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Abstract
In the Republic of Benin, abortion is one of the reproductive problems on small ruminant farms, and 
Chlamydia abortus is one of the causative agents. The aim of this study was to determine for the first time 
the serological prevalence and hematological parameters in small ruminants positive for Chlamydia abortus 
in Benin, mainly in the department of Ouémé. It covered five sites, namely Akpro-Missérété, Avrankou, 
Adjarra, Sèmè-Kpodji and Dangbo in the Ouémé department. A total of 385 sera (200 sheep and 185 goats) 
from subjects showing signs of reproductive loss were tested using the indirect Elisa method. Of the 385 
sera tested, 30 (7,79%) were positive for Chlamydia abortus. Similarly, the blood of animals tested positive 
was analyzed for hematological parameters using Sysmex XN-Series automated blood analyzer. Different 
variations with significant differences in some hematological parameters of the red line and those of the 
white line, depending on the study sites, species, age and physiological stage of the animals (hemoglobin, 
mean corpuscular volume for the red line at the sites, lymphocytes and basophils for the white line at the 
sites; hemoglobin for the red lineage and lymphocytes for the white lineage at species level; lymphocytes 
at age level; lymphocytes, monocytes and basophils for the white lineage at physiological stage level) were 
observed in animals suffering from C. abortus.
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Estudio de la seroprevalencia, factores de riesgo asociados y valores 
hematológicos de pequeños rumiantes infectados por Chlamydia abortus 

en la República de Benin

Resumen. En la República de Benín, el aborto es uno de los problemas reproductivos de las explotaciones 
de pequeños rumiantes, y Chlamydia abortus es uno de los agentes causales. El objetivo de este estudio era 
determinar por primera vez la prevalencia serológica y los parámetros hematológicos en pequeños rumiantes 
positivos a Chlamydia abortus en Benín, principalmente en el departamento de Ouémé. Abarcó cinco 
emplazamientos, a saber, Akpro-Missérété, Avrankou, Adjarra, Sèmè-Kpodji y Dangbo, en el departamento 
de Ouémé. Se analizaron 385 sueros (200 ovejas y 185 cabras) de sujetos que presentaban signos de pérdida 
reproductiva mediante el método Elisa indirecto. De los 385 sueros analizados, 30 (7,79%) resultaron 
positivos para Chlamydia abortus. Del mismo modo, se analizó la sangre de los animales con resultados 
positivos para determinar los parámetros hematológicos utilizando el analizador de sangre automatizado 
Sysmex XN-Series. Se observaron variaciones con diferencias significativas en algunos parámetros 
hematológicos de la línea roja y los de la línea blanca, en función de los lugares de estudio, la especie, la 
edad y el estadio fisiológico de los animales (hemoglobina, volumen corpuscular medio para la línea roja 
en los lugares, linfocitos y basófilos para la línea blanca en los lugares; hemoglobina para la línea roja y 
linfocitos para la línea blanca a nivel de especie; linfocitos a nivel de edad; linfocitos, monocitos y basófilos 
para la línea blanca a nivel de estadio fisiológico) se observaron en los animales afectados por C. abortus.
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INTRODUCTION

In households in West African countries, small ruminant 
farming is an important source of income. The demand 
for animal protein has increased in the Republic of Benin 
over the past two decades due to demographic changes, 
which have significantly increased the level of numerical 
productivity of society (Mensah et al. 2017). However, this 
early development of small ruminants continues to be plagued 
by several problems related to infectious diseases (bacterial, 
parasitic, and viral) with public health implications, such as 
quinine fever disease, campylobacteriosis, toxoplasmosis 
and, most significantly, enzootic sheep abortion (Sidibe et 
al. 2019). Ovine Enzootic Abortion is a disease caused by a 
very formidable etiological agent called Chlamydia abortus 
(C. abortus) formally known as C. psittaci serotype 1. It is a 
non-motile, coccoid, and obligate intracellular parasite and 
belongs to the family Chlamydiaceae, which has recently 
been reclassified and now comprises 11 distinct species 
(Schnee 2014). 

