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Abstract

Rationale: Methicillin resistant Staphylococcus aureus (MRSA) is prevalent and consequential
in cystic fibrosis (CF). Whole genome sequencing (WGS) could reveal genomic differences in
MRSA associated with poorer outcomes or detect MRSA transmission.

Objectives: To identify MRSA genes associated with low lung function and potential MRSA
transmission in CF.

Methods: We collected 97 MRSA isolates from 74 individuals with CF from 2017 and
performed short-read WGS. We determined sequence type (ST) and the phylogenetic relationship
between isolates. We aligned accessory genes from 25 reference genomes to genome assemblies,
classified isolates by accessory gene content, and correlated the accessory genome to clinical
outcomes.

Results: The most prevalent ST were ST5 (N=55), ST8 (N=15), and ST105 (N=14). Closely
related MRSA strains were shared by family members with CF, but rarely between unrelated
individuals. Three clusters of MRSA were identified by accessory genome content. Cluster A,
including ST5 and ST105, was highly prevalent at all ages. Cluster B, including ST8, was more
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limited to younger patients. Cluster C included 6 distantly related strains. Patients 20 years old
and younger infected with Cluster A had lower FEV; and higher sputum biomass compared to
similar-aged patients with Cluster B.

Conclusions: In this CF cohort, we identified MRSA subtypes that predominate at different
ages and differ by accessory gene content. The most prevalent cluster of MRSA, including ST5
and ST105, was associated with lower FEV1. ST8 MRSA was more common in younger patients
and thus has the potential to rise in prevalence as these patients age.
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Introduction

In the United States, the majority of patients with cystic fibrosis (CF) develop chronic
respiratory infections with Staphylococcus aureus,* whereas countries with continuous anti-
staphylococcal prophylaxis have lower S. aureus prevalence.22 S. aureus infections can
begin in infancy and are difficult to eliminate with anti-staphylococcal antibiotics.# Children
infected with S. aureus have increased airway inflammation and can experience worsening
lung function.>~" Moreover, methicillin resistant S. aureus (MRSA) prevalence has increased
significantly in the United States over the past two decades.l8 Patients infected with

MRSA require increased treatment and suffer worse outcomes.®-1! These observations raise
questions about how MRSA is acquired in these patients and which bacterial virulence
factors might accelerate disease progression.

Whole genome sequencing (WGS) may help us understand the origins of MRSA within
this population. WGS facilitates the phylogenetic comparison of MRSA strains to reveal
any unexpectedly strong relationship between bacteria isolated from unrelated individuals.
Because CF is a genetic disorder, sibling dyads who live in the same household may

share related strains of MRSA. The phylogenetic distance between MRSA strains cultured
from siblings would provide a benchmark for identifying potential transmission of MRSA
between unrelated patients with CF during clinical care.12-14 We hypothesized that WGS
would identify person-to-person transmission of MRSA between unrelated individuals
within our CF center.

Another advantage of WGS is that it allows classification of S. aureus isolates based on
sequence type and provides detailed information about genomic content, including the
presence or absence of virulence factors. We are particularly interested in the prognostic
significance of genes encoding staphylococcal superantigens, as we have observed high
prevalence of enterotoxin gene cluster superantigens in an earlier de-identified set of S.
aureus isolates from this center.1® These secreted toxins have the potential to increase
inflammation and interfere with the adaptive immune response to S. aureus, hindering
clearance by the host.16:17 We hypothesized that strains of S. aureus that encode enterotoxin
gene cluster superantigens may be associated with poorer clinical outcomes.
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In this study, we used WGS to analyze MRSA strains isolated from children and adults
attending CF clinic in the year 2017. We compared sequences to identify potential
transmission of MRSA between patients. Additionally, we classified the MRSA isolates
based on accessory gene content to determine whether differences in genomic content
correlated with worsening clinical outcomes.

Ethics statement.

Subjects.

The Institutional Review Board (IRB) of the University of lowa approved this study #
201905718. Informed consent was waived because the study was minimal risk.

