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The samples collected from sheep's blood from(Al-Mihnawiya Village) in Babylon province , middle of Hilla , Iraq in the end of May 

month-2021. This investigation aim to knowledge presence types of Brucella spp. in the sheep's blood. Brucella is pathogen of  zoonotic  

disease between animals and human. The bacteria isolated and identification by pcr. The results revealed presence the bacteria in all 

the blood samples and after senting these samples to DNA sequence noticed  two species of bacteria included B.melitensis and B.abortus 

where compared these local samples with world researchs in NCBI by phylogenetic tree.DNA sequencing  for B.melitensis and 

B.abortus include substituation mutation ( transversion and transition)  and at compared these results for genotype with phenotype that 

include (WBC, granulocyte and lymphocyte) by statistical analysis don’t have significant differences (P>0.05%) in B.melitensis but 

there is significant differences(P<0.05%)  in B.abortus ,  this mean existing genetic variety  in this bacteria. 
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INTRODUCTION  
Brucella is a gram-negative, intracellular, non-motile, none sporulating, non-toxigenic, no fermenting, and weakly acid-

fast bacteria1 . And it  belong to the Brucellaceae family and is non-spore-forming diseases with a tiny size of (0.6–1.5)µm 

in length and (0.5–0.7)µm in diameter. Brucellosis is a zoonotic infection caused by the bacterial genus Brucella. The 

bacteria are transmitted from animals to humans by ingestion through infected food products, direct contact with an 

infected animal, or inhalation of aerosols, e disease is an old one that has been known by various names, including 

Mediterranean fever, Malta fever, gastric remittent fever, and undulant fever. Humans are accidental hosts, but brucellosis 

continues to be a major public health concern worldwide and is the most common zoonotic infection  2. Brucellosis is a 

zoonotic disease that can be caused by four different Brucella species in humans: 

 B. suis, B. melitensis, B. abortus, and B. canis. As few as 10 to 100 organisms can cause the disease in humans. 

All Brucella species are gram-negative, nonmotile, facultative intracellular coccobacilli.   

 Brucella species do not form spores or toxins. The animal host of B. suis is swine; the hosts of B. melitensis are sheep 

and goats; the host of B. abortus is cattle, and the hosts of B. canis are dogs  3,4 . The most common zoonotic agent is B. 

melitensis, which is followed by B. abortus. Although human infection with B. abortus is usually minor, it can produce 

severe and intractable sickness. The incidence of B. melitensis is  acute, often incapacitating infection in humans5. Animals 

are considered as natural reservoir of human Brucellosis. Genetic and immunological evidence indicates that all members 

of the Brucella genus are closely related Nevertheless, based on relevant differences in host preference and epidemiology 

displayed by the major variants, as well as molecular evidence of genomic variation, it has many virulence factor causing 

sever Pathogenicity6. Brucella is a genus with twelve species that infect various wildlife and domestic animal species7. B. 

abortus (cattle), B. melitensis (goats and sheep), B. ovis (rams), B. canis (dogs), B. suis (pigs), and B. neotomae (pigs) are 

the six Brucella species classified according to pathogenicity and preferred hosts (Common voles, desert wood rat). B. 

melitensis, B. suis, and B. abortus are the three most important pathogenic species in humans 8,9,10,7. It is one of the most 

important infectious diseases that is transmitted to humans either by direct contact with infected animals or through the 

consumption of contaminated animal products, particularly unpasteurized milk and soft cheese11 .  

Brucella species are pathogenic bacteria that adapt to new hosts and are naturally transmitted to their primary hosts through 

direct or indirect contact, as well as inadvertently to other vulnerable hosts12 . Mixed farming of cows, buffaloes, sheep, 

and goats has raised the danger of brucellosis, with small ruminants serving as primary hosts and cattle serving as an 

overflow host for B. melitensis13 . Occupational illness is spread by abattoir employees and veterinarians coming into 

contact with infected animals, particularly aborted fetuses, fluid, membranes, or urine5. 

Brucella rods can enter via host cells by inhalation, ingestion, skin abrasion, or mucosal membranes14. After penetration 

into host, rods multiply in lymph nodes; afterward, they penetrate other organs15 . It  can modify immune response in host 
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cells; it has an affinity to the cells of specific tissues, e.g. placental trophoblast in fetal lung, pregnant females or 

reproductive system16. Brucellosis causes enlargement of lymph nodes, liver and spleen17. Pathogenicity of Brucella is 

dependent on their ability to multiply and survive within macrophages18. 