C. abortus is one of the main causes of reproductive 
failure in sheep and goats (Sachse et al. 2005). In sheep, the 
disease usually manifests itself as an abortion in the last 2-3 
weeks of gestation, while goats can abort at any stage of 
pregnancy, but most abortions occur in the last 2-3 weeks 
of gestation (Osman et al. 2011). 

The disease was first detected in West Africa 
especially in Mali with an overall prevalence of 3,55%, in 
Morocco with a prevalence of 15,09% and 27,23% in sheep 
and goats, and in Ethiopia with a prevalence of 9,88%. 
Furthermore, blood hematological indicators, which vary 
according to many circumstances, are the main predictor 
of an animal’s adaptability to its environment (Sattar and 
Mirza 2009). 

These parameters are influenced by many factors and 
may even differ according to breed and physiological state, 
particularly in animals infected with C. abortus. However, 
the data available on the issue in the sub-region in general 
and in the Republic of Benin, in particular, are patchy 
(non-confirmation of the disease in all countries due to the 
“neglected” character of this zoonosis). The aim of this study 
is to determine for the first time the serological prevalence 
and hematological parameters in small ruminants positive 
for chlamydia abortus mainly in the governorate of Ouémé 
in Benin Republic.

MATERIALS AND METHODS

Period and type of study. This is a cross-sectional 
survey with a descriptive aim, conducted during the period 
from October 2022 to June 2023.

Study environment. The study took place in 
the governorate of Ouémé, in the south of Benin. This 
governorate includes the communes of Adjara, Akpro-
Missérété, Avrankou, Adjohoun, Bonou, Dangbo, Sèmè-
Kpodji and Aguégués, but only 5 of the 9 communes in 
the Ouémé governorate were surveyed. These communes 
were Adjara, Akpro-Missérété, Avrankou, Dangbo and 
Sèmè-Kpodji. The animals were Djallonké ewes and 

goats. However, the various communes included in the 
study were chosen on the basis of the number of animals 
held, according to the 2021 final report of the Agricultural 
Statistics Directorate. 

Study design. During 2022-2023, a cross-sectional 
study was conducted with owner’s consent, approved by 
the Ethics Review Committee of the University of Abomey-
Calavi. Sample size was calculated using Cochran’s 
formula:

n = Z2 p (1 − p)/e2

where n is the sample size, Z is the statistic for 95% 
confidence interval, p is expected prevalence (50% due to 
Benin Republic’s unaffected status regarding C. abortus 
infection), and e is precision (5%). 385 samples were collected 
from 18 sheep flocks in five municipalities of Ouémé 
governorate, Southern Benin. Samples were randomly 
collected from both species (200 ewes and 185 goats) aged 
between <2 to >3 years, across four seasons. Some examined 
animals had a history of abortion (n = 345). Additionally, 
some examined flocks had lambing pens (n = 355) used as 
a clean area for parturition, and some implemented hygienic 
measures after abortion, such as isolating infected animals or 
disinfecting contaminated pens.

Sample collection and preparation. A suction tube 
was used to collect approximately 5 mL of blood from 
each animal’s jugular vein. The sera were isolated from the 
clotted blood by centrifugation at 3000 rpm for 05 minutes 
and stored at 20 degrees Celsius until serological analysis. 

Laboratory analysis
Serological analysis. Diagnostic work done at 

Bohicon Veterinary Laboratory’s serology unit using 
IDVET’s (Montpellier, France) indirect ELISA kits 
for Chlamydia abortus chlamydiosis. Tests followed 
manufacturer’s guidelines and were read at 450 nm using 
Chromate Inc’s ELISA reader. Validation criteria for this 
zoonotic disease: mean optical density of positive controls 
> 0.350 and mean optical density ratio (DO pc/OD nc) > 3.

