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Abstract: 

Background: In cattle, many serotypes of Salmonella enterica are responsible for a wide variety of clinical 
manifestations, which can cause considerable economic loss. Some serotypes can cause cows to abort 
sporadically, such as the Dublin serotype. This study was carried out on different cattle farms in the Algiers region 
to determine the prevalence of Salmonella Dublin using bacteriological and immunological methods.                  
Methodology: The prevalence of Salmonella was determined by bacteriological analysis in accordance with the 
reference method AFNOR NF U 47-100 on faecal samples collected from 184 cattle belonging to 19 different 
farms, and serotyping for S. Dublin. Immunological analysis by enzyme-linked immunosorbent assay (ELISA) for 
S. Dublin was carried out on milk samples collected from 91 cattle. A survey of case (n=5) and control (n=14) 
farms for comparative analysis was performed to demonstrate a link between abortion in cows and prevalence of 
S. Dublin with both bacteriological and immunological methods. Sensitivity, specificity, Cohen Kappa coefficient, 
McNemar test odds ratios, and confidence intervals were calculated using Winepiscope 2.0 and StatA 9.1 software, 
and p<0.05 was considered as statistically significant.                            
Results: The bacteriological results showed a prevalence of 7.6% (95%CI: 3-10), for Salmonella and serotyping 
revealed a prevalence for S. Dublin of 2.7%. The immunological analysis of milk by the ELISA technique revealed 
a prevalence of 13.2% (95%CI: 5-20) for S. Dublin. The comparative study between immunological results from 
milk and bacteriological results from faeces for detecting S. Dublin showed poor agreement between the two tests 
(k=0.25), with enzyme immunoassay being significantly more sensitive than the bacteriological test (p<0.05). 
The results of the survey did not demonstrate a clear association between bacteriological detection of S. Dublin 
in faeces and abortion in cows (OR=8.66, 95%CI: 0.58-130.12). However, with the immunological analysis of 
milk for S. Dublin, there was a significant positive association (OR=62.33, 95%CI: 2.13-18.22) between a positive 
antibody response to S. Dublin in milk and the presence of abortions on the farm.                    
Conclusion: In view of these results, we can conclude that Salmonella infections should systematically feature 
in the differential diagnosis of abortions in dairy cattle in Algeria. 
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Résumé:                         
Contexte: Chez les bovins, de nombreux sérotypes de Salmonella enterica sont responsables d'une grande 
variété de manifestations cliniques, ce qui peut entraîner des pertes économiques considérables. Certains 
sérotypes peuvent provoquer des avortements sporadiques chez les vaches, comme le sérotype Dublin. Cette 
étude a été réalisée dans différents élevages bovins de la région d'Alger pour déterminer la prévalence de 
Salmonella Dublin à l'aide de méthodes bactériologiques et immunologiques.       
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Méthodologie: La prévalence de Salmonella a été déterminée par analyse bactériologique selon la méthode de 
référence AFNOR NF U 47-100 sur des échantillons fécaux prélevés sur 184 bovins appartenant à 19 exploitations 
différentes, et sérotypage pour S. Dublin. Une analyse immunologique par dosage immunoenzymatique (ELISA) 
pour S. Dublin a été réalisée sur des échantillons de lait prélevés sur 91 bovins. Une enquête sur des cas (n=5) 
et des fermes témoins (n=14) pour une analyse comparative a été réalisée pour démontrer un lien entre 
l'avortement chez les vaches et la prévalence de S. Dublin avec des méthodes bactériologiques et 
immunologiques. La sensibilité, la spécificité, le coefficient Cohen Kappa, les Odds ratios du test de McNemar et 
les intervalles de confiance ont été calculés à l'aide des logiciels Winepiscope 2.0 et StatA 9.1, et p<0,05 a été 
considéré comme statistiquement significatif.                            
Résultats: Les résultats bactériologiques ont montré une prévalence de 7,6% (IC 95%: 3-10), pour Salmonella 
et le sérotypage a révélé une prévalence pour S. Dublin de 2,7%. L'analyse immunologique du lait par la technique 
ELISA a révélé une prévalence de 13,2% (IC à 95%: 5-20) pour S. Dublin. L'étude comparative entre les résultats 
immunologiques du lait et les résultats bactériologiques des fèces pour la détection de S. Dublin a montré une 
mauvaise concordance entre les deux tests (k=0,25), le dosage immunoenzymatique étant significativement plus 
sensible que le test bactériologique (p<0,05). Les résultats de l'enquête n'ont pas démontré une association claire 
entre la détection bactériologique de S. Dublin dans les fèces et l'avortement chez les vaches (OR = 8,66, IC à 
95%: 0,58-130,12). Cependant, avec l'analyse immunologique du lait pour S. Dublin, il y avait une association 
positive significative (OR=62,33, IC 95%: 2,13-18,22) entre une réponse anticorps positive à S. ferme.                       
Conclusion: Au vu de ces résultats, nous pouvons conclure que les infections à Salmonella devraient 
systématiquement figurer dans le diagnostic différentiel des avortements chez les bovins laitiers en Algérie. 