In 1886, Brucella melitensis first isolated by David Bruce from the spleen of a British soldier who died of a febrile illness, 

and known as Malta fever,The bacterium named Micrococcus melitensis, with ‘melitensis’ that derived from the Roman 

name for Malta, ‘Melita’.    In 1897, Bacillus abortus   identified as the cause of contagious abortion in cattle by Bernhard 

Bang. Later, in 1917, it was found that the causes of the two diseases were identical, and renamed Brucella in honor of 

Bruce 17.       

In Iraq, the small ruminant (sheep and goats) sector is very important for sustaining the country’s food security. There are 

presently an estimated 7–8 million sheep and 1.5–2.0 million goats in Iraq, representing a valuable source of meat and 

milk production, and providing income and job security to people working across the agricultural sector19. An important 

challenge facing the small ruminant sector in Iraq is the challenging animal disease situation. Many endemic diseases are 

poorly managed and controlled as a consequence of the collapse of the veterinary infrastructure as a result of international 

economic sanctions and political and ethnic conflicts20. Among the many endemic animal diseases, B. melitensis continues 

to pose a threat to animal productivity and public health in Iraq.  

Phylogenetically, Ochrobactrum, Daeguia, Crabtreella, Mycoplana, Pseudochrobactrum, and Paenochrobactrum are all 

members of the order Rhizobiales, which belongs to the class Alpha proteobacteria21. Isolation of "suspect" bacterial 

colonies from blood, bone marrow, or tissue samples, followed by bacteriological characterization, remains the 

unequivocal diagnosis ("gold standard")  22  . Brucellosis is a zoonotic disease that can infect both animals and people. In 

the United States, Brucellosis is still endemic23. According to OIE Terrestrial Manual24, there is no single test by which a 

bacterium can be identified unequivocally as Brucella. A combination of growth characteristics, serological, 

bacteriological or molecular methods is required for a definitive identification. Ahmed et al., (2011)25 investigated  the 

prevalence of brucellosis disease in humans and sheep in Al- Hashymia district\ Babylon province depending upon data 

which was register in Babylon hospital and veterinary hospital in Babylon. All suspected cases infected with brucellosis. 

while  Ashford & Whatmore, (2022)26 founded that  brucellosis, a zoonotic illness produced by members of the genus 

Brucella, is still a major zoonotic disease that affects both agricultural production and human health. the disease has been 

largely controlled in some regions of the world, it continues to have serious consequences in the Middle East, Africa, 

Asia, and Central and South America, among other places. Brucella organisms enter into their host through the mucosal 

membranes of the respiratory and digestive tracts27. Once inside,  local professional phagocytes such as macrophages, 

dendritic cells, and neutrophils internalize the bacteria and move to the closest draining lymph nodes following the normal 

sampling of the immune system. This leads to subsequent dissemination to the different organs of the reticuloendothelial 

system, including lungs, spleen, liver, and bone marrow28 . 

 

The Blood Samples Collection 
The whole blood samples were collected from jugular vein of the sheep and putting into polyethylene EDTA tubes and 

then transferred to the laboratory  using special container with ice and were kept in freezer at −20 C0 to hematological   

and molecular tests . 

 

MATERIALS AND METHODS 
Molecular And Haematological Study: 

-1    Haematological tests 

 Count blood cell (CBC) tests were done to find out of the  bacterial infection in animals by  CBC device . 

2-Molecular Study 

     Molecular diagnostic methods are also currently being used for the detection of Brucella spp. in various samples29 . 

 

2.1  Brucella isolation from blood  
1- Mixed   blood samples by vortex   

2- Took (1ml ) from blood samples  put it in ( screw cap bottles ) contain  (4ml ) of brain heart infusion  and  added horse 

serum to mixing.  

3-Incubated for (21 days) for appearance turbidity  

4- Subculture on brucella agar base by taking (100 microliter) from cultured broth by micropipette and published  in 

Petridish   and leaved in incubator for (14 days ) until appearance of growth30 . 

 

2.2 Bacterial DNA Extraction: 
Genomic DNA extracted from bacterial isolates  cultured from  the soil and blood according to the manufacturer's protocol  

FavorPrepTM Blood/ Cultured Cells Genomic DNA Extraction Mini Kit. 

