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IntrOductIOn

Brucellosis is one of the most important serious world-
wide distributed zoonotic diseases that causes se-

vere public health and economic implications (Bundle 
& McGiven, 2017). Brucellosis in sheep is an infectious 
reproductive bacterial disease that can affect all breeds of 
sheep, worldwide distributed and it causes abortion, infer-
tility and enormous economic losses (Radostits et al., 2007; 

Mahdavi et al., 2018). The transmission of disease occurs 
between animals via both vertical and horizontal transmis-
sions and the infection can be directly spread from sheep to 
others or indirectly via infected sheep (Garin et al., 1998; 
Díaz, 2013). Reproductive failure is considered the princi-
pal manifestation of brucellosis in the female such as the 
birth of an unthrifty newborn or abortion, while in male 
frequent sterility, epididymitis and orchitis (Radostits et 
al., 2007).
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Abstract | Brucellosis in sheep is a highly contagious reproductive infection that may strike almost any breed of sheep 
and is observed all over the world, causing abortion, infertility, and massive economic losses. The aims. This study was 
to identify brucellosis in ewes and to examine the histopathological changes in the uterine tissue of ewes infected with 
Brucella melitensis. Methods. The study were conducted in Kerbala and Babylon provinces from November 2020 to 
July 2021, using Rose Bengal test (RBT), culture, and polymerase chain reaction (PCR) on blood and uterine tissue 
samples collected from 139 brucellosis-infected ewes. results. The PCR identified 37 (26.61%) positive cases of 
brucellosis, which was less than the 41 (29.49%) instances identified by the Rose Bengal test and greater than the per-
centage identified by the culture, which was 35 (25.1%). In comparison to the results of the culture test, the polymerase 
chain reaction test was found to be (89.19%) sensitive, (98.04%) specific, and (95.68%) accurate. However, when com-
pared to the results of the RBT test, the sensitivity was (94.59%), the specificity was (94.12%), and the accuracy was 
(94.24%). Furthermore, the histological changes of the uterus of the infected ewe exhibited extensive histopathological 
alterations, including necrosis, mononuclear cell infiltrations (MNC), calcification, fibrosis, and severely constricted 
blood vessels. conclusion. The current study concluded that detecting brucellosis in ewes using a combination of 
molecular techniques and culture yielded the highest reliable results, suggesting that this method might be employed 
as a rapid regular screening test.
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Abortion due to brucellosis occurs late in gestation and the 
pregnancy ends before the fetus is born naturally (Vidić et 
al., 2007, Mats et al., 2020). The fetuses of aborted ovine 
after experimental and natural infections developed lesions 
due to systemic infections (Gorham et al., 1986). The uter-
ine tissue of ruminants contains erythritol is a four-carbon 
sugar utilized by Brucella spp. and considered an important 
factor that may assist the localization and growth of Brucel-
la spp and develop an infection in the tissues of the uterus 
resulting in a large accumulation of bacteria occurs in the 
placenta, eventually leading to abortion (Poole et al.,1972; 
Petersen et al., 2013). 

Although, the prevalence of brucellosis in Iraq has been 
reduced by vaccination programs and monitoring control 
measures, as well as warning farmers of the disease danger 
and encouraging them to keep their sheep flocks in healthy 
status, brucellosis is endemic in Iraq and causing infection 
for many flocks of sheep and causing massive economic 
losses and threatening the public health status. Therefore, 
this study aimed to detect Brucella melitensis infection in 
ewes by using serological, molecular, and culturing assays 
to detect the histopathological changes that appear in the 
uterine tissues.

MAtErIALS And MEtHOdS 

materIaLS
Brucella agar, nutrient broth, Triple sugar iron agar, Urea 
agar base, and catalase reagent were provided by (HiMe-
dia Laboratories LLC, United states),  gram stain, Ethanol 
96%, Hydrogen Peroxide, Urea solution, and oxidase rea-
gent were purchased from (BDH/United kingdom); TBE 
buffer, Lysozyme, and Ethidium bromide dye were pro-
vided from (BIO BASIC INC/United States);  Genomic 
DNA mini Kit (Geneaid, United states); Rose Bengal test 
(Amcon®), Primers, Polymerase Chain Reaction Premix 
and water, DNA ladder, and Loading dye were purchased 
from (Bioneer Korea); Agarose gel (Promega\ United 
States); disposable Petri dishes (NINGBO EZ MEDI-
CAL INSTRUMENTS CO, China); Disposable syringe, 
test tubes, and Slides (superstar India), conical flasks (BBL/
United states), Sterilized cotton swabs (SterellinLtd., Eng-
land), micropipettes (Karl Kabl, Germany).

