
IMMUNE SYSTEM OF CHERNOBYL CHILDREN: XA9745471
DEVELOPMENTS IN UNDERSTANDING

K. STRAUSS
Medical Department, Becton Dickinson, France, Belgian Branch N.V.,
Erembodegem-Aalst, Belgium

V.P. CHERNYSHOV, E.V. VYCHOVANETS, Y.G. ANTIPKIN, E.P. KLIMENKO,
A.N. VASYUK, I.I. SLUKVIN
Institute of Pediatrics, Obstetrics and Gynecology, Kiev

1. INTRODUCTION

It is generally accepted that undlsposable nuclear waste is
real hazardous for future generations [1]. 1.5 million person,
including about 160,000 children were exposed to significant
amounts of radio iodine fallout from Chernobyl in April 1986 [2,3].
At present time increased amount of Cs-137(134) and Sr-90 in the
soil and food attributed to radiation exposure of people who are
living on radionuclides contaminated territories [4]. It has been
shown that approximately 1/3 children with different doses of
radiation exposure from radionuclide contaminated territories had
strong functional disorders of respiratory system [5] and one
recent study has found that Ukrainian children population living
around Chernobyl had sick rate higher than before Chernobyl
nuclear accident, and the respiratory tract diseases were
prevailed among them [6]. Therefore, we studied children who were
exposed long time to small doses of radionuclides.

Now, it is generally recognized that explosive increase
thyroid malignancy rate among individuals who were children at the
time of Chernobyl accident can be directly linked to the released
radiation, especially to iodine isotopes [7,8]. Radioactive iodine
comprise a major component of total body radiation received
following exposure to fallout from nuclear plant accident. In
addition to thyroid cancer, ionizing radiation and radioactive
isotopes of iodine is known to cause thyroid dysfunction. It was
demonstrated that exposure to radioactive isotopes of iodine
following treatment of hyperthyroidism or after exposure to
fallout from hydrogen bomb explosion can induce hypothyroidism in
human [9,10,11]. Therefore, to investigate potential thyroid
abnormalities and involvement of autoimmune reactions in their
development, we also studied children who were exposed to
radioactive iodine as a result of Chernobyl fallout.

2. PATIENTS AND METHODS

2.1.study groups

Based on history, we divided all children into two groups:
recurrent respiratory tract diseases children (RRDC) and non RRDC.
RRDC from radionuclide contaminated territories had 6-12 and more
cases of respiratory tract diseases (laryngo-tracheitis,
bronchitis, pneumonia) in a year. Non RRDC had no history of
chronic respiratory tract diseases.
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2.1.1. Patients with ASD of Cs-137(134) and Sr-90

To investigate effect of long time exposure to small doses of
radiation to immune system of Chernobyl children, we measured the
main lymphocyte subsets (1£LS) in peripheral blood (PB) of 120
recurrent respiratory diseases children (RRDC) and non RRDC 6-12
years old from fifteen radionuclide contaminated settlement using
Immune Monitoring Kit (Becton Dickinson) and two color flow
cytometric analysis by FACScan (Becton Dickinson). During
1991-1993 the average summary (internal and external) doses (ASD)
of Cs-137(134) and Sv^-90 in populations from these settlements
were estimated by Ukrainian Ministry of Health to range from 0.57
to 3.09 mSv. The number, ASD of Cs-137(134) and Sr-90 in children
from settlements around Chernobyl power plant and doses
Cs-137 (134) of soil from radionuclide contaminated territories are
summarized in Table I.

Table I . CHILDREN POPULATIONS LIVING AROUND CHERNOBYL

Range of ASD of ASD of Cs-137 034) Dose of Cs-137
Cs-137 (134) and Sr-90 of s o i l
Sr-90 Group No pa t ien ts Mean+SD Mean+SD

< 1.0 non RRDC 17 O.7±O.O3tf 26+7.4?
(0.57-0.72) RRDC 34 O.7±0.O3 22+3-7

> 1.0 non RRDC 32 2.0+0.8 52+25-7
(1.02-3.22) RRDC 37 2.1±0.7 55+22.2

^Expressed as mSv.
Expressed as kBq/m.

