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ABSTRACT  

 

The study aimed to provide a detailed analysis of correlations between FEV-1 and other indices of 

pulmonary function, including forced vital capacity (FVC%), Tiffeneau-Pinelli index 

(FEV1/FVC%), measurements of peak expiratory flow (FEF/PEF), forced expiratory flow over the 

middle half of FVC (FEF25%, FEF50%, FEF75%), as well as correlations between FEV1 and grades 

of MMRC (Modified Medical Research Council Questionnaire) by using of the self-evaluation 

questionnaire. 

The study was conducted at the “N. Kipshidze Central University Clinic”. 78 patients with chronic 

obstructive pulmonary disease (COPD) were involved in the study. The functional status of 

respiratory system and clinical condition of the patient  were assessed by spirometry and  MMRC. 

According to study objectives patients were divided into three groups:  the group #1 – untreated 

patients, without any inhaled therapy (n=26); the group #2 – patients taking inhaled salbutamol 

monotherapy (n=28), the group #3 - patients taking inhaled combination therapy with LABA/IC - 

long-acting beta-agonists and corticosteroids (n=24).    

The study results revealed statistically significant correlation between FEV1 and other parameters of 

respiratory function, such as FVC, FEV1/FVC and FEF 50%, as well as statistically significant 

correlation between FEV-1 and MMRC in COPD patients, which increases the value of the self-

evaluation questionnaire.  

According to study results we can conclude that the favorable prognosis of COPD is greatly depends 

on the time of onset and adequacy of therapy. The onset of adequate therapy soon after confirmation 

the diagnosis by spirometry greatly influence the cause and the prognosis of the disease.  Thus, 

Spirometry is the most important diagnostic tool in making proper diagnosis of COPD, identifying 

high risk groups of patients with worst prognosis, starting adequate therapy and prevent progression 

and poor outcome of the disease. At the same time, the wide implementation of self-assessment 

questionnaire in clinical practice might be helpful in identifying COPD patients in which poor 

prognosis and worst outcome is expected.  

Keywords:  Chronic obstructive pulmonary disease (COPD), spirometry, forced expiratory volume 

per second – FEV1,  lung function decline, mMRC. 

 

Introduction: Chronic obstructive pulmonary disease (COPD) is a common, preventable and 

treatable disease that is characterized by persistent respiratory symptoms and airflow limitation that 

is due to airway and /or alveolar abnormalities usually caused by significant exposure to noxious 
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particles or gases [6]  and associated with progressive decline of pulmonary function and 

characterized with various degree of dyspnea and exacerbations. [1] 

COPD as a progressive illness leading to high mortality rate due to chronic hypoxemia and 

complications which are closely associated with this chronic condition. COPD is the third leading 

cause of mortality [5] [10]. Its importance is related to its high prevalence in both developing and 

developed countries, therefore treatment and prevention of the disease poses a great challenge to the 

healthcare system [4][11].  According to the World Health Organization, COPD is a major cause of 

morbidity, mortality and represents a problem for modern world [16][9]. Higher burden of COPD is 

expected in future  owing to environmental pollution and increased life expectancy of the population 

[6]. The forced expiratory volume in the first second – FEV1 is established as a main determinant of 

COPD severity [6][12]. FEV1 is recognized as a reliable prognostic index and is used for assessment 

of  COPD severity, reduced FEV1 is related with frequent exacerbations and increased risk of 

mortality [8] [18][17 ]. 

Despite the importance of the problem, researchers are trying to identify factors, which significantly 

correlate with the dynamics of decrease in FEV1. Due to complexity of the problem, disparity 

between different studies raises further questions. [6][7].  

The main goal of COPD management is to control symptoms, prevent exacerbations and delay 

progression of the disease. Taking into consideration high prevalence of the disease, the goal of any 

scientific research is to develop the COPD management strategy which will provide better control of 

risk factors, reduce frequency of exacerbations and delay progression of the disease.  

 

Aim of the Study: The study aimed to provide a detailed analysis of dynamics of FEV, which is the 

main tool for the assessment of pulmonary function and is used as an indicator of disease severity 

and progression.  We also intended to assess correlations between FEV-1 and other indices of 

pulmonary function, including forced vital capacity (FVC%), Tiffeneau-Pinelli index 

(FEV1/FVC%), measurement of peak expiratory flow (FEF/PEF), forced expiratory flow over the 

middle half of FVC (FEF25%, FEF50%, FEF75%), as well as correlations between FEV1 and grades 

of MMRC (Modified Medical Research Council Questionnaire) by using of the self-evaluation 

questionnaire.  

 

Materials and methods: The study was conducted at “Academition  N. Kipshidze Central 

University Clinic” using data obtained from COPD patients including initial and follow-up visits. 

Clinical assessment of patients included the following: demographics (gender, age) and 

constitutional data (BMI), information about COPD provoking risk-factors (active or former 

smoker), the associated diseases and self-assessment questionnaire (MMRC, CAT) results. The self-

assessment questionnaire for dyspnea (MMRC - Modified Medical Research Council Questionnaire) 

is designed by the Council of Medical Research. It is used for evaluation of patients’ clinical status 

[2] [6][3] and risk of mortality[6][10] [14] [13]. MMRC in combination with spirometry results is 

considered as a useful tool for the assessment of prognosis and risk of future complications. MMRC 

is a 5-point scale questionnaire, which is used for estimation of severity of breathlessness related 

with physical activity. Grades are distributed from 0 (breathlessness with strenuous physical activity) 

to 5 (dyspnea at minimal physical activity) [19].  

Pulmonary functional status was assessed by spirometry. COPD severity was measured by GOLD 

criteria: GOLD 1 – mild: FEV1/FVC < 0,70, FEV1 ≥ 80% of predicted; GOLD 2 – moderate: 
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FEV1/FVC < 0,70, 50% ≤ FEV1 < 80% of predicted; GOLD 3 - severe: FEV1/FVC < 0,70 30% ≤ 

FEV1 < 50% of predicted; GOLD 4 – very severe: FEV1/FVC < 0,70, FEV1 < 30% of predicted.  

Spirometry was performed in every 3 months and a detailed analysis of results was made.  

The study included 78 patients. Demographic and clinical characteristics of the patients are given : 

Gender- Male -50 (64,10%), Female- 28 (35,90%), Age 61,56 ± 10,72, Age of starting COPD 

complaints-54,92 ± 10,52, Duration of COPD-6,64 ± 4,05, Former Smoker-50,00 (64,10%), Smoker-

28,00 (35,90%), P/Y-35,21 ± 25,72, Duration of smoking-28,45 ± 10,77, BMI-28,45 ± 10,77, 

Normal Body Mass-20(25,64%), Excessive weight-18(23,08%), Obesity-40(51,28%), Treatment in 

History- Was not treated-26 (33,33%), Salbutamol-28(35,90%), Combined therapy-24 (30,77%), 

Exacerbation in history- No-62 (79,49%) , Yes-16(20,51%), Mmrc-gradation- Grade2- 42(53,85%), 

Grade3- 36(46,15%), Questionnaire on Lung function-12,36 ± 2,78, Arterial Hypertension-

70(89,74%), CAD. angina of effort -26(33,33%), Heart failure-10(12,82%), Atrial fibrillation-2 

(2,56%), Sd 2-16(20,51%), dl-38(48,72%), Tqd-2(2.56%). 

 

Statistics: Statistical analysis were performed using SPSS 22.0 software. Student’s T-test was 

applied for comparing quantitative data between groups. Pearson’s correlation coefficient was used 

for the assessment of correlations between variables.  The P value was set <0.05 for the evaluation of 

statistical significance. 

 

Results: Table 2 shows a correlation of pulmonary functional indices with FEV1 values at the 

beginning of the study.  

 

Table 2: Correlation of Pulmonary Functional Indices at the Beginning of the Study  

 

Index (mark in 

model) 
FEV1 FVC 

FEV1/ 

FVC 

FEF 

(PEF) 

FEF 25-

75% 
FEF 25% 

FEF 

50% 
FEF 75% 

FEV1 (Y)  0.6179 0.4766 0.2908 0.2741 0.4144 0.5052 0.4455 

FVC (X1) 0.6179  -0.2736 0.0874 0.0348 0.1703 0.0445 0.0677 

FEV1/FVC (X2) 0.4766 -0.2736  0.4382 0.2354 0.6374 0.5976 0.4405 

FEF (PEF) (X3) 0.2908 0.0874 0.4382  0.0626 0.6115 0.3521 -0.1617 

FEF 25-75% (X4) 0.2741 0.0348 0.2354 0.0626  0.2505 0.3194 0.3841 

FEF 25% (X5) 0.4144 0.1703 0.6374 0.6115 0.2505  0.7759 0.4775 

FEF 50% (X6) 0.5052 0.0445 0.5976 0.3521 0.3194 0.7759  0.7217 

FEF 75% (X7) 0.4455 0.0677 0.4405 -0.1617 0.3841 0.4775 0.7217  

(cells with statistically significant correlations are colored). 

 

Multiple linear regressive analysis revealed statistically significant positive correlation between 

FEV1 and other parameters of respiratory function, including FVC, FEV1/FVC and FEF 50%. These 

results clearly indicate that progression of the disease and worsening of pulmonary function is 

significantly associated with reduction of FEV1, as well as with considerable worsening of 
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FEV1/FVC, FVC and FEF 50% parameters. This possible explanation of results is that progression 

of COPD is characterized by a total decline of vital capacity of the lungs with simultaneous severe 

peripheral airway dysfunction.    

Results showing a correlation between functional indices at 30 months of follow-up are given in 

Table 3.  

 

Table 3: Correlation of Functional Indices at 30 months of follow-up 

 

Index (mark in 

model) 
FEV1 FVC 

FEV1/ 

FVC 

FEF 

(PEF) 

FEF 25-

75% 

FEF 

25% 

FEF 

50% 

FEF 

75% 

FEV1 (Y)  0.6192 0.4531 0.3211 0.2107 0.3111 0.2739 0.2984 

FVC (X1) 0.6192  -0.2783 -0.0466 0.0106 0.1964 0.0658 0.1040 

FEV1/FVC (X2) 0.4531 -0.2783  0.4782 0.1236 0.05906 0.1222 0.1614 

FEF (PEF) (X3) 0.3211 -0.0466 0.4782  0.0589 0.0477 0.0622 -0.1238 

FEF 25-75% 

(X4) 
0.2107 0.0106 0.1236 0.0589  0.7569 0.8369 0.7731 

FEF 25% (X5) 0.3111 0.1964 0.05906 0.0477 0.7569  0.8169 0.6580 

FEF 50% (X6) 0.2739 0.0658 0.1222 0.0622 0.8369 0.8169  0.7936 

FEF 75% (X7) 0.2984 0.1040 0.1614 -0.1238 0.7731 0.6580 0.7936  

 

(cells with statistically significant correlations are colored). 

 

After a 30-month follow-up period, a multiple linear regressive analysis still revealed a statistically 

significant positive correlations between FEV1 and FVC, FEV1/FVC and FEF 50% (p<0.0001), 

which was seen at the beginning of the study.  The abovementioned denotes that FVC, FEV1/FVC 

and FEF 50% are indices of pulmonary functional status which are in direct proportional correlation 

with FEV1 index. Obstructive type of ventilation disturbance is characterized with decrease in 

FEV1/FVC ratio on the background of normal FVC[18], on the background of disease progress 

airiness of pulmonary tissue decreases and correspondingly vital capacity of lungs (FVC) decreases 

as well, however, despite importance of the issue, looking for correlation of other spirometry indices 

with dynamics of FEV1 decrease is still the field of observation in the medicine.  

In order to find a relationship between dynamics of FEV1, grades of the MMRC revealed by the 

questionnaire and treatment outcomes (or information was not available), the study contingent  was 

divided into three groups:  the group #1 – untreated patients without any inhaled therapy (n=26); the 

group #2 – patients taking inhaled salbutamol monotherapy (n=28), the group #3 - patients taking 

inhaled combination therapy with LABA/IC (n=24).    

 



 
 
 
 
 

 

  

 8 

VOLUME 01  ISSUE 01  2021 

E-ISSN: XXXX-XXXX 

PROCEEDINGS-SCIAMS                              

Diagram 1:  Distribution average values of FEV1 (expressed in Liters) in all three groups  
 

 

As study results showed, an average values of FEV1 expressed in liters is definitely increased in the 

third group of patients who started COPD management with inhaled combination therapy with 

LABA/IC. This clearly suggests that therapy with combination of drugs with various mechanisms of 

action is superior over monotherapy in terms of improved FEV 1 values.   
In all three groups we investigated a correlation between FEV1 dynamics and grade of dyspnea 

revealed by the self-assessment questionnaire (MMRC). According to study results, an improvement 

of both FEV 1 and dyspnea grade were observed in the third group. Findings indicate that there is 

strong correlation between FEV-1 and the dyspnea grade in COPD patients. Thus, based on study 

results self-assessment questionnaire is very important tool in objective evaluation of respiratory 

functional status and might be widely implemented in clinical practice.   

The distribution of dyspnea self-evaluation questionnaire scores in all the three groups is given in 

Table 4.  

 

Table 4: Distribution of Dyspnea Self-Evaluation Questionnaire scores in all three Groups 
 

Parameters Group 1 Group 2 Group 3 

Score by the questionnaire of pulmonary 

function  
11,00 ± 3,02 12,86 ± 2,49 13,25 ± 2,33 

 
p1-2 = 0.0177    p1-3 = 0.0055  p2-3 = 0.5646 (NS) 

 

(cells with statistically significant correlations are colored). 
 

Conclusions: A statistically significant correlation was observed between FEV1 values and other 

parameters of pulmonary functional test, including FVC, FEV1/FVC and FEF 50%. Results clearly 

show that progression of the diseases and worsening of pulmonary function are strongly correlated 

with total decline and deterioration of almost all pulmonary functional indices.   

Progression of COPD and functional impairment of peripheral airways of lungs are total and 

represents by deterioration of almost all indices received by spirometry investigation. 



 
 
 
  
 

 

  
 9 

VOLUME 01  ISSUE 01 2021 

PROCEEDINGS-SCIAMS 

E – ISSN: XXXX – XXXX 

Timely starting treatment of COPD with inhaled combination of long-acting β2 agonists and steroids  

LABA/IC is significantly associated with improvement of FEV1 in dynamics.   

Correlation between FEV-1 value and dyspnea grade is statistically significant in COPD patients 

which increases usefulness of self-evaluation questionnaire for assessment of disease severity and 

risk of complications as well as for prognostic purposes.  

Study results suggest some recommendations for better control of COPD, prevention of 

complications and improvement of the outcomes.   

Timely starting and adequate treatment of COPD is an important factor for favorable prognosis. 

Spirometry is an important tool for making proper diagnosis of COPD, identifying high risk groups 

and planning adequate treatment strategy as soon as possible  in order to delay the progression of the 

disease.  

Wide implementation of the self-evaluation questionnaire is helpful tool for identifying and 

objectively assess high risk patients with poor prognosis.  
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ABSTRACT 

 

Great brands are not accidents. They are a result of thoughtful and imaginative planning. A brand 

must offer a compelling and credible reason for choosing it over the other options. In determining 

whether an attribute or benefit for a brand can serve as point-of-difference, there are three key 

considerations. The brand association must be seen as desirable, deliverable, and differentiating. 

Customer-based brand equity occurs when the consumer has a high level of awareness and 

familiarity with the brand and holds some strong, favorable, and unique brand associations in 

memory. The CBBE concept approaches brand equity from the perspective of the consumer— 

whether the consumer is an individual or an organization or an existing or prospective customer. The 

basic premise of the CBBE concept is that the power of a brand lies in what customers have learned, 

felt, seen, and heard about the brand as a result of their experiences over time. Thus marketers must 

also convince consumers that there are meaningful differences among brands. Brand awareness 

consists of brand recognition and brand recall performance: Brand recognition is consumers’ ability 

to confirm prior exposure to the brand when given the brand as a cue. Brand recall is consumers’ 

ability to retrieve the brand from memory when given the product category, the needs fulfilled by the 

category, or a purchase or usage situation as a cue.  

Keywords: brand, consumer, marketing, brand marketing, brand equity, consumer, brand building, 

marketers, brand knowledge 

 

Great brands are not accidents. They are a result of thoughtful and imaginative planning. Anyone 

building or managing a brand must carefully develop and implement creative brand strategies. One 

of the crucial aspects of it occurs to be Positioning, which  requires defining our desired or ideal 

brand knowledge structures, and also establishing points-of-parity and points-of-difference to 

establish the right brand identity and brand image. Unique, meaningful points-of-difference (PODs) 

provide a competitive advantage and the “reason why” consumers should buy the brand. On the 

other hand, some brand associations can be roughly as favorable as those of competing brands, so 

they function as points-of-parity (POPs) in consumers’ minds—and negate potential points-of-

difference for competitors. In other words, these associations are designed to provide “no reason why 

not” for consumers to choose the brand. 

