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Introduction: Abortion in cattle is a major source of economic losses for the agriculture sector. It can be due to infectious

or non-infectious factors. Among infectious factors, parasites, bacteria, viruses, and fungi can be involved. The present work

investigated the prevalence of the main infectious agents of abortion in Algerian cattle. Material and Methods: Altogether 278

non-aborting and 82 aborting cows were analysed. Results: The prevalence ranged from 0% for Tritrichomonas foetus to 15%

for Neospora caninum. Additionally, a case-control study was performed to find the association between the presence of the

pathogens and the occurrence of abortion in cows. The odds ratios were significant for Neospora caninum, bovine herpes virus 4,

BVD virus, Brucella abortus, Salmonella Dublin, Leptospira interrogans serovar Hardjo, and Coxiella burnetii. Conclusions:

The pathogens enumerated here could be major causes of abortion among Algerian cattle.
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Introduction

Abortion remains one of the most important health
problems for the dairy industry. Indeed, reproductive
failure due to abortion is a critical issue in cattle
farming because of economic losses and public health
implications. The causes of abortion are numerous:
infectious agents (bacteria, viruses, protozoa, and
fungi), toxic agents, heat stress, and genetic
abnormalities (7, 22).

The infectious causes are the most frequent but
their aetiological agents are not always identified (7).
The most common viruses involved are bovine viral
diarrhoea virus (BVDV) (25), bovine herpes virus 4
(BoHV4) (11), bovine herpes virus 1 (BoHV1) (35),
and more recently the Schmallenberg virus (31). The
bacteria most frequently noted are Brucella abortus
(30), Chlamydophila abortus (23), Coxiella burnetii
(2), Leptospira interrogans serovar Hardjo (here
referred to as L. Hardjo) (33), Salmonella enterica
serovar Dublin (here referred to as S. Dublin) (28),
Campylobacter foetus subsp. Venerealis (37), and
Listeria monocytogenes (39). Neospora caninum (6)

and Tritrichomonas foetus (16) are the parasites most
recurrently associated with abortion. Among fungi,
Aspergillus sp. has been involved in abortions in cows
(24). Establishing a definitive cause of foetal loss can
be difficult due to the absence of pathognomonic
lesions, lack of available confirmatory tests for certain
conditions, and time between expulsion and
examination of foetal tissues (7). Furthermore, it is
often difficult to determine if one of these agents is
the cause of abortion since they can also be found in
the reproductive tract of healthy cows. Usually
infectious causes can be associated with sporadic as
well as epidemic abortions, often without clinical signs
other than abortion (12). The identification of abortion
causes is essential for developing rational herd health
programmes that will reduce losses due to abortion.
Effective control measures require not only prompt
and accurate diagnosis of abortion but also
understanding of the multiple factors involved in this
affliction. Only little information is available about the
situation regarding cattle abortion in Algeria and the
role of abortions resulting from infection in
reproductive failure.

© 2017 S.-Y. Derdour et al. This is an open access article distributed under the Creative Commons Attribution-
NonCommercial-NoDerivs license (http://creativecommons.org/licenses/by-nc-nd/3.0/)
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The purpose of this study was to investigate an
epidemiological and prospective approach to the
diagnosis of the most common infectious causes of
bovine abortion. The investigation was carried out by
comparing data from aborting and non-aborting cows
with respect either to the presence of antibodies
against N. caninum, BVDV, BoHV1, BoHV4,
L. Hardjo, B. abortus, or C. burnetii, or to the
presence of DNA of S. Dublin and T. foetus.

Material and Methods

This study was conducted in Algiers County
(36°46'N 3°13’E), an area with an important dairy
industry husbanding large herds of cows. A total of 54
farms were randomly selected. On the basis of an
epidemiological questionnaire, the farms were
classified as controls if no abortion had occurred in
the previous five years and as cases if abortion events
had occurred in this timeframe. Based on this
criterion, 15 establishments were treated as case farms
and 39 as control farms. In general, 360 cows were
analysed, comprising 278 cows without recent
abortion events (control cows) and 82 cows with them
(case cows). The age of the cows ranged from 1 to
11 years.

