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Laboratory screening strategies

There are several possible approaches to MRSA screening within the laboratory. The trade-off between sensitivity and specificity
varies between strategies for screening. The strategy chosen should serve the local circumstances and context for screening, for
example, to produce quick negative results if needed, to ensure optimal sensitivity, or to adjust the process to the amount of
screening samples. Molecular tests with variable genetic targets (S. aureus specific genes/mecA and mecC genes/gene
sequences located at SCCmec junction) are widely available commercially.
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Detection of mecA and mecC genes on S.aureus colonies (mecC included if mecA negative)

Broth enrichment improves
the sensititvity of culture
method by 15-20%

BUT

increases the turnaround
time



Selection of MRSA (and MSSA) In
broth

Antibiotic-based selection Salt-based selection

« Cefoxitin (3.5 mg/L) - « 2.5% - 7.5% NaCl
aztreonam (20 mg/L) « Both MRSA and MSSA are

* Only MRSA (strains enriched (strains
tolerating the cefoxitin tolerating the salt
concentration) are concentration)

enriched May also
be

combined
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Simplifying MRSA screening by sampling
directly to the enrichment broth

Wanted (in 2017):

A transport-enrichment tube
which would allow

- sampling directly to the
enrichment brot

- pooling samples
nose+throat; perineum
separately)

- incubation while waiting for
transport (if feasible)

- use of same tube for pre- (7.5% NaCl) (negative), Contrast
operative screening of S. MRSA (positive), Sigma TSB (6,5%

aureus carriage NaCl), Copan TSBSalt (2,5% NacCl)

From left: Thermo Contrast MRSA



Testing the broths’ ability to enrich

« Broths were tested with 5 MSSA strains and 16 MRSA strains (QC
strains, routine strains of which some MDR HA-MRSA strains and
some with low oxacillin-MIC only)

* McF 0.5 - 1:100,

Day 0: 10 ul to each broth tube and direct inoculation to blood agar and
ChromID MRSA Smart (bioMerieux), Chromagar MRSA II (BD) and Brilliance
MRSA (Thermo)

Day 1: 10 ul from each broth tube onto agars
A 100-fold increase in number of colonies after o/n enrichment expected

« Contrast MRSA failed to enrich 2/5 MSSA and 1/15 MRSA strains
(and would have been difficult to be sent to and used by clients).
The other two broths enriched well all tested strains.



Also chromagars differed with regards to 1) growth of certain strains and
2)their selectivity against enriched MSSA and mixed axilla-groin flora added

Strain #13 (MRSA): BA before enrichment, enrichment broth, BA after enrichment, Chromagar Orientation, Cﬂnagar
MRSA I, ChromID MRSA Smart and Brilliance MRSA -‘{KS
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Testing was continued with some UKNeqas strains
with different AST profiles (and also a shorter

enrichment)
Growth on blood agar
After 6h enrichment + After 22 h enrichment+
Before enrichment 13 h/18 h on agar o/n on agar
Strain Sigma TSB TSB Salt  Sigma TSB TSB Salt Sigma TSB TSB Salt
9 col/13

1 = 100 =90 col ++ ++ +++
2 >100 =80 + ++

3 =~ 60 = 40 +/20 col +++

4 =50 =50 ++ ++

5 =50 = 50 +/50 col ++

6 = 50 = 50 + +

7 =50 =50 10 col +++ ++ +++
8 ~ 50 =50 10 col +++ ++ +++
9 =50 = 50 + +++

10 = 50 = 50 -/ 2 col +++ + LR

Different growth at 6 hours!



A MRSA sample before and after
enrichment

10 ul inoculated before 10 pl inoculated after
enrichment overnight enrichment
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A MRSA sample before and after
enrichment

10 pl inoculated before 10 wl inoculated after
enrichment overnight enrichment
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About 30 CFU/ 10 ul =

3000 CFU/ml

Limit of detection (LoD) 100 cfu/ml (but according to Poisson distribution, = N ..
only 63% of 10-pl aliquots would contain 1 cfu, provided that cfu=particle) 1 YKS ==



LoDs of some PCR assays

TABLE 2. Sensitivities and limits of detection for the two assays tested on pure strains and
their defined mixtures at various concentrations