 

2.3  Conventional PCR 
Conventional PCR were used to amplify the target bacterial  DNA using specific primer pairs. It include three consecutive 

steps that repeated for specific number of cycles to get PCR product which can be finally visualized after agarose gel 

electrophoresis. The primer sequence, PCR product size and thermal cycling conditions mentioned in  (table 1),  (table 2)   

and figure (1).  



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 8 ¦ 2022 1320 

 

  

 

Table (1): The Sequence Of Primers That Used This Study 
Primer Sequence Primer sequence Tm (ᵒC) GC% Size of Product (bp) 

16s RNA F 5'- AGAGTTTGATCCTGGCTCAG- 3' 54.3 50.0 1250 

Srinivasan et al.,   (2015) 
31  

R 
5'- GGTTACCTTGTTACGACTT- 3’ 49.4 42.1 

 

Table (2): The Optimum Conditions (Amplification Condition) Of Detection The Blood's  Isolated Bacteria  ( Stages 

And Temperature Of PCR For Gene 16srna  ) . 
   Temperature Time cycle 

Stage 1 Initial Denaturation  95ºC 5 sec 1 

Stage 2 Denaturation2 95ºC 45 sec  

 annealing 56ºC 45 sec 35 

 Extension  72ºC 1 sec  

Stage 3 Final Extension  72ºC 5 sec 1 

 

 
Figure (1): Agarose GEL ELECTROPHORESIS (2%) FOR 16Srna PRIMER-Blood (1250 BP) Primer Ta AT (57` C), ( 

AT 65amp , 70 VOLTS, 60MIN.). Visualized UNDER U.V LIGHT AFTER STAINING WITH Gel STAIN., Lane M 

100 BP Dna Ladder. 

 

16S rRNA gene sequence analysis and Phylogenetic tree   
Sanger sequencing was successful for 17 out of the 20 samples   with an expected PCR product size (1250 bp ) by 16S 

rRNA primers. The sequences were identified as belonging to Brucella spp. following similarity search by blast  (sequence 

identity of 99%).  DNA sequencing method was performed for study of genetic changes and phylogenetic tree draw of 

16SrRNA gene in some local Brucella species isolates by compared with NCBI-GenBank Brucella species. The sequences 

were deposed in GenBank with accession numbers.In addition, each sequence on blast search showed similarity and 

diversity with different Brucella spp. (B. abortus, B. melitensis  ) deposited in Genbank considering the percent identity. 

where  17 sequences were used for partial sequence alignment  and phylogeny  construction. Occurance  types of 

substituations mutations Transvertion\Trasition ) for (17 isolates) from the sheep's blood Brucella samples for two species 

of Brucella  by compared local one strain with strains to one states of the world states . These sequences recorded and 

published in the Gen Bank database taken as a reference to identify the polymorphisms. Also  phylogenetic  analysis for 

draw of phylogenetic tree and determination phylogenetic relationship used  (MEGA X) programme to compare  local 

one strain with strains all of  the world states , Compared (4 strains) from the sheep's blood brucella with 16 strains  of all 

the world  states were different strains . Phylogenetic analysis of the 16S rRNA gene sequences indicated that B. abortus 

compared with China, USA, India, Italy, South Africa, Russia, Nigeria, South Korea, Germany, Ukraine. While B. 

melitensis compared with Greece, China, India, USA, Norway, Croatia.as  mentioned in figure (2). 

. 

 
Figure (2): Evolutionary Analysis ( Phylogenetic Tree) Of 16S Rrna Gene Sequences Of Brucella At Compared The 

Two Strains ( B.Abortus,B.Melitensis) With Different States. 

 

The results and discussion 
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The results of  DNA sequencing  revealed presence substituation mutations (Transvertion\Trasition) for (17 isolates) from 

the 

sheep's blood Brucella samples founded (4 new strains ) for two species of Brucella , This evidence for presence genetic 

diversity with the isolates,  This genetic variation mentioned in table (2). 

