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Abstract

Background: Anthrax has almost disappeared from mainland Europe, except for the Mediterranean region where
cases are still reported. In Central and South Italy, anthrax is enzootic, but in the North there are currently no high
risk areas, with only sporadic cases having been registered in the last few decades. Regional genetic and molecular

registered in the last twenty years in the region.

Alps.

characterizations of anthrax in these regions are still lacking. To investigate the potential molecular diversity of
Bacillus anthracis in Northern Italy, canonical Single nucleotide polymorphism (canSNP) and Multilocus variable
number tandem repeat analysis (MLVA) genotyping was performed against all isolates from animal outbreaks

Findings: Six B. anthracis strains were analyzed. The canSNP analysis indicates the presence of three sublineages/
subgroups each of which belong to one of the 12 worldwide CanSNP genotypes: B.Br.CNEVA (3 isolates), A.Br.005/
006 (1 isolates) and A.008/009 (2 isolate). The latter is the dominant canSNP genotype in ltaly. The 15-loci MLVA
analysis revealed five different genotypes among the isolates.

Conclusions: The major B branch and the A.Br.005/006 were recovered in the Northeast region. The genetic
structure of anthrax discovered in this area differs from the rest of the country, suggesting the presence of a
separate and independent B. anthracis molecular evolution niche. Although the isolates analyzed in this study are
limited in quantity and representation, these results indicate that B. anthracis genetic diversity changes around the

Introduction

Bacillus anthracis, the etiological agent responsible for
anthrax, is a Gram-positive spore-forming bacterium.
The disease affects many wild and domesticated animals,
and all mammals are potentially susceptible to infection
[1]. Its virulence properties characterize the course of
the disease, which typically is rapidly lethal for the host,
particularly in herbivorous mammals [2]. Humans are
less susceptible and are considered incidental hosts, but
the zoonotic potential of anthrax is well known [3]. Epi-
demiological data demonstrate that anthrax is now rare
in Italy. However, during the period 1969-1997, 27
human deaths were registered across the country [4],
indicating a natural endemic area. Improved sanitation,
systematic use of the vaccine by veterinarians [5] and
new breeding systems have contributed to a drastic
reduction in the incidence of the disease in Italy. No
human deaths have been reported since 1997. Today in
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Italy anthrax predominantly affects livestock in pastures
in the Southern regions, but is infrequent in the North-
ern regions [6,7].

The study

Molecular diversity in Italian strains of B. anthracis was
initially studied in 2005 using eight variable number tan-
dem repeat (VNTR) loci [6], primarily to investigate
strains from the Anthrax Reference Institute of Italy
repository, which covers South and Central Italy. Highly
resolving molecular techniques have now been devel-
oped that allow the phylo-geographic patterns of
anthrax to be understood better [8,9]. Local knowledge
of anthrax is vastly improved [10-12]. In recent years,
outbreaks have been recorded in the Northeastern [13]
and Northern [14] regions of Italy. Unfortunately,
because of the ephemeral cycles of this disease, it is not
always possible to establish the full extent of anthrax
distribution in specific regions. However, analysis of nat-
ural anthrax epidemics can provide insights into the
relationship between patterns of spread and genetic
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changes that have accumulated over time in these
regions.

In 2005, on a typical alpine farm in the province of
Bolzano, an outbreak involved two cattle, four goats and
one sheep, and one suspected human case. In 2006,
there was a bovine anthrax case in the province of Bel-
luno in the Italian Alps, and in 2008 nine cattle died
from anthrax in a 10 day period in the Mugello region
in the province of Florence (Tuscany). One strain was
isolated from each of the above outbreaks.

The phylogenetic relationship between these isolates
and other archival Italian isolates was determined using
13 canonical SNPs (canSNPs) and 15 VNTR markers
(MLVA15) as described by Van Ert et al. [15]. The
archived samples included two strains from the province
of Verona (Veneto), from outbreaks occurred in 1992
and 1995, and one from the province of Pavia (Lom-
bardy), from a 1989 outbreak (Figure 1). These addi-
tional samples allowed a more comprehensive
comparison to be carried out and provided an improved
phylo-geographic pattern concerning the incidence of
anthrax in northern Italy.