Blood samples were collected from the tail vein
into a 10 mL dry tube. After coagulation, the tubes
were centrifuged (2,700 g for 10 min). The sera were
collected and stored at —20°C until analysis.
Serological testing against BoHV1, BoHV4, and
BVDV was performed by multiplex ELISA using
a commercial kit (BIO-X Abortion ELISA Kit, Bio-X
Diagnostics, Belgium). The detection of antibodies
against N. caninum was performed also using
a commercial kit (BIO K 192 - Monoscreen AbELISA
Neospora caninum (SRS2) indirect, Bio-X). This test
had previously been validated (18). For the detection
of B. abortus antibodies, the rose bengal test was
applied and a commercial kit served again (RSA-RB,
ID, France). The positive samples were confirmed by
complement fixation assay (29) using a commercial
reagent (Brucellosis antigen for the complement
fixation test, IDvet). For L. Hardjo, C. burnetii, and
C. abortus antibodies, commercial ELISA Kkits were
relied upon here also (Priocheck L. Hardjo Ab,
Prionics, the Netherlands; IDEXX Q Fever Ab Test
and IDEXX Chlamydiosis Total Ab Test, Idexx,
France).

Faeces were collected directly by rectal
sampling. For Salmonella isolation, 1 g of faeces was
added to 10 mL of Rappaport-Vassiliadis medium
(Rappaport-Vassiliadis Broth CMO0669, Oxoid,
France). The tubes were incubated at 42°C for 24 h.
One millilitre of positive culture was centrifuged at
10,000 g for 3 min. Next, the pellets were suspended

in 50 pL of sterile pure water and boiled for 10 min.
The tubes were then centrifuged and the supernatant
was transferred into a clean tube and conserved at
—20°C until analysis. The presence of Salmonella
Dublin was determined by PCR as previously
described (40).

For the isolation of 7. foetus, mucus and vaginal
washing fluids were used. Vaginal mucus was
collected with a long pipette fitted to a syringe.
Aliquots of 1 mL of the samples were used for in vitro
cultivation in Diamond’s medium (Remel, USA). The
DNA extraction and the PCR were performed as
previously described (16). The percentages were
compared using the Chi-square test. The association
between the presence of a pathogen and the
occurrence of abortion was assessed using odds ratios
(Medcalc Statistical Software, South Korea).

Results

The prevalence of different pathogens was
analysed in 360 cows (Table 1) and was found to
range from 0% (7. foetus) to 15% (N. caninum). Out
of the 360 cows, 80 (22.2%) were positive for at least
one of the tested pathogens: 55 cows were positive for
only one pathogen and 25 were positive for two or
three pathogens (Table 2). Among the positive cows,
44 (15.82%) were control cows and 36 (43.90%) were
case cows. To study the relationship between contact
with a pathogen and abortion, a case-control study
was conducted (Table 3). The odds ratio was
statistically significant (P < 0.05) for N. caninum,
BoHV4, BVDV, S. Dublin, L. Hardjo, and C. burnetii.
Therefore, for these pathogens, the odds ratio was
significantly higher than 1, indicating an association
between cow contact with the pathogens and
occurrence of abortion. From the odds ratio
calculation, two fractions can be calculated, these
being the attributable fraction in the exposed cases
(EAF) and the attributable risk in population (PAF)
(Table 3) (43). The former is the expected percentage
of reduction in the number of cases following
elimination of the exposure in exposed cases, and the
latter is the expected percentage of reduction in the
number of cases following elimination of the exposure
in the population. Finally, the Bayesian probability of
occurrence of abortion if the cow was positive for the
pathogen was also calculated. These computations
indicated that the most important risk of abortion in
exposed cows is due to contact with BVDV and
S. Dublin (93%), L. Hardjo (89.4%), BoHV4 (88.2%),
C. burnetii (85.9%), B. abortus (76.8%), and
N. caninum (60.9%). The conditional probability of
abortion in the presence of the pathogen ranged from
0 (BoHV1 and C. abortus) to 0.76 (L. Hardjo).
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Table 1. Prevalence of the different studied abortive pathogens

Pathogen Positive Negative Prevalence (%) CI195%
N. caninum 54 306 15.00 11.31-18.69
BoHV1 2 358 0.55 0-1.31
BoHV4 13 347 3.61 1.68-5.54
BVD virus 5 355 1.39 0.18-2.6
B. abortus 11 349 3.06 1.28-4.84
S. Dublin 5 355 1.39 0.18-2.6
L. Hardjo 14 346 3.89 1.89-5.89
C. burnetii 6 354 1.67 0.35-2.99
C. abortus 3 357 0.83 0-1.77

