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ABSTRACT 
Acne vulgaris is a chronic skin disease that affects the hair 

follicle and sebaceous glands. Staphylococcus aureus colonizes 

human skin and causes infections ranging from local skin 

infections to systemic infections that may threaten human life 

due to its ability to produce many virulence factors and 

antibiotic resistance. The objective of this study is to measure 

the genetic expression of Geh gene responsible for producing 

the lipase enzyme  from S.  aureus isolated from acne patients. 

This study was conducted by collecting 130 swabs from acne 

patients at Tikrit Teaching Hospital. Using routine bacterial 

isolation and identification methods, 50 samples (38.4%) of the 

total samples were identified as S. aureus through its ability to 

grow in mannitol salt agar medium, the fermentation of 

mannitol sugar, and the change of the medium color to yellow. 

The Geh gene expression of ten S. aureus isolates from acne 

patients was examined using RT-PCR. The results showed that 

Geh gene was expressed in all isolates, with an expression 

ranging from 1.5 to 7.2, and that the mean folding of the Geh 

gene for ten samples was 4.2. This indicates the presence of 

high gene expression of the Geh gene in S. aureus isolates. 

Therefore, it is concluded that Lipase enzyme plays an 

important role in the pathogenesis of S. aureus in acne patients.   
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لجين   الجيني  التعبير  من    Gehتقييم  المعزولة  الذهبية  العنقودية  المكورات  بكتيريا  في 

 مرضى حب الشباب 

 

 محمد حسين علي، وقاص سعدي محمود 

 

 قسم علوم حياة، كلية العلوم، جامعة تكريت، تكريت، العراق  

 

 الملخص

حب الشباب الشائع هو مرض جلدي مزمن يؤثر على بصيلات الشعر والغدد الدهنية. تستعمر المكورات العنقودية الذهبية جلد الإنسان  

ية التي قد تهدد حياة الإنسان، بسبب قدرته على إنتاج  وتسبب التهابات تتراوح من الالتهابات الجلدية الموضعية إلى الالتهابات الجهاز 

المسؤول عن انتاج انزيم    Gehالدراسة الى قياس التعبير الجيني لجين  هدفت    العديد من عوامل الضراوة ومقاومة المضادات الحياتية. 

الذهبية العنقودية  المكورات  الشباب. اللايبيز في بكتريا  مسحة من مرضى حب الشباب في    130جمعت    المعزولة من مرضى حب 

التعليمي.  تكريت  تشخيص    مستشفى  تم  الروتينية  الطرق  وبنسبة    50باستخدام  من  38.4عينة  ذهبية  عنقودية  مكورات  كبكتريا   %

وسط في  النمو  على  قدرتها  خلال  من  العزلات.  التشخيص   mannitol salt agarمجموع  تأكيد  وتم  المانيتول،  سكر  وتخمر   ،

لجين  بالف الجيني  التعبير  تم فحص  الكيموحيوية.  من    Gehحوصات  المعزولة  الذهبية  العنقودية  المكورات  بكتريا  من  لعشر عزلات 

  1.5جميع العزلات وبمدى تعبير من   كانت معبرة في Geh . أظهرت النتائج ان جين  RT-PCRمرضى حب الشباب باستخدام تقنية  

في    Gehتعبير جيني عالي لجين  وهذا يدل على وجود  4.2, لنسبة لعشر عينات كانت  با  Gehلجين    mean foldingوان    7.2الى  

  عزلات المكورات العنقودية الذهبية . لذلك نستنج ان انزيم اللابيبز يلعب دور مهم في امراضية بكتريا المكورات العنقودية الذهبية لدى

 مرضى حب الشباب. 

