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The Plasmid Differences in Multi-Drug Resistant Opportunistic Pathogenic Soil Strains of 
Pseudomonas and Stenotrophomonas 

 

Bella Babayan 

Scientific & Production Center “Armbiotechnology”, National Academy of Sciences, Republic of Armenia, 

National Polytechnic University of Armenia, faculty of Chemical Technologies and Environmental Engineering 

 

Abstract  

The antibiotic resistance and especially mult-idrug resistance is one of the most important factors for any 
microorganism survival in nature. In a majority of cases the resistance to antibiotics, as a property is being 
defined by several genes which are localized in plasmids, transposons and in other mobile genetical elements. 
As a result, it has been found out that in some native opportunistic pathogenic soil strains of Pseudomonas and 
Stenotrophomonas, the resistance to different antibiotics is caused by simultaneous presence of different 
plasmids in cells. Besides, the genes of resistance to various classes of antibiotics of I, II, III generations. They 
can be localized on one plasmid or in more than one plasmids of current bacterial cell. These plasmids of 
researched strains of Pseudomonas and Stenotrophomonas are able to stabile replication not only in cells 
permanently contacting with compatible antibiotic molecules in environment, but also in case of long-term 
cultivation of bacteria on synthetic media without any antibiotic. The antibiotic resistance of researched 
Pseudomonas and Stenotrophomonas strains, which is caused by mobile genetical elements, can be transferred 
among the microorganisms both in frames of one species and in interspecific and intergeneric gene transfer 
processes. The plasmids with the presence of genes of resistance to different antibiotics can be transferred to 
different microorganisms independently, with the forming of new resistant strains, which are differing in 
resistance to natural antimicrobial organic acidcs as well as their synthetic derivatives and it has a significant 
ecological and medical importance.  

Keywords: Pseudomonas, Plasmids, antibiotics, multi-drug resistance. 

 

Introduction 

The antibiotic resistance has an invaluable importance for microbe survival in both nature and clinic under the impact of 
antibiotics and other effects of anthropogenic influence. The genes of resistance can be localized in both nucleoid (bacterial 
chromosome) and plasmids or other mobile genetic elements [1]. The presence of them increases adaptivity and the 
survival probability of microbe in terms of changing conditions of environment. In case of plasmid genes of resistance, this 
property can be transferred among the microbes by the intraspecific horizontal gene transfer, which can result in formation 
of new antibiotic resistant strains [2, 3].Different representatives of Pseudomonas and Stenotrophomonas are characterized 
by extremely high level of adaptivity and the presence of various systems of resistance to different classes of antibiotics 
and other toxic natural and synthetic compounds [4, 5]. They include many multi-drug resistant soil strains which are able 
to be involved in various ecosystems and forming a quorums, phytopahogenic strains, as well as strains which are 
opportunistic pathogens of human and animals. They differ by the plasmids and their genes content. The plasmids of 
Pseudomonas can carry the genes of antibiotics modification, efflux system and toxic xenobiotics degradation, up to 
biodegradation of different cyclic and aliphatic hydrocarbons, toluene derivatives and various wastes of oil production [6-
11].  

The mentioned above properties can be transferred from one bacteria to other during the process of horizontal gene 
transfer. And it can become a cause of uncontrolled spread of antibiotic resistance from natural non-pathogenic and 
conditionally pathogenic bacteria to pathogenic microorganisms in clinics. That is why the research of their genetic 
mechanisms is very actual in ecological and medial aspects. The main aim of this research was a comparison of genetic 
mechanisms, which are encoding the properties of multi-drug resistance in different native soil strains of Pseudomonas 
and Stenotrophomonas. Besides, the researched strains and obtained transtformants were compared by their resistance 
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to newly synthesized derivatives of tartaric acid, which were elaborated and tested in our laboratory, based on literature 
data about antimicrobial activity of tartaric acid and the derivatives of it [12-14].  

Materials and Methods 

Cultivation of Cultures 

In current research there were used the strains from The National Culture Collection of Microorganisms of the Microbial 
Depository Center of "Armbiotechnology" Scientific and Production Center National Academy of Sciences, Republic of 
Armenia: Pseudomonas aeruginosa, Stenotrophomonas maltophilia (S. maltophilia or former P. maltophilia), P. 
chlororaphis (subsp. Chlororaphis, subsp. Aurantiaca, subsp. Aureofaciens),  P. taetrolens, P. putida, P. fluorescens and 
P. geniculata. There were cultivated on liquid and solid agarised media at 37˚C [15].  

Atibiotic resistance test 

The resistance of all strains was tested by cultivation on agarised cultural media, cotaing 50mkg/ml compatible antibiotic. 
There were used antibiotics of different classes ad different generations: β-lactamic (Amp/ampicillin, Amx/Amoxicillin, 
Amc/Augmentin, Cfx/Cefixime and Ctx/Ceftriaxone); aminoglycoside (Kan/kanamycin, Stp/Streptomycin); fluoroquinolone 
(Cip/Ciprofloxacin); Tcn/Tetracycline, Macrolides (Azm/azithromycin); amphenicol (Cam/Chloramphenicol) produced by 
“Astoria” [16, 17].  As the control strains there were used E. coli DH5α (sensitive to all mentioned above antibiotics), E. coli 
DH5α/pUC18 (resistant to Ampiciline) and E. coli DH5α/VOG 16 (resistant to kanamycin). Antimicrobial activity of Tartaric 
acid, benzylimide and cyclohexyl amide derivatives was tested according the standard protocols in concentration 1-6% 
[18].  

Analysys of bacterial DNA 

The isolation of plasmid and total DNA was carried out by aaalkalie extraxtion method and by the method with the use of 
benzyl chloride. Then the isolated DNA was researched by 0.8-2.5% agarose gel electrophoresis [19,20]. The 
transformation of sensitive strains by the plasmid DNA of resistant strains was realized by Mandel’s method of competent 
cells with CaCl2 usage [21-24]. PCR analysis of DNA from the cells of all donor, recipient and transformant strains was 
done with the following primers: aph(3')IV, blaOXA-10, aac(6’)II, pCAT639:  As the marker it was used the standard mix of 
DNA fragments EcoRI/Hind III  [25-28].  

Results  

The resistance of more than 70 soil strains of 7 species of Pseudomonas and Stenotrophomonas to: β-lactamic antibiotics 
of different generations (Amp, Amx, Amc, Cfx, Ctx); amphenicols (Cam) and aminoglycosides (Stp, Kan) was researched. 
As a result, the strains which are mono-, multi-drug resistant and sensitive to antibiotics were detected. One part of them 
was resisrant not only to β-lactamic antibiotics, but also the growth of them couldn’t be inhibited by to clavulanic acid of 
augmentin. Then the DNA samples were isolated from all strains and the plasmid content of their cells was compared.  

The identification of resistance genes was done by PCR analysis. For the definition of resistance genes localization, the 
sensitive strains P. aeruginosa 9056 and E. coli DH5α were transformed by the plasmids from the resistant strains and then 
the transformed strains were selected on different selective media with compatible antibiotics (Table 1).  

During the experiments it was found out that for 4 strains, the resistance of transformants differed from the donor’s 
resistance. The resistance of P. aeruginosa 9056 and E. coli DH5α transformed by the same plasmids was identical. The 
correlation between transformation and PCR analysis data are presented in Table 2.  

The results of antimicrobial effect differences while tests with derivatives of tartaric acid are shown on Table 3.  

Discussion  

As it was shown above, in resistant stain P. aeruginosa 9059 two different plasmids were detected. In one of them acetyl-
Со-А-dependent aminoglycoside N-acetyltransferase gene aac (6’) II, which defined the resistance to Kan, was identified.   

The gene of chloramphenicol acetyltransferase CatB7 pCAT639 is identified in bacterial chromosome and that is why this 
property cannot be transferred, just as the resistance to Stp, which is encoded by chromosomal genes too. The second 
plasmid of this strain contains the genes of resistance to β-lactamic antibiotics. Both plasmids can transfer the resistance 
to other microorganisms by intraspecific horizontal gene transfer [29]. According to the collected data, the cells which were 
transformed by the plasmids of multi-drug resistant strain P. aeruginosa 5249, containing blaOXA10 β-lactamase gene 
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blaOXA10, pCAT639 and ATP-dependent aminoglycoside О-phosphotransferase gene aph (3’) VI, were sensitive to Stp and 
Cam. It is caused by the plasmid localization of genes blaOXA10 and aph (3’) VI and chromosomal localization of pCAT639 
[30, 31].  

In S. maltophilia 306d2 – there were detected 2 types of plasmids, which can be transferred separately. In one of them the 
gene blaOXA10, while in the second one gene aph (3’) VI are identified. Probably, the resistance to both aminoglycosides 
and β-lactams, which was detected for one type of transformants, containing this plasmid, is caused by the genes of another 
lactamase or efflux system [32]. In S. maltophilia 9289 the genes blaOXA10 and aac (6’) II were detected on different 
plasmids which could be transferred independently, while the resistance to Cam was defined by chromosomal genes.  
Accordig to data from table 3, the transformants, which were selected on aminoglycosides are more resistant. Thus 
probably, thу plasmids of these strains carry additional genes of degradation or efflux of tartaric acid and the derivatives of 
it, whike the plasmids with genes of resistance to β-lactamic antibiotics have no relation to this property.  

Conclusion 

As the result of experiments among the researched multi-drug resistant microbes, the strains with different plasmids and 
more than one plasmid simultaneously were detected. These plasmids carry different genes of resistance to β-lactams and 
aminoglycosides and are able to stable replication even after the long-term cultivation on media without antibiotics. The 
resistance to chloramphenicol in all these strains is caused by chromosomal genes. In some cases, the resistance to β-
lactams is caused by both chromosomal and plasmid genes. For 2 strains of P. aeruginosa and 2 strains of S. maltophilia 
an ability to transfer the resistance to aminoglycosides and to β-lactams independently by 2 different plasmids with 
additional genes of resistance to natural aldaric acids like tartaric acid, by the intraspecific horizontal gene transfer, was 
shown and it has a huge ecological significance for new antibiotic resistant strains formation and spread in nature. 

This work was supported by the RA MES State Committee of Science, in the frames of the research project № 18T-2I036.  
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[33]      

 Table 1. Sensitive strains transformation by plasmid DNA of resistant strains.   

(R- resistance; S- sensitivity; + the growth on media; - the absence of growth).  

Donor and the antibiotic of 
election  

Donor’s 
Resis-
tance 

Resistance of transformants  

Amp Amx Amc Cfx Ctx Kan Stp Cam 

P. aeruginosa 5249 (on β-
lactams, Cam & on 
aminoglycosides) 

 
R, AzmS 

+ + + + + + - - 

P. aeruginosa 9059 
(on β-lactams, Cam) 

 
R, StpS, 
CtxS 

+ + + + - - - - 

P. aeruginosa 9059(on Kan) - - - - - + - - 

S. maltophilia 306d2(on β-
lactams, Cam) 

 
R, CamS 

+ + + - - - - - 

S. maltophilia 306d2 (on 
aminoglycosides) 

+ + + - - + - - 

S. maltophilia 9289 (on β-
lactams, Cam) 

    
       
       R          

+  + + - - - - - 

S. maltophilia 9289 (on 
aminoglycosides) 

 -  -  -  -  - +  -   - 

   

Table 2. Correlation between PCR analysis and plasmid consistence of cells.   

(R- resistance; S- sensitivity; + the growth on media; - the absence of growth). 

Pseudomonas Resistance Plasmids PCR 

P. aeruginosa 9059 R, CtxS 2 plasmids aac (6’) II – 2,2kb 
pCAT639  - 1,4kb 

 
P. aeruginosa 5249 

 
R, AzmS 

 
1 plasmid 

blaOXA10-1,6kDa 
aph (3’) VI– 2kDa 

pCAT639-1,4kDa 
S. maltophilia 306d2 R, CamS 2 plasmids blaOXA10 - 1,6kb 

aph(3’)VI– 2kDa 
S. maltophilia 9289 R 2 plasmids blaOXA10 - 1,6kb 

aac (6’) II -  2,2kb 

 

Table 3. Antimicrobial effect of tartaric acid and the derivatives of it on obtained transformant strains of 
Pseudomonas and Stenotrophomonas, which were selected on different antibiotics. 

