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ABSTRACT 
 

Introduction: It has long been known that ionizing radiation induced damage of the immune 
system. However, substantial evidence suggests more varied effects of radiation on the immune 
system, prompting the re-characterization of radiation as ‘immune-modulatory’ rather than immune-
suppressive.  
Objective: This study aimed at investigating the effect of occupational exposure to ionizing 
radiation on the immune system, particularly the effect on the balance between type 1(Th1) and 
type 2(Th2) immune response.  
Methods:  A group of 47 cardiac catheterization workers (19 physicians,15 nurses and 13 
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technicians) and another 47 job, age, and sex  matched controls were subjected to investigating 
the level of Th1 cytokines (IL2, INFγ), Th2 cytokines (IL10) and CD4%. Annual personal exposure 
was monitored by TLD (thermoluminescent dosimeter) readings over the last 3 years  
Results:  Dosimeter readings were within the acceptable level over the last three years preceding 
to the study. There is statistically significantly higher level of Th1 cytokines (IL2, IFNγ) along with 
statistically significant lower levels of Th2 cytokines ( IL10) associated with lower CD4% among the 
exposed compared to control groups (P<0.05). Significant positive correlation was detected 
between the mean TLDs readings and each of IL2 (r=0.617 P<0.001) and IFN γ (r= 0.560 
P<0.001). On the other hand, significant negative correlation was detected between mean TLDs 
readings and CD4% (r= -0.312 p<0.05). ANOVA and Post Hoc tests showed significantly higher 
level of Th1 cytokines with significantly lower levels of Th2 cytokines and CD4% among the 
physicians compared to control group  
Conclusion: Occupational exposure to low dose ionizing radiation induce switch of the immune 
system to Th1 immune response. 
 

 
Keywords: Ionizing radiation; immune-modulatory; Th1- Th2; immune response; TLDs. 
 
1. INTRODUCTION 
 
It is well known that occupational doses of 
radiation among interventional cardiology 
procedures are the highest doses registered 
among medical staff using X-rays [1-2]. 
 
The effect of ionizing radiation on the immune 
response has become one of the chief research 
fields in radiation biology and radiation protection 
[3]. The interrelationship between ionizing 
radiation and the immune system is multifactorial 
and highly depends on the radiation dose/quality 
and immune cell types [4]; However it results in 
changes in morphology and functional activity 
both at the cellular and system levels causing 
disturbance of immune reactivity whose final 
result is modulation of the immune system [5]. 
 
Several reports indicate that low dose ionizing 
radiation from natural sources [6] or occupational 
exposure [7] may stimulate the immune               
system and potentiate its effector function, a 
phenomenon called “Radiation Hormesis” [8]. Liu 
[4], has reported that the stimulation of immunity 
by low dose radiation(LDR) concerns most anti-
cancer parameters, including antibody formation, 
natural killer (NK) and macrophage activity, 
secretion of cytokines as well as other cellular 
changes. 
 
Cytokines, as the most important mediators by 
which cells of the immune system communicate, 
could be up- or downregulated by LDR [9]. 
Controversial results have been published 
concerning the effects of ionizing radiation on the 
Th1/Th2 balance and its impact on human health. 
Th1 and Th2 cells are cross-regulatory in vitro, 
and the balance of these cells in vivo determines 
the character of the cell-mediated immune and 

inflammatory response. An imbalance between 
Th1 and Th2 may be responsible both for the 
progression of several diseases and their 
resultant complications [10]. Organ-specific 
autoimmune diseases have been related to an 
overactive Th1 pathway, while, the Th2 pathway 
may underlie allergy and systemic autoimmune 
diseases [11]. 
 
The impairment of cell-mediated immunity 
associated with the increase in the B-cell 
component and humoral immunity observed in 
atomic bombing survivors led to the hypothesis 
that radiation exposure could induce an 
imbalance towards a Th2 profile. The observed 
increase in percentage of CD4-CD8-αβ+ double-
negative T cells, known to produce primarily Th2-
type cytokines, supported the idea that ionizing 
radiation could induce a shift from a Th1 to Th2 

response [12]. Reduced IL2 production in 
survivors was reported to be caused by a 
reduced number of native CD4+ T cells [13]. 
However, some investigators reported that a 
dose dependent increase in TNF-α and IFN-ɤ 
production was observed in atomic bombing 
survivors, suggesting that Th2 does not dominate 
over Th1 [14]. 
 