Introduction    

Acne is a common chronic inflammatory skin 

disease of the pilosebaceous unit and involves 

internal and environmental factors such as 

androgen-induced sebum overproduction, ductal 

hyperkeratosis, and changes in the skin 

microbial environment [1]. S. aureus and 

Propionibacterium acne are the main causes of 

infections [2]. S. aureus are characterized by 

being Gram-positive bacteria with a spherical 

shape arranged in the shape of grape clusters, 

and are considered one of the most widespread 

microbes in the human body [3]. Cross-sectional 

research indicates that about 43% of people with 

acne carry S. aureus [4]. S. aureus produces 

multiple enzymes during infection, These 

enzymes enable it to invade and destroy host 

tissues as well as spread to other sites within the 

host. Lipase is one of these enzymes and is 

related to the virulence of S. aureus [5]. About 

80% of clinical isolates of S. aureus isolated 

from pathological conditions such as impetigo, 

furunculosis, osteomyelitis, bacteremia, and 

peritonitis have lipolytic activity, and isolates 

from cases of widespread or deep infection have 

more lipolytic activity than those found in cases 

of local or superficial infections [6]. Most strains 

of S. aureus contain two types of lipase enzyme, 

Sal1 and Geh (Sal2), in addition to a putative 

esterase SAUSA300-0641. The enzymatic 

activity was clearly described for both Geh and 

https://doi.org/10.25130/tjps.v29i5.1668
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Sal1. Geh analyzes long and short-chain 

triglycerides, and the optimum pH for this 

enzyme to work is 8.0 [7]. Sal1 analyzes short-

chain triglycerides, and the optimum pH for the 

work of this enzyme is 6.0 [8]. Both Geh and 

Sal1 show high degree of similarity, especially 

in the mature lipase portion, and are organized as 

pre-pro-enzymes [9]. A study was conducted to 

find out how S. aureus lipase interacts with the 

host immune system and weakens the process of 

innate immune recognition of the microbe. It 

was found that the Geh type of lipase enzyme 

prevents the process of activation of innate cells 

in culture. It was also found that a mutation in 

Geh gene leads to stimulating the production of 

proinflammatory cytokines during infection, an 

increase in innate immune activity, as well as an 

improvement in the process of removing bacteria 

from infected tissues [10]. In addition, recent 

studies have revealed the ability of Geh gene to 

hydrolyze host lipids and liberate free fatty 

acids, then use them in the synthesis of 

phospholipids for bacterial membranes [11]. 

Lipases produced by S. aureus have been shown 

to impair host granulocyte function, and enhance 

bacterial survival during host defense by 

inactivating bactericidal lipids [5].  

Materials and Methods 

Isolation and Identification 

One hundred and thirty swab samples were 

collected from acne patients from July 2023 to 

December 2023 at Tikrit Teaching Hospital in 

the city of Tikrit, using sterile transport swabs. 

Bacterial isolates were grown on blood agar 

medium using the streaking method and 

incubated at 37°C for 24 hours. After that, lysis 

was observed in the dish, where the appearance 

of transparent areas around the colonies 

indicates the positive result and the ability of the 

bacteria to analyze the blood. Depending on the 

type of lysis, the appearance of a transparent, 

colorless area around the colonies is known as 

beta hemolysis, or the appearance of a green belt 

around the colonies, known as alpha hemolysis, 

either In the case of a negative result, no 

transparent area appears around the colonies and 

is known as gama hemolysis [13]. Bacterial 

isolates were grown on Mannitol salt agar 

medium. The color change of the medium from 

red to yellow indicates a positive result and 

fermentation of the mannitol sugar. MSA is 

considered a diagnostic and differential medium 

for isolating Staph. Aureus [14].         

Microscopic and Morphological Features 

Gram stain was exploited to identify S. aureus 

isolates that appeared as Gram-positive cocci 

with an arrangement resembling grape-like 

clusters [15].  

Biochemical Test  

Catalase Test 

This test was performed by transferring a pure 

colony, 18-24 hours old, grown on nutrient agar 

medium using a sterilized wooden stick to a 

clean glass slide, then adding a drop of hydrogen 

peroxide reagent at a concentration of 3%. The 

appearance of air bubbles is evidence of the 

bacteria’s ability to produce the catalase enzyme 

and is evidence of a positive result.  

 Coagulase Test  

This test was performed by adding 0.5 milliliters 

of liquid bacterial culture that had been 

previously grown at 37°C for 24 hours to clean 

https://doi.org/10.25130/tjps.v29i5.1668
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and sterile test tubes containing 0.5 milliliters of 

blood plasma. The tubes were incubated at 37 

degrees for (2-4) hours. Plasma coagulation was 

observed in the tubes, and the formation of a clot 

or clot is evidence of a positive result.  

Gene Expression  

Gene expression was measured using the Two 

Step PCR method. Initially, RNA was converted 

to cDNA using RT PCR Master Mix. The 

polymerase chain reaction was then performed 

using SYBR qPCR master mix in a separate 

tube. The relative quantitative method was used 

to measure the amount of gene expression, 

where the gene expression of the sample was 

measured based on a reference sample known as 

the control. 