(Na2-TA – Disodium salt of L- tartaric acid, Na/K-TA – Sodium potassium L(+)-tartrate tetrahydrate, TA – L-Tartaric Acid, 
CHA – NH4

+-salt of Cyclohexyl amide of L-tartaric Acid, BATA – NH4
+-salt of Benzilimide of L-Tartaric Acid, С – Control 

sample on Agarised cultural media, + the growth of bacteria on media; - the absence of growth of bacteria on media). 

Strain of bacteria Testing Antimicrobial compound 

Na2-TA Na/K-TA TA BATA CHATA C 

P. aeruginosa 5249 (on β-lactams, Cam & on 
aminoglycosides) 

+ + + - - + 

P. aeruginosa 9059 
(on β-lactams, Cam) 

+ + + - + + 

P. aeruginosa 9059 (on Kan) - + - + - + 

S. maltophilia 306d2 (on β-lactams, Cam) - - + - - + 

S. maltophilia 306d2 (on aminoglycosides) - - + - - + 

S. maltophilia 9289 (on β-lactams, Cam) + + + - - + 

S. maltophilia 9289 (on aminoglycosides) + + + + + + 
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The Research of Dynamics of Immune Responsibility Indicators in Patients with Epstein–
Barr Virus (EBV) Infections 

 

T. I. Liadova 

K. V. Pavlikova 

V. N. Karazin Kharkiv National University, Kharkiv, Ukraine 

 

Abstract 

The main task of modern infectious immunology is the elucidation of immunopathogenetic mechanisms of the 
unfavourable course of the disease. The course of the infectious process caused by the viruses and the 
microorganisms factors. At the heart of the complicated flow or chronicity of the process is an ineffective immune 
response that is not able to prevent the dissemination of the virus or the complete elimination of the pathogen 
from the body, which is the cause of the formation of relapses or chronic course of the disease. In the modern 
literature, there is evidence that in patients who have suffered from infectious mononucleosis (IM), regardless 
of the severity of the disease, a secondary immunodeficiency develops, which is the cause of possible bacterial 
complications. After IM is not always observed update of the immune balance and changes in the hemogram 
staying for a long time. 

Keywords: research, dynamics, immune, responsibility, indicators, patients, epstein–barr virus, EBV, infections 

 

Introduction 

Immunological status of patients with IM has a number of features. The essence of the general pattern of changes is to 
increase the number of T- and B-lymphocytes at the MI, and in the subpopulation of T-lymphocytes, an increase in the 
number of cytotoxic cells, which makes it possible to regard the IM as a lymphoproliferative process. Increasing the level 
of T lymphocytes with suppressor activity is one of the main regulatory mechanisms for suppressing the early stages of B-
lymphocyte expression, both directly acting on them and indirectly, inhibiting the activation of T-helper cells. In turn, the 
reduction of T-helper cells leads to blockage induction of apoptosis. Consequently, with IM there is a slowdown in apoptosis 
of "exhausted" effector cells and there is no impediment to their participation in the immune response. Ultimately, with EBV 
infection, the probability of occurrence of auto-reactive, as well as malignant cell clones may appear. A number of 
researchers note from the side of the humoral link immunity increase the amount of IgA and IgM, which is characteristic of 
severe forms of MI. 

In addition, many researchers are actively studying the relationship between the severity of the course and individual 
indicators of the immune system. At the primary infection, neutralizing antibodies, antibodies of IgM and IgG antibodies to 
VCA are formed, and later to EA and NA antigens of EBV. It is believed that the mild IM is associated with an effective 
immunological defence of the T cell line of immunity and a high level of α-IFN. The severe course of the infection is due to 
insufficiency of both the cellular and humoral immunity, accompanied by low concentrations of α-IFN, the reversal of IFN 
products from α to γ-type and violation of the elimination of common CIC. 

The number of studies devoted to the study of the nature of immune disorders of laboratory manifestations of IM depending 
on the stage of the infectious process in adult patients in our country is very limited. It also needs to clarify the diagnostic 
significance of specific methods of ELISA and PCR in different stages of the infectious process. 

The aim of the study. To investigate the nature and extent of immune status disorders in patients with acute EBV infection. 

Materials and methods. To accomplish our research objectives, we examined 60 patients with IM. 

The diagnosis of IM in patients under our supervision was based on clinical, anamnestic and laboratory data. All patients 
have undergone a medium-severe form of IM. 
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The complex of patients' examination included clinical analysis of blood, detection of atypical mononuclear cells, 
determination of specific Ig to the EBV by solid-phase immunoassay, detection of the DNA of the EBV by polymerase chain 
reaction (PCR) in blood and saliva in the dynamics of the disease. In order to confirm the diagnosis, in addition to the 
general analysis of blood, a series of serological and molecular genetic studies were performed. As a screening rapid blood 
test for the presence of EBV infection, a heterophilic test in the Hoff-Bauer modification was used (Chirekskina, 1973). 

The blood lymphocyte phenotype was determined using a flow-through laser cytometry on a FACS-Calibur (USA) apparatus 
using monoclonal antibodies (Dumbaeva, 2002; Hanunova, 1999). For identification on the cells of CD3 +, CD4 +, CD8 +, 
CD16 +, СD20 +, СD25 +, СD8 + СD28 +, СD8 + СD28-, appropriate antibodies labelled with FITC were used. The 
monoclonal antibodies INFγ-RS-5, IL-4-PE, TFRβ-FITC (eVioscience, Beckman) were used to identify the TF lymphocytes 
INFγ (Th1-cells), IL-4 (Th2-cells) TFRβ1 (Th3-cells) (еВioscience, Beckman Caulter, R&D System). All stages of 
preparation of samples for laser cytofluorometry were conducted in accordance with the protocols of the manufacturer. The 
method of simple radial immunodiffusion in a gel was used to study the content of Ig classes A, M, G in serum. 

The results of the research were processed by the method of variation and correlation statistics using the program "Statistic 
10.0 for Windows". For each variation series, the average arithmetic (M), mean square deviation (σ), average error of the 
arithmetic mean (m) was calculated. Methods of parametric and nonparametric statistics were also used. Quantitative and 
qualitative analysis of intra-system and inter-system correlation connections was carried out using the method of correlation 
structures and the sequential analysis of Wald. 

Results of the research. The complex analysis of the state of the immune response, its nature and intensity, the balance 
of the subpopulations of the reactive cells, and the production of immunoregulatory molecules is of great importance in the 
study of pathogenesis and clinics of the EBV infection, which ultimately helps identify the antiviral strategy of the organism. 

The subpopulative composition of the main lymphocytes, as well as the indicators reflecting the state of the humoral immune 
response - the content of CIC and IgA, M, G was studied in the peripheral blood of patients with IM in the dynamics of the 
disease - in the period of rapid and convalescence (before discharge from the hospital). The results are shown in table 1. 

The analysis of the results of the study on the content of relative and absolute indices of the major subpopulations of 
lymphocytes revealed the heterogeneity of the content of these immunocompetent cells in the period of the onset of the 
disease. As can be seen from table 1, the subpopulation composition of lymphocytes in the group of patients with IM was 
characterized by certain qualitative and quantitative differences compared with the control group. 

Thus, during the acute period of IM in the peripheral blood of patients due to high content of leucocytes observed significant 
increase of the relative and absolute number of some subpopulations of lymphocytes compared with the data of the control 
group patients. 

Thus, in patients with IM, the increase in content [CD3+ – 87.21±3.34%; CD4+ – 47.16±1.07%; CD8+ – 44.16±3.78%; 
CD16+ – 16.61±0.6; CD20+ – 18.91±0.9%; CD8+CD28+ – 17.6±1.1%; CD25+ – 21.4±1.92%], (p<0.05) compared with 
similar parameters of the control group [CD3+ – 65.85±3.5%; CD4+ – 42.0±1.31%; CD8+ – 29.4±1.9%; CD16+ – 
14.52±0.44%; CD20+ – 13.5±0.5%; CD8+CD28+ – 14.8±0.9%; CD25+ – 16.0±1.45%] (p<0.05) was exceeded. The 
increase in Th1-cell content was also observed in probability and was 15.2±0.94% versus 11.1±1.1% (p<0.05). The values 
below the control values were CD8+CD28-, which did not differ from the control values – 5.7±0.3% (p>0.05), and the Th2-
cell content tended to decrease: 10.4±1,78 versus 12.4±1.43 (p>0.05), respectively. 

Thus, the study of the phenotypic spectrum of lymphocytes showed an increase in the content of mature T-lymphocytes 
(CD3+), cytotoxic T-suppressor cells (CD8+), cells expressing the activation marker CD25+ (receptor IL-2). The imbalance 
in the ratio Th1/Th2 (p<0.001), due to an increase in the relative content of Th1-cell Th-lymphocytes, confirms that the 
effective protection and elimination of the pathogen is formed by transforming the T-helper response toward Th1 cells. In 
addition, an increase in the number of lymphocytes that carry the receptor to IL-2 (CD25+) in the acute period is evidently 
indicative of activation of the immune system and an increase in the number of cells that respond to IL-2. 

In the period of convalescence, a probable reduction was observed only with respect to the relative content of lymphocytes 
from 57.67±2.81 to 45.65±2.32% and 5.74±0.65 to 3.6±0.38 x 109 (p<0,05), the index of CD3+ was 87.21±3.34 to 
79.21±2.29% (p<0.05). 
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Table 1. Subpopulation of lymphocytes of peripheral blood of patients with MI  

(M ± m) 

Indicator 
IM, the acute period 
(n=60) 

IM, the period of 
convalescence (n=60) 

Control 
(n=20) 

Leukocytes, (109/л) 12,7±0,8 1,2 6,77±0,36 5,37±0,18 

Lymphocytes, (%) 57,67±2,81 1,2 45,65±2,32 1 30,1±1,75 

Lymphocytes, (109/л) 5,74±0,65 1,2 3,6±0,38 1 2,55±0,18 

CD3+-cells, % 87,21±3,34 1,2 79,21±2,29 1 65,85±3,5 

CD4+ -cells, % 47,16±1,07 1 44,6±0,98  42,0±1,31 

CD8+-cells, % 44,16±3,78 1 36,6±2,7 1 29,4±1,9 

CD16+-cells, % 16,61±0,6 1 14,8±0,46 14,52±0,44 

CD20+-cells, % 18,91±0,9 1 16,11±0,6 1 13,5±0,5 

CD8+CD28+-cells, % 17,6±1,1 1 15,5±0,9 14,8±0,6 

CD8+CD28–-cells, % 5,7±0,3  5,3±0,27 5,1±0,3 

CD8+CD28+/CD8+CD28– 3,08±0,3 2,9±0,3 2,9±0,4 

СD25+-cells, % 21,40±0,92 1 19,41±0,86 1 16,0±0,65 

Th1 (INFγ), % 15,2±0,94 1 13,7±0,98 11,1±1,1 

Th2 (IL-4+), % 10,4±1,78  11,3±1,67 12,4±1,43 

Th1/Th2 1,46±0,06 1 1,21±0,07  0,89±0,09 

Notes: 1 is a probable difference with the control group (p <0.05), 2 is the probable difference with the parameters of the 
convalescence period (p <0.05).  

Other clusters of lymphocytes tended to decrease the content compared to those at the acute period of the IM (p>0.05) 
and did not differ with probability compared with the data of the convalescence period (p>0.05). It should be noted that in 
this period, the probable differences with the control data had a relative content of lymphocytes of 45.65±2.32 versus 
30.1±1.75% and 3.6±0.38 versus 2.55±0.18 x 109 (p<0.05); CD3+ levels were 79.21±2.29 versus 65.85±3.5% (p<0.05); 
CD8+ – 36.6±2.7 versus 29.4±1.9% (p<0.05); СD20+ – 16.11±0.6 versus 13.5±0.5% (p<0.05) and СD25+ – 19.41±0.86 
versus 16.0±0.65% (p<0.05). 

It should be noted that in this period the distribution of the content of the indicators according to the control data was 
characterized by diversification, which in our opinion confirms a rather slow regression of clinical symptoms in the MI and 
the existence of an imbalance in both the acute period and the period of convalescence. 

Conclusions 

1. In patients with IM in the period of the acute period of the disease, probable violations from the cellular immunity level, 
characterized by an increase in the number of cells with killer activity: mature T-lymphocytes (CD3+), cytotoxic T-suppressor 
cells (CD8+), cells expressing activation marker CD25+ (receptor IL-2) and a sharp drop in Th1/Th2. 

