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Summary

The purpose of this study is to evaluate the effects of neonatal thymectomy in
the functional capacity of the immune system. We selected a group of 23
subjects, who had undergone thymectomy in their first 30 days of life, during
an intervention for congenital heart disease. Several parameters of the
immune system were evaluated during their first 3 years of life. Lymphocyte
populations and subpopulations (including naive, memory and effector sub-
populations), T cell receptor (TCR) Vb repertoire, response of T cells follow-
ing in vitro stimulation by mitogen, quantification of immunoglobulins, TCR
excision circles (TRECS) and interleukin (IL)-7 were measured. We found that
neonatal thymectomy produces long-term diminution in total lymphocyte
counts, especially in naive CD4+ and CD8+ T cells. Additionally, TRECS were
decreased, and plasma IL-7 levels increased. A statistically significant negative
correlation was found between absolute CD4+ T cells and IL-7 (r = -0·470,
P = 0·02). The patients did not suffer more infectious events than healthy
control children, but thymectomy in neonates resulted in a significant
decrease in T lymphocyte levels and TRECS, consistent with cessation of
thymopoiesis. This could produce a compromise in immune function later in
life, especially if the patients suffer T cell depletion and need a reconstitution
of immune function.
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Introduction

T cells derive from fetal liver or bone marrow stem cells and
migrate at a very early stage to the thymic primordium or
thymus respectively. This central lymphoid organ provides
the specialized microenvironment where receptor gene rear-
rangement and maturation of T cells occurs.

In humans, thymic export of T cells begins during early
gestation, and a diverse T cell repertoire is established by the
end of the first trimester [1]. Molecular analysis of the
human thymus T cell receptor (TCR) Vb repertoire at 15–17
weeks of gestation shows no difference from the newborn
thymus Vb repertoire [2]. Thymic involution starts at the age
of 1 year and decreases at a rate of approximately 3% per year
until young adulthood, and at a rate of 1% per year thereaf-
ter [3–4]. It is known that there is a progressive reduction in
the production of new T cells by the thymus throughout
time. However, data from patients with different clinical con-
ditions associated to T cell depletion [human immunodefi-
ciency virus (HIV) infection, treatment with chemotherapy
and bone marrow transplantation] have confirmed that the

thymus in these individuals is still capable of producing new
T cells that could be functionally important for reconstitu-
tion of immune function [5–9].

Additionally, the importance of the prenatal thymus is
observed clearly in patients with DiGeorge syndrome. This
syndrome is a congenital disorder caused by developmental
defects in the third pharyngeal pouch and fourth pharyn-
geal arch [10]. As a result, defects are found in the thymus
gland that produce a mild to severe immunodeficiency by
impaired production and function of T cells [11]. In the
neonatal period, the effects of thymectomy are different in
several species, depending on the thymus maturity at birth.
In mice it results in partial immunodeficiency, principally
affecting cell-mediated immune response [12]. In contrast,
human neonatal thymectomy is not believed to have clini-
cal consequences [13], and it is common to carry out
thymectomy during open heart surgery for the correction
of congenital cardiac malformations in order to increase
exposure of the surgical field. Nevertheless, the scarce,
short-term studies on the impact of human infantile
thymectomy on the immune system conclude that these
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patients have a lower proportion and total number of T
cells [13–17].

This study aims to address the relative contribution of the
thymus on the immune function in a group of children with
congenital heart disease who have undergone incidental
thymectomy in the neonatal period. First, we monitored
phenotypic and functional changes in the peripheral
lymphocyte pool before thymectomy and in following studies
during their first years of life (post-thymectomy). Addition-
ally, we conducted an extensive phenotype of CD8+ T cells
(naive, central memory, effector memory, and effector)
[18] and CD4+ T cells [naive and memory subsets
(CD45RA-CCR7+CD27+, CD45RA-CCR7-CD27+, CD45RA-

CCR7-CD27-)] [19]. Peripheral venous blood was also analy-
sed for TCR Vb repertoire.

