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ORIGINAL ARTICLE

Pseudomonas aeruginosa eradication therapy and
risk of acquiring Aspergillus in young children with

cystic fibrosis

Sabariah Noor Harun, "% Nicholas H G Holford,? Keith Grimwood,*
Claire E Wainwright,® Stefanie Hennig,? On behalf of Australasian Cystic Fibrosis
Bronchoalveolar Lavage (ACFBAL) study group

ABSTRACT

Background While Aspergillus detection rates in
adults, adolescents and older children with cystic fibrosis
(CF) have increased, the risk of acquiring this fungal
pathogen in young children is unknown.

Aim To determine the risk and explanatory factors of
acquiring Aspergillus in children with CF by age 5 years.
Methods Cross-sectional analysis of clinical,
bronchoalveolar lavage and treatment data from the
Australasian Cystic Fibrosis Bronchoalveolar Lavage
study was used to identify predictive factors for detecting
Aspergillus at age 5 years. A parametric repeated
time-to-event model quantitatively described the risk
and factors associated with acquiring Aspergillus and
Pseudomonas aeruginosa from birth until age 5 years.
Results Cross-sectional analysis found that the number
of P aeruginosa eradication courses increased the odds
of detecting Aspergillus at age 5 years (OR 1.61, 95%
Cl 1.23 to 2.12). The median (IQR) age for the first £
aeruginosa positive culture was 2.38 (1.32-3.79) years
and 3.69 (1.68—4.74) years for the first Aspergillus
positive culture. The risk of P. aeruginosa and Aspergillus
events changes with time after the first year of study
entry. It also decreases for P. aeruginosa after completing
P, aeruginosa eradication (HR 0.15, 95% C1 0.00 to
0.79), but increases for Aspergillus events (HR 2.75,
95% Cl 1.45 to 5.41). The risk of acquiring both types of
events increases after having had a previous event.
Conclusion In young children with CF, completing £
aeruginosa eradication therapy and previous Aspergillus
events are associated with increased risk of acquiring
Aspergillus.

INTRODUCTION
Cystic fibrosis (CF) is an inherited, life-limiting
chronic illness with most affected people dying
in respiratory failure following persistent endo-
bronchial infection, usually from Pseudomonas
aeruginosa." Eradication of early P aeruginosa
infection before it becomes chronic and estab-
lished is generally successful and this treatment is
widely practised.> However, despite these measures
most patients eventually develop chronic P. aeru-
ginosa infection leading to increased respiratory
symptoms, reduced lung function and decreased
survival.>™ Chronic

P. aeruginosa infection is usually treated with
long-term, inhaled antibiotic therapy. However,

What is the key question?

» What are the explanatory factors for acquiring
Aspergillus in children with cystic fibrosis (CF)
aged <5 years?

What is the bottom line?

» Intensive Pseudomonas aeruginosa eradication
treatment involving 2 weeks of intravenous
anti-pseudomonal antibiotics, followed by 8
weeks of tobramycin solution for inhalation is
associated with an increased risk of acquiring
Aspergillus in respiratory cultures from children
with CF during the first 5 years of life.

Why read on?

» Recurrent events of Aspergillus and the period
after eradication therapy for P. aeruginosa
increased the risk of acquiring Aspergillus.

such treatment has been associated with airway
dysbiosis and acquisition of other potential patho-
gens, including filamentous fungi from the Asper-
gillus genus.®”’