2. In the period of convalescence of the IM in a greater number of patients, the prevalence of the Th2-type immune response 
was detected, indicating a prolonged period of convalescence and predisposition to chronic disease. 
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Abstract 

This study aimed to evaluate the use of glycerolized bovine pericardium (GBP) compared to polypropylene mesh 
(PPM) in repairing of large abdominal wall defects in animal model, and to investigate the role of platelet rich 
fibrin (PRF) in promoting this repair. Fresh bovine pericardium collected from local abattoir were processed and 
preserved in 99.5% glycerol. PRF matrix was harvested from fresh autologous blood (10 ml) after centrifugation. 
Full-thickness, mid-ventral abdominal wall defects (6 × 10 cm) were surgically created in 36 healthy goats (9 
goats/group) and were repaired with an equal size of GBP, PPM, GBP-PRF, or PPM-PRF. Qualitative and gray 
scale quantitative ultrasonography were adopted at day 1, 1, 2, 3, 4, 8 and 12 weeks post-implantation. Three 
goats per group were slaughtered at 4, 8 and 12 weeks post-implantation for further gross, histopathological 
and tensiometric (tensile strength, load at failure and strain %) evaluations. Ultrasonography revealed significant 
(P˂ 0.05) improvement of implant gray scale, low subcutaneous edema and reduction of skin implant distance 
in PRF-augmented groups. Besides, a substantial improvement of connective tissue covering, implant 
incorporation, new blood vessels formation, and reduction of the inflammatory cells infiltrations were observed. 
Tensiometric parameters were improved in GBP-PRF group compared to the other groups. In conclusion, the 
obtained results not only proved the superiority of GBP over PPM, but also the advantage of PRF-augmented 
over non-augmented implants in treatment of large abdominal wall defects. Ultrasonographic analysis provided 
a satisfactory tool to evaluate the healing process of the abdominal wall defects.  

Keywords: Platelet Rich Fibrin, Glycerolized Bovine Pericardium, Polypropylene mesh, Hernioplasty, Hernia.  

 

Introduction 

Surgical repair of large abdominal wall defects still becomes a significant problem and a challenge for the surgeon with 
recurrence being a common outcome (1, 2). Prosthetic hernia repair is very important to overcome this problem (3).  

Polypropylene mesh (PPM) has been shown to be very suitable for the repair of large abdominal wall defects in human and 
different animals, as it is strong and with an excellent tissue incorporation (4). One of the most important drawbacks of 
polypropylene mesh is that it is associated with high rate of adhesion formation to the abdominal wall and underlying viscera 
(4). This may lead to further complications as intestinal obstruction, abdominal pain, and visceral fistulation (3 , 5). Increased 
postoperative complications associated with the use of PPM has increased the attention toward the search for safe, cheap 
and available biodegradable prosthetic material of adequate tensile strength for repairing of large abdominal wall defects 
(6).  

As a biomaterial, pericardium has been mostly used for cardio-vascular applications, such as: arterial and vascular grafts 
(7) and artificial heart valves implantation (8). It was used also, for the treatment of acquired cardiac pathologies, including 
post-infarction septal defects and reconstruction of mitral valve annulus or outflow obstruction (9). Recently, pericardium 
also used for the construction of novel bio-prostheses in non-cardiac treatments such as patches for vaginal or abdominal 
wall defects repairing, dural defects repairing or tracheoplasty (10).  



           ISBN 
9781645701347 

4th International Conference on Medicine and Natural Sciences 
Amsterdam, 26-27 April 2019 

Proceedings 
Book 

 

  
15 

Platelet Rich Fibrin (PRF) is a single fibrin membrane of immune and platelet concentrates that collects all blood 
components necessary for healing, immunity and minimizing postoperative inflammatory process (11 , 12). PRF matrix 
plays a direct role in angiogenesis as it contains 6 main angiogenesis soluble factors such as fibroblast growth factor basic 
(FGFb), vascular endothelial growth factor (VEGF), angiopoïetin and platelet-derived growth factor (PDGF) (13).  

Ultrasonographic examination is an effective tool for the diagnosis of large abdominal wall defects, identification of the 
implants and postoperative monitoring of the subcutaneous inflammatory fluid until its complete resolution (14 ,  15). 
Quantification of the ultrasonogram by histogram analysis can enhance interpretation of good quality images through using 
a high-speed digital analysis system and specialized software (16). They added that the ultrasonogram had 256 shades in 
the gray scale of the image used for quantitative assessment of the taken ultrasonograms from 0 (black / anechoic) to 255 
(white / hyperechoic).  

The objectives of this study are to evaluate the use of glycerolized bovine pericardium (GBP) compared to polypropylene 
mesh (PPM) in repairing of large abdominal wall defects in animal model, and to investigate the role of platelet rich fibrin 
(PRF) in enhancing this function. Moreover, to describe the application of ultrasonography in the diagnosis of large size 
abdominal wall defects, post-operative monitoring and quantitative gray scale histogram assessment of implanted GBP 
with and without PRF compared to PPM with and without PRF.  

Material and methods: 

Thirty-Six clinically normal and apparently healthy goats were included in this study, their ages ranged between one to 
three years and their weights ranged between 20 - 30 Kgs. These animals were purchased from different localities at 
Kalyobiya Governorate; Kept under the same circumstances, dewormed with Ivermectin 10 mg (Noromectin 1%, 
Norbrook Laboratories Limited, Northern Ireland) subcutaneously at a dose rate of 0.2 mg/kg b. w. and Albendazole 
2.5% (Albendazole 2.5%, Pharma Swede Co. for pharm. Ind., Cairo. Egypt) orally at a dose rate of 10 mg/kg b. w. They 
were housed in a comfortable soft bedded stall and received water ad libitum and balanced ration of concentrate and hay. 
All the procedures were accomplished according to the ethics for humane treatment of animal use in research guidelines 
and complied with the relevant legislation of Faculty of Veterinary Medicine, Benha University, Egypt. The animals were 
divided into four groups (Nine goats per group).  

Group 1: included animals implanted with Glycerolized Bovine Pericardium (GBP group). Group 2: included animals 
implanted with Polypropylene mesh (HEINE MESH, 30cm x 30cm, HEINE MEDIZIN GmbH., Dusseldorf, Germany) (PPM 
group). Group 3 included animals implanted with Glycerolized Bovine Pericardium with Platelet Rich Fibrin (GBP-PRF 
group). Group 4: included animals implanted with Polypropylene mesh with Platelet Rich Fibrin (PPM-PRF group).  

1. Pre-operative preparation 

The food was withheld for 24 hours prior to surgery and the surgical site was prepared aseptically as usual. Animals were 
sedated using 2% Xylazine HCl (Xylaject, Adwia Co., Cairo, Egypt) in a dose rate of (0.01 mg/Kg B. wt.) and the operation 
seat was infiltrated using 2% lidocaine HCl (Debocaine, Aldebiky Co., Cairo, Egypt). The animals were controlled in 
dorsal recumbency. 

2. Preparation of Glycerolized Bovine Pericardium (GBP) 

Bovine Pericardial patches were processed and preserved according to the method described after (17). 

3. Preparation of Platelet Rich Fibrin Matrix (PRF) 

PRF Matrix was prepared according to the method described by (18). Specimens from PRF were obtained and fixed in 10 
% buffered formal solution, stained with (H&E) stain, and examined histologically in order to detect the platelets and fibrin 
network.  

4. Operative Technique 

Full thickness, mid-ventral abdominal wall defect was created in all goats at the level of the umbilicus through 12 cm length 
paramedian skin incision made about 2-3 cm away from the mid line of the ventral abdominal wall. Skin was bluntly 
dissected away from the underlying subcutaneous tissues. The dissection was extended to expose the linea alba that was 
resected to create an artificial (6 x 10 cm) full thickness abdominal wall defect including the peritoneum. Hemostasis was 
achieved properly to control any bleeding. The prosthetic materials with suitable size proportional to the size of the defects 
were implanted using the intraperitoneal (Underlay) technique after (19). Omentalization (Omentopexy) was created 

https://en.wikipedia.org/wiki/Qalyubia_Governorate
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through grasping a part of omentum that was sutured to the peripheries of the implant. The implant was sutured in position 
using chromic cat gut size 0 by simple interrupted suture pattern. PRF was added on the surface of the implant in PPM-
PRF and GBP-PRF groups prior to skin closure. Skin incision was closed using braided silk size 1 and interrupted mattress 
suture pattern.  

5. Post-Operative Care 

Animals received an I/M course of antibiotic therapy with penicillin-streptomycin (Norbrook Laboratories Limited, 
Northern Ireland) at dose rate of 30.000 IU/Kg penicillin and 10 mg/Kg streptomycin for 5 days post operatively. Skin 
wound was daily dressed, and skin stitches were removed 14 days post operatively. 

6. Post-Operative follow up and evaluation 

The animals were kept under observation to detect any changes or complications and they were evaluated depending on 
ultrasonographic examination at day 1, 1, 2, 3, 4, 8 and 12 weeks post-implantation: Three goats from each group were 
slaughtered at 4, 8 and 12 weeks post operatively for further evaluations depending on gross pathological and 
histopathological examinations. Tensiometric evaluations were adopted at 8 and 12 weeks post operatively. 

6.1. Ultrasonographic Evaluation 

Ultrasonographic Examination was performed using a portable ultrasound machine (Eickemyer, Magic 1500, Co., Ltd, 
UK) with adjusted 5 MHz linear array transducer. The machine was set at 4.6 cm depth and 52 gain. prior to 
ultrasonographic examination. The animals were ultrasonographically examined according to (14). Quantitative 
assessment of implant gray scale (IGS), subcutaneous gray scale (SGS) and skin implant distance (SID) were achieved 
by image brightness analysis [on gray scale units from 0 (black) to 255 (white)] by using dedicated software Image J (NACL 
Co. Ltd., Tokyo, Japan) to obtain the mean gray value of the analyzed ultrasonographic image.   

6.2. Tensiometric Evaluation 

Transverse strips (4 cm width and 10 cm length) harvested from the implanted grafts after slaughtering at 8 and 12 weeks 
post operatively.  These strips included the implanted prosthetic materials and bilateral adjacent body wall. Specimens 
were collected in containers of normal saline, transported to the laboratory in icebox, and the biomechanical testing was 
done within 3 hours of samples collection. They were mounted into the grips for computer controlled mechanical testing 
using tensile strength testing apparatus (Servo Universal Testing Machine, WAW-600, Beijing Sinofound Co., Ltd, 
China). The clamps of tensometer were coated from inside by a piece of felt and tightened to avoid slipping of tissue 
specimens, then proximal and distal parts of specimens were secured on the two metal clamps of the tensometer. All 
specimens were loaded and elongated till failure at speed of 50 mm/min. Tensile strength (TS), Load at failure (LF) and 
Strain percent were recorded according to (2).  

6.3. Macroscopic Examination 

Gross evaluation of the implantation site was conducted after slaughtering of the animals at 4, 8 and 12 weeks post 
operatively post operatively. A rectangular 6 cm in width skin area was removed and the parietal surface of the implant was 
examined to detect the connective tissue covering. The implant was excised and reflected to examine the visceral surface 
to record the neovascularization, connective tissue covering and degree of adhesion.  The numerical scores of adhesions 
ranged from 0 to 4 were evaluated according to Modified Hopkins adhesion score (Table 1) performed by (20).  

6.4. Microscopic Examination 

Specimens were collected from patch grafts after slaughtering of the animals in different groups at 4, 8 and 12 weeks 
following implantation, fixed in 10% formal saline for 24 hours for preparation of paraffin sections. Thin sections of 4 microns 
thickness were cut and stained with Hematoxylin and Eosin stain (H & E) for examination through the light electric 
microscope (21).   

6.5. Statistical Analysis 

The obtained results were tabulated and expressed as Mean ± Standard Error of Means (SEM). All statistical analyses 
were conducted by using IBM-SPSS (Ver. 23). For comparison of the data of different groups at the same time points after 
surgery, the obtained data were compared using One Way Analysis of Variance (ANOVA) and post-hoc with Duncan 
multiple comparison test. For comparison of the data of the same group with the pre-surgical values, data were analyzed 
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using One Way ANOVA and post-hoc with Dunnett multiple comparison procedure. In order to compare the data of two 
time points (8 weeks versus 12 weeks), independent student t-test was conducted.  

Results 

I. Ultrasonographic Examination 

I.1. Qualitative ultrasonographic assessment 

On B-scan, the implanted materials in different groups appeared as thin white hyperechoic lines surrounded by anechoic 
area representing the acute inflammatory fluid at first day post implantation.  