## - P < 0.005 compared with non RRDC which had ASD > 1.0 mSv.
* - P < 0.01 compared with RRDC which had ASD > 1.0 mSv.

** - P < 0.005 compared with RRDC which had ASD > 1.0 mSv.

2.1.2. Patients with PAD of 1-131 to thyroid

To investigate effect of radioiodine to immune system and
thyroid function, we obtained PB of 65 KKDC and non RRDC 6-14
years old from fifteen radionuclide contaminated settlements who
had personal absorption dose (PAD) of 1-131 to thyroid as a result
of Chernobyl fallout in May 1986. These children had identical ASD
of Cs-137 (134) and Sr-90. We measured the MIS in PB and serum
thyroid hormone, TSH and serum antibodies to thyroglobulin (AbIG)
by ELISA. In order to determine a AbTG positive sera for the local
children population the serum of twenty healthy children 6-12
years old living on non-radionuclide contaminated territories were
used. These children had normal serum T3, T4, TSH concentrations,
size and echogenicity of thyroid gland and had no history of
thyroid diseases. Sera were defined as AbTG positive if the levels
of AbTG were greater than mean + two standard deviations (1-6 mg/L
and more) from levels of AbTG in these normal children. All
controls sera and sera of children with PAD of .1-131 to thyroid
were positive by this criterium. The number, PAD of 1-131 to
thyroid, ASD of Cs-137 (134) and Sr-90 of children living around
Chernobyl are summarized in Table II.
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Table II. CHILDREN POPULATIONS PROM CHERNOBYL REGION

PAD of 1-131
to thyroid

< 0.6

1.0-2.0

> 2.0

Group

Non RRDC

RRDC

Non RRDC

RRDC

Non RRDC

RRDC

No. patients

17

7

17

9

6

9

PAD of 1-131
to thyroid
Mean+SDa

0.2+14*

0.3+13*

1.3+19®

1.3+221

2.9133

2.9±3O

ASD of Cs-137 and
Sr-90
Mean+SDa

1.2+0.7

1.1+0.4

1.6+0.9

1.2+0.0

1.5+0.9

1.4+0.9
aEzpressed as Gy.

# - P < 0.005 compared with, non RRDC which had PAD of 1-131
within 1.0-2.0 Gy and more 2.0 Gy.
* - P < 0.005 compared with RRDC which had PAD of 1-131 within
1.0-2.0 Gy and more 2.0 Gy.
0 - p < 0.005 compared with non RRDC which had PAD of 1-131 more
2.0 Gy.
1 - P < 0.005 compared with RRDC which had PAD of 1-131 more 2.0
Gy.

2.1.3. Controls

The results obtained from blood samples analysis from
Chernobyl children were compared with corresponded values obtained
from children living on territory non-contaminated by
radionucl ides.

2.1.4. Setting

The study was conducted 8 years after the Chernobyl accident.
Settlements chosen for the study had populations between 2000 and
50000 persons, were rural and were located from 40 to 100 km from
the reactor. The control settlements were chosen to be rural, of
similar population size to contaminated villages. During
investigations all RRDC had no fever and cough. The protocol was
approved by the medical ethical committees of the medical centers
and conducted according to the declaration of Helsinki. .

2.1.5. Statistic analysis

All patients data were entered into a computer database and
analyzed using Stat View 512+ program. The nonparametric
Mann-Whitney 17 test and Student's paired t test were performed for
each set of variables. P values less than to 0.05 were considered
significant. Regression analysis and correlations were also
performed using the same program.

3. RESULTS

3.1. Analysis of main lymphocyte subsets In Chernobyl children
with ASD ol Cs-137 (134) and Sr-90

We observed that levels of main lymphocyte subsets did not
differ in non RRDC with ASD of Cs-137 (134) and Sr-90 living around
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Table I I I . PERCENTAGE OP LYMPHOCYTE SUBSETS IN CHILDREN LIVING
AROUND CHERNOBYL AND CONTROL CHILDREN LIVING ON RADIONUCL2DE
NON-CONTAMINATED TERRITORIES