There is much controversy about the effects of 
chronic low-dose exposure to ionizing radiation 
and the possible consequences particularly in 
occupational exposure for that we try estimate 
the balance between Th1 and Th2 cytokines to 
reflect the immune response with chronic 
exposure to low dose radiation. 
 
1.1 Aim of the Study 
 
This study aimed at investigating the effect of 
exposure to ionizing radiation on the immune 
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system, particularly the effect on the balance 
between type 1(Th1) and type 2(Th2) immune 
response. 
 
2. MATERIALS AND METHODS 
 
This cross sectional study was carried out on the 
cardiac catheterization team members working in 
one of major public cardiac hospitals located in 
Giza governorate, Egypt during the period from 
March 2014 to April 2015. All eligible personnel 
were invited to participate in the study. Eligibility 
criteria for ionizing radiation exposed subjects 
included regular employment in the 
catheterization department for at least the 
preceding 5 years with exclusion of those having 
(immunosuppressive disease, intake of 
immunosuppressive drugs or receiving 
radiotherapy). Those who met the inclusion and 
exclusion criteria and agreed to participate were 
47 (31 males and 16 females). For the purpose 
of the study, exposed group was further 
subdivided into professional activity as19 
cardiologists, 15 nurses and 13 technicians. 
 
A control group of 47 individuals were selected 
as to be matched with the exposed population as 
regards age, gender and special habits of 
medical important. They were selected from 
clinical pathology department with no history of 
exposure to ionizing radiation, intake of 
immunosuppressive drugs or receiving 
radiotherapy. The control group consisted of 14 
physicians, 18 nurses, 15 technicians. 
 

2.1 Assessment of Exposure 
 
The occupational effective radiation dose 
received by each exposed personnel was 
annually assessed using one 
Thermoluminescent Dosimeter (TLD) worn under 
the apron at the waist level. Each TLD was with 
unique identification number and regularly read 
every 4 months over the years 2012-2014. The 
dose assessment of participants was based on 
these values. 
 

2.2 Questionnaire and Clinical 
Examination   

 
Every subjects in the study, was subjected to a 
specially designed detailed questionnaire 
including medical history, personal, present, 
past, family, occupational, menstrual and 
obstetric history. General and local systemic 
examinations were carried out with special 
attention to acute and chronic long term effect of 
radiation.  

2.3 Ethics Approval 
 
All procedures were in compliance with the 
declaration of Helsinki and an informed consent 
was given by all participants. Participants 
voluntarily joined the study, and an approval    
from internal ethics committee (Occupational  
and Environmental Medicine) was obtained. 
Confidentiality of the data was followed. 
  
2.4 Laboratory Investigations 
 
A blood sample of 5 ml was drawn from each 
subject through venipuncture from the arm using 
a dry plastic syringe. The 2 ml of blood was 
delivered into a clean tube containing disodium 
ethylene diamine tetra acetate (EDTA), mixed 
promptly for determination of CD4 percentage, 
the remaining 3 ml was allowed to clot then 
centrifuged for separation of the serum for 
determination of interleukin 2 and interleukin 10 
as well as interferon gamma. 
 
2.4.1 Measurement of CD4 concentration  
 
Detection of CD4 in human blood lymphocytes 
by flow cytometry. The FACScan (Becton 
Dickinson) was used to determine peripheral 
blood T regulatory lymphocyte CD4 percentage. 
 
2.4.2 Measurement of IL2, IL10 and IFN γ 
  
By using Boster’s human ELISA Kit for 
quantitative detection of human IL2, IL10 and 
IFNγ in serum according to [15]. 
 
