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Resume: The study included 103 patients hospitalized for SARS-CoV-2 pneumonia at the Bukhara 

Regional Infectious Diseases Hospital, which was reorganized into the Covid Center. Immunological 

studies of the blood of sick children were carried out in the laboratory of immunomorphology of the Institute 

of Human Immunology and Genomics of the Academy of Sciences of the Republic of Uzbekistan. The 

indicators of interferon (INF-a, IFN-γ), cytokines (IL4, IL18) and biochemical tests in the blood were 

studied. 

In patients with SARS-CoV-2 pneumonia and type 2 diabetes, total bilirubin has a high relationship 

with the diabetogenic cytokine IL-18 - r = 0.42, against the background of a noticeable negative relationship 

with IL-4 (r = -0.30) and INF γ -r=-0.34. At the same time, the free fraction of bilirubin, like total bilirubin, 

has noticeable negative connections with IL-4 (r = -0.22) and IFN-γ r = -0.34, and has a significant positive 

connection with IL-18 - r = 0.34 
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Relevance 

Coronavirus disease 2019 (COVID-19) is a newly recognized infectious disease caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), which was recently declared a pandemic[13]. The 

number of deaths from COVID-19 is growing. As of April 21, 2020, 2,397,217 patients have been confirmed 

worldwide and 162,956 have died. A total of 84,250 cases have been diagnosed in China, of which 4,642 have 

died[14, 8].  COVID-19 in patients with diabetes: Diabetes is one of the most common comorbidities in 

patients with COVID-19 and was present in approximately 10% of the 7,162 patients with COVID-19 who 

had comorbidities according to data provided by the USDA CDC. Studies conducted in different parts of the 

world have shown varying prevalence of diabetes in patients with COVID-19. Prospective surveillance data 

from the UK showed uncomplicated diabetes in 19% of 16,749 cases of COVID-19. The largest study in 

primary care found that diabetes was present in 9.8% of 121,263 patients with COVID-19 [11,9] in Spain. 

The issue of an increased risk of SARS-CoV2 infection has not yet been resolved, since many studies have 

shown the same prevalence of diabetes in the general population and in patients with COVID-19. There are 

several specific factors and mechanisms by which diabetes predisposes to infections in general and may 

increase susceptibility or risk and severity of SARS-CoV-2 disease. Potential mechanisms that may increase 

susceptibility to COVID-19 in diabetics include the role of hyperglycemia, higher cell binding affinity and 

efficient viral entry, decreased viral clearance, decreased T-cell function, increased susceptibility to 

hyperinflammation, cytokine storm syndrome, and the presence of cardiovascular disease. vascular 

diseases[6]. In addition, the higher risk of progression to severe pneumonia caused by influenza and SARS-

CoV-2 in individuals with T2DM [4, 1] is associated with increased viral entry, decreased viral clearance, and 

increased levels of circulating IL-6 and C-reactive protein ( SRB) [3]. People with T2DM also have a higher 

incidence of severe metabolic complications [12], and viral infections worsen hyperglycemia in people with 

and without diabetes [2,10]. The infection also leads to profound changes in whole-body metabolism, with 

low-grade inflammation disrupting glucose homeostasis and insulin sensitivity. Thus, it is not surprising that 

hyperglycemia, a hallmark of T2DM, is associated with dysregulation of the innate and adaptive (humoral) 

immune responses. However, whether diabetes causes an exacerbation of the inflammatory response [7,13] or 

a decrease and failure of the inflammatory response [5,14], the immune cellular response remains poorly 

defined. Notably, the underlying reasons for the potential differential effects of the diabetic state on infection-

induced inflammatory responses remain incomplete. 
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SARS-CoV-2 may cause exaggerated and aberrant ineffective host immune responses that are 

associated with acute respiratory distress syndrome. In these critically ill patients infected with COVID-19, 

cytokine storms mediated by overproduction of proinflammatory cytokines were observed in a large 

population. Exaggerated immune responses lead to long-term lung damage and fibrosis, causing functional 

disability, decreased quality of life, and even death [15]. 

 

Objective: Study of interferons, cytokines and biochemical mediators of inflammation in the blood in 

association with COVID-19 and type 2 diabetes. 

