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ORIGINAL  ARTICLE

INTRODUCTION

Embryo implantation is a critical step in human 
reproduction. During the menstrual cycle, there is 
a short and critical period of time when the endo-
metrium becomes a well-vascularised tissue allow-
ing an embryo to implant [1]. The term „implanta-
tion failure“ refers to both patients who have never 
shown quantifiable signs of implantation (increased 
levels of hCG) and those who have increased hCG 
production without later ultrasound evidence of a 

gestational sac [2]. Implantation failure can apply to 
patients trying to conceive without any fertility treat-
ment and patients undergoing assisted reproductive 
technology (ART). The term „recurrent implantation 
failure“ (RIF) is only applicable to patients undergo-
ing ART. Still, there is no accepted formal definition 
for RIF. According to some authors, it is after three 
failed in vitro fertilization-embryo transfer (IVF-ET) 
cycles with good quality embryos transferred [3] or 
according to others, it is after three unsuccessful 
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Abstract. Introduction: Implantation remains a major limiting factor in In Vitro Fertilization 
(IVF), regardless of the implantation potential of the embryos – even with high quality embryos, 
implantation rates remain low. The term „recurrent implantation failure“ (RIF) is only applicable 
to patients undergoing assisted reproductive technology (ART). The two most crucial factors for 
successful implantation are high-quality embryo and a good endometrial receptivity. The term 
„endometrial receptivity“ describes the time during which the endometrium is receiving the em-
bryo implant. Dysregulation of endometrial immune cells is associated with RIF and recurrent 
pregnancy loss (RPL). Objectives: The study aimed to evaluate the endometrial microbiome 
patterns of patients with RIF and their impact on endometrial immune cells and chronic endome-
tritis (CE). Methodology: Endometrial immune cells (leucocytes, T lymphocytes, uterine type 
NK cells, progenitor NK cells, and plasma cells) were examined in endometrial biopsies of 26 
women with RIF using a flow cytometry. The microbial composition of the endometrium was 
investigated by RT-PCR. Results: Of all women with RIF, most had an abnormal endometrial 
microbiome. In these women the results showed above average percentages of neutrophils and 
plasma cells. Conclusion: Research in this field may lead to the introduction of a new approach 
to the investigation of patients with RIF and the development of a new algorithm for therapy. 
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cycles of IVF specifically with two embryos of high 
quality [4]. Coughlan et al. suggest a more complete 
definition taking into account maternal age, number 
of cycles completed and number of embryos trans-
ferred, i.e. RIF is a failure of clinical pregnancy in 
women under the age of 40, after 4 good quality em-
bryo transfers, with at least three fresh or frozen IVF 
cycles [2]. RIF is one of the most significant obsta-
cles in human reproduction, regarded as a relatively 
heterogeneous entity. 

The mechanisms behind embryo implantation 
are complicated but the two most crucial factors for 
successful implantation are high-quality embryo and 
a good endometrial receptivity. The term ‘endome-
trial receptivity’ describes the short time frame – five 
to nine days after ovulation, during which the endo-
metrium is receiving the embryo implant, also known 
as the „window of implantation“. Physiologically, 
during this time, the endometrial morphology, tissue 
structure and proteins undergo a series of changes. 
A significant number of clinical studies established 
that impaired endometrial receptivity is responsible 
for almost two-thirds of implantation failure, while 
defective embryo quality is responsible for only one-
third of these cases [5, 6]. Although several factors 
associated with impaired endometrial receptivity 
have been recognized, in the majority of cases the 
underlying factors and mechanisms are unknown, 
and consequently treatment options are limited [7]. 

Emerging evidences suggest that early endome-
trial immune dysregulations are associated with RIF 
and recurrent pregnancy loss (RPL) [8, 9]. A crucial 
uterine immune reactions occur each cycle, during 
the implantation window when the endometrium 
prepares to accept the embryo by a local immune 
switch to avoid the rejection of the semi-allogenic 
embryo and to promote its implantation, growth and 
nutrition [10, 11]. Immune cells of the innate immu-
nity – macrophages, dendritic cells, uterine natural 
killer cells (uNK) and innate lymphoid cells-1 and 
-3, invade the endometrium [9, 12, 13]. Uterine NK 
cells differ from peripheral NK cells by their pheno-
type, cytokine profile, low cytotoxic potential and the 
repertory of activating and inhibiting receptors [14]. 
Regulatory T cells (T-regs), play a dominant role in 
the maintenance of immunological self-tolerance by 
controlling the adaptive system and preventing im-
mune and autoimmune responses against self- and 
paternal allo-antigens [15]. Abnormal immune cell 
mobilization or expression was documented by flow 

cytometry and immunohistochemistry in patients 
with a history of RIF and RPL [9, 14-16] suggesting 
that the local endometrial immune imbalance con-
tributes to the implantation failures.

The human microbiome was described as “the 
ecological community of commensal, symbiotic, 
and pathogenic microorganisms that literally share 
our body space” [17]. Until the second half of the 
20th century, the uterine cavity was believed to be 
sterile. Microscopy and culture-based techniques, 
as well as next‐generation sequencing of the 16S ri-
bosomal RNA (rRNA) gene revealed the existence 
of an endometrial microbiota that is represented by 
Lactobacillus and other bacteria [18, 19]. Uterine 
colonization is hypothesized to occur from blood-
stream, oral cavity, gut and vaginal ascension [18, 
20] and could potentially occur through the attach-
ment of microorganisms to human spermatozoa 
[21] and ART procedures [22]. A number of studies 
describe the healthy state of the uterine microbiota 
in women of reproductive age with most reporting 
dominance of Lactobacillus species [23, 24]. These 
findings prompted a suggestion of two possible types 
of bacterial endometrial composition: Lactobacillus-
dominant (LD; with Lactobacillus spp. abundance 
higher than 90%) or non-LD (NLD; Lactobacillus 
spp. abundance lower than 90%).

Changes of bacterial communities inside the 
uterine cavity could lead to reproductive failures, in-
cluding infertility [25, 26], endometriosis [27, 28], 
chronic endometritis [29-31] and RIF [32-34]. Dif-
ferent hypothesis has been proposed to explain the 
virulence mechanisms of a dysbiotic endometrial 
microbiome – they could be associated with either 
the bacterial communities themselves (mucin deg-
radation, biofilm formation, increase in the female 
genital tract pH, etc.) [35, 36] or with the host proin-
flammatory immune responses to dysbiotic bacterial 
states, which probably play central roles in driving 
infertility [37, 38].

Chronic endometritis (CE) is an inflammatory 
disorder of the endometrial lining, in most cases as-
ymptomatic, characterized by high stromal cell den-
sity, superficial endometrial edematous change, and 
infiltration of endometrial stromal plasma cells (ES-
PCs) [39, 40]. CE cannot be identified by ultrasound 
examination but fluid hysteroscopy allows the identi-
fication of endometrial modifications specific for CE 
(stromal oedema, focal hyperemia, focal or diffuse 
micropolyps, endometrial hemorrhagic spots, etc.) 
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[41]. Endometrial biopsy with immunohistochemi-
cal staining for CD138 (Syndecan-1, a cell surface 
proteoglycan) for the detection of plasma cells has 
now become the reference standard technique for di-
agnosing CE [42, 43].

PURPOSE 

The present study aimed to analyse the endo-
metrial microbiome patterns of Bulgarian RIF pa-
tients and their impact on endometrial immune cells 
and CE. The secondary objective was a prospective 
follow-up of these patients in order to document the 
outcome and potential benefit at the first subsequent 
embryo transfer following the endometrial analysis 
and treatment. 

MATERIALS AND METHODS

Design and Collection of research subjects 
This prospective cohort study took place in Med-

ical Center “Clinical Institute for Reproductive Medi-
cine” – Pleven, Bulgaria. It included 26 RIF patients, 
presenting to our fertility center for ART in the pe-
riod from January 2021 to May 2022. The mean age 
of the women was 36.5 ± 5.13 years (31-41 years). 
The participants met the following inclusion criteria: 
1. An indication to use the intracytoplasmic sperm 
injection (ICSI) method to generate embryos. 2. At 
least four good-quality embryos were transferred in 
at least three previous fresh or frozen cycles, but still 
not pregnant; 3. Normal chromosome karyotype of 
the spouses after the chromosome analysis carried out 
on both partners from peripheral lymphocyte cultures. 
Cytogenetic study by conventional GTG banding was 
performed on phytohaemagglutinin-stimulated pe-
ripheral blood lymphocytes with analysis of 30–62 
metaphases/per individual (resolution 400-550 bands/
haploid set), and at least 20 were karyotyped; 4. Nor-
mal ovarian reserve function (levels of FSH < 12.5 
mIU/ml and AMH > 0.7 ng/ml). 5. The uterine cavity 
was in a normal shape, confirmed by ultrasound and/
or hysteroscopy examinations; 6. No antibiotics were 
received during the month before the specimen col-
lection. Exclusion criteria were: known implantation 
failure factors, untreated hydrosalpinx and uterine 
malformations.

ETHICAL APPROVAL

The Ethics committee of the Medical Center 
“Clinical Institute for Reproductive Medicine” – 

Pleven, approved this study (Decision Identifier 
N9/2020). All patients involved in the study were 
fully informed and signed an informed consent form. 
All procedures and measurements were carried out 
according to the relevant guidelines and regulations.
The study did not cover any research products.

Sample collection procession
Endometrial specimens were collected during 

the mid-luteal phase (days 21-22) of natural men-
strual cycles, at least three months after the last 
unsuccessful ART cycle. After placement of a ster-
ile speculum, the vagina and cervix were cleaned 
with 0.9% NaCl. The cervical mucus was removed 
as well as possible. No antiseptic treatment of the 
speculum and vagina was applied. The patient did 
not have any hygienic procedures, vaginal douches, 
or topical medications or probiotic preparations. 
A flexible sterile catheter was introduced into the 
uterine cavity. Two types of catheters were used: 
Malleable Stylet and Intra-uterine Insemination 
Catheter (Wallace®, Cooper Surgical, Inc., USA). 
Uterine mucosa was aspirated by setting negative 
pressure from a 1 ml syringe mounted on the other 
end of the catheter and abrasive movements of the 
catheter into the uterine cavity. Aspiration was ter-
minated when the catheter was passed back at the 
level of the internal os of the cervical canal. In or-
der to prevent contamination with vaginal fluid, any 
contact of the catheter with the vaginal walls was 
avoided. The trans-cervical access for examination 
of the endometrial microbiome can definitely influ-
ence the microbiological result. Although cervical 
contamination cannot be completely eliminated for 
the time being, there is no other way to clinically 
assess the endometrium. It is currently accepted 
that a continuum of microbiota is present in the 
female reproductive system, and even if there is 
some contamination of endometrial samples from 
the cervix, the microbial profiles obtained will be 
consistent with the microbial environment in the 
uterine cavity. To ensure the most accurate inter-
pretation of the obtained results, it was necessary 
that the sample contained a large amount of endo-
metrial mucosa. Estimation of quantity was subjec-
tive by the performing physician. When the biopsy 
was considered as insufficient, a repeat biopsy was 
performed. The sample had to contain a minimal 
amount of blood and mucus. All samples were pro-
cessed within 1 hour of collection. 
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Storage of samples
Aspirated endometrial mucosa was stored in 

0.9% NaCl and transported immediately after collec-
tion to the laboratory. The sample was divided into 
two equal parts. The first part was homogenized in 
sterile 35 mm Medicon (BD Biosciences, Germany) 
using a DAKO Medimachine tissue homogenizer 
(Becton Dickenson, Germany), aspirated into a ster-
ile syringe, and stored in saline. It was stored at a 
temperature between 2° C and 8° C for no more than 
24 hours before analysis by RT-PCR. In cases where 
the sample cannot be analysed within 24 hours, 
freezing of the material is carried out, which can be 
stored at temperatures between -18° C and -22° C 
for 1 month. The second part was homogenized in 
1 ml of PBS (Phosphate Buffered Saline) in 35 µm 
Medicon for 60 seconds. The obtained homogenate 
was filtered through a 70 µm Syringe-Filcon (BD 
Biosciences, Germany) and processed immediately 
for flow cytometry analysis.

Sample Analysis
Endometrial microbiome samples were ana-

lyzed by Femoflor® 16 REAL-TIME PCR Detec-
tion Kit (“DNA-Technology Research & Produc-
tion”, Russia, Moscow Region) which utilizes the 
Polymerase Chain Reaction (PCR) nucleic acid 
amplification technique to detect opportunistic 
and normal flora in urogenital specimens. The kit 
allows, using one biological sample, to perform a 
quantitative assessment of the total bacterial mass 
(TBM) and the following microorganisms: Lacto-
bacillus spp., Enterobacteriaceae, Streptococcus 
spp., Staphylococcus spp., Gardnerella vaginalis/ 
Prevotella bivia/ Porphyromonas spp., Eubacteri-
um spp., Sneathia spp./ Leptotrihia spp./ Fusobac-
terium spp., Megasphaera spp./ Veilonella spp./ 
Dialister spp., Lachnobacterium spp./ Clostridium 
spp., Mobiluncus spp./Corynebacterium spp., 
Peptostreptococcus spp., Atopobium vaginae, 
Mycoplasma hominis, Mycoplasma genitalium, 
Ureaplasma (urealyticum + parvum), and Candida 
spp. To increase the sensitivity and specificity of 
the amplification reaction, the use of a hot-start is 
provided by reaction mixture preparation consist-
ing of two layers separated by a layer of paraffin or 
the use of Taq-polymerase blocked by antibodies. 

The Femoflor® 16® REAL-TIME PCR Detection 
Kit is based on fluorescent modification of the 
PCR method. The PCR-mix contains two target-
specific probes bearing reporter fluorescent dyes 
(Fam and Hex) and quencher molecules. Once hy-
bridized to a target sequence, the probes become 
activated. As a result of activation fluorescence 
increases proportionally to target sequence ampli-
fication. The intensity of fluorescence is measured 
at every cycle of reaction with a Real-time PCR 
thermal cycler data collection unit and analyzed 
with the software provided. 

Endometrial immune cells analysis 
Lymphocyte subpopulations in endometrial bi-

opsies were examined by flow cytometry. Leuko-
cytes were analyzed with a FACS Calibur flow cy-
tometer (Becton Dickinson, Heidelberg, Germany) 
and Cell Quest Pro Software (Becton Dickinson). 
A panel of the following monoclonal antibodies 
was used: CD45 Per CP, CD34 FITC, CD16 PE, 
CD56 PE, CD138 FITC (Exbio, Prague, Czech 
Republic). Tube 1: CD3 FITC/CD16+56 PE/CD45 
Per CP; Tube 2: CD34 FITC/ CD56 PE/CD45 Per 
CP; Tube 3: CD138 FITC/CD45 Per CP. Flow cyto-
metric evaluation followed using co-localisation of 
these specific antibodies by FACS Calibur flow cy-
tometer (Becton Dickinson, Heidelberg, Germany) 
and Cell Quest Pro Software (Becton Dickinson). 
Data was presented as a percentage of CD45+cells. 
Tube 1 allowed evaluation of uterine/decidual type 
uNK (CD3-, CD16-, CD56bright) and T lympho-
cytes (CD3+, CD16-, CD56-). Tube 2 allowed 
evaluation of progenitor NK cells (CD34+, CD16-, 
CD56+), and Tube 3 allowed evaluation of plasma 
cells (CD45+CD138+). Results are presented as 
percentages as follows: leucocytes (Leu, CD45+) 
– relative to all endometrial cells (leucocytes, 
stromal cells, epithelial cells); lymphocytes (Ly), 
macrophages (Mf) and neutrophils (Neu, CD45+, 
CD16+) – by gate and relative to all leukocytes; 
uNK cells (uNK (CD3-, CD16-, CD56bright), pro-
genitor NK cells (CD34+, CD16-, CD56+) and T 
cells (CD3+, CD16-, CD56-) relative to all lym-
phocytes, and plasma cells (CD45+, CD138+) – 
relative to all leukocytes and relative to all cells 
(leukocytes and stromal cells).
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Statistical analysis 
IBM SPSS, version 26 was employed for sta-

tistical analysis. All parameters were tested for nor-
mality of distribution using Shapiro-Wilk W test. 
Parametric data were analyzed by ANOVA test. Non-
parametric data were analyzed by Spearman’s test. 
When the level of the test was significant (p < 0.05), 
the null hypothesis of a normal distribution was re-
jected, i.e. the distribution of the data was different 
from normal. Statistical analyses were performed 
using Prism software version 8.4.3 (GraphPad, 
GraphPad Software, San Diego, Calif). The Mann-
Whitney U test was used in unpaired nonparametric 
comparisons. The nonparametric Pearson Correla-
tion test was used to evaluate correlations between 
2 parameters.

