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Between 1976 and 2003, no infections with Salmonella Abortusovis had been officially
recorded in Switzerland. Since then, however, several sheep flocks were infected and suf-
fered massive fetal losses suggesting a re-emergence of the disease. Therefore, the aim of

Accepted 26 August 2010 this study was to assess the epidemiological situation of S. Abortusovis infection in sheep in

this country. A representative serum sample collected in 2007 in the context of certifying
?2’”‘;201:25,; Abortusovis Brucella freedom included sera from 578 flocks with a total of 8426 sheep from all regions
Abortion in Switzerland and the Principality of Liechtenstein. Sera were tested by ELISA for the pres-
Sheep ence of antibodies specific for S. Abortusovis. The cantonal seroprevalence was estimated
Prevalence at the sheep as well as the flock-level by taking into account (a) all flocks with one or more
Switzerland seropositive sheep (Flock 1+) and (b) only the flocks with two or more seropositive sheep
ELISA (Flock 2+).

Flocks with seropositive sheep were found throughout the country with an overall sheep-
level prevalence of 1.7%. At the flock-level, overall prevalences of 16.3% and 5.0% were found
for Flock 1+ and Flock 2+ definitions, respectively. Significant sheep-level clusters were
located in the cantons of Bern, the Valais and Graubiinden, while significant flock-level
clusters (Flock 1+ and Flock 2+) were located in the canton of Graubiinden only. Our results
indicate that exposure of Swiss sheep flocks to S. Abortusovis is wide-spread.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

During the lambing seasons of 2003/2004 to 2007/2008,
abortion storms with up to 70% fetal losses were described
in several sheep flocks in the western part of Switzerland
(Von Tavel et al., 2005; Belloy et al., 2009). Laboratory
examination revealed an infection with Salmonella enterica
subspecies enterica serovar Abortusovis (Salmonella Abor-
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tusovis), a disease which is notifiable in Switzerland but
nevertheless has not been reported in this country for the
previous 27 years (Boss etal., 1977).S. Abortusovis is specif-
ically adapted to sheep, and no zoonotic potential is known.
The major clinical signs visible in infected naive flocks are
abortions in the last trimester in 30-50% of pregnant ewes.
In endemically infected flocks, the incidence decreases to
an average of 10% and abortions are usually limited to
recently purchased sheep or ewes lambing for the first time
(Jack, 1968). Following an outbreak, natural immunity is
generally observed (Jack, 1971; Pardon et al., 1988) and
repeated abortion storms do not occur within the same
flock. The observed flock-level abortion storms with high
fetal losses in the Western part of Switzerland suggested
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that this was a re-emerging disease in this region, and led
to questions about the situation in other regions within
Switzerland. Therefore, a study was initiated to determine
the seroprevalence of S. Abortusovis in Swiss sheep flocks
using a recently developed ELISA on sera from a nation-
wide representative sample of Swiss sheep flocks collected
in 2007 in the context of Brucella melitensis freedom certi-
fication.

2. Materials and methods
2.1. Sera

Sheep serum samples were collected in the 2007
nation-wide official cross-sectional survey of the Federal
Veterinary Office to document freedom from B. meliten-
sis infection. The overall sample size for that survey had
been calculated according to EU legislation to ensure that a
flock-level prevalence of 0.2% would be detected with 90%
confidence. The required number of sheep per flock in that
survey was calculated to obtain a flock-level sensitivity of
99% assuming 10% within-flock prevalence and a 90% single
sheep test sensitivity. The total sample size was stratified
proportional to the cantonal small ruminant population.
Flocks of different sizes were randomly selected and only
sheep older than 12 months were included. In practice
the sampling was implemented as follows: all sheep were
sampled from flocks with up to 40 sheep, 40 randomly
selected sheep from flocks with 40-99 sheep and 50 from
flocks with over 100 sheep. That serum pool, subsequent
to being tested for Brucellosis, was stored and made avail-
able for this survey. A total of 578 flocks with 8426 sheep
from 25 Swiss cantons and the Principality of Liechten-
stein (FL) were analysed (Table 1). Due to the availability
of the samples in the serum sample bank the number of
actual analysed samples deviated marginally from the offi-
cial 2007 survey sample size of 583 flocks and 8800 sheep.

