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Abstract 
This study was investigated the virulence of mycobacterium spp and brucella spp 

and production of catalase enzyme Mycobacterium and Brucella spp. direct and indirect 

methods of catalase test were done. The result indicate the tightly relation between the 

virulent strains and actively production catalase enzyme showed a more potent (P≤0.05) 

in comparison with the a virulent strains which gave weak or negative reaction. 
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 جرثومة السل والبروسيلا الكتاليز مع ضراوة إنزيم إنتاجدراسة علاقة 
 ميسون صباح عباس

 جامعة بغداد /كمية الطب البيطري -المشتركة الأمراضوحدة 
 الخلاصة

ندزيم إ إنتدبجومدد  قببميتهدب عمد   علاقة بين ضراوة جراثيم السل والبروسيلا استهدفت الدراسة التحري عن وجود
 عميهدددب جريدددتأ حيدددث يلامدددن جدددراثيم السدددل والبروسدددوتدددم اعتمدددبد عتدددر ضدددبرية وعتدددر ل بحيدددة  فعبلدددة بصدددورة الكتدددبليز

علاقة ترابطيدة وثي دة نوعيدة وكميدة  ظهرت النتبئج وجودأو  الفحوصبت النوعية والكمية بنوعيهب المببشر وغير المببشر
 لجددراثيم السددل والبروسدديلا بددبلعتر الم بحيددة م برنددةالكتددبليز بشدكل مدد ثر  إنددزيم إنتددبجبدين العتددر الضددبرية وقببميتهددب عمدد  

 ( م برنة(P≤0.05 حصبئيإ بم دار مميزا وكميب نوعيب الضبرية تفبعلا البشري والبروسيلا جراثيم السل عطتأحيث 
 .و الضعيفأغير الضبرية ذات التفبعل السبلب  ببلعتر

 الكممبت المفتبحية: الكتبليز، البروسلا، السل، ضراوة الجرثومة
Introduction 

Tuberculosis and Brucellosis are zoonotic diseases that threating health of human 

and animals (1, 2). Catalase is enzyme present in animals, plants, bacteria, its protect the 

cell from damage by oxygen (3). Catalase its contain four iron groups and is used by 

cell to catalyse the decompostion of H2O2 molecule (4, 5). Cells infected with a 

Virulence pathogen, it used hydrogen peroxide as apotent antibacterial factor (6). 

Pathogen such mycobacterium can in the host by activity of catalase (7). Most member 

of genus brucella are positive for catalase(8). 

Materials and Methods 
The strain of bacteria and vaccine used was taken from the labarotry in zoonosis 

unit in veterinary medicine in Baghdad. Strain of Mycobacterium tuberculosis. Strain of 

Mycobacterium bovis. BCG (france). Brucella abort us S99. Brucella abort us S19. 

Brucella melitensis Rev1. Standard bacteria  

 Quantitative test: According to (8). 

- Direct test: Take a drop from broth bacterial culture for virulent and vaccine. 

Sample put it on clean sterial slide with a drop from H2O2 (3%) puples indicate the 

positive result (8). 

 Indirect test: Brucella growth in broth and add a drop of H2O2 (3%) the formation 

of coloum of gas puples indicate the positive result. Mycobacterial growth in broth 

and adding (0.5) cc from Tween80-peroxidase the formation of gas puples Coloum 

indicate a positive result (8). 
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 Qualitative test: This test doing for brucella and messuring the ability of 

microorganism to produce catalase enzyme according to Length of gas column (mm) 

X 100 O2%. 

- Length of bacterial culture column (mm): For mycobacteria the test done after 

inoculation mycobacteria on middle brooke 7H10 agar in (37) and after growth 

adding the indicator of tween 80 (10%) and 3% H2O2 then measuring the lenghth of 

gas O2 coloum within five min. above 45mm was indicator for good result and low 

of this result indicator for low effectivity(8). 

