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Abstract

Abortion is one of the economically important pathological implications of salmonellosis in sheep. Salmonella enterica
subspecies enterica serotype abortusovis is the sheep-specific abortive serotype. Regional endemic Salmonella
abortions also lead to calving of dead offspring and reduced viability, diseases in lambs from infected dams. The
present study focused on the description of two outbreaks of S. abortusovis infection, with special reference to the
epidemiological situation in Northwestern Romania, in the winter of 2020-2021. Two herds in which the morbidity rate
(abortion) in the last period of gestation was between 13.92% - 16.66% were studied. Fetal parenchymal organs and
gastric contents were harvested and processed using classical microbiological methods. Bacterial strains were
confirmed by biochemical and serological methods and were identified as Salmonella abortusovis serogroup B,
serotype BO. Antimicrobial susceptibility was evaluated using agar diffusion method. Multidrug resistance was found
in six of these strains, all were resistant to sulfatrimethoprim and doxycycline, one to erythromycin and one to
ciprofloxacin. In order to avoid economic damage in regions known to have enzootic potential, immunoprophylaxis in
dams is strongly recommended.
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INTRODUCTION implicitly higher in countries where the number
of animals is higher. According to the OIE, the
Sheep farming in the current territory of our  potifiable diseases belonging to the chapter 14 -
country is a tradition of millennia, bringing  which includes the main communicable
substantial ~ economic  benefits to local  diseases considered important from a socio-
communities. According to Eurostat data, the  economic point of view and / or for public
sheep population in Romania is constantly  health and international trade in animals and
growing, with an increase of approximately  animal products are: goat and ovine brucellosis
482.600 animals in the period 2017-2020 and  (excluding Brucella ovis), contagious agalaxia
thus reaching approximately 10.4 million  of sheep and goats, contagious pleuropneu-
sheep. Thus, Romania is on the third place  monia of goats and sheep, enzootic abortion of
among the member states of the Union  sheep (ovine chlamydiosis), Maedi-visna,
European  (INSSE, EUROSTAT). Sheep  Nairobi's disease, infectious orchiepididymitis
pathology, including diseases with zoonotic  of rams (Brucella ovis), ad ovine, salmonellosis
potential, is widespread, therefore, given the (Salmonella abortusovis), scrapie (OIE).
large number of herds in our country, it is Of particular economic importance, by
important to know the possible dangers to  affecting adults, but also the next generations
public health and their implications, as well as of offspring, are the abotrive diseases such as:
the causes that could lead to important  chlamydial abortion, brucellosis, salmonellosis
economic losses following the evolution of (S. abortusovis), listeriosis, Q fever, ovine
infectious diseases such as salmonella abortion.  genital campylobacteriosis and toxoplasmosis
The increase of sheep herds in Romania is not (Menzies 2011, Holler 2012, Alemayehu et al.,
in line with European trends, the risk of  2021). Bacteria belonging to the genus
evolution of various pathologies being  Salmonella are pathogens that can infect a wide
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range of hosts, including humans (Besser,
2018; Popa and Papa, 2021). The growing
number of Salmonella infections reported in
recent decades reveals a problem worthy of
consideration by the medical and veterinary
services, with a considerable socio-economic
impact (Kerr et al., 2022). Salmonella spp.
infections are becoming more common in
animals. In sheep, salmonella serotypes other
than those specific to group B may be isolated,
especially S. typhimurium and S. dublin, with a
wide ubiquity, but the specific abortion-
inducing agent is S. abortusovis (Amagliani et
al., 2021).