The analysis (Table 1) demonstrated that Northern
Italy has three different sub-lineages/sub-groups of the
12 worldwide canSNP genotypes previously described
by Van Ert et al. The CanSNP analysis showed that
isolate 050 (Verona) belonged to sub-group 005/006 in
the A lineage and that the three isolates, 049 (Verona),
187 (Bolzano) and 188 (Belluno), belonged to the sub-
group B.Br. CNEVA in the smaller B lineage. Isolates,
187 and 188, were isolated at different sites but have
the same MLVA type, although they differ from isolate
049 from Verona (Table 2). The isolates 145 (Florence)
and 183 (Pavia) belonged to CanSNP sub-group A.

B.Br. CNEVA

e ALBE DOS/006

A.Br. 008/009

Figure 1 Map of Northern Italy. Geographical representation of
the outbreaks investigated herein. The black line separates the
lineage A. Br. 008/009 from the others recovered.
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Br.008/009 but had two different MLVA types (Tables
1 and 2).

Discussion and conclusion

Fasanella et al. [6] suggested that the dominant phyloge-
netic group in Italy belongs to the previously described
Cluster Al.a [16], which is now classified as part of the
sub-group A.Br.008/009 [15], also known as the Trans
Euro Asian (TEA) group, in the A lineage. Our datum is
consistent with the overall presence of this particular
sub-group throughout the majority of Europe and
regions of Asia [10]. In the regions of Tuscany and
Lombardy, the TEA group was recovered indicating that
it belongs to the major Italian sub-group. We also iden-
tified two new MLVA genotypes (Table 2) which are
not present in the Italian database (data not shown).
While these relatively “modern” isolates do not necessa-
rily represent a diverse A.Br.008/009 sub-group, they do
reinforce the hypothesis that the TEA sub-group in Italy
constitutes part of the historical spread of anthrax
across Europe and Asia [10].

The results also demonstrate that in a relatively small
area in Northeast Italy, unique genotypes were recov-
ered from the major B. anthracis worldwide clonal A
and B lineages. These isolates were distinctive from the
A.Br.008/009 TEA branch that dominates throughout
Europe and Asia. These data suggest that the Italian
Alps may share a unique environmental niche and
phylo-geographic pattern representative of the B.Br.
CNEVA sub-group (previously identified as B2 cluster
[16]). This proposition is supported by reports that this
lineage is present in the French Alps [17], Germany and
Croatia [15]. Isolates from the B.Br.CNEVA (B2) sub-
group are almost entirely restricted to Europe. This may
indicate the presence of a common environment or cor-
ridor that could have allowed this unusual lineage to
persist in livestock and wildlife in the French and Italian
Alps. A small number of naturally occurring isolates
may represent previous “anthrax regions”, where a line-
age may have continued to recycle over long periods of
time despite the lack of incidents in the more visible
domesticated populations. In addition, the identification
of two new MLVA15 types among the three strains ana-
lyzed from the B.Br. CNEVA lineage with three alleles
of difference may suggest a longer history for this line-
age in the area, although only SNP analysis based on
whole genome sequencing could confirm this
hypothesis.

More puzzling is the recent discovery of the A.Br.
005/006 sub-group in Northeast of Italy, which suggests
that the history of anthrax in Italy is complex and is
likely to have involved the introduction and re-introduc-
tion of this disease through repeated human activity led
by the trading of commodities. This sub-group is well
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Table 1 B. anthracis isolates used in this study and their genotypes based on 13 Canonical SNPs

Isolate Locality canSNP lineage/  A. A. A. A. A. A. A. A. B. B. B. B. A/B.
name (Province) group Br. Br. Br. Br. Br. Br. Br. Br. Br. Br. Br. Br. Br.
001 002 003 004 006 007 008 009 001 002 003 004 001

049 Verona B.Br.CNEVA T G A T C T T A T G A C A
187 Bolzano B.Br.CNEVA T G A T C T T A T G A C A
188 Belluno BBr.CNEVA T G A T C T T A T G A C A
050 Verona ABr.005/006 T G A T A T T A T G G T A
145 Florence A.Br.008/009 T G A T A T G A T G G T A
183 Pavia ABr.008/009 T G A T A T G A T G G T A