In CF, Aspergillus prevalence has increased
recently, particularly involving Aspergillus fumi-
gatus in the adolescent and adult age groups.®'°
Allergic bronchopulmonary aspergillosis''  and
Aspergillus sensitisation'? are the most common
clinical disorders associated with finding Asper-
gillus in CF patients and can be accompanied by
deteriorating lung function. Aspergillus in children
is also linked with an increased risk of pulmo-
nary exacerbations requiring hospitalisation.
Thus, identifying possible explanatory variables
for acquiring Aspergillus is potentially important.
Studies conducted in adults'* and older children"
identified age and long-term oral and inhaled
antibiotics as important explanatory variables for
acquiring Aspergillus. A recent study identified
long-term therapy with inhaled antibiotics, oral
macrolides and inhaled corticosteroids as signifi-
cant risk factors for persistent Aspergillus in older
children and adults with CE,'® however, the situa-
tion in younger children with CF aged <35 years is
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While types of eradication therapy for new P. aeruginosa infec-
tions vary internationally between CF centres and with the clin-
ical condition of the patient, most include short-term courses of
inhaled antibiotics with or without intravenous anti-pseudomonal
agents and/or oral ciprofloxacin.'®2° The relationship between
Aspergillus and short-term courses of eradication therapy for P
aeruginosa infections in young children remains unknown. The
Australasian Cystic Fibrosis Bronchoalveolar Lavage (ACFBAL)
study, a randomised controlled trial, collected detailed longitu-
dinal data, including airway microbiology and treatments used
in young children with CF across the first 5 years of life and
provided an opportunity to examine this issue. Consequently, we
aimed to determine the predictive factors associated with Asper-
gillus positive bronchoalveolar lavage (BAL) cultures in children
with CF at 5 years of age and over the first 5 years of life.

METHODS

Subjects, study design and specimens

This study was a secondary analysis of data collected as part
of the ACFBAL study, which ran from 1999 to 2009.*! Briefly,
infants detected by a new born screening programme and with
features of classic CF (two or more of the following: two CF
gene mutations, sweat chloride >60 mmol/L, pancreatic insuf-
ficiency or meconium ileus) were randomised to either BAL-di-
rected therapy or standard care where clinical judgement and
oropharyngeal (OP) swabs guided treatment of pulmonary exac-
erbations in the first 5 years of life. As part of their routine care,
infants recruited in three of the eight participating centres also
received daily oral flucloxacillin as anti-staphylococcal prophy-
laxis until their first birthday.

Pulmonary exacerbations were defined as any change in respi-
ratory symptoms from baseline. When a child in either study arm
had an exacerbation, an OP specimen was obtained, and oral,
non-antipseudomonal antibiotics were commenced.

Children in the BAL-directed arm had a BAL at baseline
(before age 6 months), at the study end (at age 5 years), and
after completion of any P. aeruginosa eradication therapy. These
BAL specimens were termed ‘surveillance’ samples. In the
BAL-directed study arm, BAL was also undertaken for exacer-
bations not responding to oral antibiotics in the community and
requiring admission to hospital for intravenous therapy or if an
OP culture was positive for P. aeruginosa. These BAL specimens
were labelled ‘symptomatic’ samples. At the end of the study,
all participants from both BAL-directed and standard care arms
underwent a routine BAL at age 5 years when they were clini-
cally stable.?!

In both ACFBAL treatment arms, a confirmed P. aeruginosa
infection (defined by =10° colony-forming units (CFU)/mL of
P. aeruginosa from BAL cultures in the BAL arm and from any
growth of P aeruginosa in OP cultures from children in the stan-
dard arm) was treated identically with a course of eradication
therapy.?' Eradication therapy consisted of 2 weeks of intrave-
nous tobramycin and either intravenous ticarcillin-clavulanate or
ceftazidime, followed by 4 weeks of oral ciprofloxacin and 8
weeks of nebulised tobramycin solution for inhalation. Further
BAL (BAL-directed arm) or OP (standard care arm) cultures
were performed following completion of every eradication
treatment course and the eradication protocol was repeated
if P aeruginosa persisted. Children who were unwell and had
positive BAL cultures with low counts of P aeruginosa (ie, <10°
CFU/mL) received the routine course of treatment for an exac-
erbation that consisted of 2 weeks of intravenous tobramycin
and either intravenous ticarcillin-clavulanate or ceftazidime, but

without subsequent nebulised tobramycin solution for inhalation
or oral ciprofloxacin. Apart from managing P. aeruginosa infec-
tions, hospitalised treatment was individualised by the local team
and, in the absence of positive P. aeruginosa cultures, this might
include other non-antipseudomonal antibiotics.

