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List of abbreviations used 

Statistical Notation 

n – number of units examined 

P – significance 

SD – Standard Deviation 

SE – standard error 

 

In Latin 

AABB – American Association of Blood Banks 

ACS – acute coronary syndrome 

AECA – antiendothelial antibodies 

AH – arterial hypertension 

ALAT – alanine aminotransferase 

ASAT – aspartate aminotransferase  

ATE – arterial thromboembolism 

ANCA-PR3 / ANCA-MPO – Antineutrophil Cytoplasmic Antibodies – Proteinase 3 / Myeloperoxidase 

/ Antineutrophil Cytoplasmic Antibodies - Proteinase 3 / Myeloperoxidase 

ARDS – acute respiratory distress syndrome 

BAL – bronchoalveolar lavage  

CDC – Center of Disease Control 

CD3+ - T lymphocytes 

CD4+ - T-helper lymphocytes 

CD8+ - T-suppressor lymphocytes  

CKF – chronic kidney failure 

CT – Computed tomography  

COPD – Chronic obstructive pulmonary disease 

D-dimer – D-dimer 

DVT – deep vein thrombosis 

ECIL-9 – 9th European Conference on Infections in Leukaemia 

ECMO – extracorporeal membrane oxygenation 

EU – European Union 

FBG – fibrinogen 

IDSA – Infectious Diseases Society of America 

IL-28A, IL-10, IL-33– interleukin– 28А, 10, 33 

LDH – lactate dehidrogenase 

mAbs – monoclonal antibodies 

MSD – Cerebrovascular disease 

NK cells – natural killer cells 

NLI – neutrophil-lymphocyte index 

PLHIV – people living with HIV 

PT – prothrombin time  

RT-PCR – Polymerase Chain Reaction (Real Time) 

RDT ELISA – Rapid diagnostic test Enzyme-linked immunosorbent assay  

SpO2 – oxygen saturation 

sCD40L – soluble CD40 ligand/ soluble CD40 ligand 

TNF – Tumor Necrosis Factor  

VOC – "Variant of concern"  

VTE – venous thromboembolism 

WHO – World Health Organization 
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INTRODUCTION 

 

Only a month after the first cases of viral pneumonia of unknown etiology and 

respiratory failure in December 2019, the causative agent was sequenced and 

identified — a new human coronavirus, later named SARS-CoV-2. Its spread 

progressed rapidly on a global scale. The publications concerning the clinical 

course of the disease it causes — COVID-19 — are numerous, widely accessible, 

and provide medical professionals with the opportunity to quickly identify the 

factors associated with severe progression and fatal outcomes. Four years later, 

the leading risk factors are well known: age, sex, and comorbidities. The list of 

risk diseases and conditions is extensive, including a variety of chronic cardio-

vascular, pulmonary, renal, hepatic, neurological, and other disorders. 

Despite extensive research efforts worldwide, several immunological and patho-

genetic mechanisms involved in SARS-CoV-2 infection remain not fully re-

vealed.  

In addition, the initial data regarding the immune response and the clinical course 

of COVID-19 in immunocompromised patients have been inconclusive and even 

contradictory. The majority of studies indicate a milder-than-expected course of 

COVID-19 in this patient group. However, according to the most recent data from 

the World Health Organization (WHO), immunosuppression represents a signifi-

cant independent risk factor for severe or critical COVID-19, fatal outcomes, and 

an inadequate post-vaccination immune response.   (People with Certain Medical 

Conditions and COVID-19 Risk Factors | COVID-19 | CDC, 2025)  

In the total population of Bulgaria in 2021, the case fatality rate was 4.2%, but 

there are no data on case fatality in immunocompromised people. (Dikova et al., 

2021) 
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AIM 

The aim of this dissertation is to investigate the course and outcome of COVID-

19 in immunocompromised patients and to assess the significance of immune 

suppression as an independent risk factor. 

 

 

OBJECTIVES 

1. To study the clinical characteristics of COVID-19 in 378 hospitalized patients, 

of which 189 with risk conditions/diseases leading to immune deficiency and 189 

patients from the general population, with a comparative analysis between the 

two groups. 

2. To study and compare the changes in the clinical and laboratory parameters 

and the microbiological results of the patients from the two groups. 

3. To study and compare some immunological parameters in patients with 

COVID-19. 

3.1. IL-28A, IL-10, IL-33, sCD40L, ANCA-PR3, ANCA-MPO, АЕСА 

3.2. Flow cytometric analysis of T, B, NK cells 

3.3. Quantitative testing of anti SARS-CoV-2 IgM IgG 

3.4. Total IgA, IgM, IgG 

4. To analyze the constellations of clinical-laboratory predictive factors for severe 

course and lethal outcome of COVID-19 in the two studied groups.  

5. To investigate case fatality rate in patients with COVID-19 and the importance 

of immune suppression as an independent risk factor. 

6. To study and compare the immunization coverage in the observed immuno-

compromised and immunocompetent patients. 
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STUDY DESIGN, MATERIALS and METHODS 

1. Design 

Ambispective cohort study, case-control type of epidemiological clinical, labora-

tory, immunological and therapeutic characteristics in patients with COVID-19, 

hospitalized at the University Hospital "St. George". The study period is 2 years 

and 6 months (June 2020 – December 2022). Of the 4,650 patients diagnosed 

with COVID-19 and hospitalized at “St. George” University Hospital during this 

period, 189 patients with data immune suppression and 189 control patients with-

out evidence of immunosuppressive disease and/or condition were selected. 

In order to avoid obscuring factors and to clarify the role of immune suppression 

as an independent risk factor for severe course and death, patients corresponding 

to gender, age, comorbidity and period of hospitalization were selected in the 

control group. The prepared electronic Clinical Card for the Project with Contract 

KP-06-DK1/6 of 29.03.2021 "COVID-19 HUB – Information, Innovations and 

Implementation of Integrative Scientific Developments", funded by the "Compe-

tition for Funding of Fundamental Research on Social Challenges Related to the 

COVID-19 Pandemic – 2020", National Science Fund, Ministry of Education and 

Science, was used. 

2. Materials 

The study included 378 patients with COVID-19, of which 189 were immuno-

compromised, with a different pathogenetic mechanism of immunosuppression, 

and 189 immunocompetent persons corresponding by sex, age, concomitant dis-

eases and time of hospitalization, treated at the Clinic of Infectious Diseases of 

the University Hospital "St. Kliment Ohridski". All patients have laboratory-

verified SARS-CoV-2 infection. 

Including criteria: 

Group A. Patients with immune suppression 

Patients with verified SARS-CoV-2 infection (PCR, RDT ELISA) and a disease 

or condition leading to immune deficiency:  

A1 n=75 with cancer (solid tumor)  

A2 n = 35 with cancer (malignant haemopathy)  

A3 n = 42 pregnant women (up to 6 weeks postpartum) 

A4 n=18 patients with terminal renal failure 
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A5 n= 19 others (HIV n= 10, TBD n=3, transplanted kidney n=2, cirrhosis n= 2, 

immunosuppressive therapy n=2). 

Group B. Control group:  

Immunocompetent patients with verified SARS-CoV-2 infection (PCR, RDT 

ELISA). 

Patients from both groups are aged from 18 to 93 years, corresponding by sex, 

age, concomitant diseases and period of hospitalization (in view of a unified eti-

ological variant of SARS-CoV-2). 

Patient selection: For the purpose of the study, 189 patients with immune sup-

pression data and 189 control immunocompetent patients were selected.  

Scheme 1: 

 

 

 

 

 

 

 

 

 

 

 

3. Methods 

1. Clinical methods: medical history, physical examination, dynamic monitoring 

of the condition, assessment of severity, progression, complications that have oc-

curred, therapy applied, outcome. 

2. Laboratory-biochemical methods: 

Hematological analyses – complete blood count, differential blood count; bio-

chemical analyses – CRP, serum transaminases (ASAT, ALAT, blood urea, serum 

creatinine), total protein, albumin, serum ferritin, LDH, coagulation status (FBG, 

June 2020 – December 2022 

4650 patients with COVID-19 

 

with immune suppression 

data 

189 controls without im-

mune suppression 

/corresponding by gender, 

age, accompanying pa-

thology, period of  

illness/ 
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D-dimer, PT). The analyses were carried out in the Central Clinical Laboratory 

- University Hospital "St. Kliment Ohridski". Georgi" EAD, Sofia. Plovdiv 

with automated and semi-automated analyzers. 

