Index and Simpson’s Index were used to
assess α diversity. Neither differed by secretor genotype
(p=0.78 and p=0.73, respectively, see online supplementary
figure E9). Principal coordinate analysis of Bray-Curtis distances
revealed no distinct clustering between secretor genotypes
(see online supplementary figure E10), which was confirmed by
PERMANOVA test on the Bray-Curtis dissimilarity matrices
(p=0.78), indicating that the composition of the non-dominant
taxa did not significantly differ between patients based on FUT2
genotype.
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Table 1 Patient demographic and clinical characteristics

sese (n=27) Sese (n=54) SeSe (n=31) p Value

Age (years) 64.0 (58–68) 64.5 (59–71) 64.0 (60–67) 0.77
Females, n (%) 14 (52) 36 (67) 18 (58) 0.41
Duration of bronchiectasis (years) 50.0 (12–55) 50.0 (16–60) 55.0 (33–60) 0.43
Prebronchodilator FEV1 (L) 2.05 (0.64) 1.74 (0.60) 1.67 (0.72) 0.060
Prebronchodilator FEV1 (% predicted) 74.5 (18.0) 68.2 (17.0) 61.6 (20.0) 0.030
Postbronchodilator FEV1 (L) 2.18 (0.65) 1.83 (0.63) 1.75 (0.71) 0.035
Postbronchodilator FEV1 (% predicted) 79.1 (18.5) 71.6 (17.9) 64.5 (19.2) 0.013
24 hours sputum weight (g) 19.8 (10.3) 18.5 (12.1) 11.0 (13.8) 0.051
St George’s Respiratory Questionnaire score 34.5 (13.7) 38.8 (15.0) 37.5 (15.3) 0.46
Leicester Cough Questionnaire score 14.3 (3.35) 15.0 (3.05) 15.3 (3.09) 0.43
6 min walk test (m) 500 (97.5) 519 (92.0) 513 (80.6) 0.67
C-reactive protein concentration (mg/L) 3.10 (0.75–6.8) 3.25 (1.1–8.7) 3.60 (1.6–8.4) 0.56
Serum immunoglobulin concentration (g/L) 11.8 (3.17) 10.6 (2.34) 12.4 (3.78) 0.092
Sputum neutrophils (% of non-squamous cells) 96.1 (87–98) 96.7 (94–98) 96.0 (93–97) 0.59
Days on antibiotics (days) 10 (0–26) 15 (0–36) 21 (6–40) 0.25
Exacerbations
In the year prior to trial 4.07 (2.11) 4.63 (2.68) 5.77 (3.85) 0.011
Required intravenous antibiotics in the year prior to trial 0.00 (0.00) 0.19 (0.44) 0.45 (0.82) 0.031
Physician defined pulmonary exacerbation during trial (total) 1.15 (1.17) 1.74 (2.05) 2.03 (1.45) 0.033
Physician defined pulmonary exacerbation during trial (placebo group) 1.30 (1.18) 2.30 (2.51) 2.21 (1.58) 0.11

Drug treatments, n (%)
Combination (ICS plus LABA) 13 (48) 24 (44) 13 (42) 0.89
Inhaled LABA alone 1 (4) 2 (4) 1 (3) 0.99
Inhaled SABA alone 7 (26) 27 (50) 15 (48) 0.10
Inhaled anticholinergic drugs 2 (7) 7 (13) 5 (22) 0.60

Inhaled corticosteroids alone 2 (7) 6 (11) 5 (16) 0.58
Prednisolone 0 (0) 2 (4) 1 (3) 0.62
Nebulised saline 1 (4) 1 (2) 0 (0) 0.57
Inhaled mannitol 0 (0) 1 (2) 0 (0) 0.58

Comorbidities, n (%)
Asthma 6 (23) 7 (14) 7 (23) 0.45
Ciliary dysfunction 1 (4) 1 (2) 1 (3) 0.87
Hypertension 8 (30) 21 (39) 8 (26) 0.43
Ischaemic heart disease 1 (4) 8 (15) 2 (6) 0.22
Cerebrovascular disease 0 (0) 5 (9) 1 (3) 0.18
Diabetes mellitus 0 (0) 1 (2) 2 (6) 0.28

