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17 Genera of Catalase Negative
Gram + Coccl

Streptococcus Abiotrophia
Enterococcus Granulicatella

L actococcus Globicatella
Aerococcus -Helcococcus
Gemella Dolosicoccus

L euconostoc Dolosigranulum
Pediococcus —acklamia
Vagococcus gnavigranum

Tetragenococcus



Characteristics of Streptococci

Facultative anaerobes
Some require carbon dioxide for growth

Optimum temperature 35 C

Complex nutritional requirements
provided by blood or serum

Ferment glucose into lactic acid
Catalase negative in 3% H,0,
Leucine aminopeptidase positive



Streptococcal Infections
Transmitted via

Droplets (S. pneumoniagGAS)
Congenital (GBS)

Mother-child oral secretions (S. mutan$
Animals Chuman (S. suisS. equ)

Auto-infection from oral cavity, genital-
urinary tract or gastrointestinal tract



Nonhemolytic S. pyogenes

Nonhemolytic

CAS Typical

Beta GAS
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Summary of Key Changes

Vaginal / Rectal Culture
Expand swab options
Option to use chromogenic broths and agars
Option to use antigen detection, probe, NAAT from broth
Direct plating can accompany broth inoculation (not replace)

Molecular ID tests

Not recommended for routine 35-37 wk antepartum screening

Recommended direct testing for women with no risk factors
and no prenatal screening

Recommended for use on broth enriched cultures to ID GBS

Urine Culture Screening
Report GBS at >10% cfu/ml in pregnant women

AST

Test for inducible clindamycin resistance when woman is
at high risk for anaphylaxis due to pen allergy



Algorithm for recommended prenatal group B streptococcal testing

Vaginal rectal swab?

Enrichment broth (can use non- pigmented or pigmented broth)

Incubate 18-24hrs at 35-37°C

Non-pigmented broth

v

Further testing (can subculture or use rapid tests)

A

y

Pigmented broth

No indicator GBS Indicator
color growth color observed

v

Subculture to appropriate media
Incubate 18-24hrs at 35-37°C

v

Identify GBS by recommended

method*
GBS - GBS +
y \ 4
Re-incubate overnight GBS+ » Report as GBS +

'GBS-

Report as GBS -

v

DNA Probe, latex agglutination or
nucleic acid amplification test (NAAT)

A 4

GBS -

A 4

Report as GBS -

A 4

GB

S+

A 4

Report as GBS +

A

v

Antimicrobial susceptibility testing if penicillin-allergic and at high risk of anaphylaxis*




PCR Assays Availlable

Assay GeneOhmE Smart GBS GeneXpert®

Hands on 18 min
Time
Total Test 70 min
Time

Complexity High
Ext Controls Yes
Cost $18-26

25 min
75 min

High
Yes
$18-26

2-3 min
<80 min

Moderate
NO
$40-45
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Molecular vs Culture

Many studies did not resolve discrepancies
between culture + PCR- samples, and
culture - PCR+ samples

Direct PCR of vag/rec specimens
Sensitivity 62.5 - 98.5%

PCR of enrichment broth
Sensitivity 92.5 - 100%

Molecular test faster and highly specific

Molecular test $$ and no organism for
susceptibility testing
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GBS Detect Agar
Hardy Diagnostics

Incorporation of
CAMP factor into the
agar allows non-
hemolytic strains to
appear hemolytic

Subculture LIM broth or
negative Carrot Broth,
Incubate aerobically
35°C, 18-24 hr. Ignore
small colonies with weak
hemolysis (E. faecalis)




GBS on Chrom Strep B agar (pink colonies)
compared to growth on CNA
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Beta Hemolytic Streptococcl
Group C and G

Multiple species carry Group Cand G
S. dysgalactiae ss. equisimilia, C, G, L)
S. dysgalactiae ss. dysgalacti$€)

S. equi ss. equyc)
S. equi ss. zooepidemic(®)
S. cani{G)

13



ldentifiication
of Group C
and G
Streptococcl




Beta Hemolytic Streptococcl
Group C and G

S. dysgalactiae ss. equisimiliafections
Pharyngitis in college age students
Invasive disease (Blood, bone, CSF)
Skin and soft tissue infections
Strep toxic shock-like syndrome
Necrotizing fasciitis
Acute rheumatic fever/ nephritis
Person-to-person transmission

Carries SLO, SLS, M protein, capsule and other
virulence factors ~ GAS
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dans streptococcus?