2.5 Statistical Analysis 
 
Data were analyzed using SPSS [Statistical 
Package for the Social Sciences] program 15. 
The mean values, standard deviation (SD), 
median and ranges were then estimated for 
quantitative variables, as for the qualitative 
variables, the frequency distribution was 
calculated. 
 
Comparisons between exposed and control 
groups were done using Chi Square (X2) test for 
qualitative variables and using the independent 
simple t-test for normally distributed quantitative 
variable as well as the analysis of variance 
(ANOVA test) after normality of all Quantitative 
variables. The non-parametrical Mann-Whitney 
(Z-test) was used for quantitative variables not 
normally distributed . 
 
A correlation (r) was done to test for the 
presence of linear relations between quantitative 
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variables. P-values less than 0.05 and less than 
0.001 were considered statistically significant 
and highly significant, respectively. 
 
3. RESULTS 
 
The results of the present study showed that 
there were no statistically significant differences 
between the exposed and the control group as 
regards age, gender, duration of employment 
and smoking. 
 
The effective doses for the cardiac 
catheterization team according to their TLDs 
readings over the three successive years was 
the highest for physician followed by nurses 
while technicians had the lowest reading (Fig. 1). 
 
According to history taking and clinical 
examination there was a statistically significant 
difference regarding easy fatigability, recurrent 
infection and epigastric pain among the exposed 
group compared to control group. No significant 
difference was detected between both groups 
concerning the frequency distribution of other 
symptoms (Table 1). 
 
Our results concerning the mean ±SD of male 
and female offspring revealed lower number of 

male offspring among exposed group compared 
to their controls (Table 2). 
 

Estimation of some immunological parameters 
revealed that the levels of CD4% and IL10 were 
statistical significantly lower among the exposed 
group compared to the control. A significant 
increase in the level of IL2 and IFNγ among the 
exposed was also detected (Table 3). 
 

Our results showed a significant positive 
correlation between the mean TLDs readings 
and Th1 cytokines (IL2 and IFNγ). On the other 
hand there was a significant negative correlation 
between the mean TLDs readings and CD4% 
(Table 4). 
 

ANOVA test showed that there is a statistical 
significantly difference regarding IL2, IL10, IFNγ 
and CD4% among the different job categories of 
the studied groups (Table 5). Post Hoc test 
showed the presence of a statistical significant 
difference between physicians and control as 
regards IL2, IL10, IFNγ and CD4% (p<0.001). 
Also, it reveals a statistically significant difference 
between nurses and control as regards IL2, IL10 
and IFNγ (p<0.001). Further, there was a 
statistical significantly difference between 
technicians and control for IL10 and CD4% 
(p<0.001) 

 

 
 

Fig. 1. The mean± SD of TLD readings in (mSv) among  different categories of exposed groups 
over years 2012, 2013 and 2014 

5.12±2.0

3.37±1.5
4 

2.31±0.6
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Table 1. The frequency distribution of different cl inical parameters according to history taking 
and clinical examination among the studied groups 

 
 Exposed n=47  Control n=47  X2 P  

No % No % 
General manifestations  
Easy fatigability 
Recurrent infection 
Skin pigmentation 

 
19 (40.4%) 
5 (10.64%) 
1 (2.1%) 

 
3 (6.4%) 
0 (0%) 
0 (0%) 

 
15.19 
5.28 
1.01 

 
<0.05* 

<0.05* 

˃0.05 
Respiratory manifestations  
Cough and expectoration 
wheezes 

 
6 (12.8%) 
2 (4.3%) 

 
3 (6.4%) 
3 (6.4%) 

 
1.1 
0.211 

 
˃0.05 
˃0.05 

Cardiovascular manifestations  
Dyspnea 
Hypertension 
IHD(history) 

 
4 (8.5%) 
7 (14.9%) 
2 (4.3%) 

 
2 (4.3%) 
2 (4.3%) 
0 (0%) 

 
0.712 
3.07 
2.04 

 
˃0.05 
˃0.05 
˃0.05 

Gastointestinal manifestations  
Epigastric pain 

 
20 (42.6%) 

 
9 (19.1%) 

 
6.03 

 
<0.05* 

Urogenital manifestations  
Renal colic 
Infertility 
Menstrual irregularities among females 