Avg LoD (95% €I) Sensitivity (%) at indicated MRESA concn

Sample group Assav LoD range (CFU/ml) {no. of positive samples)
{no. of samples) o = ’ =
CFU/ml CFU/swab® WF CFU/ml 1P CFU/ml 10* CFU/ml
MRSA strains (27) GeneOhm | 143 10°P41 % 10° | 43 % 10° (L7 % 10°-3.2 % 107 % 107 (L7 = 10'-3.2 ¥ 10°) 33.30 (9) 92,30 (25) 100 (27)
Xpert L4 % 1W0P-2.0 = 10% | 3.3 = 10° (1.6 x 10711 x 10%) 107 (1.2 = 10°-8.4 x 107) 14.80 (4) 96.30 (26) 100 {27)
MESA/non-MESA mixtures (21) CreneOhm 54 % 10751 = 1P 2.0 % 1P (4.5 = 10"-4.9 x lur"J 2.0 x 1P (4.5 x 10°-4.9 x IU:J 42590 (%) LOMb (21) ND"
Xpert 2.7 % 10051 = 1P 2.4 1P (3.7 = 10'-5.0 % 10°) 1.8 » 10° (2.7 » 10°-3.7 x 1(F) 38.10 (8) 100 (21) ND
“ Calculated for 100-pl and 75-ul sample inputs for GeneOhm and Xpert, respectively. |V|a|h0tra-Kumar et al 20 10

* ND, not determined, as all MRSA-positive mixtures were detectable at the preceding lower concentration.

Hologic Fusion: 1183-2383 CFU/mI dependent on the isolate tested
(95% probit analysis) Bartels et al 2021
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The amount of MRSA I1n a nostril

« 135 subjects with a prior positive MRSA sample (no
decolonization process nor antibiotic treatment) were
sampled with a rayon swab (one nostril with dry and one
with moistened, 100ul plated, results combined)

n(=270)

% 20.7% 7,8% 10%
. J

30-40% below or close to LoD of
enrichment culture & PCR

4,8% 20% 17%

May be detected with
enrichment

56 21 27 13 54 46 50 3

18,5% 1%

Warnke et al PLOS 2016



@ P Los | ONE Utilizing Moist or Dry Swabs for the Sampling of Nasal MRSA Carmriars?

Swabs differ 25000 g ary

O moistened 00
e ° ® o
 Artificial nose models were 20000-
applied with 2x10% colony > %
forming units (CFU) MRSA O 5 k-
adjusfed to the médian 150001 ® © © o
acterial quantities recovered }
from patients) and 1x10> CFU L o
Staphylococcus epidermidis
(to simulate nasal flora) 10000-—
. Different swabs were used Fa W A
dry and moistened) for & v F & "@o&
sampling and the recovery of L & ° ¢
MRSA was assessed by plating & &
100 pl of 1:10 serial dilutions & &
and counting CFUs \Qo\“‘

p-value (comparing dry and moist swabs within one swab-type) = 0.62 (Nerbe plus, rayon); 0.90 {MWE, polyurethane); 0.72 (Copan, nylon-flockad); 0.96
(MWE, rayon) (Wilcoxon-Mann-Whitney U-test).

d0i:10.137 1journal.pone.01€3073.9002




3 generations of Xpert MRSA tests at ICU

(Jacgmin et al EJCMID 2017)

Table 1  Performance evaluation of the three generations of Xpert MRSA assays
Reference Reference : MRSA
NPV PPV
method + |- method - | g\ Geivity | Specificity | (ICU high- | (ICUhigh- | Frevalence
(ICU high- | (ICU high- sk No9 | risk, Ne# (ICU high-
risk, N=9%)) risk, N=5%)) risk, N=9))
Xpert MRSA | PCR 43 25
2" Gen. + (27) (16)
(01/01/2014 -
02/03/2015) 64.2% 98.9% 08.0% 62.8% 3.2%
N = 2243 PCR 24 2151
- 13 1212
(13) (1212) (N=1268) | (N=1268) | (N=1268)
Xpert MRSA | PCR 53 56
3 Gen. + (31) (34)
(03/03/2015 -
17/04/2016) 86.9% 97.9% w 99 7% 47 7% 2.3%
N=2771 PCR 8 2654
) ) (1463) (N=1552) | (N=1552) (N=1552)
*
XNpert MRSA | PCR 14 12
Nx(G + (10) (11)
(18/04/2016 -
30/11/2016) 77.8% 99.2% = 99 9% 47.6% 1.2%
N = 1459 PCR 4 1429
] (1) (878) (N=900) (IN=900) (N=900)