Erythromycin treatment during trial, n (%)* 14 (52) 31 (57) 12 (39) 0.25

Bold indicates p value <0.05.
Data are mean±SD, n (%) or median (IQR).
p Values are calculated by one-way ANOVA, Kruskal-Wallis, Wald or χ2 test according to the characteristics of the data distribution.
*Erythromycin treatment commenced during the trial period and only relates to total physician defined pulmonary exacerbations.
ANOVA, analysis of variance; FEV1 (% predicted), FEV1 as a percentage of the predicted value; ICS, inhaled corticosteroid; LABA, long-acting β agonist; SABA, short-acting β agonist.

Figure 1 Effect of FUT2 genotype on
12 month pulmonary exacerbation
count. Proportion of patients who had
pulmonary exacerbations requiring any
antibiotics (A) and which required
intravenous antibiotics (B) over a
12-month period. Shading indicates
number of exacerbations. p Values
calculated by Wald test.
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Airway fungal and viral infection
Of the 78 patients where C. albicans and A. fumigatus were
quantified (17 sese, 39 Sese and 22 SeSe), C. albicans was
detected in 19/78 (24%) patients and A. fumigatus in 9/78
(11%) patients, although there was no difference in fungal pres-
ence between secretor genotypes (all p>0.05; see online supple-
mentary figure E11). Similarly, of the nine viruses screened,
only human rhinovirus was detected, in 4/78 (5%) patients, and
there was no association with FUT2 genotype (χ2=1.5;
p=0.48).

DISCUSSION
To our knowledge, investigations of secretor status have not
been previously performed in patients with non-cystic fibrosis
bronchiectasis. In this cohort, the FUT2 G428A single nucleo-
tide polymorphism (rs601338) allelic frequency was at 0.48.

The rs601338 frequency reported in the healthy Caucasian
population is 0.44;20 21 similar to the frequency reported in this
cohort and suggesting that secretor status does not affect devel-
opment of non-cystic fibrosis bronchiectasis. However, within
non-cystic fibrosis bronchiectasis, we show that secretor geno-
type significantly affects disease severity.

By stratifying the non-cystic fibrosis bronchiectasis cohort by
the presence of FUT2 null allele, we revealed that non-secretor
patients (sese) had significantly higher lung function and
lower frequency of pulmonary exacerbations, compared with
homozygous secretor (SeSe) patients. Differences in patients’
dominant airway microbiology (but not non-dominant micro-
biology, presence of common fungal species or detection of viral
infections) were also found, with sese patients exhibiting signifi-
cantly decreased frequency of P. aeruginosa-dominated airway
infections.

Polymorphisms in the FUT2 gene are conserved at a high fre-
quency in the population, likely driven by a dichotomous effect
of α(1,2)fucosylated glycans on mucosal infection and disease
susceptibility. In asthma for example, the frequency of a non-
secretor phenotype is higher among Caucasian asthmatics com-
pared with non-asthmatics,34 however, within patients with
asthma, those with a secretor genotype are more prone to
exacerbations,26 analogous to the findings of this study. In
COPD, patients who are non-secretors have a lower FEV1%
compared with secretors.28 Finally, in cystic fibrosis, no differ-
ence in lung function has been found between secretor and non-
secretor patients, however, secretor patients in the ‘severe cystic
fibrosis’ group have earlier onset of persistent P. aeruginosa
infection compared with severe, non-secretor cystic fibrosis
patients, which is consistent with our findings in non-cystic
fibrosis bronchiectasis.27 It is also worth noting that along with
chronic respiratory diseases, secretor status also significantly
influences susceptibility to many gastrointestinal infections and
diseases.17

The results of this study are also indicative of an incomplete
dominance genetic model for secretor status. Patients with a
heterozygous genotype displayed an intermediate phenotype in
terms of lung function, total exacerbation frequency and
frequency of exacerbations requiring intravenous antibiotics,

Figure 2 Effect of FUT2 genotype on time to first physician defined pulmonary exacerbation (PDPE). Total patients (A) and patients receiving only
placebo (B). Kaplan-Meier curves are shown for the probability of remaining exacerbation-free according to FUT2 genotype. p Values calculated by
Cox proportional-hazards regression model.

