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ABSTRACT Inborn errors of immunity can be detected by evaluating circular DNA (cDNA) fragments of 
T- and B-cell receptors (TREC and KREC) resulting from the receptor gene rearrangement in T and B 
cells. Maturation and activation of the fetal immune system is known to proceed gradually according to 
the gestational age, which highlights the importance of the immune status in premature infants at differ-
ent gestational ages. In this article, we evaluated TREC and KREC levels in infants of various gestational 
ages by real-time PCR with taking into account the newborn’s weight and sex. The 95% confidence inter-
vals for TREC and KREC levels (expressed in the number of cDNA copies per 105 cells) were established 
for different gestational groups. The importance of studying immune system development in newborns is 
informed by the discovered dependence of the level of naive markers on the gestational stage in the early 
neonatal period.
KEYWORDS T-cell receptor excision circles, K-deleting recombination excision circles, primary immunodefi-
ciency, inborn error of immunity, severe combined immunodeficiency, reference value.
ABBREVIATIONS TREC – T-cell receptor excision circles; KREC – K-deleting recombination excision circles; 
TCR – T-cell receptor; BCR – B-cell receptor; PID – primary immunodeficiency; IEI – innate errors of im-
munity; SCID – severe combined immunodeficiency; DBS – dried blood spot.
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INTRODUCTION
Innate errors of immunity (IEI), which are also 
known as primary immunodeficiency (PID), are a 
group of genetic diseases that manifest themselves 
as various developmental defects and immune sys-
tem dysfunction. In 2019, the International Union of 
Immunological Societies classified and listed more 
than 450 individual IEI [1]. Thanks to advances in 
our understanding of their pathogenetic basis and 

improvement in laboratory diagnostic methods, it 
has become possible to provide a large number of 
patients with a clinical diagnosis confirmed by the 
results of molecular genetic studies. The IEI preva-
lence currently stands at 1.27 per 10,000 cases [2, 3].

V(D)J recombination is one of the most important 
events taking place in a functional immune system, 
during which diverse and functional variants of T- 
and B-cell receptors (TCR and BCR, respectively) 
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and antibodies are formed. These processes are es-
sential stages in adaptive immunity development [4]. 
The recombinases RAG1 and RAG2 play an impor-
tant role in this process [5]. These proteins catalyze 
the rearrangement of the DNA fragments of TCR 
genes during T cell maturation and the B cell re-
sponse at the stage of selection of variable regions of 
immunoglobulins.

T-cell receptor excision circles (TREC) are DNA 
fragments resulting from the TCR gene rearrange-
ment in thymocytes. TREC are transported as episo-
mal DNA from the nucleus to the cytoplasm of in-
dependent, although still naive, T cells, where they 
persist without being involved in replication during 
mitosis. The resulting TREC concentration indicates 
the number of naive T cells, which is, apparent-
ly, an important diagnostic criterion [6–8]. Double-
stranded DNA circles similar to TREC are formed 
during BCR gene rearrangement in naive B cells; 
they are called kappa-deleting recombination exci-
sion circles (KREC) [9]. KREC resulting from intron 
RSS–Kde rearrangement at the IGK locus is used 
to assess B-cell neogenesis in the bone marrow [10, 
11]. Both TREC and KREC are non-replicative and 
stable; their levels do not change during cell prolif-
eration (e.g., clonal expansion) [12, 13]. Because of 
that, quantification of TREC and KREC molecules 
is widely used to assess the state of the thymus and 
bone marrow in various physiological and pathologi-
cal conditions. The blood levels of TREC and KREC 
can be a criterion of high diagnostic significance in 
various immunodeficient states. A method for mul-
tiplex real-time PCR that makes it possible to de-
tect defects in T and B cells generation by simulta-
neously measuring TREC and KREC copy numbers 
has been developed [14, 15]. Mass screening for the 
TREC/KREC level could help us classify an infant 
as a risk group patient based on their immunolog-
ical profile as early as in the neonatal period; this 
will increase the survival rate of infants with an im-
mune-related pathology and reduce expenses [16–
18]. This approach has other advantages, including 
high sensitivity, high throughput capacity, relatively 
low cost, and the possibility of using DNA isolated 
from the minimum volume of a blood sample col-
lected using Guthrie cards [6, 16, 19]. This allows 
for using TREC and KREC molecules as functional 
markers of the thymus and bone marrow in various 
clinical conditions and, in particular, IEI. However, in 
order to characterize IEI patients, one has to know 
the state of these immunity markers in a healthy in-
dividual, especially with taking into account his/her 
age and sex [20]. Quantification of TREC and KREC 
in a newborn’s blood remains topical.