Since no diagnostic threshold for infection with Aspergillus
in BAL cultures has been determined and as its pathogenetic
role is yet to be fully established,** for this study we adopted a
conservative approach and accepted any growth of Aspergillus
in BAL fluid as indicating acquisition without asserting this was
infection. As described previously, BAL and OP specimens were
plated onto selective and non-selective media for counting and
identifying respiratory pathogens by standard microbiological
techniques.” Diagnostic microbiology laboratories at five of
the eight CF centres employed Sabouraud dextrose agar with
gentamicin routinely as selective media to help isolate fungal
organisms from BAL cultures (see online supplementary digital
content).

Analysis

Two separate analyses were undertaken. The first analysis aimed
at identifying explanatory factors associated with any growth of
Aspergillus in BAL cultures at age 5 years using a cross-sectional
analysis of data from the entire study cohort. The second was
a longitudinal analysis using BAL culture data confined to the
BAL-directed therapy group to determine both the risk of having
positive Aspergillus cultures from birth until age 5 years and the
explanatory factors influencing this risk over time.

Cross-sectional analysis at age 5 years

The cross-sectional analysis employed univariable and multi-
variable logistic regression to evaluate the association between
explanatory factors and positive Aspergillus BAL culture events
atage 5 years using NONMEM v.7.4.1,%* Perl speaks NONMEM
(PsN) V4.1.0.>* Model selection was based on the likelihood
ratio test, parameter estimate Cls and biological plausibility. An
explanatory variable was retained in the model, if it provided a
better model fit, which was based on the goodness of fit criteria
(change in objective function value (AOFV)) with a significance
level of p<0.05 (corresponding to AOFV>3.84).

Longitudinal analysis from enrolment at age <6 months until
5 years of age

The longitudinal parametric survival analysis was performed
using interval-censored repeated time-to-event (RTTE) models
to determine the risk of acquiring recurrent positive Asper-
gillus BAL cultures in the first 5 years of life. The term P. aeru-
ginosa event was defined by detection of P. aeruginosa (BAL
culture >10° CFU/mL) and an Aspergillus event by any growth
of Aspergillus in surveillance and symptomatic BAL cultures.
To test the hypothesis generated from the cross-sectional anal-
ysis, a RTTE model for positive (=10° CFU/mL) P. aeruginosa
BAL cultures was built concurrently with an Aspergillus RTTE
model. The joint model allows for the influence of the P. aeru-
ginosa eradication therapy on the risk of having Aspergillus
positive cultures to be evaluated. The actual event times for P
aeruginosa and Aspergillus events were not known except that
they occurred at some time between the previous BAL and the
current positive BAL procedure. All event times were treated as
interval censored data, which means the event was assumed to
occur at an unknown time during a known interval (see online
supplementary digital content for details). The final joint model
of repeated-time to Aspergillus and P aeruginosa events was

2

Harun SN, et al. Thorax 2019;0:1-9. doi:10.1136/thoraxjnl-2018-211548

"1ybBuAdoa Aq paroslold 1sanb Aq 202 ‘0z [dy uo jwoo fwg xeloyy/:diny wolj papeojumoq ‘6T0Z duUnt GT U0 87STTZ-8T0Z-|ulxeloyy9sTT 0T Sk paysiignd 1sli :xeioy


https://dx.doi.org/10.1136/thoraxjnl-2018-211548
https://dx.doi.org/10.1136/thoraxjnl-2018-211548
https://dx.doi.org/10.1136/thoraxjnl-2018-211548
https://dx.doi.org/10.1136/thoraxjnl-2018-211548
http://thorax.bmj.com/

Cystic fibrosis

Table 1
category (%) or median (IQR) values

Characteristics of subjects with positive and negative BAL cultures for Aspergillus at age 5 years, presented as number of subjects in each