SampLe coLLectIonS
Samples were collected from 139 ewes suspected of bru-
cellosis. They were examined carefully and certain clinical 
signs were noted. Abortion during late pregnancy was con-
sidered the most obvious sign. In addition, fever, depres-
sion, loss of weight, giving birth to weak lambs were the 
determining signs to select the sample from different sites 
in Karbala and Babylon provinces. Blood samples and ewe’s 
uterine tissues were collected between November 2020 to 

July 2021. The samples were collected directly from infect-
ed ewes by using a sterile equipment like syringe, sterile 
cotton swabs and screw caps to avoid contamination. Then 
the samples were transferred to a specialized microbiology 
lab and were divided into many parts for serological, bacte-
riological and molecular investigation. 

roSe benGaL teSt and bacterIoLoGIcaL cuLture
The first section was done after using rose Bengal test for 
the blood samples (Alton et al., 1988).  The diagnosis con-
firmed through the culture and molecular methods, the 
culture of samples was performed using broth medium 
and brucella agar. The suspected colonies were stained with 
gram stain, for microscopic detection of the gram-negative 
coccobacilli pathogens, after that biochemical tests were 
used as described in (Alton et al., 1988; Carter & Wise; 
2004; Corbel, 2006).

moLecuLar anaLySIS-dna extractIon and pcr
Molecular technique to confirm the results was done us-
ing a PCR test to detect the positive samples according to 
the manufacture company technique, prepared and direct-
ly used 1 ml of freshly evacuated pellets to isolate DNA 
Extraction and PCR. The polymerase chain reaction test 
was used as molecular technique to confirm the Brucella 
melitensis infection. The bacterial DNA Extraction Kits 
were directly used to extract bacterial cells from samples. 
The present study was conducted by using PCR with a 
primer of oligonucleotides pair targeting insertion se-
quence (IS711) 5’AAATCGCGTCCTTGCTGGTCT-
GA3’ and 5’TGCCGATCACTTAAGGGCCTTCAT3’, 
the nucleotide sequence used to detection B. melitensis in-
fection in blood and tissue samples and these specific 
primers and steps were previously described by (Bricker 
and Halling, 1994). 

hIStopathoLoGIcaL anaLySIS
A specimens from the uterine tissues were collected and 
fixed in 10% neutral buffered formalin for 24 h , then dehy-
drated using ascending grades of ethyl alcohol (50-100%) 
, cleared in xylene (2/changes ) , then embedded in melt-
ed paraffin wax (60C) , blocked and cut using an ordinary 
rotary microtome with thickness at 4 µm and the sections 
were stained with Hematoxylin and Eosin staining. after 
that, the light microscope was used for the microscopical 
examination to recognize the histopathological changes 
(Mohammed., 2021). 

StatIStIcaL anaLySIS
All variable data was measured by using SPSS version (25) 
software, according to specificity and sensitivity to the 
comparison of two techniques, PCR assay was represented 
as a standard method.
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rESuLtS
    
The suspected diagnosis of the ewes infected by brucella 
melitensis primarily depends on clinical examinations and 
the manifested signs such as abortion during late preg-
nancy, fever, depression, loss of weight, and giving birth to 
weak lamb. The techniques used in this study included bac-
teriological culture, serological test, and molecular method 
to confirm the diagnosis, the biochemical tests and gram 
stain were used for more confirmation of the isolates of the 
suspected brucella melitensis colonies and the microscopic 
examination showed a gram-negative coccobacilli patho-
gen. 

A sharp band of 731 bps was recorded as the positive result 
by the PCR test as shown in (Figure 1).

Figure 1:  Agarose gel analysis of PCR products, the lane 
(M) is the DNA ladder; lane 1 is the control negative; 
lanes numbers 2,3,4 and 6 represent 731 bp for Brucella 
melitensis.

A total of 139 ewes were examined, the result recorded by 
the PCR was 37(26.61%) positive cases, less than that re-
corded by the Rose Bengal test, which was 41(29.49%), 
while the culture showed 35(25.17%) positive cases of bru-
cellosis (Table 1). 

