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Abstract

Introduction: Staphylococcus aureus bacteraemia is most common life
threatening infection in paediatric population. Along with that
methicillin resistance Staphylococcus aureus bacteraemia is associated
with increased morbidity and mortality.

Multi-locus sequence typing sequences internal fragments of 7
housekeeping genes of Staphylococcus aureus from bacteraemia
patients. This is highly discriminatory and can show that same allelic
profile patients have same antibiotic sensitivity patterns. As MLST of
Staphylococcus aureus is naive for northern India, we planned to
perform MLST of SAB for paediatric patients, so that allelic profiles of
North Indian population can be generated.

Material and Methods - A total of 128 Staphylococcus aureus isolates
from 2280 Paediatric patients were screened for MRSA by detecting
presence of mecA, mecC genes. Out of these, 4 Isolates were
processed for 7 MLST genes and Allelic profile was detected by
sequencing and were submitted to PUBMLST software for ST and clonal
complexes determination.

Result: Out of 128 isolates, 55 were mecA positive, 3 were mecC
positive. 4 mecA isolates showed presence of 7 MLST genes. Allelic
Profiles generated, 2 NICU patients had same Clonal Complex CCI,
which is the most common clonal complex. Rest were CC22 (naive
isolate), CC-8(dangerous clonal type). CC1 patients had a good
survival rate compared to others.

Conclusion: MLST should be done on all critical patients to know the
disease outcome. MLST provides an unambiguous method of assigning
MRSA isolates with clones to know strains of same origin and to detect
the severity and disease outcome.
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Introduction

Staphylococcus aureus bacteraemia is one of the most common life-threatening infection in
paediatric population.! The prevalence of Staphylococcus aureus bacteraemia ranges from 10-
30/100000 population in the developing countries. This is due to lack of infection control
practices and care from health care systems. Treatment with penicillin and its derivatives had led
to a dramatic impact on mortality during the early 1900. But penicillinase producing
Staphylococcus isolates had resistance to Penicillin G and penicillin V. These problems were solved
by introduction of semi-synthetic penicillin methicillin. Further rampant use of methicillin led to
MRSA which reported in Europe and USA initially in 1960-1970s.2-3 These methicillin resistant
Staphylococcus aureus strains were associated with increased morbidity and mortality. Many MRSA
strains are less susceptible or resistant to glycopeptide antibiotics.# These MRSA strains are a
major concern in hospitals and lead to difficulty in treating hospital acquired Staphylococcus
aureus infection. 4

The rising number of cases of SAB has led to detailed research regarding genetic background of
the pathogen across different geographical regions. In recent times many modalities are available
for typing and defining strains of Staphylococcus aureus.>These include PCR based methods, PFGE,
MLST, WGS.

MLST characterises any bacterial isolate on the basis of sequencing of 450bp internal fragments of
defined housekeeping genes. It is a DNA sequence-based typing method that is widely accepted.5.6
This technique was initially developed for Neisseria meningitidis” ten subsequently used for
assigning Streptococcus pneumoniae strains to the major hypervirulent clones8® and major
penicillin-resistant and multiple-antibiotic-resistant clones.?

For Staphylococcus aureus, MLST provides a wide level of discrimination which depicts the global
dissemination of the organism.5 This is highly discriminatory and can show that same allelic
profile patients have same antibiotic sensitivity patterns. For each gene fragment, the different
sequences are assigned as distinct alleles, and each isolate is defined by the alleles at each of the
seven housekeeping loci (the allelic profile or sequence type [ST]). In addition, the data obtained
by MLST can be used to address basic questions about the evolutionary and population biology of
bacterial species.6

As MLST of Staphylococcus aureus was naive for northern India, we planned to perform MLST for
paediatric patients, so that allelic profiles of North India can be generated. In this report we
validate MLST scheme from bacteraemia patients for S. aureus and demonstrate the utility of the
method by identifying the MRSA clones in paediatric population.

Material and methods

Patient population

All suspected bacteraemia cases admitted in NICU, PICU and Paediatric wards at Department of
Paediatrics, King Georges Medical university, were included in the study. The study period was 1
year (December 2018 to Nov 2019). Consent was obtained from parents / guardian of the
patients.