Unlike other Salmonella species, S. enterica
subsp. enterica serovar abortussovis is adapted
to sheep and has host specificity (Jack 1971,
Lamas et al., 2018). Considered as a zoonotic
pathogen, its importance lies in the economic
losses that occur in the production systems of
sheep in regions that depend on grazing
(Pardon et al., 1988; Sojka et al., 1983). Ovine
salmonellosis has been most commonly asso-
ciated with sheep herds in Europe and the
Middle East, causing abortions, stillbirths, and
diseases in infected lambs at birth (Alemayehu
et al., 2021). These are mainly due to the
epidemic nature of the disease, which is most
recognized when the pathogen is newly
introduced into a herd, as mass abortions occur.
Endemic scenarios also cause abortions of up to
50% in sheep herds in newly introduced indivi-
duals, usually during the first gestation (Clune
et al., 2021). Salmonella abortusovis is a
pathogen belonging to the Enterobacteriaceae
family genus Salmonella, species Salmonella
enterica subspecies enterica serovar (serotype)
abortusovis, commonly named S. enterica
serovar abortusovis or S. abortusovis, is a
Gram- negative bacterium (Jajere et al., 2019).
Salmonella abortusovis, is not the only one
associated with salmonella abortion in sheep.
Abortions can also occur after infections with
other serotypes (eg Salmonella dublin, S.
typhimurium, S. montevideo, S. brandenburg,
S. indiana) which can also cause reproductive
losses in this species (Spickler, 2017).
Epidemiological data suggested  that
S. abortusovis serotype is one of the leading
causes of sheep abortions in Europe and
Western Asia, where it is a major pathological
and economic problem in countries with a
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sheep-based economy (Valdezate et al., 2007).
In this context, the purpose of this study was to
investigate an outbreak of disease characterized
by abortions and mortality in young sheep,
which occurred in two different herds of non-
professional farms belonging to households in
northwestern Maramures, Romania. To achieve
this goal, information was collected regarding
the circumstances in which the outbreak
apaired, followed by a description of the herds,
the area of origin, the veterinary actions
regularly applied to determine the occurrence
of the infectious disease. The outbreak was
characterized by performing analyzes to
diagnose the incriminated agent/agents in the
occurrence of infectious processes with the
management and control of the disease.

MATERIALS AND METHODS

A. Study area and animals. For this study,
two private households, located in the
northwest of Transylvania, belonging to a
commune within the Maramures County, were
considered. The households are free of
infectious diseases and are not in a restricted
zone due to a eradication program for a
notifiable disease. The first household (A) has a
total number of 359 animals (n = 359, 11 adult
rams, 45 sheeps (aged beetwen 3-5 years) and
250 young animals). The ewes with lambs are
housed in a 500 sq m shelter with paddock,
without mechanization and without indoor
installations. The rest of the sheep, the young
animals and the rams are housed in an another
100 sq m shelter. The maintenance of sheep is
done freely on permanent bedding, and the
shelter is divided into rest and movement
boxes. The evacuation of the bedding (garbage)
is done after the sheep go out to the pasture,
using a tractor equipped with a blade. Milking
is done manually in a separate space. In the
second household (B), the animals are housed
in a shelter of about 250 square meters. The
herd consists of 120 animals (n = 120, 102
ewes with lambs, 3 rams and 15 young sheep).
During the indoor housing period, the basic
food is fibrous, coarse (hay and corn),
succulents and small amounts of concentrates
(0.3-0.5 kg/day/female) during the period of
late gestation and early lactation. The watering
system have constant level and are connected to



the water pipe. During the summer, the sheep
are kept in the pasture, the food being
exclusively made of green mass, and the
watering is done from the valleys around the
pasture or from the well in the gutters. In herd
A at the beginning of the indoor housing
period, the pregnant sheep are sheltered in two
herds of 150 ewes each. Immediately after
lambing, the sheep were moved into common
compartments with an average capacity of 50
sheep and lambs. One week after the start of
lambing, a space is created that allows the
formation of common  compartments.
Gradually, as the sheep lamb, the resized space
allows the construction of other compartments,
so that at the end of lambing in the stall there
will be six common compartments with 50
sheep each.

After weaning the lambs, by removing the
dividing walls between the individual lambing
boxes, a common box is created for the weaned
lambs. This model ensures good supervision of
ewes and lambs and increased comfort by
allowing access of ewes and lambs in the
paddock during good weather.

In herd B the shelter is compartmentalized with
dividers and is provided with paddock.
Pregnant ewes and lambs have separate spaces
made with dividers, while rams and lambs each
have separate compartments.

B. Description of the outbreak and collection
of samples. Abortion was preceded by some
general symptoms that consisted of fever,
restlessness, loss of appetite, vaginal discharge,
and was followed by placental retention and
metritis. Full-term lambs showed hyperthermia,
loss of appetite, dyspnea, diarrhea and death
within a few days. In order to perform the
laboratory tests, two abortion samples were
collected from the herd A and one sample from
the herd B. After performing the necropsy the
samples were collected from gastric contents
and liver.

C. Sample processing. The samples collected
were processed according to ISO 6579: 2002/
Amd 1: 2007 method for the detection of
Salmonella. The samples was preenriched with
peptone water (Oxoid) (24 h/37°C), enriched in
Rappaport  Vassiliadis ~ Salmonella  broth
(Oxoid), and later incubated in xylose lysine
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desoxicholate agar (XLD, Oxoid) for 48 hr.
The RapidOne system  (ThermoFischer
Scientific, Remel) was used to identify and
taxonomically  classify  isolated  strains.
Salmonella spp. strains were further confirmed
serologically by a slide agglutination test at
IDSA-LNR.

