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SUMMARY

 

Infants undergoing open heart surgery often have all or part of their thymus removed. The activity of
the immune system has not been investigated thoroughly in these children, and only shortly after the
operation. Therefore, it was decided to investigate the activity of the immune system in more detail in
children several years after their operation. Peripheral blood samples from 19 children who had under-
gone open heart surgery during their first months of life was collected (study group) and from 19 age-
and gender-matched children (control group). The activity of the immune system was evaluated by mea-
suring the number of different cell types in peripheral blood, the phenotype of lymphocytes and the
response of T cells following 

 

in vitro

 

 stimulation by mitogen, tetanus toxoid and measles antigen. The
study group had significantly lower counts of total lymphocytes, which was reflected in a lower number
of T cells but not B cells. Furthermore, the study group had significantly lower proportion of T cells
(CD3

 

+

 

) and helper T cells (CD4

 

+

 

), but not cytotoxic T cells (CD8

 

+

 

). The level of neutrophils in periph-
eral blood was significantly higher in the study group. This may indicate enhanced innate immunity
when the acquired immunity is defective. The results indicate a shift to extrathymic T cell maturation,
which is less efficient for CD4

 

+

 

 helper cells than for CD8

 

+

 

 cytotoxic cells.
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INTRODUCTION

 

T cells derive from bone marrow stem cells and migrate at a very
early stage to the thymus. This central lymphoid organ in the
upper anterior thorax, just above the heart, provides the special-
ized microenvironment in which receptor gene rearrangement
and T cell maturation occur [1].

The thymus is almost fully developed at birth. It increases in
weight over the first 6 months of life and the rate of T cell pro-
duction by the thymus is greatest before puberty. After puberty,
the thymus begins to shrink and the production of new T cells
reduces to a lower rate in adults [1,2]. There is a progressive
replacement of the perivascular spaces with fat, but despite that
the remaining cortical and medullary tissue in the ageing thymus
is histologically normal [2,3].

The importance of the thymus in immunity was first discov-
ered through experiments on mice. It was found that thymectomy
in neonatal mice resulted in partial immunodeficiency, principally

affecting cell-mediated immune responses [4]. Rodents are less
mature than humans at birth but the thymus is known to be highly
active in the first months of life in humans [1]. Neonatal thymec-
tomy might therefore be expected to have adverse effects on
immune function in children. It is, nevertheless, common to carry
out thymectomy, total or partial, in the preliminary stages of open
heart surgery for the correction of congenital cardiac malforma-
tions in order to facilitate the cannulation of the great vessels.

There is very little information on the impact of neonatal
thymectomy in humans. According to a 25-year-old study, thymec-
tomy in children over 6 months of age is not believed to have clin-
ical consequences [5]. Two more recently published reports
specifically addressing this issue have documented a decreased
number of T cells, CD4

 

+

 

 T cells (helper T cells), CD8

 

+

 

 T cells
(cytotoxic T cells) and diminished proliferative response to phy-
tohaemagglutinin and concanavalin A [6,7]. In these two studies
children were tested for immune functions from 3 months to 3
years after they underwent thymectomy at the time of cardiopul-
monary bypass in the first months of life.

To investigate further the effect of thymectomy on the
immune functions in children we have studied a group of children
around 10 years after undergoing thymectomy as part of open
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heart surgery in the first few months of life. Tests performed to
evaluate the immune system were haematological analysis, cell
culture to evaluate functional activity and differentiation of T
lymphocytes, serological measurements of immunoglobulins and
autoantibodies, and flow cytometric analysis of lymphocyte
immunophenotype. The phenotype CD8

 

+

 

 CD62L

 

+

 

 CD103

 

+

 

 that
has been described recently as characteristic of recent thymic
emigrants [8] was specifically analysed. The purpose of the study
was to determine the long-term effects of partial or total neonatal
thymectomy in humans, in particular on T cells, autoimmune dis-
eases and infections.