Hematological analysis. Animals were separated 
and fasted the day before blood sampling. Blood was 
collected from tiny ruminants using a single-use needle 
in their jugular or saphenous veins. The blood was stored 
in a labeled tube with a red cover, placed in an ice-filled 
fridge, and sent for analysis at the Bohicon veterinary 
laboratory. The hematological examination was done using 
the Sysmex XN-Series automated device. Thirty chlamydia 
abortus-positive sheep and goats were sampled to assess 
the disease’s impact on their blood parameters.

Statistical Analysis. Study data analyzed using SPSS 
V17 (IBM) and Student t-test. Logistic regression assessed 
risk factors’ association with Chlamydiosis. Means 
and standard deviations for hematological parameters 
computed. One-way ANOVA tested hematological 
measures relationship with variables: animal locations, 
age, species, and physiological stage. If p-value <0.05, 
difference considered significant.
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RESULTS

Seroprevalence and factors associated with C. 
abortus infection. The prevalence of C. abortus was 
studied in small ruminants in five municipalities in southern 
Benin. The results showed significant differences between 
the different areas at p<0.05, with the highest prevalence 
observed in the municipality of Akpro-Missérété followed 
by the municipality of Sèmè-Kpodji (Table 1). 

Variables associated with the prevalence of C. abortus 
infection were assessed using the logistic regression 
method (Table 1). Seropositivity was significantly (p = 
0.010) higher in ewes than in goats. Interestingly, season 
played a significant role (p = 0.021) in the prevalence of 
C. abortus.

The prevalence of C. abortus infection in small 
ruminants was higher during the short rainy season and the 

long dry season than during the long rainy season and the 
short dry season. The results obtained did not show a strong 
relationship between abortion and C. abortus infection (p = 
0.213), with the seropositivity rate being highest in animals 
with a history of abortion. 

In terms of management system on the farms 
examined, the prevalence rate was highest on the farm 
where the animals had been aborted and where animals 
were raised intensively and significant (p = 0.032). The 
prevalence rate was significantly higher on farms where 
the herd size was between 10 and 30 animals or where no 
post-abortion hygiene measures were applied. On the other 
hand, the abortion history of the animals examined and the 
number of breeding males that could be exchanged with 
neighbors had no significant effect on the prevalence of C. 
abortus infection (Table 2).

Table 1: Prevalence of C. abortus infection across the sites and around World and Regions (Kifouly et al. 2023).

Parameter
No of 

examined 
animals

No of 
positive % CI (95%) p value

Odd 
ratio 
(OD)

Prevalence 
by world and 

regions
%

Sèmè-Kpodji 85 9 10.59 4.05 - 17.13

1,28E-05

1,573 Worldwide 13.4
Akpro-Missérété 90 11 12.22 5.46 – 18.99 2,022 Regions

Dangbo 70 5 7.14 1.11 – 13.18 0,892 Africa 9.1

Adjarra 65 3 4.62 0,49 - 9.72 0,525 Asia 48.5

Avrankou 75 2 2.67 0,98 - 6.31 0,276 Europa 33.3

Total 385 30 7.79 5.11 - 10.47 North and 
South America 3 6.1

* The result is significant at p<0.05.

Table 2: Variables associated with Chlamydia abortus infection in small ruminants
Parameter No of examined animals No of positive % CI (95%) Odd ratio (OD) p value
Species
Sheep 200 17 8.50 4.63 - 12.37 1.229 0.010
Goat 185 13 7.03 3.34 - 10.71 0.814
 385 30 7.79 5.11 - 10.47
Age
<2 96 6 6.25 2.80 - 13.86 0.736 0.008
2−3 157 14 8.92 3.49 - 11.80 1.297
>3 132 10 7.58 3.06 - 12.09 0.955
 385
Management system
Intensive 194 16 8.25 4.38 - 12.12 1.421 0.032
Semi-extensive 115 9 7.83 2.92 - 12.73 1.043
Extensive 76 5 6.58 1.01 - 12.15 0.814
 385
Season
Main rain 175 13 7.43 3.54 - 11.31 0.911 0.021
Main dry 67 5 7.46 1.17 - 13.76 0.945
Minor rain 97 9 9.28 3.50 - 15.05 1.3
Minor dry 46 3 6.52 -0.61 - 13.66 0.806
 385 30 7.79 2.36 - 6.47
History of abortion
Yes 345 27 7.83 4.99 - 10.66 1.047 0.213
No 40 3 7.50 -0.66 - 15.66 0.955
 385
Flock Size
<10 195 9 4.62 1.67 - 7.56 0.389 0.037
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10−30 104 14 13.46 6.90 - 20.02 2.576
>30 86 7 8.14 2.36 - 13.92 1.063
 385 30
 