Positive Aspergillus  Negative Aspergillus P
Characteristics n=28 (17.9%) n=128 (82.1%) value
Female 17 (60.7) 60 (46.9) 0.23
Meconium ileus 7 (25.0) 25 (19.5) 0.34
Children in BAL arm of ACFBAL study 15 (53.6) 64 (50.0) 0.52
Children in OP arm of ACFBAL study 13 (46.4) 64 (50.0)
Received gentamicin 8(28.6) 35(27.3) 0.53
Received anti-staphylococcal prophylaxis until their first birthday 6(21.4) 27 (21.1) 0.56
Children with positive Pseudomonas aeruginosa in BAL culture at age 4(14.3) 13(10.2) 0.36
5 years
Children with positive P. aeruginosa in BAL culture prior to age 5 years 8 (28.6) 37(28.9) 0.59
Body mass index z-score at BAL 0.16 0.01 0.45
(-0.31,0.58) (-0.41,0.43)
Cumulative dosage of intravenous tobramycin (not associated with eradication therapy) (mg) 33 64 0.03
(0.00, 49.5) (0.0, 670.0)
Cumulative dosage of intravenous tobramycin received (mg)* 2667.5 0.0 0.001
(247.5, 4203.8) (0.0, 2344.5)
Cumulative dosage of inhaled tobramycin received (mg) 56 282.5 0.0 0.06
(8449.5, 72 750) (0.0, 36 600)
Cumulative dosage of intravenous and oral antibiotics (not associated with eradication therapy) (mg)t 11784.9 73235 0.26
(1458.7, 43 099.5) (468.75,
33186.5)
Minimum annual temperature at geographic region at baseline (°C) 10.6 1.9 0.14
(-4.53,11.8) (4.4,12.8)
Maximum annual temperature at geographic region at baseline (°C) 27.2 24.1 0.045
(20.6,31.4) (20.6,26.7)
Number of P. aeruginosa eradication therapy courses received before BAL 2(1,2) 0.5(0, 1) 0.001
Number of ‘all-cause’ CF-related hospitalisations before age 5 years BAL 35(1,7) 3(1.2,5.5) 0.03
Number of all pulmonary exacerbations before age 5 years BAL 12 (6.5, 17.5) 13(10,17) 0.66
Number of pulmonary exacerbations requiring hospitalisation before age 5 years BAL 3(1,4) 2(1,4) 0.90

*Combined with an anti-pseudomonal beta-lactam antibiotic.

tAntibiotics other than tobramycin and not associated with eradication therapy (eg, intravenous cefuroxime, oral macrolides, amoxicillin-clavulanate and cotrimoxazole).
ACFBAL, Australasian Cystic Fibrosis Bronchoalveolar Lavage study; BAL, bronchoalveolar lavage; CF, cystic fibrosis;OP, oropharyngeal; n, number of children contributing data.

evaluated with a non-parametric bootstrap to assess parameter
imprecision and a Kaplan-Meier visual predictive check (VPC)
to assess the predictive performance (see online supplemen-
tary digital content).”® The RTTE model was extrapolated to
illustrate the time to Aspergillus events based on occurrence of
subsequent treatment for P. aeruginosa over 8 years for different
clinical scenarios. The age of 8 years was selected to illustrate the
probability of an event beyond the time of the available data (see
online supplementary digital content).

RESULTS
Factors associated with any growth of Aspergillus in BAL
cultures at age 5 years: univariable and multivariable logistic
regression analysis
Overall, 156 end-of-study BAL cultures from 156 children
(49.4% female) were obtained at a median age of 5.05 years
(range 4.77-6.30). Twenty-eight (17.9%) of these cultures grew
Aspergillus, including 12/45 (26.7%) BAL cultures from children
who had received P. aeruginosa eradication therapy previously
(table 1).

Associations between variables and positive Aspergillus
BAL culture at age 5 years are represented in univariable and

multivariable logistic regression as shown in table 2 and online
supplementary table 1E.

An independent association was found between BAL cultures
for Aspergillus and number of eradication courses for P aeru-
ginosa received before the end-of-study BAL at age 5 years.
Maximum temperature of the geographic location at birth, as a
surrogate for local climate and environmental factors, improved
the fit of the model at initial inclusion; however, was elimi-
nated during the backwards elimination step (table 2). Bootstrap
results showed that the median bootstrap parameter estimate
corresponded well with the model parameter estimates from the
original data. The number of eradication courses received was
the only variable in the univariable analysis predictive of positive
Aspergillus BAL cultures at age 5 years with an OR of 1.61 (95%
CI 1.23 to 2.12) for every individual course received before a
positive Aspergillus BAL culture.

