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Abstract

Objectives: Severe combined immunodeficiency disease (SCID), non-SCID T-cell ymphopenia, and other primary immunodeficien-
cy diseases with T-cell and B-cell ymphopenia have low the T-cell-receptor-excision circles (TRECs) and k-deleting-recombination-
excision circles (KRECs) levels that can be measured in dried blood spots (DBS) of the newborn. The incidence of SCID and non-SCID
T-cell lymphopenia in Western societies has been reported by TREC screening of newborns as 1: 58,000 and 1: 7300, respectively.
Since there is no similar study in our country, we aimed to perform the first pilot study of TREC and KREC screening of newborn for
SCID and non-SCID T-cell lymphopenia in Turkey.

Methods: The heel blood samples of newborns born between 1st October 2015 and 31st December 2016 at two major hospitals
in our city were included in this study. TREC and KREC copies were determined by a multiplex quantitative PCR-based method
from newborn DBS. Cutoff levels were used as 7 copies per DBS for TRECs and KRECs, 1000 copies for ACTB (internal control). Failed
samples or abnormal results in measurements were tested the second time. An immunologist evaluated data of newborns with
low TREC and KREC copies clinically and through the laboratory.

Results: A total of 1960 DBS were tested. The results of 1856 newborns were evaluated. The low TRECs and/or KRECs levels were
detected in 71 newborns (3.8 %). The low TRECs rate was 1.1 %. Preterm newborns have lower levels of TRECs and KRECs than term
newborns (both p <0.0001). As a result of immunological research, we did not detect any SCID, but we detected 2 newborns with
non-SCID T-cell lymphopenia (1:928). These 2 newborns were found to have frequent and severe infectious diseases or hypogam-
maglobulinemia in their clinical follow-up, although they did not have absolute lymphopenia.

Conclusion: Non-SCID T-cell lymphopenia is common in our country than in western societies. TRECs and KRECs assay should be
considered for routine NBS programs in our country. Studies involving more newborns should be conducted to detect SCID.
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Primary immunodeficiency diseases (PIDs) are hetero-
geneous group of diseases characterized by congenital
impairment of immunity, with high morbidity and mortal-
ity.l' Severe combined immunodeficiency disease (SCID) is
one of the most severe forms of PIDs and have an immu-
nological emergency. 2 In SCID, the main defect is T-cell
scarcity or absence. B and NK-cells are affected at varying
degrees. Affected infants lose their lives until the age of
one if there is no rapid diagnosis and treatment in the first
months of life.l'! If these patients are detected early, cu-
rative treatment is possible.’ > Therefore, severe PIDs such
as SCID are in compliance with the Wilson & Jungner prin-
ciples which form the basis of newborn screening (NBS).>*
' The aim of NBS programs are to diagnose and successfully
treat or cure diseases that are pre-symptomatic, but po-
tentially serious or lethal in infancy, thereby reducing the
number of preventable deaths and the medical costs.>®

A new screening biomarker for PIDs characterized by low
or absent T or B-cells were investigated: T-cell receptor ex-
cision circles (TRECs) for T-cell lymphopenia and k-deleting
recombination excision circles (KRECs) for B-cell Lympho-
penia.% 78 TRECs are small circular pieces of DNA which
formed during T-cell receptor rearrangement in naive T-
cells.® They are reduced or absent in SCID or other T-cell
lymphopenia. ¥ KRECs are small pieces of circular DNA,
and are B-cell products produced during B-cell recovery.
They were originally used for B-cell recovery following
hematopoietic stem cell transplantation (HSCT).'? Later,
they were used in NBS for B-cell lymphopenia.'™ TRECs
and KRECs are possible biomarkers for identifying disor-
ders related to T and B-cell lymphopenia.” 781 They can
be extracted from DBS on Guthrie cards, and measured by
real-time quantitative PCR.B7-% Primary immune-deficient
patients with little or absent T and B-cells have very low or
undetectable copy numbers of TREC or KRECs.”> 78 It has
been shown that the reduction of these DNA particles in
the heel blood sample (HBS) of the newborn can be used
to detect severe PIDs.> 3911