Results 
Table (1) The result of Quantitative test for messuring the activity of catalase 

Enzyme (mycobacterium and brucella) 
Strain Direct test In direct test 

M.tuberculosis ++ ++ 

M.bovis - - 

BCG (japan) - - 

BCG (france) - - 

B.abortus S99 +++ +++ 

B.abortus S19 + + 

B.melitensis Rev1 + + 

(+) mean positive result strong activity, (-) mean negative result or weak activity. 

Table (2) O2 production as result to catalase enzyme production in brucella  
Strain O2% 

B.abortus S 99 13.34 

B.abortus S19 2.22 

B. meletensis Rev1 0.55 

>5%---low activity, 5-10%---active, <10%----strong activity 

Table (3) The length of O2 gas production and the relation to catalase enzyme in 

mycobacteria 
Strain activity Mm (length of gas) 

M.tuberculosis strong 45 

M.bovis weak 2 

BCG (japan) nil - 

BCG (france) nil - 

Discussion 
Catalase is classified as xoidoreductase enzymes and one of protective factor for 

cells. The results of this study indicate that there is strong quantitative and quantitative 

relationship between the virulence strain and their ability to produce catalase enzyme in 

active form in compares with a virulent strain, and this due to ability of organism that 

live inside cell and facultative in production of virulence factor for protect it self from 

cellular killing inside and outside phagocytic cell as result  for metabolic action for this 

cell and defense mechanism in production the killing factor and one of this mechanism 

is production of  H2O2, noticed that the cell wall of vaccinated strain preparing from 

brucella S19 is lost the protein in lipopolysaccharide which is important in increase the 

virulence of brucella(9). Also the degree of compelex chemical cell wall of 

mycobacterium from mycolic acid and was for M. tuberculosis was more in compares 

to other with other type of mycobacterium because the complex degree and the range of 

complete cell wall competed in natural infection increase the virulence of 

microorganism and its ability to product the self protecting factor (10), (11) in his study 

find that the effect of at on isoniazid resistant and virulent of M. bovis found that is a 

virulence factor. M.bovis and when loss this the catalase activity and become more 

resistant to in for and it’s the parent in sensitive stain virulent for guina pigs (12). Found 

that M. tuberculosis have virulence differences and this related to defend culet 
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Mechanisms against tuberculosis (13). His result demonstrate that the compared the 

catalytic properties the wild type of enzyme to kat g mutant which have associated with 

isonaizid resistance in clinical M.tuberculosis isolate (14). The study indicate that M. 

tuberculosis producing catalase were more virulent for mice. The link between Catalase 

and virulence was first recognized by Middle brook, who showed that in (INHr) (15). 

Mycobacteria with defective gene lack virulence in a variety of strains (16), whereas 

(17) have observed no correlation between loss of katG gene activity. In agreement, 

several evidences suggest that resistance to treatment in tuberculosis had relationship to 

catalase production (18). Other study ensure the virulence and the availability of Kat G 

a brucella (19, 20). Brucella showed very strong immunogenicity, which might be 

associated with the survival of Brucella in macrophages (21). While in other study H2O2 

a catalase of Brucella meletensis function as antioxidant and this enzyme not play in 

virulent in the natural host and this result agree with our study(15). 

References 
1. Guy, C. S.; Tichauer, E.; Kay, G. L.; Phillips, D. J.; Bailey, T. L.; Harrison, J.; Furze, 

C. M.; Millard, A. D.; Gibson, M. I.; Pallen, M. J. & Fullam, E. (2017). 

Identification o f the antimycobacterial functiona properties of piperidinol 

derivatives. Br. J. Pharmacol., 174(14):2183-2193. 

2. Akhvlediani, T.; Bautista, C. T.; Garuchava, N.;  Sanodze, L.;  Kokaia, N.; Malania, 

L.; Chitadze, N.; Sidamonidze, K.; Rivard, R. G.;  Hepburn, M. J.; Nikolich, 

M. P.; Imnadze, P. & Trapaidze, N. (2017). Epidemiological and Clinical 

Features of Brucellosis in the Country of Georgia. PLoS One.,12(1): 

e0170376. 
3. Boon, E. M.; Downs, A. & Marcey,D. (2007). Catalase: H2O2: 

H2O2 Oxidoreductase. Catalase Structural Tutorial Text. Retrieved 2007-02-11. 