Lymphocyte
subsets

CD3+ T cells
CD4+ helper/
inducer T cells
CD8+ suppressor
cytotozic T cells
CD3+CD4+/CD3+CD8+
cell ratio
CD19+ B cells
CD3-CD16+.CD56+
NK cells

Control
non RRD(3 RRDC

Mean+SDa

67+5-4

36±4.8

25±5-7

1-4+0.3
16+4-9

11+4.7

67+5-7

36+6.1

25±4.8

1-5+0.5
16+4.9

11+4-8

Chernobyl region
ASD of Cs-1
< 1.0 mSv

non RRDC RRDC
Mean+SDa

68+5-4 63+7-0*

37+6.5 33±4-8

24+4-7 24±4-9

1.6+0.6 1.4+0.3
15+4.2 17+3-3

10+4.7 13+6.9

37(134) and
>1 .0

non RRDC

Sr-90
mSv

RRDC
Mean+SDa

66+7-5

36+7-3

24±5-4

1.6+0.6
14+5-1

13+6.0

63+5-5*

21 ±5-1

1.3+0.4
16+4-6

14+6.0

a Expressed as a percen tage of t o t a l lymphocytes.
f - P < 0.05 compared wi th con t ro l RRDC.

### - P < 0.005 compared wi th con t ro l RRDC.
* - p < 0.05 compared wi th non RRDC which had ASD < 1.0 mSv.
0 - P < 0.05 compared wi th non RRDC which had ASD > 1.0 mSv.

- P < 0.005 compared wi th non RRDC which had ASD > 1.0

Chernobyl and control RRDC. However, RRDC l iving on contaminated
t e r r i t o ry had s ignif icant ly lower percentages of CD3+ and CD3+CD4+
lymphocytes as compared with control RRDC. Moreover, the
percentage of CD3+CD4+ ce l l s and CD3+CD4+/CD3+CD8+ ce l l r a t i o in
RRDC l iving around Chernobyl decrease in para l le l with increase of
ASD of Cs-137(134) and Sr-90 (Table I I I ) .

3.2. Analysis of quantity of children with ASD of Cs-137(134) and
Sr-90 who had higti and low levels of CD3+ and CD3+CD4+ ce l l s

To evaluate the quantity of children with low or high levels
of lymphocyte subsets l iving around Chernobyl, we studied samples
from 45 control non RRDC. The normal range of percentage of CD3+ T
ce l l s and CD3+CD4+ ce l l s calculated from these samples (95%
interval ) were found to be 5755—7756 for the CD3+ c e l l s and 27%-45%
for the CD3+CD4+ c e l l s . We observed that 11/71 (16%) RRDC l iv ing
around Chernobyl had the levels of CD3+ T ce l l s lower than 57%. In
contrast , in a l l control RRDC the levels of CD3+ T ce l l s were
higher than 57%. We also observed that there was s ignif icant
difference in the sum of children with percentage leve ls of
CD3+CD4+ ce l l s lower 27% or higher 45% between non RRDC l iv ing
around Chernobyl and control non RRDC (Data not shown).

3.3. Analysis of serum thyroid hormones and TSH in children with
PAD of 1-131 to thyroid

As shown in Table IV and V, children with PAD of 1-131 had
six to ten fold increase in the TSH levels compared with controls .
However, we did not find that increase in the TSH levels was
dependent on PAD of 1-131. The T3 levels in non RRDC with PAD of
1-131 more 1.0 Gy were s ignif icant ly lower than did control non
RRDC. In contrast , the T3 levels had normal d is t r ibut ions in a l l
RRDC with PAD of 1-131 (Table V).

154



Table IV. SERUM THYROID HORMONE IN NON RRDC WITH PAD OF 1-131 TO
THYROID PROM CHERNOBYL REGION AND CONTROL CHILDREN

Thyroid Controls** PAD of 1-131 to, thyroid
hormones < 0.6 1.0—2.0 > 2.0

Mean+SDC Mean+SDC Mean+SDC Mean+SDC

T3 2.6+0.2 2.5+0.2 2.1+0.8* 2.2+0.4*
T4 104+28 100.6+35 113.2+32 146.1+66

T3/T4 ratio 27±9 26±7 20±10 17±10

TSH 1-6+1.3 6.7+6.7** 7-9+11-6** 15-3+7-2*

^ = 2 0 . Number of c h i l d r e n with PAD of 1-131: non RRDC wi th
PAD of 1-131 < 0 .6 Gy n=10, with PAD of 1-131 w i t h i n 1 .0 -2 .0 Gy
n=17, .wi th PAD of 1-131 > 2 .0 Gy n=2.