IS a VIr|

What
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Clinical Importance

Normal flora of oral cavity, Gl and GU tracts
Endocarditis

Abscesses (liver, brain, female genital tract)
Sepsis in neutropenic cancer patients

Viridans strep shock syndrome in children with
cancer or stem cell Tx

VAP in neonates
Blood culture contaminants

17



Viridans Streptococci
Groups

Mutans

Salivarius

Anginosus

Mitis (mitis and sanguinis)
Bovis

18



Viridans Streptococci

Mutans group
S. mutansand other species in animals
Associated with dental caries
Causative agent of endocarditis
Dry adherent alpha/nonhemolytic colonies

Cocci under optimal conditions / short rods on
agar and acidic broth

Often isolated anaerobically

19



Viridans Streptococci

Salivarius group

S. salivarius S. vestibularis S. thermophilus
(non-human)

Normal oral flora in humans
Non-hemolytic colonies
Causes sepsis in neutropenic patient

Found in outbreaks due to transmission of oral
flora from anesthesiologist / radiologist to
patient causing meningitis

20



Viridans Streptococci

Anginosus group (S. millerinot official)
S. anginosus, S. intermedius, S. constellatus

Associated with abscess formation
(urogenital/Gl, brain / liver, lung)

Alpha, beta (minute), or nonhemolytic
Carmel-like odor
Prefer increased CO, or anaerobic

May produce Lancefield antigens
Group A, C, F, G or none
PYR negative unlike S. pyogenes

21



Rapid Anginosus Kit (Hardy)

Rapid Arginine Rapid VP

S. anginosust S. anginosus +

S. salivarius, mutans, bovis S. salivarius, mutans, bovis +
S. mitist/- S. mitis -

Using a pure culture, heavily inoculate tubes to Mc Farland #4.
Overlay arginine with sterile mineral oil. Incubate aerobically 4 hr @ 35-37 C.
Add VP reagents after incubation, let tube sit 15-30 min. 29



Viridans Streptococci

Bovis group
Only 55% react with Gr. D antisera

PYR negative

S. bovid (mann+) = S. gallolyticus ss.
gallolyticus (colon cancer, endocarditis)

S. bovidi/1 (mann - B glu-) = S. Infantarius ss.
coli (endocarditis)

S. bovidl/2 (mann-, B glu+) = S. gallolyticus ss.
pasteurianug(liver and gall bladder)
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Viridans Streptococci

Mitis group
S. mitis, S. oralis, S. pneumoniae, S. sanguinus,
S. gordonii
Alpha hemolytic colonies like pneumococci

Associated with endocarditis and sepsis in the
neutropenic patient

Found in dental plaque

Species most often causing viridans strep toxic
shock syndrome

Species most likely to be resistant to beta lactams

24
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S. pneumoniae
Tests



S. pneumoniae

A Comparison of ID tests for pneumococci show
95% of true S. pneumoniaare DNA
AccuProbe+

Test Sensitivity Specificity

Bile solubility 98.8% 82.5%
Optochin 87.9% 59.3%
Quellung 99.3% 74.4%
Morphology 70%

JCM 46: 2184, 2008
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Strep ldentification Systems

A Vitek GPI
A Vitek 2

A MicroScan
A Phoenix
A Trek

A RaplD STR

A API Strep

A 1D32 Strep (not U.S.)
A BBL Crystal Gram Pos
A MicroLog
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Problems with Phenotypic Tests

1.

Not all strains with a given species may
be positive for a common trait

Same strain may vary its reactions on
repeat testing

Databases lag behind newly described
species

Results dependent upon the expertise of
the individual reading and interpreting
the reactions

28



Is Molecular the Solution to
the ID Problem?

e
Oligonucleotide array using 16S-

23S rDNA sequencing to
differentiate 11 species

Poor resolution of 16S rRNA due
to >99% homology in Mitis group
o A A Miscall S. pneumoniaas S. mitis
S, o N s - Must keep optochin and bile

f—f—t

| |

5. intermedius ATCC 27335 S salivarius ATCC 13419 S agalactiae ATCC 13813

JCM 43:1515-1521, 2005



Other Molecular Solutions

Sequence highly conserved
rpoBgene of RNA polymerase

16S rRNA

740 bp variable region
surrounded by 20 bp conserved
zone as PCR target

Differentiate 5 genera:
sme cccccccccadshch Streptococci, Enterococci,
Gemella, Abiotrophia,
Granulicatella

JCM 42: 497-504, 2004 %



MALDI-TOF
Matrix-Assisted Laser
Desorption lonization-

Time of Flight
Mass Spectrometry



Principle of MALDI-TOF

Detector _p= &

00 o
o

Time of flight tube

Eléctric
field generator




Bacteria were recovered from blood culture
fluids by differential centrifugation

Discard Resuspend

2mlH,0 supernatant in 1 ml H,0
— ; o} iy

MALDI-TOF MS
fingerprinting

4 ml 1000xg 13000xg
supernatant 2 min

5 min
' ' '-@

Extract pellet in formic
acid + acetonitrile

Use pellet

1. Put 1 pl of supernatant on duplicate spots on steel plate and air dry

2. Cover with matrix and air dry

3. Put plate into mass spectrometer

4. Use computer software to match patterns with library of known
organisms

Christner, M. et al. 2010. J. Clin. Microbiol. 48(5):1584-1591 33



FIG. 1. MALDI-TOF mass spectra of different streptococcal reference strains: S. oralis
DSM 20627, S. mitis DSM 12643, S. gordonii DSM 6777, S. sanguinis DSM 20567, S.
parasanguinis DSM 6778, S. anginosus DSM 20563, S. constellatus DSM 20575, S.