Factors influencing risk of having positive Aspergillus
cultures from enrolment at age <6 months until age 5 years:
longitudinal analysis

Characteristics of children in the BAL-directed therapy group
(n=80) used in the longitudinal analysis are shown in table 3.
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Table 2  Univariable and multivariable logistic regression analysis
of variables associated with positive Aspergillus BAL cultures at age 5
years

Table 3 Characteristics of children from the BAL-directed therapy

group (n=80) used in the longitudinal analysis

Univariable logistic regression AOFV OR (95% ClI)

Categorical variable

Female -1.77 0.57 (0.06 to 1.48)
Meconium ileus -0.41 1.37(0.48 t0 5.81)
Children in BAL arm of ACFBAL study -0.88 1.07 (0.47 to 2.41)
Received gentamicin -0.01 1.06 (0.25 to 3.13)

Received anti-staphylococcal prophylaxis until their -2.53 0.48 (0.30 t0 5.32)

first birthday
Continuous variables
0.89 (0.44 to 1.59)
1.08 (0.99 to 1.10)

Body mass index z-score at BAL -0.65

Cumulative dosage of intravenous tobramycin -9.19
received (mg)*

Cumulative dosage of inhaled tobramycin received ~ —2.88 1.00 (0.99 to 1.01)

(mg)*

Cumulative dosage of intravenous tobramycin (not  -3.42 1.12(1.00 t0 1.12)

associated with eradication therapy) (mg)

Cumulative dosage of intravenous and oral -0.77 1.00 (1.00,1.00)
antibiotics (not associated with eradication therapy)

(mg)t

Minimum annual temperature at geographic region -2.07
at baseline (°C)

0.96 (0.83 to 0.99)

Maximum annual temperature at geographic region -3.89 1.09 (1.01 t0 1.17)

at baseline (°C)
Discrete variables

Number of Pseudomonas aeruginosa eradication —14.55 1.61(1.23t0 2.12)

therapy courses received before BAL#

Number of ‘all-cause’ CF-related hospitalisations -3.94 1.11 (0.78 to 1.24)
before age 5 years BAL

Number of pulmonary exacerbations requiring —0.06 1.00 (0.86 to 1.06)
hospitalisation before age

5 years BAL

Number of all pulmonary exacerbations before age  —0.66 0.92 (0.9 t0 1.07)

5 years BAL
Multivariable logistic regression

Base model+number of P. aeruginosa eradication AOFV OR (95% Cl)
therapy courses received before BAL positive
cultures for Aspergillus

Cumulative dosage of intravenous tobramycin -0.438§
received (mg)

1.02 (0.95 to 1.09)

Number of all-cause’ CF-related hospitalisations -0.03§
before age 5 years BAL

1.01(0.98 to 1.02)

Cumulative dosage of intravenous tobramycin (not  —0.10§
associated with eradication therapy) (mg)

1.01(1.00 to 1.01)

Maximum annual temperature of geographic —4.568 1.11 (1.01 t0 1.20)1
location at baseline (°C)

Final model
Base model-+number of P aeruginosa eradication ~ —14.551.61 (1.23 10 2.12)"

therapy courses received before age 5 years BAL

Characteristics

Median (IQR)
or number of
subjects in each
category (%)

*Combined with an anti-pseudomonal beta-lactam antibiotic.

tAntibiotics other than tobramycin and not associated with eradication therapy (eg, intravenous
cefuroxime, oral macrolides, amoxicillin-clavulanate and co-trimoxazole).

$Model carried forward from the univariable step to the multivariable step.

§Based on (Base+number of P. aeruginosa eradication therapy courses received before BAL).
9IExcluded from the final model during backward elimination step as p>0.01.

**Bootstrap results (95% Cl).

ACFBAL, Australasian Cystic Fibrosis Bronchoalveolar Lavage study; BAL, bronchoalveolar lavage; CF,
cystic fibrosis; AOFV, change in objective function value.

Online supplementary figure E1A shows the distribution of the
53 observed surveillance and symptomatic Aspergillus events
times.

