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Abstract
Aim: This study was aimed to evaluate the sensitivity, specificity, predictive value and accuracy of ultrasonography 
in pregnancy rate (PR) prediction in Sahelian goats after progesterone impregnated sponge synchronization within the 
framework of caprine artificial insemination (AI) program in Fatick (Senegal).

Materials and Methods: Of 193 candidate goats in AI program, 167 were selected (day 50) in six villages. Estrus was 
synchronized by progesterone impregnated sponges installed for 11 days. Two days before the time of sponge removal 
(day 4), each goat was treated with 500 IU of equine chorionic gonadotropin and 50 μg of dcloprostenol. All goats were 
inseminated (day 0) with alpine goat semen from France at 45±3 h after sponge removal (day 2). Real-time B-mode 
ultrasonography was performed at day 50, day 13, day 0, day 40 and day 60 post-AI.

Results: Selection rate, estrus response rate, AI rate, PR at days 40 and days 60 were 86.53%; 71.85%; 83.34%; 51% and 
68% (p<0.05) respectively. Value of sensitivity, specificity, positive and negative predictive value, accuracy, total conformity, 
conformity of correct positive, conformity of correct negative and discordance of pregnancy diagnosis by trans-abdominal 
ultrasonography (TU) were 98.03%; 63.26%; 73.52%; 3.12%; 81%; 81%; 50%; 31% and 19%, respectively.

Conclusion: These results indicate that the TU can be performed in goats under traditional condition and emphasized the 
importance of re-examination of goats with negative or doubtful TU diagnoses performed at day 40 post-AI.
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Introduction

Now-a-days, ultrasonography has gained pop-
ularity in veterinary medicine and has become the 
most preferred method for diagnostic imaging of 
the various organs of the body, also including the 
reproductive organs [1]. The technique is based 
on the use of ultrasound waves to visualize geni-
tal organs noninvasively in their internal environ-
ment. The safety of this method has been officially 
recognized by the World Health Organization [2]. 
Ultrasonographic examination is a unique method, 
which is used for evaluation of pregnancy status 
and fetus number in small ruminants. Detection of 
hydrometra using ultrasonography is performed at 
40 days of pregnancy [3]. In addition to anestrus, 
absence of fetus (es), and accumulation of anechoic 
fluid with black spots are the ultrasonographic find-
ings of pseudopregnancy [4].

Earlier diagnostic examinations have been also 
suggested by trans-rectal techniques but with relatively 
poor applicability owing to care and labor connected 

to fecal repletion and rectal brittleness [5]. Under field 
conditions, a trans-abdominal probe (linear or sector 
3.5-5.0 MHz frequency) is generally used for detec-
tion of pregnancy at days 40-50 in sheep and goats 
by observing fluid accumulation and cotyledons [4]. 
Researchers have suggested high specificity (97%), 
sensitivity (100%) [6] and high accuracy rates for 
pregnancy (90-95%) and non-pregnancy (100%) 
diagnosis [7].

In the context of diversification of animal 
genetic resources, the Government of Senegal in part-
nership with the Poitou Charentes Region in France 
has launched a program of artificial insemination 
(AI) in goats in the region of Fatick with priority to 
fight against poverty especially in the traditional 
area. However, analysis of the results of AI since the 
beginning of the campaign in 2005 showed a low 
fertility rate (31%) [8]. In this context, the current 
study has been carried out to establish a diagnosis of 
pregnancy by B-mode trans-abdominal ultrasonogra-
phy (TU) throughout the caprine AI program in the 
traditional area (Fatick).