Figure 3 Effect of FUT2 genotype on predominant airway infection.
Proportion of patients who had airway infection dominated by
Pseudomonas aeruginosa, Haemophilus influenzae or any other
species. Numbers indicate number of patients. p Values calculated by
Fisher’s exact test.
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despite Sese genotype considered equivalent to SeSe genotype.
Previous findings also support incomplete dominance for FUT2,
where similar, intermediate Sese genotype effects were found in
relation to Crohn’s disease gut microbiome and premature
infant mortality.35 36 Further research is required to determine
the effect of heterozygous versus homozygous secretor status on
glycan expression and infection/disease susceptibility.

The precise mechanism by which secretor status affects infec-
tion and disease susceptibility is not entirely clear. It has been
previously shown that even healthy sese individuals have a dis-
tinct intestinal microbiota composition from healthy Sese or
SeSe individuals,22 linked to selective pressure from availability
of different carbon sources.37 Secretor status could therefore
affect infection and disease susceptibility via its effects on micro-
biome composition, as the microbiome has been shown to influ-
ence host immunity. Specific binding to α(1,2)fucosylated
glycans has been implicated in the mechanisms of infection of
several gastrointestinal pathogens (including Helicobacter pylori
and Norwalk virus).18

In this cohort, we reported an increased frequency of
P. aeruginosa-dominated infection in both Sese and SeSe patients
with bronchiectasis. However, unlike Helicobacter pylori or
Norwalk virus, P. aeruginosa does not encode any fucose catabo-
lising genes and its fucose-specific adherence genes, PA-IIL and
FliD, are not specific for α(1,2)fucosylated glycans,38 39 suggest-
ing no direct link between secretor status and P. aeruginosa
infection. Further detailed characterisation of P. aeruginosa
growth, adherence and gene expression in sputum from indivi-
duals with sese and Sese/SeSe genotypes would be required to
determine whether the effects of FUT2 provide any selective
pressure. Other taxa which make up the respiratory microbiota
could also be influenced by the presence of secretor glycans but
were too subtle to detect by relative abundance analyses.

Alternatively, positive secretor status may affect severity of
bronchiectasis via the well reported association with susceptibil-
ity to viral infections. Gastrointestinal viruses40 and respiratory
viruses such as influenza A, influenza B, rhinovirus and respira-
tory syncytial virus23 are all more prevalent in individuals with a
functional FUT2 gene. Respiratory viral infections are associated
with pulmonary exacerbations in patients with non-cystic fibro-
sis bronchiectasis.9 Pulmonary exacerbations are characterised
by inflammation, lung damage (which often permanently
impairs lung function) and bacterial overgrowth, often requiring
antibiotic therapy. A higher antibiotic burden has in turn been
shown be selective for P. aeruginosa acquisition.3

We therefore propose a model whereby patients with a Sese
or SeSe genotype have a greater susceptibility to respiratory viral
infection, resulting in increased pulmonary exacerbation fre-
quency, and leading to lower lung function, increased antibiotic
exposure and subsequent selection for P. aeruginosa. Our results
support this as secretors, particularly SeSe patients, had higher
frequency of pulmonary exacerbations, lower FEV1%, and
higher frequency of P. aeruginosa predominance, compared with
sese patients. While results of our viral analysis showed a low
prevalence of respiratory virus carriage across all groups,
samples were taken from patients at a stable clinical baseline
and are likely to differ in the period prior to or during exacer-
bations. Longitudinal viral detection at baseline and during
exacerbations, would be required to adequately address this
hypothesis and signifies a potential mechanism contributing to
divergences in disease progression among patients with
bronchiectasis.

