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ABSTRACT: Animal feed is the first link in the food chain and one of the possible source of
Salmonella for food producing animals and consequently, humans consuming products of animal
origin. The assessment of the importance and role of Salmonella organisms commonly detected in
animal feed in epidemic outbreaks of salmonellosis is highly intricate. This is mainly due to the fact
that isolates are rarely identified (typed) to the serovar level, thus, the relevant data on both animal
feed and food of animal origin are lacking. In the framework of the 2-year project granted by the
Ministry of Science and Technological Development of the Republic of Serbia, all Salmonella isolates
originating from animal feed were typed to the serovar level in the National Reference Laboratory for
Salmonella. Eighteen different serovars have been identified, whereas 15% of all isolates included
serovar Montevideo. Frequent isolation of S. ser. Montevideo from animal feed originating from feed
mills in our epizootic area (South Backa and Srem district), encouraged our attempt to summarize and
present the available data on the importance of Montevideo serovar in the outbreaks of clinical
salmonellosis in humans and to review the reports on individual epidemiological studies aimed at
detecting infection sources and establishing relevant facts on emerging antimicrobial resistance of
Salmonella. Moreover, this article emphasizes the need and importance of an extensive Salmonella
monitoring program at national level, which would encompass all links of the food chain including
animal feed and feed processing plants as well.
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INTRODUCTION

Food represents an important source of
pathogenic organisms, and industrial pro-
duction of food resulted in increased in-
cidence of foodborne diseases as well as
their wider geographic spreading and in-
creased severity of complications. Only
during 2013, in the United States, 818
foodborne disease outbreaks were re-
ported, resulting in 13,360 illnesses, 1,062
hospitalizations, and 16 deaths (CDC,
2013). Among the foodborne pathogens,
Salmonella enterica is one of the most

devastating pathogens (Gieraltowski et al.,
2013). Salmonellosis is responsible for
11% all food related deaths (Allard et al.,
2012), and the incidence of salmonellosis
in the human population has not been
decreasing during the past decade
(Brendan et al., 2013). Manual for re-
porting on food-borne outbreaks (EFSA,
2015) recommends that severity of di-
sease can be characterized by reporting
the number of deaths and hospitalizations.
For example, in food-borne infections, the


mailto:dubravka@niv.ns.ac.rs

Dubravka Milanov et al., Epidemiological significance of Salmonella enterica serovar Montevideo and the potential role of feed
for their entry into the food chain, Food and Feed Research, 42 (2), 155-162, 2015

incidence of viral infections is three and
four times higher than that of salmonelosis
and campylobacteriosis, respectively. Ho-
wever, the number of salmonellosis-as-
sociated hospitalizations is two times
higher than that related to campylobac-
teriosis, and almost four times higher as
compared with foodborne viral infections.
According to the report of European Food
Safety Authority, in the period 2007-2011,
1,271 salmonellosis epidemics were re-
corded involving 17,001 diseased hu-
mans, 3,208 hospitalizations and 24 lethal
outcomes (EFSA, 2013). According to the
report of the Institute of Public Health of
Serbia, the number of registered cases in
Serbia in 2012 is as following: 1,494 cases
of enteritidis salmonellosa (1,093 in central
Serbia and 401 in Vojvodina); 2 cases of
salmonellosis septica (in Vojvodina) and
54 cases of salmonellosis non specificata
(47 in central Serbia and 7 in Vojvodina)
(Institut za javno zdravlje Srbije, 2012).

Genus Salmonella - general information

Molecular methods have shown that the
genus Salmonella comprises only two
species: S. enterica and S. bongori. Sal-
monella enterica is further subdivided into
six subspecies, which are designated by
numbers: S. enterica subsp. enterica (sub-
species 1), S. enterica subsp. salamae
(subspecies 1), S. enterica subsp. arizo-
nae (subspecies llla), S. enterica subsp.
diarizonae (subspecies lllb), S. enterica
subsp. houtenae (subspecies IV) and S.
enterica subsp. indica (subspecies VI).
Salmonella serotyping is based on lipo-
polysaccharides (O), flagellar proteins (H)
(flagellar antigens phase 1; flagellar anti-
gens phase 2 (if present)), and capsular
(Vi) antigens. So far, 2,579 Salmonella
serotypes are known, out of which 2,557
belong to the subspecies S. enterica and
22 to subspecies S. bongori (Grimont and
Weill, 2007). S. enterica subsp. enterica
(or subspecies [) includes serovars that
are most commonly isolated in humans
and farm animals (e.g., S. Enteritidis -
group O:9 (D1) and S. Typhimurium-group
0:4 (B)), which are of greatest epidemio-
logical importance and thus mostly inves-
tigated serovars. Salmonella enterica
subsp. enterica serovar Montevideo, which
is addressed in this article, belongs to the
group O:7 (C1). Its antigenic formulais:

6,7;9, m, s; [1,2,7].
Food as a source of Salmonella

Being a first link in the food chain, animal
feed is a potential reservoir of Salmonella.
Salmonella from animal feed can colonize
or cause infection in food producing ani-
mals and, consequently, in humans con-
suming food of animal origin. Several
studies demonstrated that animal feed can
represent the reservoir for particular
strains responsible for outbreaks of human
salmonellosis (Crump et al., 2002; Jones,
2011). However, revealing of the infection
source in salmonellosis is very difficult,
and especially source tracing analysis to
the farm-level or to the feed-mills. This is
mainly due to the fact that isolates are
rarely identified (typed) to the serovar le-
vel, thus, the relevant data on both animal
feed and food of animal origin are lacking.
According to the Food and Drug Admini-
stration (FDA), in the researches dating
from 1993, only 23% Salmonella isolates
from animal feed were identified to se-
rotype level (McChesney et al., 1995). On
the other hand, the sources of Salmonella
for people are numerous and heteroge-
neous, reaching far beyond the pro-ducts
of animal origin. Some recent epi-
demiological researches increasingly iden-
tify the food of plant origin as a source of
infection. Plant colonization by Salmo-
nella enterica has recently been esta-
blished, whereas S. ser. Typhimurium ac-
tively invades plant tissues causing a
range of disease symptoms (Lapidot et al.,
2006; Steenackers et al., 2012; Cevallos-
Cevallos et al., 2012). Potential sources of
salmonellas include “vegetables (tomatoes
and peppers), fresh herbs, types of whole,
fresh, pulped, frozen or juiced fruits, sa-
lads and other leafy greens, nuts, seeds
and derived products, e.g. almonds, pea-
nuts, coconut and sesame seeds, corn or
rice snacks” (EFSA, 2013).

In the framework of the project granted by
the Ministry of Science and Technological
Development of the Republic of Serbia,
throughout the 2-year period, all Salmo-
nella isolates originating from animal feed
were submitted for confirmation and se-
rotyping to the National Reference Labo-
ratory for Salmonella, Shigella, Vibrio cho-
lereae and Yersinia enterocolitica of the
Institute of Public Health of Serbia ,Dr
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Milan Jovanovi¢ Batut®. Eighteen different
serovars have been identified, whereas
15% of all isolates included serovar Mon-
tevideo. As compared to 5 Salmonella se-
rovars, which are subject of special control
measures in our country (S. ser. Ente-
ritidis, S. ser. Typhimurium, S. ser. Hadar,
S. ser. Infantis and S. ser. Virchow), little
is known about the serovar Montevideo.
Along with S. ser. Senftenberg and S. ser.
Agona, S. ser. Montevideo is considered
.feed adapted“ Salmonella serovar and is
frequently isolated in feed and feed in-
dustry (Vestby et al., 2009; Nesse et al.,
2003). In the U.S.A,, it is one of the top ten
most common Salmonella serovars in
foods (Allard et al., 2012). Having in mind
frequent isolation of S. ser. Montevideo
from animal feed from feed factories and
feed mills in the regions of South-Backa
and Srem, this article presents the avai-
lable relevant data on this serovar and its
role and importance in outbreaks of clinical
salmonellosis.

S. enterica subsp. enterica serovar
Montevideo — epidemiological data

S. ser. Montevideo is potential causative
agent of human and animal diseases (Kim
et al., 2004). It is responsible for abortions
in sheep, and in Great Britain it is con-
sidered endemic in sheep (www.gov.uk/
government/uploads/system/uploads/attah
ment_data/file/348960/pubsalm13-chp3).