Complete case history including risk factors was taken in a preformed questionnaire. This study
was approved from institutional ethics committee.
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Identification and anti-microbial sensitivity testing

Paired blood cultures were obtained from patients. Blood culture was performed on automated
systems. Staphylococcus aureus was identified by colony characteristics along with biochemicals
(Catalase, coagulase and mannitol salt agar). Repeat confirmation of strains was done by MALDI-
TOF MS system. Antimicrobial sensitivity for cefoxitin and vancomycin, gentamycin, erythromycin,
clindamycin, ciprofloxacin, doxycycline, linezolid, teicoplanin, trimethoprim-sulfamethoxazole,
vancomycin, and daptomycin and cefoxitin was done according to CLSI guidelines.10

Detection of mecA, mecC genes for MRSA '1.12Cefoxitin resistant MRSA strains were further
evaluated for mecA, mecB and mecC. Detection was done using convention PCR with primers as
specified in table 1

Table 1 -mecA and mecC Primer sequences for detection of MRSA strains
Genes | Primers Primer sequence 5’-3’ PCR product length
mecA | Mec A-F | AAA AAA GGT GGT ATC GAT TGG C | 533bp

AGT TCT GCA GTA CCG GAT TTG C

mecA-R
mecC Mec C-F | GTCCCTAACAAAACACCCAAAGA 454bp

Mec C - R | GAAGATCTTTTCCG CAGC

Multi Locus Sequence Typing (MLST) of Staphylococcus aureus

This involves:

1. DNA extraction - This was done using 7 house keeping genes carbamate kinase (arcO),
shikimate dehydrogenase (arof), glycerol kinase (g/p), guanylate kinase (gmk), phosphate
acetyltransferase (pta), triosephosphate isomerase (tp/), and acetyl coenzyme A acetyltransferase
(yqil).'3 The DNA sequences of these genes are described in table2.

2. PCR (conventional)- PCR amplification was done by conventional PCR and products were
amplified using agarose gel electrophoresis. As shown in fig 1.

3. Genome sequencing - it was outsourced.

4. Assembly of genes and assigning alleles— Assembly of genes was done using BLAST
(http://www.ncbi.nlm.nih.gov/blast/blast.cgi). The sequence of the particular housekeeping genes
from the S. aureus MLST scheme were manually extracted from the sequences and compared to
references on the S. aureus MLST database (http://pubmlist.org/saureus).'4 Based on the sequence
match classical sequence type (ST) was assigned.

5. Submission on MLST database for ST types - Novel sequences were submitted to
the S. aureus MLST database http://pubmlist.org/saureus. The associated clonal complex (CC) was
calculated using the eBURST algorithm (http://saureus.mlst.net/eBURST/), with CCs defined using
a criterion of six common alleles.’4 Sequences have been deposited in the NCBI Sequence read
archive under the authors name.

Table 2- primer Sequences used in PCR amplification

Gene Primer Sequence (5'-3") Length
(bp)
Carbamate kinase (arcQ) arcC-Up | TTGATTCACCAGCGCGTATTGTC | 456
arcC-Dn | AGGTATCTGCTTCAATCAGCG
Shikimate dehydrogenase (arof) arof-Up | ATCGGAAATCCTATTTCACATTC 456
arof-Dn | GGTGTTGTATTAATAACGATATC



http://www.ncbi.nlm.nih.gov/blast/blast.cgi
http://pubmlst.org/saureus
http://pubmlst.org/saureus
http://saureus.mlst.net/eBURST/
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Glycerol kinase (g/ph glpF-Up | CTAGGAACTGCAATCTTAATCC 465
glpF~Dn | TGGTAAAATCGCATGTCCAATTC

Guanylate kinase (gmk) gmk-Up | ATCGTTTTATCGGGACCATC 429
gmk-Dn | TCATTAACTACAACGTAATCGTA

Phosphate acetyltransferase (pta) pta-Up GTTAAAATCGTATTACCTGAAGG | 474
pta-Dn GACCCTTTTGTTGAAAAGCTTAA

Triosephosphate isomerase (tp)) tp/i~Up TCGTTCATTCTGAACGTCGTGAA | 402
tpi-Dn TTTGCACCTTCTAACAATTGTAC

Acetyl coenzyme A acetyltransferase (yqil) | ygil-Up | CAGCATACAGGACACCTATTGGC | 516
yqiLl-Dn | CGTTGAGGAATCGATACTGGAAC

Fig 1: PCR amplification of 7 housekeeping genes on agarose gel electrophoresis

Results

From December 2018 to November 2019, 2280 patients were admitted with septicaemia in
paediatric wards, NICU and PICU. Paired blood culture was obtained for detection of
Staphylococcus aureus bacteraemia. SAB was identified in 128 (11.7%) patients which included
1085 positive blood cultures over the time of study. Distribution of patients based on age and sex
has been shown in table 3.

