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Abstract 

Background 

Brucellosis remains a main source of disease in humans and animal husbandry worldwide.  

Objective : Genetic analysis for the detection of Brucella spp. and study of immune responses in 

potential Brucellosis infections in Babylon province.  

Materials  : The study was conducted over a six-month period, from March 2024 to August 2024. A 

total of 150 patients, both male and female, aged between 15 and 55 years, visited private clinics in 

Babylon province. These patients were positive for rose Bengal test. Blood samples were collected 

from each patient, along with 20 samples from healthy individuals serving as the control group. After 

detecting Brucella spp. using PCR, several immunological markers associated with brucellosis were 

evaluated.  

Results: The Rose Bengal test detected Brucella spp. in 53 (46.2%) of 150 blood samples from 

brucellosis patients. Results of study on recognizing Brucella bacteria using spesific Bcsp31 gene 

primer from blood samples. The primer combination utilized in this investigation amplified a (223bp) 

fragment from Brucella (22 from 53 blood samples tested positive for Rose Bengal). Study group 

mean Perforin and granzyme B protein differences (case and control). The study found significant 

increases in Perforin (19.52±3.88) and granzyme B (74.31±13.88) levels in Brucellosis patients 

compared to the control group (6.39±6.33) (P≥0.05). The study found that patients with Brucellosis 

had higher IL-12 levels (287.54±12.18ng/ml) compared to the control group (188.08±2.29ng/ml), 

with a significant difference (P<0.05).  

Conclusion: In order to have a complete understanding of the immune response to Brucella, it was 

essential to have a solid understanding of the action of perforin and granzyme B, since these two 

proteins were played an important role in The process. 
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Introduction 

Brucellosis the contagion of which is attributed to the "Brucella" genus poses a great threat to human 

health, and livestock, especially cattle, suffer huge losses through abortion and infertility [1]. In 

humans brucellosis can present itself as an acute illness, sub-acute or chronic depending on the degree 

of exposure to the bacteria, or the animal, or ingestion of raw milk or meat  [2]. There are six classical 

Brucella species, each with a distinct host preference: B. abortus is mainly a disease of cattle; B. 

meitatensis affects sheep and goats, B. suis infects pigs; B. canis affects dogs; B. ovis affects only 
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sheep and goats; and B. neotomae is identified in the desert wood rat [3]. Later in the twenty-first 

century, new Brucella species was reported. B. ceti and B. pinnipedialis, were isolated from marine 

mammals. Other species include the Brucella pathogens including B. microti from voles and seals and 

B. Strains inopinata originating from a human breast implant infection have also been recognized to 

be members of the Brucella genus [4]. Moreover, new strains of Brucella have recently been 

identified in wild rodents in North Queensland, Australia and from still birth cases in non-human 

primates though they have not been still categorised under the Brucella genus officially [3]. By reason 

of the low infective dose and the ability to be spread in the droplet nuclei, Brucella species have been 

deemed as having bioterrorism potential [5] .  

Nevertheless, even now, when new methods of molecular diagnostics are widely used, culture 

isolation is the most accurate method for brucellosis confirmation. Characterization of Brucella and 

particularly its biotyping can best be achieved using biochemical, serological and molecular 

techniques [6]. Typical biochemical characters are CO2 test, H2S test, dye tolerant test, and favourite 

enzyme test urease, oxidase, catalase and so forth. Also, the use of monospecific A and M antiserum 

in agglutination helps in the determination of isolate characteristics [7]. The common tests used in the 

diagnosis of human brucellosis include the Serum Tube Agglutination Test (STAT), Rose Bengal 

Plate Test (RBPT), 2-mercaptoethanol (2ME) test, Complement Fixation Test (CFT) and the enzyme-

linked immunosorbent assay (ELISA). However, these tests are not competent in certain aspects; for 

example: there are background antibodies prevalent in the endemic areas and it cannot distinguish 

between acute and previous infections [8]. Many PCR-based tests have been designed depending on 

genus specificity or a high level of homology of the Brucella species including the 43kDa outer 

membrane protein-omp gene, BCSP 31, IS 6501/711, and 16S rRNA gene [9]  . 