Besides abortions, infections associated
with this serovar can lead to malaise,
diarrhnea and death. Human infections
commonly result in gastroenteritis and
diarrhea, and some further symptoms
include nausea, abdominal cramp and vo-
miting (Lawlor and Reinert, 2013). Ty-
pically non-typhoid Salmonellae (NTS)
usually cause self-limiting diarrhea. How-
ever, under certain conditions, NTS can
cause localized organic infections or bac-
teremia, where immune status of the host
is of critical importance for the outcome of
the disease. Non-typhoid Salmonella bac-
teremia is common in patients with
reduced neutrophile granulocytes count,
which emphasizes their crucial role in in-
nate immune defense against the invading
organism (Pilsczek et al., 2005). In human
medicine, epidemic outbreaks associated
with S. ser. Montevideo have been re-
ported worldwide. Epidemiological studies
of individual cases aimed at identifying the

infection source demonstrated somewhat
inconsistent success.

According to available data, Salmonella
ser. Montevideo is considered responsible
for 0.1% of all human salmonelloses in
Germany. During 2008 and 2009, 65 and
38 cases of human infections associated
with this serovar were reported (Stocker et
al., 2011). Thus, an epidemic caused by S.
ser. Montevideo was reported in women in
Germany in 2010. The analysis identified
herbal food supplement (the product ad-
vertised for relieving menopausal sym-
ptoms) as the source of infection (Stocker
et al.,, 2011). In 1996, an epidemic of S.
ser. Montevideo was reported in Great
Britain, and the infection was associated
with consuming cooked chicken bought
from a supermarket (Threlfall et al., 1999).
Poisoning associated with diarrhea and
fever was reported in 23 patients aged 59-
79 in a club for elderly persons in Japan
(Hamada et al., 2002). S. ser. Montevideo
was isolated from stool specimens of 12
patients. In 2013, Lincoln County Health
Department reported on salmonellosis
outbreak in participants of private gra-
duation party (Lawlor and Reinert, 2013).
Incubation period was 10 to 44h, and du-
ration of illness ranged from 1 to 11 days.
Since the host of the party was chicken
owner, cloacal swabs, as well as the
specimens from chicken litter, fresh
chicken feces and soil were collected;
however, S. ser. Montevideo has not been
isolated from any of samples. The source
of infection remained unidentified. In the
U.S.A., S. ser. Montevideo infection diag-
nosed in 93 persons in 2012, was linked
with the direct contact with live poultry
(CDC, 2012). According to the report of
National Reference Laboratory for Salmo-
nella in Serbia for the period 1999 - 2010,
S. ser. Montevideo was reported as cau-
sative agent of human salmonellosis in
Serbia only in 2004 (ranked 11 on the list)
(World Health Organization, 2015).

The importance of molecular methods
in the identification of infection source

In the past, the route from field to fork was
much shorter, the food was consumed
locally and salmonellosis outbreaks were
limited to local epidemics (Gieraltowski et
al., 2013). However, industrialized food
production and intensive food trading at
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both national and international level re-
sulted in occurrence of extensive in-
fections spreading through several coun-
tries. Identification of such infections re-
quires a laboratory based subtype sur-
veillance (Gieraltowski et al., 2013). Foods
involving several different ingredients pose
a particular challenge in the identification
of infection source. Potential salmonella-
contamination of one specific ingredient is
extremely difficult to confirm, since the
level of contamination can be very low and
the portion of this particular ingredient in
different foods is variable. For example, in
the period from 1 July 2009 to 14 April
2010, 272 cases of human S. ser. Mon-
tevideo infections were reported in 44
U.S.A. states (CDC, 2010). A compre-
hensive investigation aimed at identifying
the source of the epidemics was
performed in all states. All determined
genetic profiles of S. ser. Montevideo iso-
lates were submitted into the Pulse-Net.
Salami products contaminated with S. ser.
Montevideo via the spices (black and red
pepper) added to the final product after the
critical control points for pathogen re-
duction, were identified as the infection
source. However, since S. ser. Monte-
video is a highly clonal Salmonella se-
rotype, epidemiological investigation using
pulsed-field gel electrophoresis (PFGE) is
limited in its ability of differentiating strains
implicated in an epidemic outbreak. Thus,
genetic similarity between isolates from
black and red pepper with clinical isolates
was confirmed using molecular next-ge-
neration sequencing techniques (Gieral-
towski et al., 2013). Next-generation se-
guencing (NGS) is a new technology pro-
ducing dramatic advancement in mo-
lecular investigation of epidemics asso-
ciated with contaminated food. The me-
thod enables investigation of genetic rela-
tedness of clinical isolates, food-conta-
minating isolates and their environmental
counterparts (Allard et al., 2012). This
research once more emphasized the im-
portance of a traceback to the source of
contamination of final products and the
role of microbiological examination of in-
dividual food ingredients. EFSA defined
the specific guidance for reporting food-
borne outbreaks under the framework of
Directive 2003/99/EC (EFSA, 2015). Di-
rective 2003/99 European Commission