Exchange of breeding male with neighbours

Yes 336 24 7.14 4.39 - 9.90 0.551 0.206
No 49 6 12.24 3.07 - 21.42 1.813
 385
 

Post abortion measures

Isolation and 
disinfection 188 11 5.85 2.50 - 9.21 0.582 0.001

No measures 197 19 9.64 5.52 - 13.77 1.717
 385

* The result is significant at p<0.05.

Site-specific assessment of hematological 
parameters. Hematological data of C. abortus -positive 
small ruminant samples from various sites are shown 
in Table 3. This indicating possible blood composition 
differences between sites. Hemoglobin varied greatly, with 

the highest in Adjarra and lowest in Avrankou. Hematocrit 
remained relatively constant. Mean Corpuscular Volume 
were lowest at Akpro-Missérété and highest at Adjarra. 
Mean corpuscular hemoglobin varied with significant site 
differences.

Table 3: Site-specific values in hematological parameters of red blood cells

Parameters

Sites

p-value
Reference by 

Research Animal 
Resources. 2009

Adjarra Akpro-
Missérété Avrankou Dangbo Sèmè-

Kpodji

Means ± SD Means ± SD Means ± SD Means ± SD Means ± SD

Red Blood 
(106/mm3) 4.67±0.77 4.72±0.85 3.30±0.00 3.82±0.34 3.26±0.16 0.479 8 - 15

White Blood 
(103/mm3) 5.61±0.85 6.47±3.12 7.90±0.00 7.46±1.47 7.83±0.17 0.844 4 - 12

Hemoglobin
(g/dl) 16.70a±0.20 9.33b±0.69 7.30b±0.02 11.40b±2.48 9.88b±1.13 0.001 8 - 16

Hematocrit% 14.50±0.20 13.97±0.76 13.70±0.00 14.50±1.80 12.65±1.25 0.731 24 - 45

MCV (fl) 48.87a±0.13 26.06c±2.77 48.70a±0.15 41.53ab±3.34 33.18bc±3.81 0.001 23 - 48

MCH (pg) 32.33±0.17 28.23±1.45 33.00±0.00 29.03±0.12 33.18±3.81 0.100 8 - 12

MCHC(g/dl) 94.77±0.97 79.90±4.08 97.50±0.00 91.87±2.98 84.70±8.06 0.104 31 - 38

p<0.05 = significant difference; p>0.05 = Not significant difference, SD: Standard Deviation

Assessment of hematological parameters of the 
red blood cells as a function of species (Djallonké goats 
and sheep), age and physiological stage of infected 
small ruminants. Table 4 compares hematological 
parameters by species (Djallonké goats and sheep), age, 
and physiological stage. Goats generally had higher RBC 
and WBC counts than sheep, but the differences weren’t 
significant. Goats had significantly higher Hb levels than 

sheep, while hematocrit showed no significant difference. 
RBCs increase with age, while WBCs decrease slightly. 
Hemoglobin values are highest in the 2-4-year age group, 
and hematocrit increases with age. No clear trend for VCM, 
HCM, and CCMH based on age. Red blood cell counts 
slightly decreased with more abortions, but the differences 
weren’t significant. Other hematological parameters didn’t 
significantly vary with physiological stage.
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Table 5: Values in Red blood cell parameters as a function of species, age and physiological stage.