The diagnosis that occurred by PCR showed the most 
reliable and accurate procedure to detect the infection 
by Brucella melitensis in sheep when compared by other 
tests explaining the specificity and sensitivity of the PCR 
technique as the standard method compared with RBT 
and culture, the result found the sensitivity was (89.19%) 
while the specificity was (98.04%) of PCR with accuracy 

(95.68%) when compared with the culture results as men-
tioned in (Table 2), on another side when compared the 
PCR with RBT results showed that the sensitivity was 
(94.59%) while the specificity was (94.12%) of PCR with 
accuracy (94.24%) as mentioned in (Table 3). The preva-
lence of infection in Karbala province exceeded what was 
recorded in Babel provinces (Table 4).

table 1: Shows the percentage of positive cases of infected 
ewes by Brucella melitensis using RBT, Culture and PCR 
methods
test total 

examined 
ewes

Positive 
nO.

negative 
nO.

Percentage 
%

RBT 139 41 98 29.49%
Culture 139 35 104 25.17%
PCR 139 37 102 26.61%

table 2: Sensitivity & specificity of PCR compared with 
culture in diagnosis of   B. Melitensis
technique Pcr total

Yes no

Culture
Yes 33

*True positive
2
False positive

35

No 4
False negative

100
**True negative

104

Total 37 102 139
*Sensitivity = [True Positive/ (True Positive + False negative)] 
χ 100. **Specificity = [True negative/ (True Negative + False 
positive)] χ 100.

table 3: Sensitivity & specificity of PCR compared with 
R.B.T in diagnosis of   B. Melitensis
technique Pcr total

Yes no

RBT
Yes 35

*True positive
6
False positive

41

No 2
False-negative

96
**True negative

98

Total 37 102 139
*Sensitivity = [True Positive/ (True Positive + False negative)] 
χ 100.  **Specificity = [True negative/ (True Negative + False 
positive)]χ 100.

table 4: Show the prevalence of B. Melitensis infection in 
the study area that recorded by PCR test
Province total number no. of positive Percentage 

Kerbala 84 25 29.76%
Babylon 53 12 22.64%
Total 137 37 27.81%



Advances in Animal and Veterinary Sciences

October 2023 | Volume 11 | Issue 10 | Page 1711

Brucellosis is known one of the important diseases that 
cause abortion in infected ewes. The current study was 
conducted on samples taken from the uterus of infected 
ewes, which revealed positive cases of Brucella melitensis 
infection. The histological study of infected uterine tissue 
of ewe with brucellosis using microscopical analysis of the 
different uterus samples exhibit histopathological chang-
es with different degree of severity were observed, severely 
congested blood vessels in the subserosal area and vacuola-
tion of uterine muscle cells (Figure 2). Furthermore, infil-
tration of inflammatory mononuclear cells, fibrosis, and se-
verely congested blood vessels were also evident (Figure 2).
 

Figure 2: Section in the uterus post infection shows 
(A) severe congested blood vessels (black arrow) in the 
subserosal area. (B) Congested blood vessels with few 
mononuclear cells (yellow arrow) infiltration in the 
endometrium. (C and D) Congested of blood vessel (black 
arrow) and vacuolation (blue arrows) of muscle cells. H & 
E stain, 100X and 400X.

dIScuSSIOn

Brucella melitensis is one of the serious causes that have 

massive economic and public health influences as a zo-
onotic disease that is endemic in many countries includ-
ing Iraq (Dahl, 2020), which affected mainly sheep as well 
as humans, the control and eradication of brucellosis in 
animals based on the most accurate diagnosis of the dis-
ease (Corbel, 2006). A total of 139 ewes were examined, 
the result recorded by the PCR was 37 positive cases, less 
than that recorded by the Rose Bengal test, which was 41, 
while the culture showed 35 positive cases of brucellosis 
that showed different clinical signs as mentioned by (Ra-
dostits, et al., 2007). Many diagnostic methods have been 
improved and developed to detect brucellosis, and latent 
infection diagnosis are considered one of the problems that 
exist in endemic areas (Saadat et al., 2017). 

Many factors such poor eradication systems of infected 
animals into the herd, lack  hygienic methods such as di-
rect contact with uninfected animals, contaminated food 
and water, disposal of aborted fetuses and placental mem-
branes as well as un appropriate investigation and preven-
tion programs, all of these factors have affected the spread 
of brucellosis, control and eradication in animals (Unver et 
al., 2006; Sadhu et al., 2015, Dadar et al., 2021). The diag-
nostic tests used for detection Brucella in infected animals 
may occasionally lack for accuracy (Benkirane et al., 2015). 