(EC) has been imple-mented by the Euro-
pean Union obligating the Member States
to collect data and report on zoonoses,
foodborne epidemics and antimicrobial re-
sistance. The reporting format was for-
merly known as Community Outbreak Re-
porting System (CORS), which underwent
particular revisions and update, in line with
the experiences from the period 2007-
2009. Currently, the surveillance system is
known as European Union Foodborne
Outbreak Reporting System (EUFORS)
and was implemented for the first time in
the report from 2010. EFSA Manual (2015)
offers guidelines on reporting foodborne
disease and classifying the causative
agents on the basis of real examples. One
of such examples is the occurrence of
human gastroenteritis caused by S. ser.
Montevideo. This serovar was identified in
feces specimens from diseases persons.
Chicken nuggets were identified as in-
fection source. The analysis of brand A of
these products revealed presence of S.
ser. Enteritidis, yet not the S. ser. Monte-
video. This example indicates that in spite
of negative results on the presence of S.
ser. Montevideo in the analyzed samples,
its presence in food consumed by the
diseased patients cannot be ruled out. The
causative agent of the diseases to be re-
ported was S. ser. Montevideo, while S.
ser. Enteritidis was a secondary finding
(EFSA, 2015).

There is a body of evidence on cases of
nosocomial infections related to S. ser.
Montevideo. In 1984. in Germany, S. ser.
Montevideo infection was reported in 26
babies hospitalized for various reasons
(Gericke et al., 1988). The isolates from
the feces of diseased infants manifested
variable antimicrobial resistance (ranging
from susceptible to multiple resistant).
Further research confirmed that multiple
resistance of individual S. ser. Montevideo
isolates relies on plasmid-mediated re-
sistance, whereas same plasmids were
identified in the isolates of Escherichia coli
and Klebsiella from the fecal flora of
diseased babies. This finding pointed out
the importance of plasmid transfer from E.
coli or Klebsiella to S. ser. Montevideo
under in vivo conditions (Gericke et al.,
1988). In 2004, S. ser. Montevideo bac-
teremia was reported in a three-year old
girl (Kim et al., 2004). Empirical antimi-
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crobial therapy based on ampici-
llin/gentamycin combination did not result
in any improvement. The agent was iso-
lated from the blood and feces, and an-
tibiotic susceptibility testing of the isolate
revealed multiple resistance to cefoxitin,
gentamicin, piperacillin, cefuroxime, cef-
tazidime and cefotaxime. According to the
available literature, this is the first report
on an isolate of this serotype on harboring
the DHA-1, a plasmid responsible for its
resistance to AmpC B-lactamase. The re-
sistance towards ceftazidime and cefo-
taxime is transferred by conjugation to the
recipient E. coli J53 (Kim et al., 2004).
AmpC B-lactamases are primarily chro-
mosomal cephalosporinases. p-lactam re-
sistance mediated by plasmid-mediated
AmpC B-lactamases was described in se-
veral clinical isolates of S. ser. Enteritidis
(Gaillot et al., 1997; Barnaud et al., 1998).
Plasmid exchange between enteric bac-
teria is an issue of paramount public
health importance because of multiple
plasmid-mediated resistance to antibiotics
in non-typhoid Salmonella strains. A range
of mobile elements are of importance in
the evolution of Salmonella and the
development of its antimicrobial resistance
(Switt et al., 2012). The majority of re-
searchers are focused on mobile elements
in highly virulent strains (e.g., serovars
Typhi, Typhimurium) or strains manifesting
multiple antimicrobial resistance. Some re-
cent researches identified novel plasmids
in S. ser. Montevideo isolates, i.e., IncHI
and an IncN2, which both encode an-
timicrobial resistance genes (Switt et al.,
2012).

