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Figure 1: Worldwide incidence of human brucellosis
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Cases of human brucellosis in Sweden
linked to Middle East and Africa

Giuliano Garofolo', Antonio Fasanella?, Elisabetta Di Giannatale', llenia Platone’, Lorena Sacchini’,
Tiziana Persiani', Talar Boskan#®, Kristina Rizzardi® and Tara Wahab?

Relationship between occupational exposure
and exposure via food

Fig. 3 shows the monthly distribution of human
cases in relation to monthly percentage of lamb

Live Nativity and
Brucellosis, Sicily

Emerging Infectious Diseases + www.cdc.gov/eid « Vol. 12, No. 12, December 2006

ORIGINAL ARTICLE 10.1111/j.1469-0691.2005.01204.x

5 < . . = Brucellosis cases JuI
Correlation between animal and human brucellosis in Italy during the — —Lamb slaughters

period 1997-2002

F. De Massis', A. Di Girolamo®, A. Petrini’, E. Pizzigallo® and A. Giovannini'

Fig. 3. Relationship between the monthly distribution of
human cases of brucellosis in Italy and the percentage of

” 5 lamb slaughters (1997-2002). A, secondary period of peak
Istituto Zooprofilattico Sperimentale dell’ Abruzzo e del Molise ‘G Caporale’, Teramo and “Clinica incidence (expected for occupational exposure). B, expec-

Malattie Infettive, Universita degli Studi ‘G. d’Annunzio’, Chieti, Italy ted period of peak incidence for occupational exposure. C,
expected period of peak incidence for foodborne exposure.
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Negli anni ‘70 incidenza di 5 casi per 100000
mentre attualmente si registra incidenza 0,2
L'89% dei casi notificati tra il 1998 e il 2010 sone

. . .. . . . Incidenza brucellosi umana
stati registrati in Campania, Puglia, Calabria anno 2008

e Sicllia. Mo042a1,12 (4)
Mo0,13a0,42 (5
[]0,04 a 0,13 (2 *
[10,00 a 0,04 (9)

Graziani, C., Mancini, F.R., Adone, R., Marianelli, C., Pasquali, P., Rizzo, C., Bella, AiyDe Massis, F., Danzetta, M.L., Calistri, Ps,
Primavera, A., Ruocco, L., Busani, L., 2013. La brucellosi in Italia dal 1998 al 2011. Rapporti ISTISIAN/18/45,75 p.
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Phase IV
Virulence restriction(chronic infection)

Phase Il
Acquisition of genes (Tir domain)

Phase I B. microti

Refining LPS (intracellular replication)

Phase |

Genome reduction

Acquisition of virulence genes (T4SS)
Adaptation to limited metal environment

B. Inoninata and Australian rodent isolates (2,672 SNPs)

Ancestor of Brucellacae Ochrobactrum — 158,016 SNPs
AR Whattam et'al. 2013 J¢of Bacteriology |
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B. abortus bv1 2308A
B. abortus bv1 2308
B. abortus bv1 NCTC 8038

%60 "L g abortus bv1 519
FUOSHes B. abortus bvl 9-941
B.abortus bv2 86/8/59
B. abortus bv4 292
B.abortus bvs B3196
_‘:fa abortus bvo C68
B. abortus bvé 870
8. abortus bv3 Tulya
I_l—B. melitensis bvl 16M
B. melitensis bv1 16M WGS
. L_ 8. melitensis bv1 Revl
B. melitensis bv2 63/9
B. melitensis bv3 Ether
B. ovis ATCC 25840
-1 Brucella sp. NVSL 07-0026
B. ceti Cudo
[ Brucella sp. F5/99
E B.cetiB1/94
B. ceti M490/95/1
B. pinnipedialis B2/94
B. pinnipedialis M292/94/1
B. pinnipedialis M163/99/10
| B. ceti M13/05/1
| B. ceti M644/93/1
B. canis ATCC 23365
B. suisbv3 686
" B.suisbv1 1330
= B. suis bv2 ATCC 23445
B.suisbv5 513

B. microti CCM 4915

B. neotomae 5K33
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‘ Original genotype
' Mutant genotypes

« Diversity reduction ’
SNPs can theoretically occur at any nucleotide throughout a e Periodic selection
genome, therefore, if entire genomes are compared and . .
examined for SNPs, a sufficient number may be found to bOttIeneCkmg

provide resolution at even short evolutionary scales.
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* 'epidemiologia tradizionale cerca le
relazioni che ci sono tra gente,
animall, posti e oggetti che possono
aver contribuito alla diffusione di una

malattia R——
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Epldemlologla molecolare

cerca relazioni fenotipiche
e genetiche degli agenti responsabili di malattie

Infettive per suggerire la loro sorgente, le loro
relazioni biologiche, le vie di trasmissione
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Typing of Brucella field strains isolated from livestock Saoze

Geograpnic astribution of Srucelo sirains isclated from sheep and goats in raly between 2001 ond 2006

populations in Italy between 2001 and 2006

Elisabetta Di Giannatale®, Fabrizio De Massis*2, Massimo Ancora'®,
Katiuscia Zilli®’ & Alessandra Alessiani®
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Metodi su base genomica:

Diventati disponibili dal momento

che sono state disponibili le prime

Sequenze complete di Brucella

1. dati generati da tali approcci
sono facilmente conservabili e
comparabili laboratori

2. Approccio multi locus mitiga gli
errori che potrebbero generarsi
con le metodiche a locus
singolo

3. Vantaggiosi perché utilizzano
marker a diversa velocita di
mutazione
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Variable Number Tandem Repeats _ _ o
sono sequenze di DNA che possono variare da 2 fino a 100 nucleotidi
organizzate in domini ripetuti