4. Adebowale, Y. A.; Adeyemi, I. A.; Oshodi, A. A. & Niranjan, K. (2007). Isolation, 

fractionation and characterisation of proteins from Mucuna bean. Food 

Chem., 104 (1): 287- 299. 
5. Mitozo, P. A.; de Souza, L. F.; Loch-Neckel, G.; Flesch, S.; Maris, A. F.; Figueiredo, C. 

P.; Dos Santos, A. R.; Farina, M. & Dafre, A. L. (2011). A study of the relative 

importance of the peroxiredoxin-, catalase-, and glutathione-dependent systems in 

neural peroxide metabolism. Free Radic. Biol. Med.,  51(1): 69-77. 

6. Alberts, B.; Johnson, A.; Lewis, J.; Raff, M.; Roberts, K. & Walter, P. (2002). 

Molecular Biology of the Cell. 4
th

 ed., New York, Garland Science.  

7. Isobe, K.; Inoue, N.; Takamatsu, Y.; Kamada, K. & Wakao, N. (2006). Production of 

catalase by fungi growing at low pH and high temperature. J. Biosci. 

Bioeng., 101(1):73-76. 

8. Quinn, P. J.; Markey, B. K.; Carter, M. E.; Donnelly, W. J. & Leonard, F. C. (2002). 

Veterinary Microbiology and Microbial Disease. Iowa State University 

Press, Ames, Iowa, USA, P. 536. 

9. Kim, J. A.; Sha, Z. & Mayfield, J. E. (2000). Regulation of Brucella abortus catalase. 

Infect. Immun., 68: 3861-3866. 

10. Boom, C. & Dick, J. (2002). Mycobacterium bovis BCG response regulator 

essential for hypoxic dormancy. J. Bacteriol, 184: 6760-6767. 

11. Navas Elorza, E. & Moreno Guillen, S. (2010). Multidrug resistant TB and 

extensively drug resistant TB. Rev. Esp. Sanid Penit, 12: 91-98. 

12. Beisiegel, M.; Kursar, M.; Koch, M.; Loddenkemper, C.; Kuhlmann, S.; Zedler, U.; 

Staber, M.; Hurwitz, R. & Kaufmann, S. H. E. (2009). Combination of host 

susceptibility and virulence of Mycobacterium tuberculosis determines dual 

role of nitric oxide in the protection and control of inflammation. J. Infect.  

Dis., 199 (8): 1222-1232. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Guy%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tichauer%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kay%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bailey%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Furze%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Furze%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Millard%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibson%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pallen%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fullam%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28195652
https://www.ncbi.nlm.nih.gov/pubmed/28195652
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akhvlediani%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bautista%20CT%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garuchava%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanodze%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kokaia%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malania%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chitadze%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sidamonidze%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rivard%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hepburn%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nikolich%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Imnadze%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trapaidze%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28107444
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5249056/
http://biology.kenyon.edu/BMB/Chime/catalase/frames/cattx.htm
http://biology.kenyon.edu/BMB/Chime/catalase/frames/cattx.htm
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Souza%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loch-Neckel%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flesch%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maris%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Figueiredo%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Figueiredo%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dos%20Santos%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farina%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dafre%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=21440059
https://www.ncbi.nlm.nih.gov/pubmed/21440059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Isobe%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16503295
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inoue%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16503295
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takamatsu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16503295
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16503295
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wakao%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16503295
https://www.ncbi.nlm.nih.gov/pubmed/16503295
https://www.ncbi.nlm.nih.gov/pubmed/16503295


Al-Anbar J. Vet. Sci., Vol.: 10 No. (2), 2017                                 ISSN: 1999-6527 
 

48 

13. Cade, C. E.; Dlouhy, A. C.; Medzihradszky, K. F.; Salas-Castillo, S. P. & Ghiladi, 

R. A. (2010). Isoniazid-resistance conferring mutations in Mycobacterium 

tuberculosis KatG: catalase, peroxidase, and INH-NADH adduct formation 

activities. Protein Sci., 19(3):458-474. 