* Statistically highly significant (p<0,01)
$The numbers in the brackets refer to the number of assessments carried out for the ICU high-risk group




mecA -geeni
CCCCCC -kasetti . .
Typical targets in
direct MRSA PCR
1. mecA(/mecC)
2. SCCmec
I3 junction
3. S.aureus-—
specific target
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Molecular epidemiology

S.aureu ksen genomi

- In addition to the - Especially strains with
LoD, the sensitivit SCCmec cassette type IV
of any direct MRSA- =i
prevalence of many commercial assays
Strainsith an » When testing several
junction (target 2? commercial PCRs, our
which is amplifiable "most difficult strains”
by the assay belonged to spa types

t688 and t002




Evaluation of
the Hologic
Panther
Fusion MRSA
Assay for the
detection of
MRSA in
eSwab
Specimens
obtained from
nose, throat
and perineum

(Bartels et al 2021)

Bur J Cliin Microbiol Infect Dis (2021) 40:2177-2183

2131

1097 sampies Included
356 (35.4%) nasal swabs
372 {33.9%) pharyngeal swabs
337 (30.7%) parineal swabs

B {0.5%) HPFM Invalld results

]
l

1 ngsal saeb
& perinesl swais

Excluded from further analysis.

1091(29.5%) samples with HPEM result

387 (09.7%) nasal swabs
372 (100°%) pharyngesl swabs
337 (08.5%) parineal swaks

|

| l

103 (8.4%) samples ECHHPFM+ 29 [2.7%) samples ECHHPFM-

31 (B.0%) nasal swabs 7 (1.8%) nesal swabs
45 [12.1%]) pharyngeal swabs 18 {4.3%) pharynpasl saEhs
27 (B.1%) perineal saabs 6 (1.8%) perineel Baahs

17/29 [58.6%) sampies falled because of Insufmiclent
analytical sensitivity. HPEM+, whan tesiad on OM
enrichmant broths.

12/29 [41.4%) sampies with falled detection. o
SSCmec Junction PCR falled detection. Isolates
belonging 1o 7 differant compiax bypes by cgMLST.

Fig. 1 Analysis and resuls of samples included in the study. Flow
shimwing the resuls of BEC and HPFM for all samples. In ihe green and
pink boxes, peroeniages ane of the il number of the swab type and add
up to 1% horzentally. EC+, enfichment culiume postive; EC-,

| |

22 (20%) samples EC-HPFM+ 937 [85.9%) samples EC-HPFM-

5 [1.3%) nasal swabs 344 (88.9%) nasal swabs

O [2.4%) pharyngeal swabs 302 [81.2%) pharyngeal swabs

B [2.4%) parneal swabs 231 [87.7%) perineal swabs
1sample with & argenteus

& primary ESwabs not stored

k
1521 (T1.4%) primary ESwabs cultured w/o selection.
7 (47%) 5amplas yleided MRSA.
5 {33%) 5ampies yisided MSSA with PCR detection

of orIXISSCmas Junction (2 comgiex pes by
LST
1:?#mp%efmmuusmwmpmmﬂ
GAPDH only.

emnfichment culiure negative; HPFhW, positive on HFFM when testing
the ESwab Amies medium; HFFM-, negative on HFFM when iesting the
ESwab Amies medivm; O, ovemight; wio, witou



Panther Fusion MRSA

« Panther test had overall sensitivity 78% as compared to
enrichment broth (EB)+ in-house PCR screening (+culture of
positives)

. \évlr%/er; rerun from EB, 17/29 were positive (sensitivity —

(0

« 12 cultured isolates were not at all or poorly detected by th
Panther assai/7(SCC mec types IVa or V, spa types t127, t688,
t084, t002, t174)

 PCR found 7 samples that were MRSA positive but failed to
enrich in cefoxitin

« PCR found 5 MSSA with an empty cassette and one with only
SA target




Take home messages

A remarkable portion of MRSA-positive specimens contain (very)
low amounts of MRSA

« Samples with low amounts give variable results in repetitive
testing

 Enrichment improves the sensitivity of both culture and molecular
detection. Also a 6 to 8-h enrichment may be useful.

« However, all methods fail to detect some strains

« The trade-off between sensitivity and turnaround time needs to be
done according to risk assessment in different patient populations
High- vs low-level positivity with regard to infection control?
The ultimate goal is to prevent infections caused by MRSA



Thank you!

Getting better, every day
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