CONCLUSION

The lack of accurate and reliable data on
the prevalence of diverse Salmonella se-
rovars in animal feed, food and clinical
material originating from animals is clearly
evident. The Regulation on the Program of
measures of animal health care in 2015
(Official Gazette of the Republic of Serbia,
dated 03/04/2015) rules the “implemen-
tation of measures in case of sus-pected
and confirmed cases of S. Ente-ritidis and
S. Typhimurium, i.e., S. Hadar, S. Infantis
or S. Virchow”. Moreover, the Regulation
defines the following: “with an aim of iden-
tifying all salmonellas of importance for pu-
blic health, the report on the obtained re-

sults must encompass both all serotypes
regulated in this Regulation and other re-
levant regulations and all other serotypes
identified”.

However, identification of all serotypes in
our laboratories is not feasible, which is
due to lack of trained personnel and sera
for identification of somatic and flagellar
antigens. ldentification of Salmonella iso-
lates commonly involves identification at
species level (biochemical tests), group
assignment using serotyping (commonly
groups B (0:4), C1 (0:7), C2-C3 (0:8), D1
(0:9) and E (0:1,3,19) and identification of
five serovars of particular importance: S.
Enteritidis, S. Hadar, S. Infantis, S. Virc-
how and S. Typhimurium. Serological
identification of other serovars requires the
services of the National Reference La-
boratory for Salmonella, Shigella, Vibrio
cholereae and Yersinia enterocolitica of
the Institute of Public Health of Serbia ,Dr
Milan Jovanovi¢ Batut®. The price of the
serotyping of one isolate greatly over-
comes the costs of isolation and iden-
tification of Salmonella organisms from
animal feed in line with the standard SRPS
EN ISO 6579:2008 (Horizontal method for
isolation and identification of Salmonella
spp.), which is stipulated in the general
price list of the Veterinary Chamber of
Serbia. In that respect, routine laboratory
practice does not implicate submission of
isolates to the referent laboratory for se-
rotyping and, consequently, broad mo-
nitoring and accurate data on the pre-
valence of particular serovars in Serbia,
are still lacking. Moreover, the surveillance
of the facilities in feed production plants
and animal feed itself is highly under-de-
veloped and inadequately integrated with
the surveillance of microbial contami-
nation of food of animal origin for human
consumption. Thus, data that could as-so-
ciate particular links of the food chain with
the occurrence of human alimentary in-
fections are not available. Having in mind
sample number of serovars identified in
the epidemics of human salmonellosis in
Serbia, the strategies for reduction of
salmonellosis have to be aimed at not only
limited number but to all Salmonella se-
rovars. Most frequently isolated serovars
isolated from animal feed usually differ
from human-derived clinical isolates; how-
ever, importance of animal feed in the
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epidemiology of salmonellosis must not be
excluded. On the one hand, the reservoirs
of human infections are much more he-
terogeneous, and on the other hand S.
enterica strains from animal feed are
commonly not typed to serovar level. Also,
infective doses for humans and animals
are different, and a number of cases
remain unreported as the disease resolves
through a course of a single self-limited
infection. S. ser. Montevideo is frequently
isolated from animal feed in our epizootic
region (South Backa and Srem district),
but lack of relevant data does not allow
any conclusions on its potential implication
in outbreaks of human salmonellosis. The
fact that animals intended for human
consumption are significantly exposed to
serovar Montevideo is well established. In
spite of its relatively low pathogenic po-
tential, this serovar might be of importance
for the occurrence and outbreak of in-
fections in humans. Moreover, literature
data pointed out the possibility of trans-
ferring mobile genetic elements encoding
antimicrobial resistance from other enteric
bacteria to Salmonellae (including S. ser.
Montevideo). Livestock industry in Serbia
is characterized by an excessive ap-
plication of antibiotics in both prophylaxis
and therapy, which stimulates the deve-
lopment of new resistance mechanisms of
Salmonella organisms and introduction of
highly resistant strains into the food chain.