Next, we defined the thymic function by sequential moni-
toring of TCR recombination excision circles (TRECS). In the
last years, the concentration of TRECS has been suggested as
a measure for quantifying thymic output in humans [6].
TRECS are episomal DNA circles that are generated during
excisional rearrangement of TCR genes. These products are
stable, are not duplicated during mitosis and are diluted with
each cellular division. Then, the number of TRECS can serve
as a parameter of thymopoiesis [20]. Finally, we measured
interleukin (IL)-7 levels as this factor may play a critical role in
lymphocyte development and homeostasis. IL-7 is required
for thymopoiesis, contributes to post-thymic lymphocyte
development and provides important survival signals for the
naive T cell pool [21]. High plasma levels of IL-7 have been
correlated with lymphopenia and low CD4+ T cells because
of a variety of clinical conditions reflecting a homeostatic
response to T cell development [22–24].

Patients and methods

Patients

Twenty-three children who had undergone thymectomy
during an operation for congenital heart disease during the
neonatal period (< 30 days of life) were enrolled into the
study. The anatomic diagnosis of heart disease in each
patient is reflected in Table 1. Information about the com-
plete or partial removal of thymus was not always included
in the surgical report, but cardiac surgeons tried to dissect
out the whole thymus in an attempt to avoid bleeding.
DiGeorge syndrome patients were excluded from this study
by investigating the 22q11·2 chromosomal deletion in all
children. One hundred and five healthy subjects (age range
0–42 months) were used as the control group (each control
was used as single point in the longitudinal analyses).

The medical history of each patient including the original
diagnosis, surgical intervention and hospital stay was
retrieved from hospital records. All subjects came to paedi-
atrics out-patient clinic every 6 months and their parents
were inquired about the history of infections (otitis, bron-

chitis, pneumonia, meningitis, candidiasis and others), skin
diseases, autoimmune diseases, neurological diseases, allergy
and cancer.

A peripheral venous blood sample from the patients was
collected the day before heart surgery (prethymectomy), and
subsequent samples from the same patients were collected at
intervals of approximately 6, 12, 18, 24 and 36 months after
thymectomy (post-thymectomy). Informed consent was
obtained according to the World Medical Association Dec-
laration of Helsinki.

Flow cytometry

Whole blood cells were stained with the corresponding
monoclonal antibodies to determine the percentage and the
absolute number of the following lymphocyte populations:
CD3+ (all T cells), CD3+CD4+ (helper T cells) and subsets
CD45RA+ and CD45RO+, CD3+CD8+ (cytotoxic T cells)
and subsets CD45RA+ and CD45RO+, CD19+ (all B cells),
CD16+CD56+CD3- [all natural killer (NK) cells] and
CD3+TCR gd++ (T cells with gd receptor).

Also, we performed a phenotypic analysis of CD8+ T cells
[naive (CD45RA+CCR7+CD27+), central memory (CD45RA-

CCR7+CD27+), effector memory (CD45RA-CCR7-CD27+)
and effector (CD45RA+CCR7-CD27+ and CD45RA+/

-CCR7-CD27-)] [18] and CD4+ T cells [naive (CD45RA+

CCR7+CD27+) and memory subsets (CD45RA-CCR7+

CD27+, CD45RA-CCR7-CD27+, CD45RA-CCR7-CD27-)]
[19]. The four-colour analysis was performed in a Coulter
EPICS XL-MCL flow cytometer (Fullerton, CA, USA) [25].

The TCR Vb repertoire was analysed in CD4+ and CD8+

T cells using 24 monoclonal antibodies anti-TCR Vb
(Beckman-Coulter Immunotech, Marseille, France). The
immunophenotypic panel of TCR Vb used in this study
detects approximately 70% of all TCR ab+ T cells.

Proliferation assay

Peripheral blood mononuclear cells (PBMCs) were isolated
from heparinized whole blood by Ficoll-Paque density

Table 1. Cardiac diagnosis.

