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Abstract

A serious problem in patients with atopic dermatitis (AD) is the frequent attachment of a secondary skin infection. Among 
the microbes colonizing the skin of patients suffering from AD, S. aureus takes the lead. According to different authors, from the 

skin of 80–95 % of patients are sown Staphylococcus aureus. The survival of bacteria in a biotope is promoted by the persistent 
properties of microorganisms.

Aim of the research: to determine the adhesive properties and antilysozyme activity of clinical strains of staphylococci iso-

lated from the skin of patients with allergic dermatosis.

The study included 50 patients with atopic dermatitis and 20 practically healthy individuals, from which 140 laboratory 

strains of staphylococci were isolated: 101 strains from patients with AD and 39 control strains. Bacteriological studies to 

isolate microorganisms and determine a number of pathogenic characteristics were carried out using the methods of classical 

bacteriology.

The severity of antilysozyme activity (ALA) and adhesive properties of strains isolated from affected areas of the skin was 

significantly higher than in cultures isolated from intact skin areas, both qualitatively and quantitatively. The obtained data made it 
possible to assume a certain complicating role of these factors on the course of AD.
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1. Introduction

Microorganisms of the Staphylococcus genus act as the etiological factor of various in-

flammatory diseases of man, characterized by a variety of course – from the lightest to the 
heaviest generalized forms [1, 2]. According to different authors, from the skin of 80–95 % of 
patients are sown Staphylococcus aureus [3, 4]. The survival of bacteria in a biotope is promoted 
by the persistent properties of microorganisms. [5]. Long-term preservation of the population 
of microorganisms in the host organism is facilitated by the mobility of biological properties, 

considered as a mechanism for the persistence of microbes [6, 7]. It is known that one of the most 
important factors for any microorganism is its adhesion to competent host cells, which serves 

as the first step for the development of the infectious process [3, 8]. It ensures the colonization 
of tissues by both pathogenic and non-pathogenic microorganisms and is a necessary condition 

for the natural lifestyle of most bacteria. Adhesion is a trigger mechanism for the realization 

of pathogenic properties of pathogens, which allows microorganisms to be fixed in a certain 
biotope and reach the required population level. Most researchers believe that microorganisms 
that possess high adhesiveness become the causative agents of infections [1, 8]. Of all the vari-
eties of staphylococcus species, one of the most significant super bacteria is S. aureus, which is 

considered to be a highly-adherent microorganism [9, 10]. This property is determined by three 
regulatory genes: the agr gene (accessory gene regulator), expr (exstracellular protein regulator), 

sar (staphylococcus accessory regulator) [1, 11]. Staphylococci show a pronounced adhesive ac-

tivity to the skin, are capable of intense invasion of tissues, significantly inhibit phagocytosis, 
are able to persist for a long time inside phagocytes [6, 12]. The condition for the survival of bac-

teria in a biotope is the ability to withstand the existing mechanisms of anti-infective resistance 

of the host organism due to a number of persistent characteristics, which include the property 

of bacteria specifically to inactivate the lysozyme of the host, which is defined as antilysozyme 
activity. Lysozyme or N-acetylmuramidase is an enzyme that ruptures the 1–4 β-glycosidic bond 
between N-acetyl-glucosamine and N-acetylmuramic acid in the peptidoglycan molecule of the 

bacterial cell wall, resulting in bacterial lysis [13, 14]. Antilysozyme activity is one of the factors 
that increase the tolerance of bacteria to the action of serum lysozyme in humans and animals 
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[15]. The role of lysozyme in protecting the macroorganism from infection is well known. Some 
authors believe that antilysozyme activity contributes to the long-term survival of bacteria in the 

macroorganism [16, 17].
Thus, the detection of high levels of adhesiveness and antilysozyme activity in bacteria can 

be used in bacteriological laboratories to assess the etiological role of isolated cultures of microor-

ganisms and was chosen by us as an initial stage in the study of the pathogenic characteristics of 

laboratory strains.

2. Aim of the research 

Determination of adhesive properties and antilysozyme activity of clinical strains of staph-

ylococci isolated from the skin of patients with allergic dermatosis.

3. Materials and methods

The material for the research was laboratory strains of staphylococci, isolated from the 

lesions and healthy areas of the skin of patients with allergic dermatosis and practically healthy 

individuals.