The gene expression of the Geh gene, which is 

responsible for producing lipase enzyme, was 

measured for 10 samples isolated from acne 

patients representing target samples and 3 

samples isolated from the skin of healthy people 

representing control samples.  

The expression value in both samples was 

measured by comparing the CT results for each 

isolate with the CT results for the reference 

gene. The 16sRNA gene was used as a reference 

gene for the Geh gene, as shown in Table (1). 

 

Table 1: Primers used for real time PCR. 

reference Size bp Primer sequence 5′→3′ Primers 

designed for this study 
113 

CCACGCTGCAGATGAATTAG Geh F 

CCCATTGAGACAAACCGAAG Geh  R 

21 191 
GGGACCCGCACAAGCGGTGG 16S rRNA  F 

GGGTTGCGCTCGTTGCGGGA 16S rRNA  R 

 

RNA Extraction  

To extract RNA from S. aurues isolates, pure 

bacterial isolates growing on nutrient broth 

medium were transferred to 1.5 ml centrifuge 

tubes (Eppendorf tubes). Then, the tubes were 

centrifuged at 13,000 rpm for two minutes. The 

supernatant were discarded, and RNA remains in 

a sediment at the bottom [16]. RNA were then 

extracted following manufacturer instructions. 

(TransZol Up Plus RNA Kit, TransGen 

Biotech/China)  

 Complementary DNA (cDNA) Synthesis 

cDNA is manufactured from RNA using RT 

master mix, where 10 μl of the extracted RNA 

from each sample is added in PCR Eppendorf 

tubes. The tubes are incubated in a thermal 

cycler for 25 minutes, after which the 

temperature in the device is set to 85c for 5 

seconds in order to Reverse Transcriptase 

inactivation. The manufactured cDNA is either 

used directly or stored at -20 degrees for later 

use.       

RT-qPCR 

The RT-PCR reaction was performed using 2x 

UltraSYBR Mixtur (WithLow ROX) 

manufactured by MEBEP TECH BIOSCIENCE 

company. The reaction mixture for RT-PCR was 

prepared as shown in the table (2).  

 

https://doi.org/10.25130/tjps.v29i5.1668
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Table 2: Components of the RT-PCR reaction 

used in gene expression for each gene 

Volume Component 

12μl UltraSYBR Mixture (WithLow ROX) 

0.5μl Forward Primer 

o.5μl Reverse Primer 

2μl cDNA Template 

up to 25μl Nuclease-free water 

 

The thermal cycling steps were then 

programmed as shown in the table (3). 
 

Table 3: RT-PCR Cycling Program 

Cycles Duration or 

time 

Temperature 

°C 

Step 

1 10 min 95°C Pre- 

denaturation 

 

40 

 

15 sec 95°C Denaturation 

30 sec 60°C Annealing 

30 sec 72°C extension 

 

 Analysis of Gene Expression  

The Livak method was used to measure the gene 

expression value by using the following 

equation: 

ΔCt(control)= Ct(control gene) – Ct(refrence gene)  

Δct(target)= Ct(target gene) – Ct(refrence gene) 

ΔΔCt = ΔCt(targ) - ΔCt(con.) 

Fold= 2-ΔΔCt .  

 

Result and Discussion 

Samples Collection and Isolation 

A number of 130 swabs were obtained from 

acne cases at Tikrit Teaching Hospital in the city 

of Tikrit. S. aureus isolates were identified 

phenotypically through their growth on MSA 

medium, their ability to ferment mannitol sugar 

and turn the color of the medium to yellow. A 

number of 50 samples were identified, and 38% 

of the isolates belonged to S. aureus. Also, 50 

swabs were collected from healthy people who 

did not suffer from acne, 10 samples (20%) of 

the total samples were identified as S. aureus 

through its ability to grow in MSA medium, the 

fermentation of mannitol sugar, and the change 

of the medium color to yellow. 

Identification of Culture Characteristics 

The results of culture on blood agar medium 

showed that the S. aureus were beta hemolysis 

through their ability to completely decompose 

red blood cells and the appearance of a 

transparent halo around the colonies, as shown 

in figure1B.        