RESULTS

Depending on the results from the molecular 
genetic testing of the endometrial biopsies, the RIF 
patients (n = 26) were divided into 3 groups: Group 
1: women with a normal endometrial microbiome 
(more than 90% Lactobacillus spp., without dysbi-
otic bacteria), n = 5 (19.2%); Group 2: women with 
low bacterial mass (Lactobacillus spp. and dysbi-
otic bacteria were absent), n = 5 (19.2%), Group 3: 
women with a moderately (less than 90% Lactoba-
cillus spp. and more than 10% of dysbiotic bacteria) 
and severely (absent Lactobacillus spp. and more 
than 90% dysbiotic bacteria) disturbed microbiome, 
n = 16 (61.5%).

The frequency of the dysbiotic bacteria, de-
termined alone or in association in the endome-
trial samples of Group 3 patients was as follows: 
with highest frequency the causative agents of 
bacterial vaginosis were determined: A. vaginae 
in 7 women (26.9%); G. vaginalis in 5 women 
(19.2%); Mobiluncus spp. in 4 women (15.3%); 
Eubacterium spp. in 1 woman (3.8%). From the 
aerobic bacteria with equal frequency were proved 
Staphylococcus spp., Streptococcus spp. and En-
terobacteriaceae spp. in 3 women (11.5%), respec-
tively. Yeast-like fungi of the genus Candida were 
evidenced in 3 women (11.5%). 

The women in which dysbiosis and infectious 
pathogen(s) were detected in the endometrial bi-
opsy (Group 3), were treated with antibiotics and 

probiotics, based on the causative pathogens. At 
least 4 weeks after the last antibiotic intake, a con-
trol endometrial sample was collected and tested 
by Femoflor test. Only those women whose PCR 
tests were negative were allowed to proceed with 
the next IVF procedure. In 8 cases, a secondary 
antibiotic treatment had to be prescribed because 
of unsuccessful treatment and persistent pathogen 
positive result. 

The follow up of the patients after the endo-
metrial microbiome patterns evaluation and treat-
ment, documented the outcome of the next ART 
(ICSI) procedures, presented in Table 1. There 
were no available data for 3 of the patients as they 
did not proceed with the next ART procedure at 
our medical center. From those who proceeded (n 
= 23), 8 had successful pregnancy and delivery of 
healthy newborns and 2 have ongoing pregnancies, 
which means that the cumulative success rate after 
the treatment of the followed patients is 10 of 23 
(43.48%).

Table 1. Reproductive outcomes of RIF patients after the next 
ART procedure, preceded by evaluation of endometrial micro-
bial patterns and treatment with antibiotics and probiotics de-
pending on causative agents

RIF  
patients

Negative 
hCG test

Pregnancy 
loss

Ongoing 
pregnancy Delivery N/A

Group 1
(n = 5)

4 0 0 1 0

Group 2
(n = 5)

2 2 0 0 1

Group 3
(n = 16)

3 2 2 7 2

Total 
(n = 26)

9 4 2 8 3

The results of flow cytometric analysis of endo-
metrial immune cells in the three groups of patients 
are presented in Tables 1a, 1b and 1c.

Table 1. Distribution (in percentages) of leu-
kocyte and lymphocyte populations in endome-
trial samples collected by biopsy of RIF patients. 
Table 1a: Group 1 (n = 5); Table 1b: Group 2 (n 
= 5); Table 1c: Group 3 (n = 11). Percentages are 
calculated as: leucocytes (Leu, CD45+) – relative 
to all endometrial cells (leucocytes, stromal cells, 
epithelial cells); lymphocytes (Ly), macrophages 
(Mf) and neutrophils (Neu, CD45+, CD16+) – by 
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gate and relative to all leukocytes; uNK cells (uNK 
(CD3-, CD16-, CD56 bright), progenitor NK cells 
(CD34+, CD16-, CD56+), and T-cells (CD3+) 

– relative to all lymphocytes, and plasma cells 
(CD45+, CD138+) – relative to all leukocytes (*) 
and relative to all cells (**).

Table 1a. Endometrial immune cells (in %) in RIF patients from Group 1

Patient Leu Ly Mf Neu uNK Prog. uNK T cells Plasma cells* Plasma cells**

1 8.70 65.86 9.20 24.94 3.93 0.00 4.37 0.00 00.00

2 25.74 72.34 25.25 2.41 40.94 3.57 20.13 23.06 5.92

3 36.60 78.74 18.96 2.29 28.45 0.35 22.41 14.86 5.44

4 14.80 10.41 33.78 3.10 25.98 1.47 26.13 0.45 0.07

5 20.12 28.33 50.50 6.26 25.84 0.21 20.84 6.73 1.35

Mean 21.19 51.14 27.54 7.80 25.03 1.12 18.78 9.02 2.56

+/-SD 10.68 30.03 15.66 9.72 13.34 1.48 8.38 9.89 2.91

Table 1b. Endometrial immune cells (in %) in RIF patients from Group 2

Patient Leu Ly Mf Neu uNK Prog. uNK T cells Plasma cells* Plasma cells**

1 8.51 38.30 18.80 42.77 7.84 7.84 33.91 20.04 1.71

2 11.74 66.10 24.19 9.71 12.64 3.45 15.38 0.51 0.06

3 36.17 71.33 15.68 12.99 23.57 0.47 42.25 4.27 1.54

4 7.71 25.68 41.50 32.81 32.21 1.50 40.51 6.52 0.50

5 20.18 62.09 34.44 3.46 30.59 4.64 45.31 10.01 2.02

Mean 16.86 52.70 26.92 20.35 21.37 3.58 35.47 8.27 1.17

+/-SD 11.87 19.70 10.83 16.66 10.80 2.88 11.98 6.65 0.75

Table 1c. Endometrial immune cells (in %) in RIF patients from Group 3

Patient Leu Ly Mf Neu uNK Prog. uNK T cells Plasma 
cells*

Plasma 
cells** Dysbiotic bacteria

1 31.38 37.60 6.37 56.02 19.86 8.29 32.54 0.00 0.00 G. vaginalis, A. vaginae, Eubacterium, 
Candida spp.

2 3.50 54.28 11.43 34.28 14.47 1.03 39.47 16.75 0.58 Streptococcus spp.,
3 11.80 54.83 26.78 18.39 10.14 0.34 27.48 36.25 4.28 Streptococcus spp., Staphylococcus spp.
4 11.04 34.75 28.26 32.37 10.40 1.16 19.35 3.65 0.42 G. vaginalis, A. vaginae, Mobiluncus
5 6.42 28.66 38.01 17.76 22.03 1.69 45.31 4.43 2.52 Enterobacteriaceae spp., Candida spp.
6 42.72 48.03 24.11 27.85 51.85 1.51 30.21 0.00 00.00 A. vaginae
7 30.07 43.66 8.68 47.65 17.40 0.21 21.70 24.24 7.29 A. vaginae
8 15.94 24.97 12.30 62.73 11.56 4.85 9.55 3.14 0.50 Staphylococcus spp.
9 61.29 71.27 2.39 26.33 44.42 4.25 41.26 5.27 3.23 Staphylococcus spp.

10 42.62 87.68 5.82 6.50 53.36 0.61 10.16 27.27 11.62 Enterobacteriaceae spp., G.vaginalis, Strep-
tococcus spp.

11 23.51 67.03 8.59 24.37 15.06 2.99 49.83 20.24 4.76 Mobiluncus spp., G. vaginalis
12 23.68 64.65 25.76 9.63 31.63 0.54 24.40 1.49 0.35 Mobiluncus spp., Candida spp.
13 17.48 68.76 23.57 7.66 17.27 0.74 43.93 6.52 1.14 A. vaginae
14 32.34 32.90 6.83 60.17 42.10 0.39 20.40 1.16 0.38 A. vaginae
15 49.39 8.14 11.17 80.66 29.35 1.56 36.41 1.44 0.71 Enterobacteriaceae spp., G. vaginalis
16 13.92 19.97 60.20 19.83 26.21 2.43 35.09 1.43 0.2 A. vaginae, Mobiluncus spp.

Mean
26.07 46.70 18.77 33.26 26.07 2.04 30.44 9.58 2.37

G. vaginalis, A. vaginae, Eubacterium, 
Candida spp.

+/-SD 16.49 21.69 15.13 22.05 14.65 2.16 12.20 11.51 3.25 Streptococcus spp.



9Endometrial immune cells and endometrial microbiome...

Statistical analysis
When we analysed the results for leukocyte and 

lymphocyte populations, the only significant differ-
ence between the three study groups was established 
for the percentage of neutrophils (Fig. 1).

Figure 1. Box plot diagram of the percentage of uNK cells in 
Group 1 and in Group 3

When analysis of variance (Kruskal-Wallis Test) 
was performed between EM groups, statistically sig-
nificant differences (p < 0.05) were found only for 
the percentage of neutrophils between Group 1 and 
Group 3. These differences were analysed by Mann-
Whitney U test, resulting in a significantly higher 
neutrophil percent value (p < 0.05) in Group 3.

DISCUSSION

It is estimated that around 15% of patients under 
infertility treatment, experience RIF [6]. Achieving 
implantation strongly depends on high receptivity of 
the endometrium,which is a result of many physi-
ological and molecular mechanisms. Because of 
the complexity of the implantation process, the as-
sessment of causes of RIF should be performed in 
several aspects. The most common analyses are the 
estimation of ovarian function (by FSH, LH, AMH 
measurement), assessment of uterine pathologies 
and fallopian tube permeability (by hysterosalpingo-
gram and laparoscopy) [2, 44], chromosomal testing 
of both spouses, as well as sperm DNA fragmen-
tation in men. It was established that dysbiosis of 
the vaginal microbiome may be involved in RIF at 
various stages, such as formation of gametes, and 
implantation [45, 46]. A study of Moreno et al. es-

tablished that the microbiota in the endometrial fluid 
is mainly dominated by Lactobacillus spp. (> 90%), 
in comparison with Gardnerella, Streptococcus, and 
Bifidobacterium [24]. Lactobacillus species (mainly 
L. crispatus, L. gasseri, L. iners, L. jensenii), can 
play a protective role and may possess a eubiotic ef-
fect on the vaginal and endometrial microenviron-
ment [35] by inhibition of the invasion and coloniza-
tion of pathogenic bacteria via production of lactic 
acid and short-chain fatty acids, which maintain the 
acidic and anaerobic environment and possess anti-
bacterial, antiviral and immunomodulatory proper-
ties [47]. Lactobacillus species can also produce an-
timicrobial peptides (bacteriocins, bacteriocin-like 
substances) and biosurfactants [48]. According to 
recent studies, vaginal microbiota contains approxi-
mately 1010-1011 bacteria, whereas the endometrium 
harbors 4 orders of magnitude fewer bacteria than 
the vagina [49].

It was observed that in patients with negative 
reproductive outcome (significantly lower implan-
tation, pregnancy and live birth rates, as well as 
higher miscarriage rates) the endometrial micro-
biota was dominated by bacteria other than Lacto-
bacillus spp., such as Atopobium, Bifidobacterium, 
Gardnerella, Megasphaera, Prevotella, Sneathia, 
and Streptococcus [24]. Another study of Moreno 
et al. [49] confirmed that endometrial dysbiosis may 
cause infertility. It is known that uterine infections 
caused by Staphylococcus spp., Streptococcus spp., 
Escherichia coli, Enterococcus spp., and Klebsiella 
pneumoniae are risk factors of infertility because 
of the inflammation in the reproductive tract which 
may lead to impaired of embryo implantation [49]. A 
recent review article [50] concludes that Lactobacil-
lus abundance in the female genital tract is associ-
ated with better reproductive outcomes and results 
of ART. 

The results of our study of selected 26 RIF pa-
tients, are in accordance with the conclusion of other 
studies that dysbiotic endometrium could be a patho-
genic risk factor for implantation failure: only 5 of 
26 patients had a normal endometrial microbiome 
(more than 90% Lactobacillus spp., without dysbiotic 
bacteria, Group 1), 5 had low bacterial mass (Lac-
tobacillus spp. and dysbiotic bacteria were absent, 
Group 2) and 16 patients (61.5%) had a moderately 
(less than 90% Lactobacillus spp. and more than 10% 
of dysbiotic bacteria) and severely (absent Lactoba-
cillus spp. and more than 90% dysbiotic bacteria) 
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disturbed microbiome (Group 3). With highest fre-
quency (alone or in association) the causative agents 
of bacterial vaginosis were determined: A. vaginae, 
G. vaginalis, Mobiluncus spp. and Eubacterium spp. 
From the aerobic bacteria with equal frequency were 
proved Staphylococcus spp., Streptococcus spp. and 
Enterobacteriaceae spp. Yeast-like fungi of the genus 
Candida were evidenced in 3 women. The treatment 
with antibiotics and probiotics, based on the causative 
pathogens was followed by: 1. loss of the dysbiotic 
pathogens; 2. restoration of Lactobacillus spp. bacte-
rial mass; 3. increased clinical pregnancy and take-
home baby rates after the next IVF procedure – 9 of 
the followed 14 women of Group 3 had clinical preg-
nancies: 2 still ongoing and 7 delivered healthy new-
borns. Only 2 had negative hCG test and 2 had mis-
carriage after next ART (ICSI). These clinical results 
confirm the role of normal endometrial microbiome 
(more than 90% Lactobacillus spp., without dysbiotic 
bacteria) for the proper implantation and development 
of the embryo.

To evaluate the impact of endometrial dysbio-
sis on Uterine immune cell populations, we analysed 
by flow cytometry the distribution of several leuko-
cyte populations in the endometrial samples. These 
leukocytes provide immune protection for the uter-
ine mucosal surfaces and play crucial roles in de-
cidualization, and embryonic implantation [51]. The 
ranges of the cells’ percentages obtained by us are 
in agreement with those, reported by others, which 
confirms the accuracy of the protocol for sample col-
lection and processing. At the mid-luteal phase leu-
kocytes comprise up to 30% of the total cells within 
the stromal compartment [52]. The mean percent-
ages of leukocytes for our three groups were: 21.19 
± 10.68 (Group 1); 16.86 ± 11.87 (Group 2), and 
26.07 ± 16.49 (Group 3) and they did not differ sig-
nificantly between each other.

The proportion of uNK in non-pregnant women 
varies with the menstrual cycle and reports are con-
flicting about their number and activity. According 
to Manaster et al., ~30% of endometrial lympho-
cytes are NK cells (gated CD56+CD3−), and their 
percentage remains constant during the menstrual 
cycle. More studies suggest that the number of NK 
cells gradually increases with the menstrual cycle. 
The percentage of endometrial NK cells in the stro-
mal compartment rose up to 7.35% in the late se-
cretory phase [53], according to another study, 17% 
of menstrual blood CD45+ lymphocytes were found 

to be NK cells determined by flow cytometry [54]. 
The mean percentage of uNK cells established by 
us for all 26 RIF patients in mid-luteal phase was 
24.16 ± 12.93. We did not find significant differences 
between the three groups in the mean percentages of 
uNK. A statistically significant difference was found 
only in the percentage of neutrophils between Group 
1 and Group 3, which was higher in Group 3.

Our results are in agreement with those of the 
cited authors, since the percentage of neutrophils in 
the normal microbiome is much lower than that in 
the disrupted EM [18, 19].

Neutrophils contribute a protective function 
through degranulation, phagocytosis or neutrophil 
extracellular traps and can change their phenotype 
after priming with microbiota [20, 21]. During infec-
tion, neutrophils rapidly infiltrate the endometrium 
and enhance innate immune defences. Their role 
is related to the production of defensins, which are 
small cationic proteins providing antibacterial, anti-
viral and antifungal protection [19]. 

Plasma cells and neutrophils are a manifestation 
of an inflammatory process in the endometrium. This 
study showed that 6 women in the group with abnor-
mal EM (Group 3) had neutrophil values above the 
average for this group. Of these women, only one 
was found to have elevated plasma cell content. This 
indicates that both components of innate immune 
mechanisms and acquired immunity might be inde-
pendently involved in impaired EM.