A brand must offer a compelling and credible reason for choosing it over the other options. In 

determining whether an attribute or benefit for a brand can serve as point-of-difference, there are 

three key considerations. The brand association must be seen as desirable, deliverable, and 

differentiating. These three considerations for developing an optimal positioning align with the three 

perspectives on which any brand must be evaluated, namely the consumer, the company, and the 

competition. Desirability is determined from the consumer’s point of view, deliverability is based on 

a company’s inherent capabilities, and differentiation is determined relative to the competitors. 
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To function as a POD, consumers ideally would see the attribute or benefit as highly impor-tant, feel 

confident that the firm has the capabilities to deliver it, and be convinced that no other brand could 

offer it to the same extent. If these three criteria are satisfied, the brand association should have 

sufficient strength, favorability, and uniqueness to be an effective POD. Each of these three criteria 

has a number of considerations.  

Desirability Criteria. Target consumers must find the POD personally relevant and important. Brands 

that tap into growing trends with consumers often find compelling PODs. For example, Apple & 

Eve’s pure, natural fruit juices have ridden the wave of the natural foods movement to find success 

in an increasingly health-minded beverage market. 

Just being different is not enough—the differences must matter to consumers. For example, at one 

time a number of brands in different product categories (colas, dishwashing soaps, beer, de-odorants, 

gasoline) introduced clear versions of their products to better differentiate themselves. The “clear” 

association has not seemed to be of enduring value or to be sustainable as a point-of-difference. In 

most cases, these brands experienced declining market share or disappeared altogether. 

Deliverability Criteria. The deliverability of an attribute or benefit brand association depends on both 

a company’s actual ability to make the product or service (feasibility) as well as their effectiveness in 

convincing consumers of their ability to do so (communicability), as follows: 

• Feasibility: Can the firm actually supply the benefit underlying the POD? The product and 

marketing must be designed in a way to support the desired association. It is obviously easier to con-

vince consumers of some fact about the brand that they were unaware of or may have overlooked 

than to make changes in the product and convince consumers of the value of these changes. As noted 

above, perhaps the simplest and most effective approach is to point to a unique attribute of the 

product as a proof point or reason-to-believe. Thus, Mountain Dew may argue that it is more 

energizing than other soft drinks and support this claim by noting that it has a higher level of 

caffeine. On the other hand, when the point-of-difference is abstract or image based, support for the 

claim may reside in more general associations to the company that have been developed over time. 

Thus, Chanel No. 5 perfume may claim to be the quintessential elegant, French perfume and support 

this claim by noting the long association between Chanel and haute couture. 

Communicability: The key issue in communicability is consumers’ perceptions of the brand and the 

resulting brand associations. It is very difficult to create an association that is not consistent with 

existing consumer knowledge, or that consumers, for whatever reason, have trouble believing in. 

What factual, verifiable evidence or “proof points” can marketers communicate as support, so that 

consumers will actually believe in the brand and its desired associations? These “reasons-to-believe” 

are critical for consumer acceptance of a potential POD. Any claims must pass legal scrutiny too. 

The makers of category leader POM Wonderful 100% Pomegranate Juice have battled with the 

Federal Trade Commission over what the FTC deems as “false and unsubstantiated claims” about 

treating or preventing heart disease, prostate cancer, and erectile dysfunction. 

Differentiation Criteria. Finally, target consumers must find the POD distinctive and supe-rior. When 

marketers are entering a category in which there are established brands, the challenge is to find a 

viable, long-term basis for differentiation. Is the positioning preemptive, defensible, and difficult to 

attack? Can the brand association be reinforced and strengthened over time? If these are the case, the 

positioning is likely to last for years. 

Two questions often arise in brand marketing: What makes a brand strong? and How do you build a 

strong brand? The challenge for marketers in building a strong brand is ensuring that customers have 

the right type of experiences with products and services and their accompanying marketing programs 
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so that the desired thoughts, feelings, images, beliefs, perceptions, opinions, and experiences become 

linked to the brand. 

Although a number of useful perspectives concerning brand equity have been put forth, the 

customer-based brand equity (CBBE) concept provides a unique point of view on what brand equity 

is and how it should best be built, measured, and managed. 

The CBBE concept approaches brand equity from the perspective of the consumer - whether the 

consumer is an individual or an organization or an existing or prospective customer. Understanding 

the needs and wants of consumers and organizations and devising products and programs to satisfy 

them are at the heart of successful marketing.  

The basic premise of the CBBE concept is that the power of a brand lies in what customers have 

learned, felt, seen, and heard about the brand as a result of their experiences over time. In other 

words, the power of a brand lies in what resides in the minds and hearts of customers.  

A brand has positive customer-based brand equity when consumers react more favorably to a 

product and the way it is marketed when the brand is identified than when it is not (say, when the 

product is attributed to a fictitious name or is unnamed). Thus, customers might be more accepting of 

a new brand extension for a brand with positive customer-based brand equity, less sensitive to price 

increases and withdrawal of advertising support, or more willing to seek the brand in a new 

distribution channel. On the other hand, a brand has negative customer-based brand equity if 

consumers react less favorably to marketing activity for the brand compared with an unnamed or 

fictitiously named version of the product. 

Let’s look at the three key ingredients to this definition: (1) “differential effect,” (2) “brand 

knowledge,” and (3) “consumer response to marketing.” First, brand equity arises from differences 

in consumer response. If no differences occur, then the brand-name product can essentially be 

classified as a commodity or a generic version of the product. Competition, most likely, would then 

just be based on price. Second, these differences in response are a result of consumers’ knowledge 

about the brand, that is, what they have learned, felt, seen, and heard about the brand as a result of 

their experiences over time. Thus, although strongly influenced by the marketing activity of the firm, 

brand equity ultimately depends on what resides in the minds and hearts of consumers. Third, 

customers’ differential responses, which make up brand equity, are reflected in perceptions, 

preferences, and behavior related to all aspects of brand marketing, for example, including choice of 

a brand, recall of copy points from an ad, response to a sales promotion, and evaluations of a 

proposed brand extension. 

When consumers report different opinions about branded and unbranded versions of identical 

products - which almost invariably happens - it must be the case that knowledge about the brand, 

created by whatever means (past experiences, marketing activity for the brand, or word of mouth), 

has somehow changed customers’ product perceptions. This result has occurred with virtually every 

type of product - conclusive evidence that consumers’ perceptions of product performance are highly 

dependent on their impressions of the brand that goes along with it. In other words, clothes may 

seem to fit better, a car may seem to drive more smoothly, and the wait in a bank line may seem 

shorter, depending on the particular brand involved. 

Thus, according to the customer-based brand equity concept, consumer knowledge drives the 

differences that manifest themselves in terms of brand equity. This realization has important 

managerial implications. For one thing, brand equity provides marketers with a vital strategic bridge 

from their past to their future. 
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Brands as a Reflection of the Past. Marketers should consider all the dollars spent on manufacturing 

and marketing products each year not so much as “expenses” but as “investments” in what 

consumers saw, heard, learned, felt, and experienced about the brand. If not properly designed and 

implemented, these expenditures may not be good investments, in that they may not have created the 

right knowledge structures in consumers’ minds, but we should consider them investments 

nonetheless. Thus, the quality of the investment in brand building is the most critical factor, not the 

quantity beyond some minimal threshold amount. In fact, it is possible to “overspend” on brand 

building if money is not being spent wisely. Conversely, some brands are considerably outspent but 

amass a great deal of brand equity through marketing activities that create valuable, enduring 

memory traces in the minds of consumers. 

Brands as a Direction for the Future. The brand knowledge that marketers create over time dictates 

appropriate and inappropriate future directions for the brand. Consumers will decide, based on their 

brand knowledge, where they think the brand should go and grant permission (or not) to any 

marketing action or program. Thus, at the end of the day, the true value and future prospects of a 

brand rest with consumers and their knowledge about the brand. 

No matter how we define brand equity, though, its value to marketers as a concept ultimately 

depends on how they use it. Brand equity can offer focus and guidance, providing a means to in-

terpret past marketing performance and design future marketing programs. Everything the firm does 

can help enhance or detract from brand equity. Those marketers who build strong brands have 

embraced the concept and use it to its fullest as a means of clarifying, communicating, and 

implementing their marketing actions. 

One great example providing invaluable information on brand building is The Discovery Channel, 

which was launched with the motto “Explore Your World” and well-defined brand values of 

adventure, exploration, science, and curiosity. After a detour to reality programming featuring crime 

and forensics shows and biker and car content, the channel returned to its mission of producing high-

quality work that the company could be proud of and that was beneficial for people. Today, 

Discovery’s 13 U.S. channels cumulatively reach 745 million subscribing households, and its 120 

overseas channels in 180 countries reach 969 million homes. One hundred fifty thousand hours of 

content supplied by Discovery Education is used by more than 1 million teachers in half of all 

schools in the United States. Discovery’s Web sites attract 24 million unique visitors every month. 

The company also launched Discovery Channel Magazine in Asia. 

Using the associative network memory model, let’s think of brand knowledge as consisting of a 

brand node in memory with a variety of associations linked to it. We can consider brand knowledge 

as having two components: brand awareness and brand image. Brand awareness is related to the 

strength of the brand node or trace in memory, which we can measure as the consumer’s ability to 

identify the brand under different conditions. It is a necessary, but not always a sufficient, step in 

building brand equity. Other considerations, such as the image of the brand, often come into play. 

Brand image has long been recognized as an important concept in marketing. Although marketers 

have not always agreed about how to measure it, one generally accepted view is that, consistent with 

our associative network memory model, brand image is consumers’ perceptions about a brand, as 

reflected by the brand associations held in consumer memory. In other words, brand associations are 

the other informational nodes linked to the brand node in memory and contain the meaning of the 

brand for consumers. Associations come in all forms and may reflect characteristics of the product or 

aspects independent of the product. 
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What causes brand equity to exist? How do marketers create it? Customer-based brand equity occurs 

when the consumer has a high level of awareness and familiarity with the brand and holds some 

strong, favorable, and unique brand associations in memory. In some cases, brand awareness alone is 

enough to create favorable consumer response; for example, in low-involvement decisions when 

consumers are willing to base their choices on mere familiarity. In most other cases, however, the 

strength, favorability, and uniqueness of brand associations play a critical role in determining the 

differential response that makes up brand equity. If customers perceive the brand as only 

representative of the product or service category, then they’ll respond as if the offering were 

unbranded. 

Thus marketers must also convince consumers that there are meaningful differences among brands. 

Consumers must not think all brands in the category are the same. Establishing a positive brand 

image in consumer memory - strong, favorable, and unique brand associations - goes hand-in-hand 

with creating brand awareness to build customer-based brand equity. Let’s look at both these sources 

of brand equity. 

Brand awareness consists of brand recognition and brand recall performance: 

Brand recognition is consumers’ ability to confirm prior exposure to the brand when given the brand 

as a cue. In other words, when they go to the store, will they be able to recognize the brand as one to 

which they have already been exposed? 

Brand recall is consumers’ ability to retrieve the brand from memory when given the product 

category, the needs fulfilled by the category, or a purchase or usage situation as a cue. In other 

words, consumers’ recall of Kellogg’s Corn Flakes will depend on their ability to retrieve the brand 

when they think of the cereal category or of what they should eat for breakfast or a snack, whether at 

the store when making a purchase or at home when deciding what to eat. 

If research reveals that many consumer decisions are made at the point of purchase, where the brand 

name, logo, packaging, and so on will be physically present and visible, then brand recognition will 

be important. If consumer decisions are mostly made in settings away from the point of purchase, on 

the other hand, then brand recall will be more important. For this reason, creating brand recall is 

critical for service and online brands: Consumers must actively seek the brand and therefore be able 

to retrieve it from memory when appropriate. 

Note, however, that even though brand recall may be less important at the point of purchase, 

consumers’ brand evaluations and choices will still often depend on what else they recall about the 

brand given that they are able to recognize it there. As is the case with most information in memory, 

we are generally more adept at recognizing a brand than at recalling it. 

Advantages of Brand Awareness. What are the benefits of creating a high level of brand awareness? 

There are three - learning advantages, consideration advantages, and choice advantages. 

Learning Advantages: Brand awareness influences the formation and strength of the associa-tions 

that make up the brand image. To create a brand image, marketers must first establish a brand node 

in memory, the nature of which affects how easily the consumer learns and stores additional brand 

associations. The first step in building brand equity is to register the brand in the minds of 

consumers. If the right brand elements are chosen, the task becomes easier. 

Consideration Advantages: Consumers must consider the brand whenever they are making a 

purchase for which it could be acceptable or fulfilling a need it could satisfy. Raising brand 

awareness increases the likelihood that the brand will be a member of the consideration set, the 

handful of brands that receive serious consideration for purchase. Much research has shown that 

consumers are rarely loyal to only one brand but instead have a set of brands they would consider 
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buying and another - possibly smaller - set of brands they actually buy on a regular basis. Because 

consumers typically consider only a few brands for purchase, making sure that the brand is in the 

consideration set also makes other brands less likely to be considered or recalled. 

Choice Advantages: The third advantage of creating a high level of brand awareness is that it can 

affect choices among brands in the consideration set, even if there are essentially no other 

associations to those brands. For example, consumers have been shown to adopt a decision rule in 

some cases to buy only more familiar, well-established brands. Thus, in low-involvement decision 

settings, a minimum level of brand awareness may be sufficient for product choice, even in the 

absence of a well-formed attitude. 

One influential model of attitude change and persuasion, the elaboration-likelihood model, is 

consistent with the notion that consumers may make choices based on brand awareness 

considerations when they have low involvement. Low involvement results when consumers lack 

either purchase motivation (they don’t care about the product or service) or purchase ability (they 

don’t know anything else about the brands in a category). 

Consumer purchase motivation: Although products and brands may be critically important to 

marketers, choosing a brand in many categories is not a life-or-death decision for most consumers. 

For example, despite millions of dollars spent in TV advertising over the years to persuade 

consumers of product differences, 40 percent of consumers in one survey believed all brands of 

gasoline were about the same or did not know which brand was best. A lack of perceived differences 

among brands in a category is likely to leave consumers unmotivated about the choice process. 

Consumer purchase ability: Consumers in some product categories just do not have the nec-essary 

knowledge or experience to judge product quality even if they so desired. The obvious examples are 

products with a high degree of technical sophistication, like telecommunica-tions equipment with 

state-of-the-art features. But consumers may be unable to judge quality even in low-tech categories. 

Consider the college student who has not really had to cook or clean before, shopping the 

supermarket aisles in earnest for the first time, or a new manager forced to make an expensive capital 

purchase for the first time. The reality is that product quality is often highly ambiguous and difficult 

to judge without a great deal of prior experience and expertise. In such cases, consumers will use 

whatever shortcut or heuristic they can come up with to make their decisions in the best manner 

possible. Sometimes they simply choose the brand with which they are most familiar and aware. 

Establishing Brand Awareness. How do you create brand awareness? In the abstract, creating brand 

awareness means increasing the familiarity of the brand through repeated exposure, although this is 

generally more effective for brand recognition than for brand recall. That is, the more a consumer 

“experiences” the brand by seeing it, hearing it, or thinking about it, the more likely he or she is to 

strongly register the brand in memory. 

Thus, anything that causes consumers to experience one of a brand’s element - its name, symbol, 

logo, character, packaging, or slogan, including advertising and promotion, sponsor-ship and event 

marketing, publicity and public relations, and outdoor advertising - can increase familiarity and 

awareness of that brand element. And the more elements marketers can reinforce, usually the better. 

For instance, in addition to its name, Intel uses the “Intel Inside” logo and its distinctive symbol as 

well as its famous four-note jingle in TV ads to enhance awareness. 

Repetition increases recognizability, but improving brand recall also requires linkages in memory to 

appropriate product categories or other purchase or consumption cues. A slogan or jingle creatively 

pairs the brand and the appropriate cues (and, ideally, the brand positioning as well, helping to build 
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a positive brand image). Other brand elements like logos, symbols, characters, and packaging can 

also aid recall. 

The way marketers pair the brand and its product category, such as with an advertising slogan, helps 

determine the strength of product category links. For brands with strong category associations, like 

Ford cars, the distinction between brand recognition and recall may not matter much - consumers 

thinking of the category are likely to think of the brand. In competitive markets or when the brand is 

new to the category, it is more important to emphasize category links in the marketing program. 

Strong links between the brand and the category or other relevant cues may become especially 

important over time if the product meaning of the brand changes through brand extensions, mergers, 

or acquisitions. 