The results of cultivation on mannitol medium 

also showed a change in the color of the medium 

from red to yellow due to the ability of bacteria 

to ferment mannitol sugar as shown in the 

figure1A.  

Microscopic Features 

The results of microscopic examination showed 

the presence of bacterial cells in the form of 

gram-positive cocci with an arrangement mostly 

grape-like clusters, as shown in the figure 1C.
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Fig. 1: (A) S. aureus on mannitol salt agar. (B): hemolysis by S. aureus on blood agar (C) S. 

aureus visualization under microscope 
 

Biochemical Tests 

The positive result of the Catalase test showed 

the formation of air bubbles on the slide, as 

shown in the figure2B, while the positive result 

of the Coagulase test showed the plasma 

coagulating in the tube and forming a clot as 

shown in the figure2A. 

 

 

Fig. 2: (A) Coagulase test (B) Catalase Test 

 

Quantitative Gene Expression Results 

 The results showed that the Geh gene was 

expressed in all isolates, with an expression 

range between 1.5 and 7.2, and that the mean 

folding of the Geh gene for ten samples was 4.2, 

as shown in Table 4.  
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Table 4: the values of Folding change for Geh gene 

Folding ∆∆ct ∆ct Ct(16SRNA) Ct(Geh gene) Samples 

1.824 -0.867 16.124 14.653 30.777 S1 

1.545 -0.628 16.363 13.252 29.615 S2 

3.420 -1.774 15.217 16.605 31.822 S3 

3.779 -1.918 15.073 16.491 31.564 S4 

7.280 -2.864 14.127 17.917 32.044 S5 

4.451 -2.154 14.837 16.072 30.909 S6 

6.029 -2.592 14.399 16.888 31.287 S7 

3.869 -1.952 15.039 16.546 31.585 S8 

6.130 -2.616 14.375 17.561 31.936 S9 

4.275 -2.096 14.895 16.258 31.153 S10 

4.260 1.982 18.973 15.666 34.639 Control 1 

Mean Geh -1.046 15.945 18.324 34.269 Control 2 

 -0.936 16.055 16.182 32.237 Control 3 

1 0 16.991    

control  mean    

 

This indicates an increase in Geh gene 

expression in S. aureus isolates that isolated 

from acne patients. This is due to the presence of 

bacteria in an area rich in fatty materials. S. 

aureus produce lipase enzyme to break down 

these materials to obtain their nutritional 

requirements. S. aureus may use them as a 

mechanism to evade the immune system, thus 

helping bacteria to colonize in this area and 

increasing their pathogenicity.  

 

Fig. 3: Fold change of Geh gene in s. aureus 

The increase in the gene expression of geh gene 

of S. aureus isolated from acne results from the 

skin containing Sebocytes, which are specialized 

in producing sebum in the hair follicles [17]. 

Therefore, S. aureus produces lipase which 

breaks down host fats into free fatty acids to gain 

nutrients, that consequently enhance the 

bacterial colonization process and the possibility 

of disease occurring [10]. S. aureus is an 

opportunistic pathogen that uses lipase for 

colonization and infection [18]. Clinical data 

indicate that lipase may contribute to spread and 

infection of S. aureus by circumventing host 

innate immunity via inactivation of bactericidal 

lipids and may interfere with the phagocytosis 

process as well as chemotaxis of granulocytes 

[19].  Lipase enzyme is one of the proteins that 

https://doi.org/10.25130/tjps.v29i5.1668
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contribute to the virulence of S. aureus bacteria 

[20]. 

Although the main role of lipase enzyme is to 

hydrolyze glycerol esters, lipase secreted by S. 

aureus and exposed to the surface has been 

described as an invasive factor for the host, thus 

facilitating the pathogenesis of the disease .  

 

Conclusions  

The results of the study showed that there is a 

high gene expression of the Geh gene 

responsible for producing the lipase enzyme in 

S. aureus isolated from acne patients due to the 

nature of the lipid-rich environment in the skin. 

The bacteria use this enzyme to obtain nutrients 

and inhibit the innate immune response. 

References 

[1] Lichtenberger, R., Simpson, M. A., Smith, 

C., Barker, J., & Navarini, A. A. (2017). 

Genetic architecture of acne 

vulgaris. Journal of the European Academy 

of Dermatology and Venereology, 31(12), 

1978-1990. 

https://doi.org/10.1111/jdv.14385 

[2] Ramadani, A. H., Karima, R., & Ningrum, R. 