T. foetus 0 360 0.00 ND

At least one pathogen 80 280 22.22 17.9-26.5

ND — not determined

Table 2. Cows presenting multiple infections

Cow case NC BoHV1 BoHV4 BVD BA SD LI CA CB Total
1 No 1 0 0 1 1 0 0 0 0 3
2 Yes 1 0 0 1 1 0 0 0 0 3
3 Yes 1 0 1 0 0 1 0 0 0 3
4 Yes 1 0 1 0 0 0 1 0 0 3
5 Yes 1 0 1 0 1 0 0 0 0 3
6 Yes 0 0 0 1 0 0 1 0 1 3
7 Yes 0 0 0 0 1 0 1 0 1 3
8 Yes 0 0 0 1 0 1 1 0 0 3
9 No 1 0 0 0 0 0 1 0 0 2
10 No 1 0 0 0 0 0 1 0 0 2
11 No 1 0 0 0 0 0 1 0 0 2
12 No 1 0 0 0 0 0 1 0 0 2
13 No 1 0 1 0 0 0 0 0 0 2
14 No 1 0 1 0 0 0 0 0 0 2
15 Yes 1 0 1 0 0 0 0 0 0 2
16 No 1 1 0 0 0 0 0 0 0 2
17 No 1 0 0 0 1 0 0 0 0 2
18 Yes 1 0 0 0 0 0 0 0 1 2
19 yes 1 0 0 1 0 0 0 0 0 2

20 No 0 0 0 0 1 0 0 1 0 2
21 No 0 0 0 0 1 1 0 0 0 2
22 No 0 0 1 0 0 0 0 1 0 2
23 Yes 0 0 1 0 1 0 0 0 0 2
24 Yes 0 0 0 0 1 0 1 0 0 2
25 Yes 0 0 1 0 0 1 0 0 0 2
Total 16 1 9 5 9 4 9 2 3 58

NC — Neospora caninum ; BA — Brucella abortus ; SD — Salmonella Dublin ; L1 — Leptospira interrogans ; CA — Chlamydophila
abortus ; CB — Coxiella burnetii
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Table 3. Analysis of the relation between contact with a pathogen and the abortion in cows: a case-control study

Pathogen Status + - Total Exposition rate  OR CI195% p EAF  PAF P (A/P)
case 21 61 82 25.6%

N. caninum 2.56 1.38-4.73 <0.01 60.9%  15.6% 0.39
control 33 245 278 11.9%
case 0 82 82 0.0%

BoHV1 0.67* 0.03-14.1 0.8 ND ND 0.0
control 2 276 278 0.7%
case 9 73 82 11.0%

BoHV4 8.45 2.53-28.2 <0.01 88.2% 9.7% 0.69
control 4 274 278 1.4%
case 4 78 82 4.9%

BVD 14.21 1.57-128.93 <0.05 93.0%  4.5% 0.8
control 1 277 278 0.4%
case 6 76 82 7.3%

B. abortus 431 1.28-14.51 <0.05 76.8% 5.6% 0.55
control 5 273 278 1.8%
case 4 78 82 4.9%

S. Dublin 14.21 1.57-128.93 <0.05 93.0%  4.5% 0.7
control 1 277 278 0.4%
case 10 72 82 12.2%

L. Hardjo 9.44 2.88-30.99 <0.01 89.4%  10.8% 0.76
control 4 272 278 1.4%
case 0 82 82 0.0%

C. abortus 0.48%* 0.02-9.33 0.63 ND ND 0.0
control 3 275 278 1.1%
case 4 78 82 4.9%

C. burnetii 7.08 1.27-39.36 <0.05 85.9%  42% 0.67
control 2 276 278 0.7%
case 36 46 82 43.9%

Atﬂlfa“ one 416 242-7.16 <001 76%  334% 045

pathogen control 44 234 278 15.8%

*: The OR normally has an infinite value due to the presence of 0 negative samples in case farms. In this case, we added 0.5 at each value.

