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Abstract
Objectives: Workers of X-ray departments are occupationally exposed to long-term low levels of ionizing radia-
tion (LLIR), which may affect their humoral immunity. The aim of the study was to assess the influence of LLIR on the 
number and proportion of B cells (CD19+), B1 cells (CD5+CD19+) and memory B cells (CD27+CD19+) in peripheral 
blood of such workers. Materials and Methods: In the study group of  47  X-ray departments workers and the control 
group consisting of  38  persons, the number and percentage of CD19+, CD5+CD19+, CD27+CD19+ cells as well  
as CD5+CD19+/CD19+ and CD27+CD19+/CD19+ cell ratios were assessed using flow cytometry. Additionally, the 
study group was divided into 2 groups by the length of employment below and over 15 years and analysis adjusted for age 
and smoking habit was performed. Results: The total number of CD19+ cells showed significant increase in the group of 
workers in comparison with the persons from the control group, whereas the percentage of CD5+CD19+ cells as well  
as CD27+CD19+/CD19+ and CD5+CD19+/CD19+ cell ratios were lower. Percentage, number of CD5+CD19+ cells 
and CD5+CD19+/CD19+ cell ratio were significantly lower in the workers with length of employment longer than 15 years 
in comparison with those employed below 15 years. Moreover, we found positive associations between the number of CD19+ 
cells and employment as well as smoking habit, whereas the number of CD5+CD19+ cells was positively associated with 
cigarette smoking alone. Percentage of CD5+CD19+ cells as well as CD5+CD19+/CD19+ and CD27+CD19+/CD19+ 
cell ratios were negatively correlated with employment. Conclusions: The study suggests association between the suppres-
sive influence of low level ionizing radiation on circulating in peripheral blood, especially of B1 cells as well as of memory 
B cells, in workers of X-ray units, which is adverse in relation to microbiological threat.
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associated with production of different classes of immu-
noglobulins (class switching) and development of memo-
ry B cells (CD19+CD27+) [11,13].
The aim of the study was to assess the influence of LLIR on 
peripheral blood B cell populations: CD19+, CD19+CD5+ 
and CD19+CD27+ in workers of X-ray units.

MATERIAL AND METHODS

The study group included 47 workers of X-ray diagnostics 
units (14 men, 33 women) aged 23–63 years (median age: 41). 
The period of employment ranged from 1 to 33 years (me-
dian length of employment:  14  years). The  annual effec-
tive dose of X-radiation was below  1  mSv. In the study 
group 11 persons smoked cigarettes (4 men, 7 women). The 
control group consisted of  38  clinically healthy individuals 
(10  men,  28  women), not working in radiology, who were 
never occupationally exposed to ionizing radiation. Nine per-
sons smoked cigarettes (6 women, 3 men). Data concerning 
the examined groups/subgroups are presented in Tables 1–3. 
All the participants were subjected to medical examina-
tion and underwent basic hematological and biochemical 
assays to evaluate their state of health. All the subjects’ 
working time was similar. No deviations in the basic labo-
ratory tests (including C reactive protein; the study group 
vs. the control group  – median: 0.79, range: 0.21–3.2 
vs. median: 0.82, range: 0.19–3.66 mg/l, p = 0.65), no in-
fections month before the study and no acute or chronic 
diseases were found. Economic and social state and place 
of residence of all the participants were similar.

INTRODUCTION

Workers of X-ray departments are occupationally exposed 
to chronic low level of ionizing radiation  (LLIR), which 
may affect function of their immune system. Of leuko-
cytes, lymphocytes, especially lymphocytes B, showed the 
greatest sensitivity to ionizing radiation [1–3]. 
Exposure to LLIR is associated with various adverse ef-
fects such as: chromosomal aberrations in lymphocytes, 
changes in the structure and function of their lysosomal 
membranes, T  cell receptors  (TCR) in T  lymphocytes, 
immunoglobulin B  cell receptor  (BCR) as well as low-
er concentrations of immunoglobulin  [4–9]. B  cells 
(CD19+) are responsible for adaptive, humoral immune 
response and they are heterogeneous population. The 
main subtypes of CD19+ cells include B1 and B2 cells. 
Most B cells expressing molecule CD5 (CD19+CD5+) 
are classified as B1  cells that are connected with spon-
taneous production of IgM against bacterial polysaccha-
rides and lipopolysaccharides (against T non-dependent 
antigens). Antibodies produced by B1  cells show poly-
specificity and low affinities for many different antigens. 
These cells are involved in prevention of autoimmuniza-
tion by inhibition of signal transmission through  BCR, 
changes in synthesis of interleukin-10  (IL-10) and 
elimination of autoantigens by the produced antibod-
ies. However, CD19+CD5+ may also inhibit antitumor 
immunity. Most B1  cells do not develop into memory 
B cells  [10–12]. B2 cells are classical B  lymphocytes in-
volved in immune response against T dependent antigens 