Specific objectives were to determine the 
selection rate, the estrus response rate and AI rate; 
to determine the pregnancy rates (PR) following AI 
and finally to evaluate the quality of the pregnancy 
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diagnostic method using real-time B-mode ultraso-
nography in Indigenous Sahelian goats in Senegal.
Materials and Methods
Ethical approval

The experimental protocol followed the ethical 
guidelines on the proper care and use of animals and 
had been approved by the ministry of livestock.
Study area and animal selection

The study was conducted in the region of Fatick 
limited by the region of Kaolack in the East, the 
region of Thies and Atlantic Ocean in the Northwest, 
the Republic of Gambia and Diourbel in the South, 
the Region of Louga in the North and Northwest. The 
multiparous Sahelian goats with good conformation 
and with history of no abortion or dystocia in the 
previous gestation were chosen for the study. Of the 
candidate goats (n=193), 167 were selected after the 
ultrasound examination performed 50 days before AI. 
Ultrasonographic examination of the uterus was done 
using 3.5 MHz sector-array transducer connected to 
a portable B-mode ultrasound scanner (Agroscan®). 
All the ultrasonographic examinations were done by 
the same observer who had experience in performing 
ultrasonographic pregnancy diagnosis (PD) in goats. 
Goats have been examined in a standing position as 
described by Purohit [1].

Does were selected from 6 farms in department 
of Fatick: Ndoffane (n=20), Ndiop (n=34), Thialle 
(n=22), Maroneme (n=28), Ngoyere (n=26) and 
Mbafaye (n=37). During their stay, they received dif-
ferent type of straw (brush, cowpea, maize), ground-
nut hay and fresh water ad libitum.
Estrus induction and AI

One month before the beginning of estrus 
induction treatment, all selected goats were 
dewormed (ivermectin) and vaccinated against 
pasteurellosis. A TU diagnosis was performed 
13 days before insemination to eliminate pregnant 
animals from the sample. Estrus was synchronized 
by means of intravaginal sponges (each containing 
45 mg flurogestone acetate; Cronolone®) installed 
for 11 days (from day 13 to day 2). Two days before 
the time of sponge removal (day 4), each goat was 
treated (i.m.) with eCG (500 IU, Folligon®, Intervet 
International B.V.) and estrumate (50 μg clopros-
tenol, a synthetic analog of prostaglandin F2α). All 
goats were inseminated, deep into vagina, with 
alpine goat semen from France at 45±3 h after 
sponge removal. Inseminations were done by the 
same operator. The day of insemination was con-
sidered as day 0. Estrus signs were detected at least 
3 times/day: Early in the morning, about mid-day 
and 06:00 p.m.
PD

A PD was performed by TU at day 40 and day 60 
after AI. The does have been properly restrained in a 
standing position during scanning [1].

Evaluation of the method
Quality criteria based on the ultrasono-

graphic method used for PD in goats between day 
40 and day 60 post-AI were the sensitivity, spec-
ificity, the predictive value of the diagnostic test, 
i.e., the probability that the diagnosis reflects the 
true pregnancy status [9]. The sensitivity (Se) was 
defined as the likelihood of a positive test result in 
goats. It was calculated by the following equation; 
Se=100×a/(a+c). Conversely, the specificity (Sp) was 
defined as likelihood of a negative test result in goats 
known to be of non-pregnant and it was calculated by 
the following equation; Sp=100×d/(b+d). The positive 
predictive value (+PV) would then be the probability 
of the presence of pregnancy in an animal diagnosed 
pregnant i.e., 100×a/(a+b). The negative predictive 
value (−PV) would be the probability of absence 
of pregnancy in an animal diagnosed non-pregnant 
i.e., 100×d/(c+d). The accuracy (Ac)=100×(a+d)/N. 
Total conformity=100×(a+d)/N. Conformity of correct 
positive=100×(a)/N. Conformity of correct negative 
=100×(d)/N. Discordance=100×(b+c)/N [10].
Statistical analysis

All data from the selection (day 50) to BDs 
(day 60) were collected and analyzed using the Win-
Periscope 2.0, CLIVE Education, Edinburgh, UK, 
software based on Microsoft windows. The positive 
results of BDs using ultrasonography at day 40 and 
day 60 were compared using the Chi-squared test. The 
level of significance was recorded at the 5% level of 
confidence [11].
Results
Selection rate, estrus response rate and AI rate

Following ultrasonographic examinations, 
167/193 (86.53%) goats were selected (day 50), 
120/167 (71.85%) were synchronized and induced in 
estrus (from day 13 to day 0) and 100/120 (83.34%) 
were inseminated at day 0 (Table-1).
PR by ultrasonography at day 40 and day 60 post-AI

The ultrasonographic examination revealed 
51 (51%) and 68 (68%) pregnancy status at day 40 
and day 60, respectively (Table-2).
Evaluation of the method

Considering the pregnancy status of inseminated 
goats at day 40 and day 60 (Table-2), the contingency 
table was done. Following the above, the quality crite-
ria have been obtained (Table-3).
Discussion
Selection rate, estrus response rate and AI rate

During selection (day 50), 26 goats were diagnosed 
pregnant and discarded after the TU examination. So, 
26 fetal loss (might be due to hormonal deficiency) 
have been prevented at the time of selection.