To examine changes in incidence and prevalence of CF pathogens, we studied 337 patients
diagnosed with CF and cared for in the adult or pediatric CF centers at the University

of lowa, as recently described.18 We additionally examined patients with CFTR related
metabolic syndrome (CRMS) or patients with CF following lung transplant to assess for
potential MRSA transmission, as these patients attended CF clinics and could be at risk of
acquiring MRSA. However, we excluded patients with CRMS or post-lung transplant from
calculations of incidence, prevalence, and outcomes such as FEV;.

Respiratory culture results.

We examined respiratory cultures for methicillin susceptible S. aureus (MSSA), MRSA,
and Pseudomonas aeruginosa using the electronic medical record.’® Annualized prevalence
of each organism was the number of individuals positive for an organism divided by the
number of individuals tested during the same calendar year. The annualized incidence of
MRSA was the number of individuals with a new MRSA infection divided by the number of
individuals susceptible to MRSA during the same calendar year. We defined individuals as
susceptible to MRSA if they were newborn or if they did not have a positive respiratory
culture for MRSA during their first year of observation. Individuals who acquired an
incident infection or had no further recorded data were removed from the denominator

of susceptible individuals.

Spirometry and medications.

We obtained spirometry results from the electronic medical record. We determined the best
FEV1 % predicted (with or without bronchodilator) for each patient in every year between
2011 - 2017. We examined electronic prescriptions for antibiotics and CFTR modulator
drugs in the year 2017.

Selection of bacterial isolates.

S. aureus clinical isolates were previously stored in TSB with glycerol freezing medium by
the clinical microbiology laboratory. Records from all 2017 banked S. aureus isolates were
reviewed to determine if the patient was diagnosed with CF. S. aureus isolates were taken
from 69 sputa, 24 oropharyngeal swabs, two bronchoalveolar lavages, one sinus culture, and
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one blood culture. The isolates from blood and sinus cultures were from patients following
lung transplant.

Antibiotic susceptibility testing was performed in the clinical lab using VITEK 2 system
(Biomérieux). We assumed that isolates cultured from the same patient with identical
appearance and antimicrobial susceptibility represented the same strain. When several
isolates from a patient had identical phenotypes, we selected the first isolate. When
antimicrobial susceptibility was variable within a patient, we selected the first isolate for
each unique antibiotic resistance phenotype to improve the likelihood of detecting strains
shared between individuals. Thus, we selected 97 unique MRSA from 74 patients (56
patients - 1 isolate, 14 patients - 2 isolates, 3 patients - 3 isolates, and 1 patient - 4

isolates). One additional isolate was originally thought to be methicillin resistant S. aureus
based on the clinical diagnosis. However, we learned that its genome sequence matched S.
epidermidis, and it was removed from further analysis. Isolates were streaked on blood agar
plates and isolated colonies were subcultured. DNA preparation was performed with the EZ1
DNA Tissue Kit on a Qiagen EZ1 instrument following manufacturer instructions.

Whole genome sequencing.

Library preparation was performed using Illumina Nextera DNA Flex. Paired-end
sequencing was performed using lllumina MiSeq Reagent Kit. Phylogenetic analysis was
completed using the Utah Public Health Laboratory (UPHL) reference free pipeline.1®
This pipeline assembled genomes using SPAdes?? and produced alignments using Roary.?1
Repetitive sequences and mabile genetic elements were removed, and the phylogenetic tree
was produced using shared genes using a maximum likelihood approach. We used Lyve-
SET?2 to perform reference-based phylogenetic analysis of the largest clade, consisting of
ST5 and ST105 strains, using N315 (NC_002745.2) as our genomic reference.

Analysis of strain sharing.

We used the Lyve-SET SNP matrix to identify strains with strong sequence similarity.
Mobile genetic elements and repetitive elements were excluded from this calculation. We
considered strains separated by < 70 SNPs to be highly similar.23 We measured SNP
distance between strains isolated from the same individual or from family dyads to estimate
the distance between strains shared between individuals in close contact.

Sequence type, virulence factor, and antimicrobial resistance gene identification.