Reference values:  

HGB (Hemoglobin): males 140-180 g/l; females 120-160 g/l; 

Hct (hematocrit): males 0.40-0.54 l/l; females 0.36-0.47 l/l; 

RBC (total number of erythrocytes): men - 4.5-6x10^12/l; women 3.9-

5.3x10^12/l; 

WBC – (total number of leukocytes): men and women 3.5-10.5x10^9/l 

PLT – (total platelet count): males and females 140-400x10^9/l 

NEU (absolute neutrophil count): males and females 2.2-6.6x10^9/l 

LYM (absolute lymphocyte count): males and females 1.3-3.9x10^9/l 

MONO (absolute number of monocytes): males and females 0.1-2.1x10^9/l 

ESR: 2-25 mm/h 

CRP: 0-10 mg/l 

AST aspartate-aminotransferase – males 0-50 U/l; females 0-36 U/l 

ALT – alanine aminotransferase – men 0-50 U/l; women 0-35 U/l 

LDH – lactate dehidrogenase -230-460 U/l 

UREA (urea)-serum – men: 3.2-8.2 mmol/l; women 2.6-7.2 mmol/l 

CREA (creatinine) – serum – men 74-134 μmol/L; women 44-96 μmol/L 

Total protein – 60-83 g/l 

Albumin – 35–52 g/l 

GLUC (glucose) – 2.8-6.2 mmol/l 

Sodium (Na⁺) -136-151 3.5 -5.6 mmol/l 

Potassium (K⁺) –3.5 -5.6 mmol/l  

Chlorides (Cl⁻) – 96-110 mmol/l 

Ferritin: male: 23.9 – 336.2 ng/mL Female: 11.0 – 306.8 ng/mL 

PT (Prothrombin Index) – 70-120% 

INR (International Normalized Ratio) 

D-dimer up to 0.5 mg/l.  

3. Imaging and diagnostic methods: radiography, computed tomography. 

4. Molecular-biological: PCR, immunochromatographic methods (rapid Ag test 

– RDT ELISA) Conducted in the Laboratory of Virology of the University 

Hospital "St. Kliment Ohridski". Georgi" EAD. 
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5. Microbiological methods: Routine biochemical tests, semi-automated and au-

tomated systems for the identification and determination of antimicrobial drug 

susceptibility have been used to detect and confirm microorganisms. The analyses 

were carried out in the Laboratory of Microbiology at the University Hospital 

"St. George" and the Department of Medical Microbiology and Immunology 

"Prof. Dr. Elisey Yanev". 

6. Immunological tests: in 18 immunocompromised and 36 immunocompetent 

control patients, under  Project with Contract KP-06-DK1/6 of 29.03.2021 

"COVID-19 HUB – Information, Innovations and Implementation of Integrative 

Scientific Developments", funded by the "Competition for Funding of Funda-

mental Research on Public Challenges Related to the COVID-19 Pandemic – 

2020", National Science Fund, Ministry of Education and Science.  

 – ELISA (interleukins, cytokines), flow cytometric analysis, quantitative study 

of specific and total antibodies. The analyses were carried out at the Department 

of Medical Microbiology and Immunology "Prof. Dr. Elisey Yanev".  

7. Epidemiological methods: Analysis of the immunization status of all patients 

included in the study at the time of the disease, by checking the data in the im-

munology register. his.bg - Vaccination Cabinet of the University Hospital "St. 

George" and the Department of Epidemiology and Medicine of Disaster Sit-

uations, Faculty of Public Health, Medical University Plovdiv.  

8. Statistical methods: Based on the main purpose and objectives of the survey, 

as well as on the volume and type of data in the survey, the following statistical 

methods were used: 

8.1. Parametric methods 

• Descriptive statistics We applied descriptive statistical methods to represent 

summary characteristics in quantitative (metric) indicators, with the results 

presented as an arithmetic mean ± standard error (mean±SEM). Some char-

acteristics of the sample distribution are also presented, such as number of 

units examined (n), median (Median), difference of values between the 25th 

and 75th percentile (IQR);  

• We applied descriptive statistical methods to qualitative (unmetered) indica-

tors, presenting the summary characteristics in terms of absolute frequencies 

and relative shares in %; 
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• We applied a Student's t-test (independent samples t-test) to assess a sta-

tistically significant difference between the two studied groups – immuno-

suppressed and controls in indicators with normal distribution;  

• We applied correlation analysis to assess the strength of the relationship be-

tween the studied indicators (the Pearson correlation coefficient for normally 

distributed values and the Spearman correlation coefficient for indicators 

with a non-normal distribution were calculated); 

• An analysis of the survival of patients from the studied groups was carried 

out using the Kaplan–Meier method, and the mean survival time (mean sur-

vival time) of the two studied groups was estimated. The comparison was 

performed with a Log rank test. 

8.2. Non-parametric methods 

• To check the normality of the distribution of the analyzed quantitative indica-

tors, we applied the Kolmogorov-Smirnov test. 

▪ We applied the Fisher's exact test when analyzing data from quadruple fre-

quency tables. 

▪ We applied the criterion 2  in multiple tables to assess the presence of a 

statistically significant difference in the distributions of the studied qualitative 

indicators. 

• We applied the Mann–Whitney  test to compare metrics with a different-than-

normal distribution between immunosuppressed patients and controls. 

• One-sample Wilcoxon Signed-Rank test – to compare the period of hospi-

talization intervention of the two groups. 

• To estimate the influence of age and gender on the probability of death,  a 

binary logistic regression model was used. 

The significance level of the null hypothesis was assumed to be P<0.05.  

• Calculation of neutrophil lymphocyte index (NLR) absolute number of 

neutrophils / absolute number of lymphocytes for the target group accord-

ing to the following formula:  

NLR = absolute neutrophil count / absolute lymphocyte count. 

8.3. Software products used – the statistical analysis was performed using IBM 

SPSS v. 23. For a visual presentation of the results, we used MicroSoft Excel. 
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The analyses were carried out at  the Department of Medical Informatics, Bio-

statistics and E-Learning, Faculty of Public Health, MU-Plovdiv. 

4. Definitions 

4.1. Immunosuppressive state: 

For the purposes of the study, patients with immune suppression were selected 

according to CDC criteria: 

4.1.1. Patients with diseases/conditions leading to immune suppression 

and/or immunosuppressive therapy:  

 

• Active treatment of solid or hematological malignanciesPeople who are 

currently receiving chemotherapy, radiotherapy, certain targeted 

drugs, or immunotherapy for a solid tumor or malignant hemopathy. 

• Hematological malignancies with a low immune response to vaccines. 

Examples: chronic lymphocytic leukemia (CLL), non-Hodgkin's lym-

phoma, multiple myeloma, acute leukemia. These diseases can lead to 

long-term suppression of the immune system, even without active treat-

ment. 

• Recipients of an organ who are on immunosuppressive therapy. 

• Advanced or untreated HIV infection (people with HIV and CD4 cell 

count below 200/mm³, with a history of AIDS-defining condition, without 

restoration of immune function, or with clinical manifestations of sympto-

matic HIV).  

• Active treatment with high-dose corticosteroids 

 (i.e. 20 or more mg of prednisone or equivalent per day administered for 

2 or more weeks), alkylating agents, antimetabolites, immunosuppressive 

drugs associated with transplantation, anticancer chemotherapeutics clas-

sified as highly immunosuppressive, tumor-necrotizing factor blockers 

(TNFs), and other biologics that are immunosuppressive or immunomod-

ulatory.   (People Who Are Immunocompromised | CDC Archive,  2023)  
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4.1.2. Patients who are not explicitly classified as immunosuppressed accord-

ing to CDC definitions, but have a comorbidity or condition leading to im-

munological dysfunction/imbalance: 

• Patients with terminal renal failure undergoing hemodialysis. 

• Pregnant women and women who have given birth (up to 6 

weeks after birth) 

• Patients with pulmonary tuberculosis. 

• Patients with hepatic cirrhosis (stage C according to the Child-

Pugh classification). 

(Abu-Raya et al., 2020; Altieri et al., 2002; Ando et al., 2006; Betjes, 2013; 

Carabalí-Isajar et al., 2023; Betjes M. G. 2013.; Nunes-Alves C,2014.; Kourtis 

et al., 2014; Lim, Kireta, Leedham, et al., 2007; Lim, Kireta, Russ, et al., 

2007; Mor & Cardenas, 2010; Roberts et al., 2007; Sappenfield et al., 2013; 

Van der Merwe et al., 2021) 

4.2. Criteria for determining the severity of COVID-19 according to the 

WHO:  

Mild form – symptoms of COVID-19 without evidence of viral pneumonia or 

hypoxia.  

Moderately severe form – with evidence of pneumonia. Adolescents or adults 

with clinical signs of pneumonia (fever, cough, tachypnea, dyspnea), but without 

signs of severe pneumonia, including SpO2 ≥ 90% of room air    (    IMAI District 

Clinician Manual : Hospital Care for Adolescents and Adults : Guidelines for the Management 

of Illnesses with Limited Resources    , 2011) .  

Clinical signs of pneumonia (fever, cough, dyspnea) plus one of the following: 

respiratory rate > 30 breaths/min; severe respiratory distress; or SpO2 < 90% of 

room air   (    IMAI District Clinician Manual : Hospital Care for     Adolescents and Adults : 

Guidelines for the Management of Illnesses with Limited Resources , 2011; Russell et al., 2019). 

Critical form of the disease: 

Evidence of acute respiratory distress syndrome (ARDS) – onset within 1 week 

of clinical manifestations of illness (e.g., pneumonia) or new/worsening respira-

tory symptoms.  

