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FIG 1. Quantifying TREC and KREC classifies patients with CVID into 4

groups. Patients with CVID were classified as follows: TREC(1)/KREC(1),

group A (19 patients); TREC(1)/KREC(2), group B (7 patients); TREC(2)/

KREC(1), group C (8 patients); and TREC(2)/KREC(2), group D (6 patients).

Undetectable, Less than 100 copies/mg DNA.
Common variable immunodeficiency classifi-
cation by quantifying T-cell receptor and
immunoglobulin k-deleting recombination
excision circles

To the Editor:
Common variable immunodeficiency (CVID) is the most

frequent primary immunodeficiency associated with hypogam-
maglobulinemia and other various clinical manifestations. CVID
was originally reported to be a disease primarily caused by
defective B-cell function, with defective terminal B-cell differ-
entiation rendering B cells unable to produce immunoglobulin.
However, combined immunodeficiency (CID) involving both
defective B and T cells is often misdiagnosed as CVID.1 Indeed,
one study reported that CD41 T-cell numbers were decreased in
29% of 473 patients with CVID2; similarly, another study found
that naive T-cell numbers were markedly reduced in 44%
(11/25) of patients with CVID.3 These observations indicated
that a subgroup of patients with clinically diagnosed CVID is T-
cell deficient. Consistently, some patients with CVID have com-
plications that might be related to T-cell deficiency, including op-
portunistic infections, autoimmune diseases, and malignancies,
which is similar to that observed in patients with CID.1,4 There-
fore identifying novel markers to better classify CVID and distin-
guish CID from CVID will be required to best manage medical
treatment for CVID.

We recently performed real-time PCR-based quantification of
T-cell receptor excision circles (TREC) and signal joint immu-
noglobulin k-deleting recombination excision circles (KREC)
for mass screening of severe combined immunodeficiency
(SCID)5 and B-lymphocyte deficiency6 in neonates. TREC and
KREC are associated with T-cell and B-cell neogenesis, respec-
tively.7 Here we retrospectively report that TREC and KREC
are useful for classifying patients with clinically diagnosedCVID.

Hypogammaglobulinemic patients (n 5 113) were referred to
our hospital for immunodeficiency from 2005-2011, and the
following patients were excluded from the CVID pool by
estimating their SCID genes based on clinical manifestations
and lymphocyte subset analysis: 18 patients with SCID diagno-
ses; 14 patients less than 2 years of age (transient infantile
hypogammaglobulinemia); 10 patients with IgM levels of greater
than 100 mg/dL (hyper-IgM syndrome); 26 patients with diseases
other than CVID caused by known gene alterations (10 with
X-linked agammaglobulinemia and 11 with hyper-IgM syndrome
[CD40L or AICDAmutated]), (2 with DiGeorge syndrome, and 3
with FOXP3, IKBKG, or 6p deletions); and 5 patients with drug-
induced hypogammaglobulinemia. The remaining 40 patients
with decreased IgG (>_2 SDs below the mean for age), IgM,
and/or IgA levels, as well as absent isohemagglutinins, poor re-
sponse to vaccines, or both were included in this study as patients
with CVID and analyzed for TREC/KREC levels, retrospectively.

Ages of patients with CVID ranged from 2 to 52 years (median
age, 15.5years).The sex ratio of the patientswas 21male/19 female
patients. Serum IgG, IgA, and IgM levels were 370 6 33 mg/dL
(0-716 mg/dL), 306 7 mg/dL (1-196 mg/dL), and 406 6 mg/dL
(2-213 mg/dL), respectively. TREC and KREC quantification was
performed by usingDNA samples extracted fromperipheral blood,
as reported previously.5,6 Clinical symptoms were then assessed
retrospectively. The study protocol was approved by the National
Defense Medical College Institutional Review Board, and written
informed consent was obtained from adult patients or parents of
minor patients in accordance with the Declaration of Helsinki.