Mots clés: S. Dublin, bovins, fèces, lait, avortement, immunologie, bactériologie, Alger 

Introduction: 

 
 Salmonella infections are major con- 
cern in animal husbandry and public health. 
Ruminants, in particular, cattle are victims of 
salmonellosis, which has serious economic 
consequences on animal production (1). Cattle 

are the main reservoir for Salmonella enterica 
subsp enterica serovar Dublin (Salmonella 
Dublin) which is considered to be the most 
common cause of Salmonella infections in 
cattle (2). S. Dublin is the serotype of most 

economic concern due to its particularly inva- 
sive nature, causing diarrhoea, sepsis, and 

mortality, mainly in calves aged 2 weeks to 3 
months, as well as affecting reproduction, and 
causing abortions in cattle (3). As a host-
adapted strain in cattle, animals infected with 
S. Dublin can become a chronic subclinical 
reservoir that has the potential to excrete 

large numbers of bacteria in the environment. 
These reservoirs also play an important role in 
maintaining infection within a herd by 
excreting the germ not only in faeces, but also 
in milk and colostrum (4). This serotype can 
be difficult to detect due to asymptomatic 
carrier status with intermittent bacteraemia 

and shedding (4,5).  
 Several studies have shown that bact- 
eriological method for detection of S. Dublin in 
infected cattle suffers limitations in terms of 
sensitivity compared to serological methods 
(6). Therefore, the most widely used tests for 
the detection of S. Dublin include the enzyme-

linked immunosorbent assays (ELISA) in the 
serum and in milk (7,8,9). Despite its impor- 
tance, this disease has so far been very little 
studied in the Algerian context, and the epi- 
demiology of S. Dublin infections in cattle 
remains largely unknown, either in terms of 

the prevalence of the infection or its impact on 
abortions on the farms. The objective of this 
study is to provide information on the epide- 

miological situation of this disease in Algeria 
and particularly in the Wilaya of Algiers. 

Materials and method: 
 

Study area and sampling technique 

 We carried out our samples in different 
regions of the Wilaya of Algiers (Fig. 1). The 
region studied has 1,281 breeders with 13,115 
herd of cattle, including 7,514 herds of dairy 
cows (10). The selection of farms was done by 
random sampling method, using a list of cattle 

breeders in the Wilaya of Algiers, to ensure 

homogeneous distribution of the farms in the 
study area. Subsequently, the number of 
cattle to be included in the study from each 
farm was defined according to the total 
number of cattle present. When the farm had 
less than 10 cattle, all cattle were included. 

When the farm contained more than 10 cattle, 
the number of cattle included was at least 10, 
the objective of which was to have a sample 
representing at least 10% of all cattle present 
in the farms selected (11,12).  
 

