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Summary:

A total of 19 MRSA isolates was investigated font®a Valentine (PVL) toxin, PVL
gene sequence variation and PVL-encoding phageslé/genome sequencing was
performed for all the isolates. Analysis of MRSAl&es (n=19), confirmed that majority of
MRSA (n=11) were positive PVL gene and multi-dregistant. ST772-MRSA-V was the
predominant PVL positive MRSA clone and all of thewere found to carry IND772PVL
phage in the genome. This study provides an insmgbtthe evolution of new lineage of
PVL-MRSA and highlights the potential risk of theergence of multi-drug resistant

community acquired (CA) MRSA with high virulence.

Key words: MRSA, PVL, ST772,IND772PVL
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Introduction:

Panton-Valentine leukocidin (PMbXin is the specific virulent entity, often
associated with recurreBtaphylococcus aureus skin and soft tissue infection (SSTIs) and
necrotising pneumonia. Mortality due to PVL postivecrotising pneumonia is reported to
be high (40-60%) [1]. This is due to pro-inflammgtand cytotoxic effects on neutrophils,
monocytes and macrophages. Incubation of the withslow doses of PVL (0.04-04g/ml;
1-10 nM) results in i) inflammasome activation,mfluces a huge ILfilrelease within
minutes, iii) cell death (apoptosis) [2]. Despitear epidemiological data, the function of
PVL in causing pathogenesis is controversy. Sonraarmodels and clinical studies in bone
and joint infections (BJI) and necrotizing pneunzohave recognized PVL as an indicator of
disease severity independent of methicillin resistg3]. However, several other clinical
trials show that severe SSTIs caused by PVL produand non-producing strains do not

have a difference in outcomes [4].

PVL production is encoded by teo-transcribed gendskS-PV andukF-PV.
The PVL encoding genebikS-PV andukF-PV) are bacteriophage encodé@\L,
¢108PVL,¢7247PVL,2Sa2958¢Sa2MW,¢SLT, ¢Sa2USASTCH60) [5]. PVL has been
epidemiology linked with community-acquired metHiniresistantS. aureus (CA-MRSA),
but some CA- MRSA strains do not carry PVL gendsH¥L positive HA-MRSA strains

have also been reported [7].

In India, CA-MRSA clones are genetically elise and apparently three-fourth is PVL
positive [8]. ST772 and ST22 were the major clamp®rted from India [9,10]. ST772-
MRSA-V called as “Bengal Bay clone” is a multi- dreesistant, PVL positive CA-MRSA
clone initially isolated and reported from Indig.[Bour studies from India, have reported

16% - 64% of PVL gene prevalenceSrnaureus [9-12]. Despite the high incidence of PVL
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positiveS aureus, clonal lineages as well the typing of PVL encapjrhages irs aureus

has not been adequately reported from India.

This study was planned to investigatbé)distribution of PVL genes in CA and HA-
MRSA, ii) to compare antimicrobial resistant pattef PVL positive and negative MRSA
isolates, iii) analyse of mutation in PVL genestiping of PVL encoding phages and iv)
epidemiology and molecular characteristics of P\dkifive and negativ8. aureus isolated

from bloodstream infection.

Methods:

A total of 19 non-duplicate MRSA ists collected during 2015-2016 from patients
with sepsis were included in this study. Antibiaticsceptibility testing was performed by
using disk diffusion method for the following antbcs; cefoxitin (30ug), gentamicin
(10ug), trimethoprim-sulfamethoxazole (1.25/23i&9, netilmicin (3@ug), rifampicin (ug),
erythromycin (1fg), clindamycin (2g), tetracycline (30g) and linezolid (30g). Inducible
clindamycin resistance was detected by using D-teste Minimum inhibitory concentration
(MIC) of vancomycin was determined by microbrothution method according to CLSI

guidelines [13]. SC@rec typing was performed as previously described [14].

DNA isolation from pure cultures was perfoimesing QiAamp DNA mini Kit (Qiagen,
Germany) .The whole genome shotgun sequencing ar&srmed for all the isolates using
the lon Torrent PGM system (Life Technologies) w0 bp chemistry. The raw data
generated were assembldinovo using AssemblerSPAdes v.5.0.0.0 embedded in Torren

suite server v.5.0.4. Genome sequence was annaisitegl PATRIC, the bacterial

bioinformatics database and analysis resource:{fitpw.patricbrc.org) [15], and the NCBI

Prokaryotic Genome Automatic Annotation Pipelin&fAP) (http://www.ncbi.nim.

nih.gov/genomes/static/Pipeline.html). Downstreamalysis was performed using the Center
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for Genomic Epidemiology (CGE) server (http://wwisatu.dk/services), and PATRIC.

Resistance genes profile was analysed using Resfnt from the CGE server

(https://cge.cbs.dtu.dk//services/ResFinder/). Sémpuence type (ST) was determined for all
the isolates in the allele orderanfcc, aroe, glpf, gmk, pta, tpi andyqil by comparing the

sequences witB. aureus database maintained at the MLST website (http¥vésesumlst.net/).