Parameters

Species

p-value

Age

p-value

Physiological Stage

p-value
Goat Sheep 0-2 02-avr 4 and 

more
1 

abortion
2 

abortions
3 

abortions

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD

Red Blood 
(106/mm3)

5.04±
0.96

3.70±
0.27 0.226 3.29±

0.18
4.56±
0.53

6.75±
1.65 0.104 5.15±

0.84
3.35±
0.17

3.43±
0.12 0.112

White Blood 
(103/mm3) 7.25±

1.31
5.22±
0.52 0.198 9.10±

1.80
6.07±
0.53

7.55±
0.26 0.059 6.91±

0.53
7.13±
0.47

5.90±
0.48 0.3

Hemoglobin
(g/dl)

12.92a±
1.25

9.47b±
0.87 0.047 10.87±

0.71
11.19±

0.86
9.50±
1.56 0.598 11.36±

0.64
11.02±

0.34
11.25±

0.91 0.916

Hematocrit%
14.18±

0.72
13.57±

0.69 0.552 12.03±
0.64

14.07±
0.66

13.95±
0.43 0.3 13.67±

0.73
13.83±

0.87
13.93±

1.44 0.982

MCV (fl)
40.48±

4.51
30.05±

2.34 0.075 36.37±
0.07

37.33±
0.33

38.10±
0.52 0.124 37.01±

0.41
37.18±

0.48
37.50±

0.57 0.891

MCH (pg)
29.38±

1.14
30.92±

1.40 0.408 32.83±
3.42

29.65±
1.02

29.80±
1.56 0.446 29.33±

1.46
31.80±

1.77
30.08±

2.22 0.571

MCHC(g/dl)
86.27±

3.93
85.83±

3.98 0.939 80.47±
9.32

84.62±
3.01

90.90±
1.67 0.419 85.40±

4.02
88.65±

5.44
83.00±

6.84 0.771

p< 0.05 = Significant difference; p > 0.05 = Not significant difference, SD: Standard Deviation

Evaluation of white blood cell hematological 
parameters according to site. Table 4 shows white blood 
cell line evaluations for different locations. Neutrophils 
had the highest mean at Akpro-Missérété and the lowest 

mean at Avrankou, but this difference wasn’t statistically 
significant (p = 0.100). Lymphocytes had the highest mean 
at Sèmè-Kpodji and the lowest mean at Avrankou and this 
difference was statistically significant. 

Table 6: Site-specific values in hematological parameters of the white blood cells

Parametres

Sites
p-value

Reference 
by Research 
Animal 
Resources. 
2009

Adjarra Akpro-
Missérété Avrankou Dangbo Sèmè-Kpodji

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Neutrophils % 35.80±2.54 40.14±2.68 35.60±0.00 37.10±2.08 48.03±3.39 0.100 25 - 75

Lymphocytes% 16.40b±1.85 18.30ab±0.99 12.00b±0.85 17.43b±0.46 16.23a±2.33 0.049 40 - 70

Monocytes(%) 6.90±0.17 3.17±1.23 6.80±0.00 2.90±1.78 2.55±1.32 0.061 0 - 6

Eosinophils(%) 15.25±3.49 17.44±3.07 25.50±0.00 10.97±3.40 10.75±2.83 0.070 0 - 10

Basophils (%) 5.70c±0.29 14.91b±2.23 10.80bc±0.15 4.93c±1.95 22.45a±0.82 0.001 0 - 3 

p<0.05 = Significant difference; p>0.05 = Not significant difference, SD: Standard Deviation

Evaluation of hematological parameters of the 
white lineage as a function of species (Djallonké goats 
and sheep), age and physiological stage of infected 
small ruminants. Table 7 presents data on white blood 
cell parameters in Djallonké goats and sheep, according 
to species, age and physiological stage. Neutrophil levels 
were similar between the two species, while lymphocyte, 
monocyte, eosinophil and basophil levels showed slight but 

non-significant variations. With regard to age, lymphocytes 
increased significantly, while the other blood parameters 
showed no significant differences. With regard to 
physiological stage, neutrophils and eosinophils remained 
stable, while lymphocytes, monocytes and basophils 
showed significant differences, indicating variations 
according to the number of abortions.
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Table 7: Values in white blood cell parameters as a function of species, age and physiological stage