Survey of ‘case’ and ‘control’ farms 

 A pre-validated epidemiological ques-
tionnaire was administered to herd owners 
from the selected 19 farms; 5 as ‘case’ and 14 

as ‘control’ farms. The questionnaire was 

interviewer-administered on the day of sample 
collection to determine whether or not the 
cattle in the farm had experienced abortion 
episodes. The questionnaire contained infor- 
mation related to the herds visited (manage- 
ment system, type and size of herd) and the 

cows enrolled (breed, age, pregnancy, month 
of gestation, history of abortion, stage of 
pregnancy at which abortion occurred, patho- 
logical history and clinical signs observed at 
the time of sampling). ‘Case’ farms were those 
where episodes of abortions had occurred in 
the last 5 years, a phenomenon not observed 

in the ‘control’ farms. A farm was considered 
positive if at least one animal was positive. 
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Fig. 1: Location of farms studied and number of cows sampled from each farm 

 
Sample collection  

 Faeces were collected from the rectum 

of 184 cows; 43 from the 5 ‘case’ farms and 
141 from the 14 ‘control’ farms. The faeces 
were stored in sterile jar with a capacity of 100 
ml, and then sent for laboratory analysis on 
the same day. In addition, milk samples were 
collected from 91 of the 184 cows; 34 from the 
5 ‘case’ farms and 57 from 9 of the 14 ‘control’ 

farms and then transferred to sterile tubes 
with a capacity of 10 ml. The samples were 
stored in a cool place at -20°C and analyzed in 

the microbiology laboratory of the National 
Veterinary School of El Alia (ENSV), Oued 
Smar, Algeria. 
 
Bacteriological analysis  

 This method was based on the app- 
lication of the Association française de 
normalisation (AFNOR), NF U 47-100 standard 
(18). This technique is a standard method of 
research by isolation and identification of any 
specified serovar(s) of Salmonella in the 

environment of animal production (Fig 2) as 
itemized in the following steps;  

     

                    

Pre-enrichment with buffered peptone water: 

 25g of faeces were added to 250ml of 

buffered peptone water (Pasteur Institute of 

Algeria, EPT) at room temperature and incu- 

bated for 18 (±2) hours in an incubator set at 

37°C.  

Enrichment in liquid and semi-solid media:  

 This step allowed the growth and 
selection of bacteria of the genus Salmonella, 

with the use of two media selective 
enrichments in parallels; MSRV (Modified 

Semi-solid Rappaport-Vassiliadis) medium 
(BioRad, France) and MKTTn (Müller-
Kauffmann Tetrathionate) medium (Bio-Rad, 
Marnes-La-Coquette, France). Three drops 

(total of about 0.1mL) of the pre-enrichment 
broth were transferred and inoculated on the 
semi-solid agar dishes of the MSRV medium. 
The medium was supplemented with novo- 
biocin solution before pouring into the Petri 
dishes to inhibit the growth of Gram-positive 
bacteria. The plates were incubated at 41.5°C 

(±1) for 24 hours cover up, and then 
examined. If the migration is greater than 20mm 
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Fig 2: Analysis diagram according to the reference method AFNOR, NF U 47-100 (18) 

from the point of inoculation, an inoculum was 
taken from the periphery of the migration zone 
and then inoculated on the RAPID Salmonella 
chromogenic medium (Bio-Rad, Marnes-La-
Coquette, France) and the XLD medium (XLD: 
Condalab, Madrid, Spain) by an appropriate 

isolation technique. For the MKTTn medium, 
1ml of the pre-enrichment broth was trans- 
ferred to a 10 ml tube of MKTTn broth, and 
then incubated at 41.5°C (±1) for 24 (±3) 
hours. 

Isolation of Salmonella                 
 Each typical Salmonella colony was 
taken from each of the selective media (XLD 
and chromogenic agar). The typical Salmo- 

nella colony appeared red with black centers 

on XLD and on RAPID Salmonella chromogenic 
medium, Salmonella formed characteristic 
magenta colonies. The colonies recovered 
were then purified on nutrient agar (GN: 
Pasteur Institute of Algeria) after incubation at 
37°C for 18-24 hours. 