PHASTER (PHAge Search Tool Enhanced Release) lesus®ed for annotation and
identification of prophage sequences in bacteealogne.
Results:

Of the analysed genome (n=19), 11 MRSA isolatega@rnd to be PVL positive
and multi-drug resistant, except two isolates. AQ\BVL positive isolates, 5 were CA-
MRSA and 6 were HA-MRSA. In half of the PVL posgicases, bloodstream infection
occurred secondary to skin and soft tissue infagg85TIs)/pneumonia. All PVL positive
isolates were ciprofloxacin resistant and are oftesceptible to clindamycin (D-zone
negative).

The genome was analysed for SNPs in hitd® PV andlukF-PV genes, using the
published genome of CA-MRSA strain USA300 (Accessio. CP000255) as the reference
sequence. Although, PVL gene sequence is highlgaeroed, each of these genes showed
nucleotide variations at three different positioc@$the identified SNPs, three were non-
synonymous (2 ilukS-PVL and 1 idukF-PVL). This includes phenylalanine (F) to tyrosine
(Y) substitution at amino acid residue 157 (nucts®t470) and arginine (A) to histidine (H)
substitution at amino acid residue 176 (nucleottd®) inlukS-PVL; alanine (A) to valine
(V) substitution at amino acid residue 47 (nucldetil40) inukF-PVL. Remarkably, all
PVL positive MRSA isolates was identified as “Hriaant (nucleotide A at 527 and histidine

(H) residue at 176) (Table 1). Regardless of teifié MRSA clonal lineages, PVL gene
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variation and PVL encoding phages, the integratiten @ttL andattR) of these prophages

were seems to be similar in all the isolates.

A specific association between PVL phaayes ST was observed. “Bengal-bay clone”
(ST772-MRSA-V) was the predominant PVL positive MR8one, followed by small
numbers of “EMRSA clone” (ST22- MRSA-IV). Amonge PVL-negative MRSA isolates,
clonal types were heterogeneous including USA 400ec(ST1-MRSA-IV) and Hungarian
clone (ST239-MRSA-III). It is noteworthy, that majy of PVL positive MRSA carried
IND772PVL phage in the genome, identified with thenal lineage of ST722-MRSA-V and
belongs to CC1 (Table 1). Interestingly, for thstftime in India, we observe&VL
carrying MRSA isolates belong to CC22 with the STRI®T22. All theséPVL encoding
PVL toxin was identified in HA-MRSA. The phagéND772PVL was found to carry PVL as
well staphylococcal enterotoxisef) gene, whil@ePVL was only identified with PVL gene.
gpa typing showed high genetic diversity, as indicaigdhe presence of 11 differespa
types (n=19) among PVL positive and PVL negatiztaites.

Discussion:

PVL toxin is considered as mportant marker for differentiation of HA-MRSA
and CA-MRSA. The present study provides an insigfat micro-epidemiology of PVL
positive MRSA isolates from bloodstream infecti@vie observed that majority of the PVL
positive HA-MRSA are associated with skin and sisue infection (SSTIs), but less likely
with pneumonia or sepsis. Multidrug resistant (MDRJL positive MRSA was observed in
this study. Presumptive identification based orcepsbility to ciprofloxacin and gentamicin
is no longer reliable in detecting PVL positive GMRSA [16,17]. However, the present

showed that all PVL positive MRSA are ciprofloxacasistant.

PVL gene variation identified in tistidy was similar to the previously described

non-synonymous SNPs [7,18-2@lI the PVL positive isolate was identified as “Mariant

5
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and are capable of causing invasive disease was\waabsin this study. Besseyeeal .,
demonstrated that histidine to arginine amino gaialstitution doesn’t impaired leucotoxicity
of PVL toxin [21]. Despite of PVL gene variation,df R variant has demonstrated with
significant leucotoxicity. However, possible assticin between other non-synonymous
mutation and leucotoxicity remains unclear. Thiglddoe an important cause for evasion of
host immune response to invasive disease [22]. &ttogpn of PVL genes by HA-MRSA

strain could raise the morbidity and mortality.

PVL positive isolates investigatedhis study were from three different genetic
backgrounds (ST772-MRSA-V, ST22-MRSA-IV, ST2371-MRBV). This finding reveals
the vertical transmission of PVL genes within theng clone or horizontal transmission
between different clones. The present study higtdighe evolution of new lineages
(ST22/ST2371) of PVL positive HA-MRSA carryinBVL phage. Interestingly, all thve
IND772PVL phage identified in this study was foundcarry PVL as welsea toxin on the

propahage as previously described [8].