S. (2022). Antibacterial activity of 

pineapple peel (Ananas comosus) eco-

enzyme against acne bacterias 

(Staphylococcus aureus and 

propionibacterium acnes). Indonesian 

Journal of Chemical Research, 9(3), 201-

207.  https://doi.org/10.30598//ijcr.2022.9-

nin          

[3] Masalha M, Borovok I, Schreiber R, 

Aharonowitz Y, Cohen G (December 2001). 

"Analysis of transcription of the 

Staphylococcus aureus aerobics class Ib and 

anaerobic class III ribonucleotide reductase 

genes in response to oxygen" Journal of 

Bacteriology. 183 (24): 7260–72  

https://doi.org/10.1128/jb.183.24.7260727

2.2001 

[4] Cheung, G. Y. C., Bae, J. S., & Otto, M. 

(2021). Pathogenicity and virulence 

of Staphylococcus aureus. Virulence, 12(1), 

547–569. 

https://doi.org/10.1080/21505594.2021.187

8688 

[5] Hu, C., Xiong, N., Zhang, Y., Rayner, S., & 

Chen, S. (2012). Functional characterization 

of lipase in the pathogenesis of 

Staphylococcus aureus. Biochemical and 

biophysical research communications, 

419(4),617-620. 

https://doi.org/10.1016/j.bbrc.2012.02.057 

[6] Chen, X., & Alonzo III, F. (2019). Bacterial 

lipolysis of immune-activating ligands 

promotes evasion of innate defenses. 

Proceedings of the National Academy of 

Sciences, 116(9), 3764-3773. 

https://doi.org/10.1073/pnas.1817248116  

[7] Cadieux, B., Vijayakumaran, V., Bernards, 

M. A., McGavin, M. J., & Heinrichs, D. E. 

(2014). Role of lipase from community-

associated methicillin - resistant 

Staphylococcus aureus strain USA300 in 

hydrolyzing triglycerides into growth-

inhibitory free fatty acids. Journal of 

bacteriology, 196(23),4044-4056. 

https://doi.org/10.1128/jb.02044-14 

https://doi.org/10.25130/tjps.v29i5.1668
https://doi.org/10.1111/jdv.14385
https://doi.org/10.30598/ijcr.2022.9-nin
https://doi.org/10.30598/ijcr.2022.9-nin
https://doi.org/10.1128/jb.183.24.72607272.2001
https://doi.org/10.1128/jb.183.24.72607272.2001
https://doi.org/10.1080/21505594.2021.1878688
https://doi.org/10.1080/21505594.2021.1878688
https://doi.org/10.1016/j.bbrc.2012.02.057
https://doi.org/10.1073/pnas.1817248116
https://doi.org/10.1128/jb.02044-14


  

 

  

Tikrit Journal of Pure Science Vol. 29 (5) 2024 

https://doi.org/10.25130/tjps.v29i5.1668    
 

38 

[8] Nowicka, D., & Grywalska, E. (2019). 

Staphylococcus aureus and host immunity 

in recurrent furunculosis.  Dermatology, 

235(4),295-305. 

https://doi.org/10.1159/000499184  

[9] Felipe, V., Morgante, C. A., Somale, P. S., 

Varroni, F., Zingaretti, M. L., Bachetti, R. 

A., ... & Porporatto, C. (2017). Evaluation 

of the biofilm forming ability and its 

associated genes in Staphylococcus species 

isolates from bovine mastitis in Argentinean 

dairy farms. Microbial pathogenesis, 104, 

278-286. 

https://doi.org/10.1016/j.micpath.2017.01.0

47   

[10] Delekta, P. C., Shook, J. C., Lydic, T. A., 

Mulks, M. H., & Hammer, N. D. (2018). 

Staphylococcus aureus utilizes host-derived 

lipoprotein particles as sources of fatty 

acids. Journal of bacteriology, 200(11), 10-

1128.  https://doi.org/10.1128/jb.00728-17 

[11] AL-Juhaishy, M. G., & Husain, A. A. 