In PRF augmented groups, PRF appeared as a small hypoechogenic area surrounding the implants.  

There was gradual increase in the echogenicity of the prosthetic implants during the 1st, 2nd and 3rd weeks post implantation. 
This was highly marked in PRF groups that also showed incomplete infilling of the implants with multiple hypoechogenic 
dots representing the newly formed connective tissue at 3rd week post implantation. In PPM group, the echogenicity of the 
prosthetic implants revealed incomplete infilling of the implants with few hypoechogenic dots.  

Subcutaneous fluid appeared as anechoic area surrounding the prosthetic implants in different groups at 1st week post 
implantation. It was markedly increase in GBP group, while in PPM group it was lower and in PPM-PRF and GBP-PRF 
group it was the lowest. At 2nd week post implantation, it showed increase in GBP group, while in PPM group it showed 
gradual resolution with presence of few hypoechogenic dots, but in PPM-PRF and GBP-PRF groups it showed complete 
resolution with presence of multiple hypoechogenic dots representing the newly formed connective tissue. At 3rd week post 
implantation, subcutaneous fluid showed gradual resolution in GBP group. Subcutaneous fluid showed complete resolution 
in GBP and PPM groups at 4th week post implantation.  

At 8th and 12th weeks, ultrasonographic image of subcutaneous area revealed gradual increase in the echogenicity in 
different groups that revealed presence of multiple hypoechogenic to few hyperechogenic dots in subcutaneous area in 
non-PRF groups, while in PRF groups it revealed presence of multiple hyperechogenic dots in the subcutaneous area 
surrounding the implants (Fig. 1).  

I.2.Quantitative ultrasonographic assessment 

I.2.a. Implant Gray Scale (IGS) 

The mean IGS within each group showed significant (p < 0.001) difference at different time points of the study. The recorded 
IGS means of all groups were tabulated in Table 3. Comparing between different groups verified that the mean IGS of non-
PRF groups was significant (p ˂ 0.001) higher than PRF groups at the 1st day post implantation, while that of PRF groups 
was significant (p ˂ 0.001) higher than that of non-PRF groups at 1st and 2nd weeks post implantation. At 4th and 8th weeks 
post implantation, the mean IGS of GBP-PRF group was significantly (p ˂ 0.01) higher than that of the other groups and 
still significant (p ˂ 0.001) higher than other groups at 12th week post implantation. Moreover, the mean IGS of PPM-PRF 
group was significant (p ˂ 0.01) higher than that of the other groups at 2nd week post implantation. (Table 2 & Fig. 1). 

I.2.b. Subcutaneous Gray Scale (SGS) 

The mean SGS within each group showed significant (p < 0.001) difference at different time points of the study. The 
recorded subcutaneous gray scale means (SGS) of all groups were tabulated in Table 4. Comparing between different 
groups showed that the mean SGS of GBP and GBP-PRF groups was significant (p ˂ 0.001) lower than PPM and PPM-
PRF groups at the 1st day post implantation, but it was significantly (p ˂ 0.01) higher in PRF groups than in non-PRF groups 
at 1st week post implantation. The mean SGS of PPM-PRF group was significant (p ˂ 0.001) higher than the other groups 
at 2nd, 3rd, 4th and 8th weeks post implantation. At 12th week after implantation, the mean SGS of GBP group was significantly 
(p ˂ 0.001) lower than that of the other groups (Table 3 & Fig. 1). 

I.2.c. Skin Implant Distance (SID) [mm] 

The recorded skin implant distance (SID) means of all groups were tabulated in Table 5. The mean SID of GBP and GBP-
PRF groups was significant (p ˂ 0.05) higher than that of PPM and PPM-PRF groups at the 1st day post implantation. The 
mean SID of GBP group was significant (p ˂ 0.005) higher than that of the other groups at 1st, 2nd, 3rd and 4th weeks post 
implantation. Moreover, it was still significantly (p ˂ 0.05) higher than the other groups at 12th week post implantation (Table 
4). 
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II. Tensiometric Evaluation 

The site of breakage (failure) of the tested specimens was either at the interface between implant and muscle or on the 
muscle itself at one end of the implant.  

Tensiometric characters showed changes over time points of the experiment. Comparison between different groups showed 
that the mean of both tensile strength and load at failure of GBP-PRF and PPM-PRF groups was very highly significant (p 
˂ 0.001) at 8 weeks and extreme highly significant (p ˂ 0.0001) at 12 weeks higher than that of GBP and PPM groups post 
implantation. (Tables 5 &6 and Fig. 2).  

The mean strain % showed no significant change between different groups at 8 weeks post implantation. The mean strain % 
of GBP and GBP-PRF groups tend to be significant (p = 0.065) higher than that of PPM-PRF group at the 12 weeks post 
implantation (Table 7 & Fig. 2). 

III. Macroscopic Examination 

At 4th week   post operatively, the parietal surface of different implanted materials was covered by a thin layer of fibrous 
connective tissue with good incorporation of the implants with the recipient abdominal wall. In GBP-PRF and PPM-PRF 
groups, outer thin neovascularization was observed. The connective tissue covering, and neovascularization increased 
gradually at 8th and 12th weeks post operatively and became more prominent in GBP-PRF and PPM-PRF than GBP and 
PPM groups. The borders of the implanted material at PPM group showed folding and irregularities that were absent in the 
other groups (Fig. 3).  

Macroscopic examination of the visceral surface of the implanted materials at 4th week post operatively revealed that they 
were encapsulated with fibrous connective tissue which increased gradually at 8th and 12th months post operatively and 
became more prominent in GBP-PRF and PPM-PRF than GBP and PPM groups (Fig. 4).  

The degree of adhesion was more severe in PPM group than the others, but it was the mildest in GBP-PRF group. The 
adhesion score 0 (no adhesion) was recorded only in GBP-PRF and PPM-PRF groups. Score 3 was recorded in GBP and 
PPM groups, while score 4 was recorded only in PPM group where severe matted adhesion between the PPM and the 
intestines was observed and causing unavoidable serosal damage on dissection. Scores (3) and (4) were absent only in 
PRF augmented groups (Table 8 & Fig. 5).  

IV. Microscopic Examination 

Histological examination of native unprocessed bovine pericardium revealed its intact normal structure composed of a 
single layer of simple squamous epithelium and connective tissue mainly elastin and collagen. Collagen fibers were more 
abundant, with marked organization at different levels range from fibrils to laminates and fibers. The collagen appeared red 
with clear flattened fibroblasts containing peripheral nuclei. Microscopic picture of glycerolized bovine pericardium (GBP) 
revealed absence of the epithelial layer and presence only of few necrotic nuclei with the collagen fibers that appeared red 
in color. PRF appeared histologically as dense, mature, homogenous and well-organized light pink fibrin network with 
presence of blood platelets aggregates that were discoidal, red and non-nucleated cells (Fig. 6).  

At 4th week after implantation, histological examination of GBP group showed normal intact histological structure of GBP 
formed of dense collagen fibers surrounded by few numbers of inflammatory cells infiltration. In PPM group, the 
inflammatory cells were widely scattered around mesh fibers. In PRF-augmented groups, there were focal areas of few 
numbers of inflammatory cells. The granulation tissue formation was observed in the form of newly formed loose fibrous 
tissue and few scattered round fibroblasts surrounded by thin collagen fibers. These fibers were more abundant in GBP 
group, immature in PPM group and more pronounced parallel collagen fibers with presence of fibroblastic cells appeared 
round to ovoid in shape in PRF-augmented groups.  

At 8th week, the inflammatory cells were severely reduced and observed as focal areas of few inflammatory cells in Non 
PRF-augmented groups. They were completely reduced in PRF-augmented groups. The loose connective tissue was 
gradually changed to dense fibrous connective tissue with presence of round to ovoid fibroblasts in non PRF-augmented 
groups. Wide areas of dense and parallel oriented collagen proliferations were observed with presence of multiple ovoid 
fibroblasts surrounding the collagen fibers in PRF-augmented groups. The neovascularization started to appear within the 
fibrous tissue in PRF-augmented groups.  

At 12th week, there was small focal areas of very few inflammatory cells aggregations in GBP group and they were mainly 
around mesh fibers in PPM group. The inflammatory cells were completely absent in PRF-augmented groups. Granulation 
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tissue formation was observed by presence of dense fibrous connective tissue formed mainly of collagen fibers with 
presence of spindle shape fibroblasts in non PRF-augmented groups. In PRF-augmented groups, there were fibroblastic 
cells and collagen proliferations. Collagen became denser, abundant and surrounding the multiple spindle shape fibroblasts 
that observed more elongated, with flattened nuclei. Neovascularization were observed within the fibrous tissue of non-
PRF groups. Presence of multiple newly formed blood capillaries and vessels with their characteristic endothelial lining 
within the fibrous tissue in PRF-augmented groups (Fig. 7). 

Discussion 

Processing and preservation of bovine pericardium using glycerol was an efficient method for pericardial treatment and 
decellularization. Glycerolized bovine pericardium (GBP) was superior to lyophilized (freeze-dried) bovine pericardium in 
treatment of large abdominal wall defects (22). Results of the present study revealed that GBP was compatible and 
acceptable by the recipient tissue for long periods after implantation. This was attributed to successive decellularization of 
bovine pericardial tissue that leaves only the collagenous structure of extra-cellular matrix (ECM) that is common (non -
antigenic) in different domestic animals (23). In our study, GBP implants showed less intense post implantation 
inflammatory reaction compared to PPM, this comes in line with that mentioned by (2 , 22).  

Size of abdominal wall defect (6 x 10) cm created in goats when compared to the animal size is considered large and 
representative of large abdominal defects encountered in different large animals that require bridging of these large defects 
using prosthetic implants. This finding comes in line with (24).  

In the present study, ultrasonographic examination of GBP and PPM groups at 1st week following implantation revealed 
presence of anechoic image representing inflammatory fluid surrounding the hyperechoic implants that was more obvious 
in GBP group than PPM group. Complete resolution of this fluid noticed at 2nd week post implantation in all groups. These 
findings were attributed to inadequate hemostasis or rough excessive dissection during defect repair (25).  Sonogram of 
PRF-augmented groups at 1st week following implantation revealed presence of slight anechoic fluid surrounding the 
hyperechoic implant. This finding confirmed the anti-inflammatory effect of PRF (26). At 2nd, 3rd and 4th weeks following 
implantation, sonography of GBP and PPM groups showed gradual and slight improvement of echogenicity that was more 
obvious in GBP group. At 8th and 12th weeks, results revealed gradual filling of the defects by echogenic dots representing 
collagen fibers which was incomplete infilling of PPM pores with collagen fibers. These findings agree with (25). 
Ultrasonographic examination of PRF-augmented groups at 2nd, 3rd and 4th weeks following implantation revealed presence 
gradual but quick improvement of the echogenicity that was more obvious at 8th and 12th weeks following implantation and 
showed complete filling of the defects with hyperechoic dots. This occurred because PRF matrix enhances the healing and 
covering of the injured tissues as they affect the metabolism of epithelial cells and fibroblasts and enable them to extend 
toward and cover the wound faster (13).  

Quantitative ultrasonographic assessment of implants in different groups showed that implant and subcutaneous gray scale 
were significant (p < 0.05) higher in PRF-augmented groups at different time points of the study. Seven different growth 
factors and cytokines are released from degranulation of PRF and have a necessary role in stimulation of the healing of 
soft and hard tissues (12). The quantitative assessment also showed that skin implant distance was significant (p < 0.05) 
lower in PRF-augmented groups at different time points of the study. PRF composed of platelet concentrates that collect 
all blood components have the ability to regulate the inflammatory process (11 , 12).  

Tensiometric evaluation of different groups revealed that the site of breakage (failure) of all tested implant strips was 
between the implant and surrounding rectus muscles (implant -muscle interface). The tensile strength of the rectus muscles 
and the newly formed fascia is lower than that at the implant site (2). There was no significant (p < 0.05) change in the 
mean tensile strength and load at failure in GBP and PPM groups at 8th and 12th weeks post implantation. Both GBP and 
PPM were strong enough to keep the integrity of abdominal wall (2 , 17 & 22). The mean tensile strength and load at failure 
of PRF-augmented groups were significant (p < 0.05) higher than those of GBP and PPM at 8th and 12th weeks post 
implantation. This finding comes in line with (27). The mean tensile strength and load at failure of all tested groups showed 
significant (p < 0.05) increase at the 12th week higher than that at the 8th week post implantation. The abdominal wall 
becomes stronger during the late periods after implantation due to formation of new tissue around the implant (2). The 
mean strain (%) showed no significant (p < 0.05) change between different tested groups at 8th week following implantation. 
This coincides with (28) who recorded that there was no significant difference in strain between different graft types over 
time that reached 52 weeks.  