intermedius DSM 20573, S. salivarius DSM 20560, and S. mutans DSM 20523

S. oralis

S. mitis

S. gordonii

S. sanguinis

S. parasanguinis

S. anginosus

S. constellatus

S. intermedius

MiAMMAA A

W S. salivarius
E MJ‘\J\_,,M 5 S

Friedrichs, C. et al. 2007. J. Clin. Microbiol. 45(8):2392-2397



MALDI-TOF for Streptococcl
and Enterococci

Broad species coverage
No expensive consumables
TAT =2 hr

13/15 streptococci correct
GAS, GBS, S. gallolyticus, S. anginosus
Missed 2 S. thermophilugnot in database)
24/25 enterococci correct
Missed 1 E. faecium

Similar to the problems with 16S rRNA, difficult
to separate S. pneumo /S. mitis/ S. oralis

35



Enterococcus

35 valid species currently
Gram positive cocci in pairs / chains

Catalase negative
Pseudocatalase produced on blood agar!

BE+, 6.5% NaCl +, PYR+

Some are beta hemolytic on sheep blood agar
Some are motile

Some are pigmented

Some newer species are PYR negative

Some newer species are AccuProbe negative

36



Enterococcus Epidemiology

Normal flora in human oropharynx, vagina,
perineum, feces, plants, chickens, insects

Translocation from colonization in Gl tract to cause
UTI, abdominal and pelvic infections, burn/surgical
wound infections, bacteremia, endocarditis, medical
device infections

Rarely causes meningitis

#1 infection caused by GDE = UTI
80-90% are E. faecalis5-10% E. faecium

Super-infection after antimicrobial therapy
Common nosocomial pathogen

37



Bile Esculin and Salt Tolerant
Gram Positive Coccl

A Enterococcus
A Aerococcus
A Lactococcus
A Leuconostoc
A Pediococcus

38



PYR Positive Coccl

Enterococcuspp. :
Streptococcus pyogenes =
Gemellaspp.

Lactococcus

Abiotrophiaand Granulicatella
S. haemolyticus

S. intermedius

Rothia mucilaginosus




Genus Aerococcus

Gram positive cocci in tetrads
Alpha hemolytic colonies
Maybe BE +, salt tolerant, PYR variable

Source: hospital air, dust, vegetation, marine
environment

Causes endocarditis, septicemia, UTIl in humans
and infections in marine animals

A. viridans(PYR+, LAP-)

A. urinae(PYR -, LAP+)

A. urinaehominis A. christenseni(PYR-, LAP-)
A. sanguinicolgPYR+, LAP+)

40



Detection of VRE

According to NHSN, SENTRY, SCOPE studies:
60% of VRE = E. faecium
2% of VRE = E. faecalis

Disseminated patient to patient or via HCW
and contaminated medical instruments and
environmental surfaces

High risk patients with liver Tx, chronic
hemodialysis, heme/oncology

41



Detection of VRE

Phenotypic tests
Bile esculin azide with vancomycin (6 pg/ml)
Chromogenic agars

Molecular tests
BD GeneOhm Van R assay
Cepheid Xpert VanA assay

Roche Light Cycler SeptiFast (multiplex RT-PCR licensed
in U.S. to ID major nosocomial pathogens from whole
blood)

Direct PCR compared to BEAV
Sensitivity: 73% vanA, 85% vanB
Specificity: >99% vanA, 84% vanB

Anaerobic bacteria in stool contain vanB

42



ChromAgar to ID VRE

Hardy ChromE VRE : E. faecalis red and E. faecium blue

43




= HARDY

Mixed VRE at 24 hr aerobic Mixed VRE at 48 hr aerobic
Incubation Incubation

- Contains 10 pg/ml of vancomycin
- Sold in formats for clinical culture and environmental sampling
- Will not detect low level resistant E. casseliflavus and E.

gallinarum
44



Additional Enterococcal
Tests
Pigment and Motility




=
=iy —— —+— 4+ 32
reratl — —— — =
a-san —— — I R —

MDP = methyl-D-glucopyranoside

EFRO= Efrotomycin 100 pug
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Genus Leuconostoc