Granzyme B is the member of the protease family while perforin is responsible for cell killing in the 

immune system. They are involved in the process of CTL’s and NK cells to kill target cells including 

virus or bacterial infected or tumor cells [10]. Perforin is a protein which acts as a pore in CTL and 

NK cells granules. Of these, when these immune cells come across an infected or abnormal cell, they 

release Perforin that forms a hole in the membrane of the target cell [11]. Thus with the formation of 

pores the other cytotoxic molecules like the granzyme B is also allowed to enter into the target cell. 

Granzyme B is a serine protease which has been identified to be present in the granules of CTLs and 

NK cells. When perforin forms gaps on the outer wall of the target cell, granzyme B gets into the cell 

through that gap [10]. Within the cell, granzyme B engages apoptotic processes that bring about the 

orderly dismantling of the infected or malignant cell hence contributing to the extermination of the 

pathogen or the cancerous cell without overproduction of inflammation [12].  

Perforin and granzyme B play a role in the immune system’s defense against intracellular pathogens 

including the Brucella organism which causes brucellosis [13]. Macs can be infected with Brucella 

and Cytotoxic T cells and NK cells can recognize these infected macrophages and kills them using 

perforin and granzyme B thus controlling the spread of Brucella [14]. During brucellosis, cytokines 

such as IFN-γ are produced and cause activation of macrophage to increase its ability to eliminate 

Brucella within it. Therefore, if the sources of infection are not effectively controlled, local CTLs and 

NK cells may be activated to destroy infected cells by the perforin-granzyme ladder. It is used in the 

destruction of infected cells that harbor Brucella during intracellular infections such as brucellosis 

hence aiding the immune system [15]. The increase of the concentrations of perfotin and granzyme B 

may be related with an active cytotoxic response during the infection by Brucella, particularly in 

chronic or severe cases [16]. Several research indicate that Brucella interfere with immune responses 

such as the perforin-granzyme pathway, that may help the bacteria to establish a chronic infection in 

the host [17]. Aims of study were Molecular detection of Brucella spp. and evaluation of 

immunological changes (Perforin and granzyme B levels), IL-12 in patients suspected of brucellosis 

in Babylon province. 

Materials and methods 

Patients 
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The study was conducted over a six-month period, from March 2024 to August 2024. A total of 150 

patients, both male and female, aged between 15 and 55 years, visited private clinics in Babylon 

province. These patients were positive for rose Bengal test. 

Collection of blood samples  

Blood samples were collected from each patient (150 case and 20 healthy individuals serving as the 

control group. Five ml of blood were obtained from each subject by vein puncture, it was pushed 

slowly into disposable tubes containing separating gel containing tubes was allowed to clot at room 

temperature for (30) minutes and then centrifuged at 3000×g for approximately (3) minutes. Then the 

sera were obtained and stored at (-20˚C) until analyses. 

 

DNA extraction 

Genomic DNA was extracted from the each blood samples according to instruction provided by 

manufacturer using Genomic DNA purification kit supplemented by (Geneaid, USA).  

 

Detection of Bcsp31 specific gene primer from clinical isolates by RCR technique: 

Polymerase Chain Reaction technique used for amplification of specific gene of Brucella spp. that 

suspected to be present in blood samples were shown in Table (1). [18] . 

 

Table (1): Detection primer sequence with their amplicon size Base pair (bp) and their condition 

Specific gene 

primer 
Primer sequence (5ʹ-3ʹ) Size (bp) PCR condition 

Bcsp31  F:5- 

TGGCTCGGTTGCCAATATCAA-

3  

R: 5-

CGCGCTTGCCTTTCAGGTCTG-

3 

223 Step 1: 95ºC, 2 min. 

Step 2: 95ºC, 30 sec. 

Step 3: 57.6ºC decrease 

0.5ºC per cycle, 30 sec. 

Step 4: 72ºC, 100.0 sec. 