The symptomatic Aspergillus event distribution suggested a
non-constant hazard. Similarly, online supplementary figure

Age at enrolment (years)

Age at last observation (years)
Female

CFTR (homozygous Phe508del)

Pancreatic insufficiency

0.26 (0.19, 0.36)
5.06 (5.02, 5.14)
39 (48.8)
57 (71.3)
77 (96.3)

Pseudomonas aeruginosa events (BAL culture >10° CFU/mL) throughout the 5 years

Number of children without P. aeruginosa event

Number of children with P aeruginosa events
First event
Second event
Third event
Fourth event
Fifth event
Age at P aeruginosa event (years)
Age at first event
Age at second event
Age at third event
Age at fourth event
Age at fifth event

Number of children receiving P. aeruginosa eradication therapy

throughout the 5 years
One eradication therapy course
Two eradication therapy courses
Three eradication therapy courses
Four eradication therapy courses

Five eradication therapy courses

35 (43.8)

45 (56.3)

26 (32.5)

12 (15.0)
5(6.3)
1(1.3)

2.38(1.32,3.79)
3.17 (2.67,4.79)
3.97 (3.68, 4.75)
4.82 (4.16,4.59)
5.18

19 (23.8)
14(17.5)
7(8.8)
4(5.0)
1(1.3)

Aspergillus species events (any growth in BAL culture) throughout the 5 years

A. fumigatus
A. nidulans
Number of children without Aspergillus events
Number of children with Aspergillus events
First event
Second event
Third event
Fourth event
Age at Aspergillus event (years)
Age at first event
Age at second event
Age at third event
Age at fourth event

35 (43.8)
1(1.3)
44 (55.0)

36 (45.0)
13(16.3)
4(5.0)
1(1.3)

3.69 (1.68, 4.74)
3.88 (2.55, 4.13)
4.35(3.70,5.11)
5.07

Number of children with an Aspergillus event who received
P, aeruginosa eradication therapy throughout the 5 years

Zero eradication therapy course 23 (28.8)
One eradication therapy course 5(6.3)
Two eradication therapy courses 3(3.8)
Three eradication therapy courses 1(1.3)
Continued
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Table 3 Continued

Median (IQR)
or number of
subjects in each

Characteristics category (%)
Four eradication therapy courses 3(3.8)
Five eradication therapy courses 1(1.3)

Number of children with Aspergillus species who received

antifungal (itraconazole) treatment throughout the 5 years
Yes 13(16.3)
No 23(28.8)

Number of children with Aspergillus events who received anti-

staphylococcal prophylaxis until their first birthday
Yes 17 (21.3)
No 19(23.8)

Number of children who received gentamicin during the first 5

years of life
Yes 24 (30.0)
No 56 (70.0)

BAL, bronchoalveolar lavage; CFTR, cystic fibrosis transmembrane conductance
regulator; CFU, colony-forming units.

E1B shows the distribution of 89 observed surveillance and
symptomatic P. aeruginosa event times. The distribution of the
symptomatic P. aeruginosa events also suggested a non-constant
hazard, which was confirmed by RTTE modelling. Of note,
23/36 (63.9%) children who had an Aspergillus event in the first
5 years of life did not have a concomitant P. aeruginosa posi-
tive BAL culture. These children had a BAL after being hospital-
ised for either a CF-related respiratory illness or for the routine
end-of-study BAL where Aspergillus, but not P. aeruginosa, was
detected.

The risk of P. aeruginosa and Aspergillus events was described
by changes associated with time and by time varying and non-time
varying risk factors (see online supplementary table E2).

In the child’s first year of entering the study, the risk of
acquiring P. aeruginosa had a HR of 0.399 (95% CI 0.181 to
0.599). After the first and second P. aeruginosa events, the risk of
acquiring the subsequent P. aeruginosa infection increased with
a HR of 138 (95% CI 50.6 to 1236). The risk increased even
more after the third event (HR of 1033, 95% CI 335 to 15998).
However, immediately after completing P. aeruginosa eradica-
tion therapy, the P. aeruginosa risk decreased with a HR of 0.15
(95% CI 0.00 to 0.79) (table 4).