According to Moreno. I, the microbiome pro-
file in cases with chronic endometrial inflammation 
was not dominated by Lactobacillus spp. but had an 
increased presence of bacteria associated with bacte-
rial vaginosis (G. vaginalis, A. vaginae, etc.), Entero-
bacteriaceae spp., Staphylococcus spp., Streptococ-
cus spp., Ureaplasma spp., C. Trachomatis [55]. In a 
study by Yingyu liu et al. Dialister, Bifidobacterium, 
Prevotella, Gardnerella and Anaerococcus were pre-
dominant in the endometrial microbiome of women 
with CE [29]. Tsipurdeeva N.D. et al. examined the 
endometrial microbiome of women with and with-
out chronic endometritis using Femoflor 16. They 
found that of all the bacteria associated with bacterial 
vaginosis, A. vaginae was the most frequently dem-
onstrated in women with CE [56]. They also proved 
Streptococcus spp., Staphylococcus spp. and Entero-
bacteriaceae in high percentage. The high prevalence 
of Enterobacteriaceae, Streptococcus spp. and Staph-
ylococcus spp. in women with chronic endometritis 
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has also been demonstrated by E. Cicinelli et al. in a 
study of the etiopathogenic role of infectious agents in 
the development of CE [57]. Our results, obtained in 
women with disrupted endometrial microbiome and 
elevated neutrophils, and plasma cells, are similar to 
those of these authors. The leading etiologic agents of 
endometrial inflammation in this study were the bac-
terial vaginosis-associated A. vaginae, G. vaginalis, 
followed by Streptococcus spp., Staphylococcus spp. 
and Enterobacteriaceae spp.

CONCLUSION 

Detection of dysbiosis in EM by molecular ge-
netic methods is an important part of the diagnosis and 
treatment of RIF. Identification of dysbiotic microor-
ganisms supports assisted reproduction specialists in 
selecting appropriate antibiotic therapy. In this pilot 
study, we demonstrated the involvement of endome-
trial neutrophils and plasma cells in the endometrial 
inflammatory process in women with implantation 
failures. The study will continue to include additional 
markers for endometrial cell analysis.
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INTRODUCTION 
Systemic sclerosis (SSc) is a connective tissue 

disease characterized by fibrotic changes in the skin 
and internal organs. The clinical phenotypes of SSc, 

limited cutaneous systemic sclerosis (lcSSc) and dif-
fuse cutaneous systemic sclerosis (dcSSc), are clas-
sified according to the area of skin affected [1]. Fi-
brosis of the lung, a common complication of SSc 
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and the indication of idiopathic pulmonary fibrosis 
(IPF), is related to substantial mortality. Despite 
similarities between SSc-associated interstitial lung 
disease (ILD) and IPF, they show different type of 
immune dysregulation and aberrant fibroblasts’ re-
sponses with significant implications for diagnosis 
and treatment [2]. 

Interleukin-6 (IL-6) is a pleiotropic cytokine 
associated with Th2 lymphocytes that regulates im-
mune responses and induces acute-phase inflam-
matory responses. Despite the key importance of 
IL-6 in physiological processes, high levels were 
described in several lung diseases [3-5]. It was re-
ported that IL-6 is involved in the pathogenesis of 
SSc. This is based on findings of its concentration 
in patient serum and the results of an IL-6 suppres-
sion in in vitro conditions [6-8]. However, it seems 
that several factors are involved in the pathology of 
SSc depending on the state of disease progression. 
Definitely, the prognosis of this disease is affected 
by ILD and pulmonary arterial hypertension (PAH). 
IL-6 levels are increased in the serum of patients 
with SSc and there is a significant correlation with 
the results of high-resolution computed tomography 
(HRCT) score and echocardiographic findings in the 
right heart cavities. This is a further evidence for a 
possible role of IL-6 in the development and disease 
activity of cardiopulmonary manifestations in pa-
tients with SSc [4]. The prognostic value of serum 
IL-6 was assessed in patients with SSc-ILD [5]. It 
has been shown to be an independent predictor of 
DLCO decline in both IPF and SSc-ILD. 

YKL-40, a chitinase-like protein, is reported to 
be associated with inflammation and tissue remodel-
ling [11]. It was found that YKL-40 increased growth 
rates of fibroblastic cell lines derived from human 
osteoarthritic synovium, fetal lung, and adult skin. It 
worked together with insulin-like growth factor-1 to 
activate fibroblast growth [12]. Moreover, the gly-
coprotein served as an adhesion and migration fac-
tor for vascular smooth muscle cells indication for 
involvement in angiogenesis [13]. It is elevated in 
sera of patients with diseases characterized by tissue 
remodelling, and development of fibrosis [13]. High 
serum levels associated with joint involvement have 
been found in patients with SSc [14]. YKL-40 is re-
lated to pulmonary fibrosis and reduction of DLCO, 
to the glycoprotein expression in macrophages and 
neutrophils in lung tissue biopsy of a SSc patient 
with pulmonary inflammation and fibrosis [8, 15]. 

Its levels are lowest in healthy controls, intermediate 
in early SSc and non-fibrotic SSc, with the highest 
serum levels found in established dcSSc and lcSSc 
[16]. Its relationship with disease progression of dc-
SSc reflects the different degrees of severity of SSc, 
and this is the basis for studying YKL-40 also as a 
prognostic biomarker in SSc. 

Pulmonary involvement is a common compli-
cation of SSc, usually combined with the presence 
of ILD with pulmonary vascular involvement. High-
resolution computed tomography (HRCT) is the 
gold standard for determining the extent and type 
of pulmonary involvement, thereby identifying pa-
tients with greater potential benefit from immuno-
suppression [17]. A limitation of HRCT is the radia-
tion exposure, especially repetitive imaging studies 
for follow-up assessment of lung involvement. To 
detect the progression of ILD, reduced HRCT can be 
an alternative to standard HRCT and can be used in 
patients with SSc to detect early progression of pul-
monary fibrosis [18]. Assessment of B-lines by lung 
ultrasonography (LUS) is an excellent non-invasive 
method for detecting ILD in patients with SSc. The 
excellent correlation between the number of B-lines 
assessed by ultrasonography (US) and the Warrick 
score was confirmed. 

Joint involvement is almost always present in 
SSc. It is usually multifactorial in origin, and is often 
the initial symptom of the disease [20]. The extent 
and type of this involvement varies considerably and 
depends on the duration, the level of overall disease 
activity, and the type of skin involvement [20]. Signs 
of joint inflammation in SSc are seen in about two-
thirds of patients. Puffy fingers are an important ear-
ly symptom of the disease and are one of the cardinal 
signs of very early SSc (VEDOSS). Tendon friction 
rubs (TFRs) are an important clinical indicator and 
part of a validated scoring system for assessment of 
disease activity and predictor of disease progression 
[21]. Articular, periarticular, and tendon involve-
ment in patients with SSc are associated with inflam-
matory disease activity and more aggressive course, 
rapid evolution with internal organ involvement and 
overall unfavourable prognosis. Synovitis and TFRs 
are independent predictive factors for disease pro-
gression in patients with early SSc [19, 21]. 

Our previous investigations revealed that serum 
YKL-40 and IL-6 correlate with ultrasound findings 
of articular and periarticular involvement in patients 
with SSc [6]. Furthermore, Furakawa et al. sug-
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gested that YKL-40 was easily applicable diagnostic 
biomarker of SSc complicated with pulmonary arte-
rial hypertension (PAH) [22]. It would be of interest 
to examine these potential indicators in relation to 
pulmonary fibrosis, ILD and joint involvement. The 
discovery of a panel of predictive biomarkers can 
shed insight into the development of novel effective 
therapies. 

The objective of the present study is to evaluate 
the role of serum IL-6 and YKL-40 as biomarkers 
in joint and pulmonary involvement in SSc patients 
assessed by US. 

MATERIALS AND METHODS

Demographic characteristics of the studied 
subjects
The research sample includes 71 participants 

(64 women and 7 men), with a significantly higher 
relative proportion of women (p < 0.001.). The av-
erage age of the study participants is 52.76 ± 14.12 
years, and in the individual groups are as follows: 
healthy controls 50.62 ± 9.02 years; patients with dc-
SSc 56.64 ± 11.89 years; patients with lcSSc 53.64 ± 
12.43 years. The mean age in the individual groups 
was similar, with no statistically significant differ-
ence (Table 1). 

Table 1. Mean age of patients in the study group and subgroups

 Groups Number Age SD Min Max p

Total 71 52.76 14.12 23 81

Control 
group 23 50.62 9.02 33 62

0.203
dcSSc 30 56.64 11.89 29 81

lcSSc 18 53.64 12.43 37 77

SD = standard deviation

All SSc patients met the ACR/EULAR (2013) 
classification criteria for SSc. Patients were classi-
fied as having lcSSc or dcSSc and assessed accord-
ing to approved international criteria. Healthy vol-
unteers were selected as a control group. The study 
was approved by Ethics Committee of Medical 
University of Plovdiv (protocol № 3/31.05.2018). 
Voluntarily signed informed consent was obtained 
from all participants before entering the study in ac-
cordance with the ethical recommendations of the 
Helsinki Declaration. 

Measurement of YKL-40 and IL-6
Concentrations of YKL-40 and IL-6 in serum 

were measured by ELISA, using commercial kits 
from Quidel, SA (YKL-40, Cat. N: 8020) and R&D 
Systems, Minneapolis, USA (IL-6, Cat. N: D6050). 
All samples were examined in duplicate. The optical 
density in each well was measured at a wavelength 
of 405 nm or 450 nm and at reference wavelength of 
570 nm by ELISA – reader SUNRISE. 

Instrumental methods
 ● Two-dimensional ultrasonography of joints 

and tendons
An Esaote MyLab7 ultrasound machine 

equipped with a multi-frequency linear transducer 
(10-18 MHz) was used to assess joint/tendon in-
volvement. The frequency of Gray Scale Ultrasound 
(GSUS) is 12-18 MHz depending on the subject. Ten 
joints of both hands were examined: wrist, second 
and third metacarpophalangeal (MCP) and second 
and third proximal interphalangeal (PIP) joints and 
their corresponding tendons. Several parameters 
were assessed according to Outcome Measures in 
Rheumatology (OMERACT) definitions and stan-
dardized protocols for the individual pathologies, in-
cluding the presence of synovitis and tenosynovitis. 
All studied structures were evaluated by GSUS and 
PDUS [24]. Grading of GSUS and PDUS synovi-
tis is based on a semiquantitative scale of 0-3. The 
US10SSc score is calculated as the sum of the GSUS 
synovitis and tenosynovitis/paratenonitis scores and 
of PDUS synovitis and tenosynovitis/paratenonitis. 
US10SSc ranges from 0-164. 

 ● Lung ultrasound (LUS)
The GE E9 cardiac probe with a frequency of 

3-5 MHz was used to assess pulmonary involve-
ment. The examined patients were evaluated with 
the simplified LUS analysis of the 14 Lung Inter-
costal Space (LIS) according to Tardella 2018 [25] 
corresponding to Warrick score 7, for the cut-off 
for available ILD, 10 available B-lines are accepted 
with sensitivity 96.30 (95% CI 81.0-99.9) and speci-
ficity 92.31 (95% CI 64.0–99.8). 

Statistical analysis
One-way ANOVA was used for intergroup com-

parisons regarding mean age. Clinical data for the 
SSc patient group (including US10SSc score, PAH, 
and LUS) are presented with the following statis-
tics: median, range, means, and standard deviation. 
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Between-group comparisons were made using the 
Kruskal-Wallis test (p > 0.05). Due to asymmetry in 
the distribution of values  and the unequal number of 
participants in the individual groups, non-parametric 
statistical methods were used for intergroup compari-
sons, including the Kruskal-Wallis test and the Mann-
Whitney U test. The relationship between the levels of 
IL-6 and YKL-40 and other parameters was investi-
gated with Spearman‘s correction analysis (Spearman 
rho correlation). Statistical significance was the value 
p < 0.05. Data analysis was performed with the statis-
tical program IBM SPSS version 25.0 (2017) and the 
statistical program Minitab version 18.1 (2017). 

RESULTS 

Clinical data about SSc patients 
In the group of patients with dcSSc, we reported 

a significantly higher US10SSc score (9.12 ± 5.84) 
(p = 0.002). Pulmonary artery pressure significantly 
increased in lcSSc patients (25.46 ± 8.02, median 
24) (p = 0.001). A higher level of LUS was found in 
the dcSSc group (14.72 ± 8.59, median 14.50) with 
a significant difference from lcSSc (p < 0.001). A 
lower LUS value was observed in the lcSSc group 
(2.60 ± 4.76, median 1.50), (p < 0.001). A higher 
percentage of pulmonary fibrosis was found in the 
lcSSc group (26.7%) compared to the dcSSc group 
(24.1%). The clinical data including US10SSc score, 
PAH, LUS and pulmonary fibrosis about all patients 
is summarized in Table 2. 

Table 2. Assessment of US10SSc score, PAH, LUS and pulmo-
nary fibrosis in SSc patients

Parameters
Group Value

pdcSSc lcSSc
US10SSc score

 (± SD)

Median 
(range)

9.12 ± 5.84

9 (0-21)

5.92 ± 4.19

5 (1-15)
0.002**

PAH
(± SD)

Median
(Range)

17.20 ± 2.94

17.50 (12-25)

25.46 ± 8.02

24 (13-39)
0.001**

LUS
 (± SD)

Median
(Range)

14.72 ± 8.59

14.50 (1-33)

2.60 ± 4.76

1.50 (0-15)

 
 0.000**

Pulmonary 
fibrosis % 24.1% 26.7%

 
 0.231

- mean value; SD – standard deviation; Range – minimum-max-
imum value

Serum IL-6 concentration and correlation 
with joint and pulmonary involvement 
We determined the level of IL-6 in all SSc pa-

tients and healthy individuals. The results showed 
a significantly higher concentration of IL-6 in the 
pooled group of patients (27.60 ± 48.80 pg/ml; me-
dian 8.32) compared to the control group (5.79 ± 
2.46 pg/ml; median 5.52) (Fig. 1). 

Figure 1. Serum IL-6 levels in all SSc patients and in the control 
group 

At the next phase, we examined the levels of 
IL-6 between subgroups of patients and the control 
group. We found that the patients with dcSSc had a 
significantly higher concentration of IL-6 (49.64 pg/
ml; median 16.36) than the other subgroups, as fol-
lows: dcSSc → healthy controls (p < 0.001); dcSSc 
→lcSSs (p = 0.048). lcSSc patients also showed a 
significantly higher IL-6 levels (13.22 pg/ml; me-
dian 8.65) than healthy controls (p = 0.020). 

We searched a relationship between IL-6 and 
the following parameters: PAH, LUS (number of 
B lines) and US10SSc score. No significance was 
found between IL-6 levels and PAH, while a posi-
tive association among IL-6 and LUS was assessed 
(rs = 0.718, p < 0.001). A strong relationship was 
also observed between IL-6 and US10SSc score (rs 
= 0.808, p < 0.001). The significant correlations are 
presented in Fig. 2. 

Serum YKL-40 concentration and correla-
tion with joint and pulmonary involvement 
In SSc patients, we found a significantly high-

er level of YKL-40 (115.62 ng/ml ± 89.51, median 
86.76) compared to healthy controls YKL-40 (46.28 
ng/ml ± 18.91, median 44.02) (p < 0.001) (Fig. 3).
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Figure 2. Correlation between serum IL-6 levels, LUS and 
US10SSc score 

Figure 3. Serum YKL-40 levels in SSc patients and in the con-
trol group 

A comparison between healthy controls and two 
SSc subgroups was done. The level of YKL-40 in 
patients with dcSSc (159.5 2 ng/ml, median 136.20) 
was significantly higher than in the other groups, as 
follows: dcSSc → healthy controls (p < 0.001); dc-
SSc →lcSSs (p < 
0.001). In lcSSc pa-
tients, increased con-
centration of YKL-40 
(89.31ng/ml, median 
68.03) than in healthy 
controls was also ob-
served (p = 0.001). 

The relationship 
between YKL-40 
levels and PAH, LUS 
(number of B lines), 
US10SSc score and 
pulmonary fibrosis 
was determined. A 
significant positive 

correlation was found be-
tween YKL-40 and PAH 
(rs = 0.255, p = 0.037). 
The following two corre-
lations were not only sta-
tistically significant, but 
with high values: YKL-
40 and LUS (rs = 0.693, 
p < 0.001); YKL-40 and 

US10SSc score (rs = 0.884, p < 0.001). The final 
correlation between YKL-40 and pulmonary fibro-
sis showed no significant relationship between the 
two parameters (rs = 0.192, p = 0.119). The strong 
association between the investigated parameters is 
presented in Fig. 4. 