 
7 (14.9%) 
3(6.4%) 
4 (25%) 

 
3 (6.4%) 
0 (0%) 
1 (5%) 

 
1.79 
3.09 
2.97 

 
˃0.05 
˃0.05 
˃0.05 

Adverse pregnancy outcome  
Spontaneous abortion 
Congenital anomalies 

 
2 (4.3%) 
1 (2.1%) 

 
0 (0%) 
0(0%) 

 
2.04 
1.01 

 
˃0.05 
˃0.05 

*p <0.05 denotes statistically significant 
 

Table 2. Mean±SD of males and females offspring amo ng exposed and control subjects 
 

 Exposed  n=47 
(Mean±SD) 

Control  n=47 
(Mean±SD) 

z p value  

Male offspring 
among males 

0.645±0.66 1.59±0.84 4.06 <0.001 * 

Female offspring 
among males 

1.096±0.87 0.888±0.8 0.883 ˃0.05 

* P <0.001 denotes high statistically significant difference 
 

Table 3. Mean±SD of some immunological parameters ( CD%, IL2, IL10 and IFN γ) among 
exposed and control subjects 

 
 Exposed  n=47 Control  n=47 Z p value  
IL2 (pg/ml) 506.07±437.2 169.8±206.1 2.919 <0.05*  

IL10 (pg/ml) 13.26±12.44 43.7±26.09 6.602 <0.001**  

IFNγ (pg/ml) 78.56±57.8 35.4±36.77 3.509 <0.001**  

CD4% 40.71±4.47 45.4±4.33 5.194# <0.001**  

# t- test; ** P <0.001 denotes high statistically significant difference; *p <0.05 denotes statistically significant 
 
4. DISCUSSION 
 
The radiation dose received by the members of 
interventional cardiac catheterization   team can 
vary by the type of procedure and given patient 
dose [16]. In this work, annual cumulative 
exposure dose of the exposed group was 
assessed using the annual TLDs readings over 
the last 3 successive years preceding the current 

study. These readings were compared with the 
published recommendations on the quantities 
and units that should be used in occupational 
dosimetry [17]. The recommendations include 
that departments shall develop a policy that staff 
should wear two dosimeters, one under the 
apron at the waist height to express the effective 
dose and one at collar level above the lead apron 
to express the dose equivalent [18]. 
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Table 4. Correlation coefficient between mean 
TLDs readings over the last 3 years on one 
hand and CD4%, IL2, IL10 and IFN γ on the 

other hand among exposed group 
 

The mean TLDs readings over the last 3 
years (3.785±1.96) 

 R p value 
CD4% -0.312 <0.05* 

IL2 
(pg/ml) 

0.617 <0.001** 

IFNγ 
(pg/ml) 

0.560 <0.001** 

IL10 
(pg/ml) 

-0.11 ˃0.05 

** P <0.001 denotes high statistically significant 
difference; *p <0.05 denotes statistically significant 

 
Unfortunately, our study subjects only use single 
dosimeter under the apron at the waist height to 
measure the effective dose whose mean ±SD 
over three successive years was the highest             
for physicians (5.12±2.03 mSv) (range 2.03-9.03 
mSv) followed by nurses (3.37±1.54 mSv) (range 
1.53-6.33mSv) while technicians had the lowest 
readings (2.31±0.64 mSv) (range 1.3-3.2 mSv). 
This difference is probably due to their different 
nature of duties and daily working hours. These 
readings were in the normal range stated by 
ICRP 2007, the effective dose limits of             
whole body exposure to ionizing radiation for 
occupational workers during the five year block 
to be 100mSv with an average of 20 mSv/year 
and shall not exceed 50 mSv in any single year. 
 
A similar pattern of measurements was reported 
by Chida et al. [19], who studied the annual 
occupational dose for interventional radiology 
staff; physicians, nurses and technicians. They 
showed that the annual occupational dose was in 
order physician˃ nurses˃ technicians. However, 

the radiology staff in the later study, were 
wearing two dosimeters with strict adherence to 
radiation protection measures. 
 