As predicted by a Gompertz hazard model, the risk of acquiring
Aspergillus event was very low during the first year of the study
period (table 4). However, the risk then increased influenced by
factors other than time alone. Having had the first Aspergillus
event increased the risk of a second or third Aspergillus event as
shown by HRs of 7.29%10° (95% CI 1.99x10° to 1.83x10°)
and 5.97x10° (95% CI 1.21x10° to 2.05x10°), respectively.
After completing P. aeruginosa eradication therapy, the Asper-
gillus risk increased with a HR of 2.75 (95% CI 1.45 to 5.41).

Kaplan-Meier VPCs for P aeruginosa events show good
predictions (figure 1). Aspergillus events shown in figure 2 indi-
cate that the final model describes the observed data generally
adequately. Some discrepancies after 4 years of age were noted,
showing a deficiency of the model to describe P. aeruginosa and
Aspergillus events around that age (online supplementary figures
E2 and E3). The evaluated RTTE model of Aspergillus events
was then extrapolated to illustrate the probability of having

recurrent Aspergillus events beyond the studied time, to 8 years
of age, so as to demonstrate the results of the model regarding
Aspergillus events in the near future for young children with CF
under different hypothetical clinical scenarios (online supple-
mentary figure E4).

DISCUSSION

Our study shows that 28/156 (17.9%) children with CF partici-
pating in a randomised controlled trial of BAL-directed therapy
versus standard management of acute pulmonary exacerbations
had positive cultures for Aspergillus when all trial participants
underwent a routine end-of-study BAL at § years of age. In the
subgroup of children randomised to the BAL arm of the study,
36/80 (45%) had at least one positive BAL culture for Aspergillus
during their first 5 years of life.

In the current study, 27% of all children who had received
antibiotics previously to eradicate P. aeruginosa had positive
BAL cultures for Aspergillus at the time of their BAL at 5 years
of age. This result is higher than the 11%’ and 22%° reported
for older children receiving long-term antibiotics for chronic P
aeruginosa infection. This may be related to sample type because
BAL cultures might be more sensitive than sputum for detecting
Aspergillus.”’

P. aeruginosa infections were discontinuous, not time-varying
events, and due to the study design these events contained the
same information as eradication therapy. We jointly described
the hazard for repeated P. aeruginosa based on the P. aeruginosa
infection events and the hazard model of repeated Aspergillus
events, which described the continuous probability of having
one of these events over time. The risk of detecting Asper-
gillus was increased after completing P. aeruginosa eradication
therapy rather than before (the difference between our model
and the constant hazard model is described in online supple-
mentary figure ES of the online supplementary digital content).
This suggests that either eliminating or suppressing P. aeruginosa
may be the key reason for acquiring Aspergillus rather than the
recent suggestion of each promoting the other’s growth.*® This
is biologically plausible since in-vitro studies found P. aerugi-
nosa secreted phenazines that inhibited Aspergillus growth and
biofilm formation by generating reactive oxygen and nitrogen
species.” 3

P. aeruginosa eradication therapy is associated with reduced
prevalence of chronic infection with this organism.® 2° 3! The
type of eradication therapy varies in different settings from 1
month of either inhaled tobramycin alone'® or combined with
oral ciprofloxacin,®® through to 3 months of combination oral
and inhaled therapy,® to regimens that include intravenous anti-
biotics.*! The optimal eradication therapy is unknown?® and may
vary by age, disease severity, adjunctive therapies and if it is an
initial or recurrent new infection.**

In our study, we found that the baseline hazard for P. aerugi-
nosa did not change greatly with time. The risk of P. aeruginosa
events increased with the number of P aeruginosa events and
decreased after eradication therapy. This may suggest a potential
lasting clinical benefit of eradication therapy for P. aeruginosa in
young children with CE.*’

Eradication therapy in the ACFBAL study was for 10 weeks
and included 8 weeks of inhaled tobramycin compared with
the 4-week courses of inhaled tobramycin that are now recom-
mended by some authorities.”” This longer course of inhaled
antibiotic may have increased the risk of acquiring Aspergillus.
We were unable to detect an increased risk of acquiring Asper-
gillus associated with 2 weeks of intravenous antibiotics alone
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Figure 1 Kaplan-Meier plots showing the Pseudomonas aeruginosa
survivor function (probability of no P, aeruginosa detection) throughout
the first 5 years of life for the first four P aeruginosa events. The
observed data survivor function is described by a solid black line with
95% Cls (dashed black lines). These are overlaid with the median
predicted survivor function (solid blue line) and 95% Cl (shaded area).