We also assessed fungal colonisation in this patient cohort.
Oral and vaginal carriage of Candida spp have been previously

found to be higher in non-secretor individuals.25 41 Also,
A. fumigatus encodes a lectin which preferentially binds α(1,2)
fucosylated Lewis glycans,42 indicating secretor status may affect
the presence of both C. albicans and A. fumigatus in bronchiec-
tasis sputum. However, neither the presence of C. albicans nor
A. fumigatus differed significantly based on secretor genotype,
suggesting that fungal infections do not contribute to the differ-
ence in clinical symptoms reported between secretors and
non-secretors.

Overall, the results of this study indicate that stratifying
patients with non-cystic fibrosis bronchiectasis based on secretor
genotype is likely to provide substantial prognostic value.
Secretor status, which can be determined rapidly and at low
cost, could be an important determinant of frequency of respira-
tory events, such as pulmonary exacerbations. Such information
is relevant for clinical management, and also an important con-
sideration in clinical trial design and the potential efficacy of
vaccine strategies in different secretor groups.

There is a growing appreciation that moving towards preci-
sion medicine is a more effective approach to patient care, par-
ticularly for chronic disease management. Non-cystic fibrosis
bronchiectasis has a complex underlying aetiology and imple-
menting clinically informative details about patients’ airway
microbiology, inflammation, remodelling and respiratory physi-
ology, as exemplified in this study, will ultimately be more bene-
ficial for the development and application of more precise
treatment options.

Author affiliations
1South Australian Health and Medical Research Institute, Adelaide, South Australia,
Australia
2SAHMRI Microbiome Research Laboratory, School of Medicine, Flinders University,
Adelaide, South Australia, Australia
3Flinders Centre for Epidemiology and Biostatistics, School of Medicine, Flinders
University, Adelaide, South Australia, Australia
4School of Medicine, The University of Queensland, Brisbane, Queensland, Australia
5Immunity, Infection, and Inflammation Program, Mater Research Institute, University
of Queensland and Translational Research Institute, Woolloongabba, Queensland,
Australia
6Mater Health Services, South Brisbane, Queensland, Australia
7Department of Microbiology and Infectious Diseases, Flinders University, Adelaide,
South Australia, Australia
8SA Pathology, Flinders Medical Centre, Bedford Park, South Australia, Australia

Acknowledgements The authors dedicate this manuscript to the memory of
Professor David Serisier, who passed away in May 2015, and whose loss will be
deeply felt by the respiratory field. We would like to acknowledge Megan Martin for
her role in obtaining the clinical samples, SA Pathology for performing viral
quantification and Flinders Medical Centre Microbiology Facility for providing the
fungal standards.

Contributors SLT, GBR, MAM and SW participated in the study’s conception and
design. SLT, GBR, ACHC and LDB participated in data collection. SLT and RJW were
involved in statistical analyses. All authors participated in the interpretation of data
and preparation and editing of the manuscript for intellectual content. All authors
read and approved the final manuscript.

Competing interests None declared.

Ethics approval Mater Health Service Human Research Ethics Committee.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Cole PJ. Inflammation: a two-edged sword—the model of bronchiectasis. Eur

J Respir Dis Suppl 1986;147:6–15.
2 Shoemark A, Ozerovitch L, Wilson R. Aetiology in adult patients with bronchiectasis.

Respir Med 2007;101:1163–70.
3 King PT, Holdsworth SR, Freezer NJ, et al. Microbiologic follow-up study in adult

bronchiectasis. Respir Med 2007;101:1633–8.
4 Rogers GB, van der Gast CJ, Cuthbertson L, et al. Clinical measures of disease in

adult non-CF bronchiectasis correlate with airway microbiota composition. Thorax
2013;68:731–7.

Bronchiectasis

309Taylor SL, et al. Thorax 2017;72:304–310. doi:10.1136/thoraxjnl-2016-208775

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2016-208775 on 8 A

ugust 2016. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.rmed.2006.11.008
http://dx.doi.org/10.1016/j.rmed.2007.03.009
http://dx.doi.org/10.1136/thoraxjnl-2012-203105
vigneshg
Sticky Note
None set by vigneshg

vigneshg
Sticky Note
MigrationNone set by vigneshg

vigneshg
Sticky Note
Unmarked set by vigneshg

vigneshg
Sticky Note
None set by vigneshg

vigneshg
Sticky Note
MigrationNone set by vigneshg

vigneshg
Sticky Note
Unmarked set by vigneshg

http://thorax.bmj.com/


5 Tunney MM, Einarsson GG, Wei L, et al. Lung microbiota and bacterial abundance
in patients with bronchiectasis when clinically stable and during exacerbation. Am
J Respir Crit Care Med 2013;187:1118–26.