Cardiac diagnosis Patients

Transposition of great vessels 8

Tetralogy of Fallot 5

Interventricular communication 1

Interventricular communication and aortic stenosis 1

Interventricular communication and hypoplasic aortic arch 1

Interventricular communication and transposition of

great vessels

1

Interventricular communication and coarctation of

the aorta

2

Pulmonary stenosis 1

Pulmonary atresia 1

Ventricular septal defect and pulmonary atresia 1

Tricuspid atresia 1
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centrifugation; 8 ¥ 105 PBMCs per well were cultured
with one of the following mitogens: anti-CD3 antibody,
phytohaemagglutinin (PHA) and phorbol myristate acetate
(PMA) plus ionomycin. The cells were cultured in triplicate
wells for 3 days at 37°C in a humidified incubator containing
5% CO2, then the wells were pulsed individually with 1 uCi
of [3H]-thymidine and incubated during the last 18 h. The
amount of radioactivity was measured in a scintillation
counter with results expressed as counts per minute [26].

Quantification of immunoglobulins

Serum immunoglobulin levels (IgG, IgA and IgM) were
measured by nephelometry (Immage system; Beckman,
Brea, CA, USA).

Quantification of signal joint TRECS

Thymic generation of new T cells was studied by quantifying
the production of TRECS in PBMCs by real-time quantita-
tive polymerase chain reaction (PCR) in a LightCycler
system (Roche Diagnostic GmbH, Mannheim, Germany). A
standard curve was constructed using a plasmid that
includes a fragment of 375 base pairs of the signal joint
TRECS sequence (kindly supplied by M. A. Muñoz Fernan-
dez) [6]. All samples were analysed in duplicate using a single
lot of serially diluted plasmid as standard for all assays. The
mean of the duplicate TRECS values was used for data
analysis. To normalize for PBMCs equivalents in the input
DNA we used a separate real-time PCR assay to quantify the
b-globin sequence, as it is known that this gene is present at
only two copies per cell, i.e. there are no pseudogenes.

Quantification of IL-7 in plasma samples

Plasma IL-7 levels were measured according to the manufac-
turer’s instructions using a high-sensitivity immunoassay
(Quantikine HS human IL-7 immunoassay; R&D Systems,
Minneapolis, MN, USA).

Statistical analysis

Student’s t-test was used to compare differences between the
mean values of the study and control groups using spss 12·0
software. Pearson’s r correlation was used to investigate any
possible correlation between variables. A P-value < 0·05 (*)
was considered statistically significant and P < 0·01 (**) very
significant.

Results

Patients and follow-up

The patients enrolled in this study were clinically healthy and
none had required hospital admission because of infection.
One patient was diagnosed with coeliac disease and another

with alimentary allergy. Sequential blood samples were
collected prethymectomy and post-thymectomy every 6
months until patients reached the age of 3 years. The results
obtained in the immune studies from these subjects were
compared with data obtained from a control group in the
same age intervals.

Immunophenotype

The total number and percentage of T, B and NK lym-
phocytes in neonates with congenital heart disease were
examined before the surgical intervention (prethymectomy
sample) and were comparable to the control group.

After thymectomy and over the 3-year follow-up the
patients showed progressive lymphopenia and a very signifi-
cant reduction in both total number and percentage of CD3+

T lymphocytes compared with the control group. Analysis
of the changes in each T cell subset showed that the decay
slope was greater in CD4+ T lymphocytes than in CD8+ T
lymphocytes. The CD4+ and CD8+ T cells were diminished
mainly at the expense of CD45RA+ subsets (Fig. 1).

The decay is also observed when prethymectomy patients’
samples were compared with post-thymectomy samples and
is especially important in the first months post-thymectomy
(6 and 12 months). After 36 months the T lymphocyte
subsets were maintained in low numbers (Fig. 1).

Because of this reduction in CD45RA+ subsets, we con-
ducted an extensive phenotype of CD8+ T cells and CD4+

T cells in a group of thymectomized children (n = 12, 5–7
years post-thymectomy). The data revealed that the percent-
age and absolute numbers of naive subset (CD45RA+

CCR7+CD27+) in CD8+ and CD4+ T cells was decreased
profoundly [percentage of naive CD8+ T cells: patients =
21·2 � 9·7 (mean � standard deviation), controls = 57·9 �

16·4, P = 1·5 ¥ 10-6; naive CD8+ T cells/ml: patients = 55·4 �

26·8, controls = 391·5 � 236·5, P = 7·6·10-5; percentage of
naive CD4+ T cells: patients = 17·4 � 8·3, controls = 51·8 �

11·4, P = 3·10-7; naive CD4+ T cells/ml: patients = 79·7 � 51·2,
controls = 597·9 � 345·4, P = 4·10-5] (Fig. 2). The CD8+

T cells showed predominantly an effector phenotype
(CD45RA+CCR7-CD27+ and CD45RA+/-CCR7-CD27-) and
an effector memory phenotype (CD45RA-CCR7-CD27+);
the percentage of these subsets are significantly elevated
(P = 0·0004 and 0·002 respectively), but absolute numbers
were not statistically significant (Fig. 2). The central memory
CD8+ T cells were normal. The CD4+ T cells showed a pre-
dominantly memory phenotype with elevated percentage
of all memory subsets (statistically significant) (CD45RA-

CCR7+CD27+, CD45RA-CCR7-CD27+ and CD45RA-

CCR7-CD27-) and normal absolute numbers (Fig. 2).
There were no differences in absolute numbers of

lymphocytes expressing CD19 (B cells) and CD16/CD56
(NK cells) between patients and controls. TCR gd+ absolute
numbers showed only a slight diminution (statistically sig-
nificant) after 18 months post-thymectomy.

Immune function in thymectomized neonates
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Additionally, it would be interesting to know the reper-
toire of the TCR owing to the findings in the lymphocytic
phenotype. Analysis of the TCR Vb repertoire was per-
formed across the CD8+ and CD4+ T cells in a group
of thymectomized children (n = 11, 5–7 years post-
thymectomy). The results show different expansions and/or
contractions of the TCR Vb repertoire in both CD4+ and
CD8+ T cells from all the thymectomized patients tested
(Table 2). The contractions in TCR Vb usage in CD4+ T cells
were less frequent compared with those observed in CD8+ T
cells (15% of total contractions in CD4+ versus 20% in CD8+

T cells). However, expansions were more frequent (12·5% of

total expansions in CD4+ versus 7·5% in CD8+ T cells). Con-
tractions of CD8+ T cells expressing TCR Vb 13·1, 13·6 and
14 were seen in at least five of 11 patients, and they were the
most frequently detected shared contractions (Table 2).
These observations are consistent with a skewed repertoire of
TCR Vb families in the thymectomized patients.

T cell function

All patients had a normal lymphoproliferative response
to the assayed mitogens (anti-CD3, PHA and PMA +
ionomycin) in both pre- and post-thymectomy samples. All

Fig. 1. Peripheral lymphocyte count and T

cell subsets. Absolute lymphocyte counts (a),

CD3+ T cells (b), CD3+CD4+ T cells (c),

CD3+CD8+ T cells (d), CD4+CD45RA+ T cells

(e) and CD8+CD45RA+ T cells (f) for

age-related controls (white box: < 30 days,

6 months, 12 months, 18 months, 24 months

and 36 months), patients (grey box) before

thymectomy (prethymectomy) and patients

after thymectomy (6 months, 12 months,

18 months, 24 months and 36 months

post-thymectomy). Boxes are interquartile

ranges, box lines are median values and external

lines are 5th and 95th percentiles. Significance

was calculated using Student’s t-test. P > 0·05

(not significant), *P < 0·05 and **P < 0·01.

Discontinuous lines are statistical comparisons

between pre- and post-thymectomy samples.

Continuous lines are statistical comparisons

between control groups and patient groups of

the same age.
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proliferation assays showed results comparable with the con-
trols and above the lower range established in our laboratory.

Quantification of immunoglobulins

The IgG, IgA and IgM levels in prethymectomy samples and
in at least one post-thymectomy sample were normal.
The levels in post-thymectomy samples were: IgG:
823 � 212 mg/dl; IgA: 88 � 46 mg/dl; IgM: 87 � 31 mg/dl
(n = 23, age range 2–6 years); all were within the normal
range established in our laboratory for this age (IgG: 400–
1100; IgA: 10–160; IgM: 50–180). Specific antigen response
following vaccination was measured in only one patient
(4 years after-thymectomy), showing normal response to
pneumococcus polysaccharide IgG and IgG2.