2.2. ELISA

A recently developed and validated indirect enzyme-
linked immunosorbent assay (iELISA) was used to identify
serologically positive sheep (Wirz-Dittus et al., 2010).
The assay had sheep-level characteristics of 98% (95% CI
88.0-99.9) sensitivity (SE) and 100% (95% CI 92.1-100.0)
specificity (SP), and detected antibodies specific for S. Abor-
tusovis for at least 10 months after abortion (Wirz-Dittus
et al.,, 2010).

2.3. Prevalence estimation

Crude seroprevalences, defined as number of sheep
seropositive (above the ELISA cut-off) divided by num-
ber of sheep tested, were derived at the cantonal level as
well as for defined subgroups such as flock size classes.
Seroprevalence estimates of infected flocks were calcu-
lated for two flock status definitions: a flock was either
defined as positive if one or more sheep were seroposi-
tive (Flock 1+) or if two or more sheep were seropositive
(Flock 2+). The survey design module of the statistical
package STATA v10 was used to derive data-structure

adjusted sheep-level seroprevalence estimates with statis-
tically based exact confidence limits. Wald statistics with
associated p-values were utilized to interpret observed
seroprevalence differences between comparison groups.
A Bayesian model for a one (1) test multiple (n) sub-
populations - structure (Branscum et al., 2004) was
implemented in the freeware environment WinBugs 3.03
(http://mathstat.helsinki.fi/openbugs/) in order to derive
sheep and flock-level true prevalence estimates by canton
while adjusting for the imperfect ELISA test characteristics.
Test characteristic priors were entered as beta distribu-
tions with parameters (a=d+1; b=n—d+1) based on the
test validation data (SE=43/44=97.7%; SP=45/45=100%)
(Wirz-Dittus et al., 2010). For the prevalence estimates
by subpopulation, uninformative priors (beta 1,1) were
entered. The model was run with 110,000 iterations, and
median prevalence estimates and the 95% prediction inter-
val (defined by lower and upper prediction limits) of the
last 100,000 iterations, i.e. after a 10,000 iteration burn-in
phase, were extracted. Three chains of starting values were
compared to visually check whether the models converged
to the same stable median values.

2.4. Spatial analysis

All flocks were spatially referenced using non-earth
Swiss spatial coordinates of the centroid of the 4-digit
ZIP code region of the owners address using a com-
mercially available product (www.geopostcodes.com). The
Bernoulli model for purely spatial clustering within the
freeware package SaTScan v8 (www.satscan.org) was used
to identify case (=test— positive sheep, Flock 1+, Flock
2+) clusters. These were defined as having significantly
more observed cases in a defined circular region than to
be expected from the distribution of all tested (negative
and positive) sheep and flocks in the population. Detec-
tion of statistically significant (p<0.05) positive (case)
clusters was based on a maximum circle size of 30% of
the underlying population and 999 model iterations. As
outcome measures, the observed-to-expected case ratio
(OER) estimates and likelihood ratio test statistics were
used. Spatial distribution of Flock 1+ and Flock 2+ loca-
tions as well as those of the significant clusters was
plotted on a map that contained the Swiss cantonal bor-
ders and lakes using the Mapinfo GIS software package
(http://www.pbinsight.com/welcome/mapinfo/).