Table 1. Characteristics of the study and control groups

Variable Workers
(N = 47)

Control group
(N = 38) p

Age (years) [Me (range)] 41 (23–63) 40 (20–60) 0.33
Male (n) 14 10 0.91*
Smoking habit (n) 11 9 0.82*

Me – median.
* Yates’s χ2.



WORKERS OF X-RAY DEPARTMENTS B CELLS        O R I G I N A L  P A P E R

IJOMEH 2014;27(3) 469

2.	 Between the subgroup of  29  workers employed 
less than  15 years and  18  workers employed longer 
than 15 years.

3.	 Final multivariate regression analysis used to exam-
ine whether the percentage and absolute number of 
CD19+, CD19+CD27+, CD5+CD19+ as well as 
CD19+CD27+/CD19+ and CD5+CD19+/CD19+ 
cell ratios were independently associated in workers 
with their employment length, age and smoking habit.

The results are presented as medians with minimal 
and maximal values (Shapiro-Wilk test did not show 
normal distribution) and regression coefficients. 
The statistical analysis was performed using the fol-
lowing tests: Yates’s  χ2, Fisher, U  Mann-Whitney 
test and regression coefficient in a multivariate lin-
ear analysis model adjusted to employment, age and 
smoking habit; p values of < 0.05 were considered as 

The evaluated laboratory parameters included: the 
number and percentage of circulating in peripheral 
blood: B  cell populations: CD19+, CD19+CD5+ and 
CD19+CD27+.
Blood samples from antecubital vein were collected be-
tween 8:00–9:00  a.m. into the test tubes with  EDTA 
(Ethylenediaminetetraacetic acid) and later B cells were 
labelled with monoclonal antibodies CD19FITC, CD5PE 
and CD27PerCP (Becton-Dickinson, USA). Analysis was 
performed by the use of BD FACS Canto II flow cytom-
eter (Becton-Dickinson, San Jose, CA, USA) and 100 000 
cells per tube were acquired.

Statistical analysis
The results were compared in the following manner:
1.	 Between the total group of workers (47 persons) and 

the control group (38 persons).

Table 2. Characteristics of the study and control groups in relation to smoking habit

Variable
Non-smoking

p
Smoking

pworkers 
(N = 36)

control 
(N = 29)

workers 
(N = 11)

control 
(N = 9)

Age (years) [Me (range)] 39.5a (23–63) 40b (21–60) 0.44 40a (25–55) 43b (20–60) 0.55

Smoking habit (pack-years)  
[Me (range)]

– – – 10 (1–30) 10 (2–30) 0.76

Male 13 5 0.16* – – –

a p = 0.80; b p = 0.84.
Other abbreviations as in Table 1.

Table 3. Characteristics of the study groups in relation to the period of employment

Variable
Workers < 15 years 

of employment 
(N = 29)

Workers > 15 years 
of employment 

(N = 18)
p

Male (n) 8 6 0.89*

Smoking habit (n) 7 4 1.00**

Length of employment (years)
[Me (range)]

8 (1–14) 25 (16–33)

** Fisher.
Other abbreviations as in Table 1.
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significant. Statistica 10 software was used to carry out 
the analyses.
The study was approved by the Ethics Commission of the 
Medical University of Silesia (KNW/0022/KB1/160/08) 
and it was carried out in compliance with the Declaration 
of Helsinki.