Identification and serotyping of Salmonella 
 Confirmation of suspected Salmonella 
colonies was carried out using Triple Sugar 

Iron agar (TSI: Pasteur Institute of Algeria) 
and API 20E gallery (BioMérieux, France). 
Salmonella serovars were identified by seroty- 

ping with slide agglutination reaction using 
diagnostic polyvalent and monovalent O and H 
Salmonella antisera according to Kauffman-
White scheme (13). 

Serological analysis on milk samples 

 For the detection of specific antibodies 
against S. Dublin, we used an indirect ELISA 
test for the detection of antibodies directed 
against the O antigen (part of the lipo- 

polysaccharide LPS); 1, 9 and 12 of S. Dublin, 
and performed according to the manu- 
facturer’s instructions (Prio CHECK Salmonella 
Antibody ELISA Dublin; Thermo Fisher Scien- 
tific, Waltham, MA). Briefly, milk samples were 
first heated for one hour at 37°C.  The upper 

layer of fat was pulled out, and the undiluted 

skim milk samples were inoculated in 
microtiter plate and the optical density (OD) 
was measured at 450 nm using ELISA reader 
(Bio-Rad, USA). 

Statistical analysis   

 Sensitivity, specificity, accuracy, Co- 
hen Kappa coefficient, McNemar test Odds 
ratios and confidence intervals were calculated 
for comparison of bacteriological and immuno- 

logical methods using Winepiscope 2.0 and 
Stat A 9.1 softwares. P<0.05 was considered 
as statistically significant. 
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Results:  

Prevalence of Salmonella spp and S. Dublin by 
bacteriological analysis of the cattle faeces 

 The results obtained show that of the 
184 faecal samples, 14 (7.6%) were positive 
for Salmonella spp., and 5 (2.7%) were posi- 
tive for S. Dublin. Of the 19 farms studied, 

Salmonella spp was isolated in 6 (31.6%) and  

S. Dublin in 3 (15.8%) (Table 1). 

Seroprevalence of S. Dublin by ELISA assay on 
the cow milk    

 Of the 19 selected farms, 14 were 
analyzed for antibodies to S. Dublin in the milk 
samples of 91 cows. Twelve milk samples of 
cow were positive for S. Dublin, which repre- 
sents a prevalence of 13.2% (Table 2). 

 
 

Table 1: Prevalence of Salmonella spp and S. Dublin in the farms by bacteriological results of faeces  
  

Farm/Municipality 
Number of cattle 

 
Salmonella spp (%) S. Dublin (%) 

Babezzouar 1 10 6 (60.0) 3 (30.0) 

Babezzouar 2 10 1 (10.0) 1 (10.0) 

Bordj El kifane 10 1 (10.0) - 

Bouraoui 6 1 (16.7) - 

ITELV 10 4 (40.0) - 

Meftah 3 1 (33.3) 1 (33.3) 

Other 13 farms 135 - - 

Total 184 14 (7.6%) 5 (2.7%) 

 

 
 

Table 2: Prevalence of S. Dublin by bacteriological method on faeces and immunological method on milk of the 
cattle from the various farms/municipality  

 

Farm/Municipality 

Bacteriological test on faeces Immunological test on milk 

Number of cattle Positive for S. Dublin Number of cows 
Positive for S. 

Dublin 

Rouiba 2 10 0 8             0 

Babezzouar 1 10 3 0 0 

Babezzouar 2 10 1 4 3 

Bordj El kifane 10 0 9 1 

Cheraga 10 0 9 3 

Staouéli 10 0 10 1 

ITELV 10 0 9 2 

Meftah 3 1 3 2 

Other farms 111 0 39 0 

Total 184 5 (2.7%) 91 12 (13.2%) 
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Comparison of the bacteriological and serolo- 
gical methods of S. Dublin detection 

 The immunological results of 91 milk 
samples from 184 cows were compared with 
bacteriological results of 184 faeces from the 
same cows (Table 3). The results obtained 
showed that bacteriological analysis had a 

sensitivity of 16%, specificity of 100% and 
accuracy of 89%, compared to the immuno- 
logical assay. The Cohen's Kappa coefficient of 
0.25 and McNemar test of 0.004 showed that 
the two methods gave significantly different 
values (p <0.05). 