Finally, it is to be emphasized that sero-
types S. Enteritidis and S. Infantis, well-
established agents of human salmonello-
sis, were ranked as third and fourth most
commonly isolated strains in animal feed
from South Bactka and Srem district.
Monitoring Salmonella has to be compre-
hensive, and cover all the links in the food
chain starting from animal feed and fa-
cilities for their production as well.
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ENMWAEMMUOJNIOLWLKUA 3HAYAJ SALMONELLA ENTERICA SEROVAR
MONTEVIDEO U NOTEHUMUJAINHA YJIOIA XPAHE 3A XXUBOTUHE 3A HbEH
YINA3AK Y NNIAHALL UCXPAHE

[ly6paska C. MunaHos™*, Maja J. Benxxep', Hefjerbko P. Kapa6acun?, MiBaHa C. Yabapkana®,
IburbaHa b. Cysajunh®

1HaquM WHCTUTYT 3a BeTepuHapcTeo ,Hoeu Cag®, 21000 Hoeu Cag, PymeHauku nyT 20, Cpbuja
2YHvuaepszeT y beorpagy, ®akyntet BeTepnHapcke meanumnHe, 11000 Beorpag
Byneap ocnobohewa 18, Cpbuja
3yHMBepsmTeT y HoBom Capgy, Hay4Hu nHcTUTyT 3a npexpambeHe TexHonorvje y Hosom Capgy,
21000 Hoeu Capg, bynesap uapa Jlasapa 1, Cpbuja
*YHuBepauTeT y HoBom Capay, MeauuuHckn cdakynteT, enaptmaH 3a chapmauujy, 21000 Hosu Cag,
Xajoyk BerbkoBa 3, Cpbuja

CaxeTtak: XpaHa 3a X1BOTUHE je MpBa kapuka y NnaHuy ucxpaHe v jegaH og moryhunx masopa
Salmonella 3a xunBoTUHE, @ NOCPEAHO U FbyAe KOjU KOH3YyMUPajy Mpou3Bo4e XMBOTMHCKOr nopekna.
3Ha4yaj 1 ynory canmoHena Koje Ce YCTaHOBIbaBajy Yy XpaHU 3a XUBOTUHE Y MOjaBu enuaemuja
carMOHesi03a BeoMa je TELUKO NPOLIEHUTH, jep ce n3onatu peTko TMnu3mpajy 40 cepoTuna v npasu
nodaun HegocTajy M 3a XpaHy 3a XMBOTUHE M 33 HAaMUPHMLE aHUMarnHor nopekna. Y OKBupy
peanu3aumje npojekta uHaHcupaHor of cTpaHe MuHWCTapcTBa 3a HayKy M TEXHOSOLWIKM pasBoj
Penybnuke Cpbuje, Tokom OBe roguHe cy cBu msonatn Salmonella spp. u3 xpaHe 3a XMBOTUHE
notepheHn n TunuanpaHn go cepotuna y HauuwoHanHoj pedepeHTHOj nabopaTopuju 3a Salmonella.
WoeHTudukoBaHo je 18 pasnnumtmx cepotunoBa, a 15% cBux mM3onata ogHocuo ce Ha Salmonella
ser. Montevideo. 36or ydecTtane msonaumje Salmonella ser. Montevideo 13 xpaHe 3a XUBOTUHE
nopeknom wu3 abpuka CTOYHE XpaHe Ha HaweM enu3ooTUONOoWKOM nogpyyjy (JyxHobaukn wn
Cpemcku Okpyr), y OBOM pagy WM3HOCUMO AOCTyNMHe nojaTke O 3Hayajy OBOr cepoTuna y nojaswu
KMMHUYKUX CariMOHeno3a koA fbyau, npukase nojegnHaqyHux ennagemMuornowKkmx NCTpaXKmnueBamwa y uniby
yTBphuBama 1M3Bopa nHdekunje 1 peneBaHTHE YMkeHNLEe O pacTyhoj aHTUMUKPOOHO] pe3ncTeHuujm
Salmonella. Takohe, y pagy nctuiyemo notpeby 3a jeAMHCTBEHNUM MOHUTOPUHIOM Hazd canmoHenama
Ha HauWOHAarHOM HMBOY, Koju he yKIbydunTM CBE Kapuke Yy NaHuy UCXpaHe, NMOYeBLUM Of XpaHe 3a
XMBOTUHE M 0bjeKkaTa 3a HUXOBY NPON3BOAHY.

KrbyuHe peun: xpaHa 3a xuBOTUHE, NaHaL ucxpaHe, Salmonella ser. Montevideo
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