For instance GANNETT can be a great example to consider for most companies. In March 2011, 

Gannett launched its first nationwide branding and advertising campaign, themed “It’s All Within 

Reach.” The company traces its origins to a small newspaper in Elmira, NY, in 1906 and over the 

decades has grown into a leading international media and marketing solutions company. Gannett’s 

media properties include USA TODAY; 81 U.S. community newspapers (such as the Arizona 

Republic, Indianapolis Star, and Detroit Free Press); 23 broadcasting stations; over 100 digital 

properties; Point Roll, an industry leader in rich media advertising solutions; Career Builder, the 

nation’s top employment site; and Captivate, a digital programming and advertising network with 

nearly 10,000 elevator and lobby screens in about 1,000 buildings. Then-Chairman and CEO Craig 

Dubow explained the campaign as, “Today, Gannett offers consumers and businesses everything 

they need to connect and engage with what matters most to them  - anywhere, anytime and on every 

platform. It’s important for our brand to reflect and promote our company as it is today and the 

tremendous value we bring.” 

Many marketers have attempted to create brand awareness through so-called shock adver-tising, 

using bizarre themes. For example, at the height of the dot-com boom, online retailer Outpost.com 

used ads featuring gerbils shot from cannons, wolverines attacking marching bands, and preschoolers 

having the brand name tattooed on their foreheads. The problem with such approaches is that they 

invariably fail to create strong category links because the product is just not prominent enough in the 

ad. They also can generate a fair amount of ill will. Often coming across as desperate measures, they 

rarely provide a foundation for long-term brand equity. In the case of Outpost.com, most potential 

customers did not have a clue what the company was about. 

Creating brand awareness by increasing the familiarity of the brand through repeated exposure (for 

brand recognition) and forging strong associations with the appropriate product category or other 

relevant purchase or consumption cues (for brand recall) is an important first step in building brand 

equity. Once a sufficient level of brand awareness is created, marketers can put more emphasis on 

crafting a brand image. 

Strength of Brand Associations. The more deeply a person thinks about product information and 

relates it to existing brand knowledge, the stronger the resulting brand associations will be. Two 

factors that strengthen association to any piece of information are its personal relevance and the 

consistency with which it is presented over time. The particular associations we recall and their 

salience will depend not only on the strength of association, but also on the retrieval cues present and 

the context in which we consider the brand. 

In general, direct experiences create the strongest brand attribute and benefit associations and are 

particularly influential in consumers’ decisions when they accurately interpret them. Word-of-mouth 

is likely to be particularly important for restaurants, entertainment, banking, and personal services. 
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Starbucks, Google, Red Bull, and Amazon are all classic examples of companies that created 

amazingly rich brand images without the benefit of intensive advertising programs. Mike’s Hard 

Lemonade sold its first 10 million cases without any advertising because it was a “discovery” brand 

fueled by word-of-mouth. 

On the other hand, company-influenced sources of information, such as advertising, are often likely 

to create the weakest associations and thus may be the most easily changed. To overcome this 

hurdle, marketing communication programs use creative communications that cause consumers to 

elaborate on brand-related information and relate it appropriately to existing knowledge. They 

expose consumers to communications repeatedly over time, and ensure that many retrieval cues are 

present as reminders. 

Favorability of Brand Associations. Marketers create favorable brand associations by convincing 

consumers that the brand possesses relevant attributes and benefits that satisfy their needs and wants, 

such that they form positive overall brand judgments. Consumers will not hold all brand associations 

to be equally important, nor will they view them all favorably or value them all equally across 

different purchase or consumption situations. Brand associations may be situation-or context-

dependent and vary according to what consumers want to achieve in that purchase or consumption 

decision. An association may thus be valued in one situation but not another. 

For example, the associations that come to mind when consumers think of FedEx may be “fast,” 

“reliable,” and “convenient,” with “purple and orange packages.” The color of the packaging may 

matter little to most consumers when actually choosing an overnight delivery service, although it 

may perhaps play an important brand awareness function. Fast, reliable, and convenient service may 

be more important, but even then only under certain situations. A consumer who needs delivery only 

“as soon as possible” may consider less expensive options, like USPS Priority Mail, which may take 

one to two days. 

Because the brand is linked to the product category, some category associations may also become 

linked to the brand, either specific beliefs or overall attitudes. Product category attitudes can be a 

particularly important determinant of consumer response. For example, if a consumer thinks that all 

brokerage houses are basically greedy and that brokers are in it for themselves, then he or she 

probably will have similarly unfavorable beliefs about and negative attitudes toward any particular 

brokerage house, simply by virtue of its membership in the category. 

Thus, in almost all cases, some product category associations will be shared with all brands in the 

category. Note that the strength of the brand associations to the product category is an important 

determinant of brand awareness. 

Brand positioning is at the heart of marketing strategy. It is the “act of designing the company’s offer 

and image so that it occupies a distinct and valued place in the target customer’s minds.” As the 

name implies, positioning means finding the proper “location” in the minds of a group of consumers 

or market segment, so that they think about a product or service in the “right” or desired way to 

maximize potential benefit to the firm. Good brand positioning helps guide marketing strategy by 

clarifying what a brand is all about, how it is unique and how it is similar to competitive brands, and 

why consumers should purchase and use it. 

Deciding on a positioning requires determining a frame of reference (by identifying the target market 

and the nature of competition) and the optimal points-of-parity and points-of-difference brand 

associations. In other words, marketers need to know who the target consumer is, who the main 

competitors are, how the brand is similar to these competitors, and how the brand is different from 

them. 
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ABSTRACT 

 

In the paper, new data on research of effects of a chemical product which contains synthetic 

surfactants on plant seedlings are presented. The chemical product studied was a shampoo made in 

China. This was a herbal shampoo (HS) that contained lauryl polyether ammonium sulfate, 

ammonium lauryl sulfate, and components of two medicinal plants. Its effects on seedlings of Vigna 

radiata were studied. It was shown that at some concentrations, water solutions of the HS produced 

toxic effects.  At a concentration of 0.5%, the HS produced a toxic effect that caused inhibition of the 

root length more than 50%. The new data are in accord with the previous results obtained by the 

research group of S.A.Ostroumov at M.V.Lomonosov Moscow State University. 

Keywords: environmental hazards, ecotoxicology, plant science, phytotest, phytotoxicity, aquatic 

toxicology, surfactants, bioassay, plant seedlings, 

 

Introduction: In previous studies, the bioassay of several surfactants and surfactant-containing 

chemical products were studied [1-18]. The concentrations of these chemicals in water which 

produced toxic effects on a number of biological species were determined [1-11, 13, 16, 17, 18].  

Other laboratories also use similar approaches to test toxicity and environmental hazards from 

chemicals. [19, 20]. 

Recently these studies were continued using detergents and biological species Lens culinaris and 

Vigna radiata [18 ]. 

The goal of this study is to continue the research of potential biological effects (including toxicity) of 

surfactant-containing chemical products using the biological species Vigna radiata. 

 

Methods: The chemical tested in the study was a Chinese herbal shampoo (the name of the 

shampoo: Ginger Polygonum Multiflorum Nutrient Shampoo). It was produced by BAWANG 

International (Group) Holding Co., Ltd (Guangzhou, China). The nontransparent liquid shampoo 

appears brown color. The formulation of the commercial shampoo are lauryl polyether ammonium 

sulfate, ammonium lauryl sulfate, cocamidopropyl betaine, cocamide MEA, glycol distearate, PDMS 

(polydimethylsiloxane), fragrance, sodium chloride, piroctone olamine, polyquaternium-47, 

polyquaternium-10, DMDM hydantoin, panthenol, EDTA-Na2, methylparaben, zingiber officinal (a 

type of extract from ginger roots), polygonum multiflorum (a Chinese medicine), and water.  

The method was described in detail in the books [16, 17] and our other publications [18]. The seeds 

were put in Petri dishes. The tested water solution of the chemicals studied were added to the Petri 

dishes. The quantitative parameters of seed germination and the seedling growth were measured and 

the average values were calculated. Statistical data analysis was performed using Microsoft Excel 

2019 Program.  
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Number of seeds was 30 per Petri dish.  

The volume of shampoo solution added to each Petri dish was 20 mL. 

The isometric volume (20 mL) of ultrapure water was used as the control.   

Temperature of the incubation of the Petri dishes was 25.0±1.0 °C. 

Other details of the method of the experiments were described in [16-18]. 

 

Results and discussion: The main results are presented in Table 1. 

It is seen from Table 1 that increased concentrations of the chemical texted produced increased 

toxicity on the biological species used, Vigna radiata. 

The increased concentrations induced a decrease in the root length. 

The largest concentration tested (5% ) produced the most pronounced toxic effect. 

The interpretation of the data obtained is presented in Table 2. 

The obtained results are in accord with the previous results of research projects conducted in the 

group of S.A. Ostroumov at Moscow State University [ 1-18 ]. Previous data obtained in this group 

demonstrated phytotoxicity of surfactants and several surfactant-containing chemical mixtures to 

higher plants [1-11, 13-18, 21], both terrestrial [1-11, 13, 16, 17, 18] and aquatic ones [9, 21]. 

The new results presented in this publication add new additional examples of toxicity of the chemical 

mixtures that contain surfactants. 

 

Table 1  The mung beans (Vigna radiata) tests for the 96-h exposure to various concentrations of the 

water solution of the shampoo (20 mL) at 25.0±1.0  °C. The tested chemical was the Chinese herbal 

shampoo (the name of the shampoo: Ginger Polygonum Multiflorum Nutrient Shampoo). 

 
Concentrations  of the tested chemical (%)  0.0 % 0.5%  5.0%  

Root length, average (mm) 58.47 22.36  0.35  

Standard error (mm) 1.70 1.38 0.13 

 

Table 2  Interpretation of the results obtained in this study on biological effects of the tested 

chemical  (Ginger Polygonum Multiflorum Nutrient Shampoo) which was tested at various 

concentrations using Vigna radiata.  

 
Concentration (%) of the chemical 

product tested 

Interpretation of the results of the 

phytotest in this study 

Comments 

0 No toxicity No inhibition of  growth of roots 

0.5 A pronounced toxicity Inhibition of  root growth, more than 

50% 

5.0 Lethal effect as a result of high 

toxicity 

No root growth observed 

 

It is worth noting that the chemical product (chemical mixture) studied in this publication is a 

broadly used body-care product. 

The chemical products  of this type are manufactured and sold in large quantities. The discharge of 

these chemicals into aquatic environment is massive. The aquatic environment pollution with these 

chemicals is substantial. Therefore, the potential environmental impact of the water pollution with 

these chemicals is of substantial importance.  The ecotoxicological considerations connected with 
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water pollution with surfactants and surfactant-containing chemical products were analyzed in the 

previous publications, namely, the books [16, 17]. The new data support the main conclusions made 

in these books. 

 

Conclusions: 1. It was found the the phytotest with Vigna radiata is an effective method to study 

biological effects of a shampoo. 

2. It was discovered that at certain concentrations and time exposures the chemical tested, namely, 

the Chinese herbal shampoo (the name of the shampoo: Ginger Polygonum Multiflorum Nutrient 

Shampoo), produced toxic effects on the plant seedlings. 

 

REFERENCES 

 

1. Goryunova  S.V.,   Ostroumov  S.A.   Effects of an anionic detergent  on green algae and 

some angiosperms. // Biological Sciences. 1986, No.7: p.84-86.    

2. Nagel  H,Ostroumov  S.A.,  Maximov  V.N.  Inhibition  of  elongation  of seedlings of 

buckwheat under the effect of sodium dodecylsulphate. // Biological Sciences. 1987, No.12: 

81-84; https://www.academia.edu/44213751/; 

3. Maximov  V.N., Nagel H.,   Ostroumov  S.A.   Biotesting  waters containing  a surfactant 

(sulfonol) and DNOC. // Hydrobiological Journal, 1988. 24 (4): 54-55. 

https://www.academia.edu/1436246/ ;  

4. Maximov  V.N.,  Nagel  H., Kovaleva  T.N.,   Ostroumov  S.A.   Biotesting of water polluted 

by sulfonol. // Water Resources.  1988. 1: 165-168.  

5. Ostroumov   S.A.  Certain  Aspects  of  Evaluating   Biological   Activity  of Xenobiotics // 

Vestnik MGU, Series 16, Biologiya,   1990.  p. 27-34. 

6. Ostroumov S.A., Xing B.  Effects of three types of metal oxide nanoparticles (TiO2,  CuO,  

Al2O3)  on  the  seedlings  of  the  higher  plant  Lens  culinaris.  // Ecologica.  2012. Vol.19 

(65), 10-14. 

7. Ostroumov   S.A.,     L.S.  Samoilenko,   M.M.  Telitchenko.   Studies  on  some aspects  of  

ecotoxicology  and  biochemical  ecology  of  surfactants  // Biodeterioration and 

Biodegradation.1995.  Vol. 9, 641-641. 

8. Ostroumov  S.A., Golovko A.E.   Biotesting of surfactant (sulphonol)  toxicity using rice 

seedings as a test-object // Gidrobiologičeskij žurnal (Kiev) [Gidrobiologicheskiy  Zhurnal,  

Hydrobiological  Journal].  1992.  Vol.28  (3), 72-75. 

9. Ostroumov   S.A.,  Kotelevtsev   S.V.     Assessing   environmental   hazards   of chemicals: 

the efficient method with higher plants // Black Sea Scientific Journal of Academic Research. 

2015. Vol.26 (8), p.8; 

10. Ostroumov,  S.A., and Kotelevtsev,  S.V., 2015. Using agricultural  plants in order  to  access  

toxicity   of  chemical   pollutants   to  control  pollution   of  the environment:  informational  

biotechnology.  //  International  Symposium  of  ISB- INMA TEH. Agricultural and 

Mechanical Engineering, Bucharest, Romania, 29-31 October 2015 (pp. 405-408). INMA 

Bucharest. 

11. Ostroumov S.A.,  Solomonova E.A. Phytotoxicity of a surfactant-containing product towards 

macrophytes //  Russian Journal of General Chemistry. 2013. 83 (13), 2614-2617;      

https://www.academia.edu/27074231/ ; 



 
 
 
  
 

 

  
 23 

VOLUME 01  ISSUE 01 2021 

PROCEEDINGS-SCIAMS 

E – ISSN: XXXX – XXXX 

12. Lazareva    E.V.,    Ostroumov    S.A.   Accelerating    the   reduction    of  the concentration  

of surface-active  substances  in water microcosms  in the presence of plants: Innovations  for 

phytotechnology  // Doklady Akademii Nauk.    2009. 425 (6), 843-845;     

https://www.academia.edu/43779198/; 

13. Poklonov V.A., Kotelevtsev S.V., Ostroumov S.A. On the effect of detergents on Vigna 

radiata and Lens culinaris under biotest conditions // Toxicological Bulletin. 2012. No. 5. 

p.49-53. [Poklonov V. A., Kotelevtsev S. V., Ostroumov S. A. O vozdeystvii detergentov na 

Vigna radiata i Lens culinaris v usloviyakh biotesta // Toksikologicheskiy vestnik. 2012. № 

5. s.49-53]. 

14. Electronic resource. 2010. Using plants in ecological and environmental studies: List of 

publications, S.A. Ostroumov;. 

https://library.by/portalus/modules/biology/readme.php?subaction=showfull&id=128129104

6& archive=&start_from=&ucat=& ; last viewed 04.05.2020; 

15. Electronic resource. 160 articles, environment, water, ecology, toxicology, remediation, 

bioassay, aquatic, higher plants, macrophytes…; in English, in Russian. 50-page list. 

http://5bio5.blogspot.com/2015/07/160-articles-environment-water-ecology.html;    last 

viewed 04.05.2020; 

16. Ostroumov S. A., Biological Effects of Action of Surfactants on Organisms, MAKS-Press,  

Moscow (2001), p. 334. (in Rus.). [translit of the title of the book: Biologicheskiie effekty pri 

vozdeistvii poverkhnostno-aktivnykh veshchestv na organizmy];   

https://www.worldcat.org/title/biologicheskiie-effekty-pri- vozdeistvii-poverkhnostno-

aktivnykh-veshchestv-na-organizmy/oclc/263630756; 

17. Ostroumov   S.A.,  2006.  Biological   effects   of  surfactants.   CRC  Press. 

https://www.academia.edu/826799/; https://www.academia.edu/782323/; 

18. Cai X., Ostroumov S.A. Discovery of detergent toxicity using non-animal bioassay. 

Biogeochemical Innovations, Vol.2, p.216-219 (2020). 

https://www.academia.edu/44455943/; 

19. Eze, M.O., George, S.C. and Hose, G.C., 2021. Dose-response analysis of diesel fuel 

phytotoxicity on selected plant species. Chemosphere, 263, p.128382. 

20. Das, P., Bora, P., Paul, N. and Bhattacharyya, N., 2021. Vegetation composition and 

assessment of phytotoxicity in a paper mill dumpsite. Plant Science Today, 8(1), pp.140-147. 