Table 2 MLVA genotypes of B. anthracis isolates used in this study

VNTR®
Isolate name MLVA type vrrb1 vrra vrrb2 pX01 vrrcl pX02 wvrrc2 cg3 vntr16 vntr19 vntr32 vntr12 vntr17 vntr23 vntr35
049 | 9 8 7 5 7 5 3 3 20 4 13 6 2 5 5
187 Il 5 8 7 6 7 5 3 3 18 4 13 6 2 5 5
188 Il 5 8 7 6 7 5 3 3 18 4 13 6 2 5 5
050 1l 10 10 8 5 8 6 5 3 17 4 10 7 3 5 4
145 % 10 9 7 6 8 6 5 2 16 4 12 7 3 6 4
183 \Y 10 9 7 5 8 6 5 2 16 4 12 7 4 6 4

*Numbers of tandem repeats in each locus for Bacillus anthracis isolates are reported. The copy numbers for each locus are calculated as (amplicon size -offset)/
repeat size. The amplicon sizes were determined and calculated using ABI 3130 genetic analyzer and rounded with GeneMapper software using a binning code
from the Italian genotype database. Offset and repeat sizes are available online [18]http://minisatellites.u-psud.fr/GPMS/.

represented in Africa but rare in Europe. Its presence in
the Northeastern territories of Italy could be related to
trade exchanges dating back to the Maritime Republics
period (Middle Ages), when city states competed for
trade and commerce throughout the Mediterranean.
This highlights the possibility that this rare, predomi-
nantly African, lineage could have become present in
this small region of Italy owing to an oddity in how
goods were traded from Africa to Northern Italy.

It is particularly interesting that, in a small area of
Northeast Italy, B. anthracis presents with major genetic
variability, suggesting the presence of a different envir-
onment that permits rare and unusual lineages to
survive.

Acknowledgements

The authors thank Maria Nigro for excellent technical support. This work was
funded by grants from the Italian Ministry of Health, ricerca corrente 2009,
project 1ZSPB 03/09 RC

Author details

YIstituto Zooprofilattico Sperimentale della Puglia e della Basilicata, Anthrax
Reference Institute of Italy-Foggia, Italy. 2Istituto Zooprofilattico Sperimentale
delle Venezie, Padua Diagnostic Laboratory- Padova, Italy.

Authors’ contributions

GG conceived the study, coordinated the molecular genetic studies and
drafted the manuscript. LS performed the 15-loci MLVA and CanSNP
analyses. MC coordinated the collection of samples. AF designed the study
and revised the manuscript. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 16 March 2011 Accepted: 29 July 2011
Published: 29 July 2011

References

1. Hugh-Jones ME, de Vos V: Anthrax and wildlife. Rev Sci Tech 2002,
21:359-383.

2. Beyer W, Turnbull PC: Anthrax in animals. Mol Aspects Med 2009,
30:481-489.

3. Fasanella A, Galante D, Garofolo G, Jones MH: Anthrax undervalued
zoonosis. Vet Microbiol 2010, 140:318-331.

4. Serraino D, Puro V, Bidoli E, Piselli P, Girardi E, Ippolito G: Anthrax, botulism
and tularemia in ltaly. Infection 2003, 31:128-129.

5. Garofolo AF G, Chiocco D, Sciasciamacchia S, Ciuchini F, Adone R: Il
vaccino vivo “Sterne” nella profilassi del carbonchio ematico in Italia. i/
Progresso Veterinario 2007, 9:404-407.

6. Fasanella A, Van Ert M, Altamura SA, Garofolo G, Buonavoglia C, Leori G,
Huynh L, Zanecki S, Keim P: Molecular diversity of Bacillus anthracis in
Italy. J Clin Microbiol 2005, 43:3398-3401.

7. Garofolo G, Ciammaruconi A, Fasanella A, Scasciamacchia S, Adone R,
Pittiglio V, Lista F: SNR analysis: molecular investigation of an anthrax
epidemic. BMC Vet Res 2010, 6:11.