Pilot studies were completed the NBS for severe PIDs
through TRECs and KRECs in some countries around the
world, and its implementation has been successfully estab-
lished in same countries.” "2 NBS with TRECs is more imple-
mented than KRECs screening.'¥ However, some serious
PIDs can be detected from DBS through KRECs assay.l'® ™
Therefore, TREC/KREC assay have many advantages over
TREC screening alone.>” " The prevalence of PIDs had been
reported to be at 3in 10.000in a study from Turkey, although
limited studies of incidence and prevalence for PIDs in Tur-
key.'>! PID prevalence in our country is higher than western
reports.'2'% No pilot study has been published on the NBS
for PIDs through TRECs and KRECs assay in our country so
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far. Therefore, we wanted to perform the first pilot study of
NBS for severe PIDs or non-SCID T-cell lymphopenia by us-
ing TRECs and KRECs assay in a region of Turkey. In addition,
we wanted to present information about clinical findings
through the clinical follow-up of newborns with T-cell lym-
phopenia that we detected in NBS.

Methods

Study Design and Sample Collection

Heel blood sample of newborns born between 1%t October
2015 and 315t December 2016 at two major hospitals in our
city were included. Signed informed consent forms were
obtained from the parents or guardians. Demographic and
clinical data for all newborns were recorded. Four previ-
ously diagnosed PID patients and four healthy infants were
used to test the reliability of the study. Mothers of infants
who have health problems or receiving any immunosup-
pressive drugs were excluded from the study. This study
was approved by local Ethical Committee (No: 2014/678)
and the Turkish Ministry of Health, Public Hospitals Author-
ity, Turkey (No: 54103609/604.02). The study was conduct-
ed in accordance with the ethical standards set forth in the
Helsinki Declaration of 1964 and subsequent amendments
or comparable ethical standards.

The heel blood samples were obtained at the time of other
NBS tests, within the first 48-72 hours, on separate Guthrie
cards. A DBS of 3.2 mm was taken from the Guthrie card
for all newborns. Samples were stored in the fridge at +4
degrees after drying in the dark at room temperature.

DNA Elution and Real-Time Quantitative Triplex PCR

A diagnostic neonatal screening kit for primary immunode-
ficiency diseases was used (ImmunolVD, Stockholm, Swe-
den). The tests were performed with 96-well ready plates
according to manufacturer instructions. After DNA elution,
gPCR plate that contained specific primers for TREC, KREC,
and ACTB (beta-actin) DNA sequences, as well as probes for
target regions, was run for quantitative real-time PCR on the
Applied Biosystems 7500 Fast Real-Time PCR System, USA.

Quality Controls

ACTB was used as an internal control and reflected the suc-
cessful extraction of DNA. TREC and KREC copy numbers
were quantified by multiplex real-time PCR. Standards from
plasmids, with a known number of copies, were used as in-
ternal controls, as well as T-cells, B-cells, and samples with
known deficiencies in both, empty sample collection paper
and no template control were used as external controls of
the study. Calibration curves from plasmids were created
by 10-fold sequential dilution. Besides, samples previously
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diagnosed with PID and healthy controls were used for
confirmation of the assay. Since this method was being em-
ployed as the first time, the first 570 samples were studied
twice for confirmation.

Interpretation of the Copy Numbers

Before interpretation, all RT-gPCR assays were checked
and confirmed for quality requirements of similar slopes
and R? values >0.97. Our negative and positive control
samples were not enough to reach sufficient power analy-
sis for defining cutoff values of TREC and KREC. Therefore,
we couldn't calculate statistically significant cutoff value
for our study, yet we used manufacturer instructions to
set the cutoff value. Also, TREC cutoff values were gener-
ally reported at 7 and above in studies in different coun-
tries."> 71 We used the cutoff values of TREC and KREC as
7 copies. In cases of ACTB copies =1000/ul and TRECs or
KRECs copies <7 pl, the test was assumed positive or ab-
normal. In cases of TRECs and KRECs >7/ul, regardless of
ACTB value, the test was assumed negative or normal. In
cases of ACTB copies <1000/ul and TRECs or KRECs copies
<7 ul, the test was assumed inconclusive. SCID is defined
as absence of T-cells or CD3 T cells <300/pL and no or
very low T-cell function (<10% of lower limit of normal) as
measured by response to PHA. In non-SCID T-cell lympho-
penia (clinical relevant T-cell lymphopenia), CD3 T-cells
are 300-1500/pL.> 8