Table no.3: Age and Sex wise distribution of Staphylococcus aureus bacteraemia isolates

Number of Patients | Sex Age
Male | Female | <1Tmonth | Tmonth-1lyear | >1lyear
NICU 67 54 13 67 - -
PICU 24 10 14 - 12 12
Paediatric ward | 37 21 16 - 11 26

Out of 128 Staphylococcus aureus isolates, 61 patients were resistant to cefoxitin (MRSA) by disc
diffusion and agar dilution methods. Amplification of the mecA gene was observed in 55 of the 61
MRSA isolates and mec C gene in 3 isolates. 3 MRSA isolates did not amplify mec A and mecC
genes.

MLST typing revealed genetic diversity in Staphylococcus aureus bacteraemia isolates. In the
subset of 128 SAB cases, we analysed clonal types of 4 mecA positive isolates admitted in NICU
during the same time. It showed presence of all 7 MLST genes. Allelic profiles were generated, 2
NICU patients had same Clonal Complex CC1, which is the most common clonal complex. Rest
were CC8 and CC22 (novel clonal type). CC1 patients had a good survival rate compared to
others.
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Table No 4: Genome testing and cloning pattern

Isolate arcC | aroE | glpF | gmk | pta | tpi | yqiL | ST clonal complex
B-604 1 1 1 1 1 41 286 | 6274 | CCI1

B-928 7 6 1 5 8 8 6 22 CC22

B-1104 | 543 3 1 1 4 3 6275 | CC8

B-1289 | 1 1 1 1 1 41 286 | 6274 | CCI1

Discussion

In one of the biggest tertiary care centre in North India, this study revealed 128 cases of
Staphylococcus aureus bacteraemia during the study period of 1 year.

Methicillin resistance was reported in nearly 47% cases which is very alarming & needs to be
further evaluated. These strains pose major challenge in their treatment as methicillin is a protype
for resistance to B- lactams & other agents like clindamycin & erythromycin. Detection of mec A, B,
C is also important in guiding antimicrobial therapy. Mec A was isolated in 90% strain which show
resistance to other group of antibiotics (erythromycin & clindamycin). Worldwide studies have
demonstrated 57% prevalence of MRSA and mecA being outnumbered in MRSA strain.’> mec A
positive MRSA strain need to be checked for their clone types as there are associated with specific
geographical locations.

Outbreaks of MRSA infections in paediatric population are described in studies and their clonal
association with specific geographical locations has been reported world-wide. 6 MLST defined
clones have shown relatedness to each other & to the MSSA & MRSA strains.

CC-1 (2 isolates), CC-8 & CC-22 were the clonal complexes defined in our study. CC-1 is
dominant clone of CA - MRSA in USA.'8 In India, single study done in multi-centric setting
published, suggests ST-97, ST-1 & ST-9 to be the prevalent clones. 19 cases of CC 8 and 22 have
not been reported in India. This were first reported in our setting.

CC-1 has been shows to have good survival & response to the antimicrobial therapy.19.20 CC-8 has
been reported as a clone with global dissemination having poor out come in children. CC8- MRSA
bacteremia strain is associated with high mortality dur to antimicrobial resistance. In our study
also CC-1 strain patients responded to the antimicrobial therapy & had a good outcome. The
patients with strain CC8 were not see to survive irrespective of the antimicrobial therapy. A study
done of paediatric population on SAB, reports CC8 strain which is MRSA was associated with
increased mortality due to resistance with first line of empirical treatment. 21

North India scenario of MLST of Staphylococcus aureus need to be further evaluated with a wide
range of strains undergoing clonal typing. This will help in understanding the transmission pattern
& the effectiveness of antimicrobial therapy. This was a nine-study done to standardize MLST in
our setting which led to identifying new clone CC-22 as a potential cause of SAB in pediatric &
neonatal population.

MLST though a tedious but a remarkable method of assigning clonal types to staphylococcus
aureus. Once standardized, it can be done on large population in no time. This will help in
understanding the clones of Staphylococcus aureus & their various clonal types circulating in the
population.

Conclusion
MLST should be done on all critical patients to know the disease outcome. MLST provides an
unambiguous method of assigning MRSA isolates with clones to know strains of same origin.
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As of now this is the first study done in Northern India on MLST staphylococcus aureus. And
irrespective of limited resources we were successfully able to identify 3 clones (2 common and 1
naive) on Staphylococcus aureus circulating in our geographical region.
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