 

Materials and methods 

The study included 103 patients hospitalized for SARS-CoV-2 pneumonia in the Bukhara Regional 

Infectious Diseases Hospital, which was reorganized into the Covid Center. Of all those hospitalized for 

SARS-CoV-2 pneumonia against the background of type 2 diabetes, there were 35 patients with severe 

pneumonia (group 1), and 33 with moderate severity (group 2). The comparison group (group 3) consisted of 

35 patients with SARS-CoV-2 pneumonia who did not suffer from diabetes. The control group consisted of 

30 healthy people of the appropriate age. 

The average age of patients in group 1 was 60.2 ± 2.2 years, in patients in group 2 it was 50.0 ± 2.0 

years, and in the comparison group it was 52.4 ± 2.0 years. In the control group, the average age was 54.0 ± 

2.0 years. 

The average time of stay in the hospital was: group 1 - 8.7 ± 0.47 days, group 2 - 6.4 ± 0.26 days, 

group 3 - 10.6 ± 0.45 days. 

 

Results 

Correlation is a consistent change in variables. More precisely, correlation is the consistency of the 

distributions of observed variables. The main indicators of correlation are the strength, direction and reliability 

(validity) of the connection. The strength of the connection is determined by the absolute value of the 

correlation (varies from 0 to 1). The direction of the connection is determined by the sign of the correlation 

coefficient: positive coefficient – direct connection; negative – feedback. The reliability of the relationship is 

determined by the p-level of statistical significance (the lower the p-level, the higher the statistical significance 

or reliability of the relationship) [15]. 

To develop more informative clinical and laboratory blood parameters in patients with the association 

of SARS-CoV-2 pneumonia and type 2 diabetes, it is important to study their relationship, which determines 

the prognosis of the underlying disease. 

 In order to study the relationship of interferons and blood cytokines with indicators of general analysis 

and biochemical blood analysis in patients with the association of SARS-CoV-2 pneumonia and type 2 

diabetes, their correlation was calculated. 

As a result of the calculation, a very high negative relationship was revealed between: 

- bound fraction of bilirubin and INF-a- (p = -0.95), 

- bound fraction of bilirubin and IL-4 (p = -0.76), against the background of a high positive relationship 

between: 

- bound fraction of bilirubin and INF-γ (p = 0.77), Fig. 1. 

The data obtained show the effect of the SARS-CoV-2 virus on bilirubin metabolism in patients with 

type 2 diabetes. 

In the study, in patients of this group, the average concentration of the bound bilirubin fraction 

averaged 6.22±0.34 mmol/l (min - 4.0 mmol/l; -max - 8.9 mmol/l).  

The high positive dependence of the bound bilirubin fraction on IFN-γ allows us to conclude that the 

higher the level of bound bilirubin fraction in patients with SARS-CoV-2 pneumonia and type 2 diabetes, the 

more elevated the level of IFN-γ, and vice versa. The absence of the bound bilirubin fraction indicates low 

immunity, which was typical in our studies for patients in this group. 
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Figure 1. Correlation of bilirubin with interferons and cytokines in SARS-CoV-2 pneumonia in 

association with type 2 diabetes mellitus 

  In patients with SARS-CoV-2 pneumonia and type 2 diabetes, total bilirubin has a high relationship 

with the diabetogenic cytokine IL-18 - p = 0.42, against the background of a noticeable negative relationship 

with IL-4 (p = -0.30) and INFu-p=-0.34. At the same time, the free fraction of bilirubin, like total bilirubin, 

has noticeable negative connections with IL-4 (p = -0.22) and INF-γ p = -0.34, and has a significant positive 

connection with IL-18 - p = 0.34 . 

 It is important to note that INF-a is associated only with the bound fraction of bilirubin (p = -0.95), 

and its concentration does not depend on the level of total bilirubin and its free fraction. 

 Analysis of the correlation of INF-a showed a high negative relationship with the level of calcium in 

the blood (p = -0.40) and a noticeable negative relationship with potassium in the blood (p = -0.33). 
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Figure 2. Correlations of interferon alpha in SARS-CoV-2 pneumonia in association with type 2 

diabetes 
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 At the same time, the question arose: what is the role of INF-a in the implementation of blood rheology 

in SARS-CoV-2 pneumonia in association with type 2 diabetes? 