Four studies have reported the prevaleh&/L with clonal lineage from India. This
includes two from carriers and two from clinicablestes [23]. Dhawast al., has reported
that PVL distribution was significantly associateith ST22-MRSA-IV (66%) as compared
to ST772-MRSA-V (27%) in clinical isolates [9]. 8zaet al., has reported that 65% of
ST22-MRSA-1IV and ST772-MRSA-V were positive for Pdhd 27% of them were multi-
drug resistant from mixed CA-MRSA and HA-MRSA infien [10]. In contrast, the present
study showed, ST772-MRSA-V (63%) was the predontiRAfL positive clone and was

multi-drug resistant.
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Conclusion:

In conclusion, variants of PVL gene and PVlicating phages are lineage-specific.
ST772-MRSA-V (Bengal Bay clone) belongs to CC1 esras a major reservoir for the
dissemination phage mediated PVL toxin. This comityuacquired MRSA clone (ST772-
MRSA-V) was found with unique feature of high vieace and multi-drug resistance. In
addition, co-carriage of PVL arsga toxin enhances both superantigenic and cytotoxic
response. This combination of toxin on the samelpage was not reported in the other

strains ofS. aureus.
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Table 1: Antimicrobial resistant pattern, mutational analysis of PVL genevariant, PVL phage typing and molecular characteristics of PVL positive and negative M RSA isolates
from bloodstream infection.

lukS-PVL lukF-PVL
Non- Synonym Non- Synonymou
synonymo ous synonymo  smutation
us mutation us
mutation mutation
Isolate  CA/ Sour ce of Antimicro  Accesson PVL 47 527 663 140 45 789 PVL encoding Sequenc  Clonal
ID HA  MRSA sepsis bial no gene O (G) (T © 6 (G) phage SCC gpa etype comple
MR resistant (M (A) mec  type (ST) x (CC)
SA profile types
VB9939 CA  Skinand soft Gen, SXT, MLQKO0000 + T A G C G A ¢ IND772PVL \Y t657 ST722 CC1
tissue infection ery, cip 0000
VB16578 CA Epidural Gen, SXT, MLQDO0000 + T A G C A A ¢ IND772PVL Y t657 ST722 CC1
MRSA abscess ery, cip 0000
VBA463 CA  Skinand soft Gen, SXT, MLQGO000 + T A G T A A ¢ IND772PVL Y t548 ST772 CcC1
89 tissue infection ery, cip 0000
VB9352 CA Postatic Gen, SXT, LXWRO0000 + T A G C A A ¢ IND772PVL \Y t657 ST772 CcC1
abscess ery, cip 0000
VB23686 HA Epidural Gen, SXT, MANS0000 + T A G C A A ¢ IND772PVL \Y t657 ST772 CcC1
MRSA abscess ery, cip 0000
VB26276 HA Necrotising Gen, SXT, LWMF0000 + T A G C A A ¢ IND772PVL \Y t657 ST772 CC1
soft tissue ery, cip 0000
infection
VBA428 CA MRSAsepsis Gen, SXT, Yetto + A A G A A ¢ IND772PVL \Y t021 ST772 CcC1
3 ery, cip receive
VB31683 HA Necrotising  Ery, clin,  MANTO0000 + T A G C A A OPVL Ve t657 ST22 CC22
soft tissue cip 0000 (EMRSA
infection -15)
VBA440 HA Necrotising Ery, clin, MLQHO0000 + T A G C G A DPVL IVe t474 ST22 CC22
94 soft tissue cip 0000 (EMRSA
infection -15)
VB9982 HA Necrotising Cip MLQIO0000  + T A G C A A DOPVL I t6827 ST2371 Ccc22
pneumonia 000
VB20017 HA  MRSA sepsis Cip MLQEOO0O + T A G C G A DPVL Y, t6827 ST2371 cc22
0000
VBA430 CA Infective Ery MLQJO0000  _ NA NA NA NA NA NA NA v t127 ST1 CC1

11 spondylodiscit 000
is



VB1490 HA SSTis Gen, Ery, MLQBO0000
Tet, 0000
Clin,TRM
VBA353 HA Epidural Ery,Gen, MLQCO0000
16 MRSA abscess Tet, TRM 0000
VBA439 HA Infective Gen, Ery, MLQAO0000
64 endocarditis Tet, 0000
Clin,TRM
VB12268 CA  Skin and soft Susceptible LXWS0000
tissue infection to all tested 0000
antibiotics
except
cefoxitin
VBV169 CA MRSAsepsis SusceptibleLWMGO0000
to all tested 0000
antibiotics
except
cefoxitin
VBP3985 CA MRSAsepsis Susceptible Yetto
to all tested receive
antibiotics
except
cefoxitin
VB44746 CA Necrotising Susceptible MLQF00000
fasciitis to all tested 000
antibiotics
except
cefoxitin

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

IvVd

IVh

t037

t2473

t4615

t657

t657

t304

t131

ST239

ST72

ST580

ST672

ST672

ST6

ST1290

CC8

ccs8

CC398

Singlet
on

Singlet
on

Singlet
on

Singlet
on

SCC - Staphylococcal cassette chromosapee;- staphylococcal protein A