Step 5: Repeat steps 2-4 

14 more times 

Step 6: 95ºC, 30 sec. 

Step 7: 50.6ºC, 30 sec. 

Step 8: 72ºC, 100.0 sec. 

Step 9: Repeat steps 6-8 

19 more times 

Step 10: 72ºC, 5 min. 

Step 11: 4ºC, forever 

 

Determination of Perforin and granzyme B proteins level 

The human Perforin and and granzyme B enzyme-linked immunosorbent assay kits were used in this 

study for quantitative determination of proteins concentration adult patient's serum samples and done 

according to company instruction (Sunlong/ China). 

Determination of IL-12 level 

The Sandwich ELISA concept was used to generate this ELISA kit. Micro ELISA plates pre-coated 

with an antibody specific to Human IL-12 were included in each kit. A positive result may be 

obtained by mixing samples (or standards) with the appropriate antibody and adding them to wells on 

a micro ELISA plate.  

 

Ethical Approval 

A valid consent was achieved from each patient before their inclusion in the study. 

 

Statistical analysis 

Statistical analysis was carried out using SPSS version 26. Continuous variables were presented as 

(Means ± SD). Student t-test was used to compare means between two groups. 
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Results 

The results of the Rose Bengal test were positive in 53 (46.2%) out of 150 blood samples taken from 

individuals exhibiting brucellosis symptoms, as indicated in Table (2), it was identified as Brucella 

spp.  

Table (2): Rose Bengal Tests Brucella spp. positive 

No. of blood samples No. of rose Bengal test Brucella positive 

% 

150  53(46.2%) 

 

The results of the research that looked at the possibility of identifying Brucella bacteria using specific 

Bcsp31 gene primer from blood samples. Out of 53 blood samples that were tested using the positve 

Rose Bengal tests, only 22(54.3%) of the isolates were determined to be connected to Brucella 

positive, the primer pair used in this study succeeded in the amplification of a (223bp) fragment from 

Brucella spp.  

 

Figure (1): Agarose gel electrophoresis (1.5%) of RCR amplified of Bcsp31 gene (223 bp) of 

Brucella spp. for (55) min at (70) volt L: ladder (DNA marker), (1, 2, 3, 4, 5, 6, 7, 8, to 22) 

Amplify of Bcsp31 gene was positive clinical isolates of Brucella spp. 

The mean differences between Perforin and granzyme B proteins levels according to study groups 

(case and control groups) was shown in Table (3). The results showed that, there were significant 

increase in Perforin level (19.52±3.88) (P≥0.05) in patients with Brucellosis infection compared to 

control group (6.95±1.96), and there were significant increase in granzyme B (74.31±13.88) (P≥0.05) 

in patients with Brucellosis infection compared to control group (6.39±6.33).  

Table (3): mean differences between Perforin and granzyme B proteins levels according to study 

groups including (patients with Brucellosis infection and control group). 

Parameter/ protein Patients with brucellosis 

infection 

Control group p-value 

Mean ± SD Mean ± SD 

No. 22 No. 20 

Perforin 19.52±3.88 6.95±1.96 P≥0.05 

granzyme B 74.31±13.88 6.39±6.33 

* p value ≤ 0.05 was significant  
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Figure (2): mean differences between Perforin and granzyme B proteins levels according to 

study groups including (patients with Brucellosis infection and control group). 

The investigation into IL-12 level determination revealed that, as illustrated in Table (4) and Figure 

(3), the control group had the lowest average IL-12 level (288.08±2.29ng/ml), while patients with 

Brucellosis had the highest (287.54±12.18ng/ml). This difference was statistically significant 

(P<0.05). 

