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SUMMARY Early histological changes in the thyroid gland were examined in 30 patients with juvenile
thyrotoxicosis, by means of needle biopsy. Based on the degree of lymphocytic infiltration and de-
generative changes in follicular epithelium, results were classified into four groups. A: hyperplastic
changes without cellular infiltration (6 patients, 20%); B: hyperplastic changes with areas of focal
thyroiditis <300% of specimen (10 patients, 33 %); C: those with 30 to 600% areas of thyroiditis
(10 patients, 33 %); D: almost diffuse thyroiditis (4 patients, 13 %). Moderate to severe lymphocytic
thyroiditis was frequently present in the early stage of hyperplastic thyroid glands.
The clinical significance of the 4 histological groups was evaluated. Neither clinical signs nor

routine laboratory tests could differentiate these groups except group D, in which thyrotoxic signs
were mild and transient. However, serum antithyroid antibodies tended to increase in accordance
with severity of thyroiditis. The rate of remission was high in groups C and D, whereas relapse was

frequent in group A. These results suggest that Graves's disease and chronic lymphocytic thyroiditis
are closely related in the early stage of thyrotoxicosis in children, and that the clinical course may be
considerably altered by the degree of associated thyroiditis.

Varying degrees of lymphocytic infiltration have been
reported to coexist in approximately 20% of thyroid
glands of thyrotoxic children (McClintock et al.,
1956; Saxena et al., 1964), but little has been re-
ported of the significance of the cell infiltration in
the hyperplastic thyroid. In adults with Graves's
disease the significance of concomitant thyroiditis
has been difficult to interpret because most of the
specimens were obtained surgically after several
years of antithyroid medication, while there are few
reports of the early histological picture of untreated
thyrotoxicosis in children. The association of thyro-
toxicosis and autoimmune thyroiditis has been re-

ported by several authors (Doniach and Hudson,
1959; Doniach et al., 1960; Buchanan et al., 1961;
Fatourechi et al., 1971; Gavras and Thomson, 1972;
Nakajima et al., 1975), but it remains uncertain
whether this is an incidental association of two dif-
ferent diseases or a varied manifestation of a single
entity. The incidence of the association of Hashi-
moto's thyroiditis in juvenile thyrotoxicosis is not
established. Recently a number ofcommon immuno-
logical features between Graves's disease and Hashi-

Received 9 May 1977

moto's thyroiditis have been reported (Volpe et al.,
1972, 1974), so we have therefore attempted to eluci-
date the early histological changes of juvenile thyro-
toxicosis, and the incidence and the degree of associ-
ated thyroiditis, with a view to re-evaluating the
clinical significance of lymphocytic infiltration in
hyperplastic thyroid tissue.

Patients and methods

Thirty patients with juvenile thyrotoxicosis, aged 6-
18 years, were studied. Thyrotoxicosis was diagnosed
by the presence of typical clinical signs and goitre
with raised serum thyroxine (T4-I) and triiodothyro-
nine (T3). In most of the patients histological speci-
mens were obtained before treatment by needle
biopsy with Franklin-Silverman's needle from both
lobes of the thyroid gland. But in patients with florid
toxic symptoms the biopsy was taken after one
month of propylthiouracil (PTU) administration.
2 patients who had been thyrotoxic in the past and
were euthyroid or hypothyroid without treatment at
the time of biopsy were also included in the study.

Thyroid histology was examined by the pathologist
after staining with haematoxylin-eosin, and the
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degree of thyroiditis classified according to the
scheme of Woolner et al. (1959). Grade of goitre was
expressed by the criteria of Shichijo (1958) (details in
Table 1). Serum T4, T3, and thyrotrophin concen-

Table 1 Clinical manifestations of the patients

Group

A B C D

No. of patients 6 10 10 4
Age (average) (years) 12-6 11-8 12-6 13-2
Sex (male:female) 0:6 2:8 1:9 0:4
Goitre, grade*

2-5 3 3 3 2
3 2 6 7 2
4 1 1 0 0
increased consistency 3 9 10 4

Prominence of eyes 4 7 4 0
Palpitation, tachycardia 6 10 9 2
Restlessness, tremor 4 5 5 1
Perspiration, weight loss 4 7 9 1

*2- 5 =the thyroid gland is just visible with the head in normal position
and obviously visible with the head drawn backward; 3 =the gland is
obviously visible with the head in normal position; 4= the gland bulges
forward giving the appearance of a tumour (Shichijo, 1958).

trations were measured by the column T4 method
and radioimmunoassay respectively. Thyrotrophin-
releasing hormone (TRH) stimulation test was per-
formed before and one year or more after PTU
treatment by intravenous injection of a single bolus
of synthetic TRH (10 ,sg/kg), and blood samples
were obtained at 0 and 30 minutes. T3 suppression
test was performed before and 7 days after adminis-
tration of 75 ,sg/day T3, by estimation of 24-hour
1311 uptake. 50% or more of suppression from the
previous uptake was considered to be positive. Serum
antithyroglobulin antibody, antimicrosomal anti-
body, and anti-DNA antibody titres were determined
by haemagglutination of tanned sheep red cells coated
with corresponding antigen (THA, MCHA, and
DNA test kit, Fujizoki, Tokyo). Statistical analysis
was carried out by Student's t test.