8. Pearson T, Busch JD, Ravel J, Read TD, Rhoton SD, U'Ren JM, Simonson TS,
Kachur SM, Leadem RR, Cardon ML, et al: Phylogenetic discovery bias in
Bacillus anthracis using single-nucleotide polymorphisms from whole-
genome sequencing. Proc Natl Acad Sci USA 2004, 101:13536-13541.

9. Keim P, Van Ert MN, Pearson T, Vogler AJ, Huynh LY, Wagner DM: Anthrax
molecular epidemiology and forensics: using the appropriate marker for
different evolutionary scales. Infect Genet Evol 2004, 4:205-213.

10. Simonson TS, Okinaka RT, Wang B, Easterday WR, Huynh L, URen JM,
Dukerich M, Zanecki SR, Kenefic LJ, Beaudry J, et al: Bacillus anthracis in
China and its relationship to worldwide lineages. BMC Microbiol 2009,
9:71.

11.  Aikembayev AM, Lukhnova L, Temiraliyeva G, Meka-Mechenko T, Pazylov Y,
Zakaryan S, Denissov G, Easterday WR, Van Ert MN, Keim P, et al: Historical


http://www.ncbi.nlm.nih.gov/pubmed/11974621?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19723532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19747785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19747785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12749299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12749299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16000465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16000465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20187980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20187980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15347815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15347815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15347815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15450200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15450200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15450200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19368722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19368722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20409368?dopt=Abstract
http://minisatellites.u-psud.fr/GPMS/

Garofolo et al. BMC Research Notes 2011, 4:273 Page 4 of 4
http://www.biomedcentral.com/1756-0500/4/273

distribution and molecular diversity of Bacillus anthracis, Kazakhstan.
Emerg Infect Dis 2010, 16:789-796.

12. Antwerpen M, llin D, Georgieva E, Meyer H, Savov E, Frangoulidis D: MLVA
and SNP analysis identified a unique genetic cluster in Bulgarian Bacillus
anthracis strains. Fur J Clin Microbiol Infect Dis 2011, 30:923-930.

13. Kreidl P, Stifter E, Richter A, Aschbachert R, Nienstedt F, Unterhuber H,
Barone S, Huemer HP, Carattoli A, Moroder L, et al: Anthrax in animals and
a farmer in Alto Adige, Italy. Euro Surveill 2006, 11:E060216 060213.

14. Fasanella A, Garofolo G, Battisti A, Longobardi C, Franco A, Penerai F,
Martelli B, Chiocco D: Anthrax in Italy: neglected or undervalued disease?
Proceeding of International Meeting on Emerging Diseases and Survelliance
2009 Wien. Madoff L.: ProMED-mail; 2009, 80.

15. Van Ert MN, Easterday WR, Huynh LY, Okinaka RT, Hugh-Jones ME, Ravel J,
Zanecki SR, Pearson T, Simonson TS, U'Ren JM, et al: Global genetic
population structure of Bacillus anthracis. PLoS One 2007, 2:e461.

16. Keim P, Price LB, Klevytska AM, Smith KL, Schupp JM, Okinaka R, Jackson PJ,
Hugh-Jones ME: Multiple-locus variable-number tandem repeat analysis
reveals genetic relationships within Bacillus anthracis. J Bacteriol 2000,
182:2928-2936.

17. Fouet A, Smith KL, Keys C, Vaissaire J, Le Doujet C, Levy M, Mock M, Keim P:
Diversity among French Bacillus anthracis isolates. J Clin Microbiol 2002,
40:4732-4734.

18. The microorganism tandem repeats database. [http://minisatellites.u-psud.
fr/GPMS/].

doi:10.1186/1756-0500-4-273
Cite this article as: Garofolo et al: Anthrax phylogenetic structure in
Northern Italy. BMC Research Notes 2011 4:273.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/20409368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21279731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21279731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21279731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17520020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17520020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10781564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10781564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12454180?dopt=Abstract
http://minisatellites.u-psud.fr/GPMS/
http://minisatellites.u-psud.fr/GPMS/

	Abstract
	Background
	Findings
	Conclusions

	Introduction
	The study

	Discussion and conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