DISCUSSION

Several studies have evaluated biomarker lev-
els in relation to joint involvement in SSc patients. 
However, the available data are still insufficient, and 
more evidence is needed to specify an informative 
biomarker in this multifactorial disease. In our study, 
we examined the serum levels of YKL-40 and IL-6 
in SSc patients stratified by both joint and pulmo-
nary involvement by US and we tried to find correla-
tions with clinical parameters. 

The research on IL-6 levels in SSc is a subject 
of constant interest. A few investigators have found 
high serum levels of IL-6 in patients with SSc [26-
28]. Some of them revealed association between in-
creased serum levels with the onset of pulmonary fi-
brosis [29], others with increased mortality [10]. The 
significance of serum IL-6 level for disease activity 
is conceivable, some authors confirm as an important 

Figure 4. Corelation between serum YKL-40 levels, PAH, LUS and US10SSc score
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marker [30], while the others deny it [31]. Definitely, 
it was found that blockade of IL-6 or deletion in IL-6 
gene reduced fibrotic responses in animal models of 
fibrosis [32, 33]. 

Pendergrass et al. investigated the levels of 89 
cytokines in the serum of lcSSc patients and healthy 
controls combined with gene expression of 9 genes 
[34]. In the serum of the lcSSc-PAH group, they 
found elevated IL-6, TNF-α, ICAM-1, and IL-1β, as 
well as markers of vascular injury such as VCAM-1, 
VEGF, and von Willebrand Factor. Chaouat et al. re-
ported that IL-6 was increased in lcSSc-PAH patients 
and was associated with PAH in the context of chronic 
obstructive pulmonary disease (COPD) [35]. 

Krasimirova et al. also determined elevated 
IL-6 in SSc, together with TGF-β1 (elevated at early 
stage), IL-10 and IL-17A [36]. Analogously, it was 
found that IL-6 was high in the serum of patients 
with SSc and there was a significant correlation be-
tween them and HRCT score results. This is a further 
evidence for the possible role of IL-6 in the develop-
ment and disease activity of cardiopulmonary mani-
festations in patients with SSc [9]. 

Our results showed a significantly higher con-
centration of IL-6 in SSc patients compared to 
healthy controls. We monitored IL-6 levels in the 
subgroups of patients with SSc (dcSSc, lcSSc) and 
in the group of healthy individuals. In the group of 
patients with dcSSc, we found a significantly high-
er concentration of IL-6 than those in lcSSc, similar 
to the results of Khan et al. [27]. When examin-
ing the relationship between IL-6 and the increased 
pulmonary artery pressure, we did not find a cor-
relation between the two parameters in contrast to 
Pendergrass [34] and Chaouat [35]. We proved an 
association between IL-6 and ILD detected with 
LUS, similarly to the results reported by Bonella 
[37] and Abdel-Magied [9]. 

 Joint involvement is common in SSc [38]. US 
has been shown to be a reliable method for detect-
ing clinically significant synovitis, quantifying dis-
ease activity in clinical trials, and determining re-
mission in rheumatoid arthritis [39]. Assessment of 
joint involvement in SSc is of great importance, es-
pecially when trying to assess arthritis as a distinct 
manifestation of systemic inflammatory process 
activity. The practical utility of the present study is 
that IL-6 levels correlate with both clinical and US 
assessment of joint involvement activity. In our in-
vestigation, IL-6 levels were closely related to US 

synovial proliferation score and Doppler activity. 
This provides strong evidence for IL-6 is involve-
ment in the pathogenesis of joint and periarticular 
manifestations in SSc. There have been studies ex-
amining the positive correlation of IL-6 levels and 
early inflammatory arthritis [40, 41] as well as the 
association of IL-6 with lung involvement in pa-
tients with SSc. The current investigation is the first 
to search a relationship between serum IL-6 levels 
and US evidence of both joint and periarticular in-
volvement in patients with SSc and the activity of 
joint involvement assessed by Doppler modality. In 
our previous work we found significant articular, 
periarticular and tendon pathological changes in 
these patients, significantly in a higher percentage, 
assessed by US compared to the physical method 
[41]. The present research upgrades the available 
clinical data and demonstrates the correlation be-
tween serum and imaging biomarkers of joint in-
volvement. 

YKL-40, the chitinase-like glycoprotein, is ac-
tively involved in the processes of inflammation and 
tissue remodelling. It has a role in pathological con-
ditions leading to organ fibrosis. The precise role of 
YKL-40 in the pathogenesis of pulmonary fibrosis 
in SSc is not yet fully understood, but as a growth 
factor for fibroblasts, YKL-40 has been intensively 
studied in pulmonary pathology [42]. Nordenbaek et 
al. demonstrated elevated serum YKL-40 in 27% of 
SSc patients [8]. They found that SSc patients with 
high levels of YKL-40 have various signs of lung 
involvement, reduced vital and diffusing lung capac-
ity, and negatively affect the survival prognosis of 
these patients. 

Our previous studies found elevated serum 
YKL-40 in patients with SSc [6, 23, 43]. Changes 
in YKL-40 levels as a result of disease duration, 
gender, clinical and serological subgroups of SSc, 
modified Rodnan skin score (mRSS), treatment 
protocols were reported. The finding of higher 
levels of YKL-40 in early SSc is the basis for the 
suggestion that elevated YKL-40 may be a useful 
marker for the early diagnosis of SSc [8, 12-14, 44-
49]. The role of YKL-40 as a marker of progressive 
joint damage in rheumatoid arthritis (RA) has been 
demonstrated [48, 49]. Higher synovial and serum 
concentrations of YKL-40 have been proved in pa-
tients with active RA, psoriatic arthritis, activated 
osteoarthritis (OA), and gout arthritis compared to 
control groups [50, 51]. YKL-40 has been proposed 
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as a surrogate marker for the diagnosis and evalu-
ation of inflammatory and activated degenerative 
joint diseases. 

Furukawa et al. found elevated serum YKL-40 
in the Japanese cohort of SSc. A high correlation 
between the high levels of the glycoprotein and 
PAH was demonstrated [22]. On this basis, YKL-
40 levels together with PAH might reflect angio-
genesis at the microcirculatory level resulting from 
capillary damage in SSc. The authors concluded 
that serum levels of YKL-40 might be predictors 
of PAH. Therefore, YKL-40 levels served as a use-
ful biomarker for PAH screening in SSc since it is 
reliable and can be easily measured. Our present 
study confirmed that serum YKL-40 levels corre-
lated with High frequency ultrasound (HFUS) (im-
aging biomarker) of joint and tendon involvement 
in SSc [6, 23]. Our results showed a significantly 
higher level of YKL-40 in SSc patients and demon-
strated that the level of YKL-40 in dcSSc patients 
was increased compared to lcSSc. Like the results 
are reported by Fokugawa et al. [22]. We also de-
tected a relationship between YKL-40 levels and 
increased pulmonary artery pressure (of low mag-
nitude) and lung interstitial involvement (high cor-
relation values) assessed by LUS. Our data suggest 
that YKL-40 levels correlate closely with articular 
involvement, ILD, and increased pulmonary artery 
pressure. 

CONCLUSION

The significantly higher serum levels of IL-6 and 
YKL-40 could be used to distinguish both healthy 
controls from SSc patients, and dcSSc from lcSSc 
patients. The association between two parameters 
with joint and pulmonary involvement is evidence 
for their participation in inflammatory and fibrotic 
alterations in SSc. 
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ORIGINAL  ARTICLE

INTRODUCTION

Antiphospholipid syndrome (APS) is an autoim-
mune disease, characterized by vascular thromboses 
and/or pregnancy loss and positive serum antibod-
ies to phospholipids (aPL) [1]. APS has two forms: 
first – primary APS (PAPS) – patients with elevated 
aPL, thrombosis or pregnancy problems but without 
symptoms of autoimmune diseases, and second form 
–secondary APS (SAPS) – patients with underlying 
autoimmune disease, mainly systemic lupus erythe-
matosus (SLE), increased aPL, thrombosis or preg-
nancy disorders. According to some authors [2] 22% 
without SLE and 70% of those with SLE [3] and 
positive one or more aPL have thrombotic complica-
tions. It remains unclear why some individuals with 

positive antibodies develop thrombosis and others 
do not. Some authors hipothesize that the individ-
ual risk of thrombosis increases in the presence of 
more than one coagulation disorder [4, 5, 6]. Besides 
aPL, the most frequent thrombophilic states are as-
sociated with genetic mutations in factor V, factor 
II, protein C, protein S, methylenetetrahydrofolate 
reductase (MTHFR), protein C, protein S, etc. We 
describe family cases with thrombosis with/without 
aPL or with/without thrombophilic mutations. 

MATERIALS AND METHODS

Thirteen members from 5 families were studied, 
at least one of the participants had manifestations of 
thrombosis: 3 with deep vein thromboses (DVT), 1 
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with stroke and DVT, 1 with myocardial infarction 
(MI), 1 with pulmonary embolism (PE) and stroke, 
1 – with PE, 2 –with livedo reticularis (LR). Four of 
the investigated individuals were healthy. Of note, 
some of the subjects had very rare sites of throm-
bosis – axillary vein thrombosis, mesenteric throm-
bosis and thrombosis of the portal vein. IgG and 
IgM aPL to cardiolipin (aCL), beta-2-glycoprotein 
I (aB2GPI), prothrombin (aPT), phosphathidyl-
serine (aPS), annexin (aAnV) and phosphаthidyl-
ethanolamine (aPE) were tested by ELISA method 
of Orgentec (Germany). In all participants the fol-
lowing mutations were investigated by PCR-RFLP: 
factor V Leiden, G20210A of the prothrombin gene, 
C677T in the MTHFR gene. 

RESULTS 

Table 1 show data concerning аPL and pro-
thrombogenic mutations. 

Obviously these data are very heterogeneous. 
Four members from families 1, 2, 3 and 4 have no 
data for thromboses, but a daughter from family 1 
has increased IgG aPT, and a son from family 4 – 
elevated values of IgM aPS and C/T mutation of 

MTHFR. The healthy mother from family 3 has the 
same mutation.

The highest number of pro-thrombogenic fac-
tors was found in the 42-year-old man with throm-
bosis v.axillaris sin.chr. (family 1): high levels of all 
аPL, except aPE, while in his mother with a stroke 
and thrombosis v.axillaris sin.chr., only IgM aCL are 
elevated. 

Family 2 consists of two sisters. Аs we men-
tioned above, one of them is healthy and has no 
pro-thrombogenic mutations and antibodies, but the 
other has DVT, mesenteric thrombosis and thrombo-
sis v. portae has high IgG aCL and C/T mutation of 
MTHFR.

Family 3 is very interesting because two sisters 
are twins and one of them has SLE. Both have li-
vedo reticularis, negative aPL and C/T mutation of 
MTHFR, like their healthy mother. 

Family 4 consists of a mother and two sons. The 
mother has MI, high IgM aPS and T/T mutation of 
MTHFR. One of the sons with phlebothrombosis of 
v.subclavia dextra has high aPE and C/T mutation of 
MTHFR, and his healthy brother has elevated IgM 
aPS and the same mutation. 

Table 1. aPL and pro-thrombogenic mutations in members of 5 families

Family 1 aCL aB2GPI aPT aPS aAn5 aPE Factor V 
Leiden G20210A MTHFR PAI 

♀ 70 y-mother–stroke, thrombosis 
v.axillaris sin.chr. ↑IgM N N N N N N N N N

♂42 y-son-thrombosis v.axillaris sin.chr. ↑IgG ↑IgG ↑IgG ↑IgG;↑IgM ↑IgG N N N N N
♀ 39 y – daughter-healthy N N ↑IgG N N N N N N N

Family 2
♀ 65 y – sister, DVT, mesenteric thrombo-
sis, thrombosis v. portae ↑IgG N N N N N N N C/T N

♀ 65 y – sister, healthy N N N N N N N N N N

Family 3
♀ 40 y – mother, healthy N N N N N N N N C/T 5g/5g
♀ 20 y-daughter, LR, SLE N N N N N N N N C/T 5g/5g
♀ 20 y-daughter, LR N N N N N N N N C/T 5g/5g

Family 4
♀ 54 y – mother, MI N N N ↑IgM N N N N T/T 4g/5g
♂25y-son, Phlebothrombosis v.subclaviae 
dextrae. N N N N N ↑IgG N N C/T 4g/5g

♂26y-son, healthy N N N ↑IgM N N N N C/T 4g/5g

Family 5
♀ 54 y mother, PE, stroke N N ↑IgM N N ↑IgM N heterozygous C/T 4g/5g
♂25y-son, PE N N ↑IgM N N N N heterozygous C/T 4g/5g

N-normal value; DVT – deep venous thrombosis; SLE – systemic lupus erythematosus; MI – myocardial infarction; LR – livedo re-
ticularis; PE – pulmonary embolism
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Family 5 consists of a mother and her son, both 
of them with PE, mother – with stroke. They are het-
erozygous carriers of G20210A and have C/T mu-
tation of MTHFR, high IgM aPT, and only mother 
– increased IgM aPE. 

DISCUSSION

The main classical risk factors for atherothrom-
bosis are hyperlipidaemia, smoking, diabetes, hyper-
tension and abdominal obesity. For venous throm-
boembolism (VTE) the classical strong risk factors 
are trauma, fractures, major orthopaedic and onco-
logical surgery. Additional risk factors of less impor-
tance are: surgical procedures, oral contraceptives, 
hormone replacement therapy, hypercoagulabil-
ity and previous venous thromboembolism. Factors 
such as age, prolonged bed rest and travel, metabolic 
syndrome and air pollution, are also mentioned in 
the literature. 

In addition to these factors, the most common 
hereditary risk factors for VTE are the G1691A mu-
tation in the factor V gene (factor V Leiden) and the 
G20210A mutation in factor II (prothrombin gene). 
The data for gene mutations in methylenetetrahydro-
folate reductase (MTHFR) – heterozygote C/T vari-
ant and homozygous T/T variant in the pathogenesis 
of the thrombotic process are not so definitive. Many 
authors consider that the aPL and APS are the most 
important acquired risk factors for thrombophilia 
[7, 8]. At the same time the simultaneous presence 
of hereditary and acquired risk factors in the same 
individual increase the possibility for thrombosis in 
some cases [9, 10, 11]. On the other hand many stud-
ies are dedicated to relationships between high risk 
for thrombosis and increased aPL and/or hereditary 
thrombophiliа in family members with APS. In 2010 
we described 33 patients from 14 families with APS 
[12], 92.3 % of them with high aCL and 15 % - het-
erozygous carriers of factor V Leiden. At that time, 
we had the opportunity to study only aCL and factor 
V Leiden mutation. 

In the current cohort, we investigated six aPL. 
The “classical” antibodies – aCL and aB2GPI were 
positive in three individuals – 2 from family 1 and 1 
from family 2. Six members of different families had 
elevated “non classical” aPL (Table 1), two of them 
with no clinical data for APS. We did not find carri-
ers of factor V Leiden. Only 2 patients from family 
5 were heterozygous carriers of G20210A mutation 
and C/T mutation of MTHFR and of note, they had 

positive aPT and aPE. The mutations of MTHFR 
gene were the most common – 9/13 (60 %) – 8 were 
heterozygous C/T and 1 – homozygous T/T carriers. 
Of interest is the finding of LR – a symptom that is 
discussed, but still not included in the clinical pic-
ture of APS [13].

The role of coexistence of inherited and ac-
quired (aPL) risk factors for the development of 
thrombosis is not completely clarified till now. Some 
authors suggest that the individual risk of thrombo-
sis increases in the presence of more than one coagu-
lation disorder [4]. In patients with various throm-
bosis, protein C deficiency, factor V Leiden, 20210 
mutation of the prothrombin gene, MTHFR and 
others are often found simultaneously with positive 
aPL [4], but reports in this direction are mainly case 
descriptions [14]. According М. Kaul et al. [10], half 
of the aPL positive patients with thromboses have 
additional pro-thrombogenic risk factors. S. Lanth-
ier et al. [11] consider that in these cases more fre-
quent and more severe thrombotic complications are 
observed. F.R.Rosendaal [9] emphasizes that of the 
7 congenital prothrombogenic factors, the presence 
of 2 increases the risk of thrombosis 7.7 times, and 
in 3 factors this risk increases 20-fold. In our study, 
members of family 5, in addition to carrying 2 ge-
netic factors (G20210A mutation and C/T mutation 
of MTHFR), also have high aPL.