Parameters

Species
p-value

Age
p-value

Stade Physiological
p-value

Goat Sheep 0-2 02-avr 4 
and more

1 
abortion

2 
abortions

3 
abortions

Mean 
± 

SD

Mean
 ± 
SD

Mean
 ± 
SD

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD

Mean 
± 

SD
Neutrophils
 %

16.05±
1.21

17.65±
1.02 0.331 19.83±

1.17
16.29±

0.92
15.90±

1.20 0.199 16.10±
1.57

16.25±
0.61

19.97±
0.84 0.117

Lymphocytes
%

36.03±
1.44

41.58±
2.31 0.059 36.03±

1.53
40.94±

1.93
53.60±

2.60 0.021 38.63ab±
1.50

46.18a±
3.78

36.03b±
1.08 0.045

Monocytes
(%)

3.93±
1.32

3.4±
0.91 0.747 4.30±

1.85
3.32±
0.87

1.35±
0.05 0.553 5.17a±

0.99
0.85b±
0.18

5.10a±
1.53 0.008

Eosinophils
(%)

16.68±
3.91

14.35±
1.84 0.605 12.13±

1.05
16.71±

2.37
5.95±
0.35 0.163 15.69±

2.58
16.05±

4.37
11.97±

0.76 0.692

Basophils
 (%)

8.73±
2.35

14.27±
2.37 0.12 7.03±

2.52
14.98±

2.19
23.20±

1.10 0.065 11.13b±
2.89

20.67a±
1.07

7.33b±
1.80 0.004

p<0.05 = Significant difference; p>0.05 = Not significant difference, SD: Standard Deviation

DISCUSSION

Seroprevalence and risk factors for C. abortus. 
The overall seroprevalence of C. abortus in unvaccinated 
goats and sheep was 7.79% (30 out of 385), while 89.61% 
(345 out of 385) were negative and 2.60% (10 out of 385) 
produced suspect results. The variation in prevalence 
by commune ranged from 2.67% to 12.22% (see Table 
2), and seropositive goats were identified in all sampled 
non-vaccinated herds. This finding suggests that the 
bacterium is widespread in the Ouémé governorate, posing 
a potential risk to humans and animals in direct contact or 
in the surrounding areas. In Africa, data on sheep and goat 
prevalence of enzootic abortion remain scarce; however, 
there are reports of significantly lower prevalence levels, 
including 7.10% recorded in the Republic of Mali (Sidibe 
et al. 2019). In Europe, the prevalence remains higher, 
exceeding the 5.8% observed in herds with recent cases of 
abortion in Sardinia (Masala et al. 2005), as well as 3.97% 
in Belgium (Yin et al. 2014) and 7.70% in the Slovak 
Republic (Čislákován et al. 2007).
The risk factors associated with seropositivity are shown in 
Table 3. Statistically significant associations were identified 
for herd size, animal species, age of animals, season, and 
post-abortion measures. With regard to herd size, statistical 
disparities were found between small and medium-sized 
herds compared with all herds, respectively. For example, 
the odds ratio (OR) for the presence of antibodies in goats 
from medium-sized herds was almost twice as high (OR= 
2.576; CI = 6.90 - 20.02; p = 0.037) as in goats from small 
or large herds. Conversely, goats from small herds had an 
OR of 0.39 (CI = 1.67 - 7.56), a protective characteristic. 
Herd size was related to the animal management methods 
used on farms; most herds were subject to intensive or semi-
extensive management practices, favoring close contact 
between animals, which could facilitate transmission of the 
bacteria and spread of the disease (Campos-Hernández et 
al. 2014). In this context, seroprevalence was found to be 
significantly higher in intensively managed herds (OR = 
1.421; CI = 4.38 - 12.12; p = 0.032) compared with those 
under semi-extensive or extensive management (Mamlouk 
et al. 2020). In addition, inappropriate management 