 

PATIENTS AND METHODS

 

Subjects

 

Nineteen children aged 5–16 years (average age 10·1 years) who
underwent partial or total thymectomy during an operation for
congenital heart disease in the first months of life (average age
2·6 months) were enrolled into the study. Eleven children had
ventricular septal defect, six had transposition of the great vessels,
one child had pulmonary venous connection and one had pulmo-
nary stenosis. One healthy control subject was matched for age
and gender to each study patient. The average age of the control
group was 10·2 years. Written consent was obtained from all par-
ents and the study was conducted with permission from the Ice-
landic National Bioethics Committee and the Privacy and Data
Protection Authority.

All the children in the study group were selected on the cri-
teria of having a heart defect which was not going to influence
their health after it had been corrected by surgery. Furthermore,
there were no records of any blood transfusions or further early
childhood illness after surgical treatment of the heart defect in the
study group.

 

Data and sample collection

 

Information on original diagnosis, the surgical operation, number
of post-operative infections and hospital stay of each subject were
retrieved from hospital records. All subjects answered a standard-
ized questionnaire with their parents, including questions about
history of infections (otitis, bronchitis, pneumonia, meningitis and
candidiasis), asthma, eczema, allergy, psoriasis, arthritis, vaccina-
tions and antibiotic use for the last year. A peripheral venous
blood sample was collected from all subjects.

 

Tests of immune system function

 

Studies performed to evaluate the immune system are summa-
rized in Table 1.

 

Haematological studies

 

Full blood count and white cell differential count was performed
at the Department of Haematology, Landspitali University Hos-
pital using standard procedures (Coulter Counter analysis).

 

Flow cytometry

 

The following phenotypes were studied: CD3

 

+

 

 (all T cells),
CD3

 

+

 

 CD4

 

+

 

 (helper T cells), CD3

 

+

 

 CD8

 

+

 

 (cytotoxic T cells),
CD3

 

+

 

 CD45RA

 

+

 

 (naive T cells), CD3

 

+

 

 CD45RO

 

+

 

 (T memory
cells), CD19

 

+

 

 (all B cells), CD16

 

+

 

 CD56

 

+

 

 [natural killer (NK)
cells], CD3

 

+

 

 TCR

 

gd

 

+

 

 (

 

gd

 

 T cells) and CD8

 

+

 

 CD62L

 

+

 

 CD103

 

+

 

.
The phenotype CD8

 

+

 

 CD62L

 

+

 

 CD103

 

+

 

 has been described
recently as characteristic of recent thymic emigrants [8]. Three-
colour flow cytometric analysis was performed using a FACStar

 

Plus

 

flow cytometer (Becton Dickinson, San Jose, CA, USA) using
FITC, PE and PE CyChrome 5 (PC5) as the fluorescent param-
eters. Lymphocyte immunophenotyping was based on staining
with conjugated mouse antihuman monoclonal antibodies
(MoAbs) to the following lymphocyte surface antigens in
combinations of three: IgG1/IgG2a/IgG1, CD3/CD103/CD19,
CD3/CD45RA/CD45RO, CD3/CD4/CD8, CD3/CD19/TCR 

 

gd

 

,
CD3/CD16/CD56, CD62L/CD103/CD8. Saturating amounts of
MoAbs (according to the manufacturer’s protocol) and 50 

 

m

 

l
EDTA anticoagulated whole blood was added directly to each
tube. The mixture was incubated on ice for 30 min. Red blood
cells were lysed with 1 ml lysis buffer (Becton Dickinson), sam-
ples centrifuged for 5 min and washed with 1 ml of phosphate
buffered saline (PBS) wash. The samples were recentrifuged for
5 min and fixed with 400 

 

m

 

l of 0·4% paraformaldehyde. For each
sample, forward and side-angle light scatter profiles were used to
acquire data for 10 000 events representing viable lymphocytes.
Data were saved and analysed with CellQuest software (Becton
Dickinson). Results were expressed as percent positive cells com-
pared with cells stained with isotype control antibodies only.