Based on TREC and KREC copy numbers, the 40 patients with
CVIDwere classified into 4 groups (groups A, B, C, andD; Fig 1).
Comparing lymphocyte subsets, CD31 T-cell numbers were sim-
ilar among groups A, B, and D but were significantly lower in
group C (P < .05; group A, 1806 6 204 cells/mL; group B,
1665 6 430 cells/mL; group C, 517 6 124 cells/mL; and group
D, 1425 6 724 cells/mL; P 5 .0019, Tukey multiple comparison
test based on 1-way ANOVA). CD31CD41CD45RO1 memory
T-lymphocyte percentages in groups B, C, and D were signifi-
cantly higher than those in group A (P < .0001; group A,
37% 6 16%; group B, 67% 6 13% [P 5 .0006]; group C,
92% 6 8.2% [P < .0001]; and group D: 83% 6 14%
[P < .0001]; see Fig E1 in this article’s Online Repository at
www.jacionline.org); additionally, the percentages of these cells
in groups C and Dwere higher than in group B (P5 .0115). These
results indicate that group C and D patients have markedly de-
creased CD41CD45RA1 naive T-cell counts than group
A patients and that counts in group B are also significantly de-
creased, although less so than in groups C or D, which is consis-
tent with a report showing lower TREC copy numbers in
CD41CD45RO1 cells. Some patients in groups B, C, and D ex-
hibited normal CD41CD45RO1 percentages, although TREC
levels, KREC levels, or both decreased. This discrepancy indi-
cates that TREC/KREC levels could be independent markers to
determine the patient’s immunologic status in addition to
CD41CD45RA1; the reasons underlying the discrepancy be-
tween CD41CD45RA1 and TREC/KREC levels remain
unsolved.

CD191 B-cell numbers in group A were significantly higher
(P < .05) than those in groups B and D (group A, 269 6 65
cells/mL; group B, 35 6 16 cells/mL; group C, 60 6 11 cells/
mL; and group D, 29 6 16 cells/mL; P 5 .0001). However,
B-cell subpopulations, including CD272, IgD1CD271, and
1
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FIG 2. Cumulative incidence of complication events per 10 patient-years differs among groups. Opportun-

istic infections, autoimmune diseases, and malignancies were evaluated for each patient group. Compli-

cation incidences in group D (0.98 events/10 patient-years), group C (0.63 events/10 patient-years), and

group B (0.30 events/10 patient-years) were higher than in group A (0.04 events/10 patient-years). Group

A versus group D: **P 5 .0022; group A versus C: **P 5 .0092; group A vs group B: P 5 .0692.
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IgD2CD271 cells, were not significantly different among the
groups. Standardizing KREC copy numbers for each patient by
dividing their CD191 by their CD271 percentages revealed the
same patient classification as that shown in Fig 1 (data not shown),
indicating that the original classification was independent of
CD191 B-cell or CD271 memory B-cell percentages.

Because TREC and KREC levels decreasewith age (see Fig E2
in this article’s Online Repository at www.jacionline.org)5,6 and
age distribution was wide in this study, we compared patients’
ages among groups at the time of analysis to determine whether
classification was associated with age. TREC/KREC-based clas-
sification was independent of both age and sex because age distri-
bution was not significantly different among groups (P > .05;
group A, 12.76 2.3 years [2-30 years]; group B, 23.46 4.2 years
[6-39 years]; group C, 21.56 6.1 years [4-52 years]; and group D,
25.56 4.4 years [15-46 years]; data not shown) nor was male/fe-
male sex ratio (overall, 21/19; group A, 10/9; group B, 2/5; group
C, 5/3; and group D, 4/2; P 5 .4916, x2 test; data not shown).

We next evaluated whether any correlation existed between
TREC/KREC-based classification and clinical symptoms in each
patient group. All patients in the study had been treated with
intravenous immunoglobulin (IVIG) substitution at the time of
analysis. We found that the cumulative events of complications
(opportunistic infections, autoimmune diseases, and malignan-
cies) per 10 patient-years were highest in group D (0.98 events/10
patient-years), followed by group C (0.63 events/10 patient-
years), group B (0.30 events/10 patient-years), and group A (0.04
events/10 patient-years), where events in groups D and C were
significantly higher than group A (group Avs group D,P5 .0022;
group A vs group C, P 5 .0092; group A vs group B, P 5 .0692;
Fig 2). Furthermore, we found similar results when evaluating
only patients 19 years old or older for group D (1.01 events/10
patient-years), group C (0.56 events/10 patient-years), group B
(0.32 events/10 patient-years), and group A (0.06 events/10
patient-years; group A vs group D, P 5 .0074; group A vs group
C, P 5 .0407; group A vs group B, P 5 .1492; data not shown).
Categorizing patients by using several different previously
reported CVID classifications (focused primarily on separating
patients based on levels of circulating B-cell subsets), we found
that no classification scheme showed any significant event
increases in any particular group (see Fig E3 in this article’s On-
line Repository at www.jacionline.org). Assessing longitudinal
cumulative opportunistic infection incidence among the groups,
group D and C values were significantly higher than in group
A (see Fig E4, A, in this article’s Online Repository at www.
jacionline.org; P 5 .0059). Autoimmune and malignant diseases
(P5 .5168 and P5 .6900, respectively) were observed in groups
B and D but not in group A (see Fig E4, B and C). Cumulative
events were significantly different between groups (P 5 .0313,
log-rank test; group A, 5.3% and 5.3%; group B, 14.3% and
57.1%; group C, 27.1% and 63.5%; and group D, 33.3% and
83.3% at 10 and 30 years of age, respectively; see Fig E4, D).
One patient in groupD died ofPneumocystis jirovecii pneumonia,
and 2 other patients in the same group received hematopoietic
stem cell transplantation after complications caused by EBV-
related lymphoproliferative disorder.

