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The genus Salmonella®

Genus Salmonella
i [ | L
Species S. bongori S. enterica
| |
Subspecies Subsp.V subsp. enterica (l)

subsp. salamae (ll)
subsp. arizonae (llla)
subsp. diarizonae (ll1b)
subsp. Houtenae (1V)

subsp. VI indica (V1)
L |

>2,600 serovars

aAccording to 16S rRNA sequence analysis

S. enterica

Typhoidal serovars
Salmonella Typhi
Salmonella Paratyphi
etc.

Non-typhoidal serovars
Salmonella Typhimurium

Salmonella Enteritidis
etc.




Salmonella taxonomy

« Serotypes of species enterica subsp. Enterica are designated by a name.

Genus Species Serotype or Serovars

o Salmonella enterica subsp. enterica serovar Typhimurium
o Salmonella enterica serovar Typhimurium
o Salmonella ser. Typhimurium

« Serotypes of S. bongori and the other subsp. are designated by antigenic
formulae.

o Salmonella enterica subsp. salamae serovar 6,8: b:1,5
o Salmonellall 6,8 : b:1,5
o S.116,8:b:1,5

S. Typhimurium, S.1,S.1I, S.llla.... should be limited to laboratory notebooks

since abbreviation (S.) of a genus name (Salmonella) cannot stand alone
without being followed by a specific epithet (S. enterica).




What is Salmonella serovars?

Serovars/serotypes - groups within a single
species of microorganisms, such as bacteria
or viruses, which share distinctive cell
surface structures (antigenic structure).

" ¢ ... Salmonellalook alike under the microscope
1:’,,‘,:'\'~ AT but can be separated into many serotypes
. 5 '~ based on two structures on their surface,

e, . O and H antigens.



Why serotyping of Salmonella?
To help find»Salmonella
outbreaks and track

To increase
the detection reliability
them to their sources.

To predict the severity ‘ To learn the more common
of illnesses serotypes for better

understanding of iliness
Use for public health
Q monitoring of
Salmonella infections

and the natural history of
all Salmonella strains




Different Salmonella serovars to predict
the severity of illnesses
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S. Enteritidis,
S. Typhimurium

S. Dublin

S. Choleraesuis

Common in foodborne iliness; can cause self-limiting
gastroenteritis but also invasive disease in vulnerable
populations.

Cattle-adapted; frequently causes bacteremia and
severe systemic illness in humans.

Swine-adapted; high rates of bacteremia and mortality,
especially in Asia.



S. Typhimurium

S. Newport

S. Infantis

Often multidrug-resistant (MDR); associated with
DT104 strain (ACSSuT pattern: ampicillin,
chloramphenicol, streptomycin, sulfonamides,
tetracycline)

Emerging ESBL or AmpC B-lactamase producers;
concern for cephalosporin resistance

Frequently MDR, especially ESBL producers




The combination of bacterial species/food animal population to
prioritize for AMR monitoring

Food and Agriculture
p Organization of the
United Nations

. . b
Place of sample Bacterial species

collection
Salmonella E. coli C. coli C. jejuni | E. faecium | E. faecalis

Broiler Farm Boot swab - - B . )
Slaughterhouse Caecum Caecum Caecum Caecum Caecum Caecum
Monitoring and surveillance Layer Fa rm BOOt SWab - - - - -

of antimicrobial resistance
in bacteria from healthy

$eo Ml itanded Pigs Slaughterhouse Caecum® Caecum Caecum - Caecum Caecum

for consumption

Cattle Slaughterhouse Caecum® Caecum -¢ -¢ Caecum Caecum
Chicken Slaughterhouse, Skin ? Skin Skin ? ?
meat retail outlet

Pork Slaughterhouse, Meat Meat Meat - Meat Meat

retail outlet

Beef Slaughterhouse, Meat Meat - - Meat Meat
retail outlet

1 Country experiences should be taken into account when developing their AMR surveillance plan as this may vary. In Japan, for example, while Salmonella in chicken can be detected, there is low detection rate in cattle and pork. Campylobacter coli
can be recovered from pig at slaughter, while C. jejuni from cattle and broiler.
2Should be tested (if able to carry out)



Target bacteria for AMR monitoring

At least three isolates from each positive sample should
be typed for their serotypes following the Kaufmann—

Salmonella White scheme

Resistance to some antimicrobial agents can be

* No more than one associated with particular Salmonella serovars.

isolate per

salmonella serovar MIC distributions for S. Typhimurium and S. Enteritidis
from the same should be reported separately because of their public

epidemiological health significance.
units (flock, batch)
per year The other serovars may be grouped together and reported

for each study population separately.