Comparable effective dose estimation was 
reported among workers in nuclear institute of 
medicine and radiotherapy, Jamshoro Pakistan, 
using film badges where readings were in the 
range of 1.21 to 7.78 mSv/year [20]. In Kenya, 
Korir et al. [21] estimated the average annual 
occupational effective doses for all medical 
radiation workers to be ranged from 1.19 to 2.52 
mSv/year.  
 
As regards history taking and clinical 
examination of the studied population, none of 
the studied groups showed significant differences 
concerning cardiovascular, respiratory, 
reproductive and urinary systems. These results 
agreed with an earlier study done by Vrijheid             
et al. [22]. When they used data from nuclear 
reactor workers in many countries to evaluate 
whether the mortality from diseases other than 
cancer is related to low doses of external ionizing 
radiation or not. They found that there was no 
increased risk of circulatory disease as a result       
of radiation exposure. They added that the 
increased risk of respiratory and digestive 
systems affection reported was attributed to 
confounding factors such as smoking and alcohol 
consumption. It was concluded that there was a 
little evidence for the relation between mortality 
from non-malignant diseases and low doses of 
external radiation received by workers in the 
nuclear industry. 
 
However, Zielinski et al. [23] studied the relation 
between low dose ionizing radiation exposure 
and cardiovascular disease (CVD) mortality 
among Canadian radiation workers. They 
showed a strong positive association between 
radiation dose and risk of CVD mortality. 

 
Table 5. ANOVA of mean± SD of immunological paramet er (IL2, IL10, IFN γ and CD4%) among 

the different categories of the studied groups 
 
 
 

Physicians  
n=19 

Nurses  
n=15 

Technicians  
n=13 

Control  
n=47 

F test  p value  
  

IL2 
(pg/ml) 

560.46±405.8 524.22±493.3 405.66±431.02 169.8±206 8 .09 <0.001 

IL10 
(pg/ml) 

16.22± 15.97 12.77±10 9.49±8 43.7±26.09 17.45 <0.001 

IFNγ 
(pg/ml) 

87.56±48.122 81.44±64.22 62.08±59.32 35.4±36.77 6.96 <0.001 

CD4% 40.17±4.53 42.19±3.91 39.8±4.88 45.43±4.33 9.89 <0.001 

** P <0.001 denotes high statistically significant difference 
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Regarding adverse urogenital and reproductive 
outcome, results showed no statistically 
significant difference between exposed and 
control groups (P˃0.05). Similar results were 
reported by Roman and his colleagues [24], 
when they found no increased incidence of 
infertility, menstrual disturbance, abortion or 
congenital anomalies among medical 
radiographers. However, an increased 
prevalence of neural tube defects in infants 
related to occupational exposure of parents to 
ionizing radiation before conception was reported 
[25]. The possibility that low dose exposure of 
parents could cause adverse reproductive 
outcome is of growing interest. Unfortunately, 
studies evaluating the effects of occupational 
exposure to ionizing radiation and congenital 
anomalies as an adverse reproductive outcome 
in humans are very limited. 
 
On evaluating the personal history taken from 
exposed group there was a significant decrease 
in the number on male offspring compared to the 
control group with insignificant higher female 
offspring among exposed group. This result was 
in resemblance with Hama et al. [26], who 
reported that radiation exposure among male 
radiologists was associated with a significantly 
higher proportion of female offspring.  
 
There was a statistically significant higher 
prevalence of easy fatigability and epigastric pain 
among exposed group compared to the control 
group (P<0.05). This epigastric pain can be 
explained by radiation induced inflammation and 
damage of the gastric mucosa and the 
production of reactive oxygen/nitrate leading to 
the induction of apoptosis, mucosal breakdown 
and activation of pro-inflammatory cytokines in 
the microvascular and mucosal compartment 
[27]. 
 
This was in agreement with the results of Saleh 
et al. [28], who studied the immunological effect 
of IR on health care providers of nuclear 
medicine unit at Assiut university hospital. They 
found a high prevalence of gastritis among 
exposed group. They explained this by radiation 
induced inflammatory changes and damage of 
blood vessels. 
 