6 Evans SA, Turner SM, Bosch BJ, et al. Lung function in bronchiectasis: the influence
of Pseudomonas aeruginosa. Eur Respir J 1996;9:1601–4.

7 Ho PL, Chan KN, Ip MS, et al. The effect of Pseudomonas aeruginosa infection on
clinical parameters in steady-state bronchiectasis. Chest 1998;114:1594–8.

8 Rogers GB, Zain NM, Bruce KD, et al. A novel microbiota stratification system
predicts future exacerbations in bronchiectasis. Ann Am Thorac Soc
2014;11:496–503.

9 Gao YH, Guan WJ, Xu G, et al. The role of viral infection in pulmonary exacerbations
of bronchiectasis in adults: a prospective study. Chest 2015;147:1635–43.

10 Máiz L, Vendrell M, Olveira C, et al. Prevalence and factors associated with
isolation of Aspergillus and Candida from sputum in patients with non-cystic fibrosis
bronchiectasis. Respiration 2015;89:396–403.

11 Boyton RJ, Reynolds C, Wahid FN, et al. IFN gamma and CXCR-1 gene
polymorphisms in idiopathic bronchiectasis. Tissue Antigens 2006;68:325–30.

12 Hsieh MH, Chou PC, Chou CL, et al. Matrix metalloproteinase-1 polymorphism
(-1607G) and disease severity in non-cystic fibrosis bronchiectasis in Taiwan. PLoS
ONE 2013;8:e66265.

13 Stankovic M, Nikolic A, Divac A, et al. Matrix metalloproteinases gene variants in
idiopathic disseminated bronchiectasis. J Investig Med 2009;57:500–3.

14 Daheshia M, Prahl JD, Carmichael JJ, et al. The immune response and its
therapeutic modulation in bronchiectasis. Pulm Med 2012;2012:280528.

15 Chalmers JD, McHugh BJ, Doherty C, et al. Mannose-binding lectin deficiency and
disease severity in non-cystic fibrosis bronchiectasis: a prospective study. Lancet
Respir Med 2013;1:224–32.

16 Audfray A, Varrot A, Imberty A. Bacteria love our sugars: interaction between
soluble lectins and human fucosylated glycans, structures, thermodynamics and
design of competing glycocompounds. Comptes Rendus Chimie 2013;16:482–90.

17 Marcobal A, Southwick AM, Earle KA, et al. A refined palate: bacterial consumption
of host glycans in the gut. Glycobiology 2013;23:1038–46.

18 McGuckin MA, Lindén SK, Sutton P, et al. Mucin dynamics and enteric pathogens.
Nat Rev Microbiol 2011;9:265–78.

19 Rose MC, Voynow JA. Respiratory tract mucin genes and mucin glycoproteins in
health and disease. Physiol Rev 2006;86:245–78.

20 Ferrer-Admetlla A, Sikora M, Laayouni H, et al. A natural history of FUT2
polymorphism in humans. Mol Biol Evol 2009;26:1993–2003.

21 1000 Genomes Project Consortium Abecasis GR, et al. An integrated map of
genetic variation from 1,092 human genomes. Nature 2012;491:56–65.

22 Rausch P, Rehman A, Kunzel S, et al. Colonic mucosa-associated microbiota is
influenced by an interaction of Crohn disease and FUT2 (Secretor) genotype. Proc
Natl Acad Sci USA 2011;108:19030–5.

23 Raza MW, Blackwell CC, Molyneaux P, et al. Association between secretor status
and respiratory viral illness. BMJ 1991;303:815–18.

24 Blackwell CC, Jónsdóttir K, Hanson M, et al. Non-secretion of ABO antigens
predisposing to infection by Neisseria meningitidis and Streptococcus pneumoniae.
Lancet 1986;2:284–5.