 

Table (4): Determination of IL-12 

Parameter Sample N Mean ± S.E P. value 

IL12 (pg/ml) Patients 22 287.54±12.18 0.0001 

Control 20 188.08±2.29 

 

 

Figure (3): Determination of IL-12 

 

Discussion 

Serological testing are crucial for the diagnosis of human brucellosis since the illness may present in a 

broad range of ways [19]. The following symptoms were recorded during the collection of these 

samples: fever, perspiration, aches, fatigue, pain in the joints and back, arthritis, soreness in the spine, 
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headache, nausea, vomiting, diarrhea, loss of appetite, weight loss, constipation, abdominal pain, 

cough, rash, splenomegaly, and hepatomegaly. The doctors who oversaw the collection of these 

samples were qualified medical professionals. Several factors contributed to the low number of 

Brucella DNA extracted from the blood [20]. The patient's antibiotic treatment was a major one. 

Other factors included the patient's immune system's effectiveness in reducing bacterial numbers, the 

constant flow of blood, and the richness and support of the culture media, which increased the 

chances of bacterial growth relative to the blood [21]. Conventional methods prove unworthy for the 

diagnosis of infectious diseases brought by fastidious or slow-growing micro-organisms including 

Brucella and therefore, molecular approaches like PCR appear more suitable for this purpose[22]. It 

was investigated in this work, PCR as a diagnostic tool for the identification of Brucella species in 

serums from human beings and calmly looked at the epidemiology of brucellosis [23] .It was 

successful in testing for brucellosis by using specific gene primers and 22 samples from 150 blood 

samples were positive to brucellosis [24]. In a similar manner, it compared the sensitivity and 

specificity of the bcsp31 gene target in PCR assays. PCR assays based on the bcsp31 gene and its 

primers were evaluated for their sensitivity and possibility of detection of Brucella DNA in human 

peripheral blood or serum [25]. In the current study, whole blood was not used for PCR assay while 

serum samples were preferred because the literature indicates that serum has relatively lesser 

inhibitors and better DNA extraction than whole blood had been found. PCR appears to offer several 

advantages over conventional methods: it is easy to perform; it is rapid; and it was safe for laboratory 

staffs because the serum based PCR-assay will reduce to risk of handling the microorganism in the 

laboratory [20]. Therefore, the use of the Bcsp31, based PCR assays described here was a promising 

method for detection of the Brucella genus and also identifying Brucella spp in clinical samples [26]. 

In a novel approach to diagnosing the most infectious disease, PCR-based tests have been investigated 

for the quick identification and verification of Brucella. Polymerase chain reaction (PCR) methods 

such as conventional, real-time, multiplex, and monoplex PCR are used. The findings corroborate 

those of the current investigation. In contrast, PCR was used by [27] (Liu et al., 2023) to diagnose 

brucellosis; they characterized it as highly specific, sensitive, and straightforward, suggesting that it 

has the potential to become a standard diagnostic tool for the disease [28]. Blood and milk, as well as 

fetal and maternal tissues acquired from infected animals, can be tested for Brucella using the 

polymerase chain reaction (PCR) method, which has been the subject of numerous studies since its 

description [29]. PCR has a high specificity of 90% and an extreme sensitivity of 98%. Perforin was a 

protein synthesized by cytotoxic T lymphocytes (CTLs), and natural killer (NK) cells which form a 

part of the immune system. There were various types, especially it was main purpose was to assist 

these immune cells eliminate infected and damaged cells including intracellular bacteria as well as 

viruses, and even cancer cells [30]. Perforin function was to penetrate the membranes of target cells 

(e. g., cells which harbor pathogens). This makes it possible for other cytotoxic molecules like 

granzyme B to gain entry into the said cell and make it to undergo apoptosis, thus culminating in the 

elimination of the infected or the abnormal cell [31]. Perforin was one of the critical components that 

the immune system uses to combating intracellular pathogens including Brucella. Brucellosis, caused 

by Brucella bacteria was of the intracellular type; that is; Brucella parasites lives and reproduces 

within host cells and predominantly in macrophages [32]. These intracellular parasites could only be 

fought with the help of cell-mediated cytotoxicity, for example, through the activity of CTL or NK 

cells. It could become elevated for the following reasons: Brucella bacteria could parasitize host cells 

and were found essentially within macrophages [16]. Subsequently CTL and NK cells respond to the 