Sepsis In adults: acute life-threatening organ dysfunction caused by an unregu-

lated host response to a suspected or proven infection. Signs of organ dysfunction 

include: changes in consciousness (delirium), difficulty or rapid breathing, low 

oxygen saturation, decreased urine output, rapid pulse, weak pulse, cold 
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extremities or low blood pressure, skin spots, laboratory data on coagulopathy,  

thrombocytopenia, acidosis, high lactate values or hyperbilirubinemia. 

Septic shock Adults: persistent hypotension despite volumetric resuscitation, re-

quiring vasopressors to maintain mean blood pressure ≥ 65 mmHg and serum 

lactate level > 2 mmol/L.  

Acute thrombosis: Acute venous thromboembolism (i.e. pulmonary embolism), 

acute coronary syndrome, acute stroke .   (Rhodes et al., 2017)  

Based on the WHO clinical severity classification, the following definitions have 

been adapted:  

• Critical COVID-19 – Defined by the criteria ARDS, sepsis, septic shock, or 

other conditions that typically require the provision of life-sustaining therapies 

such as mechanical ventilation (invasive or non-invasive) or vasopressor therapy. 

•Severe COVID-19 – Defined by any of the following criteria:  

◦ Oxygen saturation < 90% of the air in the room; 

◦ In adults, signs of severe respiratory distress (use of auxiliary respiratory 

muscles, inability to complete entire sentences, respiratory rate > 30 

breaths per minute). 

• Non-severe COVID-19 – Defined as a lack of criteria for a severe or critical 

form of COVID-19.    (World Health Organization, 2021)  
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RESULTS 

1. Analysis of demographic indicators  

1.1. Age distribution 

The studied 378 patients with COVID-19 aged 18 to 93 years, mean age 55.58 

± 19.42 (mean±SD). Patients with immune suppression data (n=189) had an av-

erage age of 55.70 ± 1.42 (mean± SEM) and those in the control group (n=189) 

at 55.47 ± 1.40 (mean± SEM).  

The distribution by age groups is presented in Fig.1. The largest share of pa-

tients aged 71 – 80 years (23%), followed by patients aged 61 – 70 years (18%).  

 

Fig. 1. Distribution by age of the studied patients (n=378) 

The age distribution of patients in the two groups (group A and group B) is similar 

and they are comparable in age ( =3.828, df=8, P=0.799). (Fig. 2).

 

 

Fig. 2. Age distribution of patients from group A (immunosuppressed) and group 

B (controls) 
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1.2. Gender distribution 

The number of women included in the survey is higher (210/378; 55.6%). The 

number of men and women in the two groups (immunosuppressed and control) is 

the same – 105 women and 76 men and there is no difference in the distribution 

by sex. The two groups are completely comparable. (Fig. 3) 

 

Fig. 3. Gender distribution in groups A and B  

The median age of men in Group A was 61.38 ± 1.15 (mean± SEM) and 51.10 ± 

2.12 (mean± SEM) years. In the control group, the average age of men was 61.30 

± 1.65 (mean± SEM) and women 50.80± 2.05 (mean± SEM). In both groups, men 

were significantly older than women, P<0.05. 

2. Distribution according to the mechanism of immunosuppressive 

state/disease 

Group A (n= 189): 

According to the mechanism of immune suppression, patients are divided into 5 

subgroups (A1 – A5). 

A1 n=75 with oncological disease (solid tumor); A2 n= 35 with malignant haemo-

pathy; A3 n = 42 pregnant women and women who have given birth (up to 6 

weeks after birth); A4 n=18 with terminal renal failure; A5 n= 19 others (HIV n= 

10; TBC n=3; transplanted kidney n=2; cirrhosis n=2; immunosuppressive ther-

apy n=2). 

The majority of patients in group A 110/189 have cancer. 75/110 (40.2%) had 

evidence of solid tumor and 35/110 (18.6%) had malignant hemopathy. Pregnant 
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women and postpartum women (up to 6 weeks after delivery) in the study were 

42 (21.6%), and patients with terminal renal failure were 18 (9.6%). Group A5 

included 19 (10%) patients with another mechanism of immune suppression – 

HIV, TBD, organ transplantation, liver cirrhosis, and immunosuppressive medi-

cations. The distribution into subgroups is shown in Fig. 4. 

 

Fig. 4. Group A (n=189) /immunosuppressed patients/, distribution according to 

immunosuppressive disease/condition 

 

3. Comparability between Group A and B on the risk factors for severe 

course 

3.1. Comparability to comorbidities 

Patients in groups A and B were selected to have similar comorbidities. There was 

no statistically significant difference in the incidence of CVD, diabetes, CKD I-

II stages, chronic lung disease. 52.9% of group A and 55% of group B ( 2 =0.170, 

df=1, p=0.680) had diabetes. 14.8% of patients in group A and 21.7% in group B 

( 2  =2.996, df=1, p=0.083). KHBN I-II centuries. had 7.9% immunosuppressed 

and 4.2% control patients ( 2  =2.268, df=1, p=0.132). 12.7% of patients in group 

A have chronic pulmonary suffering, compared to 9% of those in group B  

( 2  =1.341, df=1, p=0.247). Only "other concomitant diseases" (e.g. anemia, 

prostatic hypertrophy, gastritis, ulcers, thyroid diseases, dermatological diseases, 

chronic viral hepatitis, etc.) are significantly more common in immunocompro-

mised people. Anemia is characteristic of all patients with terminal renal failure, 

is common in pregnant women and patients with oncohematological diseases and 

is the most common "other" concomitant disease. (Fig. 5) 
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Fig. 5. Comparability of patients from both groups to concomitant diseases 

 

3.2. Comparability to the dominant variant of SARS-CoV-2 

The difference in the dates of hospitalization between patients in the two groups 
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Fig. 6. Dispersion chart. Absolute difference in days between hospitalization of 

patients with immune suppression and control group n=378 

 

4. Clinical picture  

The frequency of cardinal clinical symptoms in both groups is shown in Fig. 

7. The highest proportion of patients with asthenoadynamia (80.4% group A; 

86.2% group B) and fever (76.7% group A; 82% group B), followed by cough, 

shortness of breath, arthralgia/myalgia, gastrointestinal symptoms (vomiting 

and/or diarrhoea).  

In immunosuppressed patients, the  cough incidence was significantly lower – 

66.1%, compared to 79.4% in the control group ( 2 =8.341, df=1, p=0.004), and 

higher in gastrointestinal symptoms – 25.4%, compared to 16.4%  

( 2 =4.625, df=1, p=0.032).  



– 20 – 

 

Fig. 7. Distribution of patients according to the leading clinical symptoms 

 

4.1. Status on admission 

The condition of patients upon admission was assessed according to the WHO 

criteria and they were divided into 4 groups: mild, moderate, severe and critical 

form of COVID-19. There was no statistically significant difference in the distri-

bution of severity between groups A and B. The largest share of patients admitted 

with a mild form of COVID-19, without data on respiratory failure and pneumo-

nia, but with other indications for hospitalization (intoxication, dehydration, con-

comitant disease requiring active monitoring). (Fig. 8) 
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Fig. 8. The state of admission in both groups of patients 

 

According to the WHO criteria, severe and critical form of COVID-19 are 

61.37% of patients in group A and 58.73% of the control group ( 2  = 0.176,df=1, 

p=0.674). (Fig. 9) 

 

Fig. 9. Comparative analysis according to the severity of occurrence in both 

groups 
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4.2. Respiratory failure 

At admission, the relative share of patients with clinical data on respiratory 

failure was 48.4% in group A, and 51.6% a in group B  

( 2 =0.530, df=1, p=0.467), and during hospital treatment, respectively, 67.7% 

in group A and 67.2% in control group B – ( 2  =0.012, df=1, P=0.913).  

(Fig. 10)  

 

 

Fig. 10. Availability of clinical data on respiratory failure 

 

Patients from group A upon admission had mean SpO2 values of 88.9% ± 11.1 

(mean±SD), while in control group B – 86.4% ± 14.8 (mean±SD); P=0.05. At the 

height of the disease, SpO2  was 80.7% ± 16.9 (mean±SD) in group A and 79.9% 

± 18.0 (mean±SD) in group B, P=0.281. (Fig. 11) 
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Fig. 11. Mean values of SpO2 at the onset and at the height of the disease (n=378) 
 

5. Imaging and diagnostic changes 

Imaging and diagnostic examinations (radiography and/or CT of the lung) were 

performed in 78.6% of patients (n = 378). Of the patients studied in Group A, 

89.70% and 92.3% of the control group had specific radiological changes ( 2  

=3.403, df=1, p=0.065) (Fig. 12). Chest CT scan was performed in 10.6% of pa-

tients in group A and 8.5% of control group B.  and characteristic computed to-

mography data for SARS-CoV-2 infection (P>0.05) are available in all patients.  

 

Fig. 12. Presence of specific radiological changes associated with SARS-CoV-2 

infection in the monitored patients (n=378) 
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6. Paraclinical indicators upon admission 

6.1. CBC, DBC, ESR, CRP upon admission. Patients with malignant haemopa-

thy (n=35) were not included in the analysis of CBC, DBC. 