EXPERIMENTAL

Dried blood spot samples
Our study included 80 dried blood spot (DBS) sam-
ples obtained from otherwise healthy (no deviations 
according to the results of large neonatal screen-
ing and blood transfusion data) infants (40 boys and 
40 girls) collected onto Perkin Elmer 226 Guthrie 
cards (Perkin Elmer Health Sciences, USA). The 
Guthrie cards were stored at the Neonatal Screening 
Laboratory of the Medical Center “Healthcare of 
mother and child” (Yekaterinburg) at room temper-
ature before use.

DNA isolation
DNA was isolated from seven DBS discs 3.2 mm in 
diameter (20 µl) by magnetic sorting on the Magna 
Pure LC 2.0 Instrument using the MagNA Pure 
LC DNA Isolation Kit I (Roche Diagnostics GmbH, 
Germany) according to the standard DNA I Blood_
Cells_High_Performance protocol. The DBS pre-
treatment step included sample lysis using the buff-
er from the Magna Pure LC DNA Isolation Kit II 
(Tissue). A total of 260 µl of the lysis buffer and 
40 µl of proteinase K were added to the DBS sam-
ples. The resulting mixtures were thoroughly vor-
texed and incubated at 65°C for 20 min with occa-
sional tube shaking and, then, at 95°C for 10 min 
with shaking on a vortex every five min. The sam-
ples were cooled to room temperature, and the ex-
tract was transferred to the Sample Cartridge and 
loaded into the workstation.

PCR analysis of TREC and KREC
The TREC and KREC molecules were quantified 
by PCR with real-time detection of the fluores-
cent signal. The study was conducted on a CFX96 
qPCR Detection System (Bio-Rad, USA) using the 
Immuno-BiT reagent kit (ABV-test, Russia) accord-
ing to the manufacturer’s instructions. The number 
of TREC and KREC molecules per 105 nucleated cells 
(leukocytes) was calculated relative to the ALB gene 
copy number using the following formula:

( )( )
( )

= ×TREC KREC copies leukocytes
TREC KREC copies

ml

ALB copies
ml

/ 10  
 

200 000.5

( )( )
( )

= ×TREC KREC copies leukocytes
TREC KREC copies

ml

ALB copies
ml

/ 10  
 

200 000.5

In the case of an ALB copy number < 105, the re-
sult was considered invalid, and the study was re-
peated, starting from the DNA isolation stage.
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Statistical data analysis
The data were analyzed mathematically using the 
Microsoft Excel (Microsoft Office 365, USA) and 
IBM SPSS Statistics V21.0 (IBM Corp., USA) statis-
tical software packages. The normality of the data 
distribution was assessed using the Shapiro–Wilk 
test; the arithmetic mean and standard error of the 
mean (m ± SEM) were used for descriptive charac-
terization. Student’s t-test for independent samples 
and Pearson’s correlation coefficient (p) were used to 
analyze the statistical significance of the differences 
between the mean values and the presence of cor-

relations, respectively. Differences were considered 
significant at p < 0.05.

RESULTS
The study included 80 apparently healthy infants 
(40 boys and 40 girls) of different gestational ages 
born in the Sverdlovsk region in 2020 (Fig. 1).

Gender differences in the TREC and KREC levels
An analysis of the TREC and KREC levels in the DBS 
samples of the presumably healthy boys and girls re-
vealed no statistically significant differences (Fig. 2), 

Fig. 1. Distribution 
of healthy infants 
based on gesta-
tional age and birth 
weight
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Fig. 2. TREC (A) and KREC (B) levels in the DBS samples of healthy infants depending on gender. Note: hereinafter, the 
median, interquartile, and maximum range are shown
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which corresponds to the results obtained by other 
researchers [21].

TREC and KREC levels in preterm 
infants of different gestational ages
A statistical analysis based on correlation data was 
conducted to determine possible variations in the 
TREC and KREC copy numbers associated with a 
newborn’s gestational age. A statistically significant 
positive correlation (ρ = 0.446 (p < 0.001)) was estab-
lished between the gestational age and the TREC lev-
el. No relationship was found between an infant’s age 
and the level of KREC, which is a marker of naive B 
cells (Fig. 3).