Exposed attributable fraction = EAF = (OR-1)/OR

Population attributable fraction = PAF = Po(OR-1)/(1+(Po(OR-1))
Po = number of exposed in controls/number of controls

P(A/P) = probability of abortion (A) if pathogen (P) = p (ANP)/P(P)
ND - not determined

Discussion

Abortion in cows remains a major concern in dairy
farms, with potentially significant economic losses. The
identification of the abortion causes could lessen the
impact of this pathology. These causes can be divided
into infectious and non-infectious ones. Even if
infectious causes seem to be the most prevalent, the
identification of the pathogen involved is difficult due
to the facts that different pathogens can be involved in
the same case and that diagnosis methods are not
always optimised. Moreover, diagnosis is not always
made quickly on aborted foetuses, and delay allows
tissue alteration and contamination (7). This work
focused on the infectious causes, which can consist of
parasites, fungi, bacteria, or viruses.

No T. foetus positive Algerian cows were detected
by PCR, in opposition to, among others, a Brazilian
study where the same methodology was used and
which showed a prevalence of 33.4% of infected cows
(14). N. caninum is considered a major cause of
abortion in cattle worldwide (6). A previous study in
Algeria indicated that the N. caninum seroprevalence in

cattle was 19.6% using IFAT (19). On the other hand,
ELISA gave fewer positive results than IFAT (20).
Therefore, our results were consistent with the previous
ones. Nevertheless, a similar study on 221 cows from
25 farms was recently performed in Algeria’s western
neighbour, Morocco (26). The prevalence of
N. caninum in this study was 8.52% (CI 95%: 4.4%—
12.6%), which is significantly lower (P < 0.05) than in
our study (CI 95%: 11.3%-18.7%). N. caninum is
a major cause of abortion in Algeria as previously
described (19). This study confirmed the previous data
with a calculated OR of 2.56. In New Zealand,
N. caninum was also associated with abortion
(OR = 3.36) and the attributable risk in population was
3.0%, which means that only 3% of the abortions in
cows are due to N. caninum (32). In our study, the
population attributable fraction was 15.6%, indicating
that the risk of abortion due to N. caninum is higher in
Algeria. Among 54 positive cows, 16 (29.6%) had also
been in contact with at least one other pathogen.
Among these 16 cows, only 6 (37.5%) had already
aborted (case cow). In fact, the local cow breed (Atlas
Brown) is widely infected with N. caninum without
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a significant abortion effect (19). Therefore, it is not
abnormal to find seropositive cows without abortion. It
is underlined by the attributable exposed risk of 60.9%.
Contact with N. caninum will not lead to systematic
abortion. In Algeria, it is mainly linked to the
breed (19).

B. abortus infection is a notifiable zoonosis. The
Algerian authorities organise an inspection every six
months and slaughter the positive animals. For this
reason, the observed seroprevalence is rather low
(3.06%). B. abortus was shown to be associated with
abortion in Algerian cattle with an OR of 4.31,
significantly higher than 1. Nevertheless, a previous
study on Algerian cattle indicated a prevalence of
26.3% in cattle flocks using the rose bengal technique
(3), but in this study no link with abortion was
demonstrated. Therefore, the difference was related to
the sampled region being different or to a reduction of
the prevalence in the last 10 years due to the drastic
control measures ordained by the authorities. By
comparison the observed prevalence was 33.5% in
Morocco (26), 14% in Uganda (27), and 5.1% and
6.3% in Pakistan (1, 5). The rose bengal test is not
a very specific test and false positives can occur.
Therefore, a confirmation test is required (17). For
S. Dublin, the PCR allowed the serovar Dublin to be
distinguished from the other Salmonella serovars (41).
The observed prevalence was 1.39%. S. Dublin is
a major concern in Northern Europe (Denmark and
Sweden) and is kept under careful surveillance (4).
There, the prevalence was estimated both by
immunoassays on bulk milk or sera and by faeces
culture and PCR. The prevalence was lower when
determined by culture and PCR than by serology (28).
For faecal cultures examined by PCR the prevalence
was below 1% (28). Nevertheless, in Algeria, S. Dublin
was significantly associated with abortion in cows
(OR = 14.21) and the conditional proportion of
abortion if S. Dublin was present was 0.7. Therefore,
even with a low prevalence, the risk of abortion is high.
For L. Hardjo, the observed prevalence was low
(3.89%) in comparison with the prevalence observed in
Morocco (9.09%) (26). Despite the low prevalence
a significant association was observed with abortion in
Algerian cattle (OR = 9.65) and another such
significant association (OR = 1.84) was also found in
New Zealand (32). This indicated that this pathogen
can also be considered a potential cause of abortion in
cows. For C. burnetii, the seroprevalence observed in
Algerian cattle was 1.67%. This is lower than the
seroprevalence of 12.3% obtained from cow sera in
Spain (9). In China, seropositive cattle (381/1140,
33%) were detected in 13 of 15 surveyed provinces and
in 16 of 19 herds (84%) (15). There is, however, a
significant association in Algeria between the presence
of antibodies against C. burnetii and abortion in cows
(OR = 7.08), and the conditional abortion probability
attributable to being in contact with C. burnetii was
0.67. The reduction of cases in the population by