 
Results of survey with respect to bacterio- 
logical results of S. Dublin at the farm level 

 The association between exposure to 

S. Dublin and the presence of abortions on the 
farm as calculated is shown in Table 4. The 
survey shows farm exposure rate  of  40%  for  

the case farms compared to 7.14% for the 

control farms. However, given the low number 
of farms tested, the Odds ratio was not 
significantly different from 1 (p=0.12). As a 
result, there was no association between S. 

Dublin exposure and the presence of abortions 
in the case and control farms. 
 
Results of survey with respect to bacterio- 
logical results of S. Dublin for individual cattle  

 From the survey at individual cattle 
level, the calculation of the Odds Ratio 
revealed a value of 2.2 (Table 5), which is not 

significantly different from 1 (p=0.38). 
Analysis of the table shows cattle exposure 
rate of 4.65% for the case farms, and 2.12% 
for the control farms. As a result, there was no 

association between S. Dublin in cattle and 
presence of abortion in case and control farms.  

 

 

Table 3: Comparison of bacteriology and immunology methods (as gold standard) for identification of S. Dublin 
 

  Immunology Total 

 
Bacteriology 

 Positive  Negative   

Positive 2 0 2 
Negative 10 79 89 

Total  12 79 91 

95% CI (4.56 – 17.41); p = 0.0020 

 

 
 

Table 4: Result of the survey for bacteriological identification of S. Dublin in case and control farms 
 

 
Bacteriology 

Farms Case Control Total 

Positive 2 1 3 
Negative 3 13 16 

Total 5 14 19 
Exposure rate 40% 7.14%  

Odd 0.66 0.07  

Odds Ratio (95% CI) 8.66 (0.58- 130.12)  

 
 
 
 

Table 5: Results of the survey for bacteriological identification of S. Dublin in the cattle from case and control 
farms 

 

Bacteriology Animals Cattle from 
case farms 

Cattle from 
control farms 

Total 

Positive 2 3 5 
Negative 41 138 179 

Total 43 141 184 
Exposure rate 4.65% 2.12%  

Odd 0.04 0.02  
Odds Ratio (95% CI) 2.2 (0.36-13.88)  
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Results of survey with respect to immuno- 
logical results of S. Dublin in milk at farm level 

 The survey at the farm level revealed 
exposure rate in the case farms to be 100%, 
in contrast to the control farms which was 
11.11%. The OR ratio normally has an infinite 
value due to the presence of zero. In this case, 

0.5 was added to all the values according to 
Deeks and Higgins, and Addis et al., (14,15). 
With this modification, we obtain an OR value 
of 62.33 (2.13-1822) (Table 6), which was 
significantly different from 1 (p<0.05). As a 
result, there was a positive association bet- 

ween farm exposure with S. Dublin antibody 
presence in milk and the presence of abortions 
on the farms.  

Results of survey with respect to immuno- 
logical results of S. Dublin in milk at individual 
cattle level 

 From the survey of the individual 
cattle, it revealed the OR of 26.78 (Table 7), 
which was significantly different from 1 (p< 
0.01). As a result, there was positive asso- 
ciation between positive S. Dublin antibody 

presence in milk of individual cattle and 
presence of abortions on the farm. This was 
further underscored by the S. Dublin exposure 
rate of 32.35% for the cattle in the case farms 
compared to 1.75% for the cattle in the control 
farms.  