Quantification of TRECS

To investigate the impact of thymectomy during immune
development in young children it is important to examine
the production of de novo T cells [15].

The TREC levels in neonates with congenital heart disease
before surgical intervention (prethymectomy samples) were
comparable to the control group (Fig. 3). In contrast, TREC
levels after thymectomy were much lower than in age-
matched healthy controls (P < 0·01). The decline of TRECS
is also observed when comparing prethymectomy with post-
thymectomy patient samples, and it is especially important
in the first year after surgery (Fig. 3).

Quantification of IL-7

In the study group, IL-7 levels before thymectomy
(2·5 � 2·5 pg/ml) were comparable to the control group
(3·8 � 3·1 pg/ml) (P = 0·11). After thymectomy, the
IL-7 concentration increased to 11·1 � 9·9 pg/ml (1 year
after thymectomy) and 13·9 � 11·4 pg/ml (2 years after
thymectomy). These results differ significantly from the con-
trols and from prethymectomy samples (P < 0·01) (Fig. 4).

Moreover, we analysed the correlation between IL-7 and
CD4+ T cell percentage and absolute numbers. The plasma
IL-7 level did not show correlation with the CD4+ T cell
percentage. One year post-thymectomy there was no cor-
relation between IL-7 and absolute CD4+ T cell counts
(r = -0·07, P = 0·67); IL-7 levels correlated negatively with
absolute CD4+ T cell counts only 2 years post-thymectomy
(r = -0·47, P = 0·02) (Fig. 4). No correlation existed between
IL-7 and TRECS quantification.

Discussion

The purpose of this study was to achieve a 3-year follow-up
in a homogeneous cohort of children, all of them thymecto-
mized in the neonatal period (< 1 month of age) to define
the long-term outcomes of thymectomy in humans. With
this longitudinal study we have defined more clearly the
natural course of the immune functions in these children
comparing data before and after thymectomy.

Fig. 2. Peripheral percentage and absolute

numbers of naive, memory and effector

CD4 (a) and CD8 (b) T cell subsets. CD4

T cell subpopulations were defined as:

naive (CD45RA+CCR7+CD27+) and

memory (CD45RA-CCR7+CD27+,

CD45RA-CCR7-CD27+,

CD45RA-CCR7-CD27-). CD8+ T cell

subpopulations were defined as: naive

(CD45RA+CCR7+CD27+), central memory

(CD45RA-CCR7+CD27+), effector memory

(CD45RA-CCR7-CD27+) and effector

(CD45RA+CCR7-CD27+ and

CD45RA+/-CCR7-CD27-). Age-related controls

(white box, n = 11, median age 9 years) and

patients (grey box) after thymectomy (n = 12,

5–7 years post-thymectomy). Boxes are

interquartile ranges, box lines are median values

and external lines are 5th and 95th percentiles.

Significance was calculated using Student’s

t-test. P > 0·05 (not significant), *P < 0·05 and

**P < 0·01.
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There are several human and animal models of thymic
deficiency that differ from our thymectomized patients. The
complete DiGeorge syndrome is a primary immunodefi-
ciency classified in the group of ‘other well defined immu-
nodeficiency’ [26]. These patients present absence of the
thymus because of fetal developmental anomalies. Thymus
transplantation has shown a stable immunoreconstitution in
these infants [27,28]. Other studies have described the effects
of thymectomy in adults with myasthenia gravis [29];
extrapolation of these data to a paediatric population pre-
sents many challenges because of the different degrees of
immunological maturity. In neonatal mice models, thymec-
tomy leads to severe immunodeficiency affecting mainly a
cell-mediated immune response [12]. On the contrary, in
humans neonatal thymectomy is not believed to have clinical
consequences [13].