 

Table (3): The Relationship Between Genotype And Phenotype In Sheep's Blood Samples 

 

This table show that B.melitensis don’t have significant differences (p>0.05) between genotype and phenotype this 

indicate that genetic variation is present but don’t effect on bacteria  because of the reservoir host to B. melitensis is sheep 

and this genetic polymorphism may be form protective and resistence to this bacteria. While in B.abortus occurred 

substituation mutations and noted presence significant differences (p<0.05) between genotype and phenotype,  this 

indicate to presence genetic variation in B.abortus , belong the reason to the  reservoir host to B.abortus  is cattles and 

translated to other host (sheep) that live with it in same place ( animal barn ) and contact with each other.  

The present results was agreed with many studies, which done in Iraq and showed that B. abortus and B.melitensis 

represent the highest isolation percentages than other species32.Brucella abortus has been reported as a cause of abortion 

in sheep in Nigeria33 was coincide with study results where B.abortus readily infects cattle and spreads among pregnant 

animals, and can cause abortion. This means that schemes for the control and eradication of bovine brucellosis where 

infected sheep and goats are present must include its eradication from these animals as well33. Also with  Ocholi et al ., 

(2005)34 reported on a sporadic, naturally acquired infection of sheep with B. abortus on a privately owned farm in Toro 

near Bauchi, Nigeria. The abortions which occurred in a flock of 28 Yankassa sheep, involved five ewes at the third month 

of gestation. All isolates were identified and biotyped as B. abortus biovar 1. This biovar  also isolated from cattle 

maintained on the farm in association with the sheep. The infection was attributed to the animal husbandry practices 

employed on the farm.  All isolates were diagnosed as B. melitensis ( Sheep and goats) are the natural reservoirs for B. 

melitensis. It is the dominant Brucella species in the Middle East and causes the majority of human cases35,36. Thus, the 

epidemiologic situation is coherent: there is a continuous spillover from a chronically infected sheep population to the 

consumers. B. melitensis in sheep poses a high potential risk for human infection and is a serious public health threat. It 

is also a significant threat to the livestock population, livestock owners, abattoir workers, meat vendors, and professional 

animal health workers37 ,   All Brucella species are closely related and can be considered as pathovars of a single species38. 

Thus, it is not unexpected that host specificity of Brucella spp. is not ‘absolute’ but ‘relative’ ,  Although ruminants in 

general are susceptible to B. abortus, the infection in small ruminants is rare39.  Experimental infection of pregnant ewes 

with B.abortus produced late term abortions. The aborted ovine fetuses developed lesions due to systemic infections 

similar to those reported in bovine fetuses after natural and experimental infections40.  B.abortus infections have been 

reported in sheep in the USA41in Nigeria34 and in Iran42 , was the current research results also agreement with them . 

Detection of both, B.abortus and B.melitensis DNA, in one animal observed in this study demonstrated that one host can 

be infected with two different species of Brucella at the same time. The potential host range of Brucellae may also depend 

on breeding conditions43. Brucella species are pathogenic bacteria that adapt to new hosts and are naturally transmitted to 

their primary hosts through direct or indirect contact, as well as inadvertently to other vulnerable hosts12.  Mixed farming 

of cows, buffaloes, sheep, and goats has raised the danger of brucellosis, with small ruminants serving as primary hosts 

and cattle serving as an overflow host for B. melitensis13. 

This study compared with Egypt , brucellosis was still endemic and infects a wide range of animal species causing 

tremendous economic losses44. B.melitensis was isolated from cattle, buffalo, sheep, goat and Nile catfish in the past45  . 

In contrast, B.abortus was isolated from cattle, buffalo and camel46, but was not recorded in small ruminant47, was like 

with them in being Brucella species can infect  the other host not only  natural host by contact with them in same place. 

Moreover, in Iraq, there have been several remarkable achievements attributed to past mass vaccination campaigns. The 

most important outcome was the apparent decrease in incidence of human brucellosis, which declined to almost 17 

cases/100,000 people in the middle and south of Iraq in 2009 compared with 27.23 cases/100,000 in 2002 and 88.55 

cases/100,000 in 199548 . 

