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Abstract
Salmonella enterica serovar Napoli (S. Napoli) is an emerging serovar in Italy. It accounts
for 2-4% of all serovars isolated from human infections. The zoonotic origin of this
serovar is still unknown and this makes difficult to apply any control intervention. We
report here the isolation of S. Napoli from a river nightingale (Cettia cetti, Temminck
1820) which represents the first description of this serovar from wild birds. This finding
adds knowledge to the ecology of S. Napoli and addresses further studies aimed to assess
the epidemiologic link between S. Napoli isolated from wild birds, food, environmental
sources and human infections.

INTRODUCTION
Salmonellosis was the second most commonly reported cause of foodborne diseases in the European Union
(EU) in 2011 [1]. More than 2500 serovars of Salmonella enterica have been described but only a limited number of serovars are associated to most human infections.
The most commonly reported serovars are Salmonella
Enteritidis and Salmonella Typhimurium, which cumulatively account for up to 70% of all serovars isolated
from human infections.
In Italy, basic epidemiologic and microbiologic information on Salmonella isolates from human infections
and from samples of veterinary origin (animals and
foodstuffs) are collected through the laboratory based
surveillance systems Enteric Pathogen Network − EnterNet (www.iss.it/ente) and EnterVet (www.izsvenezie.
it) networks, respectively. In addition, EnterNet collects information on Salmonella strains isolated from
environmental sources, mainly surface water.
EnterNet and EnterVet networks share diagnostic procedures and databases in order to monitor the
trends and the emergence of Salmonella serovars over
the time.
In the framework of the EnterNet surveillance, an increase of human infections due to Salmonella enterica
serovar Napoli (S. Napoli) was observed at the beginning of this century and, since then, this serovar is reported with a frequency of 2-4% each year (Figure 1) [2,
3]. Although a seasonal pattern is consistent for most
serovars, S. Napoli shows a marked seasonality with
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human cases occurring primarily in the period JuneOctober. Among environmental samples, S. Napoli
represents 2% of all serovars, and as for human isolates
70% of the annual total for this serovar is identified in
the period June-October. Finally, data from EnterVet
network show that S. Napoli is rarely found in farm
animals and foodstuffs of animal origin (www.izsvenezie.it/images/stories/Pdf/salmonellosi/report_Enter_
Vet_2010.pdf).
On the basis of these findings, it can be hypothesized
that the environment and in particular surface water
can be a key factor for the direct or indirect transmission of this serovar to humans. However, the source of
environmental contamination by S. Napoli and the zoonotic origin of this serovar remain unknown.
With the aim to evaluate a possible role of wild birds
as a reservoir of S. Napoli, a “pilot study” was performed
in Italy in 2012.
MATERIAL AND METHODS
The study was conducted in 2012, in a protected
natural area in Central Italy, during the period MayOctober which coincides with the highest prevalence of
S. Napoli infections in humans and with the bird migration in Central Italy.
Fifty-six wild birds including migratory and resident
species were captured, by a transparent nylon mesh net,
and identified by the staff of the authorized Ornithological Stations. Depending on the bird size, rectal swabs
or stools, by dropping method, were collected. All birds
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Figure 1
Proportion of S. Napoli strains isolated from human infections. Italy 1989-2012.

were released immediately after the sampling.
Each fecal sample was processed within 24 hours
from collection. Bacteriological analyses for Salmonella
detection were performed according to standard protocols [4, 5]. Typical Salmonella colonies were selected,
confirmed with the API 20E system (bioMerieux, Marcy l’Etoile, France), and then were serotyped by using
Statens Serum Institut diagnostic antisera (Copenhagen, Denmark) following Kauffman-White serotyping
scheme [6].
RESULTS AND DISCUSSION
Salmonella spp. was isolated from 3 of the 56 captured birds (5.3%). S. Typhimurium was isolated from
one out of 13 night herons (Nycticorax nycticorax, Linnaeus 1578), S. Livingstone from one out of 8 blackcaps (Sylvia atricapilla, Linnaeus 1578), and S. Napoli
from 1 out of 6 river nightingales (Cettia cetti, Temminck 1820).
Several studies in different countries have been
undertaken to assess the prevalence of Salmonella
in wild birds and a wide variety of serovars has been
reported [7] underlying how the contact with wild or
captive birds pose a possible threat to human health
even though many epidemiologic details remain to be
defined. To the best of our knowledge this is the first
report of isolation of S. Napoli from wild birds and this
result underpins the importance of wild birds as poten-