We uploaded sequences to the Staphopia API to obtain summaries for multilocus sequence
type (MLST), presence of virulence factors, and predicted antibiotic resistance.24 We used
Mykrobe 0.7.0 to identify predicted antimicrobial resistance genes.2> SCCmec elements
were identified using SCCmecFinder 1.2.26 We re-tested strains lacking SCCmec using the
Clearview PBP2a SA Culture Colony test (Abbott Laboratories) following manufacturer’s
instructions.

Accessory gene content.

Sequence reads from FASTQ files were assembled de novo using SPAdes.2? We used 25 S.
aureus genomes as our source of reference genes.2’ To identify the presence of genes within
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our de novo assemblies, we used the sequence aligning software HISAT2,28 which can
efficiently detect genes or transcripts in a variety of species.2930 We used the detection of
accessory genes to perform unsupervised hierarchical and K-means clustering of the MRSA
isolates using R.

Statistical Analysis.

Results

We used Poisson regression to test temporal trends in incidence and prevalence of CF
pathogens and linear regression for trends in lung function. To compare two or more groups,
we used non-parametric tests (Wilcoxon rank sum test or Kruskal-Wallis test, respectively)
for continuous data and Fisher’s exact test for categorical data. We used R Studio Version
1.2.5001, Graphpad Prism Version 8.4.2, and SAS version 9.4 for statistical comparisons.

Prevalence and incidence of respiratory infections.

Following the development of inhaled antibiotics for 2 aeruginosa and improvements

in infection control, others have noted a nationwide trend towards lower incidence and
prevalence of A, aeruginosa infections in patients with CF.8:31 We observed similar trends
within the University of lowa CF center, with rising prevalence of MRSA and a slowly
declining prevalence of P, aeruginosa, Supplemental Data 1-3. MRSA infections are
persistent in CF;18 the rise in MRSA prevalence has occurred despite a slow decline in
MRSA incidence.

We suspected that rising MRSA prevalence over the past decade may have been hastened by
either person-to-person or healthcare worker-to-patient transmission. To test this possibility,
we obtained clinical isolates of MRSA cultured from patients with CF in the year 2017 and

compared them by WGS.

WGS typing and cluster analysis.

Using nucleotide variations, we constructed reference-free phylogenetic trees of the CF
MRSA isolates. We observed three clades, Figure 1. 13 sequence types (ST) were
represented. ST5 (57%) and ST105 (14%) were the most prevalent in clade 1 and ST8 (15%)
in clade 2. ST for each isolate and linked subject numbers are given in Supplemental Data

4. One isolate was identified as livestock-associated ST398, possibly the first documented
case in a North American patient with CF. We are not aware that this subject had any direct
agricultural exposures that would have increased the risk of acquiring ST398 S. aureus.

MRSA strain diversity within individuals.

We analyzed multiple MRSA isolates from 18 subjects, highlighted in Figure 2 and
Supplemental Data 5. In 14 cases, strains isolated from the same individual had fewer

than 60 SNPs difference. Examples of greater within-subject diversity included a subject
whose isolates 094 and 090 were separated by 678 SNPs (indicated in blue brackets

within Figure 2). Because these isolates had different MLST and were widely separated

on the phylogenetic tree, we considered these as two distinct strains. Hypermutation was
evident in multiple lineages, Supplemental Data 6. Isolates 043 and 091 had a large deletion
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removing both mutSand mutL, resulting in widespread mutations (up to 193 SNPs vs the
subject’s non-mutator strains). This limited our ability to assign these strains to a MLST.
The phylogenetic tree indicated these strains likely evolved within this subject from an
ST5 ancestor. Four subjects had MRSA with mutL p.P340fs frameshift mutations, possibly
accounting for increased genetic variation in these individuals.

Sharing of MRSA strains between individuals.

WGS suggested possible MRSA transmissions between related individuals, including a
parent and child (Figure 2, purple box) and siblings (red box). However, related individuals
did not always share closely related MRSA. Isolates from a child (046) and the child’s
parent’s sibling (041) had distantly related MRSA, with a difference of 238 SNPs. There
was one instance in which unrelated patients (grey box) shared MRSA separated by only 34
SNPs. We did not identify shared hospital encounters between these unrelated individuals,
but noted that they lived in geographic proximity.

Antibiotic resistance.