3. Results

Of the 578 sheep flocks, 94 had at least one seropositive
sheep (Flock 1+) and 29 of these two or more seropositive
sheep (Flock 2+). The remaining 484 flocks were seroneg-
ative. On average, 14.6 sheep (range 1-49) per flock were
tested (Table 1). Cantonal sheep-level seroprevalence esti-
mates ranged between 0% and 9.4% (sample average 1.7%).
With the exception of one canton, Bayesian test-adjusted
sheep prevalence estimates were consistently slightly
higher (data not shown). Only five cantons and the Prin-
cipality of Liechtenstein (FL) did not have any seropositive
sheep (Table 1). Cantonal flock-level prevalence estimates
for Flock 1+ definition ranged between 0% and 36.4% (sam-
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Fig. 1. Sheep flocks with a single (red dots) or two or more (red squares)
positive sheep in a seroprevalence study for antibodies against Salmonella
Abortusovis infection (2007). The underlying population of test-negative
flocks is not shown. Smaller thick-lined circles (A1: OER=50.0, p=0.001;
A2: OER=13.5,p=0.003) toward the west (left) represent individual flocks
that were identified as significant case clusters at the sheep-level. The
black rectangle with the included circle to the southeast (right) represents
a statistically significant cluster of positive flocks (circle B2: threshold one
positive sheep per flock (OER=6.2, p=.0.020); square B1: threshold 2+
positive sheep per flock (OER=10.0, p=0.007). The included circle at the
same time represents an individual flock (A3: OER=6.2,p=0.001) that was
identified as significant case cluster at the sheep-level. Thicker regional
outlines represent cantonal boundaries, and blue areas lakes. North is top.

ple average 16.3%), with some changes in both directions
to be seen in the results of the Bayesian model when
compared to the conventional estimates. Prevalence esti-
mates for Flock 2+ definition ranged between 0% and 33.3%
(sample average 5%). With the exception of one canton,
these estimates were slightly higher in the Bayesian model
approach. Compared to Flock 1+, six additional cantons
were considered test-negative. Bayesian test sensitivity
and specificity estimates were slightly higher with the
Flock 2+ case definition (97.7%; 99.1%) when compared to
those for Flock 1+ (97.5%; 98.4%)(Table 1). Observed sheep-
level seroprevalence estimates did not show any significant
differences between flock size categories (data not shown).

Statistically significant sheep-level spatial clusters were
located in the cantons of Bern (BE), the Valais (VS) and
Graubiinden (GR) with the highest observed-to-expected
ratio (OER=50.0) in the canton of Bern. Statistically signif-
icant farm level spatial clusters for Flock 1+ and Flock 2+
definitions were located in the canton of GR only, with OER
estimates of 6.2 and 10.0, respectively (Fig. 1).

4. Discussion

The aim of this study was to assess the seroprevalence
of S. Abortusovis in Switzerland to determine whether
the sheep population was naive (no seroconversion). This
would be consistent with the recent reports of a locally
(re-)emerging disease with sporadic outbreak storms.

Although no abortions due to S. Abortusovis had been
reported for several decades before 2007 the results
showed that exposure to the agent (and resulting sero-
conversion) was endemic and that flocks with seropositive
sheep could be found throughout the country, even though
at a low average (across regions) prevalence of 1.7%. Since