The Other Laboratory Measurements

After a positive screening result, lymphocyte subgroup
analysis (Immunophenotyping) was performed for the
newborns that could be reached. Immunophenotyping
was performed with the following monoclonal antibod-
ies: CD3, CD4, CD19APC, CD27 FITC, CD56 (BD Biosciences,
Pharmingen, Germany). CD3 used for T-cells, CD19APC
used for B-cells, CD4 used for T-helper cells, CD56 used for
NK-cells. The B-cell subgroups (CD19, CD19CD27) were
analyzed by using flow cytometry (BDFACS Calibur; BD

Biosciences, San Jose, CA, USA). Memory B-cells defined as
CD19CD27+ B-cells. Serum immunoglobulin G, A and M
levels were measured using commercially available neph-
elometry kits (Dade Behring Marburg GmbH, Marburg,
Germany).

Next-generation sequencing (NGS) for the PID was able
to perform in only one newborn with a positive screening
result. It has been performed with commercially available
Inmunodeficiencias-GeneSGKit® (covers 200 genes respon-
sible for PID) that is capable of sequencing samples at a
minimum of 20x depth with 98% coverage and low vari-
ance on the lllumina MiSeq platform (lllumina, CA, USA).

Statistical Analysis

Statistical analysis was performed using IBM SPSS v20 soft-
ware (SPSS v20, Inc. Chicago, IL, USA). Kolmogorov-Smirnov
test was used for the normality test, and it was seen that
the normality assumption is not satisfied in all cases (p-val-
ue >0.05). Therefore, the Mann-Whitney U test was used for
group comparison analyses, and a p-value below 0.05 was
considered statistically significant.

Results

A total of 1960 samples were tested. Failed samples in tests
were studied second time by taken from the same Guthrie
card. A total of 96 samples failed twice due to insufficient
starting material on the additional screening card and were
excluded from the study. Of the remaining 1856 newborns,
956 (52%) were males, 1638 (88%) were term, and 853 (46%)
were born in OMU. Newborns with abnormal results in the
first assay were tested again for the second time on the same
Guthrie card. After the second abnormal result, the newborn
was referred to a department of clinical immunology for
immunological evaluation. Healthy controls are 1-year-old,
2 male and 2 female infants with no laboratories or clinical
findings for PIDs. Four previously diagnosed PIDs patients
were used as a positive control (Table 1).

Table 1. Positive controls with known primary immunodeficiency diseases

Age (y)/Sex Clinical/ Genetic Diagnosis The number of copies/DBS
ACTB TRECs KRECs
14/M Agammaglobulinemia 3.772 6 5
No mutation in 200 gene
30/M TACI Deficiency 2.480 27 4
18/M X-linked Agammaglobulinemia (Homozygous BTK) 6.201 21 1
<1/M SCID, IL2RG mutation 4.470 1 248

M: male; TACI: The transmembrane activator and calcium-modulating cyclophilin ligand interactor; BTK: Bruton tyrosine kinase; SCID: Severe combined
immunodeficiency; ACTB: Actin-beta; TREC: Tcell receptor excision circles; KRECs: k-deleting recombination excision circles; DBS: dried blood spot; y: year;

IL2RG: Interleukin 2 Receptor Subunit Gamma.
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There were 71 (3.8%) positive samples according to TRECs
or KRECs levels in the 1856 newborns (Fig. 1). Among 71
positive samples, 10 newborns had low TRECs and KRECs,
12 newborns had low TRECs only, and 49 newborns had
low KRECs only. Low TREC levels rate was 1.1 %. A second
HBS could not be taken to detect the false positivity. Unfor-
tunately, registries of 35 (49%) of the 71 positive samples
could not be accessed in any way due to insufficient medi-
cal file records.