From the analysis of PCC and DCC, statistically significantly higher leukocyte 

values, lower erythrocyte values, lower lymphocyte values (P<0.05) were found 

for admission to group A, compared to the control group. No significant differ-

ence was found in terms of the mean values of neutrophils, monocytes and plate-

lets (Table 1).  

In immunocompromised patients, the mean values of hemoglobin and hematocrit 

were significantly lower and a greater number of patients were admitted with val-

ues below the referents. 

Statistically significant is the difference between the two groups in terms of the 

average values of ESR at admission and the number of patients with elevated 

values, as they are higher in group A (P<0.0001). No difference was found in the 

mean CRP values in the two groups, but a significantly larger relative share of 

patients had elevated values at the time of hospitalization in the immunosup-

pressed group (Table 1). 

Table. 1. Comparison of CBC and DBC  indicators at the time of hospitalization 

of the studied groups 

 Groups Mean±SEM 

Median 

(Interquar-

tile Range) 

P -value 

Mann- 

Withney U 

test/ *inde-

pendent 

samples t-

test 

n (%) values 

outside the 

norm 

P- value 

Fisher’s  

exact test / 

χ2 - test ** 

HBG 
Controls 133.9±11.42 134 (24.75) 

<0.0001 
59 (31.2) 

<0.0001 
Immunosuppressed 115.81±1.80 115 (23.75) 101 (65.6) 

HCT 
Controls 0.42±0.004 0.42 (0.07) < 0.0001* 

 

31 (16.4) 
<0.0001 

Immunosuppressed 0.36±0.005 0.36 (0.07) 73 (47.4) 

RBC 
Controls 4.77±0.04 4.77 (0.80) < 0.0001* 

 

29 (15.3) 
<0.0001 

Immunosuppressed 4.06±0.07 4.10 (0.83) 67 (43.5) 

WBC 

Controls 7.65±0.32 6.48 (4.24) 

<0.0001 

15 

(8) 

33 

(17.6) 
χ2 =1.98 

df=2 

P=0.371** Immunosuppressed 8.19±0.40 7.02 (4.87) 
17 

(11.2) 

32 

(21.1) 
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PLT 
Controls 202.02±6.05 186 (100) 0.590 

(N.S.) 

42 (22.3) 0.485 

(N.S.) Immunosuppressed 206.97±7.59 195 (106) 33 (21.6) 

Sg 
Controls 6.12±0.29 5.04 (4.10) 0.123 

(N.S.) 

61 (33.2) 0.645 

(N.S.) Immunosuppressed 6.65±0.35 5.65 (4.25) 55 (35.9) 

Mo 
Controls 0.42±0.02 0.38 (0.27) 0.410 

(N.S.) 

0 (0.0) 
- 

Immunosuppressed 0.43±0.02 0.37 (0.33) 0 (0.0) 

Ly 
Controls 1.13±0.12 0.86 (0.61) 

0.042 
132 (71.7) 0.713 

(N.S.) Immunosuppressed 0.94±0.05 0.77 (0.72 ) 113 (73.9) 

ESR 
Controls 41.19±1.93 38 (41.25) 

<0.0001 
119 (66.9) 

0.001 
Immunosuppressed 54.59±2.38 52.5(46.75) 116 (82.9) 

CRP 
Controls 89.76±7.05 61 (113.5) 0.079 

(N.S.) 

149 (79.3) 
0.001 

Immunosuppressed 90.72± 7.01 70.5 (102) 172 (92.8) 

 

*The indicator is a normally distributed value, Independent samples t-test 

is used for the comparison 

** χ2-test is applied for multiple tables 

 

In both groups, a significantly higher NLI was found in the deceased patients. 

(Table 2) 

Table. 2. Comparison of NLIs by groups between surviving and deceased patients 

Group Outcome МЕАN NLR 

±SEM  

(Sredin NLI) 

IQR Number  

of patients 

T-test P-value 

A 

 

Survived 7.68 ±0.81 6.00 115 T=2.40 P=0.018 

Deceased 11.10 ±1.17 13.86 73 

B Survived 6.43 ±0.51 4.93 134 T=4.37 P<0.0001 

Deceased  11.77 ± 0.98 10.73 50 

6.3. Biochemical indicators upon admission 

Upon admission, no statistically significant difference was found between the two 

groups in the relative share of patients with abnormal results in terms of biochem-

ical indicators: urea, creatinine, ASAT, ALAT, total protein, albumin, Na, Cl 

P>0.05. In the control group, patients had significantly higher values of ASAT, 

ALAT, creatinine, blood sugar and with more severe hyperglycemia, while in the 

group of patients with immune suppression, the values of total protein,  albumin 

are lower and dyselectrolythememia is more severe (Na, Cl) (P<0.05). (Table. 3) 
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Table 3. Comparison of biochemical indicators between the studied groups, at 

the time of hospitalization 

 

 Group Mean±SEM Median 

(Interquartile 

Range) 

P -value 

Mann- 

Withney U 

test/ *inde-

pendent 

samples t-

test 

n (%) values 

outside the 

norm 

P- value 

Fisher’s 

exact 

test / 

χ2 - test 

UREA 
Controls 9.13±0.55 6.2 (7.6) 

0.322 (N.S.) 
77 (40.7) 0.915 

(N.S.) Immunosuppressed 9.52±0.78 6.55 (8.85) 71 (41.5) 

CRE-

ATES 

Controls 113.58±5.17 92 (49.50) 
0.041 

54 (28.6) 1.000 

(N.S.) Immunosuppressed 113.18±6.81 82.50 (67.75) 48 (28.1) 

TOOL 
Controls 49.67±10.57 31.3(28.0) 

0.005 
52(31.9) 0.238 

(N.S.) Immunosuppressed 42.21±6.33 25(31.75) 48(26.1) 

ASAT 
Controls 75.79±19.30 45.5 (34.07) 

0.025 
83 (52.2) 0.127 

(N.S.) Immunosuppressed 54.59±4.69 36.5 (39.25) 77(43.8) 

Blood 

sugar 

Controls 8.19±0.37 6.78 (3.65) 
0.004 

113 (60.4) 
0.022 

Immunosuppressed 7.02±0.28 6.04 (2.28) 88 (48.1) 

Total 

protein 

Controls 65.30±0.93 65.5 (12.6) 
0.05 

22 (23.4) 
0.051 

Immunosuppressed 62.74±0.99 64 (12.73) 43 (36.1) 

Albu-

min 

Controls 35.17±0.76 35.9 (10) 
0.015* 

44 (46.3) 
0.053 

Immunosuppressed 32.83±0.61 33 (8) 72 (60.5) 

LDH Controls 934.81±50.99 750 (721) 0.057 

(N.S) 

96 (82.1) 0.614 

(N.S.) Immunosuppressed 1001.56±179.9 655.5 (524.5) 85 (78.7) 

Ferri-

tin 

Controls 762.25±126.12 446 (689.29) 0.554 

 (N.S.) 

9 (15.0) 0.158 

(N.S.) Immunosuppressed 743.02±83.22 485.8(1193.7) 14 (27.5) 

On Controls 137.95±0.34 139 (6) 
0.010 

52 (28.1) 0.180 

(N.S.) Immunosuppressed 136.85±0.31 137 (4.25) 65 (34.9) 

K2 Controls 
4.95±0.72 4.1 (0.60) 

0.642 

(N.S.) 

12 

(6.4) 

6 

(3.2) 
χ2=2.10 

df=2 

P=0.350 
Immunosuppressed 

4.24±0.06 4.1 (0.90) 
18 

(9.7) 

9 

(4.8) 

Cl Controls 99.19 ±0.83 100 (7) 

0.034 

34 

(18.2) 

4 

(2.1) 

χ2=0.92 

df=2 

P=0.632 Immunosuppressed 100.79±0.65 102 (7) 27 

(14.5) 

4 

(2.2) 

 

 
 

Patients with terminal renal failure (Group A4 (n=18)) were excluded from the 

urea and creatinine analysis.  

*The indicator is a normally distributed value, Independent samples t-test is used 

for the comparison  

** χ2-test is applied for multiple tables.  

6.4. Coagulation status upon admission 

At the time of hospitalization in immunocompromised patients, the mean D-di-

mer values and the relative proportion of patients with elevated values were 
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significantly higher than the B control group (P<0.001). The data for the INR are 

similar, with higher averages in the target group (P<0.05). No statistically signif-

icant difference was found in the mean values of PT % and FBG, but the relative 

share of patients with PT < 70% and excess FBG values (P<0.05) in group A is 

significantly higher (Table 4). 

 

Table 4. Comparison of indicators from coagulation status at the time of hospi-

talization of the studied groups 

 

Pregnant women and women who have given birth are excluded from the analy-

sis of D-dimer and FBG (n=42) *The indicator is a normally distributed value, 

Independent samples t-test is used in the comparison ** χ2-test is applied in 

multiple tables 

 

7. Complications 

One or more complications were observed in 28.6% of patients in group A and 

30.2% in group B (χ²=0.051, df=1, P>0.05). 