Sowing of biological material from lesions on the skin, identification of isolated bacteria 
was carried out using methods of classical bacteriology. Interpretation of the results was carried 

out according to international protocols and normative documents of the Ministry of Health of 

Ukraine [18, 19].
Determination of adhesion-colonization properties of microorganisms was carried out ac-

cording to the method of V. I. Brilis [20]. As cellular substrate was formalized human erythrocytes 
0 (I) Rh (+). The average index of adhesion (AIA) and the index of adhesion of microorganism 

(IAM) were determined. AIA – the average number of microbes adhered on one erythrocyte, 

when counting at least 25 erythrocytes. Adhesiveness was considered zero at an AIA of 0 to 1.0; 
low – from 1.1 to 2. 0; average – from 2.1 to 4.0 and high – >4.0. IAM is the average number of 
microorganisms on one erythrocyte participating in an adhesive process. Non-adhesive are micro-

organisms with IAM≤1.75; low-adhesive – with IAM from 1.76 to 2.5; medium-adhesive – from 
2.51 to 3.99 and high-adhesive ≥ 4.0 bacteria / erythrocyte.

Antilysozyme activity of the isolated microorganisms was determined by the method of de-

tached antagonism by the method of O. V. Bukharin [21]. M. luteus was used as an indicator strain 

(strain 2665 of the GISK named after L. A. Tarasevich). The activity of the strains was evaluated 

in μg/ml. The isolated strains were divided into 3 groups: 1 – strains isolated from affected areas 
of the skin of patients with AD; 2 – strains isolated from intact sections of the skin of patients with 
AD; 3 – strains isolated from the skin of healthy individuals.

4. Results of the research

As a result of bacteriological studies, comparative data were obtained on the staphylococcal 

component of the skin microbiocenosis of 50 patients with atopic dermatitis and 20 practically 

healthy individuals. During the research 140 laboratory strains of staphylococci were isolated:  

101 strains from patients with AD and 39 control strains. In Fig. 1 is shown the percentage of the 

most common types of staphylococci.

To study the pathogenic characteristics of staphylococci strains, the initial stage of the re-

search was the investigation of the adhesive activity of isolated microorganisms. In Fig. 2 is shown 

the results of the obtained adhesion-colonization indices of S. aureus (AIA – the average index of 

adhesion, IAM – the index of adhesion of microorganisms)

Further, the obtained data were analyzed to determine the percentage distribution of high-, 

moderate-, low-adhesive isolates. In Fig. 3 is shown the percentage of strains depending on the 

degree of adhesion.

In Fig. 4 is illustrated the difference in the percentage of strains with ALA isolated from 

different parts of their vegetation. 

Fig. 1. Species composition of skin biotopes
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Fig. 2. The results of the adhesion-colonization indices of S. aureus (p<0.05)

Fig. 3. Distribution of S. aureus strains according to the degree of adhesiveness

Fig. 4. Frequency of detection of strains of staphylococci with antilysozyme activity
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The next step was a comparative analysis to identify this property (ALA) among the domi-

nant species of staphylococci. This group included S. aureus, S. epidermidis and S. haemolyticus. 

The obtained data are shown in Fig. 5.

Fig. 5. The presence of ALA in strains of staphylococci of different species on the affected and 

intact sites

Further, a determination of the absolute indices of ALA was made, the values of which are 

not illustrated by the diagrams, but are given in the discussion.

5. Discussion

As a result of bacteriological studies, a picture of the microbial landscape of the skin biome 

was obtained. The study of the microbial constituents of the biotope showed the dominance of 

microorganisms of the Staphylococcus genus on the skin of both patients and healthy individuals. 

The difference was observed in the species composition of staphylococci and the degree of contam-

ination of lesions and normal skin areas. The emergence of non-resident species of staphylococci 

with a higher pathogenic potential in the affected and intact skin areas was a distinctive feature for 

most patients. Staphylococcus strains belonging to the species were selected for the research, the 

percentage of which was highest. They include S. aureus, S. epidermidis and S. haemolyticus, the 

percentage of which is shown in Fig. 1.

After obtaining strains of staphylococci with stable properties, the process of studying their 

pathogenic characteristics was launched. The initial stage of the study was the study of the adhesive 

activity of isolated microorganisms. First of all, our attention was paid to the study of the adhesive 

activity of the pathogen of the genus S .aureus. Figure 2 shows the results of the obtained adhe-

sion-colonization indices of S. aureus – AIA and IAM. The diagram in Fig. 2 illustrates that high 

adhesion-colonization indices were detected in a group of strains isolated from affected areas of the 

skin of patients with atopic dermatitis: the mean adhesion value of the AIA – (3.47±0.21) bacteria/
red blood cell and the adhesion index microorganism IAM – (4.22±0.32) bacteria/erythrocyte, 
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which is almost 1.5 times higher than in the group of strains isolated from intact areas of the skin 

of patients with AD and 4 times higher than in the control group.