Our results show clearly that thymectomy in neonates
produces significant and enduring changes in peripheral T
lymphocytes that are consistent with loss of ongoing
thymopoiesis. We showed that this reduction in the CD4+

and CD8+ T cells was due mainly to impaired production or
proliferation of naive T cells (Fig. 2). It is of interest to
mention that the mean CD4+ T cell count in all post-

thymectomy samples was diminished to immunodeficiency
levels (Fig. 1c), as defined by guidelines for HIV infection
(0–1 year of age, less than 1500 CD4 cells/mm3; 1–5 years of
age, less than 750 CD4 cells/mm3) [30]. Eighteen months
after thymectomy the mean CD4+ T cell percentage was also
decreased to levels of evidence of moderate suppression, as
defined by guidelines for HIV infection (15–24%) [30]. Four
thymectomized patients showed a CD3 percentage (between
19% and 25%) approaching the critically low level of 20%
that has been associated with a significant rise for clinical
infections [13]. The diminution of CD8+ T cells is less
important in our thymectomized patients. It is known that
in situations of suboptimal thymic regenerative capacity, the
ability to generate CD8 T cells is maintained, while CD4 T
cell regeneration is impaired [31]. Several lines of evidence
suggest that thymic-independent pathways of CD8+ T cell
regeneration are responsible for the differences observed.
These could, potentially, involve extrathymic generation of
CD8+ T cells from haematopoietic precursors and/or peri-
pheral expansion of mature CD8+ T cells. This peripheral
expansion is reflected in the predominant effector and
memory effector phenotype of CD8+ T cells after
thymectomy. On the other hand, both CD4 and CD8 T cells

Table 2. Flow cytometry analysis of the T cell receptor (TCR) Vb usage in CD4 and CD8 T cells in 11 thymectomized patients.

TCR

Vb family

TCR Vb usage in CD4+ T cells TCR Vb usage in CD8+ T cells

Control range

mean � 1·5 SD (n = 11)†

Patients (n = 11) Control range

mean � 1·5 SD (n = 11)†

Patients (n = 11)

Contraction‡ Expansion§ Contraction‡ Expansion§

Vb 1 3·08 � 0·71 0% 36% 4·25 � 1·84 27% 0%

Vb 2 10·06 � 1·88 18% 36% 5·68 � 2·21 36% 0%

Vb 3 4·98 � 3·71 9% 0% 4·29 � 3·14 18% 0%

Vb 4 1·70 � 0·83 18% 0% 1·77 � 1·73 9% 0%

Vb 5·1 6·17 � 1·89 0% 18% 2·67 � 1·12 36% 18%

Vb 5·2 2·10 � 0·69 0% 18% 1·57 � 0·78 27% 9%

Vb 5·3 1·07 � 0·52 0% 0% 1·40 � 1·60 0% 0%

Vb 7·1 1·90 � 0·74 36% 0% 2·91 � 1·27 36% 0%

Vb 7·2 2·86 � 1·64 27% 0% 3·91 � 3·65 0% 9%

Vb 8 5·05 � 1·16 27% 9% 4·32 � 1·92 18% 0%

Vb 9 3·26 � 0·96 9% 0% 2·15 � 1·41 9% 9%

Vb 11 2·96 � 0·80 27% 18% 5·94 � 2·04 27% 9%

Vb 12 1·27 � 0·42 18% 0% 1·20 � 0·89 9% 18%

Vb 13·1 4·47 � 0·75 27% 18% 3·58 � 0·87 82% 0%

Vb 13·2 1·61 � 1·09 9% 27% 2·04 � 1·40 27% 9%

Vb 13·6 1·99 � 0·62 0% 0% 1·35 � 0·69 45% 0%

Vb 14 0·88 � 0·27 0% 27% 0·76 � 0·38 45% 36%

Vb 16 1·14 � 0·42 18% 18% 1·34 � 1·08 0% 9%

Vb 17 5·19 � 1·58 18% 9% 3·99 � 1·91 0% 18%

Vb 18 1·26 � 0·39 36% 9% 0·55 � 1·15 9% 18%

Vb 20 2·71 � 1·61 0% 9% 3·19 � 2·53 9% 0%

Vb 21·3 0·52 � 0·31 36% 9% 1·29 � 1·10 0% 9%

Vb 22 3·98 � 1·45 0% 9% 3·13 � 2·49 0% 0%

Vb 23 2·68 � 0·47 36% 36% 2·61 � 1·31 9% 9%

†TCR Vb expression is defined as percentage [mean � standard deviation (s.d.)] of CD4+ and CD8+ T cells in age-matched controls (n = 11, median