Expressed a s Gy.
cSerum T3 and T4 l e v e l s are expressed as nMol/L, serum TSH

l e v e l s expressed a s mlU/L.
# - P < 0.05 compared wi th c o n t r o l s .

## - P < 0.01 compared wi th c o n t r o l s .

Table V. SERUM THYROID HORMONE IN RRDC WITH PAD OF 1-131 TO
THYROID FROM CHERNOBYL REGION AND CONTROL CHILDREN

Thyroid
hormones

T3

T4

T3/T4 ratio
(xi0'3)
TSH

Controlsa

Mean+SDC

2.5±0.3

129±41

21+4

1-4+1 -1

.PAD
< 0.6b

Mean±SDc

2.6+0.4

94.6±22

28+6

8.9+7.1*

of 1-131 to. thyroid
1.0—2.0° > 2.0°
Mean+SDC Mean+SD

3-0+1.8

131.6+J

23+4

5.6+3-8**

2.5±O-5

99-3±6

29+5

4.3+0.9**

an=18. Number of children with PAD of 1-131: with PAD of
1-131 < 0.6 Gy n=3, with PAD of 1-131 within 1.0-2.0 Gy n=8, with
PAD of 1-131 > 2.0 Gy n=5-

Expressed as Gy.
cSerum T3 and T4 levels are expressed as nMol/L, serum TSH

leve l s expressed as mIU/L.
# - p < 0.05 compared with controls .

## - p < 0.01 compared with controls .

3.4. Analysis o l serum AbTG in children with PAD of 1-131 to
thyroid

As shown in Table VI, the AbTG were found in approximately
80% of children with PAD of 1-131- The percentage of posi t ive sera
for AbTG from controls was signif icant ly lower.

3.5. 1-131 dose-dependent changes of AbTG levels and lymphocyte
subsets in children with PAD oi 1-131 to thyroid

As shown in Table VII, the 1-131 dose-dependent increase of
AbTG levels , percentage of CD3+CD4+ c e l l s , CD3+CD4+/CD3+CD8+ ce l l
r a t i o and 1-131 dose-dependent decrease of percentage of CD3+CD8+
c e l l s in non RRDC, but not RRDC were found. However, we observed
the 1-131 dependent decrease of CD19+ B ce l l s in RRDC.
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Table VI. FREQUENCY OP SERUM ABTG IN CHILDREN WITH PAD OF 1-131
FROM CHERNOBYL REGION AND CONTROL CHILDREN

Group Number positive /total tested Positive

RRDC with PAD of 1-131
non RRDC with PAD of 1-131
Control RRDC
Control non RRDC

17/21
24/29
3/31
7/42

83
10
17

Analysis were perfomed on all sera. Those sera showing
levels of AbTG more than 1.6 mg/L or greater were scored as
positive. See Patients and Methods for details of assay.
* - P < 0.0001 compared with control RRDC.
# - P < 0.0001 compared with control non RRDC.

Table VII. RELATIONSHIPS BETWEEN ABTG, LYMPHOCYTE SUBSETS AND PAD
OP 1-131 TO THYROID

Group
PAD 1-131 to thyroid

AbTG
CD3+CD4+ cells
CD3+CD9+ cells
CD3+CD4+/CD3+CD8+
cell ratio
CD19+ cells

non
non
non

non

RRDC
RRDC
RRDC

RRDC
RRDC

0-58
0.49
-0.44

0.49
-0.56

0.003
0.018
0.035

0.017
0.016

Correlation coefficient.

3.6. Relationships between serum T3 levels and lymphocyte subsets
in children with PAD 1-131 to thyroid

The percentage of CD3+CD4+ cells and CD3+CD4+/CD3+CD8+ cell
ratio correlated strongly negative with T3 levels in non RRDC, but
not RRDC with PAD of 1-131 (r = -0.63, P = 0.0002; r = -0.48, P =
0.004) respectively.

