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Introduction 

• Cystic Fibrosis (CF) is associated with recurrent 
pulmonary exacerbations (PEx) leading to morbidity 
and early mortality 

• The microbiologic trigger of PEx remains a 
knowledge gap, and the role of bacterial functional 
pathways in CF PEx is understudied

• Hypothesis: Bacterial metabolic pathways will be 
associated with clinical state (PEx, end of antibiotic 
treatment, and follow-up)
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Methods 
• Persons with CF ≤ 18 years of age admitted 

to the hospital for a PEx were recruited for 
the study.  

• Respiratory samples were collected at 
hospital admission, the end of the antibiotic 
treatment course, and follow up. 

• Bacterial DNA was extracted using QIAamp 
DNA Microbiome kit (Qiagen) and shotgun 
DNA sequencing was performed using 
NextSeq (Illumina). 

• HUMAnN2 was used to evaluate bacterial 
pathway abundance and DESeq2 was then 
used to evaluate the differential abundance 
of generalized bacterial metabolic pathways 
based on clinical state. 
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Figure 1. Study Design

Figure 2, HUMAnN2



Results

• Several long chain fatty acid 
(LCFA) biosynthesis pathways 
were upregulated in follow-up 
samples (Figure 3, Table 1). 
These include: 
▫ Gondoate (log2 fold change 

1.59, p=0.012)
▫ Oleate (log2 fold change 

1.746, p=0.048),
▫ Palmitoleate (log2 fold 

change 1.766, p=0.043), 
▫ Fatty acid elongation (log2 

fold change 2.06, p=0.012).

Clinical Parameters n

Study Participants 27

Sex (male: female) 15:12

Age at exacerbation onset (mean  SD) 10  4.6

Race 
Caucasian 

African American 
Unknown/Not Reported

22
4
1

Ethnicity
Hispanic/Latino

Not Hispanic/Latino
10
17

CF genotype 
F508del homozygous

F508del heterozygous
Other

12
11
4
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Results
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Bacterial pathway (end of treatment vs follow-up samples)

Pathway change in abundance higher in end 
of treatment samples

Superclass Log2 fold 
change

padj

PWY-5384: sucrose degradation IV (sucrose 
phosphorylase) Degradation/Utilization/Assimilation 2.17803807 0.01712413

PWY-5367: petroselinate biosynthesis Biosynthesis 1.99529049 0.0245984
PWY-7254: TCA cycle VII (acetate-
producers)

Generation of Precursor Metabolite and 
Energy 1.40127472 0.02664209

Pathway change in abundance higher in 
follow-up samples  Biosynthesis
PWY-7663: gondoate biosynthesis 
(anaerobic) Biosynthesis -1.5864127 0.01246457
PWY-7664: oleate biosynthesis IV 
(anaerobic) Biosynthesis -1.745984 0.04753794

PWY-6282: palmitoleate biosynthesis I (from 
(5Z)-dodec-5-enoate) Biosynthesis -1.7656999 0.04268935

FASYN-INITIAL-PWY: superpathway of 
fatty acid biosynthesis initiation (E. coli) Biosynthesis -1.8764507 0.00759889
FASYN-ELONG-PWY: fatty acid elongation 
– saturated

Generation of Precursor Metabolite and 
Energy -2.0644428 0.01176711

PWY-5173: superpathway of acetyl-CoA 
biosynthesis Degradation/Utilization/Assimilation -2.345423 0.00585855

PWY-5030: L-histidine degradation III Degradation/Utilization/Assimilation -2.5904991 0.00079278

GLUCOSE1PMETAB-PWY: glucose and 
glucose-1-phosphate degradation Biosynthesis -4.0943067 0.00585855

PWY0-1415: superpathway of heme 
biosynthesis from uroporphyrinogen-III Biosynthesis -4.3716252 0.00585855

PWY-5345: superpathway of L-methionine 
biosynthesis (by sulfhydrylation) Biosynthesis -4.5620049 0.00232239

SULFATE-CYS-PWY: superpathway of 
sulfate assimilation and cysteine biosynthesis Biosynthesis -4.7269583 0.00121435

PWY-6803: phosphatidylcholine acyl editing
Generation of Precursor Metabolite and 
Energy -4.7623492 0.00075675

P122-PWY: heterolactic fermentation Biosynthesis -5.5049128 0.00097118

PWY-5083: NAD/NADH phosphorylation 
and dephosphorylation Degradation/Utilization/Assimilation -5.5327727 3.72E-05
SO4ASSIM-PWY: sulfate reduction I 
(assimilatory) Biosynthesis -6.169772 1.10E-05
PWY-7204: pyridoxal 5’-phosphate salvage II 
(plants) Biosynthesis -23.901636 1.02E-13Figure 3. Follow up samples (left) vs. end of antibiotic treatment 

samples (right) Table 1. Differential abundance across clinical states



Conclusions
• LCFA can have a pathogenic rather than protective effect in 

certain metabolic and inflammatory diseases like obesity 

and asthma 

• The elevated LCFA’s in our study are likely produced by 

lung pathogens in the CF airway and may have a 
physiologic effect

• As LCFA’s were more prominent in follow up samples, 

future studies should evaluate for their potential impact on 
future PEx

6