The most common complications of CVD (BTE, arterial thrombosis, heart attack, 

rhythmic conduction disorders) occurred in 13.8% in group A and 16.4% in group 

B ( 2  =0.516, df=1, P=0.472). The next most common complications in the 

course of COVID-19 are multiple organ failure (PON) and PRON. PON occurred 

in 13.8% in group A and 12.2% in group B ( 2  =0.211,  df=1, P=0.646), and the 

 Group Mean±SEM Median 

(Interquartile 

Range) 

P -value 

Mann- 

Withney 

U test/ 

*inde-

pendent 

samples t-

test 

n (%) values 

outside the 

norm 

P- 

value 

Fisher’s 

exact 

test / 

χ2 - test  

D-dimer 
Controls 3.27±0.52 0.87 (1.95) 

<0.0001 
125 (69.1) 

0.001 
Immunosuppressed 5.22±0.76 1.7 (4.10) 122 (84.7) 

FBG 

Controls 
5.15± 0.12 5.02 (2.86) 

0.125 

(N.S.) 

1 

(0.6) 

108 

(60) 

χ2 

=8.69 

df=2 

P=0.01 

Immunosuppressed 
5.38±0.13 5.22 (2.35) 

4 

(2.9) 

100 

(71.4) 

INR 
Controls 1.01±0.02 0.96 (0.10) 

0.012 
- 

- 
Immunosuppressed 2.13±0.69 0.97 (0.17) - 

PT% 
Controls 95.23±1.53 97.9 (23.90) 

0.006 
21 (11.4) 

0.03 
Immunosuppressed 84.71±2.55 95.8 (33.40) 29 (20.4) 
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AKF  at 10.6% and 11.6% respectively ( 2  =0.107, df=1, P=0.743). Nervous 

system complications were less common (stroke, seizure, changes in conscious-

ness) – occurred in 5.8% of immunosuppressed patients and 8.5% respectively in 

the control group ( 2  =0.617, df=1, P=0.432). Sepsis occurred in 6.9% in group 

A and 4.8% in group B ( 2  =0.772, df=1, p=0.380). No statistically significant 

difference in the incidence of different complications in the two groups was found 

(P<0.05). (Fig. 13) 

 

Fig. 13. Complications in the course of COVID-19 in group A (n=189) and group 

B (n=189) 

 

8. Secondary bacterial and/or fungal infections  

Secondary bacterial and/or fungal infection was found in 31.2% in group A 

(n=59/189) and 20.6% in the control group (n=39/189) ( 2 = 4.973, df=1, P= 

0.0257). (Fig. 14) 
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Fig. 14. Relative share of patients with microbiologically proven secondary bac-

terial and/or fungal infection 

 

Although the difference was not significant, the relative proportion of patients 

with more than one isolated causative agent was significantly higher in immuno-

compromised patients, 21% versus 15% ( 2 = 0.125, df=1, p=0.724). (Fig. 15) 
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Fig. 15. Distribution of patients (%) according to the presence of secondary in-

fections in group A n=59/189 and group B n=39/189 

 

In group A: 31.2% of patients have an isolated and verified causative agent 

(n=59/189). 

The most common isolators were Candida albicans – 32%, Candida non-albicans 

– 17%, Staphylococcus aureus – 6%, Acinetobacter baumannii – 11% and Pseu-

domonas aeruginosa – 6%. (Fig. 16) The most commonly isolated microorgan-

ism Candida spp. was found mostly by throat secretions – 90%, and 5% urine 

and tracheal secretions.  
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Fig. 16. Frequency (%) and types of micro-organisms isolated in group A  

 

In group B, 20.6% isolated and verified etiological agents (n=38/189). The 

most commonly isolated microorganisms are Candida spp. (56%) and Acineto-

bacter spp. (23%), followed by E. faecalis and representatives of the family S. 

Enterobacteriaceae (Klebsiella spp. Enterobacter spp.) (13%). (Fig.17) 

 

Fig. 17. Frequency (%) and types of micro-organisms isolated in group B  
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In group A, the most common isolate is of the genus Candida, 19.6% (n=37/189). 

According to the species, in 68% (n=25/37) of cases Candida albicans is isolated, 

and in 32% of cases (n=12/37) Candida nonalbicans is isolated. (Fig. 18) 

 

Fig. 18. Distribution of fungal isolates by species – group A (n=37/189) 

In patients with a fatal outcome, secondary bacterial and/or fungal infection was 

found in 53.57% in immunocompromised patients and 28.12% in the control 

group (χ²= 12.4336, df=1, P=0.0004). (Fig. 19) 

 

 

Fig. 19. Case fatality rate among patients with microbiological isolate: group A 

vs. group B 
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9. Therapy 

The therapeutic algorithm applied in both groups of patients is similar. The rela-

tive share of immunosuppressed patients in whom antimycotics and bioproducts 

were required was significantly higher. (Fig. 20) 

 

 

Fig. 20. Applied therapy in the monitored patients 

Associations between the type of isolated microorganism, severity, therapeutic 

algorithm and outcome of the disease:  

Group A: In patients with proven Candida albicans, the condition required ther-

apy with corticosteroids in 83%, anticoagulants in 91%, and 70% of patients 

needed oxygen therapy. In patients with proven Candida nonalbicans (n = 12/37), 

83% had the need for oxygen therapy and the case fatality rate was 50%.  

In patients with isolated Acinetobacter baumannii, 100% of cases have severe RF 

/respiratoty failure/(NIV, MV), corticosteroid therapy and a case fataly rate of 

80%. 
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10. Immunological parameters 

54/378 monitored patients were examined for some immunological parameters: 

IL-28A, IL-10, IL-33, sCD40L, ANCA-PR3, ANCA-MPO, AECA; flow cy-

tometric analysis of T, B, NK cells; quantitative study of anti-SARS CoV-2 IgM 

IgG; total IgA, IgM, IgG. 

The immunological indicator study included 18/189 patients from group A and 

36/189 control patients from group B. No statistically significant difference was 

found in the two groups in terms of IL-28A, IL-10, IL-33, sCD40L, ANCA-PR3, 

ANCA-MPO, AECA as well as the qualitative analysis of IgM IgG; total IgA, 

IgM, IgG. 

A statistically significant difference in the percentages of CD3+ cells in the con-

trol group on day 1 and day 14 was found (Fig. 21), as well as a recovery of 

absolute CD3+ cell values in the control group on day 1 and day 14. On day 14, 

the values are in the reference range, in contrast to immunosuppressed patients, 

in whom there is a tendency to increase absolute values, but remaining below the 

lower limit. (Fig. 22) 

 

 

Fig. 21. % CD3 + cells on day 1 and day 14 of hospitalization, Group A 

n=18/189; Group B 36/189 
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Fig. 22. Absolute number of CD3 + cells on day 1 and day 14 of hospitalization, 

Group A n=18/189; Group B 36/189 

 

The percentages of CD8+ cells in the control group were significantly higher on 

days 1 and 14. (Fig. 23) 
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Fig. 23. % CD8 + cells on day 1 and day 14 of hospitalization, Group A 

n=18/189; Group B 36/189 

 

In the control group on day 1 and day 14, the absolute values of CD8+ cells 

were statistically significantly higher and reached the reference interval on day 

14.  

There was also a statistically significant increase in the absolute values of CD8+ 

cells in the group of immunosuppressed patients. (Fig. 24) 
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Fig. 24. Absolute number of CD8 + cells on day 1 and day 14 of hospitalization, 

Group A n=18/189; Group B 36/189 

 

A statistically significant difference in the percentages and absolute values of 

CD4+ cells per day 14 was found between the control group and the immunosup-

pressed patients. (Figs. 25 and 26) 
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Fig. 25. % CD4 + cells on day 1 and day 14 of hospitalization, Group A 

n=18/189; Group B 36/189 
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Fig. 26. Absolute number of CD4+ cells on day 1 and day 14 of hospitalization, 

Group A n=18/189; Group B 36/189 

 

There was a statistically significant difference in the percentages of NK cells on 

day 1 and day 14 in the control group and a downward trend in the % NK cells 
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0

500

1000

1500

CD4+ cells assessed on

 day 1 and day 14

x
1
0

6
/m

l

Day1  Day1 Day14 Day14

✱✱

supressed

control group

supressed

control group

mean = 328.6 ±309.7 mean = 330.5 ±244.7 mean = 409.4±348.2 mean = 600 ±450.8 



– 40 – 

 

 

Fig. 27. % NK cells on day 1 and day 14 of hospitalization, Group A n=18/189; 

Group B 36/189 

 

There was a statistically significant increase in absolute values of B lymphocytes 

(CD19+ cells) on day 14 in the control group. (Fig. 28) 
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Fig. 28. Absolute number of B lymphocytes on day 1 and day 14 of hospitaliza-

tion, Group A n=18/189; Group B 36/189 

 

A statistically significant increase in the absolute values of lymphocytes in the 

control group was found. Reaching the reference interval on day 14, with a ten-

dency to increase the values of lymphocytes in the immunosuppressed group. 