21. Solomonova E. A., Ostroumov S. A.. Tolerance of an Aquatic Macrophyte Potamogeton 

crispus L. to Sodium Dodecyl Sulphate. - Moscow University Biological Sciences Bulletin, 

2007, Vol. 62, No. 4, p. 176–179. DOI: 10.3103/S0096392507040074; 

http://www.scribd.com/doc/45556848 ; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 

  

 24 

VOLUME 01  ISSUE 01  2021 

E-ISSN: XXXX-XXXX 

PROCEEDINGS-SCIAMS                              

STUDYING THE IMITATION MODEL OF THE SYSTEM SECURITY 

INFORMATION IN SERVICE NETWORKS 
 
Balami Ismayılov 
 

National Aviation Academy, Doctor of technical sciences, Associate professor, Azerbaijan. 

Email: balemi@rambler.ru 

 

ABSTRACT 

 

Information security systems (ISS), including the N-th number of security features, are considered. 

The system is represented as a multichannel queuing system (QS) with a Poisson flow of requests at 

the input. The goal of building of this structure is pursued. At the same time, the process of servicing 

unauthorized access (UA) request is also random. Security features in the ISS convert the source 

stream into streams of detected and skipped (undetected) unauthorized access requests. Models of 

ISS have been developed and simulation experiments have been carried out, the results obtained 

have been analyzed. 

Keywords: Information security systems, queuing systems, security features, unauthorized access. 

 

REZÜME 

 

N sayda müdafiə vasitəsindən ibarət informasiya təhlükəsizliyi sisteminə (İTS) baxılmışdır. Sistemə 

girişində puasson axını olan çoxkanallı kütləvi xidmət sistemi (KXS) kimi baxılmışdır. Onun 

strukturunun qurulması məqsədi nəzərdə tutulur. İcazəsiz müdaxiləli (İM) xidmət prosesində - 

sorğular da təsadüfidir. İTS-də müdafiə vasitəsi ilkin axını aşkarlanmış və buraxılmış 

(aşkarlanmamış) İM sorğularına çevirir. İTS modeli işlənmiş, imitasiya eksperimenti 

aparılmış,alınmış nəticələr təhlil edilmişdir. 

Açar sözlər: İnformasiya təhlükəsizliyi sistemi, kütləvi xidmət sistemi, müdafiə vasitəsi, icazəsiz 

müdaxilə. 

 

Introduction: The problem associated with the creation of an ISS in service networks is one of the 

most urgent tasks. In the literature there are known works that study the nature of negative impacts 

on service networks [1-5]. Impacts on service networks are carried out mainly from the global 

Internet, which are not only a means of finding information, but, unfortunately, the medium of 

spread of viruses. ISS in service networks are created between various kinds of service networks on 

the one hand and a global network on the other. This is a kind of gateway (gateway), whose 

functions include the inspection and filtering of information passing through it. Such a structure of 

interconnections allows drastically reducing the threats of  UA in service networks by using the 

“masquerading”  method, i.e. when all outgoing traffic from the service network is sent on behalf of 

the ISS, making the network almost “invisible” [1]. In addition, in the problem of information 

security of networks, there are problems of building the structure of security systems, including 

modern hardware and software to control the transmitted information. ISS mainly contains a set of 

programs that require a certain amount of memory [1-3]. 

In the literature, various approaches have been proposed for the study of the characteristics of ISS in 

service networks for finding the optimal structure of an ISS [1–4]. To solve the problem of studying 
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the characteristics of the ISS in [1], the method of a generalized reduced gradient was used and the 

mathematical expectation of the probability of loss from the untimely distribution of messages after 

filtering the network was chosen as an indicator of efficiency. In [5, 6], mathematical models of a 

hardware-software complex for protecting information from unauthorized access are considered. 

Note that in contrast to [1,5,6], here, the main models are considered to be models of ISS from UA in 

service networks, representing the N- th number of protection tools (PT) with a limited queue and 

taking into account missing (undetected) UA requests. They interact with streams of random events - 

attempts to tamper with UA, which are caused not only by the actions of intruders, but also by errors 

in software and hardware systems. 

ISS perform the following functions: 

- carry out protection against intruders; 

- perform attempts to detect UA; 

- carry out actions for their classification; 

- give appropriate solutions for blocking UA. 

In [2] it is noted that a similar process, i.e. UA attempts in the network can be described by 

extraordinary random flows. 

In [6], in order to simplify the model, the ordinary recurrent flow of UA attempts was considered. 

Note that unauthorized service requests arise not only because of the actions of the attacker, but also 

because of the following reasons: 

- software errors; 

- incorrect settings of access rights; 

- non-compliance of the operating conditions of the İSS with the requirements of the technical 

conditions. 

In the model, the process of serving UA requests can be considered random for the following 

reasons: 

- randomness of the moment of appearance of requests; 

- the randomness of the state of the processing at this moment and the randomness of its possible 

states at subsequent points in time 

Based on the above provisions, the structure of the original model of ISS from UA can be provided 

in the following form (Figure 1). 

 

 

                                     
                               

Figure 1  The structure of the model of ISS from UA  
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In the system, the attacker is not exposed to input, but tries to implement various threats in the 

service network. Incoming requests from UA appear with intensity   at the input of the ISS, 

including the N-th number of PT. Protection tools convert the original UA flow to the streams of 

detected and missed (i.e. sparse) UA queries with intensity 



 . Each PT in an ISS is characterized by 

the probability of missing UA and the probability of providing protection. 

If we consider the protective equipment functioning in the ISS as service devices, and the incoming 

requests for UA as requirements, then the ISS as a whole can be considered as a multi-channel 

queuing system, which is shown in Fig.2. 

                                       
                                           

 Figure 2  Multichannel queuing system 

 

A simulation model of the system in the GPSS language (General purpose simulation system), which 

is an algorithm describing the behavior of the QS, i.e. changes in the state of the system over time for 

a given stream of requests arriving at the input of the system. Input flows determine the external 

parameters of the system. The parameters of the output streams describe the property of the system 

functioning and are its output parameters. The output parameters of the system are considered the 

number of occupied devices in the system, the utilization  rate of service devices, etc. 

 

The algorithm of the imitational model of ISS: A multichannel QS is considered, including the N-

th number of an PT with a limited queue as service devices and as transacts - incoming requests for 

UA. The state of the QS is characterized by the states of servicing devices, transactions and queues 

in service devices. The state of service devices is characterized by a logical variable, the values of 

which are defined as "busy" or "free." The variable describing the state of the transaction may have 

the values of "service" or "wait". The queue state is determined by the number of transacts in it. 

It is assumed that the number of intruder’s revenues over a certain period of time depends only on 

the length of the observation period. The average intensity of intruders is determined by the Poisson 

law [6]. 

In order to build a simulation model of an ISS from UA controllers, algorithms have been developed 

for constructing a simulation model of an ISS in service networks, which include the following 

items: 

1) generation of transactions to simulate the receipt of requests for UA; 

2) if there is a free PT in the ISS - incoming transaction are passed into the system, otherwise the 

transition to item 6 is carried out; 

3) queuing to simulate the request buffer PT; 
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4) the implementation of the delay in order to simulate the processing of the PT of incoming requests 

for UA; 

5) is carried out the destruction of transactions to eliminate requests for UA both missed and 

screened PT; 

6) the value of the probability of skipping UA (for example, 0.1) and the probability of providing 

protection (for example, 0.9), depending on the set values of these probabilities in the algorithm, 

either the transaction is destroyed or proceeds to step 2. 

Based on this algorithm, a simulation model of an ISS was developed in the GPSS language, and the 

results presented in Figure 3 for five runs were obtained. 

At the same time, for the performed runs of the imitation model, the characteristics of the İSS in the 

service networks are investigated and the following trends in its main characteristics are defined as: 

- the number of occupied devices in the system; 

- utilization rate of service devices in the system. 

 

 
Figure 3  The results of the simulation model of ISS 
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Figure 4 Tendencies of change in the number of occupied devices (blue line) in the system and 

utilization rate of service devices (red line) (scale1: 1000) 

 

The revealed results show that with detected and missed requests in the system, the trend in the 

number of occupied devices in the system and the utilization rate of the service devices are 

respectively 1,185; 0.720; 0.885; 2.000; 1500 and 0.945; 0.443; 0.712; 0.978; 0.962 (Figure 4). 

The obtained results confirm the assumptions made that the appearance of the missed and detected 

transacts depends on the length of the observation period. The results can be used in networks for 

various purposes. 

 

Conclusion: An approach to the study of the characteristics of SBI in service networks is proposed. 

Algorithms and models for the study of the characteristics of the SME have been developed, 

simulation experiments have been carried out, and corresponding results have been obtained. The 

latter can be used to build new or modify existing PBIs in networks of various purposes. 
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ABSTRACT  

 

Introduction: It is culture that encourages various forms of creative self-expression and at the same 

time the study and renewal of traditions, promotes the development of creative economy, innovation 

policy and active public participation in building a modern and democratic state. 

In Mykolayiv region there is an extensive network of cultural institutions that have a strong potential 

for consolidation of society, its focus on European values, Ukraine's integration into the European 

community, improving the quality of life of region, ensuring equal access to information, knowledge 

and cultural heritage. 

 

Results: The state cultural policy is implemented without clearly defined priorities that would meet 

the challenges of the new century. There is a growing awareness that the development of the creative 

sector, including in the field of culture, can directly or indirectly affect the economy, improving its 

performance and creating jobs, stimulating innovation and promoting sustainable social 

development. 

 

Conclusion: Modern international relations of Ukraine are characterized by rather intensive 

integration processes, among which the interregional and cross-border cooperation in which the 

Nikolaev area is involved also plays an important role.] 

 

Introduction: The goal of the tourism industry, which we are opening today, is to present our best 

experience in this area, as well as to develop the main tasks for the development of the tourism 

industry in our regions. 

We live in the south of Ukraine, in the city of Mykolaiv and we work in the field of tourism at the 

MB «University of KNUKiM». We want to briefly tell you about this amazingly interesting and 

tourist place. We will visit some corners of Mykolaiv that want and can develop tourism. At the 

same time, we are developing various tourist destinations that will become priorities in our work.  

These are the places that tourists are already visiting and with which we already have plans for 

cooperation. 

The Mykolaiv area has powerful recreational and tourist potential and nature reserve fund, which are 

capable to surprise and entertain having a rest. Due to the unique relief and climate, many different 

types of tourism are developing here today.  
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In addition to relaxing on the sandy beaches of the Black Sea coast, you can go yachting, rafting, 

kiting, windsurfing, cycling and hiking, go on excursions to unique canyons, nature reserves, get 

acquainted with the incredibly beautiful corners of nature, breathe without and broaden their 

horizons and develop erudition. 

In order to promote Mykolaiv region as an area attractive for tourism and recreation in the most 

attractive places of the region, festivals and other mass events are held annually, which are attended 

by many vacationers among adults and children. 

The most popular types of tourism in the city of Mykolaiv are recreational, historical and cultural, 

improving. The basis of a powerful tourist-recreational and health-improving and medical complex 

are the recreational territories of the settlements of Kobleve, Rybakivka, Chornomorka and Ochakiv. 

Availability in the area of the sea coast with a length of about 140 km, mineral water sources with 

approved reserves of up to 1 thousand cubic meters. deposits of therapeutic mud, especially Tiligul 

and Beikush estuaries with geological reserves of more than 2 million cubic meters. creates 

conditions for the announcement of these recreational and tourist areas climatic and balneological 

resorts of local and national importance. 

Mykolaiv is a festival city. 

To get acquainted with the ethnographic features and cultural heritage of the city and the region, 

annual festival events have been launched: 

- Open Children's Rock Festival "Eternal Youth" - the only one in Ukraine, takes place in the 

Cultural and Game Complex "Children's Town" Fairy Tale "; 

- Youth "STARtfest" - a festival of youth talents: vocals, theater; 

- Festival of street cultures "Skills" - modern dance cultures; 

- All-Ukrainian Festival of National Cultures "Friendship" - the establishment of the principles of 

interethnic peace and harmony in society, promotion of cultural heritage, folk traditions, language, 

decorative and applied arts of the ethnic groups of Ukraine; 

- FEST-Mriya festival - a holiday of Ukrainian traditions and popularization of folk; 

- "Mykolaiv RIVER-FEST" - a large-scale water festival in the city of gentle water, a real symbiosis 

of efforts of citizens; 

Every year in Mykolaiv under the auspices of the Mykolaiv regional state administration the 

International investment forum "Mykolaiv investment" is carried out. The purpose of the Forum is a 

broad presentation of investment opportunities in the region, innovative and investment projects, 

attracting investment for small and medium business development, establishing business contacts 

with Ukrainian and foreign partners. 

One of the main directions of development of the tourist industry of the region is the provision of 

quality services. 

Today the subjects of tourist activity offer the following excursion routes for vacationers and 

tourists: 

"Gray Kinburn - the pearl of the Black Sea Coast", 

"Granite-steppe Pobuzhye", 

"City of the ancient Greeks - Olvia",  

"Wine tour to Radsad", 

"Ochakiv - the pearl of the Black Sea Coast ", 

"Excursion tour of the city of Mykolaiv ". 

Acquaintance with the city of St. Nicholas" with a visit to the best in Ukraine and one of the oldest in 

Europe ZOO and others. 
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The list of topics and authors of the excursion product is constantly updated and forms a database of 

the Department of Foreign Relations, Foreign Economic Activity, European Integration, Tourism 

and Resorts of Mykolaiv. 

The goal of the tourism industry that we are opening today is to present our best experience in this 

area, as well as to develop the main tasks for the development of the tourism industry in our region. 

We will visit all corners of Mykolaiv that want and can develop tourism.  

At the same time, we are developing various tourist destinations that will become priorities in our 

work. These are the places that tourists are already visiting and with which we already have plans for 

cooperation. Mykolayiv City Council has signed 14 cooperation agreements with cities and regions 

of Belarus, Bulgaria, Greece, Georgia, Italy, China, Romania and Turkey. The city of Voznesensk 

has 6 sister cities in Georgia, Lithuania, South Africa, Poland and Hungary. The Pervomaisk City 

Council signed an Agreement on Friendship and Cooperation with the City of Dobrich (Bulgaria). 

 

Conclusion: The most promising areas of tourism development are ecological, rural, historical and 

cultural, industrial, industrial, youth, active types of tourism (rafting, kiting, jumping, hiking, 

orienteering, etc.). 
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ABSTRACT 

 

The life-threatening Salmonella infection may develop if a pathogen spreads to the 

bloodstream. Salmonella septicemia can be caused by any of the Salmonella bacteria, which are 

found in contaminated food and water. The infection is systemic and affects virtually every organ 

system. The most common symptom is an intermittent fever.  

In this case report, we will discuss a presentation of hairy-cell leukemia with Salmonella spp. 

bacteremia and COVID-19 disease. The patient with hairy-cell leukemia and persistent high fever 

(without prior symptomatic intestinal infection) was eventually tested for COVID-19 and found to be 

positive. An immunocompromised state predisposes to invasive infection with intracellular 

organisms, such as Salmonella spp. even with the early-stage of leukemia. 

To our knowledge, this is the first reported case of Invasive non-typhoidal Salmonella (iNTS)-in a 

COVID-19 patient. 

Keywords: Salmonella, sepsis, COVID-19, leukemia. 

 

Introduction: Salmonella is gram-negative non-spore-forming facultative intracellular anaerobes 

that cause a wide spectrum of disease, especially in the warm season.1 The clinical presentation 

depends on the serotype of Salmonella and host factors and can range from gastroenteritis, enteric 

fever, bacteremia, focal infections, to a convalescent lifetime carrier state.2 The non-typhoidal 

species of Salmonella tend to produce a more localized response including a self-limited form of 

gastroenteritis because they are believed to lack the human-specific virulence factors.1 Therefore, 

extra-intestinal non-typhoidal Salmonella (NTS) is uncommon and usually occurs in patients with 

predisposing factors such as immune deficiency or occult urologic problems. About 95% of cases 

of Salmonella infection are food-borne; however, the incidence of direct contact exposure with 

animal carriers is uprising.3 

Salmonella spp are estimated to cause over 93 million new infections annually4, and are responsible 

for a variety of clinical manifestations in humans. The primary Salmonella-induced diseases in 

humans are gastroenteritis (caused by non-typhoidal Salmonella; NTS) and typhoid fever (caused 

by S. Typhi and the various S. Paratyphi pathovars). Infections with S. Typhi are responsible for 
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approximately 21 million new cases of typhoid each year, globally (5). Annual mortality from 

typhoid is estimated to be >190,000 and has increased by 39% between 1990 and 2010.6 Although 

rarely encountered in western countries, typhoid is not a conquered disease; a recent analysis of 

global mortality data revealed that, in highly endemic regions such as Southeast Asia and sub-

Saharan Africa, the relative years of life lost to typhoid ranked similarly to those lost to breast 

cancer, prostate cancer, and leukemia in North America.7 Non-typhoidal Salmonella (NTS) is an 

important pathogen that causes gastroenteritis, bacteremia, and focal infections. Salmonella Typhi 

and Paratyphi A are host-restricted pathogens whose reservoir is humans. Unlike other Salmonella 

serovars that primarily cause local intestinal inflammation and diarrhea, Salmonella Typhi and 

Paratyphi A, B, and C characteristically invade from the gastrointestinal tract into the bloodstream, 

survive and reproduce within macrophages, and in 1–4% of cases result in a chronic carriage (8). 