In S. aureus, methicillin resistance is usually conferred by an alternate penicillin binding
protein, encoded by mecA within an SCCmec element.32 Other potential methicillin
resistance mechanisms include the novel penicillin binding protein encoded by mecC or
hypersecretion of beta-lactamases.32 In our cohort, 93 of 97 isolates were positive for
mecA. Four isolates diagnosed as MRSA lacked an SCCrmec element. These isolates were
negative for PBP2a by antigen testing. Each of these isolates encoded the b/aZ gene, which
could confer resistance to methicillin when overexpressed. None of the isolates encoded
mecC. Most of the CF MRSA isolates (97%) were resistant to erythromycin, Supplemental
Data 7, consistent with the chronic use of azithromycin in CF. Eight isolates displayed
resistance to tetracycline, also commonly prescribed for people with CF. Ciprofloxacin and
aminoglycosides are commonly prescribed for treatment of 2 aeruginosa. Ciprofloxacin
resistance was identified in 81 isolates. Resistance was predicted by Mykrobe in 65 of
these isolates, including 64 with S84L mutations in gyrA and 43 with mutations in gr/A,
Supplemental Data 8. By contrast, aminoglycoside resistance was uncommon; gentamicin
resistance was detected in only 4 isolates.

Accessory gene content correlates with sequence type.

We considered the possibility that different S. aureus sequence types encode distinct
repertoires of virulence factors in their accessory genomes. To determine the gene content
of these isolates, we downloaded reference sequences for 25 annotated S. aureus strains.2’
This data set consisted of 65,322 genes. To reduce redundancy, we combined genes having
identical Genbank inference tag numbers, which indicate gene function. This reduced the
size of the data set to 4,918 genes based on inference number. If at least one allele of a given
gene was detected, we considered the gene to be present.

Of the 4,918 genes in our reference, 866 genes were not detected. 2,427 genes were detected
in all 97 isolates. The remaining 1,625 genes that were detected at least once but not in
every isolate composed our accessory genome set. We aligned this set of accessory genes to
de novo genome assemblies for the 97 MRSA isolates. After determining which accessory
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genes were detected, we classified the isolates based on their gene content using hierarchical
and K-means clustering, Figure 3A. As we observed when clustering based on SNPs, three
distinct clusters of S. aureus emerged. The dominant cluster, Cluster A, included ST5 and
ST105 isolates, Table 1. Cluster B was represented mainly by ST8 isolates.

The most prevalent MRSA cluster encodes SCCmec type Il and EGC toxins.

We examined for genes that differed significantly between MRSA clusters, Table 1. Cluster
A usually possessed SCCmectype Il and was positive for toxin genes of the enterotoxin
gene cluster, which we observed is also highly prevalent in CF-associated MSSA.15 By
contrast, Cluster B was exclusively positive for SCCmectype IV, sometimes described as
community acquired MRSA. The third cluster, Cluster C, had the fewest and most distantly
related strains. Additional genes that were differentially detected by cluster are shown

in Supplemental Data 9 and 10. Genes with high sequence polymorphism and multiple
inference numbers (such as vuwb) occasionally appeared in both lists.

Different MRSA clusters predominate at different ages.

We determined which S. aureus clusters were identified in each patient. Although some
patients had multiple isolates, each subject was positive for only one of the three MRSA
clusters during 2017. Patients infected with Cluster A MRSA were older on average and had
a wide distribution of birth years, whereas all but one of the subjects with Cluster B were
under 20 years old, Figure 3B. Genotype, seX, and Pseudomonas status were comparable
between patients infected with different MRSA clusters, Supplemental Data 11.

Lung function and sputum biomass in patients infected by different MRSA clusters.

The lack of ST8 MRSA in older patients could indicate these patients were already
colonized by a different strain or that they experience more rapid disease progression and
earlier mortality. To examine the association between MRSA cluster and disease progression
while controlling for the confounding effect of age, we examined the subset of patients born
after January 1, 1997. These patients under age 20 years old historically experience the
fastest declines in lung function.33 Because of the low number of subjects with cluster C, we
compared lung function in subjects infected with clusters A and B, Figure 4A-B. Patients
under age 20 with clusters A or B were similar in age, sex, genotype, sputum production,
Pseudomonas status, and medications prescribed, Table 2. Young patients with cluster A
MRSA had lower FEV; compared to similarly aged patients with Cluster B MRSA. Patients
positive for Cluster A MRSA had larger annual declines in FEV1 % predicted compared to
patients with Cluster B.