CONCLUSION

In the 13 cases from 5 families with different 
manifestations of thrombosis (DVT, PE, stroke, MI, 
livedo reticularis, etc.) we found not only aPL but 
also congenital thrombophilic factors – heterozy-
gous G20210A carriers of factor II gene and hetero/
homozygous carriers of MTHFR gene. The pres-
ence of both aPL and a procoagulant mutation in the 
same patient is important not only for elucidating the 
cause of recurrent and severe thrombotic complica-
tions, but also for the choice of therapy – aspirin, 
low molecular weight heparins, intravenous immu-
noglobulins or corticosteroids.
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CASE SERIES

INTRODUCTION

Subacute thyroiditis (SAT), known as de Quer-
vain’s thyroiditis, is a relatively rare immune-medi-
ated inflammatory and destructive thyroid disorder, 
developing as painful non-suppurative and often 
self-limiting thyroiditis [1, 2]. It usually manifests 
with diffuse and tender goiter and non-specific 
symptoms of acute inflammation, such as fever, loss 
of appetite, fatigue [2]. Rarely, painless forms have 
been described [3]. The histopathological examina-
tion shows granulomatous inflammation with the 
presence of giant cells. In the course of SAT, thy-
roid function usually shows cyclic changes with a 
predictable course: thyrotoxicosis of destructive 
origin, followed by transient euthyroid and hypothy-

roid states and eventually – normalization of thyroid 
function and return to euthyroid state [2]. Transient 
positive antithyroid antibodies have been described 
in SAT, increasing at the onset of gland destruction 
and falling back to normal levels, probably as epi-
phenomenon of cell damage and degradation [1, 2]. 

SAT can affect all age groups, mainly middle-
aged and young adults, more often women (female 
: male ratio = 3-5 : 1) [4], and it can develop at the 
background of other immune-mediated thyroid or 
systemic diseases. The true incidence of SAT is 
unknown because it can be misdiagnosed for other 
conditions, such as upper respiratory tract infections, 
cervical lymphadenitis, bronchitis, etc. The aver-
age annual incidence is considered to be about 2.1 
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cases per 100 000 per year, higher females (females 
: males = 19.1 : 4.1 per 100 000 per year), and in 
middle aged persons, with the incidence decreasing 
in elderly [4].

The pathogenesis of SAT is unclear. It is sup-
posed to be caused by pathological immune response 
against the thyroid gland after viral infections (an-
tigen mimicry, cross-reactivity, implantation of vi-
ral antigens within the thyroid, etc.). The incidence 
shows marked seasonal changes (much higher in 
summer), and increase in epidemical areas with vi-
ral infections [2, 4]. The disease can develop at the 
background of other systemic or thyroid autoimmune 
diseases [4]. Significant increase in SAT incidence 
and prevalence has been observed since the onset of 
COVID-19 pandemic [1, 5, 6]. This is probably due 
to the possibility of direct invasion of thyreocytes by 
the coronavirus because thyroid follicular cells are 
known to express the ACE2 and the transmembrane 
serine protease 2 (TMPTSS2) – the two proteins that 
may be used by the virus to enter these cells [5]. Af-
ter COVID19 infection, many atypical cases of SAT 
have been described, with protracted course, pain-
less thyroiditis and sometimes with normal acute 
inflammatory markers (ESR and C-reactive protein) 
and therefore the term “atypical SAT” [7]. 

We describe a series of four patients with SAT 
developing after coronavirus infection. 

CASE PRESENTATIONS

For the period January 2021 – September 2022 
we observed five patients with SAT developing after 
COVID-19 infection. 

Four of our patients were female and one was 
male, mean age 37.8 ± 4.4 years. In all patients the 
symptoms appeared at least two weeks after proven 

(rapid antigenic test and/or RT-PCR) COVID-19 in-
fection. In all patients SAT manifested with tender-
ness and pain in the neck, in three with irradiation 
towards the ears, combined with tachycardia, sweat-
ing, irritability and insomnia. None of the patients 
had fever at the time of the diagnosis of SAT. Three 
patients had other underlying immune-mediated dis-
ease: one had IgA glomerulonephritis, one had sys-
temic lupus and one had Sjogren’s syndrome. 

All patients had increased CRP and/or ESR lev-
els. All patients had low TSH levels and three had 
mild increase in FT4 levels. Two patients had posi-
tive anti-TPO (aTPO, MAT) antibodies. 

In all patients the ultrasound investigation re-
vealed the typical image in SAT: mild increased or 
normal in size thyroid lobes with non-homogenic 
normoechogenic parenchymal structure and poorly 
defined hypoechogenic zones with decreased vascu-
larization in one or both lobes (Figure 1A). 

All patients were started on beta-blocker plus 
low-dose corticosteroids (prednisolone 0.5 mg/kg/
day) and in all fast improvement was observed with 
rapid resolution of pain and thyrotoxicosis symp-
toms and laboratory parameters. The control ultra-
sound investigation revealed decrease in hypoecho-
genic zones in thyroid parenchyma as a marker of 
decrease of necrotic areas (Figure 1B). 

The clinical and laboratory data of all patients 
are presented in Table 1. 

DISCUSSION

SAT is a relatively rare form of destructive thy-
roiditis, developing after infections (usually viral) 
as a result of antigen mimicry and/or direct invasion 
of the virus within the thyroid cells with subsequent 
anti-thyroid immune response aimed at deactivation 

Table 1. Clinical and laboratory data of five patients with SAT after coronavirus infection

N Gender Age (y) Underlying immune-
mediated diseases

ESR  
(mm/1 h.)

CRP  
(mg/l)

TSH  
(mIU/ml)

FT4  
(pmol/l)

aTPO  
(IU/ml)

TAT  
(IU/ml)

1 F 30 SLE 20 11 0.03 23.32 1 0

2 M 41 – 8 10.5 0.132 15.11 1.5 0.1

3 F 36 – 20 7.2 0.002 28.19 105.1 -

4 F 42 IgA nephropathy 31 10 0.275 13.63 1 0

5 F 68 Sjogren’s syndrome 74 21 0.001 20.1 11 0.2

ESR = erythrocyte sedimentation rate; CRP = C-reactive protein (normal levels < 6 mg/l); TSH = thyroid-stimulating hormone (normal 
levels 0.3 – 4.2 mIU/ml); FT4 = free T4 levels (normal levels below 22 pmol/l); aTPO = anti thyroid peroxidase antibodies (normal 
levels < 9 IU/ml); TAT = anti-thyroglobulin antibodies (normal levels < 4.11 IU/ml); SLE = systemic lupus erythematosus; IgA = im-
munoglobulin A 
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of the pathogen. It has been described after differ-
ent upper respiratory tract infections, including Cox-
sackie, mumps, measles, adenovirus, etc. [8] and has 
been shown to have strong genetic predisposition 
– association with HLA-B35 [9]. Positive thyroid 
antibodies have been described in SAT – transient 
and probably associated with the degradation of 
the tissue remnants after tissue destruction. COV-
ID-19-associated SAT is a newer form of SAT that 
shows some peculiar characteristics, including more 
protracted clinical course, sometimes painless and/
or without elevation of acute inflammatory markers. 
Therefore, the term “atypical thyroiditis” after CO-
VID-19 has been proposed [7]. The possible mech-
anisms of this conditions include antigen mimicry 
and direct immune response against the virus-invad-
ed thyreocytes, as these cells express both ACE2 and 
TMPTSS2 – both used by the virus to penetrate the 
cells [5]. In our patients the COVID-19 infection pre-
ceded the development of thyreotoxicosis symptoms 
by at least 2 weeks. All patients developed typical 
symptoms – neck pain, tachycardia, sweating, irrita-
bility and insomnia. In all patients the inflammatory 
markers were increased (ESR and/or CRP), and all 
had decrease in TSH levels, whereas only two had 
increased in FT4 levels. Positive thyroid antibodies 
were detected in only one patient – transient increase 
in aTPO antibodies. The ultrasound of the thyroid 
gland in all patients revealed the typical image of 
SAT [10] – non-homogenic normoechogenic paren-
chymal structure and poorly defined hypoechogenic 
zones with decreased vascularization in both lobes 
(figure 1A), that involved after corticosteroid treat-

ment (Figure 1B). In all patients, beta-blockers plus 
corticosteroids lead to complete resolution of pain 
and thyrotoxicosis symptoms and laboratory param-
eters within 6 to 8 weeks. 

The presented clinical cases reveal the typical 
laboratory and clinical characteristics of coronavi-
rus-associated SAT. Only in patient 3 we detected 
high positive anti-thyroid antibodies. The patient is 
still in follow-up and we are looking forward to ex-
amining them again on the next clinical visit. Most 
probably these antibodies are a marker of immune re-
sponse against the tissue and cellular remnants after 
the thyroid destruction. Yet, their dynamics will dif-
ferentiate between epiphenomenon of cellular dam-
age and the development of de novo Hashimoto’s 
thyroiditis. In patient 5 aTPO antibodies returned to 
normal values approximately 6 weeks after the ini-
tiation of corticosteroids, proving the hypothesis of 
being epiphenomenon of cell and tissue damage. 

In conclusion, we present a small case series 
of patients with post-COVID-19 subacute thyroid-
itis with typical clinical and laboratory course and 
good response to corticosteroids. Further studies are 
needed to elucidate the significance of anti-thyroid 
antibodies in such patients. 
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SCIENTIFIC REVIEW

SYSTEMIC ADVERSE EVENTS

The most common systemic adverse events as-
sociated with immunotherapy are described in (Table 
1) [1, 2]. Endocrinopathies are discussed separately.

BASIC PRINCIPLES OF IRAE CONTROL

The approach to control immune-related ad-
verse events (irAEs) is presented based on clinical 
experience, as no prospective studies have been 
conducted to guide their management. Most of the 

data came from patients with advanced melanoma 
who had been treated with Ipilimumab, Nivolumab 
or Pembrolizumab [3]. Watchful waiting is the ap-
proach of choice in cases of Grade I adverse events. 
Treatment of moderate (II) or severe (III) irAEs re-
quires a temporary interruption of the antitumor im-
munotherapy and administration of glucocorticoid 
based immunosuppression. In critical (IV) cases, the 
offending medication is definitively discontinued, 
high doses of glucocorticoid should be initiated and, 
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WITH IMMUNOTHERAPY
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Abstract. The fields of immunology and oncology have been linked since the late 19th century, 
when William Coley reported that injecting killed bacteria into a sarcoma caused the tumor to 
„shrink.“ Since then, exponential progress in understanding the intersection between immune 
surveillance and tumor growth has led to broad therapeutic advances that are now being studied 
in all types of malignant diseases. Currently, the newest approach to immunotherapy utilizes 
the so-called immune-checkpoint inhibitors (ICPi). These are monoclonal antibodies (MoAbs) 
targeting cytotoxic T-lymphocyte-associated antigen 4 (CTLA4) or the receptor for programmed 
death-1 (PD-1) and its ligand PD-L1. These immunomodulatory antibodies, have significantly 
improved the prognosis of patients with various advanced solid malignancies. Despite their im-
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are thought to arise from a general immunologically triggered autoimmune response, and tem-
porary immunosuppression can be an effective treatment in most cases. In this review, we will 
look at the most common irAEs and the different approaches for accurate diagnosis and proper 
management.
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in the absence of a good therapeutic response, an 
additional immunomodulator should be added: anti-
TNF-antibodies or another non-biological product 
[4] (Figure 1).

Patients who respond to glucocorticoid admin-
istration usually achieve satisfactory results within 
days. Steroid tapering should be very slow and care-

ful, over ≥ 6 weeks. Relapses during dose reduction 
have been reported. If symptoms persist or worsen, 
consider the addition of an anti-TNF therapy (IV In-
fliximab 5 mg/kg once). In cases of elevated trans-
aminases, biological agents are replaced with either 
Mycophenolate mofetil 500 mg/12 hours or Cyclo-
phosphamide.

Table 1. The most common systemic irAEs

Common irAEs Comments Recommendations for initial treatment

Fatigue
Exclude: thyroiditis, hypophysitis and other 
endocrine disorders, as well as primary adrenal 
insufficiency

• Treat potentially reversible conditions (e.g. Anemia)
• Measures targeting the specific symptomatology

Infusion reactions
Most are grade I in severity and include: exanthema, 
erythema and pruritus and/or with grade II fever, 
nausea, headache, and dyspnea

• Temporarily interrupt the infusion and provide appropri-
ate symptomatic control

Cytokine release syndrome
The patient is febrile ± tachypneic, tachycardic, hy-
potensive, hypoxic, or other clinical findings, soon 
after the administration of immunotherapy

• Supportive care alongside vital signs monitoring: oxy-
gen therapy, NSAIDs, hydration and other symptomatic 
management

Dermatological 
manifestations

The most common manifestation is inflammatory 
skin reactions, vasculitis, immunobullous or neutro-
philic dermatosis

• Topical therapy, antihistamines in case of pruritus and/or 
topical corticosteroid creams

Colitis Diarrhea ± abdominal cramps, tenesmi and/or rectal 
bleeding

• Treatment with antidiarrheals (e.g. Loperamide) until < 
4 stools per day

• Corticosteroids depending in cases of > grade II

Hepatotoxicity

• Grade I: АСАТ/АЛАТ < 100U/L
• Grade II: АSАТ/АLАТ = 100 – 200 U/L 
• Grade III: АSАТ/АLАТ = > 200U/L
• Grade IV: fulminant liver failure

• In Grade II, temporarily discontinue ICPi until transami-
nases normalize.

• In the absence of improvement or in grade III, Methyl-
prednisolone 1-2 mg/kg should be given.

• If there is no response, Mycophenolate mofetil 1000 mg 
x 3/day should be added

Pneumonitis

Often responds to discontinuation and symptomatic 
treatment – broad-spectrum antibiotics in parallel 
with immunosuppressive treatment for grade ≥ 3 
pneumonitis. Sadly, prospective clinical studies for 
the optimal treatment approach are lacking.

• In grades I & II, withhold ICPi temporarily, rule out 
infection and initiate PO Prednisone 1–2 mg/kg

• In grade III & IV, discontinue ICPi, hospitalize the 
patient and administer IV Methylprednisolone 2-4 mg/kg

Figure 1. Degrees of irAE severity and common theraputic approaches
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Therapeutic behavior depends on the severity 
of the developed adverse reaction. In colitis and 
skin lesions involving a large surface area, hemo-
dynamic control and good hydration are strongly 
recommended.

Several studies have demonstrated that patients 
who required glucocorticoids or other immunosup-
pressants, the efficacy of the immune checkpoint 
inhibitor was not affected [5, 6]. A metanalysis 
confirmed the association between steroid use and 
overall patient survival (OS), with the main negative 
effect on OS was associated with patients taking ste-
roids for supportive care. In contrast, steroids used to 
mitigate adverse events did not negatively affect OS 
[7]. Therefore, when symptoms subside to grade I or 
lower, glucocorticoids should be gradually reduced 
and eventually discontinued.

ENDOCRINOPATHIES

The most common endocrinopathies resulting 
from immune-checkpoint inhibitor (ICPi) treat-
ment include: hypothyroidism, hyperthyroidism, 
hypophysitis and adrenalitis (Figure 2). Their man-
ifestation is non-specific which includes symptoms 
such as: nausea, headache, fatigue and changes in 
vision. The overall incidence of clinically signifi-
cant endocrinopathies is ~10% with this type of 
therapy [8]. In mild-moderate cases a watchful-
waiting approach is usually sufficient, but an at-
tempt to correct the relevant hormonal deficiency 
during the course of antitumor treatment is also 
acceptable. For severe manifestations (> grade II), 
a consultation with an endocrinologist is strongly 
recommended.

Figure 2. Algorithm for diagnosis and initial management of common ICPi induced endocrinopathies
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INFECTIONS DURING I 
MMUNOSUPPRESSIVE THERAPY

The incidence of opportunistic infections in pa-
tients with irAE has shown to be low in observation-
al studies: 2-7% [9]. In patients without underlying 
pulmonary disease or on chemotherapy, receiving 
glucocorticoids for less than six weeks to control 
moderate irAEs, antibiotic prophylaxis is not rec-
ommended. For longer-term immunosuppression, 
the decision for initiating antimicrobial prophylaxis 
should be individualized [10]. 

BIOMARKERS PREDICTING  
THE DEVELOPMENT OF IRAE

Immunological biomarkers are being studied as 
predictive indicators for the potential development 
of irAE and as a way to identify complications of 
immunotherapy early. Potential markers include: 
interleukin 17 (IL-17), presence of eosinophilia and 
composite toxicity scores based on gene expression 
profiling of immunologically predictive cytokines 
[11, 12]. Currently, the optimal predictive biomarker 
remains to be defined.