 

Cell culture

 

To evaluate functional activity and differentiation of T lympho-
cytes, the proliferation and cytokine production [interferon
(IFN)-

 

g

 

] was measured. Peripheral blood mononuclear cells
(PBMC) were separated by density gradient centrifugation on
Histopaque solution (Sigma, Stockholm, Sweden). The cells
were seeded at 2 

 

¥

 

 10

 

5

 

 cells per well in RPMI-1640 (G

 

IBCO

 

,
Invitrogen, Paisley, UK) supplemented with 10% fetal calf
serum (FCS, G

 

IBCO

 

) and penicillin–streptomycin mixture
(G

 

IBCO

 

) in 96-well plates (Nunc, Invitrogen) and incubated at
37

 

∞

 

C in a humidified incubator containing 5% CO

 

2

 

. The cells
were cultured in triplicate wells for 7 days in the presence of the
mitogen phytohaemagglutinin (PHA; L4144, Sigma) at 15 

 

m

 

g/ml,
or three antigens, tetanus toxoid (TT; Fort Dodge, USA, at
1 : 400–1 : 10800); measles virus (MV; Department of Virology,
Landspitali University Hospital, at 1 : 1400–1 : 37800) and
bovine serum albumin (BSA; ICN, OH, USA, at 200–7·3 

 

m

 

g/ml).
Cells cultured in medium alone served as negative control. Ice-
landic children are all vaccinated against tetanus and measles in
the first and second years of life and should therefore mount an
immune response against the TT and MV antigens. BSA should,
on the other hand, not be immunogenic.

 

Table 1.

 

Tests of immune function

Full blood count and white cell differential
Lymphocyte surface markers CD3, CD4, CD8, CD16, CD19, CD45RA, CD45RO, CD56, CD62L, CD103 and TCR 

 

g

 

/

 

d

 

Lymphocyte stimulation (proliferation and IFN-

 

g

 

 release) by mitogen, tetanus toxoid and measles virus
Serum immunoglobulin concentration
Serum autoantibodies, i.e. rheumatoid factor (RF) and antinuclear antibodies (ANA)
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Cytokine production (IFN-

 

g

 

).

 

Culture supernatant was col-
lected after 96 h and stored at 

 

-

 

70

 

∞

 

C until tested for IFN-

 

g

 

 levels
by enzyme-linked immunosorbent assay (ELISA; Duoset, R&D
Systems, Oxford, UK).

 

Proliferation of lymphocytes.

 

 The cells were pulsed with
0·5 

 

m

 

Ci of [6–

 

3

 

H]-thymidine (TRK61, Amersham, Little Chalfont,
UK) on day 7 and harvested on day 8 using Filtermate harvester
(Packard, USA). The amount of radioactivity was measured in a
scintillation counter (TopCount, Packard) with results expressed
as counts per minute (cpm). Stimulation index (SI) was calculated
(experiment/medium alone control) and the mean for both
groups calculated.

 

Immunoglobulins and autoantibodies

 

Autoantibodies (RF and ANA) and the concentration of IgM,
IgG, IgA, IgE and IgG subclasses was measured at the Depart-
ment of Immunology, Landspitali University Hospital, using
their standard methods (nephalometry for immunoglobulins,
ELISA for RF and IgG subclasses and immunofluorescence for
ANA).

 

Statistical analysis

 

The significance of differences between means was determined by
non-paired Student’s 

 

t

 

-test as the data were normally distributed.
Wilcoxon rank sum test was applied when analysing distribution
of the results; a 

 

c

 

2

 

 test was used to compare clinical data. 

 

P

 

 

 

<

 

 0·05
was considered significant.

 

RESULTS

 

Haematological parameters

 

The results of routine haematological tests are shown in Table 2.
All values were within the normal range but the study group
showed different values from the control group for three param-
eters. The study group had lower counts for lymphocytes
(

 

P =

 

 0·0001) but higher counts for neutrophils (

 

P =

 

 0·01), giving a
ratio of neutrophils to lymphocytes of 2·00 compared with 0·96 for
the controls. Platelet counts were lower in the study group com-
pared with the control group (

 

P =

 

 0·01).
When the data were analysed for those children with known

thymectomy (total or partial) the results were the same as for the
whole study group (data not shown).