The established high negative relationship of INF-a with the level of calcium in the blood followed the 

study of its relationship with coagulogram parameters in this case. The correlation showed significant positive 

associations of INF-α with: 

- platelet count - p=0.30; 

- fibrinogen level-p=0.30; 

- the beginning of VSC-p=0.30, against the background of a noticeable negative relationship between 

INF-α and INR-p=-0.30. 

 
Figure 3. Correlations of interferon alpha in SARS-CoV-2 pneumonia in association with type 2 

diabetes 

 Consequently, in case of SARS-COV-2 pneumonia in association with type 2 diabetes, for timely 

diagnosis and prognosis of the outcome of the condition, it becomes possible to use the INR as a guide, while 

an increase in INR is accompanied by a decrease in the level of IFN-α, and vice versa, a low level of IFN-α 

predicts an increase in INR . 

 Analysis of the correlation of IFN-γ levels with biochemical blood parameters showed the presence of 

noticeable negative relationships with: 

- ESR- p=-0.30; 

- total bilirubin - p=-0.33; 

-free fraction of bilirubin - p=-0.33; 

-procalcitonin - p=-0.30; 

-beginning of VSC - p=-0.30 against the background of a high positive correlation with the bound fraction of 

bilirubin - p=0.77. 
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Figure 4. Correlations of interferon gamma in SARS-CoV-2 pneumonia in association with type 2 

diabetes 

  

The identified connections of INF-γ show its participation in the system of bilirubin metabolism and blood 

rheology. The higher the ESR and hyperbilirubinemia, the lower the level of IFN-γ, and vice versa. And also 

the time of onset of blood clotting noticeably negatively depends on the level of IFN-γ in the blood and vice 

versa. 

Its noticeable negative relationship with PCT in the blood proves protection against secondary bacterial 

infection in patients with SARS-CoV-2 pneumonia in association with type 2 diabetes. 

Thus, in case of SARS-CoV-2 pneumonia in association with type 2 diabetes, it is necessary to study 

interferon status, which allows predicting the outcome of the disease and choosing patient management tactics. 

Analysis of the level of pro-inflammatory IL-4 and diabetogenic IL-18 in patients with SARS-CoV-2 

pneumonia in association with type 2 diabetes showed the presence of significant positive relationships with 

INR and the onset of CVS, which is p = 0.3 and p = 0, 31 respectively. 

 IL-4 also has noticeable opposite connections with: 

-level of total bilirubin - p=-0.3; 

-D-dimer- p=-0.3;  

-PCT- p=-0.33, against the background of a high negative correlation with the bound bilirubin fraction- p=-

0.76. 

Consequently, the data obtained led to the conclusion that in SARS-CoV-2 pneumonia in association 

with type 2 diabetes, a decrease and/or absence of the bound fraction of bilirubin in the blood indicates an 

increase in the proinflammatory cytokine IL-4 in the blood. 

Analysis of the relationship of the diabetogenic cytokine in SARS-CoV-2 pneumonia in association 

with type 2 diabetes showed its noticeable positive relationship with: 

- free fraction of bilirubin - p = 0.30; 

-potassium concentration in the blood – p=0.30 

-concentration of D-dimer - p=0.34, with a high positive correlation with the level of total bilirubin 

p=0.43. 
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Figure 6. Correlation of IL-18 in SARS-CoV-2 pneumonia in association with type 2 diabetes 

 

The diabetogenic cytokine in SARS-CoV-2 pneumonia in association with type 2 diabetes also has noticeable 

negative relationships with the level of: 

-total blood protein-p=-0.30; 

-urea in the blood - p=-0.30; 

-fibrinogen--p=-0.30. 

 

Conclusion 

The obtained connections show the influence of type 2 diabetes on the course of SARS-CoV-2 

pneumonia in this way: a decrease in IL-18 contributes to the development of hypoproteinemia, uremia and 

hypercoagulation and vice versa. Therefore, when managing patients with SARS-CoV-2 pneumonia, it is 

important to take into account not only IL-6, but also IL-4 and IL-18. 
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