CONCLUSION

The exponentially expanding treatment op-
tions using ICPi and their clinical application, has 
made it imperative that clinicians administering 
such therapies be aware of the various manifesta-
tions of irAEs, which are distinct from acute in-
fusion or allergic reactions observed in standard 
cytotoxic chemotherapy. Understanding the simi-
larities and key differences in irAE management, 
will facilitate the development and implementa-
tion of a practice-specific and evidence based 
irAE management plan.

REFERENCES
1. Thompson JA, Schneider BJ, Brahmer J, et al. Man-

agement of Immunotherapy-Related Toxicities, Version 
1.2022, NCCN Clinical Practice Guidelines in Oncology. 
JNCCN. 2022 Apr;20(4):387-405. 

2. Haanen J, Carbonnel F, Robert C, et al. Management 
of toxicities from immunotherapy: ESMO Clinical Practice 
Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2017 Jul 1;28(suppl_4):iv119-iv42. PubMed PMID: 28881921.

3. Wang DY, Salem JE, Cohen JV, et al. Fatal Toxic Ef-
fects Associated With Immune Checkpoint Inhibitors: A Sys-
tematic Review and Meta-analysis. JAMA oncology. 2018 
Dec 1;4(12):1721-8. 

4. Puzanov I, Diab A, Abdallah K, et al. Managing tox-
icities associated with immune checkpoint inhibitors: con-
sensus recommendations from the Society for Immunothera-
py of Cancer (SITC) Toxicity Management Working Group. 
J Immunother Cancer. 2017;5(1):95. 

5. Weber JS, Hodi FS, Wolchok JD, et al. Safety Pro-
file of Nivolumab Monotherapy: A Pooled Analysis of 
Patients With Advanced Melanoma. J Clin Oncol. 2017 
Mar;35(7):785-92. 

6. Horvat TZ, Adel NG, Dang TO, et al. Immune-Related 
Adverse Events, Need for Systemic Immunosuppression, and Ef-
fects on Survival and Time to Treatment Failure in Patients With 
Melanoma Treated With Ipilimumab at Memorial Sloan Ketter-
ing Cancer Center. J Clinical oncol. 2015 Oct 1;33(28):3193-8. 

7. Petrelli F, Signorelli D, Ghidini M, et al. Associa-
tion of Steroids use with Survival in Patients Treated with 
Immune Checkpoint Inhibitors: A Systematic Review and 
Meta-Analysis. Cancers. 2020 Feb 27;12(3). 

8. Barroso-Sousa R, Barry WT, Garrido-Castro AC, et 
al. Incidence of Endocrine Dysfunction Following the Use 
of Different Immune Checkpoint Inhibitor Regimens: A Sys-
tematic Review and Meta-analysis. JAMA oncology. 2018 
Feb 1;4(2):173-82.

9. Kyi C, Hellmann MD, Wolchok JD, et al. Opportu-
nistic infections in patients treated with immunotherapy for 
cancer. J Immunother Cancer. 2014;2:19. 

10. Del Castillo M, Romero FA, Argüello E, et al. The 
Spectrum of Serious Infections Among Patients Receiving 
Immune Checkpoint Blockade for the Treatment of Mela-
noma. Clin Infect Dis. 2016 Dec 1;63(11):1490-3. 

11. Tarhini AA, Zahoor H, Lin Y, et al. Baseline circulat-
ing IL-17 predicts toxicity while TGF-beta1 and IL-10 are 
prognostic of relapse in ipilimumab neoadjuvant therapy of 
melanoma. J Immunother Cancer. 2015;3:39. 

12. Lim SY, Lee JH, Gide TN, et al. Circulating Cyto-
kines Predict Immune-Related Toxicity in Melanoma Pa-
tients Receiving Anti-PD-1-Based Immunotherapy. Clin 
Cancer Research. 2019 Mar 1;25(5):1557-63.



34 Bulgarian Journal of Clinical Immunology, 2022,15(1)

NATIONAL CONFERENCE ON IMMUNOLOGY – SOFIA, DECEMBER 17, 2021 

ABSTRACTS

ARE THE SERONEGATIVE AUTOIMMUNE DISEASES RARE
M. Baleva 

Medical Center “Alexandrovska” – Sofia

Background: The antibodies to different antigens are some of the most important criteria for 
the diagnosis of autoimmune diseases. They are also part of both determinаtion of the activity 
of the immune process and of the effect of the treatment. There are patients in which, despite the 
presence of criteria specific for the autoimmune disease, the serum autoantibodies are negative. 
These cases are include in the group of so called “seronegative autoimmune diseases” – for ex-
ample – seronegative rheumatoid arthritis (SN-RA), seronegative lupus (SN-SLE), seronegative 
antiphospholipid syndrome (SN-APS), etc.
Aim: To discuss data for the frequency and the reasons of “seronegativity” in some autoimmune 
diseases – systemic lupus erythematosus, rheumatoid arthritis, antiphospholipid syndrome, pub-
lished in the literature.
Results: SN-RA – 30% if RF is determined by agglutination methods and 5% if RF is deter-
mined by ELISA methods; SN-SLE – 5% ANA negative by indirect immunofluorescent meth-
ods; SN-APS – there is no consensus on this problem.
Discussion: The frequency of autoantibodies in autoimmune disorders is different and largely 
depends on the sensitivity of the research test, stage of the disease and the applied treatment. 
Reasons for negative autoantibodies in SN-SLE, SN-RA and SN-APS are different: 1.the anti-
bodies not actually present in the serum, 2. the research method has low sensitivity, 3. inappro-
priate serum dilution, 4. prozone effect, 5. low immunoglobulin levels due to massive protein-
uria, 6. antibodies are include in immune complexes or are deposited in tissues. 
Conclusions: Seronegative SLE, RA, APS are rare. Their diagnosis is difficult because: they 
have no significant clinical differences with seropositive autoimmune diseases; autoantibodies 
may be absent early in the disease onset but become positive later.  Оn the other hand, antibodies 
may be directed against a currently unknown antigen. Another problem is that it is difficult to 
choose an appropriate therapy in seronegative patients with SLE, RA and APS.

ТRANSFORMATION OF UMBILICAL MESENCHYMAL STEM CELLS BY IFNΓ
K. Belemezova1,2, I. Bochev3, E. Ivanova-Todorova1, D. Kyurkchiev1

1Laboratory of Clinical Immunology, University Hospital “Sv. Ivan Rilski”,  
Department of Clinical Immunology, Medical Faculty, Medical University – Sofia, Bulgaria 

2Ob/Gyn Hospital “Dr Shterev” – Sofia, Bulgaria  
3Department of Molecular Immunology, Institute of Biology and Immunology of Reproduction, Bulgarian 

Academy of Sciences – Sofia, Bulgaria, 

Aims: Mesenchymal stem cells (MSC) inhabit almost all tissues, reside mostly close to blood 
vessels, have the capacity for self-renewal, and the potential for differentiation. Their unique 
nature is completed by their immunomodulatory functions. Since an inflammatory environment 
prevails during any tissue injury and precedes the immunosuppressive abilities of MSC, it would 
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be of great value to gain a better understanding of whether and how MSC transform themselves 
and react to the process of inflammation. The aim of the study was tо understand and explore the 
basic characteristics and behavior of MSC primed with IFNγ.
Methods: Human MSC from the umbilical cord were isolated and expanded. Cells were treated 
with IFNγ. Primed cells were analyzed to define their ability to form colonies, their morphology 
andosteogenic and adipogenic differentiation. FACS analysis was performed for the expression 
of HLA-I and PD-L1. 
Results: MSC treated with IFNγ changed their typical fibroblast-like morphology, turning into 
more round-shaped cells. IFNγ upregulated the surface cell density expression of HLA-I and 
PD-1L. Under the influence of IFNγ cells had higher numbers of colony-forming unit-fibro-
blasts.The primed MSC couldn’t undergo osteogenic and adipogenic differentiation. 
Conclusion: This study demonstrated that IFNγ highly affected MSC, changing their morpholo-
gy, capacity for self-renewal, surface expressed markers, and differentiation potential. In conclu-
sion, the properties and immune behavior of MSC can be influenced not only by the neighboring 
cells but also by other factors like systemic or local inflammation.

POST-VACCINAL HUMORAL AND CELLULAR IMMUNE RESPONSE AGAINST 
SARS-COV-2

M. Bozhkova2,3,4, I. Ivanova1, A. Mihova1, A. Kukov1, Ts. Velikova1, I. Altankova1, Y. Kalchev2,3,4,  
H. Taskov2,3,4, M. Murdzheva2,3,4

1Laboratory of Clinical Immunology, University Hospital Lozenets, MF, SU “Sv. Kliment Ohridski” – Sofia, Bulgaria 
 2Department of Microbiology and Immunology, Medical University – Plovdiv, Bulgaria 

3Research Institute, Medical University – Plovdiv Bulgaria 
4University Hospital "Sv. Georgi" – Plovdiv, Bulgaria

Objective: Study of humoral and cellular immunity in individuals vaccinated with mRNA vaccine.
Materials and methods: The study included 35 subjects vaccinated with Comirnaty 
(BNT162b2, BioNTech, Pfizer) and divided into two groups: tested at 3rdand 6th month 
after the second dose of the vaccine. Serum IgG antibodies against S1 RBD (VIDAS® 
SARS-CoV-2 equated to BAU/ml), virus-neutralizing antibodies (VNA) (cPass SARS-
CoV-2 sVNT, GenScript) and Spike-specific peptides(Ag1 and Ag2) were detected in all 
participants. T-cell response was measured by the secreted INFγ (QuantiFERON® SARS-
CoV-2, QIAGEN).
Results: On the 3rd month after vaccination, the presence of specific IgG and VNA was found 
in 100% of subjects, while on the 6th month the incidence was 92%. Their quantitative analy-
sis showed that on the 3rd month the levels of specific IgG were significantly higher compared 
to these on 6th month (453.36 ± 146.38 BAU/ml vs 226.68 ± 141.31 BAU/ml, p < 0,05). Func-
tional VNA followed the same trend (91 ± 11% 3 movs 78 ± 16% at 6 mo, p < 0.05). Specific 
T-cell immunity was detected in 78% of subjects at the 3rd and 81% at the 6th month. The 
amounts of specifically secreted INFγ in the 3rd month were: for Ag1, specific for induction 
of CD4+ T-cells – 0.46 ± 0.2 IU/ml and for Ag2, specific for stimulation both of CD4+ and 
CD8+ T-cells – 0.85 ± 0.5 IU/ml. At the 6th month, we observed a tendency to a decrease of 
INFγ secretion (Ag1 – 0.18 ± 0.15 IU/ml and Ag2 – 0.55 ± 0.55 IU/ml), despite the higher 
frequency of cellular immunity. A moderate correlation was established between the specific 
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antiviral humoral and T-cell immune response at 3 months post-vaccination (r = 0.41), while 
at 6th month such correlation was not found.
Conclusion: The results demonstrate that over 90% of individuals who received mRNA vaccine 
develop specific humoral and/or cellular immunity, which slightly decreases at the 6th month.

EFFECTS OF SARS-COV-2 VACCINES IN THE SETTINGS OFCHRONIC  
HIV INFECTION

R. Emilova1, Ya. Todorova1, R. Grozseva2, N. Kjuchukova2, N. Yancheva2, I. Alexiev3, E. Dragusheva4,  
R. Argirova5, M. Nikolova1

1NRL of Immunology, National Center of Infectious and Parasitic Diseases – Sofia,Bulgaria 
2Specialized Hospital for Active Treatment of Infectious and Parasitic Diseases – Sofia, Bulgaria 

3NRCL of HIV, National Center of Infectious and Parasitic Diseases – Sofia, Bulgaria 
4Infectious Diseases Clinic, Military Medical Academy – Sofia, Bulgaria 

5Clinical Laboratory, Acibadem Cityclinic Tokuda Hospital – Sofia, Bulgaria

Introduction: Vaccines against SARS-CoV-2 are the only means to prevent the complications 
and unfavorable outcome of COVID-19, and to cope with pandemic. Chronic HIV infection 
requires urgent immunization. However, data about post-vaccinal immune response, and the 
possible effects of vaccines on immune recovery of HIV+ART+ patients is still insufficient.
Aim: to characterize the humoral and cellular SARS-CoV-2-specific immune responses, as well 
as the changes in cytokine background and the basic monitoring parameters in HIV+ART+ pa-
tients after completed immunization with mRNA or vector vaccine.
Material and methods. Peripheral blood samples from cART+HIV+men (n = 85), aged 42 
(range 30–65) years, 80 (17–161) days after completed immunization against SARS-CoV-2 were 
compared to cART+HIV+ men, n = 34, aged 40 (25–68), 37 (14–73) days after mild/moderate 
SARS-CoC-2 infection. The following variables were measured: quantity of IFN-γ secreted 
after 16h in vitro stimulation with S-antigen peptides (QuantiFERON SARS-CoV-2, Quiagen), 
level of SARS-CoV-2-virus neutralizing (cPass SARS-CoV-2 Neutralization Antibody Detec-
tion Kit/GenScript), and RBD-binding antibodies (Euroimune), ex vivo cytokine profile (IFNγ, 
TNFα,IL-12p70, IL-13, IL-1α, IL-1β,IL-5, IL-6, IL-18, IL-10, IL-17A, IL-21, IL-22, IL-23, 
IL-15, IL-1RA, IL-7) (ProcartaPlex, Luminexx MAP, Thermo Fischer Scientific). HIV viriloid 
(VL), CD4 Tabsolute count (CD4AC) and CD4/CD8 ratio before and after the vaccination were 
tested in the course of routine monitoring at the specialized HIV/AIDS ward.
Results: SARS-CoV-2 specific IFNγ+ Т (Ag-Nil > 0.15) were detected in 67% of tested (10/15), 
in inverse correlation with time from vaccination (R= -0.8, p < 0.01). VNA was present in 92% 
of tested (35/38), mean level l88,6 (range 58-97)% as compared to 59 (32–95)% after conva-
lescence (p < 0.05), in correlation with the presence of IFNγ+Т-cells. Immunization induced 
significantly higher levels (pg/ml) of IFNγ (19 vs 4.6), TNFα (19 vs. 2.9), IL-18 (82 vs. 18) and 
IL-1RA (7690 vs 839), p < 0.001, but not of IL-6, while residual HIVVL was associated with 
increased IFNγ (5,1 vs.2,8, p < 0.05), and IL-10 (0.95 vs 0.22, p < 0.001). CD4AC and CD4/
CD8 did not change significantly after vaccination.
Conclusion: HIV+ART+patients respond adequately to a moderate SARS-CoV-2 challenge, 
without adverse effects on immune restoration and residual immune activation. Immunisation is 
preferable for the induction of robust immune response, especially in case of residual HIVVL.

Acknowledgments: The study is supported by the European Fund for regional development through Operational Pro-
gram Science and Education for Smart Growth, Grant BG05M2OP001-1.002-0001-C04
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PREANALYTICAL AND ANALYTICAL FACTORS INFLUENCING  
THE MOLECULAR DIAGNOSIS OF SARS-COV-2 INFECTION

A. Georgieva1, S. Mihailova2, E. Shikova-Lekova3, N. Ivanov1, B. Al Hadra3, E. Naumova3

1Clinic of Clinical Immunology with Stem Cell Bank, University Hospital "Alexandrovska" – Sofia, Bulgaria 
2Department of Clinical Immunology, Faculty of Medicine, Medical University – Sofia, Bulgaria  

3Central Laboratory of Microbiology, University Hospital "Alexandrovska" – Sofia, Bulgaria

Introduction: Currently, different methods and specimens are used for the diagnosis of SARS-
CoV-2 infection.
Aim: To investigate the pre-analytical (sampling, material type, dynamics of the disease pro-
cess) and analytical factors affecting the diagnosis of SARS-CoV-2.
Materials and methods: Different biological samples from patients suspected to have CO-
VID-19 (n = 130) were investigated at different stages of the disease progression. Two methods 
were used: Real Time-PCR (Osang, Gene Finder COVID-19) and LAMP-PCR (Easy Cov Sali-
vary Rapid Molecular, SkillCell France and LAMP SARS-CoV-2 LaCar Belgium). 
Results: At the onset of disease symptoms, a high viral load was detected. That was followed by 
an increase in the viral load with a peak value around day 5 (Ct16 ± 3) and its gradual decrease 
within 10-30 days depending on the severity of the disease and the applied treatment. At the 
early stages of the infection, the virus was detected in all the nasopharyngeal (NPHS), oropha-
ryngeal swabs (OPHS), and saliva. After fourteen days the virus was detected in 100% of the 
NPHS, 20% of the OPHS, and 0% in saliva. The virus was detected postmortem in lung, small 
intestine and heart biopsies, and NPHS. In hospitalized patients with severe illness, viral nucleic 
acid was found simultaneously in NPHS, tracheal aspirate and/or bronchoalveolar lavage. Sus-
picious results were reported in 18% of the tested samples. Most likely, 1.4% of them were due 
to incorrect sampling. The sensitivity of RT-PCR (99%) is higher compared to LAMP-PCR 
(40%), which detects the virus only at high viral loads.
Conclusion: Testing of the nasopharyngeal swab is a gold standard for diagnosis and monitoring 
of the clinical course of patients with SARS-CoV-2 infection regardless of organ involvement. 
The sampling technique is not critical for a reliable result. Molecular technologies other than 
RT-PCR are recommended to be used as screening methods only in the first days of infection.