Results

According to the degree of lymphocytic infiltration
and degenerative changes in follicular epithelium of
biopsy specimens, the patients were divided into four
groups. A: hyperplastic thyroid without cellular in-
filtration; B: hyperplastic epithelial changes with
focal aggregates of lymphocytes < 30% area of speci-
men; C: hyperplastic epithelium with 30-60% of
area containing lymphocytic infiltration and atrophic
follicles replaced by fibrous tissues; D: almost diffuse
thyroiditis with minimal or no epithelial hypexplasia.
The typical histological picture of each group is
illustrated in Figs. 1-4, and the number of patients in
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Fig. 1 Group A. Tall columnal epithelial cells thrown
into papillary folds and vacuolated colloids adjacent to
the hyperplastic epithelia. No cell infiltration in this field.
(H & E. x 20.)

.-

Fig. 2 Group B. Scattered areas of interfollicular
aggregates of lymphoid cells. Follwcular epithelia are tall,
forming microfollicles with scanty colloids. (H & E. x 20.)

Fig. 3 Group C. Over half the field is replaced by areas
of cell infiltration and interstitial fibrosis. Remaining
follicles are hyperplastic. (H & E. x 20.)
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Fig. 4 Group D. Extensive destruction offollicles with
massive cell infiltration forming lymphoid follicle. (The
patient is now functionally euthyroid.) (H & E. x 25.)

each group is listed in Table 2. Pure epithelial hyper-
plasia was noted only in 20% of the patients, and
others were associated with varying degrees of thy-
roiditis. Although there was sharp contrast between
the histological changes of groups A and D, groups
B and C being intermediate, differences appeared
quantitative rather than qualitative, with a progres-
sive change from primary hyperplasia to diffuse
thyroiditis.
Based on this histological classification, the clini-

cal signs (Table 1), the laboratory data, and the
clinical course of each group were evaluated. No
striking difference in these parameters was noted

Table 2 Histological classification of the patients

Group Histological diagnosis No. of patients (%)

A Hyperplastic thyroid 6 (20)
B Hyperplastic thyroid with focal

thyroiditis 10 (33)
C Chronic thyroiditis with hyperplastic

epithelium 10 (33)
D Focal thyroiditis with varied epithelial 1

changes, . (13)
Almost diffuse thyroiditis 3J

between the groups except D, in which clinical signs
were milder and transient. Thus the serum T4-I and
T3 levels (Table 3) were lower in group D than in the
other groups, and 3 of 4 patients in group D showed
spontaneous decrease in thyroid hormone levels with-
out treatment. However, in the other groups, serum

T4-I and T3 concentrations, 1311 uptake and T3 sup-
pression test did not differ significantly, and the time
required for normalization of serum T3 level with
PTU treatment was also similar (Table 4). Although
all of group C were histologically diagnosed as

chronic thyroiditis with hyperplastic epithelium
(Table 2), neither clinical signs nor laboratory tests
could differentiate this group from the patients of
groups A and B. Therefore, on a clinical basis, all the
patients except those of group D could reasonably
be diagnosed as juvenile thyrotoxicosis.
Most of the patients in group A were negative for

THA, MCHA, and DNA, whereas these titres were

apparently higher in the patients of groups B, C, and
D (Fig. 5). Significant difference was observed be-
tween the mean MCHA titre of groups A and B and
that of group C vs B (P<0 05 and P<0-01 respec-
tively). It appeared that these serum antibody levels
approximately paralleled the severity of associated
thyroiditis. Furthermore, the clinical course of the
patients differed considerably between the groups.

Recovery of TSH responsiveness to TRH during
therapy was more frequent in groups C and D. After
reducing the PTU dose (150 mg/day), relapse oc-

curred more often in group A than in the others. In
contrast, the period of remission without PTU con-
tinued longer than one year in all of group D and in
2 of 5 patients in group C, but in none of groups A
and B (Table 4). Overt hypothyroidism developed in
one group D patient and she received L-T4 replace-
ment.