(Fig. 29) 
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Fig. 29. Absolute lymphocyte count on day 1 and day 14 of hospitalization, Group 

A n=18/189; Group B 36/189 
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increase these parameters, but the values remain below the lower limit of the ref-

erence range. 

The research was implemented thanks to the Project with Contract KP-06-

DK1/6 of 29.03.2021 "COVID-19 HUB – Information, Innovations and Imple-

mentation of Integrative Scientific Developments", funded under the "Competi-

tion for Funding of Fundamental Research on Social Challenges Related to the 

COVID-19 Pandemic – 2020", National Science Fund, Ministry of Education and 

Science. 

 

11. Time determinants in patients with COVID-19 

11.1. Time from onset of illness to hospitalization, hospital stay and time from 

onset of disease to discharge: In the two groups, no statistically significant dif-

ferences were found in the two groups of surviving patients, both in terms of time 

from onset of illness to the time of admission and dehospitalization, and in the 

duration of hospital stay (P>0.05). (Table 5) 

Table. 5. Average number of days from the onset of the disease to hospitaliza-

tion/discharge and hospital stay 

 

 N Mean 

Hours of devi-

ation 

Std. Error 

Mean 

Time from illness to ad-

mission 

immunosuppressed 115 6.33 8.924 .832 

Controls 138 6.46 5.616 .478 

Hospital stay immunosuppressed 115 10.66 7.824 .730 

Controls 138 10.64 9.120 .776 

Time from onset of ill-

ness to discharge 

immunosuppressed 115 16.99 11.838 1.104 

Controls 138 17.10 11.473 .977 

      

Independent Samples Test 

 

Levene's Test for Equality of 

Variances t-test for Equality of Means 

F Itself. t df 

Sig.  

(2-tailed) 

Time from illness to ad-

mission 

Equal variances as-

sumed 
2.150 .144 -.145 251 .885 

Equal variances not as-

sumed 
  -.139 184.892 .890 

Hospital stay Equal variances as-

sumed 
.545 .461 .021 251 .983 

Equal variances not as-

sumed 
  .022 250.780 .983 

Time from the begin-

ning of the period. until 

discharge 

Equal variances as-

sumed 
.200 .655 -.075 251 .940 

Equal variances not as-

sumed 
  -.075 239.968 .940 
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11.2. Survival: In immunosuppressed patients, a noticeably shorter period from 

the onset of the disease to the onset of death was established. In them, exitus 

letalis occurred on average per day 33.092 (95% CI 27.422–38.763), and in the 

control group the average per day was 39.798 (95% CI 32.122–47.473) ( 2  

=7.799, df=1, P=0.005) Fig. 30, Table 30. 6. 

 

 

Fig. 30. Comparison of survival (in days) between immunosuppressed patients 

and COVID-19 controls, calculated using the Kaplan–Meier analysis 
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Table. 6. Number of days from the onset of the disease to the onset of exitus letalis 

in patients group A and group B (n=378) 

 
Overall Comparisons 

 Chi-Square df Itself. 

Log Rank (Mantel-Cox) 7.799 1 .005 

Test of equality of survival distributions for the different levels of fatal cases. 

 

12. Case fatality rate 

The deceased patients in the immunosuppressed group were 74/189 (39.20%), 

compared to the control group – 51/189 (27%) ( 2  =6.323,df=1, P=0.012) (Fig. 

31) 

 

Fig. 31. Deceased patients (%) in group A /immunosuppressed/ (n=189) and 

group B / control/ (n=189) 
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Meana Median 

Esti-

mate 

Std. Er-

ror 

95% Confidence  

Interval 

Esti-

mate 

Std. Er-

ror 

95% Confidence  

Interval 

Lower 

Bound 

Upper 

Bound 

Lower 

Bound 

Upper 

Bound 

Group A n 

= 74 
33.092 2.893 27.422 38.763 27.000 3.203 20.722 33.278 

Group B n 

= 51 
39.798 3.916 32.122 47.473 31.000 3.624 23.897 38.103 

Overall 37.449 2.659 32.237 42.661 29.000 2.115 24.855 33.145 

a. Estimation is limited to the largest survival time if it is censored. 
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Patients with immune suppression had a 1.741 (95% CI 1.28-2.688) times higher 

risk than the control group. (Table 7) 

 

Table. 7. Risk assessment of fatal outcome in the studied patients group A and 

group B (n=378) 

 

Risk Estimate 

 Value 

95% Confidence Interval 

Lower Upper 

Odds Ratio for Group A    

(immunosuppressed) 
1.741 1.128 2.688 

For cohort output = live 1.200 1.040 1.385 

For cohort output = deceased .689 .514 .925 

N of Valid Cases 378   

 

12.1. Case fatality rate by age distribution: In the immunosuppressed group, a 

statistically significantly higher rate of fatal outcome was found in the 40–50 age 

group – 38.9% compared to control group B 4.8% ( 2  = 6.507,df=1, P=0.01). 

(Fig. 32) 

 

Fig. 32. Case fatality rate (%) of patients in Group A and Group B by age distri-
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12.2. Case fatality rate according to immunosuppressive status: The high-

est percentage of patients died in group A4 – patients with terminal renal insuffi-

ciency 94.4% (P<0.05). (Fig. 33) 

 

Fig. 33. Percentage of fatal outcomes in groups A1-A5 

 

 

 

12.3. Gender-specific case fatality rate:  

An associative relationship between fatal outcome and sex was established – sta-

tistically significantly higher percentage of deceased men (45.8%) among the 

studied patients (n=378) than women (22.9%) (p<0.0001). (Fig. 34) 

 

Fig. 34. Distribution by sex of deceased patients – Group A and B (n=378) 
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the female sex is statistically significant – 31.4% (n=33/105) of women in group 

A are lethal compared to 14.3% (n=15/105) of women in group B (χ2=8.750, 

P=0.003). Such a statistically significant difference was not found in the male sex 

(χ2=0.599, P=0.439). (Fig. 35) 

 

Fig. 35. Gender distribution of deceased patients in both groups 

In the immunosuppressed group, the mean age of deceased was 66.07 ± 14.3 

(mean±SD) and  of survivors  49.03 ± 19.6 (mean±SD); mean difference 17 years 

(12-21).  

In the control group,  the deceased had an average age of 68.9 ±10.4 (mean±SD) 

and the survivors – 50.5 ± 19.5 (mean±SD). 

The results show that both age and sex are significant predictors of fatal out-

comes: gender is a statistically significant factor, with male sex associated with a 

higher probability of fatal outcome. 

The risk of fatal outcome in men was twice as high in immunocompromised (95% 

CI: 1.15-3.77 p=0.017) and 4.5 times higher in group B (95% CI: 2.24-9.03 

P<0.001).  
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Fig. 36. Immunization status of patients included in the study before and after the 

time of  illness 
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DISCUSSION 

For the purposes of the study, patients were selected to be comparable in gender, 

age, concomitant diseases and period of hospitalization. 

Hospitalized patients included in the current study ranged from 18 to 93 years, 

with an average age of 55.58 years, in line with the average age of hospitalized 

patients with SARS-CoV-2 infection reported by other authors in Bulgaria. (Po-

pov et al. 2020)  

The most common concomitant disease in both immunosuppressed patients and 

in the control group was by the CVD system (52.9% and 55%), which corre-

sponds to the data of other authors. The two groups of patients are comparable in 

terms of a number of diseases and factors for severe course and death: CVD, 

diabetes, CKD I-II stages, chronic lung disease (P>0.05). (Belsky et al., 2021; 

Dimova et al., 2022)  are observed in the immunosuppressed group, and most 

often this is anemia - common in patients with terminal renal failure, pregnancy 

and malignant hemopathy. Accordingly, the relative share of patients with HGB 

and HCT below reference values at admission was significantly higher in group 

A compared to group B (HGB below reference values - group A: 65.6%, vs group 

B: 31.2%; HCT - 47.4% vs 16.4% (P<0.05)). There was no difference in the mean 

values of HGB at the time of hospitalization in the survivors compared to the 

deceased in the two groups. (Group A: HGB 115.76 ± 22.88(mean±SD) vs Group 

B: HGB 113.33 ± 24.72 (mean±SD), P<0.05). 

The differences between the dates of hospitalization of individual patients and 

their corresponding controls showed that the median was statistically signifi-

cantly lower than 180 days (P < 0.0001), i.e. the two groups were time-compara-

ble.  

In conclusion, patients in both groups are comparable in gender, age, concomitant 

diseases and period of illness, which is a prerequisite for a real assessment of the 

significance of immunosuppression for the course and outcome of COVID-19. 