Macroscopic picture of different implants showed that connective tissue covering and neovascularization were more 
prominent and gradually increased by time in GBP group than PPM group and this finding agrees with (2). Adhesion scores 
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were higher and more intense in PPM group than GBP group as repairing of abdominal wall defects using PPM usually 
results in severe degrees of adhesions with the visceral organs that results in more complications as intestinal fistula (29) 
moreover, GBP could be used for repairing of abdominal wall defects without stimulating adhesions with underlying viscera 
as the adhesion only recorded between the peritoneal surface of GBP and the omentum and this was attributed this to 
ischemia or foreign bodies that may encountered during the implantation (17). Adhesion scores were lower in PRF-
augmented groups and score 0 was recorded only in them. Using of PRP can result in reduction of adhesion occurrence 
and degree (30) and this is due to the anti-inflammatory characters of platelet rich concentrates (26).  

Microscopic examination of unprocessed bovine pericardium revealed that it is composed of a single layer of lining epithelial 
cells (simple squamous epithelium) and connective tissue mainly elastin and collagen. The antigenicity of unprocessed 
bovine pericardium as a xenograft was attributed to its cellular structure (32). Histology of GBP revealed its a cellular 
structure with absence of the epithelial layer and presence only of few necrotic nuclei with the collagen biomatrix (ECM). 
This finding agrees with (23) who mentioned that, histological examination is very important to assess the efficacy of 
pericardial decellularization. Histopathological examination of PRF showed presence of dense, mature, homogenous and 
well-organized fibrin network with aggregates of blood platelets that appeared discoidal, red non-nucleated cells in color 
(31). Microscopic examination of GBP and PPM groups showed that inflammatory cells infiltration was lower in GBP group 
than PPM group and revealed its gradual decrease of it by time. These findings come in agreement with (2). Inflammatory 
cells infiltration was lower in PRF-augmented groups at 4th, 8th and 12th weeks following implantation. This finding coincides 
with (26) who attributed this result to the anti-inflammatory properties of platelet rich concentrates. Newly formed connective 
tissue was more abundant in GBP group than PPM group which was gradually increased by time. This comes in agreement 
with (2). It was more prominent, obvious, regular and abundant in PRF-augmented groups at 4th, 8th and 12th weeks 
following implantation. Platelet cytokines and growth promoters have the ability to propagate and improve the healing 
process, enhance cell proliferation and differentiation because of their capacity to stimulate cell migration and proliferation 
(specially by PDGFs) and induce fibrin matrix remodeling as well as secretion of a cicatricial collagen matrix (specially by 
TGF- β) (27). Neovascularization was more obvious in PRF-augmented groups at 8th week following implantation and 
increased in number and size at 12th week following implantation. PRF matrix plays a direct role in angiogenesis as it 
contains 6 main angiogenesis soluble factors such as fibroblast growth factor basic (FGFb), vascular endothelial growth 
factor (VEGF), angiopoïetin and platelet-derived growth factor (PDGF) (13). 

Conclusion 

The results proved the priority of Glycerolized Bovine Pericardium (GBP) and Platelet Rich Fibrin (PRF) augmented 
implants in treatment of large abdominal wall defects. PRF provided favorable results in enhancement of the healing 
process through enhancing neovascularization, increasing tissue deposition and incorporation., reducing postoperative 
inflammatory reaction and minimizing the post-operative complications such as adhesions and recurrences.  

Ultrasonographic examinations using histogram gray scale analysis provided a satisfactory tool to post operatively evaluate 
the healing process of abdominal wall defects repaired using different prosthetic implants.  
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Table (8): Adhesion score in Different Tested Groups according to Modified Hopkins Adhesion Score. 

Tables footnotes 

Table (2): Data was presented as mean ± Standard Error (SE). Values with different superscript numbers within the same 
column were significantly different at p < 0.001. Data with different superscript letters within the same row were significantly 
different at p < 0.001 and p < 0.0001. 

Table (3): Data was presented as mean ± Standard Error (SE). Values with different superscript numbers within the same 
column were significantly different at p < 0.001. Data with different superscript letters within the same row were significantly 
different at p < 0.001 and p < 0.0001. 

Table (4): Data was presented as mean ± Standard Error (SE). Values with different superscript numbers within the same 
column were significantly different at p < 0.001. Data with different superscript letters within the same row were significantly 
different at p < 0.001 and p < 0.0001. 

Table (5): Data was presented as mean ± Standard Error (SE). Values with different superscript letters within the same 
column were significantly different p < 0.001 at 8th week and p < 0.0001 at 12th week. 

Table (6): Data was presented as mean ± Standard Error (SE). Values with different superscript letters within the same 
column were significantly different p < 0.001 at 8th week and p < 0.0001 at 12th week. 

Table (7): Data was presented as mean ± Standard Error (SE). Values with different superscript letters within the same 
column were significantly different at p = 0.065 at 12th week. 

Legends of Figures: 

Figure (1): Qualitative and quantitative ultrasonographic assessment of the prosthetic implants in different groups at 1st 
day, 1st, 2nd, 3rd, 4th, 8th and 12th weeks post implantation. Qualitative ultrasonogram (a), implant gray scale (b) and 
subcutaneous gray scale. 

Figure (2): Tensiometric characters of the prosthetic implants in different groups at 8th and 12th weeks post implantation. 
Site of breakage or failure (white arrow).  
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Figure (3): Macroscopic picture of the parietal surface of the prosthetic implants in different groups at 4th, 8th and 12th weeks 
post implantation. Newly formed blood vessels (White arrows).   

Figure (4): Macroscopic picture of the visceral surface of the prosthetic implants in different groups at 4th, 8th and 12th 
weeks post implantation. Newly formed blood vessels (White arrows).   

Figure (5): Adhesion Score in different groups according to Modified Hopkins Adhesion Score. Score 0 with no adhesion 
(A), Score 1 with single filmy adhesion between the implant and the viscera (B), Score 2 with multiple filmy adhesions 
between the implant and the viscera (C), Score 3 with dense adhesions between the implant and the viscera (D), Score 4 
with matted adhesions between the implant and the viscera (E).      

Figure (6): Microscopic picture of native unprocessed bovine pericardium (A), Glycerolized Bovine Pericardium (GBP) (B) 
and Platelet Rich Fibrin (PRF). Single epithelial layer (Epi, red arrows), different levels of collagen organization (C, blue 
arrows), the fibroblasts (black arrows), few necrotic nuclei (yellow arrows), fibrin network (n), aggregates of blood platelets 
(white arrows). (H&E x40) 

Figure (7): Microscopic picture of the prosthetic implants in different groups at 4th, 8th and 12th weeks post implantation. 
Intact structure of pericardial implant (yellow arrows), inflammatory cells infiltrations (green arrows), newly formed 
connective tissue (black arrows), neovascularization (blue arrows), elongated spindle shape fibroblasts surrounding 
collagen fibers (red arrows). (H&E x16) 

 

 

 

 

Score Frequency Size/width (cm) Density Dissection 

0 0 No adhesion No adhesion No adhesion 
1 1 ˂ 1 Single thin, filmy adhesion Minimal blunt dissection, tears 

easily 
2 1-2 1-2 Multiple thin, filmy adhesions Blunt dissection only 
3 3-4 2-3 Dense adhesion(s) with or 

without filmy adhesions 
Sharp dissection or 
electrocautery, no organ/serosal 
damage 

4 4+ 3+ Matted adhesion(s) with or 
without filmy adhesions 

Sharp dissection or 
electrocautery, with unavoidable 
organ/serosal damage 

Time GBP Group PPM Group GBP-PRF Group PPM-PRF Group 

Day 1 145.34 ± 2.13 b 1 166.59 ± 2.64 a 1 137.39 ± 2.23 c 2 107.44 ± 1.72 d 2 3 

Week 1 70.15 ± 3.39 b 4 46.04 ± 3.06 c 6 90.50 ± 4.85 a 4 100.73 ± 0.58 a 3 

Week 2 88.24 ± 5.88 b 3 75.17 ± 2.34 c 5 94.91 ± 1.67 a b 3 4 103.40 ± 4.28 a 2 3 

Week 3 93.26 ± 2.77 b 2 3 89.03 ± 1.62 b 4 114.49 ± 2.65 a 3 111.72 ± 0.80 a 2 3 

Week 4 108.63 ± 11.93 a b 2 97.31 ± 3.50 a 3 136.52 ± 10.83 a 2 114.40 ± 4.37 a b 2 

Week 8 128.33 ± 6.31 b 1 105.57 ± 1.47 c 2 166.23 ± 1.68 a 1 129.00 ± 1.08 b 1 

Week 12 135.49 ± 1.93 b 1 112.22 ± 2.42 b 2 177.88 ± 12.88 a 1 129.56 ± 6.98 b 1 

Time GBP Group PPM Group GBP-PRF Group PPM-PRF Group 

Day 1 68.95 ± 3.68 b 1 110.33 ± 6.77 a 1 54.32 ± 2.33 b 4 97.64 ± 6.77 a 1 

Week 1 16.42 ± 0.56 b 3 38.77 ± 0.65 a 5 35.25 ± 3.13 a 5 53.43 ± 10.21 a 3 

Week 2 17.21 ± 0.99 c 3 41.91 ± 1.57 b 5 41.93 ± 2.68 b 5 75.44 ± 9.39 a 2 

Week 3 19.40 ± 1.07 c 3 49.12 ± 3.04 b 5 60.27 ± 5.46 b 3 4  85.82 ± 1.10 a 1 2 

Week 4 22.46 ± 2.05 d 3 60.26 ± 2.18 b 4 67.69 ± 4.33 b 2 3 94.19 ± 5.94 a 1 2 



           ISBN 
9781645701347 

4th International Conference on Medicine and Natural Sciences 
Amsterdam, 26-27 April 2019 

Proceedings 
Book 

 

  
24 

 

 

 

 

 

Adhesion Score 
GBP Group PPM Group GBP-PRF Group PPM-PRF Group 

W 4 W 8 W 12 W 4 W 8 W 12 W 4 W 8 W 12 W 4 W 8 
W 
12 

0 -- -- -- -- -- -- -- -- 2 -- -- 1 

1 1 2 3 -- -- 1 3 2 1 1 2 2 

2 1 1 -- -- 2 1 -- 1 -- 2 1 -- 

3 1 -- -- 2 1 1 -- -- -- -- -- -- 

4 -- -- -- 1 -- -- -- -- -- -- -- -- 

 

Week 8 40.90 ± 1.75 d 2 82.54 ± 2.19 b 3 71.11 ± 1.13 c 2 97.41 ± 2.46 a 1 

Week 12 64.18 ± 6.15 b 1 98.62 ± 3.43 a 2 99.53 ± 2.06 a 1 104.42 ± 3.44 a 1 

Time GBP Group PPM Group GBP-PRF Group PPM-PRF Group 

Day 1 4.00 ± 0.40 a 4 1.17 ± 0.09 c 4 5.00 ± 0.58 a 3 4 2.58 ± 0.36 b 2 3 4 

Week 1 18.00 ± 1.15 a 1 4.73 ± 0.29 c 1 9.08 ± 0.30 b 1 4.00 ± 0.29 c 1 

Week 2 16.83 ± 0.93 a 1 4.13 ± 0.18 c 2 8.50 ± 0.29 b 1 3.00 ± 0.14 c 2 

Week 3 15.50 ± 0.76 a 1 3.83 ± 0.12 c 2 6.50 ± 0.29 b 2 2.75 ± 0.14 c 2 3 

Week 4 15.33 ± 0.88 a 1 3.23 ± 0.12 c 3 5.90 ± 0.06 b 2 3 2.68 ± 0.09 c 2 3 

Week 8 11.00 ± 0.58 a 2 3.03 ± 0.09 c 3 5.13 ± 0.09 b 3 4  2.20 ± 0.12 c 3 4 

Week 12 7.33 ± 1.45 a 3 2.77 ± 0.15 b 3 4.50 ± 0.29 b 4 1.97 ± 0.20 b 4 

Time Week 8 Week 12 

GBP Group 19.27 ± 0.43 b 26.13 ± 0.47 b 
PPM Group 20.67 ± 1.20b 26.33 ± 0.88 b 
GBP-PRF Group 27.20 ± 1.42a 33.10 ± 0.83 a 
PPM-PRF Group 28.33 ± 0.88a 34.03 ± 1.28 a 