RESULTS

The statistical analysis of the number of CD19+ cells 
showed a significant increase (p < 0.01) in the study group 
of workers in comparison with the persons from the control 
group, whereas the percentage of CD5+CD19+ (p < 0.05), 
CD27+CD19+/CD19+ (p  <  0.05) and CD5+CD19+/
CD19+ (p < 0.01) cell ratios were lower. Workers with the 
length of employment longer than 15 years showed a signifi-
cantly lower percentage (p < 0.01) and the number (p < 0.05) 
of CD5+CD19+ lymphocytes and CD5+CD19+/CD19+ 
cell ratio (p < 0.01) in comparison with those with the length 
of employment less than 15 years (Table 4). 
The multivariate regression analysis in the group of workers 
showed that the number of CD19+ cells (p < 0.05) was pos-
itively associated with the length of employment and smok-
ing habit. We also found a negative association between 
the percentage of CD5+CD19+ cells and CD5+CD19+/
CD19+ cell ratio, as well as CD27+CD19+/CD19+ cell 
ratio (p < 0.05) with the length of employment. The num-
ber of CD5+CD19+ cells (p < 0.05) was positively associ-
ated with cigarette smoking. Although we proved a signifi-
cant positive relationship (β (SE): 0.808 (0.088); p < 0.001) 
between the age and the length of employment in the study 
group, we did not find any associations between the workers’ 
age and the percentages and absolute numbers of CD19+, 
CD19+CD27+, CD5+CD19+, CD19+CD27+/CD19+ 
and CD5+CD19+/CD19+ cell ratios  (Tables  5  and  6). 
Moreover, no significant relationships were found between 
the analyzed parameters and age as well as cigarette smok-
ing in the control group (data not shown). Ta
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The observed higher number of CD19+ cells among 
workers may be a result of changes in expression of ad-
hesive molecules that influence the number of B  cells 
circulating in peripheral blood  [16,17]. The decreased 
CD27+CD19+/CD19+ cell ratio, which suggests im-
paired development of  Th2 and humoral memory con-
nected with CD27+CD19+ lymphocytes, is particularly 
adverse. No significant differences found in B  cells of 
the exposed to LLIR workers and the control group are 
associated with the diversity of these cells  [5,8]. The ob-
served decrease of CD5+CD19+ cells percentage as 
well as of CD27+CD19+/CD19+ and CD5+CD19+/
CD19+ cell ratios may result from the lower serum level 
of interleukin – 4  (IL-4) and IL-10 and higher interleu-
kin – 2 (IL-2) because IL-4 and IL-10 are pivotal for Th2 
immune response and function of B  cells, whereas IL-2 
prefers Th1 and inhibits Th2 immune response  [5,18]. 
Tobacco smoking reduces the level of  IgG in human se-
rum, whereas proportion of B cells in the peripheral blood 
of smokers was similar to that in the non-smokers  [19].  

DISCUSSION

The increase in the total number of CD19+ cells along 
with the associated decrease of CD5+CD19+ cells 
percentage and CD27+CD19+/CD19+ as well as 
CD5+CD19+/CD19+ cell ratios in the study group 
may suggest B cells dysfunction in the immune response 
against both non T-dependent and T-dependent antigens. 
It should be emphasized that exposure to LLIR is associ-
ated with significantly lower concentrations of IgM, IgG 
and IgA  immunoglobulins and radiology units are pos-
sible sources of microbial cross transmission [8,9,14,15]. 
These changes do not seem advantageous in X-ray de-
partments workers because this type of humoral immu-
nity is crucial in defense against extracellular multiply-
ing pathogens including multidrug resistant bacteria 
(Staphylococcus aureus, Enterococcus spp., Klebsiella 
pneumoniae, Escherichia coli,  etc.) and some viruses 
(influenza virus). For the employees of radiology units 
they may be associated with the risk of healthcare as-
sociated infections [14,15]. 

Table 5. Regression coefficient β and standard error (SE) for the percentage and absolute number of CD19+, CD19+CD27+ 
and CD5+CD19+ cells in the multivariate linear regression model adjusted to the employment, age and smoking habit

B cells
Employment
β (SE)

Age
β (SE)

Smoking habit
β (SE)

% n % n % n
CD19+ (μl) 0.161 (0.110) 0.234 (0.106)* –0.068 (0.111) –0.057 (0.108) 0.109 (0.111) 0.219 (0.107)*
CD19+CD27+ (μl) –0.032 (0.112) 0.039 (0.112) 0.009 (0.113) –0.032 (0.113) –0.053 (0.113) 0.068 (0.113)
CD5+CD19+ (μl) –0.214 (0.106)* –0.158 (0.106) –0.134 (0.108) –0.118 (0.107) 0.181 (0.107) 0.267 (0.107)*

* p < 0.05.

Table 6. Regression coefficient β and standard error (SE) for CD19+CD27/CD19+ and CD5+CD19+/CD19+ cell ratios  
in the multivariate linear regression model adjusted to the employment, age and smoking habit

Ratio Employment
β (SE)

Age
β (SE)

Smoking habit
β (SE)

CD19+CD27+/CD19+ (μl) –0.236 (0.108)* 0.089 (0.110) –0.114 (0.109)

CD5+CD19+/CD19+ (μl) –0.395 (0.102)* 0.059 (0.103) 0.114 (0.103)

* p < 0.05.
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