
SUMMARY
This study aimed to investigate serum Pregnancy-Specific Protein B (PSPB) levels in pregnant and aborting ewes to evaluate its
potential as a biomarker for pregnancy health and pregnancy loss in small ruminants. Additionally, the study examined whether
PSPB concentrations differ in ewes that experienced abortion due to various bacterial agents (Brucella spp., Salmonella spp., and
Campylobacter spp.). A total of 88 Akkaraman ewes were included in the study, comprising 29 pregnant and 59 aborting ani-
mals. The causes of abortion were confirmed microbiologically, and blood samples were collected from pregnant ewes on ges-
tational days 28-30, and from aborting ewes approximately 10 days post-abortion. Serum PSPB levels were measured using a sheep-
specific Enzyme-Linked ImmunoSorbent Assay (ELISA) assay. Chi-square test and one-way ANOVA test were used to evaluate
the data. PSPB concentrations in pregnant ewes (19.13 ± 2.36 ng/mL) were significantly higher than those in aborting ewes (13.50
± 0.66 ng/mL). Among aborting ewes, mean PSPB levels were 13.81 ± 1.40 ng/mL for Salmonella spp., 13.82 ± 2.17 ng/mL for
Campylobacter spp., and 14.61 ± 1.60 ng/mL for Brucella spp.; however, no statistically significant differences were observed be-
tween the bacterial agents. The reduction in PSPB concentrations following abortion supports previous studies indicating that
low PSPB or Pregnancy-Associated Glycoprotein (PAG) levels are associated with embryonic or fetal loss. These findings demon-
strate that PSPB, which enters the maternal circulation around day 21 of gestation, is a reliable marker not only for pregnancy
detection but also for predicting pregnancy loss. The lack of variation in PSPB levels according to the type of bacterial infection
highlights its direct value in assessing abortion events. Overall, the results suggest that PSPB has potential as a standard biomarker
for monitoring pregnancy health and the early detection of pregnancy loss in sheep. Advanced studies involving larger sample
sizes and longitudinal monitoring are warranted to further validate the accuracy and reliability of PSPB in clinical applications.
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INTRODUCTION

Small ruminants play a significant role not only in utilizing poor
pastures, stubbles, and areas unsuitable for plant production
but also in the production of meat, milk, wool, hair, mohair,
and leather, which are essential for the textile industry (1). Ac-
cording to Food and Agriculture Organization (FAO) data from
2023, there are approximately 2.5 billion sheep and goats world-
wide. This figure highlights the significant importance of small
ruminants in the livestock sector (2).
Maintaining economic profitability in sheep farming enterprises
is highly related to reproductive performance. The earliest pos-
sible diagnosis of pregnancy and pregnancy loss is crucial for
improving efficiency in the sheep farming sector. In this regard,