Time Week 8 Week 12 

GBP Group 83.80 ± 0.92 b 96.87 ± 0.86 b 

PPM Group 85.77 ± 1.69b 97.57 ± 0.87 b 

GBP-PRF Group 93.67 ± 1.45 a 102.43 ± 2.31 a 

PPM-PRF Group 96.10 ± 2.28 a 104.67 ± 0.88 a 

Time Week 8 Week 12 

GBP Group 41.83 ± 1.98 47.67 ± 1.45 a 

PPM Group 40.90 ± 1.05 45.43 ± 1.79 

GBP-PRF Group 44.83 ± 1.09 48.43 ± 0.45 a 

PPM-PRF Group 41.67 ± 0.68 43.37 ± 0.52 b 
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Abstract 

Based on the data presented in publicly available on GEO-NCBI platform 8 by definition genome-wide DNA 
methylation projects using Infinium Human Methylation 450K BeadChip (Illumina ©) - GSE59505, GSE72120, 
GSE72556, GSE78874, GSE92767, GSE99029, GSE110128, GSE111223, - with the total number of residents 
690 (without the presence of chronic and acute diseases in history) we calculated the correlation coefficients for 
7 CpG-markers cg18384097 (PTPN7 gene), cg00481951 (SST gene), cg19671120 (CNGA3 gene), 
cg14361627 (KLF14 gene), cg08928145 (TSSK6 gene), cg12757011 (TBR1 gene), cg07547549 (SLC12A5 
gene) and the coefficients of determination and comparison characteristics multivariate linear regression 
equations. We have shown that for residents without a history of chronic or acute illness, regardless of ethno-
geographical and gender factors, CpG markers cg00481951 (SST gene) and cg14361627 (KLF14 gene) have 
the greatest predictive potential for determining chronological age, with cumulative analysis 10 GEO projects 
account for 62.9-74.5% and 62.7-73.8% of the variance of the variable “Age, Number of Years”, respectively. 
When analyzing all 7 CpG markers, the variability of the variable “Age, Number of Years” explained within the 
regression model varies between 75.9-94.5% (when analyzing GEO projects in the context of the ethnographic 
origin of residents). 

Keywords: chronological age, DNA methylation, epigenetic markers, saliva, buccal epithelium 

 

Introduction 

Determining chronological age from biological fluid samples and tissue fragments plays an important role in forensic 
practice: it can limit the search for identification of remains, help narrow the range of suspects, thereby saving time, which 
is often the limiting factor for a successful investigation. Due to the importance of the problem of ensuring the safety of 
citizens of the Union State (Russian Federation and the Republic of Belarus), the development of age determination 
technologies for changing lifetime DNA modifications is undoubtedly relevant. 

To solve the problem of determining the chronological age of a person, the most reliable, namely reproducible, linearly 
dependent, sensitive and specific, and economically justified is the approach to determining the chorological age based on 
identifying the level of DNA methylation at specific CpG sites (Goel, Karir, & Garg, 2017; Hannum et al., 2013). 

One of the most common biological forensic samples is the buccal epithelium (or saliva). The world has proposed several 
methods for determining the age of an individual: according to the level of intravital chemical modification (methylation) of 
selected sections of his DNA, differing in the number of genetic loci under investigation and the method of analysis, with a 
claimed accuracy of up to 3-12 years, depending on the number of sections used in the analysis and technologies (Alghanim 
et al., 2017; Alsaleh, McCallum, Halligan, & Haddrill, 2017; Bocklandt et al., 2011; Horvath, 2013; Horvath et al., 2014, 
2015; Horvath & Ritz, 2015; Koch & Wagner, 2011; Lee, Lee, & Shin, 2016; Park et al., 2016; Rana, 2018; Sparrow et al., 
2016; (1) Zbieć-Piekarska et al., 2015). However, the applicability of these methods for determining the age of 
representatives of the population of the regions of the Union State has not been established, because, as shown in a 
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number of studies, the methylation level of specific CpGs may vary depending on the ethnogeographical origin of the 
residents under study (Fleckhaus et al., 2017). 

In order to improve the accuracy of methods for determining the age of an individual by the level of methylation of selected 
DNA segments, it is necessary to verify the techniques based on known DNA segments, including representatives of 
various ethnogeographical groups of the population of the Union State and to identify specific population groups, the 
inclusion of which in the techniques will allow determining the chronological age with an acceptable level of error for 
problems of forensic science. 

Modern methods for studying DNA methylation at the genome level imply the use of one of two technological platforms for 
high-throughput analysis of nucleotide sequences - DNA hybridization on microchips (microarray), or parallel clonal DNA 
sequencing (Massive parallel sequencing - MPS or Next generation sequencing - NGS). Hybridization microchips remain 
the most popular platform for genomic analysis of DNA methylation. Comparatively low costs compared to full-genome 
sequencing positioned microchips as a tool convenient for studying differentially methylated regions based on analysis of 
the methylation status of known CpG sites of the human genome. 

At the beginning of 2019, Illumina © is releasing for research the third generation of hybridization chips for analyzing the 
full genome profile of human DNA methylation, Infinium Methylation EPIC BeadChip, followed by the first (Infinium Human 
Methylation 27 BeadChip, IHM 27K BeadChip) and the second (Infinium Human Methylation 450K BeadChip, IHM 450K 
BeadChip) generations. 

However, it is for IHM 450K BeadChip that the largest amount of primary data (in the form of methylation level expressed 
in % or unit fraction) is accumulated as for various types of biological samples (blood, separate cell fractions of blood, 
buccal epithelium (saliva), semen), and for different ethnic groups or patients with a history of chronic diseases (cancer, 
diabetes, metabolic syndrome, arterial hypertension). The IHM 450K BeadChip platform is designed to analyze the 
methylation state of 482421 CpG sites and covers 99% of the RefSeq genes (an average of 17 CpG dinucleotides per 
gene). 

Biological age is representative of the degree of morphological and physiological development of the organism, in the 
context of DNA methylation has a trend different from linear. This fact is due to a number of reasons (Freire-Aradas et al., 
2016; Horvath, 2013; Smeers et al., 2018; (2) Zbieć-Piekarska et al., 2015): hyper- and / or hypofunctional gene expression 
in the process of intensive growth of the organism during the pre-pubertal and early puberty periods, the presence of chronic 
diseases (bronchial asthma, multiple sclerosis, epilepsy, diabetes mellitus, cancer and others), normal gerontological 
processes, the presence of bad habits (smoking, excessive alcohol consumption), etc. Deviations in the change of 
methylation profile from the linear trend for biological age, associated with the growth and the aging of the body, most 
pronounced in the age of 18-23 years and after 60 years. The discrepancies between chronological and biological age, 
which make it possible to assess the intensity of aging and the functionality of the individual, are ambiguous in different 
phases of the aging process. However, the accuracy of a linear trend (multiple linear regression is enough to predict age 
with a high accuracy in a wide age range. 

The goal of research work within the framework of the Union State Scientific and Technical Program “Development of 
innovative geno-geographical and genomic technologies for identifying individuals and individual human characteristics 
based on studying gene pools of Union State regions” (“DNA Identification”), Activity No 2 “Development of a method for 
determining the probable age of an individual characteristic of its DNA” (Minsk, Republic of Belarus) at the first stage is the 
analysis of the current state of science in research and the development of possible approaches to determining the age of 
an unknown individual based on the intravital chemical modification (methylation) of selected sections of its DNA. 

Thus, the purpose of this work is to calculate the values of the correlation coefficients (R) and determination (R^2) for 7 
CpG markers cg18384097 (PTPN7 gene), cg00481951 (SST gene), cg19671120 (CNGA3 gene), cg14361627 (KLF14 
gene), cg08928145 (TSSK6 gene), cg12757011 (TBR1 gene), cg07547549 (SLC12A5 gene) in the context of various 
ethnogeographical groups. 

Materials and methods 

DNA samples. The total number of buccal epithelium samples included in the study, for which the methylation level was 
determined using IHM 450K BeadChip, was 872 samples. Information on the methylation level (expressed in % or fractions 
of a unit) for samples of buccal epithelium was made publicly available on NCBI GEO datasets platform (Gene Expression 
Omnibus, https://www.ncbi.nlm.nih.gov/gds) for the following projects : GSE59505 (Lee et al., 2015) (2014; executing 
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country - South Korea) - 6 samples (practically healthy residents); GSE72120 (Sparrow et al., 2016) (2015, Great Britain) 
- 72 samples (newborns with no signs of pathology in the anamnesis); GSE72556 (2015, USA) - 96 samples (children of 
preschool age with no pathology in the anamnesis); GSE78874 (Horvath & Gurven, 2016) (2016, USA) - 259 samples 
(practically healthy residents); GSE92767 (Hong et al., 2017) (2016, South Korea) - 54 samples (practically healthy 
residents); GSE99029 (Gopalan et al., 2017) (2017, USA) - 57 samples (practically healthy residents); GSE110128 (Langie 
et al., 2018) (2018, Belgium) - 53 samples (33 patients with allergic disorders and 20 practically healthy residents); 
GSE111223 (Chuang et al., 2017; Horvath & Ritz, 2015) (2018, USA) - 259 samples (128 patients with Parkinson's disease 
and 131 practically healthy residents). 

The number of practically healthy residents of various ethnographic origin was 690 people, with a history of acute or chronic 
diseases - 182 people. The range of chronological age according to 10 GEO projects for residents included in the study 
ranged from 1 month (for newborns) to 91 years. The number of samples of buccal epithelium from men was 391, from 
women - 299. 

Selection of CpG markers for modeling. In the analysis, it was decided to use the information on those 7 CpG markers 
that proposed as a test system for determining the chronological age of Sae Rom Hong et al. (Hong et al., 2017): 
cg18384097 (PTPN7 gene, protein tyrosine phosphatase, non-receptor type 7, NCBI Gene ID - 5778), cg00481951 (SST 
gene, somatostatin, NCBI Gene ID - 280932), cg19671120 (CNGA3 gene, cyclic nucleotide gated channel alpha 3, NCBI 
Gene ID - 1261), cg14361627 (KLF14 gene, Kruppel like factor 14, NCBI Gene ID - 136259), cg08928145 (TSSK6 gene, 
testis specific serine kinase 6, NCBI Gene ID - 83983), cg12757011 (TBR1 gene, T -box, brain 1, NCBI Gene ID - 10716), 
cg07547549 (SLC12A5 gene, solute carrier family 12 member 5, NCBI Gene ID - 57468). 

Statistical data analysis. The Spearman rank correlation coefficient was calculated using the bootstrap function on the 
number of 1000 runs, and calculated the 95% confidence interval in software SPSS v.20.0. 

The coefficient of determination (R^2), as well as the corrected R^2, equal to the fraction of the variance of the dependent 
chronological age variable due to the influence of independent variables representing the methylation level of 7 CpG 
markers, were calculated using software SPSS v.20.0. 

Results and discussion 

As a rule, projects for assessing a genome-wide methylation profile using the IHM 450K BeadChip are aimed at a cohort 
of people who represent a specific cross-section of the population of a particular regional or ethnicity. Thus, in the 
overwhelming majority of scientific works, researchers are focused on finding dependencies between the DNA methylation 
profile and whether a disease is applied to tasks within a particular state or geographical region. This fact makes it possible 
to carry out within the framework of this work comparative study and characterize the correlation coefficients for the seven 
CpG-markers - cg18384097 (PTPN7 gene), cg00481951 (SST gene), cg19671120 (CNGA3 gene), cg14361627 (KLF14 
gene), cg08928145 (TSSK6 gene) cg12757011 (TBR1 gene), cg07547549 (SLC12A5 gene), depending on a number of 
factors, namely: the gender of the residents (male or female); ethnoregional affiliation within the European (UK, Belgium), 
North American (US) and East Asian (South Korea) regions. 

Correlation coefficients in the framework of independent GEO-projects. The correlation coefficients (R) for 7 CpG 
markers calculated in 4 NCBI GEO projects (provided that the number of conditionally healthy residents was at least 50 
people) - GSE78874 (n = 259), GSE92767 (n = 54), GSE99029 (n = 57), GSE111223 (n = 131), are presented in table 1 
(Appendixe). In the analysis, information was used only for practically healthy residents, without specifying the 
ethogeographic or gender factor. 