 

Immunophenotype

 

Tables 3 and 4 show the results of the flow cytometric analysis of
surface antigens, expressed either as percentage positive or as
total number, respectively. The study group had significantly
lower numbers of lymphocytes expressing CD3 and either CD4
(

 

P 

 

<

 

 0·001), CD8 (

 

P 

 

<

 

 0·001), CD45RO (

 

P =

 

 0·01), CD45RA
(

 

P =

 

 0·001), CD103 (

 

P =

 

 0·01) or TCR

 

gd

 

 (

 

P =

 

 0·004). Further-
more, the study group had a significantly lower proportion of lym-
phocytes with the surface antigens CD3 (

 

P =

 

 0·02) and CD3 and
CD4 (

 

P =

 

 0·05), whereas the proportion of CD8

 

+

 

 T cells was not
reduced (

 

P =

 

 0·26).
The number of lymphocytes expressing CD19 or CD16 and

CD56 was not different between the study group and the control
group (

 

P =

 

 0·43 and 

 

P

 

 = 0·98, respectively). However, the study
group had a higher proportion of lymphocytes expressing these
surface antigens (CD19, 

 

P

 

 = 0·116, and CD16 and CD56,

 

P

 

 = 0·091), but the difference between the two groups was not sig-
nificant. Figures 1 and 2 show the distribution of the results for
these two cell populations. For both cell types there appeared to
be a difference in the distribution of values around the median
value of the control group, as seen in Figs 1 and 2. The difference
was, however, not significant using Wilcoxon’s rank sum test
(

 

P =

 

 0·09 and 

 

P

 

 = 0·43 for NK and B cells, respectively). It has to
be noted that assessment of NK cells was performed only on 10
blood samples from each group.

 

Table 2.

 

Comparison of blood status between study and control groups

Cell type
Study group
10

 

9

 

/l (

 

n

 

 = 19)
Control group
10

 

9

 

/l (

 

n

 

 = 19)

 

P

 

-value

Red blood cells 4·68 

 

± 

 

0·38 4·77 

 

± 

 

0·31 0·47
White blood cells 6·14 

 

± 

 

1·98 5·93 

 

± 

 

1·28 0·69
Hemoglobin  135 

 

± 

 

9·74  136 

 

± 

 

8·96 0·75
Platelets  273 

 

± 

 

59·1  322 

 

± 

 

58·4 0·01
Lymphocytes 1·79 

 

± 

 

0·53 2·68 

 

± 

 

0·73 0·0001
Neutrophils 3·60 

 

± 

 

1·37 2·58 

 

± 

 

0·93 0·01
Monocytes 0·53 

 

± 

 

0·19 0·46 

 

± 

 

0·13 0·20
Eosinophils 0·25 

 

± 

 

0·16 0·18 

 

± 

 

0·13 0·15
Basophils 0·02 

 

± 

 

0·04 0·03 

 

± 

 

0·05 0·44

All data given as average 

 

±

 

 s.d.

 

Table 3.

 

Percentage of lymphocytes by immunophenotype

CD antigen No. in each group Study group % Control group %

 

P

 

-value

CD3

 

+

 

19 59·26 

 

± 

 

9·85 66·74 

 

± 

 

9·49 0·02
CD3+ CD4+ 19 30·14 ± 10·26 36·55 ± 8·87 0·05
CD3+ CD8+ 19 26·70 ± 8·66 29·47 ± 6·05 0·26
CD19+ 18 15·27 ± 10·35 11·68 ± 5·20 0·12
CD3+ CD45RO+ 19 29·86 ± 9·47 28·87 ± 10·79 0·76
CD3+ CD45RA+ 19 42·39 ± 13·85 51·13 ± 13·59 0·06
CD16+ CD56+ 10 12·75 ± 5·10 9·17 ± 3·14 0·09
CD8+ CD62L+ CD103+ 10 4·37 ± 10·26 1·26 ± 0·41 0·37
Small CD8+ CD62L+ CD103+ 10 20·20 ± 12·88 12·89 ± 9·66 0·19
CD3+ CD103+ 9 1·03 ± 0·39 1·34 ± 0·53 0·18
CD3+ TCRgd+ 19 2·75 ± 1·51 3·65 ± 2·46 0·18

All data given as average ± s.d.
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Figure 3 shows the distribution of small CD8+ cells, which
express both CD62L and CD103 (the alleged small recent thymic
emigrants). Again, the difference between the two groups did not
reach statistical significance (P = 0·43; Wilcoxon’s rank sum test).