The present study investigate the prevalence of  Brucella 
melitensis infection in ewes in Karbala and Babylon prov-
inces, in Iraq, confirmed by culture and conventional PCR 
technique as well as a histopathological study to examine 
the positive cases  of infected ewes. 

In this study, some cases gave negative results detected 
by PCR technique, while they gave positive results in the 
RBT test. The false positive reaction of the serological test 
may occur due to the cross-reaction with other bacteria 
(Chenais et al., 2012). This was agreed with Yahaya et al. 
(2019), who found that RBT has low sensitivity in small 
ruminants. On the other hand, in this study, some cases 
gave negative results in the RBT test, while they gave pos-
itive results in the polymerase chain reaction (PCR) test. 
Hence, it was important to use PCR as a technique for 
routine diagnosis (Marianelli et al., 2008; Junqueira et al., 
2013). In a recent study, the presence of Brucella DNA was 
detected in samples collected from animals that gave se-
ronegative results (El-Diasty et al., 2018). 

The most reliable definitive diagnosis method is Culture, 
Brucella  pathogens were isolated in this study. However, 
many cases gave negative results in culture, while they 
gave positive results in serological and molecular tests. 
The time consumption, the difficulty of performing, cul-
ture errors and the procedure, lack sensitivity as well as a 
high risk of infection when handling culture material to 
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the operator (Wareth et al., 2014) make the molecular and 
the serological tests the main methods used for diagnosis 
of Brucella infection in animals and essential for brucello-
sis investigation. The probability of successfully isolating 
the pathogen may be affected by contamination, and the 
isolation rate is low even with experienced laboratories, for 
that, the negative results of culture cannot make infected 
with  Brucella  excluded (Bercovich, 1998; Navarro et al., 
2004). 

The using of conventional tests on serum plays a great 
role in the screening of brucellosis to detect the infect-
ed animals and control the disease (Wareth et al., 2014). 
The advantage of molecular method for the detection B. 
melitensis  is that it saves time and has more accuracy for 
confirming the diagnosis (Navarro et al., 2004). In addi-
tion, the polymerase chain reaction (PCR) technique is 
widely used as a rapid and sensitive diagnostic method for 
diagnosing brucellosis and detecting a small amount of 
DNA in blood samples (Zerva et al., 2001; Kaushik et al., 
2006; Ebid et al., 2020).

this study results showed almost the same sensitivity and 
specificity of PCR of many studies like (Ilhan et al., 2008) 
who found the sensitivity and specificity of blood PCR 
91·1% and 96·5% respectively, and (Gupta et al., 2006) re-
vealed the sensitivity and specificity of PCR were 90 and 
100 % respectively, of B. melitensis infection in goat. 

The histopathological changes were examined in the uter-
ine tissue of infected ewes, and these changes agreed with 
the histological changes observed by (Ayala et al., 2021) 
who found the mononuclear inflammatory cells infiltra-
tion and aggregation in uterine tissues, along with sites of 
fibrosis and calcification. a prominent mononuclear cells 
infiltrate and macrophages surrounded a small focus of cal-
cification in the compact layer of the endometrium. The 
histopathological changes such as granuloma surrounded 
by numerous mononuclear inflammatory cells and rimmed 
by fibrous connective tissue, aggregates of neutrophils, in-
creased interstitial fibrosis, endometrial blood vessels with 
proliferation of endothelial cells. These changes were ob-
served by (Mansour et al., 2022) in the uterus of sheep 
infected by Brucella melitensis. After infection, female Bru-
cella  localizes in various lymph nodes of organs such as 
the internal and external iliac lymph nodes, retropharyn-
geal, mandibular lymph nodes, supramammary and uterus 
(Corbel, 2006; Forbes et al., 1996).

cOncLuSIOn

Brucellosis may pose a real danger due to transmission 
of infection to other animals and human causing public 
health risk and economic loss. The study determines the 

appropriate, highly sensitivity and most accurate diagnos-
tic methods for detecting the disease by using PCR test, in 
addition to study the histopathological effects of bacteria 
on infected animals which mainly represented by signifi-
cant vascular congestion, inflammation and fibrosis. 

rEcOMMEndAtIOnS 

Molecular tests are important in diagnosing brucellosis 
infections due to their accuracy and speed in diagnosing 
infection in addition to traditional tests, as they have high 
sensitivity and specificity.

Further advance works on the research area  of brucella 
infection in animals in order to reduce the epidemiology 
of Brucellosis by using vaccines and following  eradication 
programs.