Haematology refers to the study of the numbers and morphology of the cellular elements of the blood – the red cells 

(erythrocytes), white cells (leucocytes), and the platelets (thrombocytes) and the use of these results in the diagnosis and 

monitoring of disease49. Haemtological studies are useful in the diagnosis of many diseases as well as investigation of the 

extent of damage to blood50. The genetic and non-genetic factors affecting haematological parameters of farm animals 

have been observed51. Several factors including physiological52, environmental condition53,54, dietary content55, affect the 

blood profile of healthy animal. Haematological parameters and its knowledge can be used to assess the health as well as 

the physiological status of farm animals under consideration. Changes of these parameters have been studied in cattle, 

 Brucella abortus Gene polymorphisms P= value 

Blood 

parameters  

C\T A\T A\G G\C T\C  

Mean ±Standard error 

lymphocyte 91.91± 0.99 93.28± 1.00 92.07± 1.05 93.50± 2.36 93.01± 1.08 0.49 

Granulocytes  2.20± 0.60 2.36± 1.08 7.10± 1.18 6.56± 1.36 6.66± 1.20 0.02* 

WBC 8.50± 0.86 9.00± 0.91 8.25± 1.37 2.87± 0.42 6.52± 0.45 0.002* 

Brucella melitensis Gene polymorphisms 

 C\T G\A A\G T\G C\A T\C P= value 

lymphocyte 91.66± 2.90 92.00± 1.20 94.00± 1.76 94.33± 1.97 95.00± 1.25 93.22± 1.50 0.72 

Granulocytes  3.73± 1.90 2.56± 0.91 1.63± 0.27 1.83± 0.48 1.80± 0.27 2.66± 0.88 0.66 

WBC 8.33± 0.88 7.33± 1.20 10.00± 1.73 6.66± 1.20 7.66± 1.33 8.16± 0.49 0.46 
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sheep and red Sokoto goats. There is great variation in the haematological parameters as observed between breeds, ages, 

sexes, management systems among others in farm animals56. Brucella spp. are facultative intracellular microorganisms 

and they settle in macrophages. After completing replications in these cells, they migrate to the lymphoid tissues of the 

reproductive system as a result of a primary bacteremia. The agent causes a secondary bacteremia from these tissues, 

which subsequently leads to a generalized infection and then abortion. Therefore, these persistent bacteremia phases, 

which almost always contain the microorganisms in the bloodstream, are repeated in the next gestational period57,  Modern 

PCR methods are capable of detecting both living bacteria and bacteria that have been phagocyted or killed by 

macrophages in different compartments of the blood during the periods of bacteremia58,59. Also, PCR techniques have the 

ability to determine the course of the infection. In this context, blood in which bacteria-laden macrophages are constantly 

circulating is a useful clinical material that can be used for diagnosis as a source of DNA belonging to the infectious agent 
58 . 

Several molecular typing methods have been applied to search for DNA polymorphisms between Brucella spp.60. 

Complete genome sequencing is ideal; they have the advantage that mutational changes are totally reflected in the 

sequence, an event that does not occur in proteins, due to the degenerate character of the genetic code; clarifying in this 

way the main evolutionary mechanims involved in the different processes of speciation, a example of this type of study 

was made in 2015 in where the authors sequenced the complete genome of several B. melitensis strains, achieving not 

only discrimination between vaccine and endemic species, but also performing a phylogenetic reconstruction of the history 

of the species and proposing a possible global distribution of the bacterium61,62.  One of the genetic targets frequently used 

for strain identification and strain phylogeny is the rRNA, particularly the 16S rRNA gene used in this study. These genes 

are highly conserved and diverge very slowly. The DNA sequences from separate species within a genus will differ by 

only a few percent. Sequence identity among 16S rRNA sequences is typically interpreted as indicating a single species63 

.  

The current study agreed with (Kaltungo et al.,2014)64  that performed two different diagnostic methods (serological test 

and PCR analysis). Based on the study results, the infection rate was 8.8% on serological testing and 1.4% on PCR 

analysis. Interestingly, the positive samples on PCR analysis were negative on serological testing, indicating that in some 

cases, PCR can detect Brucella genes in seronegative animals due to its ability to detect small amounts of the pathogen in 

body fluids of infected animals .      

Polymorphisms are variations in DNA sequence that are frequent in the population. mutations or DNA alterations with a 

frequency of greater than 1% in a population and alterations with a frequency of greater than 1% in a population65 . 

A mutation, on the other hand, is defined as any deviation from the normal DNA sequence. This means that there is a 

common normal allele in the population, and that the mutation transforms it into a rare and aberrant variety66. 

Phenotypic qualities are influenced by these genetic factors ,   polymorphisms  in a number of genes are linked to individual 

genetic susceptibility. They have the ability to alter the effects of environmental exposure as well as gene-

environmentinteractions67 
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