practices have also been associated with a high incidence 
of zoonotic abortions within herds (Lenzko et al. 2011).
Significant seasonal variations have been observed. 
Specifically, a statistically significant significance was 
noted during the season of heavy rainfall (OR = 0.911; CI 
= 3.54 - 11.31; p = 0.021), even though a higher incidence 
of infections was observed during the small rainy season 
(9.28%). In fact, the risk of infection in animals was nearly 
1.5 times higher (OR = 1.301; CI = 3.50 - 15.05) during this 
period than during other seasons. The rainy season promotes 
an increase in food availability and, consequently, creates 
favorable environmental conditions for the proliferation of 
C. abortus (Essig and Longbottom 2015). Positive cases 
observed during the dry season can be explained by factors 
such as food scarcity, long distances between grazing and 
shelter areas, exposure to high temperatures, and a shortage 
of clean water, common conditions during this period that 
can induce stress and lead to abortions ( Sánchez-Rocha et 
al. 2021). The season was also associated with measures 
of prevention taken after abortions. A high prevalence 
(9.64%) was observed in farms where no preventive 
measures were in place, with an infection risk almost two 
times higher (OR = 1.717; CI = 5.52 - 13.77) compared 
to farms where preventive measures were partially in 
effect (OR = 0.582; CI = 2.50 - 9.21). Herd disinfection 
and cleaning of contaminated equipment reduce the risk of 
disease spread in the livestock (Robertson et al. 2018) and 
eliminate potential pathogens dispersed in the environment 
by seemingly healthy animals (Zezekalo et al. 2020).
Regarding species-specificity, a significantly higher 
prevalence (8.50%) was observed in sheep compared to 
goats, with sheep being 1.2 times more likely to be infected 
than goats (OR = 1.229; CI = 4.63 - 12.37; p = 0.010). This 
phenomenon can be attributed to the greater susceptibility 
of sheep to C. abortus compared to goats (Selim 2016; 
Seth-Smith et al. 2017). Furthermore, small ruminants aged 
2 to 3 years exhibited a notably higher prevalence (8.92%) 
than individuals in other age groups (<2 years and >3 
years), with these animals being 1.3 times more likely to be 
infected than their counterparts in different age groups (OR 
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= 1.297; CI = 3.49 - 11.80). This trend can be explained by 
the gradual acquisition of natural immunity in animals as 
they grow, providing protection against infectious diseases 
such as C. abortus (Casanova and Abel 2021).

Hematological parameters of infected C. abortus 
small ruminants. Knowledge of the reference values for 
blood during gestation and lactation helps the veterinarian 
in the diagnosis, prognosis and treatments used to improve 
ewe production and reproduction (Roubies et al. 2006).

The results presented in Tables (3 and 4) show that the 
mean GR (ranging from 3.26 × 106/ mm3 to 4.72 × 106/ mm3 

at site level; 5.04 × 106/ mm3 and 3.70 × 106/ mm3 in goats 
and sheep; ranging from 3.29 to 6.75 × 106/ mm3 at age 
level; ranging from 3.35 to 5.15 × 106/ mm3 at physiological 
stage) obtained in the Djallonké breeds studied is lower 
than the reference value reported (Research Animal 
Resources 2009). These results are also lower than those 
obtained in ewes at the end of pregnancy in the Santa Inês 
and Morada Nova breeds in Brazil (Bezerra et al. 2017), in 
Turkey (Cihan et al. 2016), in Nigeria (Adeyeye and Ate 
2017) and in Algeria (Aiche et al. 2020). This decrease 
in RBC value in small ruminants that have had abortions 
could be due to the decrease in red blood cell production in 
the bone marrow leading to inflammatory anemia following 
infection with C. abortus (Waziri et al. 2010). 