immune system by synthesizing more perforin to target and destroy infected cells and to prevent the 

bacteria from seeding and proliferating. In response to Brucella infection cytokines including IFN-γ 

were secreted and promote activation of CTLs and NK cells. These activated cells synthesize perforin 

as part of their defense to neutralize Brucella infected cells [33]. Because of continual and frequent 

infections of brucellosis, the immune system might be constantly trying to destroy the infected cells 

thus making perforin to be continually or highly produced in the body as the body tries to control or 

destroy the diseases [30]. High level of perforin in brucellosis was a part of the overall response of the 

immune system that is usually proactive in the destruction of intracellular organisms. The enhanced 

levels of perforin enable the immune system to more effectively destroy and eradicate infected cells 

so as to help contain the spread of the bacteria [34]. Perforin was the molecule that plays the role in 

lysing the infected cells which are important in controlling the infection. The increase in perforin in 
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brucellosis represents an effort in immune-mediated clearance of infected cells especially where the 

disease was chronic or severe [35]. Perforin and granzyme B have recognizable roles in controlling 

intracellular replication of Brucella, nevertheless, in certain circumstances Brucella could avoid the 

impact of these immune mediators and results in chronic infections. This was seen in the increase in 

the levels of perforin in brucellosis, this was the body’s way of targetting cells that have been infected 

with Brucella bacteria [16]. 

 

Conclusions 

In order to have a complete understanding of the immune response to Brucella, it was essential to 

have a solid understanding of the action of perforin and granzyme B, since these two proteins play an 

important role in the process. 

 

Conflict of Interest 

The authors declare no conflicts of interest. 

Funding 

This study received no financial support. 

Data Availability Statement 

Additional data are available from the corresponding author upon reasonable request. 

 

 

References  

1. El-Sayed A, Awad W. Brucellosis: Evolution and expected comeback. Int J Vet Sci Med. 2018 

Mar 21;6(Suppl):S31-S35. doi: 10.1016/j.ijvsm.2018.01.008. PMID: 30761318; PMCID: 

PMC6161863. 

2. Ran X, Cheng J, Wang M, Chen X, Wang H, Ge Y, Ni H, Zhang XX, Wen X. Brucellosis 

seroprevalence in dairy cattle in China during 2008-2018: A systematic review and meta-

analysis. Acta Trop. 2019 Jan;189:117-123. doi: 10.1016/j.actatropica.2018.10.002. Epub 2018 

Oct 9. PMID: 30308207. 

3. Dadar M, Fakhri Y, Shahali Y, Mousavi Khaneghah A. Contamination of milk and dairy 

products by Brucella species: A global systematic review and meta-analysis. Food Res Int. 2020 

Feb;128:108775. doi: 10.1016/j.foodres.2019.108775. Epub 2019 Nov 8. PMID: 31955745. 

4. Bagheri Nejad R, Krecek RC, Khalaf OH, Hailat N, Arenas-Gamboa AM. Brucellosis in the 

Middle East: Current situation and a pathway forward. PLoS Negl Trop Dis. 2020 May 

21;14(5):e0008071. doi: 10.1371/journal.pntd.0008071. PMID: 32437346; PMCID: 

PMC7241688. 

5. Dadar M, Shahali Y, Fakhri Y, Godfroid J. The global epidemiology of Brucella infections in 

terrestrial wildlife: A meta-analysis. Transbound Emerg Dis. 2021 Mar;68(2):715-729. doi: 

10.1111/tbed.13735. Epub 2020 Aug 3. Erratum in: Transbound Emerg Dis. 2022 

Jul;69(4):2404. doi: 10.1111/tbed.14572. PMID: 32679611. 

6. Ducrotoy MJ, Muñoz PM, Conde-Álvarez R, Blasco JM, Moriyón I. A systematic review of 

current immunological tests for the diagnosis of cattle brucellosis. Prev Vet Med. 2018 Mar 

1;151:57-72. doi: 10.1016/j.prevetmed.2018.01.005. Epub 2018 Jan 31. PMID: 29496108. 