D. Antimicrobial sensitivity evaluation. The
antimicrobial sensitivity patterns of the isolated
strains were evaluated using the standard
Kirby-Bauer disk diffusion method according
to the CLSI guidelines. The strains were tested
towards 11 antimicrobials: amoxicillin (10 pug)
(Oxoid), cephazolin (30 pg) (Oxoid),
doxycycline (30 pg) (Oxoid), enrofloxacin
(ENR, 5 pg) (KRKA), gentamicin (10 pg)
(Oxoid), oxytetracycline (OT, 30 pg) (Oxoid),
ciprofloxacin (30 pg) (Oxoid), polimixin B (30
ng), (Oxoid), sulfatrimethoprim (1.25 pg)
(Oxoid), cloramfenicol (10 png), (Oxoid),
erytromicin (10 pg), (Oxoid).

Based on the growth inhibition zone diameters
(mm), the bacterial strains were recorded as
resistant (R), intermediate (I) and susceptible
(S). For further analysis, intermediate and
resistant pattern isolates were grouped as
resistant. The multiple antibiotic resistance
index was recorded according to the procedure
described by Krumperman (Krumperman
1983), so for the calculation of the MAR index
the total number of antibiotics to which the
isolate was resistant / the total number of
antibiotics tested was taken into account.
According to Kruperman, values lower than 0.2
are considered low risk, while values higher
than 0.2 indicate a high risk (Krumperman
1983).

RESULTS AND DISCUSSIONS

Two flocks of sheep were examined due to
frequent abortion reports. The abortion rate
varied between 13.92% and 16.66%, mainly
affecting the young ewes. Abortions have
occurred in the last weeks of pregnancy, full-
term lambs have been unviable and have died
within the first few days of lambing.

Following the evolution of the epidemiological
indicators in the two investigated herds, it was
observed that, although there were differences
in the size of the herds (animals: 359 - A



compared to 120 - B), the evolution of the
indicators was not proportional to the total
number of animals. Thus, the number of
diseases in herd A was higher than in herd B,
the differences between herds leading to lower
morbidity rates in farm A than in B. The
evolution of mortality was similar, the
percentage being double in B, while the
percentage of lethality in the case of herd B
represents 138.9% compared to A (Figure 1).

Mobidity

[ S )
th @ th <

=

=

Mortality Letality

EHerd A mHerd B

Figure 1. Epidemiological indicators calculated for the
abortion episode diagnosed in herd A and B

The morbidity and mortality rates assesed
during the evolution of the investigated episode
suggest the absence of antibodies, motivated by
the previous absence of infection in the two
outbreaks as well as the absence of endemic
disease. The owners did not implement the
vaccination as a control measure until after the
installation of the losses from the investigated
episode. The increased lethality of 25% in the
case of herd B suggests either the lack of
adequate intervention or late intervention for
the treatment of sick animals, or the possibility,
especially in outbreak B, of the presence of
predisposing factors that could have harmed the
immune status of the animals. Bacteriological
examination of the samples revealed the
presence of Salmonella spp. The bacterial
strains  were subsequently  characterized
serologically. TSI agar culture was used for
serotyping of somatic antigen O and semi-solid
agar culture for flagellar antigen serotyping H.
Belonging to somatic group B (somatic
antigens 4,5) and possession of flagellar
antigens and 1,6 were demonstrated by
serotyping with the respective antisera, which
confirmed the Salmonella abortusovis serotype.
After the first abortions, the pregnant ewes
from flock A, characterized by the lowest
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abortion rate (13.92%), were treated with
enrofloxacin for 5 days s.c., after which no
other cases were registered.

In an attempt to mitigate the harmful effects of
S. abortusovis by antimicrobial therapy, the
antimicrobial susceptibility of isolates was
assessed by the diffusimetric method. The
results showed a favorable antimicrobial
sensitivity of S. abortusovis strain in herd A,
where the multiple antibiotic resistance (MAR)
index was lower (Table 1).