The estrus response was comparable to the 
rate obtained by Mpatswenumugabo [12], but lower 
than reports of Djakba [8], Kor et al. [13], Omontese 
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et al. [14] and Kouamo et al. [15]. This might be 
related to breed, nutrition, environment, estrus 
induction protocol [16]. In addition, 33 goats were 
diagnosed pregnant and discarded between day 13 and 
day 0 after the ultrasonographic examination. In prac-
tice, the early BDs can only be done 35 days after 
pregnancy. Before, it may be difficult to identify the 
conceptus, especially when large-sized, mature goats 
are scanned under field conditions [17]. In addition, 
14 animals were missing at the time of sponges 
application (day 13), reclaimed by impatient farmers 
and often sold to meet the daily family needs [18].

The insemination rate is less than the 100% 
reported by Omontese et al. [19]; comparable to the 
83% reported by Omontese et al. [20]; but higher 
than reported by Djakba [8], Mpatswenumugabo [12] 
and Omontese et al. [14]. These variations might be 
related to the experimental environment, breed, and 
hormonal induction. The latter might cause aggressive 
behavior, fights between females and loss of spirals.
BDs

The establishment of a pregnancy ultrasound 
diagnosis is based on the detection of the pres-
ence of the conceptus. This technique also allows 
the determination of the vitality of the embryo by 
highlighting heartbeat or fetal movement. The PR 
at day 60 remains significantly higher than the 
rate obtained at day 40, also to those reported by 
Mbaindingatoloum [21], Djakba [8]; comparable to 
the reported rate by Kouamo et al. [15] but signifi-
cantly lower than the rates found by Rwakazina [22]. 
The low PR obtained at day 40 might be explained 
by artifacts such as the presence of sunlight, the poor 
contact or poor impact, which could lead to errors. For 
BDs in small ruminants, Purohit [1] recommended 
that the hair must be clipped from just above the udder 
and 15-20 cm ahead of the udder on both sides of the 
abdomen. The transducer was placed above the udder 
between the thigh and abdomen preferably the left side 
and moved in a “W” shape from one side of the abdo-
men to the other side. The increasing of the PR from 
day 40 to day 60 post-AI might be due to the low risk 
of errors at this stage coupled with better visibility of 
fetal bulbs. This study revealed that BDs examination 
by ultrasonography at day 60 should be recommended 
as a confirmatory diagnosis for non-pregnant goats or 
doubtful pregnancy at day 40.
Evaluation of the quality of ultrasonographic 
diagnosis

The efficacy of ultrasound depends on several 
factors, among other equipment, sensor, and restraint 
of animals, animal size, pregnancy stage and 
experience of the operator [23]. This study shows that 
BDs by B-mode ultrasonography is more sensitive 
than specific. The values of sensitivity and specificity 
obtained were comparable to those obtained by 
Gonzalez et al. [9] and lower than those reported by 
Davey [24] with a sensitivity of 99% and a specificity 
of 100%. Taverne et al. [25] have reported that the 

Table-1: Ultrasonographic results of selection, estrus response and AI.

Localities Selection rate (day 50) Estrus response rate (day 13) AI rate (day 0)

Ndoffane (n=20) 100.00 (n=20) 75.00 (n=15) 86.67 (n=13)
Ndiop (n=34) 100.00 (n=34) 76.47 (n=26) 84.61 (n=22)
Thialle (n=37) 59.46 (n=22) 81.82 (n=18) 83.33 (n=15)
Maroneme (n=28) 100.00 (n=28) 50.00 (n=14) 78.57 (n=11)
Ngoyere (n=29) 89.65 (n=26) 92.30 (n=24) 95.83 (n=23)
Mbafaye (n=45) 82.23 (n=37) 62.16 (n=23) 69.56 (n=16)
Total (n=193) 86.53 (n=167) 71.85 (n=120) 83.34 (n=100)

n=Total number of animal, AI=Artificial insemination

Table-2: Ultrasonographic results at day 40 and day 60 
post-AI.