7. Yagupsky P, Morata P, Colmenero JD. Laboratory Diagnosis of Human Brucellosis. Clin 

Microbiol Rev. 2019 Nov 13;33(1):e00073-19. doi: 10.1128/CMR.00073-19. PMID: 31722888; 

PMCID: PMC6860005. 

8. Elbehiry A, Aldubaib M, Marzouk E, Abalkhail A, Almuzaini AM, Rawway M, Alghamdi A, 

Alqarni A, Aldawsari M, Draz A. The Development of Diagnostic and Vaccine Strategies for 

Early Detection and Control of Human Brucellosis, Particularly in Endemic Areas. Vaccines 

(Basel). 2023 Mar 14;11(3):654. doi: 10.3390/vaccines11030654. PMID: 36992237; PMCID: 

PMC10054502. 

9. Nyarku R, Hassim A, Jonker A, Quan M. Development of a Genus-Specific Brucella Real-Time 

PCR Assay Targeting the 16S-23S rDNA Internal Transcribed Spacer from Different Specimen 

http://www.diabeticstudies.org/


The Review of DIABETIC STUDIES 
Vol. 21 No. S8 2025 

 

WWW.DIABETICSTUDIES.ORG                                                                                                                 57 

Types. Vet Sci. 2020 Nov 11;7(4):175. doi: 10.3390/vetsci7040175. PMID: 33187050; PMCID: 

PMC7712849. 

10. Nicolai CJ, Raulet DH. Killer cells add fire to fuel immunotherapy. Science. 2020 May 

29;368(6494):943-944. doi: 10.1126/science.abc2502. PMID: 32467380. 

11. Hay ZLZ, Slansky JE. Granzymes: The Molecular Executors of Immune-Mediated Cytotoxicity. 

Int J Mol Sci. 2022 Feb 6;23(3):1833. doi: 10.3390/ijms23031833. PMID: 35163755; PMCID: 

PMC8836949. 

12. Zhou Z, He H, Wang K, Shi X, Wang Y, Su Y, Wang Y, Li D, Liu W, Zhang Y, Shen L, Han W, 

Shen L, Ding J, Shao F. Granzyme A from cytotoxic lymphocytes cleaves GSDMB to trigger 

pyroptosis in target cells. Science. 2020 May 29;368(6494):eaaz7548. doi: 

10.1126/science.aaz7548. Epub 2020 Apr 16. PMID: 32299851. 

13. Clapp B, Yang X, Hoffman C, Pascual DW. Oropharyngeal (OPG) vaccination activates head 

and neck lymphoid tissues required for immune protection against mucosal Brucella infection. 

The Journal of Immunology. 2018 May 1;200(1_Supplement):118-6. 

14. Priyanka, Shringi BN, Choudhary OP, Kashyap SK. Cytokines in brucellosis: biological rhythm 

at the interface of innate and adaptive immunity. Biological Rhythm Research. 2021 Aug 

9;52(7):1031-43. 

15. Tang Y, Ma C, Sun H, Yang S, Yu F, Li X, Wang L. Serum Levels of Seven General Cytokines 

in Acute Brucellosis Before and After Treatment. Infect Drug Resist. 2021 Dec 18;14:5501-

5510. doi: 10.2147/IDR.S341331. PMID: 34955644; PMCID: PMC8694408. 

16. Martínez Cuesta L, Pérez SE. Perforin and granzymes in neurological infections: From humans 

to cattle. Comp Immunol Microbiol Infect Dis. 2021 Apr;75:101610. doi: 

10.1016/j.cimid.2021.101610. Epub 2021 Jan 11. PMID: 33453589. 

17. Guo X, Zeng H, Li M, Xiao Y, Gu G, Song Z, Shuai X, Guo J, Huang Q, Zhou B, Chu Y, Jiao H. 

The mechanism of chronic intracellular infection with Brucella spp. Front Cell Infect Microbiol. 

2023 Apr 18;13:1129172. doi: 10.3389/fcimb.2023.1129172. PMID: 37143745; PMCID: 

PMC10151771. 