eradication of C. burnetii would nonetheless be only
4.2%, due to this low prevalence.

C. abortus was considered a rare cause of abortion
in cattle. The prevalence in Algerian cattle was 0.83%.
It is significantly lower than the prevalence observed in
Jordan (19.9%) (35), but similar to the prevalence
observed in Sweden (0.4%) (21). In Algerian cows,
C. abortus was not considered to be associated with
abortion since the three positive cows were controls.

Regarding BVDV infection, our prevalence was
1.39%, which was surprisingly low. Indeed, in
Morocco, the prevalence for BVDV was significantly
higher (P < 0.05) with 37.71% (CI 95%: 23.1%-—
52.4%) (26). But the Algerian prevalence was
comparable to the European, ranging from 0.6% in
Ireland to 1.4% in Denmark (10). On the other hand,
BVDV is a major concern also in industrial countries
such as Australia with around 80% of flocks infected
(25). Nevertheless, the presence of specific antibodies
against BVDV was clearly associated with abortion in
our study (OR = 14.21) and the attributable risk in the
exposed population was 93%, indicating that the risk of
abortion from contact with BVDV was high. But since
the prevalence is low, the attributable risk in the
population was low (4.5%) and the prevention of
BVDV infection would not drastically reduce the
number of abortions in Algerian cows. By comparison,
in New Zealand, a significant association between
exposure to BVDV and abortion was found, with an
OR of 2.01 and a population attributable risk of 3.5%
(32). BoHVI1, the agent of infectious bovine
rhinotracheitis (IBR), was associated with abortion in
cows in different countries but not in Algeria since the
two cows detected as positive were control cows. The
seroprevalence was only 0.55%, contrasting, for
example, with the 28.78% rate observed in Turkey (8).
The seroprevalence of BoHV4 was 3.61% in Algerian
cows. Data from Turkey indicated a percentage of
41.3% (8) and data from Morocco 9.52% (26). BoHV4
has been described as a cause of abortion in cows in
Belgium with an OR of 1.81 (13). This association
seems to be stronger in Algeria with an OR of 8.45.
The population attributable fraction was 9.7%,
indicating that the eradication of BoHV4 in the cattle
population could reduce the abortion rate by 10%.

To summarise, in Algerian cattle, the observed
prevalence ranking was N. caninum (15.0%) >
L. Hardjo (3.89%) > BoHV4 (3.61%) > B. abortus
(3.06%) > C. burnetii (1.67%) > S. Dublin and BVDV
(1.39%) > C. abortus (0.83%) > BoHV1 (0.55%) >
T. foetus (0%). In China, the prevalence was BoHV1
(36.3%) > N. caninum (31.3%) > BVDV (7.5%) >
B. abortus (6.2%) > C. abortus (5%) > Toxoplasma
gondii (1.3%) (38), and in Morocco, BoHV1 (50%) >
BVDV (37.71%) > B. abortus (33.48%) > Leptospira
(9.09%) > N. caninum (8.52%) (26). This indicates that
the prevalence is different as a function of the sampling
and of the sampled region.
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Prevention is one of the most powerful approaches
to reducing the impact of pathogens in cattle abortion.
The attributable fraction in the population indicated
that the expected reduction of abortion in the
population by eradication of the studied pathogens is
41.4%. In the population, it is the elimination of
N. caninum that can reduce the number of abortions the
most (15.6%). But it indicates also that most of the
abortions are due either to uninvestigated pathogens or
to non-infectious causes.
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