ArtIcLE HIgHLIgHtS

Study the percentage of positive cases of infected ewes by 
Brucella melitensis using RBT, Culture and PCR methods.
Detection the Sensitivity & specificity of PCR compared 
with culture and RBT in diagnosis of   B. Melitensis study 
the histopathological changes of Brucella melitensis Infec-
tion in Ewes. 

avaILabILIty oF data and materIaLS

The datasets used and/or analyzed during the current study 
available from the corresponding author on reasonable re-
quest.

ethIcS approvaL and conSent to partIcIpate

The current work has never been published in any language, 
nor is it being considered for publication in a similar or 
identical form by any other peer-reviewed journal. The an-
imal experiments were carried out with the approval of the 
Ethical Committee of the College of Veterinary Medicine.

AcKnOwLEdgMEntS

The authors appreciate  the support and help of Internal 
and Preventive Medicine Department staff, Veterinary 
Medicine College, University of Kerbala.

cOnFLIct OF IntErESt

The authors declare that there are no conflicts of interest 
regarding the publication of this manuscript.



Advances in Animal and Veterinary Sciences

October 2023 | Volume 11 | Issue 10 | Page 1713

FundIng 

This research received no external funding.

nOVELtY StAtEMEnt

The study investigated Brucellosis in ewes using PCR and 
examine the histopathological changes in the uterine tis-
sue. We found that combination of molecular techniques 
and culture provides the highest reliable results , the his-
tological morphology of the uterine tissue revealed sever 
histopathological alterations, including necrosis, mononu-
clear cell infiltrations (MNC), calcification, fibrosis, and 
significant constricted blood vessels.

AutHOr cOntrIbutIOnS

Ihab G. AL-Shemmari and Ali Hussein Fadhil were con-
cerned with conceptualization, methodology, and formal 
analysis.  Ihab G. AL-Shemmari and Mohammed Assad 
S. Alkabi were responsible for the investigation, data cu-
ration, and study validation; Ihab G. AL-Shemmari, Ali 
Hussein Fadhil, and Mohammed Assad S. Alkabi were in-
volved in the visualization and original draft preparation; 
Ihab G. AL-Shemmari and Ali Hussein Fadhil worked 
on writing review and editing; Ihab G. AL-Shemmari 
assumed supervisory responsibilities; Ihab G. AL-Shem-
mari and Mohammed Assad S. Alkabi were followed 
project administration. Eman Jawad Jabber aided in  the 
histopathological processing and examination. Ihab G. 
AL-Shemmari provided funding acquisition. All authors 
approved the final version of the manuscript.

rEFErEncES 

Alton GG, Jones L M, Angus R.D, Verger JM, Plackett P, Corner 
L A., et al (1988). Techniques for the brucellosis laboratory. 
INRA Publications. 1988. 192pp. Ff 195. Br Vet. J. 1990 
March-April;146(2):188. https://doi.org/10.1016/0007-
1935(90)90017-W. Epub 2007 Nov 19. PMCID: 
PMC7130219.

Ayala HDM, Silva Filho E, de Souza AJS, Rolim Filho ST, 
Garcia OS, Vale WG., et al (2021). Anatomopathological 
and immunohistochemical findings of natural Brucella 
abortus infection in buffalo uterin and peri-vaginal lymph 
nodes. Res. Societ. Develop., https://doi.org/10.33448/rsd-
v10i3.13038..

Benkirane A, Essamkaoui S, El Idrissi A, Lucchese L, Natale A 
(2015). A sero-survey of major infectious causes of abortion in 
small ruminants in Morocco. Vet. Ital.  Jan-Mar;51(1):25-30. 
https://doi.org/10.12834/VetIt.389.1814.1. PMID: 
25842210.

Bercovich Z (1998). Maintenance of Brucella abortus-free herds: a 
review with emphasis on the epidemiology and the problems 
in diagnosing brucellosis in areas of low prevalence. Vet. Q. 
Jul;20(3):81-8. https://doi.org/10.1080/01652176.1998.969

4845. PMID: 9684294.
Bricker BJ, Halling SM (1994). Differentiation of Brucella abortus 

bv. 1, 2, and 4, Brucella melitensis, Brucella ovis, and Brucella 
suis bv. 1 by PCR. J. Clin. Microbiol. Nov;32(11):2660-
6. https://doi.org/10.1128/jcm.32.11.2660-2666.1994. 
PMID: 7852552; PMCID: PMC264138.