Methods for determination of Salmonella serovars

« Slide agglutination assay - The Kauffman and White scheme

* Multiplex-PCR method

« Microarray-Based Method

« Whole Genome Sequencing analysis

» Multiple cross-displacement amplification (MCDA) -
the five Salmonella serovars Typhimurium, Enteritidis,
Virchow, Saintpaul, and Infantis,

« High-throughput sequencing (HTS) technologies, based on
amplification of targeted identity regions — all serovars




Journey of Salmonella serovars based on

Kauffman and White scheme - Salmonella was first

1Yy cultivated by Georg
Theodor Gaffky .

* The use of serum EF:Jels
from a patients with
Salmonellosis was
initiated.

* The analysis of O & H
antigen was initiated by
Philip Bruce White.

1934

y

» The analysis was further
studied by Fritz Kauffmann
and fist published (44
serovars).

* F. Kauffmann retired & the scheme
contained 958 serovars

.>2.600 serovars  *>2,555 serovars M.Y. Popoff left with 2,555 serovars



The Kauffman and White scheme

' Contents
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Ta y and no lature of the genus Salmonella

WHO Collaborating Centre for Reference

and Research on Salmonella
« Differential characters of Salmonella species and subspecies

» Change in serovar nomenclature

* Designation of O groups

* Case of factor 0:27 in group O:4

* Case of group 0:54

« Flagellar (H) antigens of the e.n.x/e.n.z; complex

* Differential characters of serovars having the same global antigenic formula

ANTIGENIC FORMULAE OF THE Presentation of the WKL scheme. Symbols
SALMONELLA SEROVARS * Designation of « R phases » of H antigens

* Information and references of the first isolation of each serovar

*» Present number of serovars in each species and subspecies

2007 White-Kauffmann-Le Minor scheme
9th edition Alphabetic list of names given to serovars of S. enterica subspecies enterica

with their antigenic formulae

Alphabetic list of serovar names withdrawn from the scheme

Patrick A.D. Grimont & Francois-Xavier Weill
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The Kauffman and White scheme

« A system that classifies the genus Salmonella
into serotypes, based on surface antigens.

« permits serological varieties of the genus
Salmonella to be differentiated from each other.

* The scheme is based on:
o O antigens - Somatic antigens (cell wall
lipopolysaccharide).
o Flagellar antigens - often biphasic
(phase 1 and phase 2).




Gram-negative bacterial cell wall
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Major antigen types in Salmonella

Pili (fimbriae)

1. O-somatic antigen

Lipopolysaccharide l

Surface or capsule
Flagella

3. Vi or capsular antigen
2. H-flagella antigen



Major antigen types in Salmonella

*Determine by sugar
sequences of cell surfaces

*Integral part of LPS complex

*Heat stable polysaccharides n
— Boiling up to 2 hrs -2

« Tolerate to ethanol | % Ak 2
3. Vi or capsular antige/ \

*Part of K antigens

*Heat labile,

*Act as a virulence factor

*For pathogenic strains

S. Tyhi, S. Paratyphi C, S. Dublin

1. O-somatic antigen
l Pili (fimbriae)

2-H-flagella antigen
-~ Heat & alcohol labile
» Genus specific — not share
with other enterobacteria
« Strongly immunogenic
* Dual nature, phase 1 or 2



Phase variation

flagella

Two flagellin genes located on chromosome,
« fliC (H1, phase 1) and fljB (H2, phase 2)
« They cannot express at the same time.

« The frequency of alternate expression is about
10-3-10-° per cell per generation.

« Typically, only one dominating phase, phase 1, is
present in a Salmonella culture, and it can be
determined on swarm agar without antiserum.

* Phase 2 is determined by blocking phase 1 using
phase inversion antiserum (anti- FIiC) to allow the

bacteria expressing phase 2 H antigens to swarm.



Phase variation
A. Phase 1 expression

i Invertible segment |
Promoter of FljB Promoter of FilC

' '#lﬂi’»
DNA o .
nvertase oo FIjA = FIiC = phase 1, H1
flagellin, e :
pressor protein
phase 2, H2 O
H1, phase 1

B. Phase 2 expression
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Salmonella serovars by slide agglutination

Advantages

* Rapid results

» Simple and low cost

 Provide internationally comparable
results.

* No Need for molecular tools

» Useful in low-resource settings

where PCR or WGS is unavailable.

| Disadvantages

‘ Y,

Requires trained personnel

Limited discrimination for
differentiating between serovars
with identical antigenic profiles
Cross-reactions may occur.
Non-typeable rough strains
Dependent on high-quality antisera
Expensive antisera for full panel.
Time-consuming for large numbers
of isolates.
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