age 9 years); ‡contraction: percentage of patients with TCR Vb expression lower than the control range (mean -1·5 s.d.); §expansion: percentage of

patients with TCR Vb expression higher than the control range (mean + 1·5 s.d.).
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showed a markedly skewed TCR repertoire, reflecting the
lack of production of new lymphocytes with naive pheno-
type and pre-existing lymphocytes peripheral expansion.
Hence, peripheral expansion of existing T cell pools may lead
to T cell repertoires limited to those of existing memory T
cells, with limited capacity to respond to new antigens [31].

In this study, we also quantified TREC levels in pre- and
post-thymectomy samples (Fig. 3). The number of TRECS
can serve as a parameter of thymopoiesis. We observed sig-
nificantly decreased TREC levels in all patients with respect
to the control group. This diminution was very profound in
some patients, who showed undetectable TREC levels in the
first 3 years after thymectomy, which could be consistent
with cessation of thymopoiesis. Halnon et al. have published
that patients without residual thymus had significantly lower
TRECS than those with partial thymectomy [15].

Interleukin-7 has an important role at several stages of T
cell development. Several data indicate that IL-7 results in an
increased TCR rearrangement in human thymus, suggesting
that immune reconstitution in human could be enhanced
through stimulation of thymus-dependent T cell generation
with exogenous IL-7 [32]. In this manner, IL-7 plays an
important role in the development, homeostasis and activity
of lymphoid cells. Additionally, follow-up studies in multiple
clinical cohorts with T cell depletion have shown profound
inverse relationships between circulating IL-7 and peripheral
CD4 T cell numbers in children and adults with T cell
depletion [21]. Furthermore, the role of IL-7 in thymic
and extrathymic development of TCR gd cells has been
investigated. Thymic IL-7 is required for development of
thymic TCR gd cells, while peripheral IL-7 is sufficient for
the development of extrathymic TCR gd intestinal intra-
epithelial lymphocytes [33]. One patient with a diagnosis of
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coeliac disease showed increased TCR gd intestinal intra-
epithelial lymphocytes, but more studies are necessary to
conclude if the increased IL-7 observed in thymectomized
patients will affect TCR gd development.

There are very few reports available on plasma IL-7 levels
in healthy children. In this study the IL-7 concentration in
controls (n = 51 mean age 19·3 months, range 1–42 months)
was 3·8 � 3·1 pg/ml. Additionally, we report for the first
time the quantification of IL-7 levels in thymectomized
children. Our cohort of patients has high plasma levels of
IL-7 associated with low counts of CD4 T cells. However,
these high levels of IL-7 are ineffective, as no increase in
thymic production or recovery of the CD4 T cell repertoire
has been observed during the period of analysis.

Furthermore, in some autoimmune diseases such as juve-
nile rheumatoid arthritis and bullous pemphigoid, elevated
circulating levels of IL-7 are observed. Thus, although the
biological effect of high levels of IL-7 in response to T cell
depletion is to enhance immune competence, in some situ-
ations it is predicted that elevated levels of IL-7 might also
predispose to autoimmunity [34]. The patients enrolled in
this study were clinically healthy and during the period of
analysis only one showed evidence of an autoimmune event.

Because of thymic involution, it has been suggested that
the adult thymus does not contribute to new T cell
regeneration. However, other data have confirmed that in
normal individuals there is an ongoing contribution of the
thymus to the maintenance of the T cell compartment
throughout life into late adulthood [5,6,8,35]. Some clinical
conditions (HIV infection, chemotherapy and bone marrow
transplantation) are associated with T cell depletion, and
subsequently there is a need for T cell regeneration despite
limited thymopoietic capability. The thymus in these
patients is functional and it is required for reconstitution of
immune function [6–9]. Moreover, the decreased produc-
tion of recent thymic emigrants with age could explain the
increased susceptibility of elderly individuals to new patho-
gens [36]. Given these possibilities, thymectomy could have
an impact on immunity later in life, especially if the patients
need a reconstitution of immune function.
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