When the data were analysed for those children with known
thymectomy (total or partial) the results were the same as for the
whole study group (data not shown).

T cell function
There was no difference in T cell functions between the study
group and the control group when cells were stimulated with TT
and MV and the effect measured by cell proliferation and IFN-g
production. All subjects showed significant proliferative response
to tetanus toxoid (mean SI 2·8 for study group and 2·2 for con-
trols) as well as PHA (mean SI 8·6 for study group and 7·4 for con-
trols), but neither group responded significantly to measles
antigen (mean SI 1·8 for test group and 1·2 for controls) or BSA
(mean SI 2·0 for study group and 1·7 for controls). No significant
IFN-g production was induced by any of the stimuli except PHA
(mean 1833 pg/ml for study group and 1752 pg/ml for control
group), but it may be noted that measurable release was seen with

BSA in the study group (mean 310 pg/ml for study group and
68 pg/ml for control group).

Autoantibodies
None of the study and control subjects had a measurable ANA or
raised levels of RF.

Immunoglobulins
The concentration of IgA and IgG1 was significantly lower in the
study group compared with the control group (P = 0·05 and
P = 0·02, respectively). Lower levels were also seen for total IgG
and IgG2 but the difference between the two groups was not sig-
nificant (P = 0·28 and P = 0·21, respectively, Table 5).

Figure 4 shows distribution of IgA values in the two groups.
The difference in the distribution was significant according to the
Wilcoxon rank sum test (P = 0·046).

Clinical data
Total removal of the thymus was confirmed by the surgical report
for five study patients and seven study patients had undergone
partial thymectomy. In three cases no surgical report was

Table 4. Total number of lymphocytes by immunophenotype

CD antigen No. in each group Study group 109/l Control group 109/l P-value

CD3+ 19 1·08 ± 0·45 1·80 ± 0·60 <0·001
CD3+ CD4+ 19 0·54 ± 0·26 1·0 ± 0·45 <0·001
CD3+ CD8+ 19 0·49 ± 0·25 0·77 ± 0·19 <0·001
CD19+ 18 0·28 ± 0·17 0·33 ± 0·20 0·43
CD3+ CD45RO+ 19 0·53 ± 0·24 0·74 ± 0·24 0·01
CD3+ CD45RA+ 19 0·78 ± 0·43 1·42 ± 0·65 0·001
CD16+ CD56+ 10 0·27 ± 0·17 0·27 ± 0·10 0·98
CD8+ CD62L+ CD103+ 10 0·06 ± 0·12 0·03 ± 0·01 0·53
Small CD8+ CD62L+ CD103+ 10 0·36 ± 0·17 0·35 ± 0·25 0·93
CD3+ CD103+ 9 0·53 ± 0·24 0·03 ± 0·01 0·01
CD3+ TCRgd+ 19 0·05 ± 0·03 0·10 ± 0·06 0·004

All data given as average ± s.d.

Fig. 1. The distribution of the proportion of CD16+ CD56+ lymphocytes.
The line shows the median value of the control group. P = 0·093 (Wil-
coxon’s rank sum test). Median for control group: 8·66.
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Fig. 2. The distribution of the proportion of CD19+ lymphocytes. The line
shows the median value of the control group. P = 0·43 (Wilcoxon’s rank
sum test). Median for control group: 12·805.
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available and in four cases the thymus was not mentioned in the
description. One study patient had not undergone thymectomy.
Because thymectomy was performed only for ease of surgical
access to the heart and great vessels, and was not the reason for
the operation, it was not possible to assess the completeness of the
procedure.