Table 6: Results of the survey for immunological identification of S. Dublin in case and control farms 
 

ELISA 
PrioCHECK 

Farms Case farms Control farms Total 

Positive 5 (5.5)* 1 (1.5)* 6 
Negative 0 (0.5)* 8 (8.5)* 8 

Total 5 9 14 
Exposure rate 100% 11.11%  

Odd ∞ (11)* 0.12 (0.176)*  
Odds Ratio (95% CI) 62.33 (2.13-1822)  

*The numbers in brackets are the modified values for the calculation of the Odds ratio as described above 

 
Table 7: Results of the survey for immunological identification of S. Dublin in the milk of cattle from case and 

control farms  
 

ELISA 
PrioCHECK 

Animals Cattle from 
case farms 

Cattle from 
control farms 

Total 

Positive 11 1 12 
Negative 23 56 79 

Total 34 57 91 
Exposure rate 32.35% 1.75%  

Odd 0.47 0.01  
Odds Ratio (95% CI)  26.78 (3.27-219.57)  

 

Table 8: Different studies around the world illustrating the prevalence of S. Dublin in milk 
 

Country 

Number of samples 
(Milk) at 

S. Dublin Prevalence References 
Herd Cattle  

California (USA) /  14.1% (49) 

California (USA) /  3.5% 
(49) 

Denmark 1464  9.9% 
(51) 

Pays-Bas 79  54.5% 
(8) 

Denmark 4326 / 11% 
(52) 

Ireland 158 / 49% (78) 
(53) 

Suede / 1069 17% 
(54) 

Suede / 4683 3% (142) 
(55) 

New York (USA) 4896 5219 1% (50/5219) 
0.9% (46/4896) (56) 
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Fig 3: Studies around the world illustrating the prevalence of faecal excretion of Salmonella spp in cattle 

Discussion:  

 
 Salmonellosis remains a significant 
public health problem around the world, 
particularly in developing countries (16). In 

addition, Salmonella are emerging pathogens 
responsible for many diseases in cattle. S. 
Dublin infection is of concern in several 
countries because of its ability to cause 
abortions and reduced milk production, as well 
as the significant economic losses it causes 
(17). Of the 184 faecal samples analyzed by 

the AFNOR NF U 100-47 reference method 
(18) in our study, 14 were positive for 
Salmonella spp or an overall prevalence of 
7.60%, while the positivity rate for S. Dublin 

was 2.71%. Numerous epidemiological studies 
carried out worldwide on faecal excretion of 
Salmonella spp in cattle (16,19-43) showed 

prevalence of between 0% and 52% (Fig 3). 
These differences in the prevalence of 
Salmonella could be explained by the seasonal 
variation in faecal excretion of Salmonella in 
animals. Some studies showed that 
Salmonella excretion was highest in cows 

sampled from spring through summer 
(February through September) (22,29) while 
Salmonella excretion in cows sampled during 
the winter was found to be low (44). Likewise, 
the serotype and prevalence of the Salmonella 
serotype may vary from farm to farm and 

within the same farm from one sampling 

period to another (44). Other factors that 

could be responsible for the wide differences 
include size and age of the herd, region which 
can influence the frequency of isolation from 
one study to another (29), clinical condition of 
the animals, amount of sample used, indivi- 
dual laboratory skills, differences in culture 
methods, presence of inhibitory factors in 

faeces contaminated with other microorga- 
nisms, and differences in the data collected 
from the population studied (45). 
 The absence of Salmonella in healthy 
adult cattle may be explained by the fact that 
the bacteria is not detectable in some samples 
which contain small number of organisms 

(39). In addition, it is important to note that 

the detection limit for the enrichment 
methodology is approximately 1 CFU/g of 
faeces. Therefore, a negative result does not 
necessarily indicate that the animal is 
negative, but simply that the Salmonella 

population is present at less than 1 CFU/g of 
faeces (29). In addition, none of the farms 
included in our study reported clinical salmo- 
nellosis cases before taking the sample. The 
prevalence of salmonellosis in animals is 
difficult to assess due to the lack of an 
epidemiological surveillance system in place, 

which is the case in most developing countries. 
In Algeria, only few studies have been carried 
out on the presence of Salmonella spp in 
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lactating cows on dairy farms.   