Quantitative respiratory culture studies were routinely ordered by the University of lowa
Pediatric CF center until 2017.18 We compared MRSA and 2. aeruginosa culture density
for patients with Cluster A MRSA vs. Cluster B MRSA, Figure 4C-D. Sputum samples
collected from patients infected by Cluster A MRSA had a higher median density (in
CFU/mL) of both MRSA and £, aeruginosa compared to sputum from patients infected with
Cluster B MRSA of similar age.
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Discussion

In this study of a CF center with high MRSA prevalence, we observed that most MRSA
were unique to the individual as determined by WGS. Household contacts sometimes
shared similar MRSA isolates differing by under 60 SNPs. We did not identify hospital-
based transmission of MRSA, suggesting that these infections were most likely community-
acquired.

MRSA strains collected from CF respiratory cultures displayed genetic diversity (13
sequence types and up to 24,400 SNPs difference). When isolates were classified by their
accessory genome content, we found three distinct subpopulations of MRSA within this

CF center. The most prevalent group included SCCmectype Il isolates on ST5 and ST105
backgrounds. These isolates encoded the enterotoxin gene cluster, and were common across
the age spectrum. Patients under 20 years old who were infected by cluster A MRSA had
lower lung function, they experienced more rapid declines in lung function, and they had
higher titers of both MRSA and £ aeruginosa in their sputum. The second cluster was
mainly represented by ST8. Patients with this type of MRSA were younger and had higher
average lung function. Although these differences in outcomes between MRSA clusters
were intriguing, they require confirmation in larger studies. Our observation of differences
in age between patients infected with different MRSA subtypes suggests a birth cohort effect
—patients born in different eras likely had different environmental exposures, including the
prevailing S. aureus strains in the community at the time they were initially infected by
MRSA.

Most MRSA isolates cultured from the same patient were closely related (< 51 SNPs),
similar to a previous report.23 However, we observed wider within-subject diversity

when strains had mutations in DNA repair genes. Genome sequencing identified possible
livestock-associated S. aureusin a patient with CF. ST398 is commonly isolated from

pigs and can infect farm workers.3* Eight strains displayed resistance to tetracycline,

an antibiotic used in both humans and livestock. Four isolates did not encode SCCmec
elements. Other mechanisms could account for oxacillin resistance, such as over-production
of beta-lactamases by the b/aZ gene.32:35

Comparison to previous studies.

Our findings are consistent with a recent WGS study by Long and colleagues from the
University of Washington,3¢ who found evidence of S. aureus strain sharing by siblings and
similar sequence types of S. aureus account for MRSA in children with CF. As previously
reported by others, the most prevalent SCCmecin our population was type [1.11.14.37.38
SCCmec I typically appears on the ST5 background, whereas ST8 is associated with
SCCmec IV.3% We found that adults and children with CF carry different MRSA strains,
similar to a prior report from the University of North Carolina.1! In that study, patients
with SCCmec Il PVL-negative MRSA were older than those with SCCmec IV PVL-positive
MRSA. We report that the subset of MRSA with SCCmec 1l is associated with lower

FEV1 in young patients. Consistent with this finding, a multi-center study of pulmonary
outcomes related to MRSA in children with CF, SCCmec Il MRSA was associated with
more pulmonary exacerbations.38
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However, these observations raise several questions. Are the adverse outcomes experienced
by patients infected with SCCmec Il MRSA driven by the SCCmectype itself, by virulence
factors encoded elsewhere in the genome, or are these MRSA subtypes simply markers of
more intensive treatment and greater hospital exposure? Our dataset does not fully address
these questions, but provides some context. MRSA that encode SCCmec |l usually have
different repertoires of accessory genes compared to MRSA with SCCmec IV, making it
difficult to attribute differences in outcomes to the SCCmec type per se.