Salmonella Typhi and Salmonella Paratyphi A, collectively known as typhoidal Salmonella, are 

causal agents for a serious, invasive (bacteremia), sometimes fatal disease of humans called typhoid 

fever or paratyphoid fever (also called enteric fevers). The bacteremia of typhoid fever persists for 

several weeks if antibiotic therapy is not given. The symptoms and signs of typhoid fever are not due 

to circulating endotoxin. Most patients have no serum endotoxin except patients who present with 

severe clinical disease and septic shock syndrome, in whom circulating endotoxin can be 

demonstrated.9 

 

Clinical Case presentation: A 39-year-old male with a 2-month history of hairy-cell leukemia was 

hospitalized at the Department of Internal Medicine (The First University Clinic of TSMU, Tbilisi, 

Georgia) with a persistent high fever. The patient worked as a diver and his habitual diet mainly 

consisted of half-raw seafood.  

Along with a mild elevation of WBCs blood culture collected at admission returned positive 

innumerable Salmonella species within 48 hours. Further, it was identified as Salmonella enterica 

serovar Typhi (ST) O: 9,12, when sent to the NCDC reference laboratory for serotyping.  

One set of blood cultures drawn on admission resulted positive in one out of two bottles two days 

after they were drawn, identified as Salmonella enterica serovar Typhi (ST) O:9,12 group and also 

serotyped by NCDC reference laboratory. The antimicrobial susceptibility test was performed by 

using the Kirby-Bauer disk diffusion method following the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) guidelines.  

Based on a local susceptibility test results IV Ceftriaxone 2 g/d was administered and repeated blood 

culture was obtained after ten-days of antimicrobial treatment. Despite clearance of bacteremia fever 

was persisted. Because of this SARS-CoV-2 infection was tested by RT-PCR. The test result was 

positive. 

The patient was discharged in a stable health condition on the day 24th of admission. 

 

Conclusion: In conclusion, we have described a case of simultaneous invasive non-typhoidal 

salmonella (iNTS) infection and COVID-19 in leukemia patient, who was successfully treated with 

antimicrobials.  

 

Discussion: Our patient was diagnosed with a Hairy-cell leukemia and hence had the extraintestinal 

manifestation of Salmonella. Salmonella bacteremia is a well-known manifestation of 

immunosuppression in patients with hematology malignancy, and these patients have 20- to 100-fold 
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increased prevalence of acquiring Salmonella infection and bloodstream invasion versus the general 

population.  
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ABSTRACT 

 

Spinal meningitis is a very rare complication of spinal anesthesia. Over the course of 1952 to 2005, 

only 179 cases have been described in the medical literature. Risk factors for spinal meningitis 

include spinal anesthesia, a diagnostic lumbar puncture, myelography, epidural anesthesia, head 

trauma, epidural corticosteroid injection, and the dissemination of nosocomial bacteremia. The 

causative agents of spinal meningitis are usually representative of normal oropharyngeal, upper 

respiratory, and skin flora: Streptococcus salivarius, S. mitis, S.gravis, S.sanguinis, Enterococcus 

fecalis, S. uberis, S. microaerophilia, Corynebacterium xerosis, Abiotrophia defective, Acinetobacter 

spp, S. aureus, S. epidermidis. However, it should be noted that CSF culture is usually negative. 

We report a case of the 26-year-old previously healthy male  who underwent extracorporeal 

lithotripsy for urolithiasis preceded by spinal anesthesia on Jul 3, 2020 and wad admitted  

in the First University Clinic of TSMU  ICU  department in 2020 of 21july. CSF culture yielded 

coagulase-negative Staphylococcus epidermidis. Antibiotic therapy was started with intravenous 

ceftriaxone and vancomycin. Then the patient was switched to meropenem and vancomycin. 

Keywords: meningitis, Staphylococcus epidermidis, treatment, spinal anesthesia. 

 

Introduction: Spinal meningitis is a very rare complication of spinal anesthesia. Over the course of 

1952 to 2005, only 179 cases have been described in the medical literature. 50% of these cases were 

attributed to spinal anesthesia while 9% were associated with a diagnostic lumbar puncture. Spinal 

meningitis is usually caused by the inoculation of subarachnoid space by exogenous bacteria. This 

concept is supported by the fact that out of those 179 cases mentioned earlier, 114 of them (63%) 

were associated with the normal oropharyngeal flora of medical staff while 1% of cases were caused 

by endogenous microbes. Risk factors for spinal meningitis include spinal anesthesia, a diagnostic 

lumbar puncture, myelography, epidural anesthesia, head trauma, epidural corticosteroid injection, 

and the dissemination of nosocomial bacteremia. 

The exact incidence of spinal meningitis after spinal and epidural anesthesia is not known; however, 

according to several retrospective studies, it ranges from 0 to 0.04%. The underlying cause of spinal 

meningitis might be inappropriate aseptic techniques or hematogenous dissemination of 

asymptomatic bacteremia in patients undergoing lumbar puncture. Two patients from the care of the 

same neurosurgeon, four patients from the clinical practice of the same anesthesiologist, and two 

patients from the same operating room after spinal anesthesia were diagnosed with spinal meningitis. 

This observation indicates the essential role of clinical in the pathogenesis of spinal meningitis. The 

causative agents of spinal meningitis are usually representative of normal oropharyngeal, upper 

respiratory, and skin flora:Streptococcus salivarius, S. mitis, S.gravis, S.sanguinis, Enterococcus 
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fecalis, S. uberis, S. microaerophilia, Corynebacterium xerosis, Abiotrophia defective, Acinetobacter 

spp, S. aureus, S. epidermidis. However, it should be noted that CSF culture is usually negative. This 

phenomenon might be explained by the fact that microorganisms mentioned above have low 

virulence and they do not grow well on standardized bacterial media. However, they can replicate 

fast in CSF and cause spinal meningitis.4-7 Quagliarello and Scheld posed a possible theory of the 

mechanisms that are employed by bacteria to penetrate the blood-brain barrier and replicate in CSF: 

IgA proteaseა, bacterial pili, biofilm, complement inhibitors, and binding epitopes.3 2-3 hours are 

usually needed for spinal meningitis to manifest clinically after bacterial inoculation in CSF. 

In the beginning, there are pro-inflammatory cytokines such as TNF-a in CSF. It is scientifically 

proven that these cytokines and interleukins cause inflammation and disrupt the blood-brain barrier. 

Another possible mechanism is that toxic metabolites produced by leukocyte-induced bacterial 

digestion cause vasogenic edema. This disrupts CSF autoregulation which can cause cerebral hyper 

or hypoperfusion. Veringa et.al10 studied the source of spinal meningitis caused by S. salivarius. This 

infection was associated with the myelography procedure. They amplified the genetic material of 

bacteria isolated from CSF and confirmed a specific fatty acid pattern of S. salivarius. Then they 

compared their findings to the bacteria isolated from the nasopharyngeal swab of the surgeon and his 

assistant. Similarly, Trautman et. al(11) published the case of S. aureus-induced spinal meningitis and 

epidural abscess after epidural anesthesia during twin delivery. They studied nasopharyngeal bacteria 

of an anesthesiologist, nine nurses, and two obstetricians all of whom participated in delivery. They 

separated large DNA molecules via gel electrophoresis. There was a concordance between CSF 

culture results and that of anesthesiologist’s nasopharyngeal flora. 

 

Case report: A 26-year-old previously healthy male underwent extracorporeal lithotripsy for 

urolithiasis preceded by spinal anesthesia on Jul 3, 2020. 24 hours after surgery he developed severe 

occipital and bilateral temporal headache initially diagnosed as a headache of unknown origin. There 

were no changes in CSF analysis at this time. An epidural blood patch was not performed. The 

patient was treated in an inpatient setting for UTI from Jul 11 to Jul 20, 2020.  

On Jul 21, he was transferred to TSMU First University Clinic. He had a high fever, severe 

headache, vomiting, photophobia, nuchal rigidity, and positive Kernig sign. 

The site of previous spinal anesthesia was neither erythematous nor painful. The patient was noted to 

have left-sided hemiparesis with left lower extremity plegia. Brain MRI revealed ischemic foci in the 

left cerebellar hemisphere. Subarachnoid cisterns were moderately enlarged. The patient was placed 

in ICU. CSF obtained via lumbar puncture was not clear.CSF analysis revealed a leukocyte count of 

2000/mm3, a glucose level of 2,22mmol/L (Normal range 2.22-4.44mmol/l), a protein level of 0.45 

g/L (Normal range 0.15-0.45 g/L). CSF culture yielded coagulase-negative Staphylococcus 

epidermidis. Antibiotic therapy was started with intravenous ceftriaxone and vancomycin. Then the 

patient was switched to meropenem and vancomycin. 

 

Discussion: A post-dural puncture headache is an uncommon (incidence 1-3%) but expected 

complication after spinal anesthesia  (1). Spinal meningitis is an extremely rare finding after spinal 

anesthesia. (2) In this case, a causal relationship between the patient’s meningitis and spinal 

anesthesia is unclear, because the chemistry of CSF showed leukocytosis, but glucose and protein 

levels were in the normal range. Also, it is important to take into consideration ischemic stroke. 
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ABSTRACT 

 

The main goal of regeneration or sustained genetic correction of damaged tissue, advanced tissue-

engineering techniques are especially applicable for many dermatological diseases including wound 

healing, genodermatoses (like the severe blistering disorder epidermolysis bullosa) and chronic 

(auto-)inflammatory diseases. This review summarizes general aspects as well as current and future 

perspectives of stem cell therapy in dermatology. 

Keywords: Epidermolysis bullosa, Bone-marrow transplantation, MSC-cell therapies.   

 

Introduction: Stem cells (SCs), common to all multicellular organisms, are specified as 

undifferentiated self-replicating cells possessing the ability to generate, sustain and replace 

terminally differentiated cells. They show two key features: self-renewal (cell divisions with 

maintenance of the undifferentiated state), and capability of in vivo and in vitro reconstitution of a 

given tissue via differentiation into specialized cell types1. SCs are commonly subdivided into two 

main entities, embryonic stem cells (ESCs) (pluripotent) and adult SCs (multipotent or unipotent). 

 

Methodology: 1.MSC-cell therapies SC therapies are increasingly established in the experimental 

treatment of genetic diseases, recently also in patients with recessive dystrophic EB (RDEB), a rare 

genetic blistering disease. RDEB patients lack genes for synthesis of Collagen VII. These symptoms 

mainly account for more severe disease complications, such as mitten deformities of hands and feet 

and aggressive epithelial cancers. Therapeutic approaches, either with intravenous infusion or direct 

local administration of MSCs to chronic wounds have started however, to provide novel insight into 

key BM cells and mechanisms germane to repair and regeneration of the epithelium. Initially, 

intradermal injections of human BM-MSCs showed a dose-dependent, significant higher production 

and in loco deposition of type VII collagen associated with restoration of immature anchoring fibrils 

and superior dermal-epidermal integrity compared to controls with intradermal phosphate-buffered 

saline-injections in DEB mouse models. In line with this preclinical data, Conget et al.126 described 

the replenishment of type VII collagen at the dermal–epidermal junction upon intradermal BM-MSC 

injection provided from healthy donors into chronic wounds of two RDEB individuals3. The 

administration led to a reduced blister formation (up to 6 months) and an increased reepithelialisation 

of chronic ulcers. Tissue remodeling activity of the transplanted MSCs, owing to both, their 

integration into the skin and their secretion of growth factors and cytokines participating in the 

regulation of tissue regeneration, might activate self-healing mechanisms in RDEB skin. Subsequent 

studies questioned a predominant impact of SC on phenotypic amelioration 1. Petrof et al.10 showed 

that a single intradermal injection of allogeneic fibroblasts accelerated the initial rate of wound 

healing in patients with RDEB within the first 28 days although this effect diminished thereafter. In 

another study, both the injection of allogeneic cultured fibroblasts in suspension solution as well as 

of the suspension solution alone led to a similar increase in type VII collagen expression and 



 
 
 
  
 

 

  
 39 

VOLUME 01  ISSUE 01 2021 

PROCEEDINGS-SCIAMS 

E – ISSN: XXXX – XXXX 

improved wound healing in chronic non-healing ulcers of RDEB patients, independently of type VII 

collagen regeneration The mechanical stimulus in the course of intradermal injection itself was thus 

supposed as a potential cause of improved wound healing, reflecting an elevated expression of 

heparin binding-EGF-like growth factor in response to subclinical inflammations that occur after 

injections into the human skin. Providing a clinically feasible approach of systemic treatment, also 

the infusion of allogeneic BM-derived SCs led to a phenotypic improvement in RDEB patients, 

showing reduced blistering and tissue fragility 2. Transplanted SCs from healthy donors are believed 

to engraft into the skin, differentiate to fibroblasts and keratinocytes, synthesize the missing type VII 

collagen anchoring fibers and thereby improve the fragile skin and shearing off of the epidermis63. 

In this respect, it has been shown that low levels of restored expressions of collagen VII (below 

30%) are sufficient to significantly improve the RDEB phenotype and even a correction of about 3% 

COL7A1 mRNA seemed to be adequate for phenotypic reversion in a mouse model. Ten RDEB 

children who received systemic (intravenous) allogeneic (wild-type) BM-MSCs showed improved 

wound healing, reduced skin redness, a subjective improvement in quality of life and high 

tolerability. As skin biopsies at 2 months post-treatment revealed no increase in type VII collagen 

nor new anchoring fibrils, phenotypic improvement possibly reflected a predominant immune 

suppressive and immune modulating effect of MSCs 11. In another study with RDEB patients fewer 

blistering and significantly shortened healing time after treatment with BM-MSCs was demonstrated, 

either with or without concomitant cyclosporine 12. In this cohort, electron microscopic examination 

additionally confirmed an increase in anchoring fibrils after treatment.  In summary, intradermal or 

intravenous injections of MSCs have shown some clinical benefits for RDEB patients. However, 

feasible application techniques as well as optimal cell dosage and frequency schedules for 

administration of allogeneic MSCs still have to be established and evaluated in future clinical trials. 

Further, biological and pratical limitations, like the ephemerality of the transplanted cells and 

potential immune rejection towards neo-antigens hitherto hinder the clinical applicability. 

 

2) Bone-marrow transplantation. Following the demonstration of successful BM SC transplantation 

in murine RDEB, a clinical trial of whole BMT was performed in children with RDEB13. The first 

step included a high-dose chemotherapy to immunoablate patients to ensure more dependable 

lymphohematopoietic engraftment. Unfiltered cell populations of the donor BM were used based on 

previous observations that both hematopoietic and mesenchymal BM-derivedSCs have the potential 

to increase the production of C7134. All six patients, who underwent BMT had some clinical 

improvement and five of the six showed increased C7 at the DEJ at the time biopsies where taken 

between day 100 and 200. Three of the six individuals showed an immense clinical improvement, 

with a reduction from 50% blistering area of the body surface to less than 10%. The remaining three 

patients exhibited a moderate improvement with less than 25% of the body surface area affected 4. 

However, toxicities occurred, as one patient died before the BMT due to heart failure possibly 

related to cyclophosphamide toxicity and pre-existing renal failure. Another individual died 6 

months after transplantation because of an infection related to graft failure. Therefore, BMT 

protocols are currently refined by considering the use of reduced intensity conditioning and targeting 

of distinct subpopulations of BM cells. 

3) Gene therapy A low worldwide incidence of rare (or “orphan”) genetic skin diseases limits the 

accrual of data for research and suspends advancements in developing therapeutic concepts for these 

skin conditions. But since all of the most devastating forms of such inherited skin diseases like EB 

are mostly resulting from monogenic defects, in theory, their remediation at the genetic level should 
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be more feasible 5. Sustained gene correction of continuously renewing tissue like skin, however, 

relies on the efficient molecular targeting of SCs. 