tial as spreaders of this serovar in the water and in the
environment in general.
In Italy, the isolation of S. Napoli from wild animals
have been reported from intestinal content of lizard
[8] and, more recently, from intestinal content of boars
hunted in Northern and Central Italy [9, 10]. On the
whole, these findings suggest an important role of wild
in the diffusion of S. Napoli in environment and in the
possible transmission to humans trough contaminated
water and food.
Foodborne outbreaks due to S. Napoli and associated with food of Italian origin have been reported in
Europe. In 1982, a large outbreak occurred in England and Wales was associated with the consumption
of chocolate bars manufactured in Northern Italy
[11] and more recently, in 2008 and 2009, strong
evidence foodborne outbreaks due to S. Napoli have
been reported in Sweden and, in both outbreaks,
fresh vegetables produced in Italy were implicated,
[12, 13]. In addition, frequent international alerts
concerning the presence of S. Napoli in fresh vegetables produced in Italy have been notified by the
EU, Rapid Alert System for Food and Feed (RASFF)
(http://ec.europa.eu/food/food/rapidalert, 2004.644;
2006.0331; 2008.1399; 2009.0673; 2013.0939;
2013.0644).
Furthermore, a case control study carried out in
Northern Italy showed that occurrence of infections
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due to S. Napoli was signiﬁcantly more common among
individuals with exposure to surface water, as swimming
and recreational activities [14].
In this context, the results of this “pilot study” add
further knowledge to the eco-epidemiology of S. Napoli
that constitutes an emerging relevant public health concern in our country. This deserves to be dealt via a multidisciplinary, cross-sectoral approach and intervention.
Future longitudinal studies conducted on a larger
number of wild birds, in different geographical areas
and in different periods of the year will assist in acquiring a better understanding of the relationships between
birds and emerging zoonotic diseases for planning
sound interventions in respect of the environment while
improving public health.

Acknowledgements
The authors thank Silvio Borrello and Raffaello Lena
of the Italian Ministry of Health for their support and
assistance with this project. The authors would also like
to thank Raffaele Scenati and Raffaele Mattioli for their
technical assistance.
Conflict of interest statement
There are no potential conflicts of interest or any financial or personal relationships with other people or
organizations that could inappropriately bias conduct
and findings of this study.
Received on 1 July 2013.
Accepted on 7 January 2014.

References
1.

2.

3.

4.

5.

6.

7.

8.

EFSA - European Food Safety Authority. The European
Union summary report on trends and sources of zoonoses, zoonotic agents and food-borne outbreaks in 2011.
EFSA J 2013;11:3129-379.
Fisher IS, Jourdan-DaSilva N, Hächler H, Weill FX,
Schmid H, Danan C, Kérouanton A, Lane CR, Dionisi
AM, Luzzi I. Human infections due to Salmonella Napoli: a multicountry, emerging enigma recognized by the
Enter-net international surveillance network. Foodborne
Pathog Dis 2009;6:613-9. DOI: 10.1089/fpd.2008.0206
Graziani C, Mughini-Gras L, Owczarek S, Dionisi AM,
Luzzi I, Busani L. Distribution of Salmonella enterica
isolates from human cases in Italy, 1980 to 2011. Euro
Surveill 2013;18(27):20519. DOI: 10.2807/1560-7917.
ES2013.18.27.20519
International Organization for Standardization. EN ISO 6579.
Microbiology of food and animal feeding stuffs horizontal
method for the detection of Salmonella spp. Rev Edition. Brussels: European Committee for Standardization; 2007.
American Public Health Association. Standard methods
for the examination of water and wastewater. 21. ed. Washington, DC: APHA; 2005.
Grimont PAD, Weill F-X. Antigenic formulae of the
Salmonella Serovar S. 9. ed. Paris, France: World Health
Organization Collaborating Center for Reference and
Research on Salmonella Institut Pasteur; 2007.
Hoelzer K, Moreno Switt AI, Wiedmann M. Animal contact as a source of human non-typhoidal salmonellosi S.
Vet Res 2011;42:34-60. DOI: 10.1186/1297-9716-42-34
Carmeni A, Giammanco G, Giacalone F. Isolamenti di
Salmonella dal contenuto intestinale di “Lacerta muralis”.
Igiene Moderna 1968;61:29-34.

9.

10.

11.

12.

13.

14.

Zottola T, Montagnaro S, Magnapera C, Sasso S, De
Martino L, Bragagnolo A, D’Amici L, Condoleo R, Pisanelli G, Iovane G, Pagnini U. Prevalence and antimicrobial susceptibility of salmonella in European wild
boar (Sus scrofa); Latium Region, Italy. Comp Immunol
Microbiol Infect Dis 2013;36(2):161-8. DOI: 10.1016/j.
cimid.2012.11.004
Chiari M, Zanoni M, Tagliabue S, Lavazza A, Alborali LG. Salmonella serotypes in wild boars (Sus scrofa)
hunted in northern Italy. Acta Vet Scand 2013;21;55:42-5.
DOI: 10.1186/1751-0147-55-42
Gill N, Sockett PN, Bartlett CL, Vaile MS, Rowe B, Gilbert RJ, Dulake C, Murrell HC, Salmaso S. Outbreak
of Salmonella Napoli infection caused by contaminated
chocolate bar. Lancet 1983;1:574-7. DOI: 10.1016/
S0140-6736(83)92822-2
EFSA - European Food Safety Authority. Panel on Biological Hazards (BIOHAZ). Scientific opinion on the risk
posed by pathogens in food of non-animal origin. Part 1
(outbreak data analysis and risk ranking of food/pathogen
combinations). EFSA J 2013;11:3025-163.
Graziani C, Busani L, Dionisi AM, Caprioli A, Ivarsson S, Hedenström I, Luzzi I. Virulotyping of Salmonella enterica serovar Napoli strains isolated in Italy from
human and nonhuman sources. Foodborne Pathog Dis
2011;8:997-1003.
Oggioni C, Fontana G, Pavan A, Gramegna M, Ferretti V, Piatti A, Edefonti V, Tunnesi S, Sala G, Pontello M. Investigation of potential risk factors for
Salmonella enterica subsp enterica serotype Napoli: a
nested case-control study in Lombardia region. Ann Ig
2010;22:327-35.