 The prevalence of S. Dublin serotype 
from faeces was 2.71% (5 of 184), which is 
similar to the study carried out in Denmark 
with a rate ranging from 0.3 to 2.8% (46), and 

1% of 393 samples in the USA study (27). The 
Dublin serotype was weakly detected in these 
studies, despite being the most frequently 
excreted serotype in the faeces of cows. 
Nevertheless, some authors have reported 
higher prevalence, in a study carried out in 
Denmark with a prevalence of 6%-14% in 

4531 faecal samples (47), and by Pacer et al., 
in California who reported prevalence of 
Dublin serotype of 10.7% among 16% of 
Salmonella detected (19). It should be noted 
that S. Dublin is the most frequently isolated 

serotype in Danish cattle and is responsible for 

the economic losses reported in infected 
herds. As a result, a national surveillance 
program was launched in Denmark in October 
2002 which lowered the prevalence by 12% in 
2009 (48). 
 In this study, the positivity rate of S. 
Dublin from milk collected from 91 cows was 

13.18%. Numerous studies on prevalence of 
S. Dublin in milk in cattle conducted worldwide 
(8, 49-56), show prevalence rate between 
0.9% and 54.5% (Table 8). The differences in 
the prevalence rates from these studies may 
be explained by differences in geographical 
locations and herd size. These two parameters 

can significantly influence the seroprevalence 
of salmonellosis in dairy cattle (57). The 
comparison between direct detection of S. 
Dublin by faecal culture and indirect detection 
by ELISA test on milk samples in our study 
gave different results. The sensitivity of faecal 

detection of Salmonella was low compared to 
detection of antibodies directed against the 
bacterium, which are present in the milk. This 
may be explained by the fact that the duration 
of the Dublin antibodies presence in the milk 
is longer compared to the duration of excretion 
of Dublin serovar in the faeces. The existence 

of latent carriers with persistent antibody 
titers and intermittent or even absent 
excretion of Dublin serovar in faeces may also 

influence the results (49,50). Therefore, we 
can say that the bacteriological method is less 
sensitive than the immunological method. 
Some other studies have shown that bacterio- 

logical culture methods for the detection of S. 
Dublin in infected animals suffer from severe 
limitations in terms of sensitivity (6, 58).  
 The sensitivity was very low at around 
16% in our study, which is similar to that 
reported by Nielsen and al., (47) with a 

sensitivity of 6-14% and that reported by 
Nielsen (46) with a sensitivity of 20%. Dublin 
serovar is difficult to detect because of its poor 
growth in commonly used culture media 
(46,59). The most common technique used to 
detect Salmonella is the traditional micro- 

biological technique but this detection method 

is insensitive due to the large number of 
Gram-negative organisms present in the 
faeces, which often hamper the isolation of 
Salmonella colonies. In addition, these 

methods are generally labor intensive and 
time consuming, requiring a minimum of 4 to 
6 days, thus increasing the risk of trans- 
mission of this pathogen (60). It has also been 
reported that culture methods show low 
sensitivity following low level contamination 
(61). Diagnostic laboratories use enrichment 

media to promote Salmonella growth and 
inhibit other faecal flora. Enriched samples are 
then spread over Salmonella selective media, 
and suspect colonies are tested using a series 
of biochemical tests and Salmonella antisera. 

In the case of active carriers of S. Dublin or 

other serotypes, faecal crops grown three 
times at intervals of 7 to 14 days are recom- 
mended to confirm the diagnosis (62). Bac- 
teriological culture of large numbers of indivi- 
dual faecal samples is however expensive and 
time consuming (26). 
 Morphological descriptions and bioch- 

emical tests can also produce ambiguous 
results (63). Bacteriological culture tests can 
lead to suboptimal detection of excretors with 
many false negative results (64). They require 
collecting samples repeatedly over a long 
period of time to differentiate acutely infected 
animals from persistently infected animals. 