None of the study patients had required hospital admission
because of infection. No other differences were observed between
the groups. The incidence of candidiasis in the study group was
eight and six for the control group (P = 0·50), and the figures for
pneumonia were six in the study group and two for the control
group (P = 0·11). All participants had a normal vaccination
history.

DISCUSSION

The purpose of this study was to determine the long-term effects
of partial or total neonatal thymectomy in humans, by testing for
laboratory and clinical parameters of T lymphocyte function in
children around 10 years after they had undergone open-heart
surgery in the first few months of life. The main differences found
between the two groups were lower total counts of lymphocytes

but higher counts for neutrophils in the study group, giving a ratio
of neutrophils to lymphocytes of 2·00 compared with 0·96 in the
control group. The lower number of lymphocytes was accounted
for by a significantly lower number of T cells but B cell numbers
were normal. The reduction of T cells was reflected in lower
numbers of both CD4 and CD8 T cells, of gd T cells, and T cells of
both naive and memory phenotype. In addition, significantly
lower proportions of lymphocytes with the surface antigens CD3
(all T cells) and CD3 and CD4 (helper T cells) were found in the
study group, whereas the proportion of CD8+ cells (cytotoxic T
cells) was the same in both groups. Unexpectedly, platelet counts
were lower in the study group compared with the control group.
The reduction of CD3+ T cells did not reach the critically low level
of approximately 20%, which has been associated with a signifi-
cant increase in clinical infections [6]. In addition, the study group
showed a trend towards a higher proportion of lymphocytes
expressing the surface antigens CD16 and CD56 (natural killer
cells).

Further analysis of the T cell population showed that half of
the study group subjects had a relatively high proportion of cells
showing the phenotype recently attributed to small recent thymic
emigrants, that is small CD8+ cells which express both CD62L and
CD103 [8]. Significantly lower values for IgG1 and IgA among the
study group suggest some impairment of Th2 function [9],
whereas Th1 activity appeared to be unaffected as reflected in
normal IFN-g production. It is of interest that stimulation with
BSA, which was used as negative antigen control, resulted in
measurable  IFN-g  production  in  samples  from  the  study  group.
In normal individuals T regulatory cells would be expected to par-
ticipate in preventing such a response [10]. These T regulatory
cells have been studied extensively in mice and found to express
the surface antigens CD4 and CD25 and develop in the thymus
[11–13]. Depletion of these T regulatory cells results in the mice
developing various autoimmune diseases. Our study did not
reveal any significant clinical consequences of neonatal thymec-
tomy or any indications of autoimmunity.

Surprisingly few studies on the impact of neonatal thymec-
tomy in humans have been reported [6,7,14]. These reports have
documented a decreased number of T cells and CD4+ T cells

Fig. 3. The distribution of the proportion of small CD8+ cells in peripheral
blood, which express both CD62L and CD103. The line shows the median
value of the control group. P = 0·43 (Wilcoxon’s rank sum test). Median
for control group: 10·21.
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Table 5. Concentrations of immunoglobulin classes and IgG subclasses

No. in
each group

Study group
g/l

Control group
g/l P-value

IgM 19 0·93 ± 0·41 1·04 ± 0·37 0·38
IgA 19 1·16 ± 0·60 1·55 ± 0·58 0·05
IgE 10 20·87 ± 23·80 33·09 ± 48·14 0·48
IgG 19 8·69 ± 1·81 9·38 ± 2·06 0·28
IgG1 10 5·86 ± 1·30 7·39 ± 1·41 0·02
IgG2 10 1·74 ± 0·81 2·19 ± 0·71 0·21
IgG3 10 0·42 ± 0·14 0·43 ± 0·16 0·87
IgG4 10 0·62 ± 0·60 0·86 ± 0·83 0·46

All data given as average ± s.d.

Fig. 4. The distribution of IgA levels. The line shows the median value of
the control group. P = 0·046 (Wilcoxon’s rank sum test). Median for con-
trol group: 1·55.