(2019). Optimization of L-Glutaminase 

Enzyme Production by Staphylococcus 

Aureus Clinical Samples. Indian Journal of 

Public Health Research & Development, 

10(8).  10.5958/0976-5506.2019.02224.1 

[12] Ahmad, M. F. and Abas, H. M. 2014. Effect 

of some amino acids on biofilm for 

Staphylococcus aureus. Diyala Agricultural 

Sciences Journal, 6(2):27-38. 

http://148.72.244.84:8080/xmlui/handle/xml

ui/9819 

[13] Smyth, R. W., & Kahlmeter, G. (2005). 

Mannitol salt agar-cefoxitin combination as 

a screening medium for methicillin-resistant 

Staphylococcus aureus. Journal of clinical 

microbiology, 43(8),3797-3799. 

https://doi.org/10.1128/jcm.43.8.3797-

3799.2005  

[14] Munson, E., Block, T., Basile, J., Hryciuk, 

J. E., & Schell, R. F. (2007). Mechanisms to 

assess Gram stain interpretation proficiency 

of technologists at satellite 

laboratories. Journal of clinical 

microbiology, 45(11),3754-3758  

https://doi.org/10.1128/jcm.01632-07 

[15] Becker, P., Hufnagle, W., Peters, G. and 

Herrmann, M. 2001. Detection of 

differential gene expression in biofilm-

forming versus planktonic populations of 

Staphylococcus aureus using micro-

representational-difference analysis. Appl. 

Environ. Microbiol., 67(7): 2958-2965. 

https://doi.org/10.1128/AEM.67.7.2958-

2965.2001 

[16]   Schneider, M. R., & Paus, R. (2010). 

Sebocytes, multifaceted epithelial cells: 

lipid production and holocrine secretion. 

The international journal of biochemistry & 

cell biology, 42(2),181-185 

https://doi.org/10.1016/j.biocel.2009.11.017 

[17] Gundogan, N., & Ataol, O. (2013). Biofilm, 

protease and lipase properties and antibiotic 

resistance profiles of staphylococci isolated 

from various foods. African Journal of 

Microbiology Research, 7(28), 3582-3588. 

DOI: 10.5897/AJMR2012.2316  

[18] Rollof, J., Braconier, J. H., Söderström, C., 

& Nilsson-Ehle, P. (1988). Interference of 

Staphylococcus aureus lipase with human 

granulocyte function. European Journal of 

https://doi.org/10.25130/tjps.v29i5.1668
https://doi.org/10.1159/000499184
https://doi.org/10.1016/j.micpath.2017.01.047
https://doi.org/10.1016/j.micpath.2017.01.047
https://doi.org/10.1128/jb.00728-17
http://148.72.244.84:8080/xmlui/handle/xmlui/9819
http://148.72.244.84:8080/xmlui/handle/xmlui/9819
https://doi.org/10.1128/jcm.43.8.3797-3799.2005
https://doi.org/10.1128/jcm.43.8.3797-3799.2005
https://doi.org/10.1128/jcm.01632-07
https://doi.org/10.1128/AEM.67.7.2958-2965.2001
https://doi.org/10.1128/AEM.67.7.2958-2965.2001
https://doi.org/10.1016/j.biocel.2009.11.017


  

 

  

Tikrit Journal of Pure Science Vol. 29 (5) 2024 

https://doi.org/10.25130/tjps.v29i5.1668    
 

39 

Clinical Microbiology and Infectious 

Diseases, 7,505-510 

https://doi.org/10.1007/BF01962601  

[19] Rosenstein, R., & Götz, F. (2000). 

Staphylococcal lipases: biochemical and 

molecular characterization. Biochimie, 

82(11),1005-1014 

https://doi.org/10.1016/S0300-

9084(00)01180-9. 

[20] Atshan, S. S., Shamsudin, M. N., 

Karunanidhi, A., van Belkum, A., Lung, L. 

T. T., Sekawi, Z., ... & Hamat, R. A. (2013). 

Quantitative PCR analysis of genes 

expressed during biofilm development of 

methicillin resistant Staphylococcus aureus 

(MRSA). Infection, genetics and evolution, 

18,106-112. 

https://doi.org/10.1016/j.meegid.2013.05.00

2 

 

https://doi.org/10.25130/tjps.v29i5.1668
https://doi.org/10.1007/BF01962601
https://doi.org/10.1016/S0300-9084(00)01180-9
https://doi.org/10.1016/S0300-9084(00)01180-9
https://doi.org/10.1016/j.meegid.2013.05.002
https://doi.org/10.1016/j.meegid.2013.05.002