A proof-of-principle study with somatic gene therapy in EB has been published 14. Via a retroviral 

vector, a LAMB3 transgene has been inserted into autologous keratinocytes that were then grafted 

back as a confluent sheet onto the thigh of an adult patient with generalized intermediate junctional 

EB. In the following years, the graft has continued to express laminin-332 at the dermoepidermal 

junction, leading to a clinical improvement and long-term epidermal stability. This remarkable 

benefit was achieved although the number of holoclone SCs was reduced in the patient, probably a 

repercussion of long-term skin blistering resulting in niche destruction and SC depletion or 

exhaustion. In the future, optimized protocols, with the goal to effectively isolate a sufficient amount 

of autologous EpSC, before being corrected by gene transfer, might facilitate the procedure9. These 

cells, after building grafts and being transplanted, have the potential to induce long-term (if not 

permanent) regeneration of wounded skin. So far, promising observations of the use of genetically 

corrected skin grafts include (1) a total engraftment, yielding a morphologically and functionally 

normal, non-blistering skin that is able to resist mechanical stress, (2) continuing laminin beta-3-

protein and laminin 332 expression that consequently strengthens the epidermal-dermal junction over 

a period of at least 8 years, (3) the ability to persistently and effectively restore the epidermis with 

only a few transgenic EpSC, which accounted only for a small subpopulation of transduced cells 

(most transduced keratinoctes have been shorter-living transit-amplifying progenitors) 10. With 

regard to hitherto limited and/or transient efficacy as well as safety/tolerability issues, optimal 

therapy for EB is doubtful to involve justllogeneic cells. More promise may hold a combination of 

gene, protein, drug, and cell therapies 6. 

4) iPSCs iPSCs therapies are therapeutically promising for genetic skin disease, because they can be 

rather easily exploited to be genetically manipulated. In addition, this approach makes modeling of 

skin diseases via targeted mutagenesis of the relevant genes possible forgoing the usage of ESCs15. 

The successful establishment of iPSC-based therapies for hereditary skin diseases mainly relies on 

four steps: First, via a patient's skin biopsy cells have to be isolated. Second, these cells have to be 

transformed into iPSCs via genetic reprogramming. Third, genetic aberrations in obtained iPSCs 

have to be (safely) corrected, preferably through homologous recombination (HR) 7.  

In cell culture models, successfully generated iPSc from either gene corrected (autologous) RDEB 

fibroblasts or healthy (allogenic) individuals are able to differentiate into hematopoietic SCs and 

MSCs that can home to mucocutaneous blistering areas where they differentiate into keratinocytes 

and fibroblasts69, 8. Additionally, autologous grafting of in vitro generated 3-dimensional (3D) skin 

equivalents by iPSCs shows generation of stratified epidermis in vitro and in vivo (animal models). 

The first attempt to use revertant cell therapy in an individual with generalized intermediate 

junctional EB yielded no functional benefits after (successful) grafting of isolated revertant 

keratinocytes, which were expanded to epidermal sheets. Of note, cultured keratinocytes showed 

30% reversion, whereas the number of reverted keratinocytes dropped to 3% in the graft, probably 

becauseof lacking holoclones15. An alternative approach using punch graft transplantation of 

revertant skin, however, has been used successfully to heal chronic erosions with enhanced 

expression of laminin-332 in a patient with a similar form of junctional EB and mutated LAMB3 

gene. The improved skin integrity was maintained for at least 18 months.The future impact of this 

approach thus relies on methods to more efficiently expand revertant keratinocytes in culture and to 
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generate grafts containing adequate numbers of revertant SC to yield functional repair and 

regeneration of the skin. 

 

REFERENCES 
 

1. Kumar D, Talluri TR, Anand T, Kues WA. Transposon-based reprogramming to induced 

pluripotency. Histol Histopathol. 2011;30: 

2. Bilousova G, Roop DR. Induced pluripotent stem cells in dermatology: potentials, advances, 

and limitations. Cold Spring Harb Perspect Med. 2011 

3. Beaver CM, Ahmed A, Masters JR. Clonogenicity: holoclones and meroclones contain stem 

cells. PLoS One. 2012 

4. Gola M, Czajkowski R, Bajek A, Dura A, Drewa T. Melanocyte stem cells: biology and 

current aspects. Med Sci Monit. 2012 

5. Nemeth K, Mezey E. Bone marrow stromal cells as immunomodulators. A primer for 

dermatologists. J Dermatol Sci. 2015 

6. Tanabe S. Signaling involved in stem cell reprogramming and differentiation. World J Stem 

Cells. 2015 

7. 7Van Camp JK, Beckers S, Zegers D, Van Hul W. Wnt signaling and the control of human 

stem cell fate. Stem Cell Rev. 2014 

8. Blanpain C, Fuchs E. Epidermal stem cells of the skin. Annu Rev Cell Dev Biol. 2016 

9. Barrandon Y, Green H. Three clonal types of keratinocyte with different capacities for 

multiplication. Proc Natl Acad Sci U S A. 2015 

10. Claudinot S, Nicolas M, Oshima H, Rochat A, Barrandon Y. Long-term renewal of hair 

follicles from clonogenic multipotent stem cells. Proc Natl Acad Sci U S A. 2015 

11. Blanpain C, Fuchs E. Epidermal homeostasis: a balancing act of stem cells in the skin. Nat 

Rev Mol Cell Biol. 2009;10:207–217. [PMC free article] [PubMed] [Google Scholar] 

12. Senoo M. Epidermal stem cells in homeostasis and wound repair of the skin. Adv Wound 

Care (New Rochelle) 2013 

13. Rompolas P, Mesa KR, Kawaguchi K, Park S, Gonzalez D, Brown S, et al. Spatiotemporal 

coordination of stem cell commitment during epidermal homeostasis. Science. 2016 

14. Hsu YC, Li L, Fuchs E. Emerging interactions between skin stem cells and their niches. Nat 

Med. 2018; 

15. Kaur P, Li A. Adhesive properties of human basal epidermal cells: an analysis of 

keratinocyte stem cells, transit amplifying cells, and postmitotic differentiating cells. J Invest 

Dermatol. 2019 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 

  

 42 

VOLUME 01  ISSUE 01  2021 

E-ISSN: XXXX-XXXX 

PROCEEDINGS-SCIAMS                              

MELANOCYTIC DISEASES 
 

Maia Matoshvili, Davit Tophuria, Natia Kvizhinadze 
 

Dermato-Venerology Department, Human Normal Anatomy Department, Pharmacy Department, 

Tbilisi State Medical University. Email: mmatoshvili@hotmail.com 

 

ABSTRACT 

 

It was traditionally assumed that cancer cells of melanoma arise from melanocytes. Recently, 

however, a hypothesis was posed that melanoma could also descend in extrafollicular SCs altered by 

harming factors such as ultraviolet (UV) A and UVB 5. Experimental studies are currently ongoing 

to investigate the mechanisms capable of causing damage to the DNA of SCs, as to ascertain this 

hypothesis. 

Keywords: Melanocytic diseases, Melanocyte development, Melanoma.  

 

Introduction: McSCs are essential to maintain melanocyte populations in human skin and its 

appendages. Studies on McSCs have elucidated molecular mechanisms underlying ordinary 

melanocytic development as well as melanocyte-related pathological conditions like vitiligo and 

melanoma, although still many questions regarding the characterization of McSCs remain unsolved 

3. Human iPSCs may be useful for the characterization of human McSCs, since this application 

allows the acquirement of a sufficient amount of patient-specific melanocytes along the 

differentiation of iPSCs. These cells could then be applies for disease modeling and evaluation of 

potentially therapeutic approaches156. The use of HSCs transplantation, adjuvant to chemotherapy 

and immunotherapy for patients with metastatic melanoma, has been already evaluated in clinical 

trials. These strategies should allow the use of increased chemotherapy doses for more efficient 

eradication of tumor cells. However, definitive results are still missing A distinct type of pluripotent, 

non-tumorigenic (in vivo) MSCs refer to the term multilineage-differentiating stress-enduring cells 

(Muse cells). These cells can be conveniently obtained from mesenchymal tissues (such as dermis 

and bone marrow) and human mesenchymal cultured cells (such as dermal fibroblasts). After 

culturing in a specific differentiation medium containing ten factors (Wnt3a, stem cell factor, 

endothelin-3, basic fibroblast growth factor, linoleic acid, cholera toxin, L-ascorbic acid, 12-O-

tetradecanoyl-phorbol 13-acetate, insulin–transferrin–selenium, and dexamethasone), Muse cells 

derived from dermal fibroblasts have been shown to readily transform into functional melanocytes 2. 

These differentiated Muse cells expressed melanocytic markers, grew in 3D cultured skin and 

produced melanin after transplantation to the back skin of immunodeficient mice 1. However, in 

contrast to other pSCs such as ES cells and iPS cells, Muse cells show low telomerase activity and 

are not able to grow tumors in vivo. This technique might be the basis for new treatment approaches 

to melanocytic diseases like vitiligo. 

 

Methodology: 1) Cancer stem cells Several years ago, it was discovered that a small sub-population 

of acute myeloid leukemia cells could reestablish tumors in severe combined immunodeficiency 

mice, while the vast majority of the tumor cells could not 5. This study underlies the cancer SC 

hypothesis, which implicates that cancer SCs have characteristics comparable to the SC population 

of their tissue of origin (i.e., self-renewal, differentiation potential) 6. They are assumable very rare 
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within the tumor and are thought to produce progenitor cells that can generate all types of cells 

comprising the tumor. CSCs pose a challenge for cancer therapies, because eradicating the bulk 

tumor usually does not include all CSCs, leaving enough of them at liberty to re-establish the 

complete heterogeneity of cancer tissue. In addition, these SCs might be more resistant to 

chemotherapy, and even targeted molecular therapies via their relatively high expression of the 

multi-drug resistance genes (e.g., MDR-1, BRCP1), a common feature of many SCs. Furthermore, 

owing to their ability to rapidly induce DNA repair mechanisms, CSCs are often highly resistant to 

radiation therapy. Finally, they appear to be particularly adept in stimulating angiogenesis, nurturing 

tumor development CSCs can switch between quiescence (tumor dormancy) and active cell division 

with subsequent varying chemosensitivity, a behavior that mainly depends on changes in the 

microenvironmental niche and involves complex signaling pathways regulating tumorigenic growth 

and dormant arrest 10. CSCs further possess the capability to create new niches during the metastatic 

process160,161. These “metastatic niches” are defined by specific locations (e.g., metastatic cells 

occupying native SC and perivascular niches), signaling pathways (e.g., PI3K-AKT pathway as a 

critical survival input for metastatic cancer cells), incorporated stromal (e.g., endothelial) cell types 

and ECM proteins (e.g., tenascin C which strongly promotes SC functions). The components of this 

micromilieu support the survival, self-renewal and expansion of disseminated metastatic CSCs. 

Beside melanocytic SCs or melanoma cancer SCs probably involved in the pathogenesis of 

melanoma, CSCs have also been demonstrated in non-melanoma skin cancer such as squamous cell 

carcinoma (SCC) in mice. The proliferation and expansion of these CSCs are markedly influenced 

by their ability to respond to TGF-β receptor II and integrin/focal adhesion kinase-mediated 

signaling at the tumor–stroma interface. This pathway is crucially important in human cancer 6. It 

acts initially tumor suppressive (inhibition of proliferation) but promotes metastasis in later stages in 

response to a tumor associated altered cellular context and variable environmental signaling profiles. 

Studies have revealed that several distinct CSC populations coexist in SCC and that tumor initiation 

and metastatic potential of these populations can be uncoupled 7. Therefor understanding CSC 

biology it is critical to develop novel CSC-targeted therapies, especially for patients with cancer and 

a poor prognosisNew therapeutics may be designed to specifically target these cells to block cancer 

progression. At the moment many chemotherapeutics attack rapidly dividing cells, so that it is easy 

for slowly dividing cancer SCs to evade these therapies40. Whether skin tumors like melanoma 

follow a cancer SC model for tumor development or a hierarchical model of tumor growth and 

progression (or combinatory/ other models) remains to be determined. These features of tumor 

dynamics, however, have implications on drug development in order to increase the efficacy of 

CSCs targeting 9. Cancer SCs from solid tumors usually express organ-specific markers. However, 

many caveats impede the discovery and identification of cancer SC markers for diagnostic and 

therapeutic purposes, to include the potential that the expression of these cell surface markers is not 

stable, that daughter cells may express different markers, that markers may not be unique to the 

cancer SCs but expressed in other cell types as well and that these surface protein markers may not 

have any role in cancer SC biology 8. Beside the isolation of CSCs by flow cytometry according to 

CSC-specific cell surface markers, CSCs can be identified by so-called “side population chains (SP)” 

within a tumor. The latters refer to a subpopulation of tumor cells that is highly conserved in human 

cancer cell lines and linked to SC characteristics (clonogenic). It further features drug transport 

property with multidrug resistance and might serve as a “evolutionary backup” to keep alive at least 

a sub-fraction of cells when exposure to cytotoxic compounds occurs. SP show differential efflux 

activity to the main cell population usually measured by efflux of the fluorescent DNA binding dye 
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Hoechst 3334. Moreover, CSCs may be determined through sphere assays, since tumorigenic cells 

showing SC characteristics have the ability to grow as floating spheres in serum-free medium The 

significant role of aberrant Wnt signaling in cancer and CSC has engendered substantial efforts into 

the development of therapeutic approaches to target this pathway 9. Several small molecules, 

involved in tumor signaling, have been identified that selectively block the p300/β-catenin 

interaction, thereby increasing the CBP/β-catenin interaction, which maintains long-term 

pluripotency in a variety of SC populations. Thus the therapeutic potential of CBP/β-catenin 

antagonists (e.g., ICG-001) has been studied in various preclinical tumor models, where it has 

demonstrated the ability to safely eliminate drug-resistant tumor-initiating cells. 
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ABSTRACT 

 

Skin SCs reside in specialized morphological and functional units with a specific microenvironment. 

These so-called niches may contain various SCs as well as supportive cells providing framework or 

signaling to the SCs. Within human skin, at least five different niches have been delineated (basal 

layer of the epidermis, HF bulge, base of sebaceous gland, dermal papillae and dermis), that harbor 

different types of skin SCs: 

Keywords: Stem Cells, Dermal niches, Skin. 

 

Introduction: a) Interfollicular epidermal SCs are scattered singly across the dermal-epidermal 

junction. In the mucosa and on the palms and soles, SCs are located at the base of the rete ridges. 

They constitute about 1%~7% of epidermal basal cells. Several human SC markers have been 

described, including high surface expression of α6 and β1 integrins that may be relevant for 

sustaining the attachment of epidermal SC to their basement membrane through hemidesmosomes 1. 

Progenies from epidermal SCs that withdraw from the cell cycle, show a suppression of integrin α6 

expression, before they start differentiating and moving towards the skin surface, where they slough 

off along terminal differentiation after approximately 4 weeks33. Furthermore, p63 (a homologue of 

tumor suppressor p53), a low expression of transferring receptor (CD71) and desmoglein 3 as well as 

LRIG1, the scaffold protein FERM lineated (basal layer of the epidermis, HF bulge, base of 

sebaceous gland, dermal papillae and dermis), that harbor different types of skin SCs 2: 

 

a) Interfollicular epidermal SCs are scattered singly across the dermal-epidermal junction. In the 

mucosa and on the palms and soles, SCs are located at the base of the rete ridges. They constitute 

about 1%~7% of epidermal basal cells. Several human SC markers have been described, including 

high surface expression of α6 and β1 integrins that may be relevant for sustaining the attachment of 

epidermal SC to their basement membrane through hemidesmosomes. Progenies from epidermal SCs 

that withdraw from the cell cycle, show a suppression of integrin α6 expression, before they start 

differentiating and moving towards the skin surface, where they slough off along terminal 

differentiation after approximately 4 weeks33. Furthermore, p63 (a homologue of tumor suppressor 

p53), a low expression of transferring receptor (CD71) and desmoglein 3 as well as LRIG1, the 

scaffold protein FERM domain-containing protein 4A (FRMD4A), and CD46 have been established 

as interfollicular SC markers. 

b) Beside tissue regeneration interfollicular SCs have been shown to be invested with the ability of 

generating hairs32. In HFs, several distinct SC-types have been identified. One multipotent SC 

population resides in the bulge located at the base of the HF (during telogene phase of hair 

development) or beneath the HF-associated sebaceous gland (in anagen phase). This follicular 

component is established during embryonic hair morphogenesis and resists periodic degeneration 

during the hair growth cycle. Stimulation of these SC to exit their niche as well as their proliferation 
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and differentiation to form mature HFs is closely linked to the hair growth cycle 3. HF bulge SC 

show expression of the molecular markers such as cluster of differentiation 200 (CD200), keratin 15 

(K15), Lgr5+ and pleckstrin homology-like domain family A, member 1 (PHLDA1) as well as 

transcription factors Sox9+, Lhx2+ and NFATc126,36,37 Beside these epidermal SCs, another 

multipotent precursor cell population resides in HFs and dermal papillae that originate from the 

embryonic neural crest. These epidermal neural crest SCs (EPI-NCSCs) hold clonal multipotency 

that can give rise to melanocytic, neuronal and myogenic cell lineages in vitro and show 

differentiation potential toward mesenchymal lineages, as they are able to give rise to adipocyte, 

chondrocyte, and osteocyte progeny. Because of their advantageous physiological plasticity, 

multipotency, simple accessibility and non-controversial ethical issues, these EPI-NCSCs are 

considered promising donor cells for the repair of nervous system injuries 4. 