Gram positive cocci in pairs/chains
BE +, 6.5% NaCl +, PYR -

Forms gas from glucose in MRS broth
Mimics viridans strep but vanco R

Source: milk, milk products, plants, wine,
vegetables

Endocarditis, sepsis, catheter-related
infections

47



Leuconostoc (top) vS. Enterococcus

48
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Genus Pediococcus

Gram positive cocci in tetrads
Catalase -, PYR-, group D reactive

Source: beer, wine, cider, sauerkraut,
silage, starter for fermented soy sauce,
pickling brines

Resistant to vancomycin

49



Ped!o coccus SPp.
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Enterococcal Want-to-b e 0 s

Organism

Enterococcus
Dolosicoccus

Facklamia
(Hipp +)
Invigranum
(Hipp -)
Globicatella

Gemella




Best Practice #1

A Establish criteria you will use in your lab to
identify organisms and their susceptibility

I Stick to it for consistency

| Decide when to identify to species level and
when to leave as a genus or group

54



Best Practice #2

A Your lab procedures should reflect:
| Clinical importance
| Resources

I Workflow

| Utility of results (ask your customers what they
want and need)

AS52y QU G2NNE | 02dzii AR
organism unless you isolate it multiple times
from patient

55



Best Practice #3

A Work -up of throat cultures

| Report S. pyogene$GAS) in all patients

Report Group C and G streptococci in
teenagers, college age, and adults

Do not report Group B streptococci which are
normal oral flora

Do not report small colony beta hemolytic
streptococci (A,C, F, G or non-groupable) which
are normal oral flora

56



Best Practice #4

A Distinguish large colony beta from small
colony beta isolated from sterile body sites
and from wounds

| Minute beta strep (S. anginosugroup) are

associated with abscess formation that should be
found and drained

| Must distinguish large colony from small colony
to interpret susceptibility results if performed
(small colony beta use viridans group CLSI table)

57



Best Practice #5

A Identlflcatlon of enterococci

" Go to species level if isolated from sterile body
site (blood, bone, CSF, pleural fluid)

Go to species level if vancomycin resistant or if it
has an unusual susceptibility pattern

Report as Enterococcusrom urine, mixed wound
cultures, superficial wounds

Enterococci are usually not a pathogen in the
respiratory tract

Enterococci are normal flora in the oral cavity and
Gl tract (enterococci are in our foods)

58



Best Practice #6

A Screen for vancomycin resistant gram
positive cocci in mixed cultures

| Use selective agars or vancomycin disks for
rapid detection of VRE and other vancomycin

NBE aAai L VE OA 1ééfé£‘é2 1
| Report VRE and vancomycin resistant cocci to
infection control

59



Best Practice #7

A Routine susceptibility testing not necessary for
beta hemolytic strep

A No vancomycin resistant S. pneumoniagviridans
strep, or beta hemolytic strep
I Recheck ID; repeat test with pure culture
I Haemophilus influenzaean be mixed with pneumococci
A Some screening tests require confirmation
I Vanc screen agar and enterococci
I Disk diffusion with oxacillin and pneumococci

A Viridans group can be resistant to pen and 3™
generation cephalosporins, test significant isolates

60



Best Practice #8

A Identification of viridans streptococci

| Go to species level when isolated more than
once from sterile body site (blood, bone, CSF,
pleural fluid) and do AST

| Go to species level to distinguish new infection
from a recurrent infection

ihY G2 NBLI2 NIS. andiddsBs N2y dzlie
based on small zone beta hemolysis, carmel-
like odor (may add rapid arginine and VP)

i 52 VY QU-upék Sngld positive blood culture
with alpha/non-hemolytic strep (rule out
enterococcus and pneumococcus)

61



Best Practice #9

A Add an optochin disk and a 30 pg vancomycin
disk to the subculture plate of positive blood
cultures with gram positive cocci for quick
rule out

A When puzzled go back to basics:

| Catalase test on colonies grown on media
without blood

| Gram stain from a broth culture
| Bile esculin, 6.5% NaCl, PYR and LAP
| Test susceptibility to pen and vanc
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Best Practice #10

ALT GKS 3N} Y LIRAaAAUAOGS
think nutritionally variant strep (now called
Abiotrophia/Granulicatellg or anaerobic cocci
(Peptostreptococcus

| Subculture to BAP with staph streak

| Subculture to chocolate agar

i { dzo Odzf GdzNBE 02 |yl SNRPOAC
sub every positive blood culture anaerobically, wait
for growth in CO,)

I Subculture to BAP incubate in ambient air
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Best Practice #11

A New species are increasingly more difficult
to ID with phenotypic traits
fa2zald L5 1A04a R2y Qi KI @
database

I Weird organisms are identified based on DNA-
DNA re-association and 16S rRNA

A{ SYR @2dzNJ dY@auSNE 0c
equipped to perform sequencing, MALDI-
TOF, or battery of biochemicals

I You are not the expert, move on with other
cultures
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