Bundle DR, McGiven J (2017). Brucellosis: Improved Diagnostics 
and Vaccine Insights from Synthetic Glycans. Acc. Chem. 
Res.  Dec 19;50(12):2958-2967. https://doi.org/10.1021/
acs.accounts.7b00445. Epub 2017 Dec 8. PMID: 29219305; 
PMCID: PMC5738633.

Carter, GR & Wise DJ. (2004). Diagnostic procedures in 
veterinary microbiology; Sixth Edition P. 107-113.

Chenais E, Bagge E, Lambertz ST, Artursson K (2012). 
Yersinia enterocolitica serotype O:9 cultured from Swedish 
sheep showing serologically false-positive reactions for 
Brucella melitensis. Infect. Ecol. Epidemiol. 2. https://doi.
org/10.3402/iee.v2i0.19027. Epub 2012 Dec 11. PMID: 
23240071; PMCID: PMC3521102.

Corbel MJ,  Food and Agriculture Organization of the United 
Nations, World Health Organization & World Organisation 
for Animal Health.  (2006).  Brucellosis in humans and 
animals. World Health Organization. https://apps.who.int/
iris/handle/10665/43597

Dahl MO (2020). Brucellosis in food-producing animals in 
Mosul, Iraq: A systematic review and meta-analysis. PLoS 
One.  Jul 9;15(7):e0235862. https://doi.org/10.1371/journal.
pone.0235862. PMID: 32645099; PMCID: PMC7347131.

Dadar M, Tiwari R, Sharun K, Dhama K. (2021). Importance of 
brucellosis control programs of livestock on the improvement 
of one health. Vet. Q. 2021 Dec;41(1):137-151. https://doi.
org/10.1080/01652176.2021.1894501.

Díaz Aparicio E (2013). Epidemiology of brucellosis in domestic 
animals caused by Brucella melitensis, Brucella suis and 
Brucella abortus. Rev. Sci. Tech.  Apr;32(1):43-51, 53-60. 
English, Spanish. PMID: 23837364.

Ebid M, El Mola A, Salib F (2020). Seroprevalence of brucellosis 
in sheep and goats in the Arabian Gulf region. Vet. 
World. Aug;13(8):1495-1509. https://doi.org/10.14202/
vetworld.2020.1495-1509. Epub 2020 Aug 6. PMID: 
33061219; PMCID: PMC7522958.

El-Diasty M, Wareth G, Melzer F, Mustafa S, Sprague LD, 
Neubauer H (2018). Isolation of Brucella abortus and 
Brucella melitensis from Seronegative Cows is a Serious 
Impediment in Brucellosis Control. Vet. Sci. Mar 9;5(1):28. 
https://doi.org/10.3390/vetsci5010028. PMID: 29522464; 
PMCID: PMC5876578.

Forbes LB, Tessaro SV, Lees W (1996) . Experimental studies 
on Brucella abortus in moose (Alces alces). J. Wildl. Dis.  
Jan;32(1):94-104. https://doi.org/10.7589/0090-3558-
32.1.94. PMID: 8627944.

Garin-Bastuji B, Blasco JM, Grayon M, Verger JM (1998). 
Brucella melitensis infection in sheep: present and future. 
Vet. Res. May-Aug;29(3-4):255-74. PMID: 9689741.

Gorham SL, Enright FM, Snider TG 3rd, Roberts ED 
(1986). Morphologic lesions in Brucella abortus infected 
ovine fetuses. Vet. Pathol.  May;23(3):331-2. https://doi.
org/10.1177/030098588602300317. PMID: 3088813.

Gupta VK, Verma DK, Rout PK, Singh SV, Vihan VS. (2006). 
Polymerase chain reaction (PCR) for detection of Brucella 
melitensis in goat milk. Small Rumin. Res., 65(1-2): 79-84. 
https://doi.org/10.1016/j.smallrumres.2005.05.024.