14. Master, Sh.; Zahrt, Th. C.; Song, J. & Deretic, V. (2001). Mapping 

of Mycobacterium tuberculosis katG Promoters and Their Differential 

Expression in Infected Macrophages. J. Bacteriol., 183 (13): 4033- 4039. 

15. Gee, J. M.; Kovach, M. E.; Grippe, V. K.; Hagius, S.; Walker, J. V.; Elzer, P. H. & 

Roop, R. M. (2004). Role of catalase in the virulence of Brucella melitensis 

in pregnant goats. Vet. Microbiol.,102(1-2):111-115. 

16. Raffetseder, J.; Pienaar, E.; Blomgran, R.; Eklund, D.; Patcha Brodin, 

V.; Andersson, H.; Welin, A. & Lerm, M. (2014). Replication rates of 

Mycobacterium tuberculosis in human macrophages do not correlate with 

mycobacterial antibiotic susceptibility. PLoS One., 9(11):e112426. 

17. Pym, A. S.; Saint-Joanis, B. & Cole, S. T. (2002). Effect of katG mutations on the 

virulence of Mycobacterium tuberculosis and the implication for 

transmission in humans. Infect. Immun., 70(9): 4955-4960. 

18. Rosas Olvera, M.; Vivès, E.; Molle, V.; Blanc-Potard, A. B. & Gannoun-Zaki, L. 

(2017). Endogenous and exogenous KdpF Peptide increases susceptibility of 

Mycobacterium bovis BCG to nitrosative stress and reduces 

intramacrophage replication. Front Cell Infect. Microbiol., 7 (115): 1- 12. 

19. Sha, Z.; Stabel, T. J. & Mayfield, J. E. (1994). Brucella abortus catalase is a 

periplasmic protein lacking a standard signal sequence. J. Bacteriol., 176 

(23): 7375-7377. 

20. Gu, W.; Wang, X.; Qiu, H.; Cui, B.; Zhao, Sh.; Zheng, H.; Xiao, Y.; Liang, J.; 

Duan, R. & Jing, H. (2013). Comparison of Cytokine Immune Responses 

to Brucella abortus and Yersinia enterocolitica Serotype O:9 Infections in 

BALB/c Mice. Infect. Immun., 81 (12): 4392- 4398. 

21. Yuniarti, W. M.; Handijatno, D.; Sabdoningrum, E. K. & Tyasningsih, W. (2017). 

Detection of OMP31 Gene Encoding Brucella Suis’s Local Isolates OMP 

31kDa Protein with Polymerase Chain Reaction. J. Appl. Environ. Biol. 

Sci., 7 (1): 49- 52. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cade%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=20054829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dlouhy%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=20054829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Medzihradszky%20KF%5BAuthor%5D&cauthor=true&cauthor_uid=20054829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salas-Castillo%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=20054829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghiladi%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=20054829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghiladi%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=20054829
https://www.ncbi.nlm.nih.gov/pubmed/20054829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gee%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15288933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kovach%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15288933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grippe%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=15288933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hagius%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15288933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20JV%5BAuthor%5D&cauthor=true&cauthor_uid=15288933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elzer%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=15288933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roop%20RM%202nd%5BAuthor%5D&cauthor=true&cauthor_uid=15288933
https://www.ncbi.nlm.nih.gov/pubmed/15288933
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raffetseder%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pienaar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blomgran%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eklund%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patcha%20Brodin%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patcha%20Brodin%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersson%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Welin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lerm%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25386849
https://www.ncbi.nlm.nih.gov/pubmed/25386849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pym%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=12183541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saint-Joanis%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12183541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cole%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=12183541
https://www.ncbi.nlm.nih.gov/pubmed/12183541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosas%20Olvera%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28428950
https://www.ncbi.nlm.nih.gov/pubmed/?term=Viv%C3%A8s%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28428950
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molle%20V%5BAuthor%5D&cauthor=true&cauthor_uid=28428950
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blanc-Potard%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=28428950
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gannoun-Zaki%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28428950
https://www.ncbi.nlm.nih.gov/pubmed/28428950

