Conclusions

 The data suggest that, when combined with metadata, a threshold
of approximately 35 (alleles and cgSNP differences) may be used
for determining persistent versus re-infection cases in a clinical trial
scenario

Figure 1 Pairwise analysis of patient samples classified by conventional methods and using whole genome sequencing data
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1928D is a robust platform for relatedness analysis of S. aureus
that provides high-resolution typing information able to distinguish
between isolates causing persistent infection (epidemiologically/
genetically related) and re-infection cases (unrelated isolates)
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Although CCb5 is a diverse group exhibiting the longest range of allele
and cgSNP differences, genetically distinct isolates from the same
patient belonging to this group showed the fewest differences in
1928D analysis

Additional studies with a greater number of isolates are needed to
refine this cutoff value
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Numerous tools are available for typing S. aureus, including pulsed-field gel
electrophoresis (PFGE), multilocus sequencing typing (MLST), SCCmec-, agr- and spa-
typing, and most recently, whole genome sequencing (WGS) analysis
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— Eleven patient sample pairs with respective identical epidemiological profiles e oron

showed the fewest (O to 21 and O to 22) allelic and cgSNP differences

Four patient sample pairs with similar PFGE profiles (>85% and <100% similarity)
showed slightly wider ranges (1 to 31 and 1 to 32) of allelic and cgSNP variations

Patient ID

Traditional strain typing data always need to consider epidemiological concordance to MLST (CC)

determine relatedness while the sensitivity of WGS-based typing can help eliminate

this necessity

PFGE has long been the benchmark method; however, it has many challenges,
including extensive time required to set up the tests and variation in the results
obtained by different laboratories and/or technicians

A pipeline platform that provides resistance mechanism predictions and core-genome
(cg) epidemiological analysis for S. aureus has been developed

— 1928 Diagnostics’ S. aureus platform (1928D) uses an assembly-free method
for identifying alleles, based on k-mer counting and k-mer coverage, in addition to
targeted gene assembly performed to identify novel variants

This study evaluated and compared the typing data provided by the 1928D platform
against standard information utilized to differentiate persistent infection from
re-infection among patients enrolled in a nosocomial pneumonia clinical trial

Materials and Methods

Twenty pairs (n=40) of oxacillin (methicillin)-resistant S. aureus (MRSA) isolates
(2 strains per patient) collected during baseline and follow-up visits from patients
enrolled in a phase 4 global clinical trial were included

— These isolates were characterized by applying standard PFGE, SCCmec-, spa- and
agr-typing methods

Isolates showing a PFGE profile (GelCompar Il software, BioNumerics, Kortrijk,
Belgium) similarity score of 100% were categorized as genetically identical, isolates
with scores between >85% and <100% were considered genetically similar/related
(subtype), and isolates exhibiting scores <85% were regarded as genetically distinct

Additionally, 10 surveillance MRSA isolates possessing the same genetic background
based on MLST data, but epidemiologically unrelated, were included as a control set

All isolates were subjected to WGS on MiSeq (lllumina, San Diego, CA USA)

— High-quality input DNA was extracted and purified using the KingFisher Cell and
Tissue DNA kit (Thermo Scientific, Waltham, MA USA) in a robotic workstation
KingFisher™ Flex Magnetic Particle Processor (Thermo Scientific)

DNA libraries were prepared using the Nextera XT DNA Library Preparation Kit
(Illumina) and sequenced with a target depth of coverage >70X

Each raw data set was quality assured, error corrected, and assembled using
SPAdes v. 3.9.0

Raw reads (FASTQ files) were uploaded onto 1928 Diagnostics S. aureus platform
(1928D) for analysis

— SCCmec and MLST types as well as presence of genes encoding various toxins
and resistance determinants were identified

— Custom analysis was performed to determine allele differences and core genome
single nucleotide polymorphisms (cgSNP) between isolate pairs

The cgSNP and allelic variant results were compared to the PFGE reference method
to determine thresholds for establishing identical, similar, or distinct relationships
between baseline and follow-up isolates and also compared to the isolates from the
control set based on MLST data

Allelic distance and cgSNP analyses were also compared with MLST clonal complex
(CC) results to add further granularity, especially between pairs of isolates from the
same patient but showing different PFGE profiles
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Five isolate pairs with respective distinct genetic backgrounds demonstrated
>200 differences

Further analysis of genetically distinct isolate pairs (based on PFGE/conventional
methods) showed much higher allelic and cgSNP distances (202 to 1268 and 219 to
9203, respectively)

— An exception was found in patient “R”, where both isolates belonged to
CC5 (different PFGE and MLST), that showed only 202 and 219 differences
respectively

When the clinical isolate pairs of genetically related and epidemiologically unrelated
controls were compared, allele and cgSNP distances of 45 to 244 and 46 to 277
were observed

— These differences were higher than those observed within the epidemiologically
related set (identical or similar PFGE profile) of clinical isolates (Table 1 and
Figure 2)

— CCb, a very diverse clonal type, exhibited the broadest range of allele and cgSNP
differences (Figure 2)

Sequence depth showed direct correlation with the fraction of core genes available
for 1928D analysis (Figure 3)

The 1928D analysis platform also provided antibiotic susceptibility predictions based
on resistance genes/mutations detected; this data was not analysed as it was
outside the scope of this study

Table 1 Summary of allele and cgSNP variations identified among
isolates included in the study

1928D analysis
(difference in)

No. alleles

Analysis of clinical trial = Analysis of epidemiologically unrelated
isolate pairs (no. of clinical CC-matched control set (no. of clinical
isolates) and surveillance isolates)

CC5 CC72 CC8/239
(n=11 (n=3 (n=6
and4) and1l) and 2)

114-119

Identical Similar Different ?r?:zg

(n=11) (n=4) (n=5) o3

0-21 1-31 [202-1268

No. cgSNP

0-22 1-32 2199203 120-125

CC, clonal complex; cgSNR core genome single nucleotide polymorphisms.

Table 2 Whole genome sequencing data analysis on 1928D platform
of clinical isolate pairs categorized as epidemiologically unrelated by
PFGE

Patient
ID?

Allele
distance

1268

cgSNP
distance

8128

Isolate 1 Isolate 2
10 32

CC group
5and 72

SCCmec types
Il and IV

11 29 886 2493 8 and 5 Il and Il

1 20 1112 9203 5 and 8 Il and Il

14 15 202 219 5 and 5 IV and I

S

35 36 408 2548 8 and 5 IV and Il

PFGE, pulsed-field gel electrophoresis; cgSNR core genome single nucleotide polymorphisms; CC, clonal complex.

Figure 2 Pairwise
analysis of
genetically
related and
epidemiologically
unrelated clinical
samples

Figure 3 Comparison
of whole genome
sequencing depth
with the fraction

of core genome
available for analysis
onh the 1928D
platform
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