without inhaled tobramycin, which suggests that inhaled therapy
may pose the greater risk. Clearly, we are unable to generalise
the findings from this study to all forms of eradication therapy
and eradicating P aeruginosa remains an integral part of clin-
ical care. Furthermore, admission to hospital was required for
treating P. aeruginosa infections throughout the ACFBAL study,
and exacerbations, P. aeruginosa and eradication therapy are
necessarily inseparable in our analysis.

Studies are now needed to externally validate the evaluated
hazard model. In the future, it will be of interest to determine
whether antifungal therapy reduces the risk of Aspergillus events
and if this confers a clinical benefit. However, this study was not
designed to answer these questions and only 13 children with
positive Aspergillus cultures received antifungal treatment.

CF genotype functional class has been reported previously as
having an important effect on the age of first acquiring P. aeru-
ginosa.’® However, the effects of CF transmembrane regulator
mutations were not tested in the current study as 57/80 (71%)
children in the longitudinal analysis were homozygous for the

08

06
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— Observed Kaplan-Meier
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— - Observed 95Cl
Predicted 95 CI

02

Probability of no Aspergillus

’ 1 Time siznce study entrys(Years) ) ’
Figure 2 Kaplan-Meier plots showing the Aspergillus survivor
function (probability of no Aspergillus detection) throughout the first
5 years of life for the first four Aspergillus events. The observed data
survivor function is described by a solid black line with 95% Cls (dashed
black lines). These are overlaid with the median predicted survivor
function (solid blue line) and 95% Cl (shaded area).

Phe508del mutation, and all children had positive sweat chloride
testing and classical CF clinical features.

Other limitations are that the ACFBAL study was not able to
control for the number of cultures obtained per child. Children
with P. aeruginosa infection who received more courses of eradi-
cation therapy also provided more BAL cultures, which may have
increased the likelihood of identifying Aspergillus in these chil-
dren. However, P. aeruginosa infection was not the only reason
for children undergoing BAL. Children with more prolonged
or severe pulmonary exacerbations that warranted admission
to hospital also had BAL cultures where P. aeruginosa infection
was not detected. Moreover, pulmonary exacerbations were not
found to increase the risk of Aspergillus species being cultured
in BAL. Although the data were collected prospectively between
1999 and 2009, our analysis was exploratory thus causal infer-
ences are only suggestive. Also accepting any positive Aspergillus
BAL cultures in the analysis may have resulted in misclassifica-
tion of children with transient, low-level colonisation or upper
airway contamination.”” Furthermore, BAL processing proto-
cols for fungi were not standardised between diagnostic labo-
ratories and none employed more sensitive molecular-based
detection techniques. However, five of eight centres included
selective media to isolate fungal organisms®® and no clustering
was observed between centres.

The study’s strengths include employing BAL to detect Asper-
gillus species in the lower airways and the detailed, prospec-
tively collected longitudinal data available on exacerbations,
treatments and infection status. Furthermore, while the logistic
approach is limited because it assumes detections are determined
by factors present at the time of BAL, RTTE uses the full-time
course of factors before the detection and the duration of expo-
sure to the factors of interest.

In conclusion, we found that the risk of recurrent Aspergillus
events in children with CF was very low in the first year after
enrolment into the study and increased after completing P. aeru-
ginosa eradication therapy and once children had an Aspergillus
event. Studies are now needed to determine whether Aspergillus
is simply a marker of the lower airway dysbiosis associated with
CF lung disease with minimal clinical consequences or a cause
of progressive lung injury. As a first step, we showed recently in
children from the ACFBAL cohort that there was no association
between positive Aspergillus BAL cultures and either impaired
lung function or with lung function decline between ages 5 and
14 years although there was an association with air trapping on
chest CT scan.”
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