various methods are used for pregnancy diagnosis, including
less practical approaches such as absence of estrus, abdominal
palpation, and palpation of the caudal uterine artery, as well
as more practical methods like radiography, rectal/abdominal
palpation, hormonal tests (progesterone measurements, estrone
sulfate determination, chorionic gonadotropin, or placental lac-
togen detection), pregnancy protein tests (Pregnancy Associ-
ated Glycoproteins, Pregnancy Specific Protein - B (PSPB)), and
as a gold standard ultrasonography (3-5).
Among the tests commonly used in recent times, one of the most
important is pregnancy protein tests. These proteins, introduced
to the literature for the first time by Sasser et al. (1988), are a
mixture of multiple protein forms and are referred to as PSPB
(6). PSPB was first isolated from the bovine placenta (7). PSPBs
are proteins produced in the binucleate cells of the fetal tro-
phoblast (8).
Pregnancy Specific Protein B forms a large placental glycoprotein
family belonging to the group of proteolytic enzymes. In ru-
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minants, it begins to be secreted by the superficial layer of the
developing trophoblast from approximately day 21 of pregnancy
and is released into the maternal circulation. Maternal blood
concentrations increase until day 30. The physiological role of
PSPB during pregnancy has not been determined; however, it
is likely involved in maintaining the corpus luteum by stimu-
lating prostaglandin E2 production (9).
Pregnancy Specific Protein B is not only a good indicator of
pregnancy but also of pregnancy loss (10). It has been observed
that serum PSPB concentrations begin to decrease approxi-
mately 2.5 days after pregnancy loss (11). Therefore, serum PSPB
can be used to detect embryonic loss (12,13).
In a study by Adeyeye et al. (2021), the weekly mean PSPB in
pregnant ewes was reported to range from 0.27 to 133.90 ng/mL,
while in non-pregnant ewes it ranged from 0.10 to 0.97
ng/ml. In the first trimester, PSPB levels peaked in the fifth week
post-mating with an average of 100.60 ng/mL, while in the sec-
ond trimester, they reached a peak in the tenth week post-mat-
ing with an average of 133.90 ng/mL. In the third trimester, there
was a gradual increase in PSPB levels, reaching a peak a few days
before parturition. A gradual and statistically significant
(p<0.05) decrease in PSPB levels was observed from parturi-
tion to the third week postpartum when comparing postpar-
tum and non-pregnant ewes. In the fourth week postpartum,
serum levels showed no statistically significant difference
(p>0.05) when compared to non-pregnant ewes (14).
The most significant problems in sheep are embryonic losses
and abortions. Abortions in sheep can be classified as infectious
or non-infectious. Among the causes of abortion, infectious dis-
eases such as brucellosis, campylobacteriosis, salmonellosis, lis-
teriosis, leptospirosis, and chlamydia infections are at the fore-
front. Non-infectious causes include genetic factors, heat
stress, management and nutrition issues, and toxicities, among
many other factors (15). 
Brucella is a gram-negative intracellular bacterium. Most Bru-
cella species cause a zoonotic and infectious disease known as
brucellosis in their hosts; this disease manifests in animals with
symptoms such as abortion, infertility, and lameness. Brucellosis
can be transmitted through the inhalation of aerosolized bac-
teria, or via contact with, or ingestion of, contaminated tissues
or tissue-derived products (16). The target cells and tissues in-
clude trophoblast cells, fetal lung, macrophages, and male and
female reproductive organs. Subsequently, the fetal internal or-
gans and placenta become heavily infected. In animals, Brucel-
la spp. is characterized by abortion, retained placenta, orchitis,
and epididymitis (17). In sheep and goats, late-term abortions
and stillbirths occur during the later stages of pregnancy (15).
Salmonella species are facultative intracellular bacteria capa-
ble of invading and proliferating within various cell types un-
der in vitro conditions (18). Salmonellosis is a zoonotic in-
fectious disease caused by Salmonella spp. Salmonella spp. leads
to mass abortions in sheep during the late stages of pregnan-
cy; abortive lambs die within their first days of life (19). In sheep
and goats, abortions and neonatal deaths occur during the late
stages of pregnancy (15).
Campylobacter spp. are gram-negative, spiral bacteria. Infection
with Campylobacter spp. is one of the most common causes of
ovine abortion worldwide (20). In ewes infected with Campy-
lobacter, abortion typically occurs in the late stages of pregnancy.
Generally, weak lambs or stillborn lambs are born (21).  
The aim of this study is to measure and compare Pregnancy-
Specific Protein B (PSPB) levels in pregnant and aborting ewes.

Additionally, it will investigate whether there is a difference in
PSPB levels in ewes that abort due to bacterial abortion agents. 

MATERIALS AND METHODS

Ewes
In this study, 29 pregnant and 59 from aborted Akkaraman ewes,
similar breed, aged between 2 and 5 years and clinically
healthy were used. The causes of abortion in the ewes were con-
firmed as Brucella spp., Salmonella spp., and Campylobacter spp.
through microbiological tests. Ewes were divided into two main
groups as pregnant and aborted. The aborting ewes were fur-
ther categorized into three subgroups based on the pathogen,
forming a total of four groups. Samples were collected from four
separate farms, ensuring each group included animals from dif-
ferent farms. All pregnant ewes were selected from a similar farm
where they had access to pasture during the summer and were
fed concentrate supplements under the same environmental
and nutritional conditions. The pregnancy status of the ani-
mals selected for the pregnant group was confirmed with ul-
trasonography (Fujifilm, Sonosite Edge II Ultrasound, Japan).
The animals were provided with hay and concentrate supple-
ments and pasture feeding, while water was offered ad libitum.
The welfare criteria were met with 2.5 m2 per sheep.

Collecting samples
Blood samples from pregnant ewes were collected on days 28-
30 of gestation. To confirm the abortion causes, sterile swab sam-
ples were collected from the ewes that were aborted and from
the aborted fetuses. Blood samples from ewes that had been
aborted during the 10th-12th week of pregnancy were collect-
ed approximately 10 days after the abortion date. Some stud-
ies have reported that PSPB levels decrease during the first 4
weeks postpartum (14). Blood samples were collected from the
jugular vein of the sheep without anticoagulant, vacuumed
tubes. The collected blood samples were brought to the labo-
ratory within 1-2 hours, centrifuged at 3500 rpm for 10 min-
utes, and the serum was stored at -20°C until analysis (Fig. 1). 