The distribution of S. aureus strains according to the degree of adhesiveness presented in 

Fig. 3 shows that in the first group of strains isolated from the affected skin areas of patients, highly 
adhesive strains dominated, a lower percentage of trait detection was observed among isolates with 

a moderate degree of adhesion, and low-adhesive microorganism cultures amounted to less than 

10 %. Among the strains isolated from the same patients, but from intact skin areas, the picture 
was somewhat different. The predominance of moderately adhesive strains was noted, while high 

and low-adhesive strains were found in small amounts. Strains isolated from the skin of practically 

healthy individuals showed up to a third of low-adhesive, and the others did not demonstrate the 

presence of the test feature.

As already noted, the development of diseases of microbial etiology largely depends on 

the persistent properties of microorganisms aimed at inactivating the factors of human natural 

resistance. Studies of bacterial antilysozyme activity (ALA), which inactivates the lysozyme of the 

macroorganism, have revealed a wide prevalence of this feature.

In Fig. 4 illustrated the difference in the percentage of strains with ALA isolated from 

different parts of their vegetation. As a result of our study, it was found that 68.0 % of the strains 
isolated from affected skin areas of patients with AD had this feature, while among the strains 

isolated from intact skin areas and from healthy people this indicator was 42.0 % and 12.5 %, re-

spectively. Thus, when comparing the number of strains possessing this property, it is noticeable 

that the presence of antilysozyme activity was a more characteristic feature for staphylococci, the 

site of vegetation of which was parts of the affected skin.

As can be seen in the diagram in Fig. 5, the number of strains of S. aureus and S. epidermid-

is that possessed this property gradually decreased from 70.9 % to 58.8 % in the series from lesions 
to intact sites and from 41.7 % to 22.7 %, respectively. For S. haemolyticus strains, the number of 

isolates with this feature was not significantly different between the affected and intact skin areas 
(57.1 % and 54.5 %). The diagrams do not include data on control strains, since the absolute figures 
appeared insignificant, and the percentage did not give a proper illustration of the presence of this 
property. It is understood that, for example, one of the 3 strains of S. aureus had one feature, and 

out of 31 isolates of S. epidermidis ALA had been established in 2. For a strain of S. haemolyticus 

species, isolated in healthy people, this property was not revealed.

In determining the absolute indices of ALA, the following results were obtained: in the 

areas of the affected skin, the antilysozyme activity of S. aureus strains reached (2.95±0.2) μg/ml, 
S. haemolyticus – (2.23±0.1) μg/ml , S. epidermidis – (1.32±0.08) μg/ml, i. e. the results indicate a 
higher pathogenic potential of Staphylococcus aureus. The study of intact skin areas showed lower 

values. But at the same time, it should be emphasized that comparing the results of studying strains 

with ALA isolated from patients and control areas of the skin of healthy people showed significant 
differences in antilysozyme activity. First, there were a significantly smaller number of strains with 
this trait, isolated from the studied topodemes of healthy skin. Thus, out of the 3 S. aureus strains 

obtained, only one was characterized by the presence of ALA, while its quantitative expression 
was significantly lower. Among the strains of S. haemolyticus this trait is not revealed. Finally, only  

6.5 % of strains of S. epidermidis had this feature, but again the quantitative indices were minimal. 
The results of the study of individual factors of persistence of different types of staphylococci 

emphasize the importance of S. aureus from the position of potentiating the complications of the 

course of the underlying disease.

In a comparative analysis of the obtained data with the results of similar studies, it was 

found that the adhesion rates of our strains were somewhat lower, and the antilysozyme activity 

was slightly higher than other authors had. In a percentage ratio, the prevalence indicators obtained 

were comparable to each other [22].
Thus, complex set of virulent properties of S. aureus associated with confronting host de-

fence mechanisms, on the one hand, and high adhesive potential, on the other hand, promote active 

colonization of both affected and intact skin areas, which provides conditions for prolonged per-

sistence.
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6. Conclusions

1. Adhesiveness of strains of S. aureus isolated from affected skin is almost 1.5 times higher 

than in strains with intact skin and 3.5 times higher than in strains from control sites. A great-

er number of strains with high and moderate adhesion rates were detected on the affected skin  

(67.7 % and 25.8 %), if they were absent in the control areas.
2. The severity of antilysozyme activity in strains isolated from affected areas of the skin 

was significantly higher than in cultures isolated from intact skin areas, both qualitatively and 
quantitatively. Determination of high and moderate values of antilysozyme activity of strains of  
S. aureus in lesions in comparison with healthy skin allows assuming a certain complicating role 

of this factor on the course of blood pressure.
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Abstract

Aim of the research: to establish the role of undifferentiated connective tissue dysplasia, as a manifestation of violation of 

fibrillogenesis, in the severity of the course of pyelonephritis in children.
148 children with pyelonephritis from 3 to 18 years were examined. As a result of catamnestic surveillance, they were divided 

into 2 groups: I – 92 persons, children with chronic pyelonephritis in which were diagnosed 3 or more episodes of relapse of pyelone-