18. Garshasbi M, Ramazani A, Sorouri R, Javani S, Moradi S. Molecular detection of Brucella 

species in patients suspicious of Brucellosis from Zanjan, Iran. Braz J Microbiol. 2014 Aug 

29;45(2):533-8. doi: 10.1590/s1517-83822014005000048. PMID: 25242938; PMCID: 

PMC4166279. 

19. Dal T, Kara SS, Cikman A, Balkan CE, Acıkgoz ZC, Zeybek H, Uslu H, Durmaz R. Comparison 

of multiplex real-time polymerase chain reaction with serological tests and culture for diagnosing 

human brucellosis. J Infect Public Health. 2019 May-Jun;12(3):337-342. doi: 

10.1016/j.jiph.2018.11.008. Epub 2018 Dec 13. PMID: 30553722. 

20. Liu J, Song Z, Ta N, Tian G, Yang X, Zhao H, Piao D, Fan Y, Zhang Y, Jiang H. Development 

and evaluation of a droplet digital PCR assay to detect Brucella in human whole blood. PLoS 

Negl Trop Dis. 2023 Jun 2;17(6):e0011367. doi: 10.1371/journal.pntd.0011367. PMID: 

37267228; PMCID: PMC10237378. 

21. Waringa NMA, Waiboci LW, Bebora L, Kinyanjui PW, Kosgei P, Kiambi S, Osoro E. Human 

brucellosis in Baringo County, Kenya: Evaluating the diagnostic kits used and identifying 

infecting Brucella species. PLoS One. 2023 Jan 31;18(1):e0269831. doi: 

10.1371/journal.pone.0269831. PMID: 36719875; PMCID: PMC9888686. 

22. Becker GN, Tuon FF. Comparative study of IS711 and bcsp31-based polymerase chain reaction 

(PCR) for the diagnosis of human brucellosis in whole blood and serum samples. J Microbiol 

Methods. 2021 Apr;183:106182. doi: 10.1016/j.mimet.2021.106182. Epub 2021 Feb 27. PMID: 

33647359. 

23. Zamanian M, Jahani E, Mahmoudi H. Multiplex PCR assay for the simultaneous detection of the 

brucella genus in human whole blood and serum. The Open Microbiology Journal. 2020 Oct 

13;14(1). 

24. Abdel-Hamid NH, Beleta EIM, Kelany MA, Ismail RI, Shalaby NA, Khafagi MHM. Validation 

of real-time polymerase chain reaction versus conventional polymerase chain reaction for 

diagnosis of brucellosis in cattle sera. Vet World. 2021 Jan;14(1):144-154. doi: 

10.14202/vetworld.2021.144-154. Epub 2021 Jan 19. PMID: 33642798; PMCID: PMC7896886. 

http://www.diabeticstudies.org/


The Review of DIABETIC STUDIES 
Vol. 21 No. S8 2025 

 

WWW.DIABETICSTUDIES.ORG                                                                                                                 58 

25. Saytekin AM, Ak S. Direct diagnosis of Brucella species through multiplex PCR formed by a 

new method. J Microbiol Methods. 2018 Nov;154:86-94. doi: 10.1016/j.mimet.2018.10.011. 

Epub 2018 Oct 15. PMID: 30336164. 

26. Boeri EJ, Wanke MM, Madariaga MJ, Teijeiro ML, Elena SA, Trangoni MD. Comparison of 

four polymerase chain reaction assays for the detection of Brucella spp. in clinical samples from 

dogs. Vet World. 2018 Feb;11(2):201-208. doi: 10.14202/vetworld.2018.201-208. Epub 2018 

Feb 16. PMID: 29657404; PMCID: PMC5891875. 

27. Liu L, Li M, Liu G, He J, Liu Y, Chen X, Tu Y, Lin J, Feng Y, Xia X. A novel, highly sensitive, 

one-tube nested quantitative real-time PCR for Brucella in human blood samples. Microbiol 

Spectr. 2023 Dec 12;11(6):e0058223. doi: 10.1128/spectrum.00582-23. Epub 2023 Oct 4. PMID: 

37791776; PMCID: PMC10714840. 