Discussion

McClintock et al. (1956) reported slight to marked
lymphoid cell infiltration in 10 of 45 (22%) hyper-

Table 3 Laboratory data before treatment

Group No. oJ patients T4-i T3 151j uptake T3 suppression
(pg/lOOml) (ng/ml) % (24 h) (no. positive)
(mean±SD) (mean±SD) (mean±SD)

A 6 11-0+1-7 5-80+1-6 54 8±15 4 0/3 (0%)
B 10 11-1±2-8 5-55±2 0 71 6±21 6 1/6(16 6%)
C 10 11-4±2-5 4-79±1-74 65 2±15 0 1/8 (12 5%)
D 2 8-6±0-6* 2-65+0-15* 1-6 (n=l)t Not tested

2 10-3±0-2t 71-6±7-0

Normal range 3-5-6*6 1 0-2*0 10*0-40*0

Group D vs A, B, or C: * P<0 05, t P<0 01. Values between other groups are not significant.
Protein-bound iodine (normal range 40-8-0 ,ug/100 ml)

Conversion: Traditional units to SI-T4: 1 ,ugl100 ml 12 87 nmol/l. T3: 1 ng/ml 1536 nmol/l.
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Table 4 Clinical course of the patients

Group Months requiredfor normalization of T3 Suppressed TSH after TRH* Rate of remissiont Rate of relapset

A 3-3±2-2 2/4 (50%) 0/4 (0%) 4/4 (100%)
B 4-1±3-7 6/9 (66%) 0/9 (0%) 3/9 (33%)
C 3-6±3-1 2/7 (29%) 2/5 (40%) 1/5 (20%)
D 1-3±0-4i 0/3 (0%) 3/3 (100%) 0/3 (0/O)

*TRH (thyrotrophin (TSH)-releasing hormone) test was done after year or more of PTU treatment.
tNo. of patients in remission for 1 year or more after stopping treatment.
tNo. of patients relapsing after reducing PTU dose from 200-300 mg/day to 100-150 mg/day, or stopping treatment after 1 year's duration.
13 of 4 patients in group D attained euthyroid state without treatment.
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Fig. 5 Serum antithyroglobulin (THA), antimicrosomal
(MCHA), and anti-DNA antibody titres in the patients
in groups A-D. 0 =patients in whom all of these
antibodies were negative, or 0 = positive. With increasing
degree of thyroiditis, these antibody titres tend to rise.

plastic thyroid glands in children. Saxena et al. (1964)
also found moderate to marked lymphocytic infiltra-
tion in 15 of 52 patients (29%) with juvenile thyro-
toxicosis. Our study showed a much higher pre-
valence of lymphocytic aggregation in the early stage
of hyperplastic thyroid glands in children. 33% ofthe
patients clinically diagnosed as Graves's disease

showed definite histological features of chronic
thyroiditis, involving half the area of thyroid tissue
obtained. Including mild focal thyroiditis, 80% of
the patients examined showed a slight to severe
degree of lymphocyte aggregation. Neither clinical
signs nor routine laboratory tests could differentiate
these patients except group D, but raised THA and/
or MCHA titre or a positive test for DNA antibody
in serum were found when thyroiditis was intense.
The patients of group D cannot be regarded as

Graves's disease, but rather as chronic thyroiditis
with transient hyperthyroidism. Nevertheless, the
existence of this form of hyperthyroidism seems to
be of importance from the aetiological and practical
points of view. We have concluded that the associa-
tion of autoimmune thyroiditis and thyrotoxicosis is
a common occurrence in the early stage of juvenile
thyrotoxicosis, and that the infiltrating lymphocytes
may play an important role in causing stimulation
or degeneration of thyroid epithelium.

Recent investigations indicate that these cells are
involved in the production of long-acting thyroid
stimulator (Miyai et al., 1967; Wall et al., 1973),
LATS-protector (Shishiba et al., 1973), human
thyroid stimulator (Onaya et al., 1973), and thyroid-
stimulating immunoglobulin (Knox et al., 1976),
all of which could cause thyroid hyperplasia. In
addition, there has been abundant evidence for the
role of cell-mediated immunity against thyroid
antigens in Graves's disease and orbital antigens in
patients with exophthalmos (Volpe et al., 1974).
Cellular immune responses with cytotoxicity could
gradually work to destroy thyroid epithelial cells and
produce spontaneous or post-therapy hypothy-
roidism. DeGroot (1970) speculates that Graves's
disease may be a condition representing a semistable
balance between stimulating, blocking, and cell-
lethal immune responses. Our observations are
consistent with this balance theory for the develop-
ment of Graves's disease and Hashimoto's thyroiditis.
From a practical point of view, the degree of co-

existing thyroiditis appears to exert a decided in-
fluence on the clinical course of thyrotoxicosis.
Whitesell and Black (1949) showed a positive correla-
tion between (a) the extent of lymphocytic and fibro-
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tic replacements in hyperplastic thyroid gland and
(b) the incidence of postoperative myxoedema, and a
definite increase in the incidence of exophthalmos
with an increasing degree of these replacements. This
is in accordance with our results. The incidence of
remission was positively related to the degree of
thyroiditis, whereas the relapse rate was inversely
related.

In summary, the early histological changes of the
thyroid gland in juvenile thyrotoxicosis suggest that
a close aetiological relationship exists between
Graves's disease and Hashimoto's thyroiditis.

We are grateful to Professor Fujitsugu Matsubara
for histological examination of the biopsied speci-
mens.
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