Microbiological Analysis
The samples collected were processed according to ISO 6579:
2002/ Amd 1: 2007 method for the detection of Salmonella. The
samples was preenriched with peptone water (Oxoid) (24
h/37°C), enriched in Rappaport Vassiliadis Salmonella broth
(Oxoid), and later incubated in xylose lysine desoxicholate agar
(XLD, Oxoid) for 48 hour Suspected Salmonella colonies (com-
pletely black or pink to red with black centers; 3 colonies per
sample) were transferred to lysine iron agar, triple sugar iron,
and urea agar slants for further testing. A range of analytical
procedures were employed for the identification of the sam-
ple, including urea, Triple Sugar Iron Agar medium tests, ly-
sine decarboxylase, Voges-Proskauer, indole and ß-galactosi-
dase tests (22).  
Primary isolation of Brucella was achieved by culturing sam-
ples on Farrell’s modified serum dextrose agar. This medium
was prepared from blood agar supplemented with 5% horse
serum, 1% dextrose, and pre-mixed antibiotics added per ml
of medium as follows: Bacitracin (25 IU), Polymyxin B (5 IU),
Cycloheximide (100 µg), Nalidixic acid (5 µg), Nystatin (100
IU), and Vancomycin (20 µg). The inoculated plates were in-
cubated at 37°C in an aerobic environment containing 5% to
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10% CO , and examined for Brucella-like colonies after three
to five days. Plates with no visible growth after seven to ten days
of incubation were appropriately discarded. The identification
of the isolates at the Brucella genus level was facilitated by a com-
prehensive consideration of the colony morphology, Gram stain-
ing and growth characteristics, as well as the catalase, oxidase
and urease test results. The subcultures were subjected to a se-
ries of phenotypic tests, encompassing catalase, oxidase, urea
hydrolysis, motility, growth in 20 and 40 µg/mL of basic fuch-
sine and thionin, CO2 requirement, H2S production, and he-
molysis tests. These tests were performed in accordance with
standard protocols for each individual test (23).
To culture Campylobacter spp. from necropsy samples, including
placenta, uterus, and combined fetal liver and lung tissues, tis-
sue samples were finely chopped using sterile scissors or scalpels,
and then inoculated onto an appropriate culture medium.
Mueller-Hinton (MH) agar was used as the culture medium,
supplemented with Preston Campylobacter selective supple-
ment (trimethoprim, rifampicin, polymyxin B, cyclohex-
imide; SR0117E, Thermo Fisher, USA) and Campylobacter
growth supplement (sodium metabisulfite, sodium pyruvate,
ferrous sulfate; SR0232E, Thermo Fisher, USA). One series of
plates was subjected to an incubation process for a period of
three days at a temperature of 37°C. In contrast, another se-
ries of plates was exposed to an incubation process at a tem-
perature of 42°C within a microaerophilic atmosphere (Ther-
mo Scientific, CN0035A, USA). The suspected colonies were
examined using both macroscopic and microscopic mor-
phology. A series of biochemical tests were carried out on the
colonies. These included assessments of catalase, oxidase, and
hydrogen sulfide production. The identification of Campy-
lobacter isolates was conducted in accordance with their capacity
for growth at temperatures of 25°C and 42°C, sensitivity to

nalidixic acid and cephalothin, and hippurate hydrolysis (24). 

PSPB Analysis
The sheep-specific PSPB Enzyme-Linked ImmunoSorbent As-
say (ELISA) test kit has been observed to be an effective method
for early pregnancy diagnosis in sheep. The same ELISA kit was
used for both aborting and non-aborting ewes. Blood samples
collected on day 30 of gestation and from ewes that aborted be-
tween the 10th and 12th weeks of pregnancy were centrifuged
to separate the serum. PSPB levels in the serum samples were
measured using ELISA kits (PSPB ELISA kit, Catalog No:
E0094Sh, BT Lab, China) and determined with an ELISA read-
er (ELx800, BioTek, USA) (25). 

Statistical Analysis
The results are presented as values ± standard error of the mean
(SEM). Statistical analyses were performed using IBM Statis-
tical Package for the Social Sciences (SPSS) Statistics 30 soft-
ware. To examine the relationship between the PSPB values
measured from pregnant ewes and those from ewes that
aborted, the Chi-Square test was applied. A one-way ANOVA
test was conducted to compare PSPB levels in ewes that
aborted due to three different agents: Brucella spp., Salmonel-
la spp., and Campylobacter spp. A significance threshold of p
< 0.05 was used to indicate statistical significance. 