25 Thom SM, Blackwell CC, MacCallum CJ, et al. Non-secretion of blood group
antigens and susceptibility to infection by Candida species. FEMS Microbiol
Immunol 1989;1:401–5.

26 Innes AL, McGrath KW, Dougherty RH, et al. The H antigen at epithelial surfaces is
associated with susceptibility to asthma exacerbation. Am J Respir Crit Care Med
2011;183:189–94.

27 Taylor-Cousar JL, Zariwala MA, Burch LH, et al. Histo-blood group gene
polymorphisms as potential genetic modifiers of infection and cystic fibrosis lung
disease severity. PLoS ONE 2009;4:e4270.

28 Cohen BH, Bias WB, Chase GA, et al. Is ABH nonsecretor status a risk factor for
obstructive lung disease? Am J Epidemiol 1980;111:285–91.

29 Serisier DJ, Martin ML, McGuckin MA, et al. Effect of long-term, low-dose
erythromycin on pulmonary exacerbations among patients with non-cystic
fibrosis bronchiectasis: the BLESS randomized controlled trial. JAMA
2013;309:1260–7.

30 Taylor SL, Rogers GB, Chen AC, et al. Matrix metalloproteinases vary with airway
microbiota composition and lung function in non-cystic fibrosis bronchiectasis. Ann
Am Thorac Soc 2015;12:701–7.

31 Rogers GB, van der Gast CJ, Serisier DJ. Predominant pathogen competition
and core microbiota divergence in chronic airway infection. ISME J
2015;9:217–25.

32 Innings A, Ullberg M, Johansson A, et al. Multiplex real-time PCR targeting the
RNase P RNA gene for detection and identification of Candida species in blood.
J Clin Microbiol 2007;45:874–80.

33 Rantakokko-Jalava K, Laaksonen S, Issakainen J, et al. Semiquantitative detection
by real-time PCR of Aspergillus fumigatus in bronchoalveolar lavage fluids and
tissue biopsy specimens from patients with invasive aspergillosis. J Clin Microbiol
2003;41:4304–11.

34 Ronchetti F, Villa MP, Ronchetti R, et al. ABO/Secretor genetic complex and
susceptibility to asthma in childhood. Eur Respir J 2001;17:1236–8.

35 Morrow AL, Meinzen-Derr J, Huang P, et al. Fucosyltransferase 2 non-secretor and
low secretor status predicts severe outcomes in premature infants. J Pediatr
2011;158:745–51.

36 Tong M, McHardy I, Ruegger P, et al. Reprograming of gut microbiome energy
metabolism by the FUT2 Crohn’s disease risk polymorphism. ISME J
2014;8:2193–206.

37 Kashyap PC, Marcobal A, Ursell LK, et al. Genetically dictated change in host
mucus carbohydrate landscape exerts a diet-dependent effect on the gut microbiota.
Proc Natl Acad Sci USA 2013;110:17059–64.

38 Scharfman A, Arora SK, Delmotte P, et al. Recognition of Lewis x derivatives present
on mucins by flagellar components of Pseudomonas aeruginosa. Infect Immun
2001;69:5243–8.

39 Wu AM, Wu JH, Singh T, et al. Interactions of the fucose-specific Pseudomonas
aeruginosa lectin, PA-IIL, with mammalian glycoconjugates bearing polyvalent Lewis
(a) and ABH blood group glycotopes. Biochimie 2006;88:1479–92.

40 Imbert-Marcille BM, Barbé L, Dupé M, et al. A FUT2 gene common polymorphism
determines resistance to rotavirus A of the P[8] genotype. J Infect Dis
2014;209:1227–30.

41 Burford-Mason AP, Weber JC, Willoughby JM. Oral carriage of Candida albicans,
ABO blood group and secretor status in healthy subjects. J Med Vet Mycol
1988;26:49–56.

42 Houser J, Komarek J, Kostlanova N, et al. A soluble fucose-specific lectin from
Aspergillus fumigatus conidia—structure, specificity and possible role in fungal
pathogenicity. PLoS ONE 2013;8:e83077.