For the CpG marker cg18384097 (PTPN7 gene), the R values were in the range [(-0.278) - 0.163] with an average value 
(calculated according to 8 projects) Rmean = [0.031]; for cg00481951 (SST gene) - [0.323 - 0.905], Rmean = [0.762]; 
cg19671120 (CNGA3 gene) - [0.308 - 0.813], Rmean = [0.736]; cg14361627 (KLF14 gene) - [0.362 - 0.875], Rmean = [0.754]; 
cg08928145 (TSSK6 gene) - [0.116 - 0.729], Rmean = [0.674]; cg12757011 (TBR1 gene) - [0.292 - 0.796], Rmean = [0.669]; 
cg07547549 (SLC12A5 gene) - [0.375 - 0.812], Rmean = [0.759]. 

The largest difference for the calculated R-values was shown for CpG markers: for cg08928145 (TSSK6 gene) ABS 
(module) = 0.613; for cg00481951 (SST gene), 0.582; for cg14361627 (KLF14 gene) - 0.513. The minimum difference for 
the calculated R-values was shown for the CpG marker cg07547549 (SLC12A5 gene), ABS = 0.437. Thus, the most 
reproducible R-values in 4 independent GEO projects were shown for CpG markers cg07547549 (SLC12A5 gene) and 
cg12757011 (TBR1 gene). 
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Correlation coefficients depending on the ethnogeographical origin. Correlation coefficients (R) for 7 CpG markers 
calculated in the framework of 6 NCBI GEO projects are presented in Table 2 (Appendixe). The analysis used information 
only for practically healthy residents, taking into account ethnogeographical origin and without specifying a gender factor. 
The number of persons belonging to the "Korean-Asian" group was 60 (GSE59505, South Korea, n = 6; GSE92767, South 
Korea n = 54), to the group "Bantu / European" - 57 (GSE99029, United Kingdom), to the group "Hispanic / Mexican" - 236 
(GSE72556, USA, n = 96; GSE78874, USA, n = 93; GSE111223, USA, n = 47), to the group "Caucasian / European" - 376 
(GSE72120, United Kingdom, n = 72; GSE39560, Germany, n = 34; GSE110128, Belgium, n = 20; GSE111223, USA, n = 
84; GSE78874, USA, n = 166). 

For the CpG marker cg18384097 (PTPN7 gene), the R-values were in the range [(-0.335) - 0.163]; for cg00481951 (SST 
gene) - [0.446 - 0.907]; cg19671120 (CNGA3 gene) - [0.428 - 0.799]; cg14361627 (KLF14 gene) - [0.510 - 0.842]; 
cg08928145 (TSSK6 gene) - [0.266 - 0.790]; cg12757011 (TBR1 gene) - [0.448 - 0.711]; cg07547549 (SLC12A5 gene) - 
[0.539 - 0.813]. 

 

Fig. 1. Correlation coefficients for 7 CpG markers, calculated depending on the ethnoregional origin of residents 
according to 6 GEO projects ("Korean-Asian", n = 60; "Bantu / European", n = 57; "Hispanic / Mexican", n = 236; 
"Caucasian / European", n = 376) 

The largest difference for the calculated R-values was shown for CpG markers: for cg08928145 (TSSK6 gene) ABS 
(module) = 0.524; for cg00481951 (SST gene) - 0.461; for cg19671120 (CNGA3 gene) - 0.371. The minimum difference 
for the calculated R-values was shown for the CpG marker cg12757011 (TBR1 gene), ABS = 0.263. Thus, the most 
reproducible R-values in 9 independent GEO projects were shown for CpG markers cg07547549 (SLC12A5 gene) and 
cg12757011 (TBR1 gene). 

The correlation coefficients depending on the gender factor. The correlation coefficients (R) for 7 CpG markers, 
calculated in the framework of 6 NCBI GEO projects (provided that the number of conditionally healthy residents of each 
gender was at least 50 people): for the "Caucasian / European" group - GSE110128, GSE111223, GSE39560, GSE72120, 
GSE78874 (M = 180, F = 196); for the groups "Hispanic / Mexican" and "Latino" - GSE111223, GSE72556, GSE78874 (M 
= 129, F = 104) - are presented in table 3 (Appendixe), fig. 2 and 3. In the analysis, information was used only for practically 
healthy residents taking into account gender and ethnogeographical concretization. The total number of males (sample 
"M") was 309 people, female (sample "F") - 300 people. 

For the CpG marker cg18384097 (PTPN7 gene), the R-values for sample “M” were in the range [(-0.335) - 0.071] with an 
average value (calculated according to 7 projects - GSE90167, GSE71223, GSE7505 ) RM

mean = [0.066; p = 0,230]; for 
cg00481951 (SST gene) - [0.382 - 0.907] with RM

mean = [0.778; p = 7.22E-68]; for cg19671120 (CNGA3 gene) - [0.434 - 
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0.677)] with RM
mean = [0.766; p = 1.19E-64]; for cg14361627 (KLF14 gene) - [0.453 - 0.842] with RM

mean = [0.781; p = 1.14E-
68]; for cg08928145 (TSSK6 gene) - [0.339 - 0.773] with RM

mean = [0.720; p = 1,11E-53]; for cg12757011 (TBR1 gene) - 
[0.502] with RM

mean = [0.695; p = 1.16E-48]; for cg07547549 (SLC12A5 gene) - [0.596 - 0.809] with RM
mean = [0.812; p = 

2.84E-78], Fig.2. 

 

Fig. 2. Correlation coefficients for 7 CpG markers calculated depending on the ethnoregional origin of male 
residents according to 6 GEO projects ("Korean-Asian", n = 60; "Hispanic / Mexican", n = 129; "Caucasian / 
European", N = 180) 

For CpG marker cg18384097 (PTPN7 gene), R values for sample “F” were in the range [(-0.236) - 0.008] with an average 
value (calculated according to 6 projects - GSE110128, GSE111223, GSE39560, GSE72120, GSE72556, GSE78874) 
RF

mean = [-0.046; p = 0.497]; for cg00481951 (SST gene) - [0.557 - 0.774] with RF
mean = [0.838; p = 2.27E-71]; for 

cg19671120 (CNGA3 gene) - [0.379 - 0.726] with RF
mean = [0.792; p = 1.44E-58]; for cg14361627 (KLF14 gene) - [0.562 - 

0.691] with RF
mean = [0.817; p = 3.54E-65]; for cg08928145 (TSSK6 gene) - [0.200 - 0.740] with RF

mean = [0.735; 2.08E-46]; 
for cg12757011 (TBR1 gene) - [0.387 - 0.632] with RF

mean = [0.759; p = 4.71E-51]; for cg07547549 (SLC12A5 gene) - 
[0.426 - 0.740] with RF

mean = [0.793; p = 1,22E-58], Fig.3. 
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Fig. 3. Correlation coefficients for 7 CpG markers calculated depending on the ethnoregional origin of female 
residents according to 6 GEO-projects (“Hispanic / Mexican”, n = 104; "Caucasian / European", n = 196) 

The largest difference for the calculated R-values for the “M” sample was shown for CpG markers: cg00481951 (SST gene) 
ABS (module) = 0.525; cg08928145 (TSSK6 gene) - 0.434; cg14361627 (KLF14 gene) - 0.389. The largest difference for 
the calculated R-values for the sample “F” was shown for CpG markers: cg08928145 (TSSK6 gene) ABS (module) = 0.540; 
cg19671120 (CNGA3 gene) - 0.347; cg07547549 (SLC12A5 gene) - 0.314. The minimum difference for the calculated R 
values for both samples (“M” and “F”) was shown for the CpG marker cg19671120 (CNGA3 gene), ABS = 0.005, 
cg12757011 (TBR1 gene) - 0.065 and cg07547549 (SLC12A5 gene) - 0.101. 

Calculation of coefficients of determination (R ^ 2) for 7 CpG markers. We calculated the adjusted determination 
coefficients for multiple linear regression both for individual GEO projects (according to table 1 (Appendixe)) and in the 
context of ethnogeographical status (according to table 2 (Appendixe)) based on the data on the methylation level of 7 CpG 
markers. Based on the data presented in Fig. 4, it is clear that if the mean age values in the sample were shifted to a more 
age (> 60 years) range (for example, for projects GSE78874 or GSE111223), then the corrected R^2 was less. It is known 
that regression model is capable of adequately (with a calculated level of accuracy) predicting a dependent variable 
(chronological age) when modeling only in the analyzed range of values, therefore, the extension of the age range for the 
dependent variable is able to stabilize the model. 

When combining several GEO projects into groups depending on the resident's belonging to a particular ethnic group, it 
was shown that the coefficients of determination (R ^ 2) varied in the range of 0.759-0.945, Figure 5. 



           ISBN 
9781645701347 

4th International Conference on Medicine and Natural Sciences 
Amsterdam, 26-27 April 2019 

Proceedings 
Book 

 

  
35 

 

Fig. 4. Characteristics of the analyzed GEO-projects by age included in the study of residents (for projects from 
Table 1). Below are the values of the corrected coefficients of determination R^2 for chronological age, calculated 
according to 7 CpG markers 

 

Fig. 5. Characteristics of the analyzed GEO-projects by age included in the study of residents (for projects from 
Table 2). Below are the values of the corrected coefficients of determination R^2 for chronological age, calculated 
according to 7 CpG markers 

For each group of residents, in the context of ethnicity, the equations of multiple linear regression were calculated - Fig.6. 
Figure 6-A shows the true and adjusted predicted values of chronological age for each ethnic group, calculated on the basis 
of the methylation level of 7 CpG markers. In fig. 6-B - the same data, only when adjusted for the gender of residents. Thus, 
when the gender variable factor is included in the regression equation, the accuracy of prediction of chronological age 
increases, but only slightly. Depending on the ethnicity of residents, the inclusion of the variable “Gender” in the analysis 
can increase the accuracy of the model by 0.4–4.6%. 
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Fig. 6. Regression model for prediction of chronological age by the level of methylation of CpG markers: A - 
according to 7 CpG markers; B - according to 7 CpG markers (taking into account the gender factor) 

As part of the cumulative analysis of the data of 8 GEO-projects on the impact on the change of the coefficient of 
determination (R^2), the CpG markers are arranged in the following sequence: cg00481951 (R^2 = 0.776), cg14361627 
(+0.047 to the previous value of R^2) cg18384097 (+0.035), cg19671120 (+0.029), cg07547549 (+0.005), cg12757011 
(+0.001), cg08928145 (+0.001). For residents of the “Caucasian / European” group, the CpG markers are arranged in the 
following sequence (only significant changes of R^2 are shown): cg07547549 (R^2 = 0.579), cg00481951 (+0.131), 
cg18384097 (+0.039), cg14361627 (+0.043), cg19671120 (+0.011), cg12757011 (+0.004); for residents of the 
“Hispanic/Mexican” group: cg00481951 (R^2 = 0.887), cg14361627 (+0.037), cg19671120 (+0.007), cg18384097 (+0.012), 
cg07547549 (+0.003); for the Bantu / European group: cg14361627 (R^2 = 0.727), cg00481951 (+0.036), cg19671120 
(+0.020). 



           ISBN 
9781645701347 

4th International Conference on Medicine and Natural Sciences 
Amsterdam, 26-27 April 2019 

Proceedings 
Book 

 

  
37 

In general, in addition to information on the level of methylation of CpG markers, the availability of additional data (gender, 
ethnicity, the presence of chronic diseases, the presence of bad habits) that can be included in the regression model 
equation, we believe, can improve the accuracy of prediction of chronological age. Attracting results from GEO projects 
and expanding the database on which the model is built can also increase the accuracy of the analysis. 

Conclusion 

Based on the data presented in publicly available on GEO-NCBI platform 8 by definition genome-wide DNA methylation 
projects using Infinium Human Methylation 450K BeadChip (Illumina ©) - GSE59505, GSE72120, GSE72556, GSE78874, 
GSE92767, GSE99029, GSE110128, GSE111223, - with the total number of residents 690 (without the presence of chronic 
and acute diseases in history) we calculated the correlation coefficients for 7 CpG-markers cg18384097 (PTPN7 gene), 
cg00481951 (SST gene), cg19671120 (CNGA3 gene), cg14361627 (KLF14 gene), cg08928145 (TSSK6 gene), 
cg12757011 (TBR1 gene), cg07547549 (SLC12A5 gene) and the coefficients of determination and comparison 
characteristics multivariate linear regression equations. 