RESULTS

In ELISA results from blood samples collected from the preg-
nant ewes at gestational days 28-30, the mean PSPB value for
29 ewes was measured as 19.13±2.36 ng/mL.
Microbiological analysis of blood samples and aborted fetus-

Figure 1 - Experimental design.
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es collected from ewes that aborted in gestational weeks 10-12
indicated that 9 ewes experienced abortions due to Salmonel-
la spp., 10 due to Campylobacter spp., and 40 due to Brucella
spp. ELISA results from blood samples taken approximately 10
days post-abortion showed a mean PSPB value of 13.50±0.66
ng/mL across 59 ewes. In this study, a statistically significant
difference was found between the PSPB values in pregnant ewes
and aborted ewes. (Fig. 2).
The study investigated whether PSPB levels differed in abor-
tions caused by the bacterial agents Salmonella spp., Campy-
lobacter spp., and Brucella spp. The mean PSPB level in ewes
aborting due to Salmonella pp. was found to be 13.81±1.40
ng/mL, for those aborting due to Campylobacter spp. 13.82±2.17
ng/mL, and for Brucella spp. 14.61±1.60 ng/mL. Statistical analy-
sis revealed no significant difference when the three agents were
compared collectively or individually (p < 0.01) (Fig. 3).

DISCUSSION

In this study, a statistically significant difference was found be-
tween the PSPB values in pregnant ewes (n=29) with a mean
of 19.13±2.36 ng/mL and those in aborted ewes (n=59) with
a mean of 13.50±0.66 ng/mL.
In the study by Adeyeye et al. (2021) conducted on 30 Yankasa
ewes, PSPB values ranged from 0.27 to 133.90 ng/mL from the
first to the last week of pregnancy. Postpartum measurements
indicated a decrease from 114.82 ng/mL to as low as 2.38 ng/mL
within the first 4 weeks after birth. Similarly, in this study, there
was also a statistically significant decrease in PSPB values be-
tween pregnant and non-pregnant (aborted) ewes. This sim-
ilarity is thought to be due to the fact that the molecule meas-

ured and the animals studied are of the same species. However,
the PSPB values for both pregnant and non-pregnant ewes in
these two studies do not show similarity. The reason for this
lack of similarity is the use of different ELISA kits (14).
In another study in 2007, 710 cows experiencing late embry-
onic death, Gabor et al. suggested that low PSPB concentrations
could be associated with late embryonic loss, revealing that PSPB
measured at low levels on days 30-36 post-insemination sta-
tistically significantly indicated late embryonic death. Similarly,
in this study, PSPB levels in aborted ewes were found to be sig-
nificantly lower than in pregnant ewes. This similarity between
studies, despite the different animal species, may be due to both
being taxonomically from the same family and measuring the
same molecule (26).
In another study by Mosaad et al. in 2024, serum Pregnancy
Associated Glycoprotein (PAG) and progesterone levels were
measured in goats that experienced lead (Pb) induced abor-
tions. PAG levels in aborted goats (2.963±0.350 ng/mL) were
found to be significantly lower than those in singleton
(9.492±0.286 ng/mL) and twin pregnancies (27.231±0.638
ng/mL). Similarly, in this study, PSPB levels in ewes that abort-
ed (13.50±0.66 ng/mL) were statistically significantly lower than
those in pregnant ewes (19.13±2.36 ng/mL). Since PAG and
PSPB are proteins of a similar molecular structure belonging
to the same family and used for pregnancy diagnosis, the sim-
ilarity in results between the two studies is thought to be due
to this relationship (27). 

CONCLUSIONS

In conclusion, this study demonstrates that PSPB, which is used

Figure 3 - Pregnancy Specific Protein - B (PSPB) levels in sheep
with abortion caused by bacterial agent.

Figure 2 - Mean value of Pregnancy Specific Protein - B (PSPB) in
pregnant and aborted ewes.
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with high reliability for pregnancy diagnosis in ewes from days
28-30 onwards, exhibits significantly lower concentrations in
ewes that experienced abortion compared to pregnant ewes.
Furthermore, it is suggested that PSPB could serve as an in-
dicator of pregnancy loss and may aid in predicting such loss-
es in advance. Additionally, multiple bacterial agents are
known to cause abortion in ewes. In this study, the serum PSPB
concentrations of animals that experienced abortion due to Sal-
monella spp., Campylobacter spp., and Brucella spp. were meas-
ured, and it was found that the causative agent of abortion had
no effect on PSPB levels. Further scientific studies are neces-
sary to confirm these findings.
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