Bronchiectasis

310 Taylor SL, et al. Thorax 2017;72:304–310. doi:10.1136/thoraxjnl-2016-208775

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2016-208775 on 8 A

ugust 2016. D
ow

nloaded from
 

http://dx.doi.org/10.1164/rccm.201210-1937OC
http://dx.doi.org/10.1164/rccm.201210-1937OC
http://dx.doi.org/10.1183/09031936.96.09081601
http://dx.doi.org/10.1378/chest.114.6.1594
http://dx.doi.org/10.1513/AnnalsATS.201310-335OC
http://dx.doi.org/10.1378/chest.14-1961
http://dx.doi.org/10.1159/000381289
http://dx.doi.org/10.1111/j.1399-0039.2006.00670.x
http://dx.doi.org/10.1371/journal.pone.0066265
http://dx.doi.org/10.1371/journal.pone.0066265
http://dx.doi.org/10.231/JIM.0b013e318198277c
http://dx.doi.org/10.1155/2012/280528
http://dx.doi.org/10.1016/S2213-2600(13)70001-8
http://dx.doi.org/10.1016/S2213-2600(13)70001-8
http://dx.doi.org/10.1016/j.crci.2012.11.021
http://dx.doi.org/10.1093/glycob/cwt040
http://dx.doi.org/10.1038/nrmicro2538
http://dx.doi.org/10.1152/physrev.00010.2005
http://dx.doi.org/10.1093/molbev/msp108
http://dx.doi.org/10.1038/nature11632
http://dx.doi.org/10.1073/pnas.1106408108
http://dx.doi.org/10.1073/pnas.1106408108
http://dx.doi.org/10.1136/bmj.303.6806.815
http://dx.doi.org/10.1016/S0140-6736(86)92103-3
http://dx.doi.org/10.1111/j.1574-6968.1989.tb02428.x
http://dx.doi.org/10.1111/j.1574-6968.1989.tb02428.x
http://dx.doi.org/10.1164/rccm.201003-0488OC
http://dx.doi.org/10.1371/journal.pone.0004270
http://dx.doi.org/10.1001/jama.2013.2290
http://dx.doi.org/10.1513/AnnalsATS.201411-513OC
http://dx.doi.org/10.1513/AnnalsATS.201411-513OC
http://dx.doi.org/10.1038/ismej.2014.124
http://dx.doi.org/10.1128/JCM.01556-06
http://dx.doi.org/10.1128/JCM.41.9.4304-4311.2003
http://dx.doi.org/10.1183/09031936.01.99109101
http://dx.doi.org/10.1016/j.jpeds.2010.10.043
http://dx.doi.org/10.1038/ismej.2014.64
http://dx.doi.org/10.1073/pnas.1306070110
http://dx.doi.org/10.1128/IAI.69.9.5243-5248.2001
http://dx.doi.org/10.1016/j.biochi.2006.05.004
http://dx.doi.org/10.1093/infdis/jit655
http://dx.doi.org/10.1080/02681218880000061
http://dx.doi.org/10.1371/journal.pone.0083077
vigneshg
Sticky Note
None set by vigneshg

vigneshg
Sticky Note
MigrationNone set by vigneshg

vigneshg
Sticky Note
Unmarked set by vigneshg

vigneshg
Sticky Note
None set by vigneshg

vigneshg
Sticky Note
MigrationNone set by vigneshg

vigneshg
Sticky Note
Unmarked set by vigneshg

http://thorax.bmj.com/

	FUT2 genotype influences lung function, exacerbation frequency and airway microbiota in non-CF bronchiectasis
	Abstract
	Introduction
	Methods
	Study population
	Clinical sample collection and processing
	Clinical measures of respiratory function and disease severity
	Secretor genotype and phenotype
	Bacterial dominance
	Fungal detection
	Viral detection
	Statistical analysis

	Results
	Secretor genotype and phenotype
	Clinical characteristics
	Airway bacterial predominance
	Airway non-dominant bacterial taxa
	Airway fungal and viral infection

	Discussion
	References