We have shown that for residents without a history of chronic or acute illness, regardless of ethno-geographical and gender 
factors, CpG markers cg00481951 (SST gene) and cg14361627 (KLF14 gene) have the greatest predictive potential for 
determining chronological age, with cumulative analysis all GEO projects account for 62.9-74.5% and 62.7-73.8% of the 
variance of the variable “Age, Number of Years”, respectively. When analyzing all 7 CpG markers, the variability of the 
variable “Age, Number of Years” explained within the regression model varies between 75.9-94.5% (when analyzing GEO 
projects in the context of the ethnographic origin of residents). 

Thus, the scheme for determining the chronological age by identification the methylation profile by 7 CpG markers is 
characterized by universality, i.e. regardless of the ethnogeographical status of an unknown person or his gender, it is 
possible to give criminologists sufficiently accurate (limited to the accuracy of the model used for the analysis) information 
on the individual's estimated age or on what age group he belongs to. 

In general, to increase the accuracy of predicting chronological age using the CpG marker methylation profile for an 
unidentified person from a specific geographic region, or taking into account the ethnic, national or gender component, as 
well as taking into account information on the presence of chronic or acute diseases, the use of additional specific CpG 
markers. 

Age determination technology based on DNA methylation profiles is developed within the framework of the Scientific and 
Technical Program of the Union State Scientific and Technical Program “Development of innovative geno-geographical 
and genomic technologies for identifying individuals and individual human characteristics based on studying gene pools of 
Union State regions” (“DNA Identification”) in the context of Activity No. 2 “Development of a method for determining the 
probable age of an individual characteristic of its DNA”. It will be based on the results of advanced global and fundamental, 
exploratory scientific research, scientific and technical, industrial, technological, organizational and legal developments and 
will ensure the use of new knowledge in the field of applied genetics in solving forensic tasks in the territory of the Republic 
of Belarus and the Russian Federation. 
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Appendixes 

Table 1. Correlation coefficients (R) for 7 CpG, calculated in the framework of 8 projects of NCBI GEO (separately 
included calculations for those projects for which the number of conditionally healthy residents is at least 50 people) 
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8 projects # 
(n=842) 

LL 95% -0,051 0,710 0,685 0,707 0,619 0,616 0,709 

R 0,031 0,762 0,736 0,754 0,674 0,669 0,759 

HL 95% 0,112 0,807 0,783 0,798 0,720 0,712 0,800 

p-level 0,4418 1,4E-115 6,3E-104 7,6E-112 5,67E-81 1,86E-79 6,4E-114 

GSE78874 
(n=259) 

LL 95% -0,102 0,296 0,181 0,243 0,053 0,159 0,248 

R 0,024 0,419 0,308 0,362 0,177 0,292 0,375 

HL 95% 0,154 0,536 0,428 0,473 0,295 0,418 0,498 

p-level 0,7001 3,74E-12 6,05E-07 3,19E-09 0,004922 2,37E-06 7,71E-10 

GSE92767 
(n=54) 

LL 95% -0,534 0,805 0,685 0,764 0,525 0,667 0,678 

R -0,278 0,905 0,813 0,875 0,729 0,796 0,812 

HL 95% 0,014 0,956 0,890 0,933 0,862 0,877 0,906 

p-level 0,0419 5,72E-21 7,72E-14 5,11E-18 4,23E-10 6,05E-13 8,79E-14 

GSE99029 
(n=57) 

LL 95% -0,132 0,515 0,311 0,478 0,151 0,309 0,451 

R 0,163 0,721 0,573 0,717 0,431 0,575 0,693 

HL 95% 0,429 0,872 0,756 0,875 0,670 0,756 0,858 

p-level 0,2263 2,44E-10 3,26E-06 3,49E-10 0,000814 2,89E-06 2,29E-09 

GSE111223 
(n=131) 

LL 95% -0,086 0,155 0,158 0,250 -0,055 0,118 0,215 

R 0,102 0,323 0,324 0,408 0,116 0,304 0,384 

HL 95% 0,279 0,494 0,486 0,557 0,296 0,471 0,537 

p-level 0,2658 0,0003 0,0003 3,39E-06 0,2052 0,0007 1,35E-05 

Note: # - GSE110128, GSE111223, GSE59505, GSE72120, GSE72556, GSE78874, GSE92767, GSE99029; LL 
95% - the lower limit of the 95% confidence interval; HL 95% - upper limit of 95% confidence interval; ND - no data 

Table 2. Correlation coefficients (R) for 7 CpG, calculated in the framework of 9 NCBI GEO projects, for which the number 
of conditionally healthy residents belonging to a particular ethnic group was at least 50 people 
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«Caucasian/European»1 

(n=376) 

LL 95% -0,091 0,320 0,297 0,399 0,124 0,318 0,422 

R 0,039 0,446 0,428 0,510 0,266 0,448 0,539 

HL 95% 0,162 0,556 0,536 0,600 0,388 0,553 0,630 

p-level 0,5313 4,94E-14 6,63E-13 1,78E-18 1,46E-05 3,66E-14 8,07E-21 

«Hispanic/Mexican»2 
(n=236) 

LL 95% -0,235 0,787 0,751 0,741 0,740 0,639 0,765 

R -0,101 0,830 0,799 0,792 0,790 0,711 0,813 

HL 95% 0,029 0,864 0,834 0,834 0,827 0,768 0,851 

p-level 0,1289 2,47E-59 7,44E-52 2,68E-50 7,36E-50 2,17E-36 4,66E-55 

«Korean-Asian»3 

(n=60) 

LL 95% -0,564 0,827 0,452 0,721 0,397 0,329 0,493 

R -0,335 0,907 0,677 0,842 0,652 0,595 0,701 

HL 95% -0,084 0,949 0,834 0,912 0,812 0,803 0,844 

p-level 0,0088 1,77E-23 2,77E-09 3,23E-17 1,72E-08 5,3E-07 4,43E-10 

«Bantu/European» 

(n=57) 

LL 95% -0,131 0,501 0,306 0,458 0,146 0,323 0,455 

R 0,163 0,721 0,573 0,717 0,431 0,575 0,693 

HL 95% 0,436 0,870 0,763 0,880 0,652 0,758 0,856 

p-level 0,2263 2,44E-10 3,26E-06 3,49E-10 0,000814 2,89E-06 2,29E-09 
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Note: 1 - GSE110128, GSE111223, GSE72120, GSE78874, GSE39560; 2– GSE111223, GSE72556, GSE78874; 3 - 
GSE59505, GSE92767; 4 - GSE99029; LL 95% - the lower limit of the 95% confidence interval; HL 95% - upper limit of 
95% confidence interval 

Table 3. Correlation coefficients (R) for 7 CpG, calculated in the framework of 6 projects of NCBI GEO depending on the 
gender of the residents (calculations for those projects for which the number of conditionally healthy residents was at least 
50)  
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«Caucasian/European»1 
(M*=180) 

LL 95% -0,104 0,218 0,275 0,288 0,192 0,346 0,461 

R 0,071 0,382 0,434 0,453 0,339 0,502 0,596 

HL 95% 0,229 0,539 0,573 0,589 0,479 0,630 0,699 

p-level 0,4024 2,98E-06 7,46E-08 1,66E-08 4E-05 2,36E-10 6,36E-15 

«Caucasian/European»2 
(F**=196) 

LL 95% -0,189 0,399 0,189 0,410 -0,021 0,175 0,236 

R 0,008 0,557 0,379 0,562 0,200 0,387 0,426 

HL 95% 0,219 0,697 0,557 0,689 0,387 0,567 0,591 

p-level 0,9293 6,69E-11 2,55E-05 4,24E-11 0,0305 1,62E-05 1,63E-06 

«Hispanic/Mexican»3 
(M=129) 

LL 95% -0,344 0,758 0,704 0,737 0,683 0,562 0,726 

R -0,161 0,825 0,786 0,806 0,773 0,682 0,809 

HL 95% 0,024 0,874 0,840 0,856 0,828 0,784 0,862 

p-level 0,0697 7,69E-33 6,71E-28 3,36E-30 2,02E-26 1,02E-18 1,22E-30 

«Hispanic/Mexican»3 
(F=104) 

LL 95% -0,236 0,774 0,726 0,691 0,740 0,632 0,740 

R -0,015 0,844 0,795 0,779 0,803 0,724 0,816 

HL 95% 0,188 0,894 0,842 0,844 0,850 0,792 0,863 

p-level 0,879443 1,62E-28 3E-23 9,15E-22 5,55E-24 1,27E-17 2,74E-25 

«Korean-Asian»4 

(M=60) 

LL 95% -0,564 0,827 0,452 0,721 0,397 0,329 0,493 

R -0,335 0,907 0,677 0,842 0,652 0,595 0,701 

HL 95% -0,084 0,949 0,834 0,912 0,812 0,803 0,844 

p-level 0,0088 1,77E-23 2,77E-09 3,23E-17 1,72E-08 5,3E-07 4,43E-10 

Note: 1 - GSE110128, GSE111223, GSE72120, GSE78874; 2 - GSE110128, GSE111223, GSE39560, GSE72120, 
GSE78874; 3– GSE111223, GSE72556, GSE78874; 4 - GSE59505, GSE92767; * - men; ** - women; LL 95% - the lower 
limit of the 95% confidence interval; HL 95% - upper limit of 95% confidence interval 
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Abstract 

Pseudomonas aeruginosa is one of the leading causative agents of purulent-inflammatory infections with a high 
mortality rate, including pyelonephritis, what mainly depends on the ability to produce pathogenic enzymes and 
form a dense biofilms.  Therefore, the study of the influence of the DNase activity of Pseudomonas aeruginosa 
on the ability to form biofilms will allow the development of new approaches to the diagnosis of infections, taking 
into account the biological properties of the pathogen. As a result of the study, it was found that 85,7% of 
Pseudomonas aeruginosa strains isolated in acute form of pyelonephritis had a high degree of DNase activity 
and the remaining 14,3% of Pseudomonas aeruginosa isolates had a moderate degree of DNase activity. The 
strains of Pseudomonas aeruginosa, isolated from patients with chronic pyelonephritis in 85,3% of cases were 
weakly DNase active, and the remaining isolates did not have DNase activity at all. After determining the ability 
of clinical strains of Pseudomonas aeruginosa to form daily biofilms, it was shown that isolates of acute form of 
pyelonephritis form biofilms of density 2,08 ± 0,26 u.opt. dens., whereas isolates of chronic pyelonephritis form 
biofilms of density  4,59 ± 0,23 u. opt. dens. and actively produced planktonic cells. It was established that the 
clinical strains of Pseudomonas aeruginosa, isolated from the acute form of pyelonephritis, form lower density 
biofilms, however, have higher DNase activity compared to chronic pyelonephritis isolates, which form more 
dense biofilms, although their planktonic cells have weak DNase activity.  

Keywords: Pseudomonas aeruginosa, biofilms, DNase activity. 
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Abstract 

The study of the neutrophils functional reserves as the basis for protective and adaptive capabilities of the 
organism allows us to predict the development of immunodeficiency in acute pyelonephritis in young children 
that is necessary for timely adjustments to treatment. The study was provided to determine the number of active 
neutrophils, the phagocytic number and the neutrophil count before the formation of NETs in young children with 
acute pyelonephritis. It was established that mentioned indexes varied depending on the causative agent of 
acute pyelonephritis. The highest quantity of activated neutrophils (92.9 ± 0.77 %), phagocytic number (8.4 ± 
0.15 conditional units) and antigen quantity in NETs (27.5 ± 0.7 conditional units) took place in E. faecalis 
etiology. The indexes for E. coli were slightly lower and appropriately folded 82.2 ± 1.4 %, 5.9 ± 0.19 and 18.0 
± 0.5 conditional units. In the case of K. pneumoniae quantity of activated neutrophils was 70.4 ± 4.7 %, 
phagocytic number – 4.5 ± 1.2 and antigen quantity in NETs – 15.0 ± 1.2 conditional units that indicates a 
change in phagocytic activity of the immune defense in children with acute pyelonephritis. The decrease in the 
phagocytosis and the quantity of absorbed K. pneumoniae antigens in NETs is due to the formation of a capsule. 
It is shown that quantity of activated neutrophils, activity of phagocytosis and ability to catch antigens in NETs 
in young children with acute pyelonephritis depends on etiology and pathogenicity factors of causative agent 
and needs further research. 

Keywords: neutrophils, phagocytic index, NETs, microorganisms, young children, acute pyelonephritis. 

 

  



 

  

 