Ilhan Z, Aksakal A, Ekin IH, Gülhan T, Solmaz H, Erdenlig S 

https://doi.org/10.1016/0007-1935(90)90017-W
https://doi.org/10.1016/0007-1935(90)90017-W
https://doi.org/10.12834/VetIt.389.1814.1
 https://doi.org/10.1080/01652176.1998.9694845
 https://doi.org/10.1080/01652176.1998.9694845
https://doi.org/10.1128/jcm.32.11.2660-2666.1994
https://doi.org/10.1021/acs.accounts.7b00445
https://doi.org/10.1021/acs.accounts.7b00445
https://doi.org/10.3402/iee.v2i0.19027
https://doi.org/10.3402/iee.v2i0.19027
�https://apps.who.int/iris/handle/10665/43597 
�https://apps.who.int/iris/handle/10665/43597 
https://doi.org/10.1371/journal.pone.0235862
https://doi.org/10.1371/journal.pone.0235862
https://doi.org/10.1080/01652176.2021.1894501
https://doi.org/10.1080/01652176.2021.1894501
https://doi.org/10.14202/vetworld.2020.1495-1509
https://doi.org/10.14202/vetworld.2020.1495-1509
https://doi.org/10.3390/vetsci5010028
https://doi.org/10.7589/0090-3558-32.1.94
https://doi.org/10.7589/0090-3558-32.1.94
https://doi.org/10.1177/030098588602300317
https://doi.org/10.1177/030098588602300317
https://doi.org/10.1016/j.smallrumres.2005.05.024


Advances in Animal and Veterinary Sciences

October 2023 | Volume 11 | Issue 10 | Page 1714

(2008). Comparison of culture and PCR for the detection 
of Brucella melitensis in blood and lymphoid tissues of 
serologically positive and negative slaughtered sheep. Lett. 
Appl. Microbiol. Mar;46(3):301-6. https://doi.org/10.1111/
j.1472-765X.2007.02309.x. Epub 2007 Dec 20. PMID: 
18179446.

Junqueira Junior DG, Rosinha GM, Carvalho CE, Oliveira 
CE, Sanches CC, Lima-Ribeiro AM (2013). Detection 
of Brucella spp. DNA in the semen of seronegative 
bulls by polymerase chain reaction. Transbound. Emerg. 
Dis.  Aug;60(4):376-7. https://doi.org/10.1111/j.1865-
1682.2012.01347.x. Epub  Jun 6. PMID: 22672525.

Kaushik P, Singh DK, Tiwari AK, Kataria RS. (2006). Rapid 
detection of Brucella species in cattle semen by PCR.  J. 
Appl. Anim. Res.,  30(1): 25-28. https://doi.org/10.1080/0
9712119.2006.9706818.

Mahdavi Roshan H, Saadati D, Najimi M (2018). Molecular 
detection of Brucella melitensis, Coxiella burnetii and 
Salmonella abortusovis in aborted fetuses of Baluchi 
sheep in Sistan region, south-eastern Iran. Iran J. Vet. 
Res. Spring;19(2):128-132. PMID: 30046325; PMCID: 
PMC6056147.

 Mansour D, El-mashad AB, Moustafa S, Amin A, Zaki 
H. (2022). Histopathology and molecular detection of 
Brucella melitensis Infection in small ruminants. Benha 
Vet. Med. J., 41(2): 100-105. https://doi.org/10.21608/
bvmj.2021.103560.1482.

Marianelli C, Martucciello A, Tarantino M, Vecchio R, Iovane 
G, Galiero G (2008). Evaluation of molecular methods for 
the detection of Brucella species in water buffalo milk. J. 
Dairy Sci. Oct;91(10):3779-86. http://dx.doi.org/10.3168/
jds.2008-1233. PMID: 18832199.

Mats HT,  Troedsson B, Christensen W, Dickson D V, Steven 
PB,  Woodward EM., et al(2020). Chapter 43 - Diseases of 
the Reproductive System, Large Animal Internal Medicine 
(Sixth Edition), Mosby, Pages 1456-1519. https://doi.
org/10.1016/B978-0-323-55445-9.00043-4

Mohammed ZA. (2021). ‘A study of pathological abnormalities of 
genitalia in ewes in Duhok, Iraq’, Iraqi J. Vet. Sci., 35(3): 421-
427. http://dx.doi.org/10.33899/ijvs.2020.126939.1421

Navarro E, Casao MA, Solera J (2004). Diagnosis of human 
brucellosis using PCR. Expert Rev. Mol. Diagn. Jan;4(1):115-
23. https://doi.org/10.1586/14737159.4.1.115. PMID: 
14711354.

Petersen E, Rajashekara G, Sanakkayala N, Eskra L, Harms J, 

Splitter G (2013). Erythritol triggers expression of virulence 
traits in Brucella melitensis. Microb. Infect. Jun;15(6-7):440-
9. https://doi.org/10.1016/j.micinf.2013.02.002. Epub  Feb 
16. PMID: 23421980; PMCID: PMC3686989.

Poole PM, Whitehouse DB, Gilchrist MM (1972). A case of 
abortion consequent upon infection with Brucella abortus 
biotype 2. J. Clin. Pathol. Oct;25(10):882-4. http://dx.doi.
org/10.1136/jcp.25.10.882. PMID: 4630417; PMCID: 
PMC477540.