ATTCGATTCGATTCG
ATTCG e ripetuta 3 volte
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/. Z M LVAban k for Microbes Genotyping

Public Databases

HOOF-Prints
MLVA8-MLVA10-MLVA11-MLVA15-MLVA16 Orsay
MLVA21 Weybridge

MLVAL5 Flagstaff

MLVA10 Ames Journal of Microbiological Methods
Bricker et al. 2003, Le Fleche et al. 2006 Whatmore et al (2006), Tiller et al (2010) I M. IER journal homepage: www.elsevier.com/locate/imicmeth

Brucella v4
Owned by public_databases

Journal of Microbiological Methods 92 (2013) 103-107

Contents lists available at SciVerse ScienceDirect

Note

MLVA-16 loci panel on Brucella spp. using multiplex PCR and multicolor OC""“"“
M LVA_ 1 capillary electrophoresis

Giuliano Garofolo *, Massimo Ancora, Elisabetta Di Giannatale
istituto Zooprofilaico Sperimentale dellAbnzzo e del Molise “G. Capordle™ — National and OIE Reference Laboramry for Bruceliosts, lealy

Online database was developed on MLVAL1G.

Artide history: The Multi Locus Variable Number Tandem Repeat Analysis 16 loci pancl (MLVA-16), involving singleplex

Received 24 August 2012 PCRs and agarose gel electrophoresis, is the standard genotyping method for Brucela spp. used also for the

This permits an inter-laboratory comparison e

© 2012 Elsevier BV, All rights reserved.

MLVA
Capillary electropharesis
Brucel spp.
Genotyping
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Reference-Assisted vs. De Novo Assembly

scaffold (gap sizes & contig orientations known)

contig1 contig2
ﬁg —_—
De novo Assembly — — —_—
- -
-

—
—
Slower;, ‘hypothesis free’ assembly; misassemblies possible;
®© frequently used for panmictic bacteria (e.g., H. pyfori),

e.g., MIRA, Newbler, SPAdes or Velvet (e.g., ACE format).
raw reads - usual basis of genome-wide gene by gene (cgMLST).
_.—’
——

—_— &
— %

reference N
<« — .
—
—>

—
-—

—

Assembly - . -
Fast; always ‘bias towards reference’ as it detects only
what is present in reference; frequently used for mono-
morphic bacteria (e.g., M. tubercuiosis) or lineage-only for non-
clonal bacteria (also called ‘mapping’),
e.g., bwa or tmap (BAM/SAM file format).
=> usual basis of SNP calling.



Variant calling di alta qualita

AGT AGG TGT



Metodo di analisi

FASTQC per controllo qualita
BWAmMem per mappare le sequenze
SNVs usando GATK con metodo UnifiedGenotyper

ISG per estrarre gli SNVs da tutti | genomi

Ispezione del SNV usando un BAM viewer

SNPs coverage > 30X
SNPs proporzione > 90%
SNPs da regioni duplicate vengono rimossi come quelli definiti ambigui e

mancanti in tutti gli altri genomi
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RefSeqg genome Brucella melitensis bv. 1 str. 16M

The genome sequence of the facultative intracellular pathogen Brucella melitensis. DelVecchio VG, et al. Proc Natl Acad Sci U S A 2002 Jan 8

8 genomi

Brucella melitensis ATCC 23457
Brucella melitensis M28

Brucella melitensis M5-90
Brucella melitensis NI

Brucella melitensis bv. 3 str. Ether
Brucella melitensis 20236
Brucella melitensis 2008724259
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(‘ Ref. genome Brucella melitensis bv. 1 str. 16M
U

MLST target definer di Ridom SegShere+.
Filtro lunghezza minima = scarta gene inferiori a 50 pb
Filtro codoni di partenza e di stop

Filtro geni omologhi= scarta tutti i geni multicopia

| geni ricavati sono stati comparati tra tutti genomi selezionati usando BLAST.

Tutti i geni con un’identita nucleotidica del 90% presenti in tutti i genomi sono
stati utilizzati per il pannello cgMLST

AR Z4"" Vo i "l‘



Costruire albero fillogenetico

S| puo costruire un albero filogentico usando il metodo
Neighbour-Joining (NJ) methods

Ma si preferisce il metodi di massima verosimiglianza:
RaxML e FastTree

Verifica della filogenesi con metodo di massima parsimonia

Bootstrap viene utilizzato per verificare la filogenesi
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Brucella melitensis bv. 3 str. Ether
Strain also known as NCTC10509; ATCC
23458; BCCN R3. This is the Brucella
melitensis biovar 3 reference strain
originally isolated by Prof. G. Gargani
(Univ. di Firenze, Italy) from a goat in Italy
in 1961 (Meyer and Morgan 1973).



DE

> 200



C?*"@

843)

3)

*3)



Sboner, Andrea, et al. "The real cost of sequencing : higher
than you think!." Genome biology 12.8 (2011): 125.
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Guerra e Pace in 140 caratteri
Finiranno nel 2138 (non abbiamo mica fretta)






D G(

$GGG+



Ringraziamenti

BACTERIOLOGY

Elisabetta Di Giannatale

Katiuscia Zilli
Lorena Sacchini

Alessandra Alessiani

Tiziana Persiani
EPIDEMIOLOGY
Fabrizio De Massis
Paolo Calistri
DIAGNOSTIC
Massimo Scacchia
Andrea Di Provvido
Daniela Averaimo
Giovanni Foschi
SEQUENCING
Cesare Camma
Massimo Ancora
Marco Di Domenico
Maurilia Marcacci

BIOINFORMATIC
Adriano Di Pasquale
Massimiliano Orsini
Claudio Patavino
lolanda Mangone
SEROLOGY
Manuela Tittarelli
Barbara Bonfini