28. Das A, Kumar B, Chakravarti S, Singh KP, Shrinet G. Single-tube duplex-PCR for specific 

detection and differentiation of Brucella abortus S19 vaccine strain from other Brucella spp. 

Indian Journal of Animal Research. 2019;53(6):821-6. 

29. Dal T, Açıkgöz ZC, Başyiğit T, Zeybek H, Durmaz R. Kandan ve kan kültür şişelerinden 

Brucella saptanmasında iki farklı ticari DNA ekstraksiyon kiti ve PCR master kiksinin 

karşılaştırılması [Comparison of two commercial DNA extraction kits and PCR master mixes for 

the detection of Brucella from blood samples and blood culture bottles]. Mikrobiyol Bul. 2018 

Apr;52(2):135-146. Turkish. doi: 10.5578/mb.66742. PMID: 29933731. 

30. Hu H, Tian M, Li P, Bao Y, Guan X, Lian Z, Yin Y, Ding C, Yu S. Brucella infection regulates 

peroxiredoxin-5 protein expression to facilitate intracellular survival by reducing the production 

of nitric oxide and reactive oxygen species. Biochem Biophys Res Commun. 2019 Aug 

13;516(1):82-88. doi: 10.1016/j.bbrc.2019.06.026. Epub 2019 Jun 10. PMID: 31196623. 

31. Spicer JA, Miller CK, O'Connor PD, Jose J, Giddens AC, Jaiswal JK, Jamieson SMF, Bull MR, 

Denny WA, Akhlaghi H, Trapani JA, Hill GR, Chang K, Gartlan KH. Inhibition of the Cytolytic 

Protein Perforin Prevents Rejection of Transplanted Bone Marrow Stem Cells in Vivo. J Med 

Chem. 2020 Mar 12;63(5):2229-2239. doi: 10.1021/acs.jmedchem.9b00881. Epub 2019 Sep 26. 

PMID: 31525966. 

32. Tampio J, Huttunen J, Montaser A, Huttunen KM. Targeting of Perforin Inhibitor into the Brain 

Parenchyma Via a Prodrug Approach Can Decrease Oxidative Stress and Neuroinflammation 

and Improve Cell Survival. Mol Neurobiol. 2020 Nov;57(11):4563-4577. doi: 10.1007/s12035-

020-02045-7. Epub 2020 Aug 5. PMID: 32754897; PMCID: PMC7515946. 

33. Spicer JA, Huttunen KM, Jose J, Dimitrov I, Akhlaghi H, Sutton VR, Voskoboinik I, Trapani J. 

Small Molecule Inhibitors of Lymphocyte Perforin as Focused Immunosuppressants for Infection 

and Autoimmunity. J Med Chem. 2022 Nov 10;65(21):14305-14325. doi: 

10.1021/acs.jmedchem.2c01338. Epub 2022 Oct 20. PMID: 36263926; PMCID: PMC9661472. 

34. Gapud EJ, Trejo-Zambrano MI, Gomez-Banuelos E, Tiniakou E, Antiochos B, Granville DJ, 

Andrade F, Casciola-Rosen L, Rosen A. Granzyme B Induces IRF-3 Phosphorylation through a 

Perforin-Independent Proteolysis-Dependent Signaling Cascade without Inducing Cell Death. J 

Immunol. 2021 Jan 15;206(2):335-344. doi: 10.4049/jimmunol.2000546. Epub 2020 Dec 7. 

PMID: 33288544; PMCID: PMC7785649. 

35. Temizkan MC, Sonmez G. Are owned dogs or stray dogs more prepared to diseases? A 

comparative study of immune system gene expression of perforin and granzymes. Acta Vet 

Hung. 2022 Mar 2. doi: 10.1556/004.2022.00005. Epub ahead of print. PMID: 35238799. 

 

 

 

 

 

  

 

http://www.diabeticstudies.org/