Assessing these data, TREC/KREC-based classification
matches clinical outcomes. Because group D patients exhibited
the most frequent complications (opportunistic infections, auto-
immune diseases, and malignancies), they could receive a diag-
nosis of CID based on these symptoms. If they are indeed
determined to have CID, then TREC/KREC analysis is helpful to
distinguish between CID and CVID. Their TREC(2)/KREC(2)
phenotype might relate to defective V(D)J recombination in
T- and B-cell development8 because patients with B-negative
SCID (RAG1, RAG2, Artemis, and LIG4), as well as patients
with ataxia-telangiectasia (AT) andNijmegen breakage syndrome
(NBS; see Fig E5 in this article’s Online Repository at www.
jacionline.org),5,6 were also negative for both TREC and
KREC; it is intriguing to speculate that an unknown V(D)J
recombination gene or genes is responsible. As for treatment,
hematopoietic stem cell transplantation should be considered
the preferred treatment to ‘‘cure’’ group D patients, as reported
in patients with severe CVID/CID, because event-free survival
is poor.9

In contrast to group D patients, TREC(1)/KREC(1) group
A patients treated with IVIG substitution therapy remained
healthy. One possible explanation is that these patients harbor
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defects only in terminal B-cell differentiation, but not in T cells,
and represent typical patients with CVID, as originally reported.

Group C patients had a high frequency of both opportunistic
infections and malignancies, suggesting that these TREC(2)
patients have T-cell defects. Although group C patients had a
similar TREC/KREC pattern to patients with SCID with B cells
(IL2RG and JAK3; see Fig E5, A), they do not fulfill the European
Society for Immunodeficiencies criteria for SCID, and no muta-
tion was identified in the SCID genes estimated from clinical
manifestation and lymphocyte subset analysis. However, from
our data, they would likely benefit from undergoing similar treat-
ment to patients with SCID or CID to prevent these
complications.

Although opportunistic infections were rare in group B
patients, autoimmune diseases were often observed. This is
consistent with this group being TREC(1)/KREC(2) and the
idea that balance between T and B cells is important to prevent
autoimmune diseases in patients with CVID.1 Intriguingly, a
group of patients with AT and NBS were also TREC(1)/
KREC(2) (see Fig E4, B), which is similar to group B patients.
Additionally, CD45RA1CD41 naive T-cell numbers were re-
duced in most group B patients, which is similar to the phenotype
exhibited by patients with AT and NBS. This finding raises the
possibility that although some group B patients are also T-cell de-
ficient, as well as B-cell deficient, and should be treated similarly
to patients with CID, other patients have only B-cell deficiency
and are effectively treated with IVIG substitution therapy.

By analyzing a large CVID patient cohort, the overall survival
rate of patients withmore than 1 complicationwas worse than that
for patients without other complications.4 Our findings indicate
that low TREC levels, KREC levels, or both are useful markers
that correlate well with the overall survival rate in patients with
CVID. Therefore we conclude that TREC and KREC are useful
markers to assess the clinical severity and pathogenesis of each
patient with CVID and to distinguish CID from CVID. Thus
patient classification based on TREC/KREC levels would provide
a helpful tool for deciding on an effective treatment plan for each
patient with CVID.
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FIG E1. CD45RO1CD31CD41 T-cell frequency within CD41CD31 lympho-

cytes was analyzed among groups. CD45RO1CD31CD41 lymphocyte

counts were significantly higher in groups B, C, and D compared with those

in group A (P < .0001). Group A: 37% 6 16%; group B: 67% 6 13%

(**P < .01); group C: 92% 6 8.2% (***P < .001); and group D: 83% 6 14%

(***P < .001).
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FIG E2. KREC levels were analyzed in genomic DNA samples extracted

from peripheral blood of control subjects at different age groups (n 5 158;

age range, 1 month to 55 years). KREC levels were significantly higher in

infants (17.9 6 3.9 3 103 copies/mg DNA) compared with other children’s

age groups (8.9 6 1.3 3 103 copies/mg DNA in the 1- to 6-year-old group

and 3.66 3.83 103 copies/mg DNA in the 7- to 18-year-old group) and adults

(2.0 6 3.3 3 103 copies/mg DNA; P < .0001).