Laboratory and clinical data of the remaining positive 36
samples of term and preterm newborns are presented in
the Table 2 and Table 3 respectively. We analyzed lympho-
cyte subgroups in 7 term newborns with positive screening
results. In our cohort, we did not detect any SCID newborn.
Among 1856 newborns, we found 2 (0.1%) term new-
borns with non-SCID T-cell lymphopenia. In addition, we
found another term newborn with mild low T-cells. These
3 term newborns also had low NK-cells. Although these 3
newborns did not have absolute lymphopenia, they were
found to have frequent and severe infectious diseases or
hypogammaglobulinemia in their clinical follow-up. Of the
infants without lymphocyte subgroup analysis, 4 infant
had persistent hypogammaglobulinemia after 6 months of
age, 3 of them were preterm (Table 3). Unfortunately, we
could not reach the clinical follow-up information of these
newborns.

ACTB, TRECs, and KRECs copy numbers per DBS were com-
pared between term and preterm newborns (Table 4). Pre-
term newborns have lower levels of TRECs and KRECs than
term newborns (both p<0.0001). Within the term newborn
group, female newborns had significantly higher median
KRECs levels than males (p=0.021) (Table 5). There was no
significant difference between females and males for ACTB

1960 Samples

A Healthy TPositve N
71 Positive tested in 715 Riegativ
two times
\A " "
insuffici
.

l 36 Positive I

twin/triplet

2 Non-SCID T-Cell
Iymphopenia 0,1 %)

Figure 1. Summary of the study.

* Persistent low |g G were
detectedin 3 preterms
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and TRECs levels. In preterm group, there was no significant
difference between females and males in terms of ACTB,
TRECs and KRECs (Table 5). Differences in DNA copies ac-
cording to sex in all newborns with positive screening re-
sults were as in the term newborn group (Table 5).

A term newborn with a positive screening result (#248
ID) had hypogammaglobulinemia at baseline. He had fre-
quent respiratory infection diseases, as well as epilepsy and
cerebral palsy. Lymphocyte subgroup and genetic analysis
were performed simultaneously. His lymphocyte subsets
were normal. Heterozygous c¢.2183T>G (p.Leu728Arg)
missense mutation in nuclear factor-kappa B subgroup 2
(NFKB2) gene was detected in this infant. In his clinical fol-
low-up, immunoglobulins were returned to normal. At the
age of 3, there were no skin and hair abnormalities or signs
of adrenal insufficiency.

Discussion

In the present study, we used a combined TREC and KREC
assay on Guthrie card to detect the incidence of the severe
PIDs characterized by pronounced T-cell lymphopenia in a
newborn cohort. Our study is the first one in our country in
this aspect. We didn't found any SCID patient, yet we found
the incidence of non-SCID T-cell lymphopenia as 0.1%
(1:928) which is higher than the prevalence of PID (0.03%)
reported in Turkey.'™

It has been reported that the incidence of PIDs is increas-
ing globally due to the NBS test for PIDs.I'> 6% While SCID
incidence was previously reported as 1: 100.000, this ratio
was determined as 1: 58.000 as a result of NBS through
TRECs. ' We may not be able to detect a SCID due to the
small number of our newborn cohorts. As a result of NBS,
the incidence of non-SCID T-cell lymphopenia in Western
societies was reported between 1 : 15300 and 1 : 7300,""*
2.2 but our results are indicating that this rate as higher
in our country (1 : 928). In some countries, including our
country, the calculated prevalence and incidence of PIDs is
higher than in western societies.!'?