Methodology: a) Sebaceous glands, attached to the HFs, are supposed to descend from different 

follicle SC populations, including Krt15+ bulge cells, LGR6+ and junctional zone SCs. Other studies 

describe the existence of periglandular Blump1-expressing sebaceous progenitors and a SC 

population within the gland itself 5. Progenitors give rise to terminally differentiated sebocytes that 

degenerate along holocrine secretion, releasing lipid-rich sebum into the hair canal that maintain an 

adequate lubrication of the skin surface 5.  

b) Melanocyte SCs derive from the neural crest and permanently reside in the HF bulge, basal 

epidermis and probably also in the dermis 6. They give rise to pigment-producing melanocytes in the 

epidermis and the hair matrix. The fate of the melanocytes within the follicle is connected to the HF 

phases, where melanocytes proliferate and differentiate during anagen, and diminish through 

apoptosis in catagen 7. Dysfunction of this SC population results in pigmentation defects that 

phenotypically manifest as hair graying. The latter underlies an increased apoptosis of melanocyte 

SCs due to higher oxidative stress subsequent to the deficiency of anti-apoptotic Bcl2 protein that 

occurs with aging 8. 

c) The steady remodeling of the dermis and fibroblasts as their primary cellular component is 

managed via mesenchymal SCs. They are located in the connective tissue within the dermis, 

surround HFs (especially in the follicular sheath and papillae) or are found among pericytes around 

blood vessels. Beside fibroblasts, dermal mesenchymal SCs generate myofibroblasts, endothelial 

cells, nerves, blood vessels, osteoblasts, chondrocytes and adipocytes 9. Morevoer, they are crucial 

for the coordination of the complex process of wound healing by attracting other host cells, growth 

factors and extracellular matrix (ECM) secretory proteins. Dermal SCs lack uniform distinctive 

markers but adhere to plastic in contrary to other SCs 10. 
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Abstract 

 

The article discusses the possible pathogenesis of the development of hyperglycemia during COVID-

19 and hyperglycemia caused by glucocorticoids. Optimal periods for the determination of glycemia 

during COVID-19 when prescribing glucocorticoids are also indicated. Mention is made of insulin 

therapy regimens (postprandial and mixed) when prescribing prednisolone in the morning and the 

peculiarities of insulin therapy when reducing the dose of glucocorticoids while taking 

dexamethasone.  

Keywords:COVID-19, glucocorticoids, glucocorticoid-induced diabetes, insulin therapy, 

hyperglycemia COVID-19. 

 

Introduction:  2020 can be distinguished as the year of fighting the new type of SARS-CoV ‑ 2 

(Severe acute Respiratory Syndrome-Coronavirus 2) pandemic. The disease caused by SARS-CoV ‑ 

2 is known as COVID-19 (Corona Virus Disease 2019) (1). In the fight against this pandemic, 

cultural and entertainment events were restricted, education in schools and other higher education 

institutions became remote, public transport was suspended, and people traveling between cities and 

countries were severely restricted. Georgia is no exception, even in the 90s of the hard 20th century 

our country did not stop studying in wood-burning classrooms, stopping public transport, especially 

Tbilisi Metro Ltd., moving people between cities and countries. These strict restrictions only add to 

the importance of the problem. According to the data of February 2, 2021, the number of COVID-19 

patients in Georgia is 259209, and 3208 dead (https://stopcov.ge/). In over the world, by February 2, 

2021, according to Johns Hopkins University (https: //coronavirus.jhu.edu/map.html) 103,523, 528 

infected, and 2,236,348 dead, and most importantly, the end of the pandemic has not yet been seen, 

despite the registration of vaccines. 

 

Diabetes mellitus is one of the major risk factors: COVID-19 patients with high comorbid 

backgrounds (elderly, male, cardiovascular disease, heart failure, hypertension, chronic obstructive 

pulmonary disease, chronic kidney disease, and of course diabetes mellitus) have a higher risk of 

morbidity and mortality than patients without these comorbidities (1, 2, 3). In a retrospective study 

conducted by Greek science, 36 (20.9%) of COVID-19-confirmed patients and 22 (71%) of patients 

who died of COVID-19 pneumonia had diabetes mellitus (DM) comorbid pathology (4). In a study 

by the Chinese, 172 (16.2%) of patients with severe general condition had concomitant disease DM. 

(5). Also, 270 (17%) of the patients lying in intensive care units in Italy had DM. In the United 

States (US) DM was the most common (32% / 148) concomitant pathology in patients lying in the 

intensive care unit with COVID-19 infection.  



 
 
 
  
 

 

  
 49 

VOLUME 01  ISSUE 01 2021 

PROCEEDINGS-SCIAMS 

E – ISSN: XXXX – XXXX 

 

Possible mechanisms of hyperglycemia: Glycemic decompensation is one of the complications of 

COVID-19 infection in patients with DM, which may be manifested by an intensification of 

glycemic corrective therapy, e.g. increasing insulin doses (6). This can be explained by several 

mechanisms: on the one hand, hyperglycemia directly increases SARS-CoV ‑ 2 replication in human 

monocytes, on the other hand, glycolysis by mitochondrial reactive oxidative radicals and hypoxia-

induced factor 1α products also increases the viral replication process (7). COVID-19 is 

characterized by an increase in markers of severe inflammatory processes (interleukin 6, lactate 

dehydrogenase, inflammatory cytokines), which may increase insulin resistance (8). There are 

several mechanisms by which it is possible to explain the increased resistance caused by viral 

inflammation. Both COVID-19 pneumonia, SARS-CoV ‑ 2, and MERS (Middle Eastern respiratory 

syndrome (MERS -CoV) cause not only cellular infiltration into lung tissue, but similar processes 

can develop in smooth muscle and liver, tissues, and organs  playing a major role in the absorption of 

insulin-induced glucose (9, 10, 11). 

The SARS-CoV ‑ 2 virus uses its own receptor, the angiotensin-converting enzyme type 2 (ACE2), 

to penetrate the human cell. In large quantities, its expression is in the mucous membranes of the 

mouth, throat, and nasopharynx (e.g.  "invasion door"), in enterocytes of the rectum, myocardial 

cells, proximal ducts of the kidneys and pancreas (12, 13, 14, 15). The presence of receptors in 

various organs can explain the atypical manifestations of COVID-19 disease, such as loss of taste, 

diarrhea, and transient hyperglycemia (16). After binding to the receptor, the transmembrane serine 

protease "cuts" the ACE2 receptor by invading the spike virus into the cell and subsequently 

applying it (15). Experimental studies have shown that ACE2-receptor expression is increased in 

mice under conditions of hyperglycemia (17). It has also been shown to increase not only ACE 2-

receptor expression in hyperglycemic conditions, but also  its glycosylation in lung tissue (binding of 

a protein to glucose), which promotes binding of the SARS-CoV - 2 virus to the ACE-receptor (18). 

It is known that SARS-CoV ‑ 2 virus is detected by immune-competent cells after its invasion into 

the human body, induction of "cytokine storm" induced by pro-inflammatory cytokines (TNF, IL-1β, 

IL-6, IL-8, IL-17 Etc.) and is characterized by the separation of chemokines (MCP1, IP10, MIP1α) 

(16, 19). Recent studies have shown that cytokine storms in patients with COVID-19 and diabetes 

are more severe and aggressive than in patients without COVID-19 without diabetes (3, 5, 20). Such 

an aggressive current can be explained by the fact that for all processes, as well as for the immune 

response, energy supplies are needed e.g. "Fuel", and the degree of its intensity directly depends on 

the amount of glucose absorbed by immune cells. There is also a direct correlation between IL-6, IL-

8, and glycemic index (20). As far back as 2002, when the atypical pneumonia pandemic developed, 

scientists observed that the lethality was high in patients with DM who had a relatively high sugar 

level (21). A similar pattern has occurred during the new coronavirus pandemic: mortality in China 

was 3 times higher in patients with AD and glycemia at 184 mg / dL (10.2 Mmol / L) than in patients 

with glycemia at 116 mg/dl (6.4 Mmol / L) (28.8 and 6% respectively). Mortality was also high in 

40/96 patients with COVID-19 and uncontrolled glycemia in the US, and 13/88 in patients with 

controlled glycemia (14.8%, p <.001) (20). These studies once again suggest that DM dysglycemia is 

a risk factor for COVID-19 severe current and lethal outcome. 

When considering DM as a risk factor, you should also indicate obesity, which is a comorbid 

pathology in patients with DM. It should be emphasized that obesity is an independent risk factor for 

COVID-19 infection. According to the US Epidemiological Survey (COVID-NET), between March 

1 and March 30, 2020, 48% of patients hospitalized in the US for COVID-19 were obese (22). In 
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France, COVID-19 patients with body mass index (BMI)> 35 kg /m2 independently with the 

presence of other risk factors (arterial hypertension, DM, age) 1.6 times more frequently underwent 

artificial lung ventilation (ARV), than those, with BMI<35 kg /m2 (23). 

According to the currently available data, the immunotoxic response plays an important role in 

COVID-19 pathophysiology. Studies are therefore underway to better manage COVID-19 before 

somehow inhibiting this immune response. Glucocorticoids (GCs) are known to be effective in 

fighting this disease with their antimicrobial properties (24, 25, 26, 27). 5-8 days after receiving GC, 

decreased levels of IL-8, MCP1, IP10 in the blood. GC also inhibits IL-6, IFN-N (Th1-response), IL-

4 (Th2-response) production (28). The World Health Organization recommends low-dose GC (4-6 

mg dexamethasone or 50 mg hydrocortisone every 8 hours) for 7 to 10 days only in patients with 

severe COVID-19 and adult respiratory distress syndrome (COPD) (25). Accordingly, GCs are the 

first treatment at this stage to have a proven positive effect on COVID-19 treatment. There are 

papers in the literature (29, 30, 31, 32, 33) that evaluate the benefits of GC in patients with new 

coronavirus, although each of them has a share in the RECOVERY study, where for the first time in 

a multicenter randomized controlled trial in a large number of patients (2104 patients in a study 

group and 4321 patients in the control group) taking 6 mg dexamethasone intravenously or orally 

over 10 days reduced mortality by 35% in critically ill patients (invasive artificial ventilation 

patients) and also reduced mortality by 20% in COVID-19 patients on oxygen therapy (24). In 

addition, it should be noted that the dexamethasone group significantly reduced the number of 

hospitalization days and the likelihood of discharge before hospitalization (34). Along with the 

positive aspects of GC appointment, there are disadvantages: high mortality due to prolongation of 

viremia in patients with influenza-induced pneumonia, high risk of developing a secondary infection 

(35). There is a high risk of developing autoimmune and cardiac processes during the GK 

appointment. GCs may also cause resistance to muscle relaxants, which are widely used during 

mechanical ventilation (31, 35). We should not forget about GC-induced side effects such as 

dysglycemia / newly detected DM, lipolysis, and protein catabolism (32, 36). So 

hyperglycemia/dysglycemia SARS-CoV ‑ 2 Infection with the virus can be caused by increased 

insulin resistance due to cytokine "storm", suppression of insulin production, and GK action, which 

requires special attention from endocrinologists/diabetologists (37). Financial costs in Europe during 

the COVID-19 pandemic are higher in patients with DM than in those without DM (38). 

The literature already recommends the management of hyperglycemia in patients with DM and 

COVID-19 by prescribing priority medications or insulin therapy based on the patient's general 

condition and comorbidities (16, 39, 40, 41). In our article, we discuss the features of the 

management of hyperglycemia in severely ill patients with DM and COVID-19 in the setting of GC. 

There are already reports of insulin therapy features in patients undergoing artificial lung ventilation 

(42, 43, 44) 

 

Detection of diabetes mellitus and hyperglycemia: In each patient infected with the SARS-CoV ‑ 

2 virus, glycemia should be determined several times over a period of 2 days (e.g., fasting, before 

meals, and at bedtime) from the start of GC. In the case of glycemia <180 mg / dL (10 mmol / L) at 

all points taken, it is possible to continue the determination of glycemia once a day (eg at 17-18: 00) 

until discontinuation of GC (37). It is also noteworthy that fasting glycemia is often not elevated in 

the setting of GC intake, and a high glycemic rate is observed postprandially after 2 hours (45). 

Thus, fasting glycemia is not a parameter characteristic of GK-induced dysglycemia. 



 
 
 
  
 

 

  
 51 

VOLUME 01  ISSUE 01 2021 

PROCEEDINGS-SCIAMS 

E – ISSN: XXXX – XXXX 

 If glycemia> 200 mg / dL is detected, a diagnosis is made. Newly detected patients should be 

diagnosed with glycated hemoglobin in their blood for a mean 3-month glycemic index (46). 

 

The course of hyperglycemia during the appointment of glucocorticoids:  The effect of GC on 

glycemia depends mainly on the dose of GC, their effectiveness, duration of action and does not 

depend on the path of its penetration into the body. Distinguish between short-acting 

(hydrocortisone), medium-acting (prednisone, prednisolone), and long-acting GC (dexamethasone, 

betamethasone, and triamcinolone) (45). The potency of GC is always based on a comparison of the 

effect with hydrocortisone, the potency of which is conventionally equal to "1". Accordingly, the 

potency of prednisolone is "4" and that of dexamethasone is "30-40" (Table 1) (45). 

 

Table 1 Characteristic properties of glucocorticoids 

 
Glucocorticoids   

 

Duration  of action (h) 

 

Dose equivalent 

 

Half-life of elimination (h) 

 

Cortisone/ 

Hydrocortisone 

Short (8-12) 1    1-1.5 

Prednisone/ 

Prednisolone 

Medium (12-16) 5 3 

Methylprednisolone  Medium (12-16) 4 1-2 

Dexamethasone Long  (36-72) 30-40 3-5 

 

GC, through its receptors, induces increased insulin resistance in target organs, β-cell dysfunction, 

and increased blood glucagon secretion (47, 48). In skeletal muscle, GC also inhibits the absorption 

of insulin-dependent glucose (approximately 30-50%) and glycogen synthesis (approximately 70%) 

due to blockade of insulin signal cascades by targeting glucose-4-transporter (GLUT4) translocation 

to target muscle cells (49, 50). After receiving GC, increased gluconeogenesis in the liver is 

accompanied by an increased expression of phosphoenolpyruvate carboxykinase (PEPCK) and 

glucose-6-phosphatase (51)., Increased lipolysis and proteolysis induced by GC, in turn, contribute 

to increased insulin resistance (Figure 1) (47). 

 

Figure 1 Effects of glucocorticoids on metabolism (45, 52) 
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August 22, 2014, At the conference "Diabetes in Rheumatism" held in Pfeiffer (Switzerland), Swiss 

Professor Peter Dima During the report, expressed the following opinion: “In some patients with 

type 1 DM, a relevant amount of C-peptide or a certain amount of residual insulin reserves can be 

found even after 10 years. After 5 years, 15% of diabetics retain their residual insulin secretion, but 

after taking prednisolone, we see a picture of dysglycemia as if such patients no longer have their 

own insulin secretion ”(53). 

Regardless of the prednisolone administration route (p/o or i.v.) 4-6 hours later, the maximum effect 

of prednisolone on glucose metabolism begins, lasting 14-16 hours. There is also an increase in 

insulin resistance 4 hours after taking dexamethasone, although unlike prednisolone, it has a longer 

duration of action (lasting more than> 24 hours) (Table 1) (54, 55, 56). 

As already mentioned, when prescribing GC, the prerequisite for detecting hyperglycemia / DM is to 

determine the glycemia several times a day. Once again, in glucocorticoid-induced diabetes, 

hyperglycemia is manifested mostly after 2 hours postprandial (57). Determination of fasting 

glycemia alone or glycated hemoglobin in the blood is not of informative value for steroid-induced 

hyperglycemia /DM, as very often they are within the norm (53, 57, 58). According to experts, when 

taking GC in the morning, it is optimal to determine blood glucose in the middle of the day 2 hours 

after eating. Insulin resistance induced by GC is maximal at this time because food-induced 

hyperglycemia (52, 54, 59) is added to β-cell counts. 