This study examined a cross section of both children and adults with CF, allowing us

to identify how different age groups may harbor distinct types of MRSA. We used
complementary analytical techniques of comparing both SNPs and gene content. Using

our existing longitudinal database of respiratory cultures, we could estimate the duration of
MRSA infections. Most of the patients had pulmonary function data, allowing us to examine
potential associations of MRSA subtype with adverse clinical outcomes.

This study has limitations. Because it is a single-centered study, these patients could
have different risk factors for MRSA acquisition and maintenance compared to patients
in other centers. Because of the small number of observations, our statistical modeling of
lung function by MRSA subtype could not address all sources of confounding, including
the potential effects of S. aureusand P, aeruginosa biomass. Because the study design

is observational and cross-sectional, we do not know whether differences in pulmonary
function are caused by the type of MRSA.

Conclusions

The prevalence of MRSA in cystic fibrosis has increased over the previous decade. We
observed two major clusters of MRSA within this cohort based on accessory genome
content. The prevalence of each cluster depends upon age. Family dyads often shared MRSA
isolates, but transmission between unrelated individuals was not common. Understanding
the origins of MRSA in patients with CF could help limit acquisition of these resistant
bacteria and improve patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Point:

Methicillin resistant Staphylococcus aureus (MRSA) causes persistent airway infections
in cystic fibrosis. Children and adults with cystic fibrosis often have different MRSA
strains, which encode distinctive repertoires of virulence factors in their accessory
genomes.
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Figure 1.
Phylogenetic relationship between 97 CF MRSA isolates using the UPHL reference-free

pipeline. Sequence types (ST) found within each group are denoted. Black triangles
represent groups of two or more isolates. Gray circles indicate four isolates predicted to

be MSSA based on lack of detected SCCmecelement. Tree scale indicates substitutions per
site.
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Figure 2.
Lyve-SET Phylogenetic reconstruction for clade 1 reveals closely related strains within

subjects or shared by different individuals. Sequence type (ST), SCCmec element, and
predicted antibiotic resistance from genome sequence are given at right. A green circle
indicates an isolate predicted to be MSSA based on lack of detection of SCCmec. Antibiotic
susceptibilities denote isolates predicted to be resistant to erythromycin (Erm), tetracycline
(Tet), or ciprofloxacin (Cip). Highly related isolates are indicated with shaded boxes,
colored based on the relationship between patients. The SNP difference between these
isolates is given as a number adjacent to the shaded box. Several isolates with increased
genetic distance were found to have mutations in mutL and/or mutS. Tree scale represents
substitutions per site
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Figure 3.
A. Clustering of 97 MRSA isolates based upon accessory gene content. Accessory genes

were obtained from 25 reference genomes. Each row represents a CF MRSA isolate, and
numbers are given at right. Each column is one of 1625 accessory genes; black color
indicates detection of the accessory gene. The isolates clustered into three groups named at
left. Clusters assigned on the basis of accessory genes matched the results from SNP-based
clustering. Cluster A included ST5 and ST105 isolates. Cluster B included ST8 and related
isolates. Cluster C included distantly related S. aureus, including a livestockassociated
ST398 strain (#24). B. Unequal distribution of MRSA clusters by birth year. Cluster A was
widely distributed across ages, whereas Cluster B was limited to more recent birth years. * P
= 0.0009 by Wilcoxon rank sum test.
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Figure 4.
Lung function and sputum biomass in patients born after January 1, 1997 and infected by

different MRSA clusters. A. Lung function in 2017 (annual best FEV; % predicted) is
shown as a function of age. Patients with Cluster A MRSA are depicted by circles, Cluster B
by diamonds. Two subjects with Cluster C MRSA are omitted. Generalized linear regression
results are at bottom; advancing age and Cluster A MRSA were associated with lower

lung function. B. Trends in FEV1 % predicted by MRSA cluster between 2011 and 2017.
Symbols indicate mean FEV % predicted by MRSA types, Cluster A (circles), Cluster B
(diamonds). Bars indicate standard deviation. The number of patients examined per year

is given at bottom. The average FEV % predicted for patients with Cluster A MRSA
decreased with time (slope =3.7% yr -1, P < 0.001). The average FEVq % predicted for
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patients infected with Cluster B MRSA was stable (slope —0.5 % yr -1, £=0.72). C-D.
Quantitation of CF microorganisms in sputum from young patients infected by MRSA
belonging to cluster A or cluster B. Each dot represents a different sputum culture. C.
MRSA, D. P, aeruginosa. * P< 0.01 by Wilcoxon rank sum test
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Table 1.