The substantial economic cost of this proce- 
dure necessitates the use of a less expensive 
and easier method to detect persistently 
infected animals (50). Salmonella serotyping 
is generally performed by reference labora- 
tories, and is based on the identification of 

somatic (O) and flagellar (H) antigens using 
specific sera according to the Kauffmann-
While Le Minor scheme (65). It could there- 
fore be a difficult task as it requires many 
antisera and expertise to interpret the results 
of agglutination, not to mention that sero- 
typing is also laborious, complicated and very 

time consuming. It should be noted that, 
carriers are easier to detect by use of the 
serological ELISA technique than acutely 

infected animals. The sensitivity of ELISA is 
therefore much higher for carriers than 
acutely infected animals (66). Carriers fre- 
quently have consistently elevated levels of 

immunoglobulins in serum and milk (67,68).  
 In order to verify whether S. Dublin is 
a cause of abortion in cows, we conducted a 
survey of ‘case’ and ‘control’ farms with S. 
Dublin positivity as an exposure factor. The 
results of the survey at the farm level based 

on bacteriological analysis for S. Dublin, show 
an exposure rate of 40% for the ‘case’ farms 
compared to 7.14% for the ‘control’ farms, 
however the Odds ratio was not significantly 
different from 1. Therefore, there was no 
association between S. Dublin positivity and 
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the presence of abortions on the farms, hence 

we suggest that more farms would have to be 
tested. For a disease prevalence of 10%, at 
least 86 farms should be tested for a relative 
risk of 4 with a proportion of one to three 

controls per case (69). The results of the 
survey of individual cattle based on bacterio- 
logical analysis gave an Odds Ratio value of 
2.2, which was not significantly different from 
1 (p=0.24), and analysis showed an exposure 
rate of 4.65% for cattle in the ‘case’ farms, 
and 2.12% in the ‘control’ farms, which 

implied no association between S. Dublin 
positivity in the cattle on the farms and 
abortions.  
 The results of the survey of ‘case’ and 
‘control’ farms based on immunological ana- 

lysis of milk at the farm level, gave an OR of 

62.33 (95%CI: 2.13-1822), which value was 
significantly different from 1 (p<0.05), indica- 
ting an association between S. Dublin sero- 
positivity in milk and the presence of abortions 
on the farms. This was further underscored by 
the exposure rate of 100% of the ‘case’ farms 
compared to only 11.11% in the ‘control’ 

farms. The results of the survey for individual 
cattle in both ‘case’ and ‘control’ farms gave 
an Odds Ratio of 26.78, which was signifi- 
cantly different from 1 (p<0.01) indicating an 
association between S. Dublin seropositivity in 
milk and the presence of abortions on the 
farms. This was further underscored by the 

exposure rate of 32.35% for the cattle in the 
‘case’ farms compared to only 1.75% in the 
‘control’ farms. From these results, we 
concluded that there was a clear association 
between S. Dublin seropositivity and the 
presence of abortions. A similar study carried 

out on cattle from the Algiers region, also 
demonstrated the existence of a close relation- 
ship between S. Dublin seropositivity and 
presence of abortions with an Odds ratio of 
14.12, an exposure rate of 4.9% for the case 
farms, and 0.4% for the control farms (70). 
Indeed, several other studies have demon- 

strated the abortive effect of S. Dublin in cows 
(4,58,71-74). 
 

Conclusion: 
 

 This study provided new information 
on bovine salmonellosis and particularly on 

salmonellosis caused by S. Dublin serovar 
among cattle in Algeria. S. Dublin identifi- 
cation pose challenges during laboratory 
diagnostic process. The use of more sensitive 
and less expensive method is important in 
order to monitor this pathogen. As S. Dublin is 

associated with abortions in cattle, we recom- 
mend that it should be systematically included 
in the differential diagnosis of abortions in 
cows in Algeria. 
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