no seroprevalence studies in other countries have been
published so far this result cannot be easily compared.
Unexpectedly, however, was the wide-spread low-level
presence of sheep with antibodies. In flocks with only a
single seropositive sheep, this sheep might have been intro-
duced into the flock after the infection and when the sheep
was no longer excreting bacteria. Based on the findings of
a large number of flocks with only a single reactor, the
specificity of the test might not be perfect, thus result-
ing in some (single) reactors. In an ongoing study those
flocks and positive sheep would be further investigated to
clarify their infectious status. Five percent of flocks (aver-
age of 14 and maximum of 49 sheep tested per flock)
had two or more test-positive sheep, suggesting a low-
level but wide-spread exposure. This was unexpected given
that this (notifiable) disease had rarely been reported in
the past. Farmer’s management practices or veterinarian’s
behaviour might explain this finding. They may not rec-
ognize an increase in the number/frequency of abortions,
especially in small flocks and mountainous regions, and
therefore not submit foetuses for laboratory diagnosis. In
addition, S. Abortusovis infections may be missed in the
laboratory. These bacteria grow much slower than other
Salmonella serotypes, and small colonies could easily be
overgrown by other bacteria. Escherichia coli, a frequent
contaminant in aborted foetuses, may inhibit the growth
of S. Abortusovis (Belloy et al., 2009). Finally, in Switzer-
land, diagnosis of ovine abortion is predominantly targeted
at B. melitensis, Coxiella burnetii and Chlamydophila abor-
tus (TSV Art. 129). Therefore, only analysis of cotyledons
and blood are routinely done. Furthermore, the cantons
pay the costs of the analysis only for staining and serol-
ogy. Given that both of these methods are not available for
detecting S. Abortusovis and chances are much lower of
isolating the agent from fetal membranes than from fetal
stomach contents, S. Abortusovis could simply be missed in
the diagnosis of ovine abortions. Furthermore, as it is not
known how long antibodies can be detected by the ELISA
used in this study, positive sheep which had experienced
an infection and seroconverted several years before sam-
pling, could be missed resulting in an underestimation of
the seroprevalence.

Highest sheep and flock-level seroprevalence estimates
were found in the canton of NE and were due to the high
number of positive tested sheep in one of only three tested
flocks. Therefore these results are unlikely to provide a
reliable estimate of the true situation in this canton but
may reflect a recent S. Abortusovis abortion problem in the
affected region (single flock). In addition, one needs to be
aware that the utilized serum pool reflects the status in
2007, and that sample size was determined for the purpose
of disease (threshold) detection. It therefore is too small to
generate narrow confidence intervals when used for preva-
lence estimation. However, we consider this serum bank
appropriate for assessing the spatial distribution of disease.

Sheep-level spatial clusters were identified in the can-
tons of BE, the VS and GR. This is in accordance with the
conclusion which was drawn from identifying the numer-
ous S. Abortusovis abortion cases in the canton of the VS
(Von Tavel et al., 2005) and confirms the importance of
this etiology for ovine abortions in that canton. There-
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fore it can be assumed that there are real problems in the
other two cantons with spatial clusters. Flock-level (Flock
1+ and Flock 2+) spatial clusters were only detected in
the canton of GR. Together with the observed sheep-level
spatial clusters and one of the highest prevalences, these
results indicate that exposure to the agent (and resulting
seroconversion) seems frequent in this canton. Especially
the occurrence of Flock 2+ clusters indicates an active S.
Abortusovis problem in these regions. These observations
require increased disease awareness and follow-up inves-
tigations to gain more insight in the epidemiology of the
disease.

Despite the high sensitivity and specificity of the ELISA
used in this study, it remains important to adjust the
apparent prevalence estimates for the imperfect test char-
acteristics. We used the Bayesian model which showed
relatively similar true prevalence estimates compared
to apparent prevalence estimates, a consequence of the
almost perfect sheep-level specificity and also high sheep-
level sensitivity. At flock-level, the imperfect sheep-level
sensitivity was compensated for by, on average, test-
ing 14+ sheep per flock (and assuming that in infected
flocks several sheep would be seropositive). Working
with two different within-flock cut-off values allowed
us to modulate the flock-level specificity and there-
fore, especially with the Flock 2+ threshold, yield rather
low (conservative) prevalence estimates. Even then, 14
out of 26 cantons had seropositive flocks in the sam-
ple.

5. Conclusion

Although in Switzerland no cases of S. Abortusovis had
been reported for the last few decades, this study shows
that we have wide-spread serological evidence of (low-
level) exposure, indicating at least a regional endemic
situation comparable to what has been indicated from

neighboring countries. This investigation suggests that
more attention should be paid to S. Abortusovis in the etiol-
ogy of ovine abortions in Switzerland. Therefore veterinary
officials, veterinarians in practice and owners should be
made aware of the problem and laboratory diagnosis of
ovine abortion should include bacteriologic examination
of fetal internal organs, particular abomasal contents.
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