Acknowledgments: This study was supported by a grant from the National Science Fund, Ministry of education and 
science of Bulgaria(KP-06-DK1/13/29.03.2021).

APPLICATION OF TREC/KREC TECHNOLOGY FOR DETECTION OF T-  
AND B-CELL LYMPHOPENIA IN IMMUNOCOMPROMISED INDIVIDUALS
S. Kandilarova1,2, V. Atanasova1, M. Marinova1, A. Georgieva1, S. Lesichkova1,2, E. Naumova1,2 

1Clinic of Clinical Immunology with Stem Cell Bank, University Hospital "Alexandrovska" – Sofia, Bulgaria 
2Department of Clinical Immunology, Faculty of Medicine, Medical University – Sofia, Bulgaria

Introduction: The measurement of T-cell recombination excision circles (TREKs) and kappa-
deletion recombinant excision circles (KRECs) is routinely used as a screening method for the 
detection of severe primary immune deficiencies at birth. These molecular analytes are indirect 
markers of the amount of newly formed T- and B-cells. Outside of neonatal screening, TREC/
KREC measurement is not commonly used in clinical practice, where it relies mainly on immu-
nophenotyping by flow fluocytometry. The present study aims to evaluate the correspondence 
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and correlation of TREC/KREK with lymphocyte subpopulations measured by flow fluocytom-
etry and to evaluate the independent predictive value of these markers for the detection of T- and 
B-cell lymphopenia.
Materials and methods: 95 patients (39.4% women, 60.6% men, mean age 20.2 years) with im-
mune response disorders, incl. secondary were evaluated. TREC/KREC testing was performed 
by EnLite™ Neonatal TREC/KREC kit. For immunophenotyping, standard panel monoclonal 
antibody labeling and analysis using FACS Canto II, FACSDiva v6.2 were applied. Statistical 
methods included the Shapiro-Wilk test and the Spearmen coefficient, as well as the determina-
tion of the area under the ROC curve (AUC). All calculations were made using SPSS software 
package version 16.0.
Results: The statistically most significant correlation was observed between the levels of TREC 
and the absolute number of CD4+ (r = 0.634; p < 0.01) and CD3+ (r = 0.536; p < 0.01) lym-
phocytes, TREC and CD19+ (r = 0.519; p < 0.01) as well as KREC levels with the number (r = 
0.497; p < 0.01) and percentage (r = 0.416; p < 0.01) of CD19+ cells (Table 1).

Table 1. Correlation between TREC/KREC and lymphocyte subpopulations.

** the correlation is significant at a value of 0.01;* the correlation is significant at 0.05

These data are also confirmed by AUC analysis. The best predictive capacity for T-cell lymphopenia 
was demonstrated by TREC in terms of absolute values of total CD3+ cells [AUC of 0.805 (95% CI 
0.71–0.90)] and especially of CD4+ subpopulation [0.847 (95% CI 0), 77–0.93)]. Low KREC levels 
showed a moderately good potential for predicting a decrease in the absolute number [AUC of 0.772 
(95% CI 0.65–0.89)] and the percentage [AUC of 0.731 (95% CI 0.59–0.87)] of CD19+ cells.
Conclusion: Although flow cytometry remains the gold standard for evaluation of T- and B-cell 
abnormalities, rapid and inexpensive technology, in the form of TREC/KREC analysis, is a reli-
able and alternative approach to screen for underlying immune deficiency.
The project was supported by National Research Fund, contract No: KP-06-N 33/14, 2019y.

ASPECTS OF INTESTINAL MICROBIOTA IN PATIENTS AFTER LIVER  
TRANSPLANTATION

A. Kukov, A. Syarov, M. Peruhova, N. Jurukova, G. Panaiotova, M. Sekulovska, A. Goncharov,  
B. Georgieva, A. Mihova, I. Ivanova, Ts. Velikova, G. Jelezova, R. Vajarova, A. Stancheva, 

I. Altankova, J. Uzunova

University Hospital “Lozenets”, Medical Faculty, Sofia University „Sv. Kliment Ohridski” – Sofia, Bulgaria

Introduction: Scientific studies have shown that the intestinal microbiota can modulate certain 
systemic metabolic and immune responses, including liver graft function and the development 
of complications in patients after liver transplantation (LT). Akkermansia muciniphila (AKM) 
and Faecalibacterium prausnitzii (FAEP) are two of the most abundantgut commensal bacteria, 
with mucosa-protective and anti-inflammatory effects which are important for maintaining nor-
mal intestinal homeostasis and gut barrier function.
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The aim of the study was to quantify levels ofAkkermansia muciniphila and Faecalibacterium 
prausnitzii in immunosuppressed patients after LT, in order to enrich the knowledge about their 
role in the post-transplant period.
Material and methods: Fecal samples from 23 liver transplant patients (15 adults and 8 chil-
dren) and 9 non-LT controls were examined. Bacterial DNA was isolated from the samples using 
the stool DNA isolation kit and the obtained DNA was analyzed with commercially available 
qPCR kit for AKM and FAEP.
Results: In patients with LT, we found a statistically significant decrease in the amount of AKM 
and FAEP compared to the control group. For AKM the median was 8.75 for patients and 10.25 
for the control group (p = 0.030), and for FAEP 9.72 and 10.47, p = 0.003, respectively. In 
children after LT, this difference was also statistically significant: AKM (p = 0.051) and FAEP 
(p = 0.014). In adults, the difference between patients and controls was insignificant AKM (p = 
0.283) and FAEP (p = 0.056).
Conclusion: In this pilot study, we found significant imbalances in the two bacteria studied. Our 
results are in agreementwith data from literature and are the basis for ongoing in-depth studies 
of intestinal microbiota and mucosal function in patients after LT.
Acknowledgments: This work was funded by the Sofia University “Sv. Kliment Ohridski”, projects; grant: 80-10-
127/26.03.2021. 

DYNAMICS IN POST-VACCINE ANTIBODY IMMUNE RESPONSE  
TO POLYSACCHARIDE ANTIGENS 

S. Lesichkova1,2, S. Mihailova1,2, P. Yankova1,2, A. Mihaylova1, E. Naumova1

1Clinical Immunology and Stem Cell Bank Unit, University Hospital Alexandrovska – Sofia, Bulgaria 
2Department of Clinical Immunology, Faculty of Medicine, Medical University – Sofia, Bulgaria

Globally, invasive pneumococcal diseases (otitis, pneumonia, meningitis, sepsis) cause 
more than 800,000 deaths annually in children under 5 years of age. The development of 
pneumococcal vaccines began in 1911, with the last vaccines relying on capsular polysac-
charide antigens to elicit a serotype-specific immune response. The development of new 
methods has made it possible to assess the growing number of vaccine-related immune 
parameters and has raised new questions regarding the definition of optimal markers for 
evaluation and their relationship to vaccine-induced protection. The aim of this study is to 
assesT-independent response to polysaccharides (S. pneumoniae and H. influenzae) anti-
gens inage-stratified groups from the Bulgarian population and to correlate with immuniza-
tion status, and clinical symptoms. The study included 210 individuals, divided into five age 
groups: 0-3 years, 4-5 years, 6-11 years, 12-16 years, 17-50 years, based on the vaccines 
received according the Immunisation Program Scheduleof the Republic of Bulgaria. Vac-
cine response was determined by measuring the concentrations of specific IgG and IgG2 
antibodies using commercial ELISA kits. The results show age dynamics in the protective 
titers of specific antibodies to polysaccharide antigens. In small age groups there is a lower 
protective titer to encapsulated pneumococcal polysaccharide antigens of IgG and IgG2 
subtype. The response to polysaccharide antigens increases with age, especially that of the 
IgG2 subclass. In adults, the response to pneumococcal antigens increases, probably due 
to the natural immune response to serotypes in the environment. Analyzing the anamnestic 
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data on the frequency of infections and other complaints, it was found that in young age 
groups the percentage of insufficiently protected for both antigens is higher among frequent-
ly ill individuals. In conclusion, our data provide information on the level of immunity to 
polysaccharide antigens among vaccinated individuals in Bulgaria and allows for the iden-
tification of persons suspected of having an immune deficiency. Additional investigations 
are needed in order to provide reliable recommendations for the national vaccine program 
and personalized vaccinations.
Аcknowledgement: This study was supported by a grant D-99/23.04.2019 from the Medical University, Sofia.

MILD COURSE OF COVID-19 INFECTION IN A PATIENT WITH CHRONIC  
GRANULOMATOUS DISEASE

S. Lesichkova1,2, S. Kandilarova1,2, V. Milenova1, E. Naumova1,2

1Clinic of Clinical Immunology, University Hospital "Alexandrovska" – Sofia, Bulgaria 
2Department of Clinical Immunology, Faculty of Medicine, MU – Sofia, Bulgaria

Introduction: Chronic granulomatous disease (CGD) is a rare primary immune deficiency that 
is classified to the Inborn errors of immunity. There are limited studies on the course of SARS 
Cov-2 infection in patients with primary immune deficiency. Isolated reports of patients with 
CGD indicate that most patients have recovered well with COVID-19 disease.
The purpose of this report is to present a clinical case of a patient with a primary immune defi-
ciency in which the neutrophil defect and reduced production of oxidative radicals are likely to 
have affected the course of the disease.
Description of the patient: We present a twenty-four year old man with proven X-linked CGD, 
whose clinical manifestation began in the neonatal period with pyoderma, perianal fissures, 
chronic diarrhea and failure to thrive. In the course of the disease, typical inflammatory and 
granulomatous complications such as osteomyelitis, epididymitis, fungal pneumonia, pulmo-
nary fibrotic changes, hepatosplenomegaly and portal hypertension occured. The patient under-
went immunomodulatory therapy with Interferon gamma 1b (Immukin), long-term alternating 
antibiotic prophylaxis with Trimethoprim/sulfamethoxazole and periodic courses with Itracon-
azole with good therapeutic response.
A mild form of COVID-19 infection detected by a positive PCR test was registered in the pa-
tient. Clinical symptoms included fever up to 38.50 C, sore throat, and dry cough for 7 days. 
Laboratory and imaging tests were normal. Outpatient treatment with good clinical effect was 
performed.
Conclusion: We present a patient with primary immune deficiency associated with impaired 
neutrophil activity. We assume that the regular treatment with interferon gamma has contributed 
to the mild course of COVID-19 infection.
The impaired neutrophil activity characteristic of CGD is more likely to protect against the so-
called cytokine storm and subsequent tissue damage observed in severe COVID-19. Conclusion: 
It could be hypothesized that impaired neutrophil activity, as a milestone in the pathogenesis of 
CGD, is more likely to protect against the so-called cytokine storm and subsequent tissue dam-
age observed in severe COVID-19.
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ANTI-FACTOR H AUTOANTIBODIES IN PATIENTS WITH LUPUS NEPHRITIS
G. Mihaylova1, V. Vasilev2, M. Kosturkova3, L. Roumenina4, M. Radanova1

1Department of Biochemistry, Molecular Medicine and Nutrigenomics, Medical University – Varna, Bulgaria 
2Clinic of Nephrology, University Hospital “Tzaritza Yoanna – ISUL”, Medical – Sofia, Bulgaria 

3Department of Propaedeutics of Internal Diseases, Medical University of Varna, Varna, Bulgaria 
4Centre de Recherche des Cordeliers, INSERM, Sorbonne Université, Université de Paris,  
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Aim: Pathologically relevant autoantibodies against complement components are found in lupus 
nephritis (LN). Autoantibodies against negative complement regulator Factor H (FH) are com-
mon in aHUS patients, where they associate with deletion of CFHR1 (Complement Factor H Re-
lated 1) gene and have overt functional consequences. Currently, there are data for a protective 
role of anti-FH autoantibodies in LN, but their frequency and relevance are still poorly studied. 
The aim of our study was to screen for anti-FH autoantibodies and CFHR1 deletion in LN co-
hort and to evaluate their association with several markers of LN activity. 
Materials and methods: 60 SLE patients with biopsy-proven LN and 26 healthy volunteers 
were screened with ELISA for autoantibodies against complement components – FH, properdin, 
C1q and C3. CFHR1 deletion was detected by Western blot. Statistical evaluation of association 
between anti-FH antibodies and clinicopathological markers of LN activity was carried out.
Results: Anti-FH were found at low level in a small number of LN patients – 11.7% (7/60) and 
were not associated with CFHR1 deletion. Anti-FH levels had statistically significant moderate 
correlations with ANA, anti-dsDNA, anti-C3 levels and the presence of active urinary sediment. 
Elevated anti-FH levels were significantly related to the presence of endocapillary proliferation 
and with histology activity index. 
Conclusion: Our findings suggest that anti-FH autoantibodies are present in LN and correlate with the 
histological and immunological activity. Although, due to their low frequency and low plasma levels, 
they do not seem to be a relevant biomarker for routine laboratory investigation in patients with LN.

THE FANTASTIC VICTORIES OF MODERN IMMUNO-ONCOLOGY
Zh. Mihaylova, D. Petkova, V. Petrova, A. Garev, U. Panova, N. Dobrev, M. Beljakov, N. Petkova

Medical Oncology Department, MBAL, Military Medical Academy – Sofia, Bulgaria

In recent years, the entry into clinical practice of check-point inhibitors – nivolumab, pembroli-
zumab, atezolizumab have changed the prognosis of patients with metastatic lung cancer as a first 
or second line of treatment as monotherapy or in combination with chemotherapy. Durvalumab 
as maintenance treatment after induction chemotherapy resulted in a significant five-year survival 
in patients with locally advanced non-small cell lung cancer.The use of nivolumab and pembroli-
zumab in patients with metastatic malignant melanoma, as first or second line treatment resulted 
in increased survival in these patients. The combination of atezolizumab and bevacizumab is now 
standard first-line treatment in patients with metastatic hepatocellular carcinoma.Immunotherapy 
has entered the second line in the treatment of patients with metastatic urothelial carcinoma.
There are indications, but not yet established in clinical practice, for the use of immunotherapy 
in all patients with metastatic malignancies who have microsatellite instability, and data from 
clinical trials are most convincing for patients with metastatic colorectal cancer.There is an in-
dication for the use of immune inhibitors at the entrance, still not used in clinical practice and in 
patients with triple-negative breast cancer.
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Currently, the only predictive factor to some extent is the expression of PD-L1 (programmed cell 
death ligand 1), as assessed by immunohistochemistry.
We share our experience with clinical cases of immunotherapy in patients with metastatic non-
small cell lung cancer and metastatic malignant melanoma.