Table 1. The antimicrobial sensitivity patterns of the
isolated strains

Herd A

Herd B
S

Antibicrobials
Cephazolin
Enrofloxacin
Oxytetracyclin
Amoxacillin
Cloramfenicol
Ciprofoxacin
Gentamicin
Polimixin B
Doxycyclin
Sulfatrimethoprim
Erytromicin
MAR
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However, diffusion method showed that the
isolate is resistant to sulphatrimetroprim and
doxycycline and moderately sensitive to
ciprofloxacin, gentamicin, polymyxin B and
erytromicin. In contrast, the isolate from herd B
has a low sensitivity, being resistant to

ciprofloxacin,  doxycycline, erythromycin,
sulfatrimethoprim, polimixin B and moderately
sensitive ~ to  chloramphenicol and o

oxytetracyclin with a MAR index which is
worrying - multiple antibiotic resistance may
be the result of frequent use of antibiotics. A
higher sensitivity in herd A compared to herd B
was obtained by the less frequent use of
antimicrobial agents in the studied flocks.

Salmonella infections in animals is for most
countries with intensive animal husbandry, one
of the most important veterinary health
problems due to economic losses and their
implications for human health by triggering
food poisoning following the consumption of
contaminated products (Heredia et al., 2018).
Among the species involved, in the first place,
in terms of significant losses, are the birds,
followed by pigs, cattle and sheep. Bacterio-
logical tests performed in this study confirmed



the presence of Salmonella serovar abortusovis,
based on biochemical characteristics. Serolo-
gical confirmation includes isolated agents in
the BO group, typical of abortive salmonella in
sheep. However, for the effectiveness of eradi-
cation measures, regular serological controls
should be required, after identifying the
etiological agent and at the same time its
potential for antibiotic resistance by PCR and
multiplex PCR (Geresu et al., 2021). This
serotype maintains its virulence for fetuses and
newborn lambs, but has reduced virulence in
adult sheep, the pathogen spreading in the
environment during abortion, infecting new
hosts, which could quickly lead to abortions.
Factors that could lead to the spread and
increase of the prevalence of the infection can
be directly correlated with unbalanced rations,
disturbances of the intestinal flora, intestinal
and hepatic parasites and individual factors
associated with some breeds and genetic
susceptibility. Other factors are related to the
seasonal migration of animals, the nomadic
lifestyle of sheep herds, insufficient manage-
ment in the application of sanitation measures.

CONCLUSIONS

The presence of Salmonella serotypes that
induce abortion and the death of newborn
lambs in flocks is a major economic problem in
geographical areas with a sheep-based
economy and raises a number of questions
regarding the implementation of preventive
measures. Higher antimicrobial resistance in
herd B compared to herd A, can be explained
by the abusive use of antimicrobials in the
prophylactic treatment of various pathologies
(metritis, mastitis, diarrhea, pneumonia,
necrobacillosis or coccidiosis).

In order to avoid economic loss in regions
known to  have  enzootic  potential,
immunoprophylaxis in ewes is recommended.

REFERENCES

Alemayehu, G., Mamo, G., Alemu, B., Desta, H.,
Tadesse, B., Benti, T., Bahiru, A., Yimana, M., &
Wieland, B. (2021). Causes and Flock Level Risk
Factors of Sheep and Goat Abortion in Three
Agroecology Zones in Ethiopia. Frontiers in
veterinary science, 8, 615310.

Amagliani G, La Guardia ME, Dominici S, Brandi G,
Omiccioli  E.  Salmonella  Abortusovis:  An

118

Epidemiologically ~ Relevant  Pathogen.  Curr
Microbiol. 2021 Dec 7;79(1):3.
Besser JM. (2018). Salmonella epidemiology: A

whirlwind of change. Food Microbiol, May; 71:55-
59.

Bondo, K. J., Pearl, D. L., Janecko, N., Boerlin, P., Reid-
Smith, R. J., Parmley, J., & Jardine, C. M. (2016).
Impact of Season, Demographic and Environmental
Factors on Salmonella Occurrence in Raccoons
(Procyon lotor) from Swine Farms and Conservation
Areas in Southern Ontario. PloS one, 11(9),
¢0161497.

Clune, T., Lockwood, A., Hancock, S., Thompson, A.
N., Beetson, S., Campbell, A., Glanville, E., Brookes,
D., Trengove, C., O'Handley, R., Kearney, G., &
Jacobson, C. (2021). Abortion and Lamb Mortality
between Pregnancy Scanning and Lamb Marking for
Maiden Ewes in Southern Australia. Animals: an
open access journal from MDPI, 12(1), 10.

Dutta, A., More, D., Tupaki-Sreepurna, A., Sinha, B.,
Goyal, N., & Rongsen-Chandola, T. (2020). Typhoid
and paratyphoid fever co-infection in children from
an urban slum of Delhi. /DCases, 20, ¢00717.

Gal-Mor O. (2018). Persistent Infection and Long-Term
Carriage  of  Typhoidal and  Nontyphoidal
Salmonellae. Clinical microbiology reviews, 32(1),
€00088-18.