In 2005, TRECs assay was described in NBS for PIDs.”! This
assay has been successfully applied in some societies and
has been shown to be effective.?>?? However, the TRECs
screening method alone cannot detect all SCID types and
other combined immunodeficiency diseases.” 7 ¥ KRECs
assay has been developed for B-cell lymphopenia and
monitoring B-cell recovery following HSCT,'"” and has been
used since 2011 to detect PIDs in newborns.'" The addi-
tion of KRECs assay to NBS can help to detect some PIDs
that cannot be detected by TRECs assay alone, such as
leaky SCID phenotype, delayed-onset adenosine deami-
nase deficiency, ataxia telangiectasia, Nijmegen breakage
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Table 3. The copy numbers and clinical findings of preterm . = > =
newborns with positive screening results (n=15) o @ ) ™~
(=} S =)
Newborn ID/Sex ACTB/TREC/KREC Clinical Findings
Copy numbers Sy
per DBS v a3 & 3
TS BNV GKY
329/F 1963/5/6 Eosinophilia, Triplet g N g I a
343/F 1338/54/4 Born weighing 600 g, w80 ™ 2
o o ) =
Deceased £ _ =
486/M 1338/15/5 Low IgG*, Septicemia, 8 §
West syndrome q;, o
599/M 2187/6/8 Septicemia Zc T
718/F 1232/4/56 Neutropenia = S| o S 5 S| g
745/F 1483/11/2 Low IgG *, Neutropenia, 2 TSR R 5L
SR ISP E
Twin BRI - SR
830/M 1224/1/3 Low IgG *, Midgut 3 e g
volvulus c E
970/F 1006/11/3 Died on the first day S
1097/M 1324/5/8 Twin . - 3
o N N9 a
1109/M 1548/6/15 Twin =] = o g
1122/M 1516/46/3 Twin £
1215/M 1060/6/1 Twin, Syndactily, N s =
Hellp syndrome v —~| = & 1 S| g
; TR 222 QY M| E
1223/M 1477/9/1 Twin ET 3-8 m |3
1331/M 1502/3/9 Twin a LEIRYTINZ %
1581/M 1372/4/1 Twin S S & S g
= © e 3
* Hypogammaglobulinemia persisted after 6 months; F: Female; M: Male; é’ ~ g
DBS: Dried Blood Spots; IgG: Immunoglobulin G. £ 1_1 g
o | B = €
£ 9 ~N — —~ | =
3| E .8 & 8 ¢
Table 4. Comparison of ACTB, TRECs and KRECs copy numbers 2 2 N 3 I £ SR
between term and preterm newborns. < g R
v e IRV NG|E
o = . 4 4
Markers Term Preterm p? £ N = e E
m =
(n=1638) (n=218) 2 = =
w Qo —_—
ACTB 2945.075 2690.775 0.019° = 2 |~ & 2 S
. . [
(112.54-29178.45) (357.73-28868.74) Q e = S kS
KRECs 26.995 20.875 0.000¢ £ 3 g
(0.22-522.93) (0.89-143.69) e - e I T
T 2m A8 wamP|E
TRECs 39.335 24.96 0.000¢ s AR AR
(0-956.85) (0.62-345.83) e gl s+ @8I |8
2| w - | N a it oS | &
2Mann-Whitney Test; *Significant difference at 95% confidence interval; 2 g . b = o
<Significant difference at 99.9% confidence interval. S -g 9 = %
N © v
EI2 .
syndrome, inherited agammaglobulinemias, and pu- o| E= 3 = =
: . . . o —_ ~
rine nucleoside phosphorylase deficiency.® 2" 2! |n addi- 2| F o B3 - N QlE
. . . 55 = ;D — < un | S
tion, the KREC assay can help distinguish some types of S E® DA 2@ 6
s S llasNdm®o |k
SCIDs from each other.” ¥ Some experts suggested that 2 S SR C A
the inclusion of KRECs may increase the rate of false posi- g a 2
. . . . @
tivity and family anxiety, the number of re-testing and S S
. . . <
the costs.”?” However, the inclusion of KRECs has been w | £ . =
. (] c
shown to not increase the rate of re-call and re-punch, % E E é é <
and false positivity."* ' Therefore, it has been subse- F| 2 < x F =
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quently developed a triplex (multiplex) method that also
includes KREC analysis to assess for potential B-cell lym-
phopenia from DBS." This combined method has also
been shown to be cost-effective.'® 2 That's why we used
the multiplex method, which measures TRECs and KRECs
together, like recently published other studies.? ]