TH17 AND T REGULATORY LYMPHOCYTIC SUBPOPULATIONS IN PATIENTS 
AFTER LIVER TRANSPLANTATION

A. Mihova, M. Peruhova, A. Kukov, N. Yurukova, I. Ivanova, Ts. Velikova, A. Stancheva, I. Altankova

University Hospital „Lozenets“, Medical Faculty, Sofia University “Sv. Kliment Ohridski” – Sofia, Bulgaria

The liver has unique mechanisms of immune tolerance which extend to liver transplantation 
(LT), while being capable of an effective immune response against pathogens. Determination of 
T-helper populations Th17 (pro-inflammatory) and Treg (tolerogenic) is key to characterizing 
the immunological balance.
The aim of the study was to analyze the Th17 and Treg subpopulations in the posttransplant 
period in patients with LT and immunosuppressive therapy, as well as their ratio as a possible 
additional marker for characterizing the immune status of patients.
Materials and methods: 16 patients in different periods after LT (2 to 17 years) and 10 healthy 
individuals without LT were studied. Peripheral blood samples were examined by direct labeling 
with appropriate monoclonal antibodies for the subpopulations phenotypes: Th17 (CD3 + CD4 
+ CD183-CD194 + CD196 + CCR10-) and Treg (CD4 + CD25 + highCD127- / low) according 
to the SOP of EuroFlow and flow cytometric analysis with BD Canto II and Diva 6.1 software.
Results: Patients with LT showed higher mean values of Th17 (7.19 ± 2.8%) (3.55 ± 1.09%) and 
a decrease in Treg cells compared to controls – 5.14 ± 2.22% in patient versus 7.82 ± 1.60% in 
controls, p < 0,05. The Treg/Th17 ratio in healthy people was on average 2.31, while in patients 
it was significantly lower – 0.73 (p < 0,05). No significant correlations were found with the stud-
ied clinical and other laboratory data probably due to the small number of subjects.
Conclusion: This pilot study showed both reduced immune tolerance and increased activation 
of the immune system in patients with LT compared to healthy controls. Because the immune 
balance in our transplanted patients is a complex interaction between a tolerogenic liver, a im-
mune response against liver graft and immunosuppressive therapy, additional studies are needed 
to confirm and expand these results.
This work was funded by the Sofia University “Sv. Kliment Ohridski”, projects; grant: 80-10-104 /25.03.2021

CHECKPOINT INHIBITORS AND CHAI SYNDROME –  
RESULTS OF COMPARISON BETWEEN SIDE EFFECTS AND SYMPTOMS

M. Milev

Oncology Clinic Sofia City – Sofia, Bulgaria

Aim – to evaluate the importance of CTLA4 and checkpoint inhibitors for the immune response 
in oncological diseases.
Method – analysis of pathogenesis and clinical picture in patients with autoimmune lymphop-
roliferative syndrome due to CTLA4 haploinsufficiency (CHAI).
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Result – The pathogenesis and clinical course of side effects of checkpoint inhibitors and CHAI 
are very similar, so the prevalence and course of CHAI can be inferred from the effect of check-
point inhibitors. 
Medications, inhibiting the suppression (negative regulation) of the immune response are known 
as Checkpoint inhibitors. They are monoclonal antibodies, targeting immune checkpoints, al-
lowing the immune system to fight cancer cells more successfully. 
Antibodies, blocking CTLA-4 (a key negative regulator of T cell activation) enable the compet-
ing CD28 molecule to generate an immune response against tumor cells. This is the mechanism 
of action of the preparation Ipilimumab (Yervoj), that has been used since 2011 first in mela-
noma, and now in many other localizations.
In 2018, a rare genetic disease was described – the disease of Checkpoint inhibitors (autoim-
mune lymphoproliferative syndrome due to CTLA4 haploinsufficiency).
The comparison between treatment with Checkpoint inhibitors and Chai disease raises a number 
of questions (and I hope it will answer):
– Are the side effects of Checkpoint inhibitors and the symptoms of chai disease the same?
– Does the genetic defect, leading to Chai disease give carriers an advantage in areas with en-

demic cancer?
– Do patients with autoimmune lymphoproliferative syndrome, due to CTLA4 haplo-insuffi-

ciency suffer from cancer?
– If such patients do develop cancer, are Checkpoint inhibitors contraindicated? 

CLINICAL EFFECTIVENESS AFTER APPLICATION OF A NEW SUBCUTANEOUS 
C1-ESTERASE INHIBITOR IN HEREDITARY ANGIOEDEMA TYPE 1 

M. Murdjeva1,2, M. Ivanovska1,2, P. Gardjeva1,2, M. Bozhkova1,2, M. V. Hristozov1,2

1Department of Microbiology and Immunology, Faculty of Pharmacy,  
and Research Institute at the Medical University – Plovdiv, Bulgaria 

2Laboratory of clinical immunology, University hospital “Sv. Georgi” – Plovdiv, Bulgaria 

Aim: Hereditary angioedema (HAE) is an autosomal-dominant disease. It can be presented as 
HAE with C1- inhibitor (C1-INH) deficiency (type 1), HAE with non-functional C1-inhibitor 
(type 2) or HAE with normal C1-inhibitor levels. The described clinical case reviews develop-
ment and treatment of a HAE patient with a new subcutaneous C1-esterase inhibitor (Takhzyro, 
Lanadelumab-flyo) and its role for the clinical improvement of the disease.
Material and method: The patient is a woman at the age of 50 years with confirmed HAE type 
1. Venous blood was collected to test complement fractions by immunoturbidimetry and moni-
toring of basic laboratory parameters. 
Results: This patient has family history for HAE (her farther and grandmother suffered from the 
same disease). The first attacks began at the age of 6 years with edema on extremities, abdomen, 
face, neck and breast. The therapy started in 1989 with Danazol 100 mg, but without significant 
improvement. Then, in 2013, the treatment shifted to Ruconest (recombinant rabbit C1-esteraze 
inhibitor), again with no improvement of symptoms, and in 2014 y the therapy continued with 
Berinert (plasma-derived concentrate of human C1-esteraze inhibitor). Vitamin D deficiency 
was registered in 2017 which implied replacement therapy. The patient was treated with L-thy-
roxine for Hashimoto autoimmune thyroiditis. In 2019 side effects appeared after subcutaneous 
application of Icatibant (Firazyr) – competitive antagonist selective for the bradykinin B2 recep-
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tor, with an affinity similar to bradykinin. The most probable explanation for the side effects is 
Nebilet application which potentiates edema on extremities.
Giving the fact that the last therapy generated problems and the low serum C1-INH (functional) 
and C1-INH (protein) levels continued, prophylaxis was recommended since 2021 Takhzyro. 
This is a human monoclonal antibody intended to help HAE attacks inhibiting activity of plasma 
kallikrein, which is uncontrolled in people with HAE. It is injected subcutaneously in dose 300 
mg every two weeks. After start of this treatment the woman has so far no clinical complains for 
edema, she feels considerably better, with higher quality of life although the laboratory param-
eters do not show any change. 
Conclusion: The presented clinical case demonstrates convincingly that Takhzyro prophylaxis 
leads to significant clinical improvement with reduction of edma frequency and side effects pro-
voked by joint application with anti-hypertensive drugs. 

ANTIBODY PRODUCTION, CELL IMMUNITY AND VIRUS NEUTRALIZING  
ANTIBODIES (VNT) TO SARS-COV-2 – OUR EXPERIENCE

D. Nikolova1, V. Kostadinov2

1Department of Medical genetics, Medical University – Sofia, Bulgaria 
2Laboratory “Lina” – Burgas, Bulgaria

Aim: The aim of our study is to present the results of COVID-19 testing in Burgas district from 
January, 2020 to the end of May, 2021, as well as to analyze the amount of formed antibodies to 
viral infection in a subset of our population. In addition, in a part of patients, we presented the 
detected levels of cell immunity by measuring CD8+ and CD4+ immune cells.
Materials and methods: We measured the quantity of SARS-CoV-2 Trimeric S IgG antibodies, 
the amount of CD8+ cytotoxic and CD4+ helper lymphocytes to the S1 protein of SARS-COV-2 
virus (cell immunity), as well as the virus-neutralizing antibodies represented in percentages. 
The results have been statistically analyzed.
Results: We measured the IgG antibodies of totally 38587 patients of Burgas district. Ap-
proximately 40% of them were males (39.9%), while 60% (60.1%) – females. Depending 
on the amount of measured antibodies against the Spike protein of SARS-COV-2 virus, the 
patients were divided into six categories – no immune answer (IA); weak IA; good IA; very 
good IA; strong and very strong IA. 10.7% of males and 6.9% of females didn’t show a mea-
surable amount of virus-neutralizing antibodies (VNT Ab). 79% of males and 67% of females, 
respectively, were positive for cell immunity, while 21% of males and 33% of females – tested 
negative.
Conclusion: Females in our study prevail over males. It could either mean that women are more 
affected and/or they just testing more. Majority of the patients (56.79%) show IgG antibodies 
below 130 (weak IA), while only 7.54% show strong and very strong IA (amount of IgG > 
1000). The infection in the majority of patients leads to the detectable levels of cell immunity (in 
73%), while other 27% don’t have cell protection. Negative upon vaccination are around 23% of 
patients with no revealed sex differences. 
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CHARACTERIZATION OF SARS-CОV-2-SPECIFIC Т-CELL IMMUNE RESPONSE 
AFTER NATURAL INFECTION AND AFTER IMMUNIZATION

Ya. Todorova1, M. Alexova1, R. Emilova1, M. Bajmakova3, M. Pishmisheva4, N. Yancheva-Petrova5,  
I. Christova2, M. Nikolova1

1NRL of Immunology, National Center of Infectious and Parasitic Diseases – Sofia, Bulgaria 
2NRL of Vector-borne Infections, NCIPD – Sofia, Bulgaria 

3Infectious Diseases Clinic, Military Medical Academy – Sofia,Bulgaria 
4Specialized Hospital for Active Treatment – Pazardjik, Bulgaria  

5Specialized Hospital for Active Treatment of Infectious and Parasitic Diseases – Sofia, Bulgaria

Background: Т-cell immune response eliminates acute viral infections and potentiates the for-
mation of long-lasting immune memory preventing reinfection.The strategic aim of immuniza-
tion against SARS-CoV-2 is the generation of effector and memory virus-specific Т-cells. 
Aim: Characterization of SARS-CoV-2-specific Т-cell response in volunteers immunized with 
mRNA or vector vaccine in comparison to post-exposure immune response.
Material and methods: Peripheral blood mononuclear cells (PBMC) from volunteers immu-
nized with Comirnaty (n = 49) or Vaxzevria (n = 18) were studied in comparison to volunteers 
(n = 74) 169 (5-434) days post infection. Virus-specificТ-cell response was evaluated 55 and 
110 days after priming and 20, 60, 105, 180, 360 days post-infection according to the number 
of IFN-γ+cells (SFC/106PMNC) after 16h in vitro activation with peptides from S-protein (T-
SPOT.COVID, Oxford Immunotech); in a restricted number of samples the final activation was 
preceded by 5-day stimulation in the presence of SARS-CoV-2 peptides and IL-2.
Results: After immunization with Comirnaty, SARS-CoV-2-specific IFN-γ+Т cells were estab-
lished in 87% of the samples on day 55 (mean 176 SFC/106PBMC). With Vaxzevria, 62% of the 
studied samples were positive on day 55 (124 SFC/106PMNC) and 65% (173 SFC/106PMC) – 
on day 110. After infection, virus-specific T cells were established in 82% (186 SFC/106PMNC) 
and 66% (53 SFC/106PMNC) of tested, on days 110 and 360, respectively. After long-term 
stimulation 100% from the negative samples were positive for SARS-CoV-2 IFN-γ+Т cells. 
Conclusion: SARS-CoV-2 specific effector Т-cells reach a maximum after complete vaccina-
tion cycle / 2 months post infection, andfurther on are not indicative of the presence of protective 
immunity. Detection of virus-specific memory Т-cells requires different stimulation conditions, 
and is not recommended for routine evaluation of vaccine efficacy.
Acknowledgement: This study is supported by the Bulgarian National Scientific Fund, grant KP-06-DK1/9 from 29.03.2021

MARKERS OF IMMUNOSENESCENCE IN HEALTHY PEOPLE
Ya. Todorova1, R. Emilova1, V. Koleva2, M. Nikolova1

1NRL of Immunology, National Center of Infectious and Parasitic Diseases – Sofia, Bulgaria 
2Clinical Laboratory, Acibadem Cityclinic Tokuda Hospital – Sofia, Bulgaria

Introduction: Changes in the immune system occurring with age, such as decreased production 
of naive T and B lymphocytes, increased levels of activation and increased susceptibility of lym-
phocytes to apoptosis are described under the term immunosenescence. These changes are also 
related to the immunological history of the individual, such as infectious and chronic diseases, 
lifestyle, stress and environmental pollution.
Aim: To evaluate the basic T-cell subpopulations in healthy subjects of active age
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Materials and methods: Peripheral blood samples from 68 healthy subjects (40 female and 28 
male) aged 26 to 62 (mean 39,6) were analyzed. The participants were enrolled during prophy-
lactic examination with no evidence of acute infection or chronic disease. Multicolor flow cy-
tometry was used to evaluate the proportions of CD4 and CD8 naive (CD45RA+CCR7+), central 
memory (CD45RA-CCR7+), effector-memory (CD45RA-CCR7+), effector (CD45RA+CCR7-) 
CD4 and CD8 T cells as well as the percentage of Treg. (CD4+CD25+CD127-). The degree of 
immune activation is determined by the quantitative expression of CD38 on CD4 and CD8 T 
lymphocytes. (FACSCanto II, Facscanto 6.1.2).
Results: The percentage of naive CD4 cells was reduced in 21/68 (31%) of participants, of 
naive CD8 lymphocytes in 13/68 (19%), and in 13% (9/68) an increase in proapoptotic CD8 
CD57+CD27-cells was found. Deviations from the reference values of the regulatory cells were 
found in 18% (12/68) of the subjects. Elevated levels of immune activation (CD38ABC) were 
observed in both CD4+ and CD8+ T lymphocytes (25% and 17% respectively). Significant 
differences between men and women were found regarding effector-memory and effector CD8 
cells (39% SD ± 14.8 vs. 51.2 SD ± 10.8 and 29% SD ± 19 vs. 19.3 SD ± 9, p < 0.05).
Conclusions: Our results reveal that a significant proportion of the studied healthy individuals 
show signs of premature immune aging.
Acknowledgement: This work is supported by research grant КП-06-Н33/17 21.12.2019, Bulgarian National Science Fund

EVALUATION OF THE POST-VACCINATION T-CELL IMMUNE RESPONSE  
AFTER IMMUNIZATION WITH MRNА-BASED VACCINE AGAINST COVID-19
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Introduction: The first COVID-19 vaccines approved for emergency use by the US FDA and 
by the EMA in December 2020, are the mRNA-based vaccine Comirnaty developed in col-
laboration between Pfizer and BioNTech and the Moderna COVID-19 vaccine Spikevax. Both 
vaccines use a single-stranded mRNA coding for the spike protein of the SARS-CoV-2 virus. 
Aim: Using an interferon-gamma release assay (IGRA) test, the present study aimed to monitor cellular 
postvaccination immunity in healthy subjects vaccinated with Comirnaty in January/February 2021.
Materials and Methods: We tested 37 healthcare workers at University Hospital “Sv. Ivan Rils-
ki” (mean age 54.3 years, range 28-72, 22 females, 15 males) following COVID-19 vaccination 
with Comirnaty Vaccine in order to investigate cell-mediated immune (CMI) response following 
COVID-19 vaccination. The QuantiFERON SARS-CoV-2 RUO test was performed in March 
2021, approximately one month after vaccination. We used the QuantiFERON SARS-CoV-2 
Blood Collection Tubes and QuantiFERON ELISA intended for Research Use Only. Diagnostic 
performances have not been established yet.
Results: Overall, 31 of 37 tested subjects had significantly raised levels of SARS-CoV-2 specific 
IFNγ in Ag1 and Ag2 tubes (Nil subtracted) three months following COVID-19 vaccination. Only 
6 subjects (3 men and 3 women) had a cut-off lower than 0.15 IU/mL for both Ag1 and Ag2 tubes. 
Conclusion: We believe that IGRA tests are an excellent tool to assess the development of a 
post-vaccination immune response when immunized against SARS-CoV-2, but they should be 
performed within a few weeks following vaccination. Based on our results, we believe that the 
application of these tests to assess long-term immune response is debatable.
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В България имунологията тръгва по пътя на 
своето развитие преди повече от половин век. 
Това е поводът да се запознае обществеността 
с една от структурите, поели по нелекия път 
към върховете на тази наука. 

Тази хроника е разделена на четири части. В първата се проследява 
историческото развитие на днешната Клиника по клинична имунология 
с банка за стволови клетки при УМБАЛ „Александровска”. Във втората 
част са представени ръководителите на Клиниката. Третата част 
проследява хронологично развитието на настоящата Клиника по 
клинична имунология. В четвъртата част са събрани спомени и мисли на 
признати учени в България и чужбина, които са имали професионален 
досег до структурата, както и изповеди на дългогодишни специалисти от 
екипа на Клиниката. Книгата е богато илюстрирана със снимки на хора 
и събития, свързани с Клиниката.