0

0·5

1

1·5

2

2·5

3

g/
L

Study group Control group



354 J. H. Eysteinsdottir et al.

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 136:349–355

compared with control groups. One study revealed a lower num-
ber of CD8+ T cells and diminished response to phytohaemagglu-
tinin [7]. Despite this evidence of decreased immune function,
no important clinical consequences of thymectomy in early life,
such as infections or autoimmune diseases, were noted in these
reports but none of them had follow-up beyond 3 years
post-surgery.

The present study agrees with the findings of previous stud-
ies by showing a significant decrease in the number of all T cells
and T cell subsets (CD4+, CD8+ and TCRgd+), but not in B cells,
in the study group. Furthermore, the study reveals a lower pro-
portion of CD4+ T cells in the study group but no decrease in the
proportion of CD8+ T cells. However, a reduction in proliferative
responses to mitogens was not confirmed. The older studies did
not contain more detailed analyses of T cells, which in this study
revealed a decrease in the proportion of naïve T cells
(CD45RA+) as well as, perhaps paradoxically, increased pro-
portions of the alleged recent thymic emigrants in some of the
patients.

All the children in this study were operated on in the same
hospital (Harley Street Clinic, London, UK) and only two sur-
geons performed the operations. The biggest limitation of this
study is the lack of ability to measure retained thymus on the basis
of the surgical reports. Wells and associates [6] studied prospec-
tively a group of neonates who underwent thymectomy at the
time of heart surgery and they had difficulties in measuring
retained thymus. Even though they removed the entire encapsu-
lated thymus themselves, they could not determine how much
thymic tissue remained.

Partial or total thymectomy thus had a small but measurable
effect on the number of circulating T cells, with both CD4+ and
CD8+ cells affected, although the proportion of CD4+ cells was
more affected than the proportion of CD8+ cells. The presence of
mature T cells in the apparent absence of the thymus could be
explained in three ways. First, the thymus may not have been
completely removed during the operation, as discussed above,
leaving sufficient residual thymic tissue. Secondly, the current T
cell population could be derived from the expansion of cells
released from the thymus before it was removed. This would
imply continuous progeny from post-thymic cells for up to
12 years. The third possibility is that the role normally served by
the thymus has been taken over by extrathymic tissue. In a
recently published study, Guy-Grand et al. [15] have demon-
strated that this role, as regards production of gut intraepithelial
lymphocytes, is fulfilled by mesenteric lymph nodes. Extrathymic
T cell maturation was shown to differ from the thymic counter-
part in being less efficient and having a bias towards gd T cells. The
data from our study are indeed consistent with a slower rate of
production, particularly for CD4+ T cells, which is supported by
the low proportion of naive T cells. The study by Guy-Grand et al.
also shows that the extrathymic pathway is normally suppressed
by thymus-derived T cells but can be reactivated by thymic deple-
tion. The relatively high proportion of cells with the phenotype
CD8+ CD62L+ CD103+ in our study in some of the patients seems
puzzling. In the light of the preponderance of CD8+ cells it might
be speculated that these cells come from the gut epithelium,
CD103 being an epithelial retention receptor [16].

The study group showed some indication of compensation for
the reduction in T cell number and function by increased activity
of innate, non-specific immune mechanisms, i.e. neutrophils
and NK cells (CD16+ CD56+). Ramos and associates [14] have

suggested that the human thymus is partially involved in the con-
trol of the release of circulating T cells and may negatively mod-
ulate some NK subsets, as well as NK activity, during the first year
of life but not later.

In conclusion, this study has demonstrated measurable
changes in some T cell parameters consistent with decreased
rate of T cell production, probably of extrathymic origin, in
children who underwent heart surgery and partial or total
thymectomy as neonates. This study, which has a longer follow-
up period than previous studies, indicates that these children
are nevertheless healthy for the first 10 years of life. Overall T
cell function and differentiation in these children is not very dif-
ferent from the control group and there is the same number of
infectious illnesses in these two groups. It remains to be seen
whether the slight but significant differences in CD4+ T cell
numbers and function could have clinical consequences later in
life, especially under circumstances where there is greater stress
on T cells, possibly resulting in higher incidence of cancer or
autoimmunity.
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