Low TRECs and KRECs levels have been reported in pre-
terms, and newborns with low birth weight.'* 22326 Con-
sistent with the literature, we found that the TRECs and
KRECs levels in preterms were lower than in terms. How-
ever, there are also studies that did not find any difference
in terms of KRECs levels between preterm and term.2” 28
The impact of gestational age and birth weight on TRECs
was stronger compared to the KRECs.'"*! This is in line with
the B-cell maturation to precede T-cell maturation in hu-
man fetuses.?” Therefore, low KRECs are more important
than low TRECs in preterms. Moreover, adding KRECs as-
say to the NBS for PID in preterms does not increase false
positivity, it becomes more cost-effective to detect the
newborns with positive screening.'"® Preterm newborns
have lower IgG levels than term newborns.2 Therefore, we
think that additional KRECs measurement will be useful in
the neonatal cohort including premature newborns. Hypo-
gammaglobulinemia persisted after 6 months in our 3 out
of 15 preterms with positive result. All of these 3 preterms
had low KRECs, 1 had low TRECs. In the literature, there are
studies reporting that TREC is not affected by sex as in our
study,?% there are also studies reporting that TREC is higher
in female newborns.?% 2" 31:32 At the same time, we found
the KREC copy number is higher in the female group, which
we could not explain. There is no study in the literature on
why the number of copies may change according to sex.
Further studies should be done in this regard.

In the case of low or undetectable TRECs or KRECs values
in the newborn, lymphocyte subgroup analysis should be
performed.?>7 In our study, the rate of lymphocyte sub-
group analysis is low. However, this rate was also low in oth-
er studies."> 2! The most important reason for the low rate
of performing both repeat and advanced analyzes in new-
borns with positive screening result is the lack of follow-
up of the newborns.'*2>27 In our cohort, 3 newborns with
low T-cells and NK-cells have frequent and severe infec-
tious diseases or hypogammaglobulinemia in their clinical
follow-up, although they did not have absolute lymphope-
nia. Absolute lymphopenia is an important marker for SCID,
but this finding is not present in all SCID newborns such as
the presence of maternal lymphocytes or B-cells.®* 3 Also,
the number of lymphocytes in a newborn can be affected
by many conditions.® 3 Therefore, we did not report new-
borns with transient lymphopenia in our findings.

We were able to use NGS for genetic analysis in one new-
born only. We found a missense mutation in NFKB2 gene.
NFKB2 is responsible for the activation of genes related to
inflammation, immune function, bone metabolism and
oncogenesis.*® |t is reported in the literature that patients
with deficient NFKB2 function show common variable im-
munodeficiency (CVID) like features. Such patients were
characterized by early-onset CVID associated with auto-
immunity, reduction in circulating B-cells, adrenocortico-
tropic hormone deficiency, hair and/or nail disorders and
occasional other pituitary hormone deficiencies.’*¢ 3! How-
ever, we found no abnormal immunological laboratory
findings, although we followed the newborn with NFKB2
mutation in our cohort until the age of 3. We attributed fre-
quent respiratory tract infection to his neurological condi-
tion. In the literature, it has been reported that a patient
with NFKB2 nonsense mutation may not have any clinical
findings.B” To our knowledge, this is the first newborn with
NFKB2 mutation reported in the literature by NBS.

PIDs are common in our country than western societies.
The reason for the high prevalence could be explained by
founder mutation effects due to high consanguinity rates
at least in some patients.l'? It is clear that early detection of
PIDs will prevent unnecessary investigations and prolonged
complications and will contribute to the country's economy
by avoiding unnecessary health expenditures especially in
our country. There are some limitations of the present study.
Firstly, we could not perform immunological investigations
on most of the newborns with positive screening results due
to insufficient contact information in the medical file. The
incidence of T-cell lymphopenia that we have found may
actually be high. Secondly, we did not calculate the cutoff
values of TRECs and KRECs for our country. Third limitation is
that our newborn cohort was a small. Similar studies should
be conducted in a higher number of newborn cohorts and
under better follow-up in our country.

Conclusion

In this study, NBS for severe PIDs through TRECs and KRECs
assays was performed for the first time in our country. Al-
though we could not find a SCID newborn, we found more
non-SCID T-cell lymphopenia than we expected. We advise
that combined TRECs and KRECs assay should be consid-
ered for routine NBS program in our country. Studies in-
volving more newborns should be conducted to detect
SCID in our country.
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