Cluster analysis of MRSA isolates analyzed by Whole Genome Sequencing.

Number of Isolates (%)

Characteristic Cluster A Isolates=73 | Cluster B Isolates=18 | Cluster C Isolates=6
Sequence Type
5 55 (75.3%) 0 0
105 14 (19.2%) 0 0
1866 1(1.4%) 0 0
4234 1 (1.4%) 0 0
other/unknown 2 (2.7%) * 0 0
8 0 15 (77.8%) 0
1750 0 1 (5.6%) 0
2253 0 2 (5.6%) 0
59 0 0 2 (33.3%)
15 0 0 1 (16.7%)
87 0 0 1 (16.7%)
97 0 0 1 (16.7%)
398 0 0 1 (16.7%)
SCCmec
I 69 (94.5%) 0 0
v 3 (4.1%) 18 (100%) 3 (50%)
Not detected 1(1.4%) 0 3 (50%)
Toxin
SEG 71 (97.3%) 0 0
SEI 71 (97.3%) 0 0
SEM 73 (100%) 0 0
SEN 72 (98.6%) 0 0
SEO 73 (100%) 0 0
LukF 0 9 (50%) 0
Luks 0 9 (50%) 0
Resistance
Ciprofloxacin 68 (93.2 %) 12 (66.7 %) 1(16.7%)
Erythromycin 72 (98.6 %) 15 (83.3 %) 5 (86.7%)
Rifampin 10 (13.7%) 0 0
Tetracyclines 6 (8.2 %) 1 (5.6 %) 1(16.7%)
Trimethoprim/Sulfamethoxazole 4 (5.5 %) 0 0

*
These isolates share a common ancestor with ST5 isolates from the same subject.

Pediatr Pulmonol. Author manuscript; available in PMC 2022 September 01.

Page 19



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Porterfield et al. Page 20

Table 2.
Clinical characteristics of subjects born after 1997 infected with Cluster A or Cluster B MRSA.

Characteristic Cluster AN =20 Cluster BN =12 P

Age, yearsfMedian [IQR] 13.6[10.4-16.4] 11.1[9.0-17.1] 050"

MRSA acquisition date, Median [IQR] | 09/2009 [7/2007 — 02/2015] | 08/2013 [12/2011 —03/2015] | 0.14™

Female Sex 10 (50%) 4 (33%) 0.48%
Genotype 0.62¢
AF508/AF508 11 (55%) 6 (50%)
AF508/other 7 (35%) 6 (50%)
Other/other 2 (10%) 0
Sputum production, N (%) 15 (75%) 10 (83%) 0.68¢
P. aeruginosa N (%) 11 (55%) 6 (50%) 1_0¢
Spirometry performed, N (%) 19 (95%) 12 (100%) 1.0¢

Medicationsin 2017

Trimethoprim/Sulfamethoxazole 12 (60%) 10 (83%) 0.25’t
Linezolid 14 (70%) 5 (42%) 015"
Doxycycline 10 (50%) 1(8.3%) 0.02%
Vancomycin IV 9 (45%) 6 (50%) 107
Tobramycin inhaled 14 (70%) 7 (58%) 0.70%
Ciprofloxacin 9 (45%) 4 (33%) 0.72%
Azithromycin 19 (95%) 11 (92%) 107
Ivacaftor 2 (10%) 2 (17%) 0.62%
Lumacaftor/Ivacaftor 11 (55%) 5 (42%) 0.72%

nge determined on July 1, 2017. No subjects had lung transplant or CFTR related metabolic syndrome. P values determined by
*
Wilcoxon rank sum test or

1z‘Fisher’s exact test.
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