TREC and KREC levels in preterm 
infants with different birth weight
The relationship between naive T- and B-cell mark-
er levels and a newborn’s weight was also analyz-
ed. Naturally, the fetus develops during pregnancy. 
All internal organs and, in particular, the thymus, 
develop according to the gestational period. During 
their growth and differentiation, thymogenic tissues 
are enriched with lymphocyte precursors and, in 
particular with ones that have already passed dou-
ble recognition; i.e., positive and negative selection. 
This is denoted by a positive correlation (ρ = 0.413 
(p < 0.001)) between an infant’s birth weight and the 
TREC level in their DBS sample. No such correlation 
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Fig. 3. TREC (A) and KREC (B) levels in the DBS samples of healthy infants depending on gestational age in the early 
neonatal period
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Fig. 4. TREC (A) and KREC (B) levels in the DBS samples of healthy infants depending on birth weight
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was found between the birth weight and KREC lev-
el (Fig. 4).

Analysis of TREC and KREC levels in infants 
of different preterm birth categories
Having discovered a positive correlation between the 
newborn’s gestational age and TREC level, we decid-
ed to evaluate the possibility of significant differenc-
es in the TREC level of infants of different preterm 
birth categories. In order to do this, we decided to di-
vide newborns into four groups according to the pre-
term birth category: extremely preterm (< 28 weeks), 
very preterm (28–32 weeks), moderate to late pre-
term (33–38 weeks), and term-birth (39–41 weeks) 
infants (Fig. 5, Table).

Figure 1 shows a trend towards an increase in the 
TREC marker level during fetus growth and devel-
opment; however, there was no statistically signifi-
cant correlation between the preterm category and 
TREC level. Since no statistically significant relation-
ship was found between the KREC copy number in 
the DBS sample and such parameters as a newborn’s 
body weight and gestational age in infants of differ-
ent preterm categories, the newborns were not divid-
ed into separate groups. An average of 599.9 KREC 
copies per 105 leukocytes (SE = 34.9) were found per 
sample; however, one needs to know the lower limits 
of the obtained reference intervals for practical use. 
The lowest KREC value in the group of apparently 
healthy infants was 162.8 copies/105 leukocytes, while 
the lower limit of the 95% confidence interval was 
210.9 copies/105 leukocytes (the results of descriptive 
statistics are presented in the Table).

DISCUSSION
To date, there have been numerous attempts at 
TREC/KREC quantification in different age groups, 
ranging from infants and older children to adult pop-
ulations. The main goal of most of these studies was 

to assess the changes in the functional activity of na-
ive immunity during organism maturation and ag-
ing [21–23]. According to Douek et al., the TREC and 
KREC copy numbers in the blood samples of older 
children and adults are 10 and 100 times lower than 
those in healthy term-birth newborns, respectively. 
These data indicate a reduced thymic output owing 
to the age-related decrease in the functional thymus 
tissue [24]. The study of patients with combined var-
iable immunodeficiency and healthy control donors 
revealed a stable KREC level, while TREC levels re-
duced with age in both patients with an immune-re-
lated pathology and the control group; this confirms 
the independence of the decrease in the level of na-
ive T-cell markers from the disease and dependence 

Fig. 5. TREC levels in the DBS samples of infants of differ-
ent gestational ages in the early neonatal period
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on age [23, 25–27]. The TREC and KREC levels may 
also decrease because of dilution. Nuclear DNA rep-
licates only during an active immune response at the 
stage of cellular expansion of functionally active lym-
phocyte clones. Since TREC and KREC are episomal 
molecules, they remain only in precursor cells, which 
leads to a relative decrease in the parameters [28]. 
Despite numerous data on age-related changes in 
T- and B-cell immunity, it is also important to study 
TREC and KREC level alternations not only in the 
early neonatal period, but at different fetal develop-
ment stages as well. This will allow for assessing the 
immune state at different stages of human embryonic 
development.

The main goal of our study was to determine the 
TREC and KREC levels in the blood of newborns 
delivered at different gestational ages. However, for 
greater informational value, we decided to analyze 
gender differences in the levels of naive immunocom-
petent cell markers. We have not found any significant 
differences in the TREC and KREC levels between 
boys and girls, which is consistent with the results 
obtained by other researchers [29, 30]. However, some 
works indicate a higher TREC level in the blood of 
females [31–33].

To date, data have been published on the relation-
ship between an infant’s birth weight and his/her 
TREC level [34–36]. A recent study of DBS samples 
of preterm infants revealed a positive correlation be-
tween the TREC and KREC levels and birth weight 
[5]. Another work studied the relationship not only 
between birth weight, but also gestational age at the 
time of birth. Based on the analysis results in that 
work, newborns were divided into three groups: in-
fants with very low, low, and normal birth weight [32]. 
Data have also been published on the existence of a 
relationship between the immune state and growth of 
adult individuals [36, 37].