Radostits OM, Gay CC, Hinchcliff KW, et al (2007) . A textbook 
of the diseases of cattle, horses, sheep, pigs and goats. 10th 
editions Vet. Med, 10; P. 963-994.

Saadat S, Mardaneh J, Ahouran M, Mohammadzadeh A, 
Ardebili A, Yousefi M. (2017). Diagnosis of cattle brucellosis 
by PCR and serological methods: Comparison of diagnostic 
tests. Biomed. Pharmacol. J., 14(2): 881-888. http://dx.doi.
org/10.13005/bpj/1181.

Sadhu DB, Panchasara HH, Chauhan HC, Sutariya DR, Parmar 
VL, Prajapati HB (2015). Seroprevalence and comparison 
of different serological tests for brucellosis detection in 
small ruminants. Vet. World. 2015 May;8(5):561-6. http://
dx.doi.org/10.14202/vetworld.2015.561-566. Epub  May 4. 
PMID: 27047135; PMCID: PMC4774713.

Unver A, Erdogan HM, Atabay HI, Sahin M, Celebi O (2006). 
Isolation, identification, and molecular characterization 
of  Brucella melitensis  from aborted sheep fetuses in Kars, 
Turkey. Rev. de Med. Vet.;157(1):42–46. 

Vidić B, Savić-Jevđenić S, Grgić Ž, Bugarski D, Maljković M 
(2007). “Infectious abortion in sheep”. Biotechnol. Anim. 
Husb. 2007; 23:383–389. http://dx.doi.org/10.2298/
BAH0701383V.

Wareth G, Hikal A, Refai M, Melzer F, Roesler U, Neubauer H 
(2014). Animal brucellosis in Egypt. J. Infect. Dev. Ctries. 
Nov 13;8(11):1365-73. https://doi.org/10.3855/jidc.4872. 
PMID: 25390047.

Yahaya SM, Bejo SK, Bitrus AA., et al (2019). Occurrence of 
brucellosis in cattle and goats in Malaysia: a review. J. Dairy 
Vet. Anim. Res., 8(2): 94-100. http://dx.doi.org/10.15406/
jdvar.2019.08.00249.

Zerva L, Bourantas K, Mitka S, Kansouzidou A, Legakis 
NJ (2001). Serum is the preferred clinical specimen 
for diagnosis of human brucellosis by PCR. J Clin. 
Microbiol. Apr;39(4):1661-4. https://doi.org/10.1128/
JCM.39.4.1661-1664.2001. PMID: 11283112; PMCID: 
PMC87995.

https://doi.org/10.1111/j.1472-765X.2007.02309.x
https://doi.org/10.1111/j.1472-765X.2007.02309.x
https://doi.org/10.1111/j.1865-1682.2012.01347.x
https://doi.org/10.1111/j.1865-1682.2012.01347.x
https://doi.org/10.1080/09712119.2006.9706818
https://doi.org/10.1080/09712119.2006.9706818
https://doi.org/10.21608/bvmj.2021.103560.1482
https://doi.org/10.21608/bvmj.2021.103560.1482
http://dx.doi.org/10.3168/jds.2008-1233
http://dx.doi.org/10.3168/jds.2008-1233
https://doi.org/10.1016/B978-0-323-55445-9.00043-4 
https://doi.org/10.1016/B978-0-323-55445-9.00043-4 
http://dx.doi.org/10.33899/ijvs.2020.126939.1421 
https://doi.org/10.1586/14737159.4.1.115
https://doi.org/10.1016/j.micinf.2013.02.002
http://dx.doi.org/10.1136/jcp.25.10.882
http://dx.doi.org/10.1136/jcp.25.10.882
http://dx.doi.org/10.13005/bpj/1181
http://dx.doi.org/10.13005/bpj/1181
http://dx.doi.org/10.14202/vetworld.2015.561-566
http://dx.doi.org/10.14202/vetworld.2015.561-566
http://dx.doi.org/10.2298/BAH0701383V
http://dx.doi.org/10.2298/BAH0701383V
https://doi.org/10.3855/jidc.4872
http://dx.doi.org/10.15406/jdvar.2019.08.00249
http://dx.doi.org/10.15406/jdvar.2019.08.00249
https://doi.org/10.1128/JCM.39.4.1661-1664.2001
https://doi.org/10.1128/JCM.39.4.1661-1664.2001