The main symptoms of COVID-19 (fever, shortness of breath, asthenoadynamia, 

arthralgia/myalgia) are identical in patients in both groups. The relative share of 

immunosuppressed people with symptoms of the gastrointestinal tract is higher, 

and significantly fewer had a cough. Some studies indicate gastrointestinal man-

ifestations as common in patients undergoing hemodialysis and immunosuppres-

sive therapy.  Our data coincide in part with data from a similar case-control study 

by Abasian et al. with 107 immunosuppressed and 107 sex- and age-matched 
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controls. In immunodeficient patients, they found less frequent gastrointestinal 

symptoms, and like our data, coughing is less common, although the differences 

are not significant. (Fisher et al., 2020; Moura et al, 2020; Naicker et al, 2020; 

Wang et al., 2020) (Abasian et al., 2023) 

The majority of studies comparing the clinical picture in patients with immune 

suppression data with the general population do not provide clear evidence of 

differences in symptomatology. (Liu et al., 2020; Belsky et al., 2021; Fung and 

Babik, 2021; Milota et al., 2022)  

In the current study at the time of hospitalization, no significant differences were 

found in the general condition, frequency and severity of respiratory failure be-

tween the two groups of patients. At the time of hospitalization, RF (respiratory 

failure) occurred with a higher relative proportion of immunosuppressed com-

pared to the control group (19.3%; 15.6%).  In immunocompromised, severe and 

critical forms are more common (61.37%; 58.73%) and although the difference 

is below the threshold of statistical significance, the deceased patients with im-

mune suppression are significantly higher (by 12.2% more in group A; P<0.05), 

have a shorter survival rate (P=0.05) and a 1.741 (95% CI 1.28-2.688) times 

higher risk of fatality compared to the control group. A higher risk of severe 

course, death, and lower survival have been reported by other authors. (Fisher et 

al., 2020, 2021; Chapman et al., 2024; Leston et al., 2024; Sung et al., 2024)  

Interesting data are that in our immunosuppressed patients, significantly lower 

HGB values, more pronounced lymphopenia and higher ESR values were found 

upon admission.  No difference was found in the mean CRP and platelet values 

that are frequently reported, but the proportion of patients with elevated CRP val-

ues was higher. . In both groups, a noticeably higher NLI was found in deceased 

patients, a marker that portends a more severe course according to a number of 

publications. (Ji et al., 2020; Or et al, 2020; Zeng et al., 2020; Jafari et al., 2021; 

Read et al, 2021; Giacaman et al., 2022) (Shang et al., 2020; Liu et al., 2021; 

Mallappa et al., 2022) 

Total protein and albumin values at admission are significantly lower in group A 

patients and, according to a number of studies, are associated with a more severe 

course and a higher risk of fatal outcome. (High et al., 2022; Alamoudi et al., 

2023; Sheng et al., 2024)  

In the immunosuppressed group, significantly more pronounced changes in co-

agulation parameters were found - high values of D-dimer, INR, PT (%). 
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Coagulation disorders have also been associated with a high risk of severe course 

and fatal outcome in numerous scientific publications since the beginning of a 

pandemic (Helms et al., 2020; Tang et al., 2020; Zhou et al., 2020; Abdollahi et 

al., 2024)  

The relative share of patients with different diagnostic changes related to SARS-

CoV-2 in the two groups was similar to 89.7% in group A and 92.3% in group B.  

According to a number of authors, radiological changes in immunocompromised 

patients are similar to those of the general population, with peculiarities in some 

groups. According to others, the incidence is similar, but the changes are more 

severe or atypical (Moosavi et al., 2020; Hochhegger et al., 2023) (Ozturk et al., 

2021; Abasian et al., 2023). 

The comparative analysis of the incidence of complications (cardiovascular, neu-

rological, AKF, multiple organ failure and/or sepsis) during COVID-19 did not 

reveal any significant differences between the two groups (P>0.05).  

Cases with a high incidence of cardiovascular (myocarditis, ACS), neurological 

(encephalopathy, stroke) and renal complications (AKF) have been reported in 

immunosuppressed patients, including recipients of solid organs, but there are not 

enough  (Mohamed et al., 2020; Suárez-García et al., 2021; Ivory et al., 2024) 

controlled analyses to compare immunosuppressed patients with the general pop-

ulation to establish their incidence.  

Sepsis and multiple organ failure are among the best-documented systemic com-

plications in immunosuppressed COVID-19 patients. According to the study by 

Suárez-García I et al, in 13,000 hospitalized patients, immunosuppressed individ-

uals (16% of those studied) had a higher risk of developing acute respiratory dis-

tress syndrome (ARDS), sepsis, thromboembolism and multiple organ failure 

compared to the rest of the patients. Our data show a partial discrepancy, with a 

lower incidence of these complications. (Suárez-García et al., 2021)  

Secondary bacterial and/or fungal infections were confirmed significantly more 

frequently in the target group. The most commonly isolated microorganisms in 

our study — Candida spp. and Acinetobacter baumannii — have also been re-

ported by other authors as the most frequent causative agents (Hughes et al., 2020; 

Zhou et al., 2020; Garcia-Vidal et al., 2021; Hoenigl et al., 2022). According to 

numerous publications, invasive candidiasis and Gram-negative bacteremia in 

patients over 60 years of age are associated with a case fatality rate exceeding 

50%, particularly in those requiring intensive care (Clancy and Nguyen, 2020; 
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Giacobbe et al., 2020; Langford et al., 2020; Hoenigl et al., 2022). These data 

correlate with the findings of our study, in which a microorganism was isolated 

in approximately 30–50% of the deceased patients. 

The incidence of cardiovascular, neurological disorders, OBD, multiple organ 

failure and/or sepsis is not higher in immunosuppressed patients with COVID-

19, but they are at higher risk of secondary bacterial and/or fungal infections. The 

high relative share of patients with proven fungal and/or bacterial co-infection 

requires the appointment of a wider range of microbiological tests upon admis-

sion, active clinical observation,  early and aggressive treatment of secondary in-

fections. Candida spp. is the most often isolated microorganism, the data on in-

vasive candidiasis and the high percentage of patients who died with proven fun-

gal infection are grounds for initiating antimycotic therapy in patients with im-

mune deficiency from the beginning of hospital treatment.  

In the control group, a statistically significant recovery of immunological param-

eters was observed between day 1 and day 14. The percentages and absolute val-

ues of CD3+, CD8+, CD4+, NK cells, CD19+ (B lymphocytes), as well as the 

total number of lymphocytes, increased and reached the reference values by day 

14.  

In contrast, immunosuppressed patients reported: 

• an upward trend in some indicators (CD3+ and CD4+), but they remain 

below the reference values; 

• a statistically significant difference compared to the control group, notably 

with regard to CD4+ cells on day 14, both in the relative proportion and in 

the recovery trend; 

• decrease in the percentage of NK cells; 

• partial restoration of lymphocyte counts, but without reaching reference 

values of part of the lymphocyte subpopulations. 

These results highlight the presence of effective immune homeostasis in 

the control group and delayed, incomplete recovery of immune parameters 

in immunosuppressed patients. These data coincide with studies published 

by other authors (Varchetta et al., 2020; Verstegen et al., 2022; Onofrio et 

al., 2023; Andrejkovits et al., 2024; Blazheva et al., 2024). 

The similar clinical course and frequency of complications, combined with the 

absence of differences in the cytokine profile, against the background of impaired 
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cellular immune response and data on a significantly higher relative share of de-

ceased patients in the target group with proven secondary bacterial and/or fungal 

infection, give us reason to assume that they are the leading cause of death in 

immunosuppressed people with COVID-19.  

The observed case fatality rate in the target group (39.20%) significantly ex-

ceeded that in the control group (27%) (P < 0.05), with the greatest difference 

observed in the 40–50-year age group. The findings of our study in immunosup-

pressed patients, particularly those with solid organ transplantation (SOT) and of 

younger age, are supported by numerous other studies (Valeri et al., 2020; Baek 

et al., 2021; Hsu et al., 2021; Singson et al., 2022). These results highlight the 

need for specialized medical care and increased attention to these vulnerable pop-

ulations. 

Although the study included a higher percentage of women (55.6%), the case 

fatality rate in men was significantly higher – 45.8%, compared to 22.9%, and 

this trend continued in both groups. It is important to note that hospitalized men 

have a higher average age, on average 10 years more (men 61.38 ± 1.15 (mean± 

SEM), women 51.10 ± 2.12 (mean± SEM).  

In our study, no significant difference was observed in the proportion of vac-

cinated individuals between the two groups. Among immunocompromised pa-

tients, as of March 2025, 11.11% (n = 162) were vaccinated. In Bulgaria, 6.3% of 

the population had been fully vaccinated, and 11.7% had received one dose. In 

certain risk groups, this percentage is higher. Among medical students in the 

“Nursing” specialty, a 2022 study by Rangelova V. reported a vaccination rate of 

56.6% among 198 respondents (Rangelova V., 2023). There are no available data 

on the vaccination coverage among immunosuppressed patients in Bulgaria. 

Within the European Union, vaccination coverage reached 14.1% for a complete 

vaccination schedule and 35.5% for at least one dose (Council of Ministers of the 

Republic of Bulgaria, Press Center, Agenda of the Council of Ministers Meeting, 

26 May 2021), yet data on immunocompromised populations remain lacking. 

Nevertheless, some studies have reported vaccination rates including patients 

with immune deficiency conditions. 