On estimation of CD4% level in our study, there 
was a statistically significant lower level of CD4% 
T lymphocytes among exposed group compared 
to the control (P<0.001). This decrease was 
significant among physicians (40.17±4.53) and 
technicians (39.8±4.88) compared to controls 

(45.43±4.33). However, the observed variations 
in some cases could not be attributed only to the 
radiation exposure because of the impact of a 
number of other exogenous and endogenous 
factors on the immune system [3]. 
 
On analysis of the effect of immune status on the 
morbidity of the studied group, results revealed 
an increased frequency of recurrent infection 
among exposed group compared to. The 
observed results tend to be due to significant 
reduction of CD4% leading to serious 
consequences including risk for infection and 
cancer [29]. Similarly, these findings were 
matched with a study conducted by Ben and 
Emelia [30] to test the effect of radiation on the 
human immune system. They found higher 
infection rates in people exposed to radiation for 
long duration at low doses. This is also matched 
with another study which found an increase in 
the prevalence of the respiratory tract infection 
among children living around Chernobyl. This 
finding can be explained by the long term low 
dose exposure of the whole body to radiation 
[31]. In addition, the levels of CD4 T lymphocytes 
were found to be lower in exposed radiology 
workers compared with control which was 
associated with weaker humoral immune 
response [32]. 
 
However, other authors did not find any 
difference in the rate of CD4 cells of 
occupationally exposed persons [33-34].  
 
In the current study further comparison between 
the exposed and control group regarding Th1(IL2 
and IFNγ) and Th2 (IL10) cytokines level 
revealed statistically significant increase in the 
level of Th1 cytokines and significant decrease in 
level of Th2 cytokines among exposed group 
compared to control. 
 
Another relevant study done by Hrycek et al. 
[35], who studied the effect of occupational 
exposure to ionizing radiation on peripheral  
blood lymphocytes and some selected serum 
interleukins and found a significant increase in 
IL2 concentration which was significantly positive 
correlated with the mean TLDs readings. 
Recently, Zakeri et al. [29], studied the biological 
effects of low-dose ionizing radiation exposure 
on interventional cardiologists and showed a 
significant increase in serum IL2 and a significant 
decrease in serum IL10 with no correlation 
between their levels and duration of employment.  
 
Further, our results were in agreement with the 
study done by Torkabadi et al. [34] on medical 
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personnel of the cardiovascular laboratories. 
They showed significant lower production of IL10 
and IL5 compared to the control. Xu et al. [36], 
showed that LDR, in the range commonly 
received by atomic radiation workers or as a 
result of minor medical diagnostic procedures 
(0.25–10 mGy), stimulated the expression of IL-2 
receptors on the surface of lymphocytes taken 
from normal human donors. 
 
However, our results were inconsistent with Attar 
et al. [37], who studied the effect of high dose 
natural ionizing radiation HDR on the immune 
system of the exposed residents of Ramsar 
Town, Iran. They found elevated level of IL10, 
IL4 and lower IL2 and IFNγ. This inconsistency 
probably is due to the different nature, dose and 
duration of exposure to ionizing radiation. 
 
The observed switching to Th1 profile among our 
exposed group could be interpreted in terms of 
adaptation process at low dose radiation. 
However, at higher doses other compensatory 
mechanisms might be included and this was 
supported by data of Kusunoki et al. [13] about a 
radiation-induced imbalance between Th1 and 
Th2 pathways, switching toward a Th2 profile in 
high dose radiation. 
 

5. CONCLUSION  
 
In the current study there was a high prevalence 
of recurrent infection, easy fatigability and 
epigastric pain among radiation exposed 
workers. This was associated with a significant 
decrease in CD4% level among exposed group 
with shift of the immune cells towards the cell 
mediated immunity Th1 evidenced by significant 
increase in the level of Th1 cytokines (IL2 and 
IFNγ) and significant decrease in Th2 cytokines 
(IL10). Occupational exposure to ionizing 
radiation may carry the risk for disturbance in the 
function of the immune system. 
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