Localities Positive 
result by 

ultrasonography 
at day 40 

post-AI (%)

Positive 
result by 

ultrasonography 
at day 60 

post-AI (%)

Ndoffane (n=13) 30.76 (n=4) 23.07 (n=3)
Ndiop (n=22) 68.18 (n=15) 81.81 (n=18)
Thialle (n=15) 53.33 (n=8) 86.67 (n=13)
Maroneme (n=11) 18.18 (n=2) 36.36 (n=4)
Ngoyere (n=23) 56.52 (n=13) 69.56 (n=16)
Mbafaye (n=16) 56.25 (n=9) 87.50 (n=14)
Total (n=100) 51a (n=51) 68b (n=68)
a,bThe different letters indicate that the difference 
is significant (p<0.05). n=Total number of animal, 
AI=Artificial insemination

Table-3: Se, Sp, +PV, −PV, Ac, TC, CCP, CCN and Di of 
PD by TU in Sahelian goats.

Correct positive (pregnant)a n=50
False positive (non-pregnant)b n=1
Correct negative (non-pregnant)c n=31
False negative (pregnant)d n=18
Se (%) 98.03
Sp (%) 63.26
+PV (%) 73.52
−PV (%) 3.12
Ac (%) 81
TC (%) 81
CCP (%) 50
CCN (%) 31
Di (%) 19

Se=Sensitivity, Sp=Specificity, +PV=Positive predictive 
value, −PV=Negative predictive value, Ac=Accuracy, 
TC=Total conformity, CCP=Conformity of correct positive, 
CCN=Conformity of correct negative, Di=Discordance, 
PD=Pregnancy diagnosis, TU=Trans-abdominal 
ultrasonography
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sensitivity and specificity of this technique were high 
after the 29th day, reaching almost 100% between the 
46th and 106th days of pregnancy.

The overall accuracy was lower than that 
reported by Medan et al. [26] and Gonzalez 
et al. [9] who found accuracy levels of 100% and 
98.7%, respectively. The +PV was higher than that 
reported by Jardon et al. [27] and slightly less than 
that obtained by Fowler and Wilkins [28]. The low 
(3.12%) −PV observed at day 60 post-AI might be 
related to the relatively high number of false posi-
tive diagnoses. These variations might be explained 
by several artifacts related to the environment of 
experimentation and poor contact between the probe 
and the skin. The most likely source of false pos-
itive diagnoses might be embryonic mortality or 
abortion, which may reach to 30% in sheep [29]. In 
addition, abnormal uterine conditions such as pyo-
metra or hydrometra or the presence of intestinal or 
abdominal fluid may lead to false positive diagno-
sis, especially in the early stage of pregnancy. When 
not diagnosed, pseudopregnancy can persist for up 
to several months, and the volume of the fluid can 
reach several liters. In such cases the distended abdo-
men will give the false impression that the animal 
is pregnant; this can also be accompanied by udder 
enlargement. Moreover, because the animals were 
not fasted prior to scanning, the intestinal gas or 
ingesta may have interfered with the visualization 
of the pregnant uterus [30]. Fasting animals 12-24 h 
prior to the scanning reduces the intestinal gases or 
ingesta, which might interfere with the identification 
of the pregnant uterus or induce image artifacts [30]. 
The higher rate of conformity than the discordance 
confirms that real-time B-mode TU can be used 
effectively under traditional conditions.
Conclusion

Real-time B-mode UT has eliminated 59 preg-
nant goats which could have aborted following hor-
monal treatment. We recommend that TU should be 
used widely in the traditional area. This study empha-
sized the importance of re-examination of goats with 
negative or doubtful TU diagnoses performed at day 
40 post-AI.
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