Geresu Minda Asfaw, Behailu Assefa Wayuo,
Gezahegne Mamo Kassa (2021). "Occurrence and
Antimicrobial Susceptibility Profile of Salmonella
Isolates from Animal Origin Food Items in Selected
Areas of Arsi Zone, Southeastern Ethiopia, 2018/19",
International Journal of Microbiology, vol. 2021, 13
pages.

Heredia, N., & Garcia, S. (2018). Animals as sources of
food-borne pathogens: A review. Animal nutrition
(Zhongguo xu mu shou yi xue hui), 4(3), 250-255.

Holler LD. (2012). Ruminant abortion diagnostics. Vet.
Clin. Food Anim., 28:407-18.

INSSE Institutul  national
https://insse.ro/cms/

Jack EJ. (1971). Salmonella abortusovis: an atypical
Salmonella. Veterinary Annual.; 82:558-561.

Jajere S. M. (2019). A review of Salmonella enterica
with particular focus on the pathogenicity and
virulence factors, host specificity and antimicrobial
resistance including multidrug resistance. Veterinary
world, 12(4), 504-521.

Kerr, E. J., Stafford, R., Rathnayake, 1. U., Graham, R.,
Fearnley, E., Gregory, J., Glasgow, K., Wright, R.,
Sintchenko, V., Wang, Q., Howard, P., Leong, L.,
Valcanis, M., Pitchers, W., Lambert, S. B., &
Jennison, A. V. (2022). Multistate Outbreak of
Salmonella enterica Serovar Heidelberg with
Unidentified Source, Australia, 2018-2019. Emerging
infectious diseases, 28(1), 238-241.

Khan C. M. (2014). The Dynamic Interactions between
Salmonella and the Microbiota, within the
Challenging Niche of the Gastrointestinal Tract.
International scholarly research notices, 2014,
846049.

Krumperman P. H. (1983). Multiple antibiotic resistance
indexing of Escherichia coli to identify high-risk

de statistica



sources of fecal contamination of foods. Applied and
environmental microbiology, 46(1), 165-170.

Lamas A, Miranda JM, Regal P, Vazquez B, Franco CM,
Cepeda A. (2018). A comprehensive review of non-
enterica subspecies of Salmonella enterica. Microbiol
Res., Jan; 206:60-73.

Menzies PI. (2011). Control of important causes of
infectious abortion in sheep and goats. Vet. Clin.
Food Anim. Pract., 27:81-93.

Mughini-Gras L, Enserink R, Friesema I, Heck M, van
Duynhoven Y, van Pelt W (2014). Risk Factors for
Human Salmonellosis Originating from Pigs, Cattle,
Broiler Chickens and Egg Laying Hens: A Combined
Case-Control and Source Attribution Analysis. PLoS
ONE, 9(2): e87933.

Pardon P, Sanchis R, Mary J, (1988). Ovine
salmonellosis caused by Salmonella abortus ovis.
Ann Rech Vet; 19: 221-35.

Popa, G. L., & Papa, M. 1. (2021). Salmonella spp.
infection - a continuous threat worldwide. Germs,
11(1), 88-96.

Salisbury AM, Bronowski C, Wigley P. (2011).
Salmonella Virchow isolates from human and avian
origins in England-molecular characterization and

119

infection of epithelial cells and poultry. J Appl
Microbiol., Dec; 111(6):1505-14.

Sojka WIJ. (1983). The incidence of Salmonella infection
in sheep in England and Wales, 1975 to 1981. British
Veterinary Journal; 139:386-392.

Spickler, Anna Rovid (2017). Salmonella abortusovis
(factsheet) https://www.cfsph.iastate.edu/Factsheets/
pdfs/salmonella abortusovis.pdf

Takaya, A., Yamamoto, T., & Tokoyoda, K. (2020).
Humoral Immunity vs. Salmonella. Frontiers in
immunology, 10, 3155.

Valdezate, S., Astorga, R., Herrera-Leodn, S., Perea, A.,
Usera, M. A., Huerta, B., & Echeita, A. (2007).
Epidemiological tracing of Salmonella enterica
serotype abortusovis from Spanish ovine flocks by
PFGE fingerprinting. Epidemiology and infection,
135(4), 695-702.

EUROSTAT https://ec.europa.eu/eurostat/web/
products-eurostat-news/-/ddn-20200923-1

https://www.oie.int/en/what-we-do/standards/codes-and-
manuals/terrestrial-code-online-access/section 14,
Chapter CAPRINAE.