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

LETTER TO THE EDITOR 3.e2



1a 1b 2

0.0

0.2

0.4

0.6

0.8

1.0
Malignancy

Opportunistic infection

Autoimmune disease

Ev
en

ts
/1

0p
at

ie
nt

-y
ea

rs

B

-

s
m
B

+

s
m
B

- T
r
n
o
r
m

s
m
B

- T
r
h
i

0.0

0.2

0.4

0.6

0.8

1.0

Malignancy

Opportunistic infection

Autoimmune disease

Ev
en

ts
/1

0p
at

ie
nt

-y
ea

rs

MB0 MB1 MB2

0.0

0.2

0.4

0.6

0.8

1.0

Malignancy

Opportunistic infection

Autoimmune disease

Ev
en

ts
/1

0p
at

ie
nt

-y
ea

rs

B

-

s
m
B

+ 2
1
lo

s
m
B

+ 2
1
n
o
r
m

s
m
B

- 2
1
lo

s
m
B

- 2
1
n
o
r
m

0.0

0.2

0.4

0.6

0.8

1.0

Malignancy

Opportunistic infection

Autoimmune disease

Ev
en

ts
/1

0p
at

ie
nt

-y
ea

rs

B

C

A

D

FIG E3. Patients were classified in the following way and analyzed for cumulative incidence of complica-

tions: A, Freiburg; B, Paris; and C, EUROclass classifications, according to CD38hiIgMhi transitional B cells

(Fig E3, A-C) or CD21low B cells (D). Five patients were excluded from the Freiburg and Paris classifications

because of decreased B-cell numbers (<1%). Additionally, we excluded 4 patients in the Freiburg classifica-

tion, 1 patient in the Paris classification, and 4 patients in the EUROclass classification for transitional B cells

and 8 in the EUROclass classification for CD21low B cells because of lack of data. The following cumulative

events/10 patient-years were found. Freiburg classification: 1a, 0.36; 1b, 0.48; 2, 0.32. Paris classification:

MB0, 0.50; MB1, 0.37; MB2, 0.28. EUROclass classification according to transitional B cells: B2, 0.27;

smB1, 0.52; smB2Trnorm, 0.60; smB2Trhigh, 0.43. EUROclass classification according to CD21lo B cells: B2,

0.27; smB121lo, 0.45; smB121norm, 0.47; smB221lo, 0.58; smB221norm, 0.30. No classification showed any sig-

nificantly increased events in any particular group according to calculated P values, as follows—Freiburg

classification: 1a vs 2 5 .898, 1b vs 2 5 .479, 1a vs 1b 5 .838; Paris classification: MB0 vs MB2 5 .179,

MB1 vs MB2 5 .654, MB0 vs MB1 5 .764; EUROclass classification according to transitional B cells: B2 vs

smB1 5 .298, smB2Trnorm vs smB1 5 .809, smB2Trhi vs smB1 5 .702, smB2Trhi vs smB2Trnorm 5 .641,

smB2Trnorm vs B2 5 .329, smB2Trhi vs B2 5 .508; EUROclass classification according to CD21lo B cells:

B2 vs smB121norm 5 .443, smB121lo vs smB121norm 5 .930, smB221lo vs smB121norm 5 .695, smB221norm

vs smB121norm 5 .575, B2 vs smB221norm 5 .926, smB121lo vs smB221norm 5 .609, smB221lo vs

smB221norm 5 .399, B2 vs smB121lo 5 0.474, B2 vs smB221lo 5 0.270, smB121lo vs smB221lo 5 0.618.
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FIG E4. Comparing longitudinal cumulative incidence of complication events among groups. Cumulative

incidence was estimated separately and longitudinally by using the Kaplan-Meier method and statistically

compared between groups by using the log-rank test. The cumulative incidence of opportunistic infections

(A), autoimmune diseases (B), malignancies (C), and all events (D) is shown.
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FIG E5. TREC and KREC quantification classifies patients with SCID, AT, NBS, or ataxia-telangiectasia–like

disease (ATLD) into 4 groups. A, Patients with B1SCID (n5 20) were classified as group C, and patients with

B2SCID (n 5 8) were classified as group D; these patients were included in the previous studies.5,6 B, Al-

though most patients with AT (n 5 23) and patients with NBS (n 5 4) were classified as group D, TRECs

were detected in peripheral blood samples (n 5 4 in patients with AT and n 5 2 in patients with NBS)

and neonatal Guthrie cards (n 5 3) of some patients with AT, who were classified as group B. Patients

with ATLD with MRE11A mutations were classified as group A.
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