A study published in October 2024 by the WHO Regional Office for Europe, en-

compassing six Eastern European countries — Albania, Georgia, Kosovo, North 

Macedonia, Serbia, and Kyrgyzstan — found that fewer than 25% of hospitalized 

adults with COVID-19 had received a vaccine within the previous 12 months, 
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despite most belonging to risk groups, including immunocompromised individu-

als (Vaccines for the vulnerable: new WHO/Europe study shows the impact of 

COVID-19 vaccines in safeguarding health and saving lives, 23 October 2024). 

Another large cohort study published in BMC Medicine in 2024 analyzed data 

from England and reported that 93.7% of immunosuppressed individuals had re-

ceived at least one vaccine dose, and 80.4% had received three or more doses. 

However, the study noted that the uptake of subsequent booster doses decreased 

over time, particularly among individuals of lower socioeconomic status. These 

findings underscore the need for targeted efforts to increase vaccination coverage 

among immunosuppressed patients (Chen et al., 2024). 
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CONCLUSIONS 

1. In hospitalization, the clinical manifestations of COVID-19 are identical in 

immunosuppressed patients and those in the general population.  

2. Immunocompromised patients have: more severe anemic syndrome, more 

pronounced lymphopenia, hypoalbuminemia, dyselectrolythemia, increased 

inflammatory markers (ESR, CRP) and more severe biochemical and coag-

ulation disorders.  

3. In patients with immune suppression and COVID-19, no statistically signif-

icant differences were observed in terms of cytokine profile  

(IL-10, IL-28A, IL-33, sCD40L), serum immunoglobulins and autoantibod-

ies (ANCA, AECA), but there was a slower and incomplete recovery of cel-

lular immunological status from day 1 to day 14 compared to the general 

population.  

4. In patients with immune deficiency, predictors of severe course and death 

similar to the general population are observed: age, male, lymphopenia, high 

NLI, high ferritin values, LDH, coagulation disorders (high D-dimer, fibrin-

ogen, INR), elevated inflammatory markers (CRP, ESR).  

5. Vaccine coverage is low and is similar to the general population. Targeted 

efforts are needed to increase vaccination coverage among immunocompro-

mised patients. 

6. Immune suppression is an independent factor for severe course and death of 

patients with COVID-19. Immunocompromised patients have a higher risk 

of rapid deterioration and death, which requires active clinical monitoring 

and follow-up of paraclinical, biochemical and coagulation indicators. 

7. In patients with immune suppression data, it is necessary to prescribe a wider 

range of microbiological tests upon admission using modern rapid methods 

of microbiological diagnostics in order to timely, adequate and aggressive 

therapy of secondary infections. 
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CONTRIBUTIONS 

 

Contributions of an original scientific nature 

1. For the first time, a study of the clinical course, laboratory constellations and 

immunological status of 5 groups of immunocompromised patients with COVID-

19, with a different pathogenetic mechanism of immunosuppression, has been 

conducted.  

2. Data in immunocompromised patients with COVID-19 were compared with a 

control group of immunocompetent patients with COVID-19 with similar risk 

factors. No significant differences in severity and clinical symptoms were found 

in the two groups of patients at the time of hospitalization.  

3. In immunocompromised patients, no higher incidence of complications (cardi-

ovascular, neurological, acute renal failure, multiple organ failure, or sepsis) was 

observed; however, secondary bacterial and/or fungal infections occurred signif-

icantly more frequently. A delayed and incomplete recovery of certain immuno-

logical parameters was also identified in the target group, including CD3+, CD4+, 

CD8+, NK cells, and absolute lymphocyte count. 

4. No differences were observed in the duration of the period from symptom onset 

to hospitalization, length of hospital stay, or mean disease duration; however, sur-

vival was significantly lower in the group of immunocompromised patients com-

pared to the control group. 

5. The immunization status at the time of illness and after recovery was monitored 

in 378 patients, including both immunocompromised and control groups. A sim-

ilar percentage of vaccinated individuals was observed in both groups. 

6. The case fatality rate of immunocompromised patients with COVID-19 is sig-

nificantly higher compared to the general population.  
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Contributions of scientifically applied and confirmatory nature 

1. A comparative analysis of the clinical course, hematological and biochemical 

abnormalities in hospitalized patients with COVID-19 has been made. In im-

munocompromised patients, significantly more severe deviations in a number 

of hematological and biochemical parameters were found (more pronounced 

lymphopenia, hypoalbuminemia, higher inflammatory markers - ESR, CRP 

on admission, significantly higher values of D-dimer), more often were ob-

served excessive values of fibrinogen and low PT (%).  

2. The importance of some demographic factors (age, sex) and laboratory param-

eters (leukopenia, high values of D-dimer, ferritin, CRP, hypoalbuminemia) as 

predictors of severe course and death was confirmed. 

3. Patients with immune suppression have a higher risk of death and shorter sur-

vival. 

4. A higher risk of secondary bacterial and/or fungal infection was found in the 

target group. 

5. Immunosuppression is an independent risk factor for severe course and fatal 

outcome. 

 

 

 

 

 

 

 

 

 

  



– 59 – 

Scientific publications related to the dissertation 

 

1. Bozhkova M, Kalfova T, Petrov S, Velyanova T, Taskov H, Nikolova M, 

Murdjeva M. ASSESSMENT OF SARS-COV-2 SPECIFIC B-CELL IM-

MUNE MEMORY: EVIDENCE FOR PERSISTENCE UP TO 1 YEAR 

POST-INFECTION. PROBLEMS of Infectious and Parasitic Diseases. 

2023; 50(3):14–8. 

2. Bozhkova M, Kalchev Y, Lengerova G, Veliyanova T, Kalfova T, Petrov 

S, Pasha D, Taskov H, Mudjeva M. Study in dynamics of postvaccine and 

postexposure humoral immune response to SARS-CoV-2. JOURNAL OF 

IMAB. 2021; 27:100–2.  

3. Tanya Velyanova, Hristina Batselova. Immunization against COVID-19 

in immunosuppressed people: Recommendations for season 2024-2025, 

Preventive Medicine XII, 2024, 3(26), ISSN: 1314-5681. 14-15. 

 

 

Participation in scientific projects 

 

Scientific project with Contract KP-06-DK1/6 of 29.03.2021 "COVID-19 HUB 

– Information, Innovations and Implementation of Integrative Scientific Devel-

opments", funded under the "Competition for Funding of Fundamental Research 

on Social Challenges Related to the COVID-19 Pandemic – 2020", National Sci-

ence Fund, Ministry of Education and Science. 

 

  



– 60 – 

ACKNOWLIDGEMENTS 

I would like to express my deepest gratitude and sincere appreciation to all those 

who contributed to the completion of this work: 

Prof. Dr. Mariana Stoycheva, MD, DMSc – for the inspiring example at the 

beginning of my professional career, for the support and for believing in me; 

My supervisor – Prof. Dr. Oliana Boykinova, MD, PhD – for the unconditional 

assistance, encouragement and courage that helped me go through this difficult 

path; 

Prof. Dr. Nonka Mateva, MD, PhD – for the joint work and invaluable advice 

in statistical data processing; 

The staff of the Department of Infectious Diseases, Parasitology and Tropical 

Medicine, Medical University - Plovdiv and the Clinic of Infectious Diseases 

at the University Hospital "St. George", as well as to all colleagues from other 

units of the University Hospital "St. George", who went through the difficulties 

and challenges of the COVID-19 pandemic alongside us; 

Dr. Gergana Lengerova, MD, PhD and Dr. Martina Bozhkova, MD from  the 

Laboratory of Microbiology at the University Hospital "St. Kliment Ohrid-

ski". George" and the Department of Medical Microbiology and Immunol-

ogy "Prof. Dr. Elisey Yanev" – for the help and responsiveness in the prepara-

tion and analysis of immunological and microbiological results; 

Assoc. Prof. Vanya Rangelova Rangelova, MD, PhD, Assoc. Prof. Hristina 

Batselova, MD, PhD – Department of Epidemiology and Disaster Medicine, 

Medical University – Plovdiv – for the support and professional assistance; 

The members of the scientific jury – for their professional opinion and efforts 

in evaluating my scientific work; 

To the Management of MU – Plovdiv for the created favorable opportunities for 

the realization of doctoral students; 

My family – for the support and patience throughout the entire period of my 

work. 


	List of abbreviations used
	CONTENT
	INTRODUCTION
	AIM
	OBJECTIVES
	STUDY DESIGN, MATERIALS and METHODS
	1. Design
	2. Materials
	3. Methods
	4. Definitions

	RESULTS
	1. Analysis of demographic indicators
	2. Distribution according to the mechanism of immunosuppressive state/disease
	3. Comparability between Group A and B on the risk factors for severe course
	4. Clinical picture
	5. Imaging and diagnostic changes
	6. Paraclinical indicators upon admission
	7. Complications
	8. Secondary bacterial and/or fungal infections
	9. Therapy
	10. Immunological parameters
	11. Time determinants in patients with COVID-19
	12. Case fatality rate
	13. Immunization status

	DISCUSSION
	CONCLUSIONS
	CONTRIBUTIONS
	Scientific publications related to the dissertation
	Participation in scientific projects
	ACKNOWLIDGEMENTS