In addition, no non-significant variation in WBCs 
was observed across sites (ranging from 5.61 to 7.90 × 103/ 
mm3), age (5.22 to 7.25 × 103/ mm3), species (ranging from 
6.07 to 7.55 × 103/ mm3) and physiological stage (ranging 
from 5.90 to 7.13 × 103/ mm3) of the animals. These values 
are within the range of (Research Animal Resources 2009). 
The stress that animals undergo during gestation stimulates 
the secretion of certain hormones that can increase 
hematopoietic activity and the movement of blood cells in 
the circulatory system, thereby increasing the number of 
WBCs (Dellmann et al. 1987).

A slight significant variation in Hb at site level 
(ranging from 7.30 g dl-1 to 16.70 g dl-1) and at species level 
(9.47 g dl-1 in sheep and 12.92 g dl-1 in goats) but remains 
constant at age and physiological stage. These values are 
within normal ranges (Research Animal Resources 2009) 
but lower than those obtained by (El-Malky et al. 2019) in 
pregnant Ossimi and Barki breeds, and (Plaza Cuadradro 
et al. 2019), but different from those reported by (Bezerra 
et al. 2017) and (Adeyeye and Ate 2017), who recorded 
higher values of HB in ewes at the end of pregnancy. This 
observation can be explained by the fact that C. abortus 
can affect the production and survival of red blood cells, 
leading to a reduction in their number, and that the capacity 
of red blood cells to transport oxygen is not altered. This 
would result in the presence of normochromic anemia 
induced by C. abortus.

Significant variation in MCH was observed at sites 
ranging from 26.06 to 48.87 fl and remained constant 
within the normal range for species, age and physiological 
stage (Research Animal Resources 2009). A considerable 
increase in MCH (ranging from 28.23 to 33.18 pg at the 
sites) and MCHC (ranging from 79.90 to 97.50 g dl-1) was 
observed at the sites as well as for the other parameters, 
and was significantly higher than in (Research Animal 

Resources, 2009). The MCH and MCHC values recorded 
in this study were higher compared to those obtained by 
(El-Malky et al. 2019) in ewes in the last third of their 
pregnancy; (Cihan et al. 2016) and (Bezerra et al. 2017) and 
(Tshiasuma et al. 2017). This increase in MCH and MCHC 
may indicate an increased concentration of hemoglobin in 
the red blood cells, which may be related to a response to 
oxidative stress or inflammation (Nazifi et al. 2005). MCH, 
which measures the size of red blood cells, can vary in 
response to a variety of factors, including inflammation 
and infection. In addition, the values of MCV and MCHC 
are essential transport markers of oxygen, necessary for 
cell survival. The increased oxygen demand stimulates 
an adaptive response in which increasing hemoglobin 
concentrations result in higher levels of oxygen transport 
(Gravena et al. 2010). All these results can be justified by 
the fact that when an ewe or goat is infected with C. abortus, 
the bacterium multiplies in the cells of the uterine mucosa 
and can cause tissue inflammation and necrosis. This can 
lead to abortion or the birth of weak young (Schnee 2014).

In terms of the impact on the immune system, C. 
abortus infections can cause an inflammatory response in 
the infected animal. Prolonged inflammation can lead to a 
redistribution of immune cells, including neutrophils and 
lymphocytes, which are important white blood cells in the 
inflammatory immune response.

CONCLUSION 

This study established the presence of the aetiological 
agent of enzootic ovine abortion disease in small ruminants 
in Ouémé department, the antibodies being of suspicious 
origin (animals not vaccinated against the disease studied). 
Seroprevalence rates varied according to study sites 
(Chlamydia rate higher in Akpro-Missérété, Sèmè-Kpodji 
and Dangbo), type of reproductive loss (predominance of 
positive cases in aborted animals), small ruminant species 
(sheep more infected with Chlamydia). In animals infected 
with C. abortus, significant variations in hematological 
parameters of the red and white bloodlines were observed, 
including differences according to study sites, species, age 
and physiological stage of the animals. 
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