4. DISCUSSION

Previous studies have shown that liquidators of Chernobyl
accident who received a high level of radioactivity after break
down of nuclear reactor had decreased levels of CD3+ lymphocytes
[123. The most little is known, however, about effects of long
time of low doses of radiation on the immune systems in children
constantly living on radionuclide contaminated territories. The
most significant and important finding here is that a marked
decrease of levels of CD3+CD4+ T-helper/indueer cells and
CD3+CD4+/CD3+CD8+ cell ratio in RRDC living on radionuclide
contaminated territories around Chernobyl was in parallel to the
increase of ASD Cs-137(134) and Sr-90 (Table III). Although these
results for CD3+CD4+/CD3+CD8+ cell ratio are not statistically
significant compared with control RRDC, this is true for RRDC from
radionuclide contaminated territories. This finding is a strong
evidence that observed differences in lymphocyte subsets in RRDC
are due to effect of radiation but not other factors such as
different etiology or rate of infection.

It has been shown, that frequency of hypothyroidism was
considerably higher in population that received direct atomic bomb
radiation in 1945 with doses within 0.01-0.49 Gy [133. The results
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clearly demonstrated that in non RRDC with PAD 1-131 to thyroid
1.0-2.0 or > 2.0 Gy increase in TSH was accompanied by decrease of
the T3 levels and slight increase of T4 levels. This observation
is consistent with clinical diagnosis of modest thyroid
dysfunction. Elevated levels of TSH without substantial changes of
T4 concentration were noted also in some Marshall Islands exposed
to isotopes of iodine from fallout [103. Thyroid dysfunction
observed in non RRDC with PAD of 1-131 was accompanied by
autoimmune disorders. Significant increase positive AbTG sera were
found in total Children with PAD of 1-131 to thyroid living around
Chernobyl. It seems likely that radiation induced damage of
thyroid cells and release of thyroid antigenic material that
initiate autoimmune response. Indeed, a strong correlation between
levels of AbTG, percentage CD3+CD4+, CD3+CD8+, CD3+CD4+/CD3+CD8+
cell ratio and PAD of 1-131 to thyroid were found in non RRDC.
This data suggest that 1-131 dose-dependent autoimmune disorders
are present in non RRDC living around Chernobyl. However, the
significantly higher levels of AbTG without correlation with PAD
of 1-131 to thyroid in RRDC were found. It was likely due to a
significant decrease of levels CD19+ B cells in these children
with PAD more 2.0 Gy compared to controls (data not shown) and
significant negative correlation between percentage of CD19+ cells
and PAD of 1-131 in them. It is generally accepted that increase
in thyroid cancer in childhood reported in Belorus, Ukrainian and
Russia is a direct consequence of the accident at Chernobyl
[7,8,141- Observed changes in thyroid hormones and immune
disorders in non RRDC with PAD of 1-131 might have significance in
the development of thyroid cancer. Constant high serum TSH levels
induce long activity of thyroid gland parenchyma and can promote
development of neoplasia in children with high PAD of 1-131 to
thyroid [153. In general, it seems likely that children with PAD
of 1-131 to thyroid living around Chernobyl had two versions of
immune response and function of thyroid gland. These differences
in immune responses might have importance in the development of
thyroid disorders in children living on contaminated territories.

In conclusion, our data clearly demonstrated:
1. Long time exposure to small doses of radiation could affect
immune system. However, this effect of small doses of radiation
might be developed only in presence of another factors that affect
immune system, including recurrent infections;
2. Autoimmune reactions appear to be involved in development of
thyroid dysfunction in non RRDC;
3- Children with PAD of 1-131 had two versions of immune response
and function of thyroid;
4- Children who are capable to maintain strong immune response
more susceptible to radiation-induced thyroid disorders than
children with weak immune system.

Because link between autoimmune thyroiditis and- thyroid
carcinoma have been suggested, careful investigation of autoimmune
reactions against thyroid gland will be required for the possible
development of thyroid cancer.
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