All internal organs, in particular, the thymus, devel-
op in accordance with the gestational period. During 
growth and differentiation, thymogenic tissues are en-
riched with lymphocyte precursors and, in particular, 
with the ones that have already passed double recog-
nition: i.e., positive and negative selection. This is indi-
cated by a positive correlation (ρ = 0.413 (p < 0.001)) 
between the infant’s birth weight and the TREC level 
in his/her DBS sample. [21, 26, 27].

We also analyzed the relationship between the 
quantitative content of B-cell markers, gestational 
age, and newborn’s weight; however, the relationship 
between these parameters was not statistically signif-
icant. These results show that the KREC level in the 
DBS of a newborn delivered at a gestational age ≥ 28 
weeks, which corresponds to normative values, is an 

indicator of proper B cell maturation in the bone mar-
row. Pre-B-cells are found in the fetal liver at week 
eight of pregnancy, where they already express class 
M immunoglobulins on their surface by that period. 
This indicates that the system of humoral parameters 
of immunity functions with high efficiency by that 
early stages of human development, which probably 
determines the relatively high KREC level in the DBS 
of newborns delivered at different gestational ages 
[23, 27].

IEI usually remain undiagnosed until clinical signs 
begin to appear. These signs are, mainly, chronic 
and recurrent infections. In order to diagnose PID, 
a clinical blood analysis, lymphocyte phenotyping, 
determination of various types of immunoglobulins, 
functional tests for determining immunocompetent 
cells, and a genetic analysis are used. Functional 
tests for determining immunocompetent cells and 
a genetic analysis are currently the most promis-
ing and important approaches. The analysis of the 
TREC and KREC levels is a fast and sensitive tool 
for screening for severe combined immunodeficien-
cy (SCID) and diagnosing other IEI, especially con-
sidering the fact that a small sample volume is re-
quired for DNA extraction, which reduces the risk 
of harm to the infant. The impossibility of collect-
ing the required amount of biological sample is of-
ten an insurmountable barrier in laboratory diag-
nostics. The use of different protocols for TREC and 
KREC level analysis in different laboratories con-
tributes to the wide spread of thresholds for new-
born screening programs among different countries. 
Genetic differences between populations may also 
play a role. Therefore, our results in determining 
TREC and KREC intervals with taking into account 
the patient’s age and sex are of no small importance 
for diagnosing IEI in infants.

PIDs are still considered rare diseases, although 
they are not orphan. In 2019, a total of 2,798 patients 
with IEI were registered in the Russian Federation, 
with 60% of them being children [38]. The introduc-
tion of programs for mass newborn screening based 
on an evaluation of the TREC and KREC levels will 
significantly increase the risk group for SCID and 
other severe PIDs that cause death at an early age. 
Early diagnosis will ensure the possibility of timely 
application of pathogenetically appropriate therapy. 
This also relates to the use of radical transplantation 
technologies during the opportunity window before 
the onset of severe clinical manifestations; this will 
not only improve the quality of life of patients with 
this pathology and save their lives, but also reduce 
the financial and economic costs in the treatment and 
life support of patients [39–45].
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CONCLUSION
The results of our studies suggest that the gestational 
age should be considered as an important factor af-
fecting the TREC and KREC levels. In order to inter-
pret the results of newborn screening, we calculated 
the reference ranges of these parameters for differ-
ent gestational groups. This also has the potential to 
allow us to monitor immune changes in T and B cells 
during immunotherapy, including monitoring after he-
matopoietic stem cell transplantation.

Early diagnosis and treatment are important in all 
IEI variants. The use of the method of quantitative 
assessment of the T- and B-cell markers TREC and 
KREC, respectively, has made it possible to devel-
op screening programs for SCID and agammaglob-

ulinemia detection in many countries of the world. 
However, other PIDs such as immunodeficiency dis-
orders with normal levels of peripheral T and B cells, 
defects in phagocyte count and function, complement 
deficiency, and diseases associated with immune dys-
regulation remain unaddressed. Further search for ef-
fective disease markers; development of strategies for 
cellular, genetic, and functional diagnostics; as well as 
adaptation of these tolls to mass diagnostic programs 
for various PIDs are required. 

This study was carried out within the framework 
of the AAAA-A21-121012090091-6 project at the 

Institute of Immunology and Physiology of the Ural 
Branch of the Russian Academy of Sciences.
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