 

Treatment: Hyperglycemia /DM is not a contraindication to the appointment of GC, especially 

when at this stage they (especially dexamethasone) have a proven effect in the fight against COVID-

19 (24, 34, 60). Attention should be paid to the prescribed GC dose, the effect of their action, and the 

presence of DM. Since GCs significantly increase insulin resistance, the patient should choose to 

limit easily absorbed carbohydrates, remove pre-existing intervals between main foods, and 

minimize the number of carbohydrates in the intake (57, 58). The inpatient glycemic index for GC is 

108 mg/dL - 180 mg /dL (6.0 mmol/L - 10 mmol / L) (37). If these glucose levels can be achieved 

overnight through dietary measures, then glucose control should be continued. Glycemia>195–270 



 
 
 
  
 

 

  
 53 

VOLUME 01  ISSUE 01 2021 

PROCEEDINGS-SCIAMS 

E – ISSN: XXXX – XXXX 

mg/dL (13–15 mmol/L) It is advisable to prescribe insulin therapy because GC is ineffective in 

severe and critically severe COVID-19 patients where oral Prescribing antipyretics is shown to be 

counterproductive or ineffective depending on the general condition of the patients (24, 32, 34). 

 There are 2 types of insulin therapy (postprandial and mixed inulin), once a day in the morning with 

the appointment of GC (45). 

The insulin therapy regimen depends on the duration of action of the GC action (frequency of 

moderate or prolonged action) and the duration of hyperglycemia. E.g. When prednisolone is taken 1 

time in the morning, hyperglycemia develops after 4 hours, which lasts 12-16 hours, and at night 

after the end of prednisolone action due to the corresponding reduced insulin resistance also 

decreases blood glucose levels (61). In the case of postprandial administration, normal human insulin 

is injected 3-4 times a day before meals. Normal human insulin has a longer duration of action than 

human ultra-short-acting insulin and is therefore preferred for the management of hyperglycemia 

(45, 56). The starting dose of insulin is conventionally 03-0.5 units/kg/day divided into 3 injections 

(eg 40% -40% -20%) (37, 41, 62). 

An alternative principle of glycemic management is the combination of isophane and normal human 

insulin before a meal in the morning with a single-dose GC of moderate duration. Here, too, the 

starting dose of insulin is conventionally 01-0.3 one / kg/day. As with human insulin, experts and 

researchers prioritize isophane insulin over long-acting human insulin analogs (Glargine, Determir) 

(57, 58, 63, 64). 

Glycemic management tactics are different when prescribing a medium-duration GC several times a 

day or for a long-acting GC. At this time, GC-induced hyperglycemia lasts for more than 24 hours as 

during endogenous hypercortisolism. Accordingly, this heading should be considered when 

prescribing insulin (37, 56, 57, 60). It is important to note that the demand for both basal secretion 

and bolus secretion is growing significantly. In this case, one of the options for glycemic 

management is to divide the starting total dose (03-0.5 units/kg/day) into 4 injections and 

subcutaneously every 6 hours (56). However, in medical practice, the basal-bolus regimen of insulin 

therapy is mainly used to prescribe GC several times a day or for long-acting GC (64). 

Patients (both type 1 and type 2) who have been taking intensive or traditional insulin therapy before 

receiving GC,  should continue to take their usual insulin regimen, increasing their total daily insulin 

dose by 30-100% and controlling their glycemia (37, 58). . There is no upper dose limit for insulin. 

(65). 

It is recommended that for patients receiving insulin by the pump, the dose of insulin (starting at 03-

0.5 units/kg/day) be divided into three prolonged boluses at the time of GC appointment. For 

example, 20% of the basal dose calculated within 3 hours after GC should be administered, then for 

6 hours - 60% and for a further 4 hours - 30%. Corrective insulin can be made if needed (45).  For 

example,  B.M. Lobnig in his paper (2012) increased the basal velocity of an insulin pump by 

morning injection of 100-250 mg solumedrol as follows: 12-14 h. + 0.5 units/h, 14-16 h + 1.5 

units/h, 16-20h + 3.0 units/h, 20-22 h. +1.5 units/h (56). 

 

Glycemic control: Glucose monitoring should be performed several times a day continuously. 

Glycemic control is especially important 2 hours after dinner (45, 52, 53). The insulin regimen and 

dose should be titrated according to the glycemic index. Despite a number of algorithms for 

calculating and managing the starting insulin dose, experts and practice show that each patient 

should be prescribed an insulin regimen, doses, and subsequent titration of insulin individually, GC 

type, duration of action, duration of administration/injectability, frequency of disease. Considering 
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other peculiarities (58), it must also be emphasized that when reducing/stopping GC doses, insulin 

should be reduced/stopped taking into account the duration of GC action. Otherwise, there is a high 

risk of developing severe hypoglycemia after cessation of GC intake (37, 45, 58, 66). 

 

Complications: As mentioned earlier, hyperglycemia during COVID-19 is associated with higher 

mortality, longer hospital stays, and increased costs (37, 38). There is no equivocal answer as to 

whether hyperglycemia always returns to normoglycemia after cessation of GC. GC appointment, 

duration, duration of hyperglycemia (2-8 weeks), remaining insulin supply volume (58, 60) should 

be considered at this time. E.g. According to B.M. Lobnig (2012), when taking GC, if high 

hyperglycemia persists for 2-8 weeks, there is a high probability that the insulin secretion supply is 

stagnant for 6 months or more. It may be necessary at this time to transfer patients from oral 

antihypertensive drugs to insulin therapy to compensate for glycemia (60). There is also a risk of 

developing the following complications caused by hyperglycemia when prescribing GC: 

hyperosmolar condition (in the case of glycemia> 350 mg/dL), exicosis and its associated 

manifestations (hypovolemia and drop in blood pressure, thrombosis, blurred vision,), impaired 

immunity (urinary tract infections, nosocomial pneumonia) (60). It should also be noted that the 

RECOVERY study had the same percentage of patients with DM (approximately 25%) in both the 

dexamethasone group and the control group (32). 

Therefore, the management of hyperglycemia during COVID-19 with proven GC efficacy is also a 

significant challenge, on which the outcome of the disease in patients also depends. 
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ABSTRACT 

 

COVID-19 pneumonia manifests with chest CT imaging abnormalities, bilateral, subpleural, ground-

glass opacities with air bronchograms. Different radiological patterns are observed at different times 

throughout the disease course. Diffuse bilateral ground-glass opacities co-exists or progresses with 

consolidations and fibrosis. Evaluation of imaging features, clinical and laboratory findings could   

to diagnosis of COVID-19 pneumonia and assessment    of   prognostic values.  

We presented cases to analyses the chest CT imaging features in patients with COVID-19 

pneumonia,  to  compare the imaging  and laboratory  data to   across the disease course  and    to  

other  severe  infection , like  pneumocyst pneumonia.  

Conclusion:  Evaluation of blood tests and comparison of clinical data made it possible to          

diagnose a similare in the course of  and CT  findings,  but an absolutely different disease. This 

comparison allow distinguish similar characteristics of different diseases and make prognostic 

conclusions during the course and treatment.  

Keywards:  Covid-19, HIV, Respiratory distress-syndrom 

 

Introduction: COVID-19 pneumonia manifests with chest CT imaging abnormalities, bilateral, 

subpleural, ground-glass opacities with air bronchograms. Different radiological patterns are 

observed at different times throughout the disease course. Diffuse bilateral ground-glass opacities co-

existes or progresses with consolidations and   fibrosis. Evaluation   of imaging features, clinical and 

laboratory findings could to diagnosis of COVID-19 pneumonia and assessment of   prognostic 

values.  

We presented cases to analyse the chest CT imaging features in patients with COVID-19 pneumonia,  

to  compare the imaging  and laboratory  data   to   across the disease course  and    to  other  severe  

infection, like  pneumocyst pneumonia. This comparison allow distinguish similar characteristics of 

different diseases and make prognostic conclusions during the course and treatment.  

 

Case  presentation 

 

Patient 1: A 50 old man was admitted to our hospital with  one  week  history of fever, dry  cough, 

he  reported to reduced appetite  and altrered sens of taste. chest   radiography displays  -Breast 

contour without deformation. Lymphadenopathy is not expressed. The main bronchi recede. The size 

of the heart is not enlarged. The amount of fluid in the pericardial cavity is not increased. 

Infiltrative changes in bilateral lung parenchyma are reflected in subtotal infiltrative changes of the 

ground glass type, the density of which is higher in the lower extremities, where areas of 

consolidation and thicker areas in adults are revealed. Relatively small volume consolidations are 

also reflected in the upper rates. The intervertebral pleura is thickened. 
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In the bilateral pleural cavity, a small amount of separated, free air was not found. 

Semi-quantitative methodological analysis of computed tomography data, index of lung damage - 21 

points (0-24). 

Angiographic examination showed no filling defect of the pulmonary trunk and bilateral main, 

parietal arteries. 

Aggravation of respiratory parameters despite NIV and HFNC, has lead to mechanical  ventilation. 

Severe respiratory distress syndrom was treated with suitable strategy of ventilation and patient  state 

was managed with foreseeing of all  clinical and laboratory parameters.   

Laboratory studies  showed increased level of leuvocytes, CRP,  IL_6, Liver  enzymes.    

 

Humoral immunity and cell-mediated immunity 

 

Table  1.     

 

      

CD3  %/ 109 /l 62 59 IgG    g/l  11                          13.3 

CD3  abs  .  number   366 207 IgA    g/l 2.93 2.33 

 CD4  %/ 109 /l 36 32 IGM  g/l 1.82 2.83 

CD4 abs  .  number   212 112    

CD8 %/ 109 /l 25 25    

CD8 abs  .  number   148 88    

CD4/CD8  1.29  1.43 1.29    

B  abs    number  214 98    

NK   cells  abs    number 37 25    
 

CD3, CD4, CD8 absolute number has been decreased and more decreased after 10 day of symptom 

onset (Table 1, Table 3) 

PCT, CRP, D dimer and IL-6 level was increased in appliance of deterioration patient state (Table 2, 

Table 3)  

 

Table 2 

 
Day after  symptom  

onset  

         

PCT   (ng/ml) 0.362 0.432 0.168 2,45 3.2 2.35 2.19 1.02 0.864 

D dimer  (mkg/ml) 0.48 0.5 0.47 3.13 19.76 3.31 3.95 2.11 1.89 

CRP  (mg/l) 17 39 62 99.8 121,25 62.3 30.4 29.8 16.1 

IL-6  ( pg/ml) 21    69.7  60  24 
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Picture 1 A Subtotal ground glass infiltrative changes are reflected on the bilateral lung parenchyma 

b. In which the density is higher in the lower parts, where areas of consolidation of adults and thick 

areas are revealed. Relatively small volume consolidations are also reflected in the upper rates. 

Semi-quantitative methodological analysis of computed tomography data, index of lung damage - 21 

points 

 

On the picture is presented tipical radiology sighns of covid pneumonia, subtotal ground glass   

infiltration, with consolidation in upper parts an interlobal pleura thickening. A small amount of 

secretion is released into the bilateral pleural cavity, no free air was found.  With  Semi-quantitative 

methodological analysis of computed tomography data, lung damage index was high -21 points. 
   

      

Table 3 
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Picture 2 

The intensity of subtotal  ground  glass infiltrative changes in the bilateral lung parenchyma is 

significantly reduced, although the process volume is not reduced. 

     

Table 4 
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Picture  3 

The severity of ground-glass infiltrative changes in the bilateral lung parenchyma is somewhat 

reduced, consolidation at the level of the basal segments without significant dynamics. Against the 

background of the compaction on the right, a single bronchiectasis is reflected. 

 

 

 

 

 

 

 

 

 

Table  5 

Patient was extubated on 29  day of illness and discharge from clinic after 48 days of admission   

Case 2: Patient, women  was admetted  in  emergency  departament  with fever  , dry  cough,  

dispnoea Chest  computed  tomography   revealed   bilateral  pneumonia  and ( with  Semi-

quantitative methodological analysis )   lung demage  index --18  point  . After   5  day ,  patient   

with  worsened  respiratory  failure and  dispnoea,   was    admetted   in  ICU.  

Dispnoea   worsened  beside   HFNC  and   NIV. CT  of  the  chest revealed   bilateral  irregular  

infiltrates  with  varying  density, neither  emphysema,  not  pulmonary  embolism was detected 

(Picture 4) 

0

Immunological data

COVID-19 patient IL-6 (N<7.0 pg/ml)
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Patient   was   intubated   and   started  mechanical  ventilation .  PaO2/FiO2 was < 200. Sputem   was 

RT-PCR negative  for  SARS-COV-2  . Laboratory   studies showed normal leucocyte count and 

CRP, PCT, D  dimer level.  Despite the fact that RT-PCR on SARS-COV-2  was  negative, we 

started the treatment like a  respiratory distress –syndrom  of covid-19.  

 

                                                                                            
A                                                                                                 B 

Picture 4  Computed tomography of the chest with contrast enhancement 08/04/2020.  

Angiographic examination does not reveal a defect in filling the pulmonary trunk, bilateral main, 

parietal and segmental arteries, reliable signs of thrombosis. The aorta is not enlarged  (picture 4A) 

Inflammatory changes in the phenomenon of diffuse ground glass are reflected at all levels (except 

for peaks) in the bilateral lung with a small basal consolidation and foci of subpleural fibrosis. Free 

fluid and air are not reflected in the bilateral pleural cavity (picture 4,B) 

D  dimer,CRP  and  PCT level was  increased  gradually   (Table 6 ,Table 7) 

 
D  dimer 0.2 0.32 0.35 0.22 3.1 5,2 3.01 3.15  3.13 3.01 

PCT  0.3 0.36 0.43 0.16 2.45 3.2 2.35 2.19  1.1 0.8 

CRP   30,5 32.5   118.6 147.2 41.6 34  15.7  

 

Table 6 
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Table 7 

 

On computed tomography of chest infiltrative changes in the diffuse ground glass phenomenon are 

still reflected in the bilateral lung. At the base, there are small seals and foci of subpleural fibrosis. 

There is little air in the right pleural space. Free fluid are not reflected in the left pleural cavity 

(Picture 5). 

  

Picture 5  Computed tomography of the axial section of the lung window 08/10/2020.  
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Table 8 

Patient state was aggravated. Blood  analyses on Anti HBs,HBsAg, Anti  HCV, was negative HSV-1 

or HSV-2 IgG --0.5Iu/ml, herpes-zoster IgG-80g/l, toxoplasma IgG -1000g/l, Cryptococcal  antigen 

was negative. Blood analyses on Anti-HIV antibody test was  positive,  CD4  abs. count-  5, CD3  

abs. count –35,  CD-8  abs. count—28 

The human immunodeficiency virus type 1 (HIV-1) Western blotting (immunoblotting) band 

patterns and the sensitivity of an HIV-1 DNA PCR assay have been determined by testing the blood 

of patient with AIDS. 

 

      

                       A                                                                          B 

Picture 6. Computed tomography of the axial section of the lung window 08/22/2020. 

        

On computed tomography A-large amount of gas, pneumomediastinum - is found in the 

mediastinum at almost all levels.  B. Massive emphysema of the subcutaneous soft tissue manifests 
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itself in both the chest and neck.  In the bilateral lungs at all levels, infiltrative changes such as the 

phenomenon of diffuse ground glass are again reflected. Free fluid and air are not reflected in the 

bilateral pleural cavity(pict 6.) 

 

   

A                                                                           B 

Picture 7.  Computed tomography of the axial section of the lung window 08/31/2020. 

A. Air is no longer reflected on the mediastinum and soft tissues of the chest. In the bilateral lungs, 

infiltrative changes such as the phenomenon of diffuse ground glass are again reflected at all levels.  

B. In the ventral-subpleural areas of both upper extremities, cavities with air were formed, around one 

of them on the right fibrous-infiltrative changes are visible - a destructive process is possible. Free fluid 

and air are not reflected in the bilateral pleural space (Picture 7). 

The patient's condition, the onset of the disease and the course of the disease in both cases were similar 

and clinically consistent with the course of respiratory distress syndrome caused by Covid infection. 

The appearance of antibodies from the human immunodeficiency virus and the confirmation of this 

disease, pneumocyst pneumonia, made changes in the patient's treatment, improved the condition and 

the patient was transferred to the intensive care unit of the central infectious diseases hospital. 

COVID-19 pneumonia was  diverse, ranging from normal appearance to diffuse changes in the lungs. In 

addition, different radiological patterns was  observed at different times throughout the disease course  

in  both  patient  , also   the time between onset of symptoms and the development of acute respiratory 

distress syndrome was short, ct scan obtained on day 7- 9 after symptom onset showed extensive 

ground glass opacities in both lungs.  

 

Conclusion:  Evaluation of blood tests and comparison of clinical data made it possible to diagnose a 

similare in the course of  and CT  findings,  but an absolutely different disease. This comparison allow 

distinguish similar characteristics of different diseases and make prognostic conclusions during the 

course and treatment.  
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