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A lot of workers in industries such as foundry, stonecutting, and sandblasting are exposed to higher than
permissible levels of crystalline silica. Various alterations in humoral immune function have been reported
in silicosis patients and workers exposed to silica dust. The aim of this study was to measure antinuclear
antibody (ANA) and rheumatoid factor (RF) levels in foundry workers exposed to silica and to compare
them with a control group without such exposure. ANA and RF were measured in 78 exposed and 73
non-exposed workers, and standard statistical methods were used to compare them. The two groups did
not signiﬁcantly differ in age and smoking. Mean work duration of the exposed and non-exposed workers
was (14.9±4.72) years and (12.41±6.3) years, respectively. Ten exposed workers had silicosis. ANA was
negative in all workers in either group. Its mean titer did not differ signiﬁcantly between the exposed
and control workers [(0.39±0.15) IU mL-1 vs. (0.36±0.17) IU mL-1, respectively]. RF was positive in two
workers of each group. Other studies have reported an increase in ANA and RF associated with exposure
to silica dust and silicosis.
In contrast, our study suggests that exposure to silica dust does not increase the level of ANA and RF in
exposed workers.
KEY WORDS: autoimmune changes, foundry workers, humoral alterations, rheumatoid diseases,
silicosis

The abundance of silica in the environment is
second only to oxygen and second to none in the
Earth crust. A lot of workers are exposed to it in
different industries such as foundry, stonecutting,
and sandblasting (1). Exposure to crystalline silica is
not only a known cause of lung ﬁbrosis and silicosis,
but it may also pose a risk of autoimmune changes
and rheumatoid diseases such as rheumatoid arthritis,
scleroderma, and vasculitis (2). Foundry workers are
exposed to different chemicals, the most important
of which is respiratory exposure to silica dust (3, 4).
Long-term exposure to silica can cause silicosis, and
there have also been reports of alterations in humoral
and cellular immunity (5, 6). In a study by Zone
and Rom, workers exposed to mineral dusts were

diagnosed hypergammaglobulinaemia, the elevetad
production of auto-antibodies and immune complexes
(7). Long-term exposure to silica dust can increase
anti-neutrophil cytoplasmic antibodies, but only in
silicosis patients. These antibodies will not rise if the
exposure does not cause silicosis (8).
A relationship has been reported between silicosis
and progressive systemic sclerosis and between
silicosis and a rise in ANA and RF titer (9). In
sandblast workers, a rise in ANA has been reported
after more than six years of exposure to crystalline
silica (10). A rise in ANA titer has also been reported
following exposure to asbestos (11).
Immune disorders and speciﬁcally auto-immune
disorders were observed in silicosis patients with
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long-term exposure to silica dust and in patients who
had silicon implants (12).
Several studies reported humoral immune
responses and some degree of auto-antibody increase
in silicosis patients, even before the disease was
clinically diagnosed (13, 14). Silicosis patients
with multiple chest X-ray (CXR) opacities showed
an increase in the ANA level (13, 15). Increase
in polyclonal immunoglobulins both in blood and
bronchoalveolar lavage ﬂuid were also reported with
silicosis (16).
There is a strong evidence supporting that
exposure to crystalline silica produces several immune
responses (12-14), but there are opposing views
regarding the changes in RF and ANA levels following
silica exposure.
The aim of this study was to measure ANA and
RF levels in foundry workers exposed to silica and
compare them with a control group without such
exposure.

SUBJECTS AND METHODS
Study Population
This study was conducted in a foundry and metal
producing factory in southern Tehran in 2006-2007.
Workers occupationally exposed to silica dust were
selected from sections such as metal melting, metal
casting, pouring, shakeout, abrasive blasting, and
ﬁnishing and cleaning. These workers rotated between
these sections and did not wear proper respiratory
protection most of the time. Of them 480 we randomly
selected 78. For control we randomly selected 73
ofﬁce workers who did not have any exposure to silica
dust. Workers who, according to their pre-employment

records, suffered from chronic diseases and autoimmune problems were excluded from the study.
All study subjects were male. The age of the
exposed workers ranged from 28 to 55 years [mean ±
SD = (38.5±6.83) years] and of controls from 26 to 52
years [mean ± SD = (37.1±8.18) years]. Employment
duration was (14.9±4.7) years (range 9 to 30 years)
for the exposed workers and (12.41±6.3) years (range
5 to 28 years) for controls. Nineteen exposed workers
and 16 controls were smokers (Table 1).
All subjects were familiarised with the study
and gave informed consent. All were interviewed
by a physician, who reviewed their medical records
and ﬁlled in the American Thoracic Society (ATS)
standard respiratory questionnaire based on their
answers.
All subjects were examined by an occupational
medicine specialist, and the exam results recorded.
Information gathered from the questionnaire
and medical records included demographic data,
occupational history, drug use data, medical history
including joint and skin problems, auto-immune
diseases, cough, dyspnoea, and other relevant
symptoms. Particularly important were the history of
chronic (everyday) cough for 3 months in the past year
and a feeling of chest tightness while walking with
people of the same age who were symptom-free.
Any history of joint swelling, pain or stiffness,
skin erythema, sclerotic skin, symptoms of Raynaud’s
phenomena, and other symptoms of auto-immune and
malignant diseases were reviewed and recorded. None
of the subjects had any of these symptoms.
Workers exposed to silica dust did a spirometry test
between 9 a.m. and 1 p.m. with a portable spirometer
(MIR Spirolab II A23-050). The test was done by a
trained technician according to the ATS standards.
Different respiratory problems such as restrictive,

Table 1 Demographic data and respiratory symptoms in foundry workers exposed to silica dust and in non-exposed controls

Demographic data and
respiratory symptoms
Age / years1
1

Employment duration / years
2

Smoking

2

Chronic cough
2

Dyspnoea
1

Exposed workers
(n=78)
38.5±6.8

Non-exposed workers
(n=73)
37.1±8.2

P-value3

14.9±4.7

12.41±6.3

0.008

19 (24.4 %)

16 (22.9 %)

0.72

18 (22.8 %)

3 (4.2 %)

0.001

20 (25.3 %)

3 (4.2 %)

0.001

Data are presented as mean±standard deviation
Data are presented as the number and percent of subjects
3
P-value less than 0.05 is considered statistically signiﬁcant
2

0.25

187

Aminian O, et al. ANA AND RF IN SILICA EXPOSED WORKERS
Arh Hig Rada Toksikol 2009;60:185-190

obstructive, or mixed were diagnosed based on
the recorded forced vital capacity (FVC), forced
expiratory volume in one second (FEV1), FEV1/FVC,
and other parameters.
All exposed workers had a standard CXR
(posteroanterior and lateral) reported by a radiologist.
An occupational medicine specialist familiar with the
International Labour Organization classiﬁcation of
pneumoconioses reviewed the CXRs for nodular and
ﬁbrotic lesions.
A blood sample was drawn at the workplace by
a lab technician and was sent to the lab in standard
conditions. Because ANA immunoﬂuorescence test
was negative for all samples, we measured ANA titer
using the standard enzyme-linked immunosorbent
assay (ELISA) according to the method described by
Hyashi et al. (17).
RF was measured using a quantitative method and
compared to standard concentrations. A titer higher
than 10 U mL-1 was considered positive (18).
Sampling of respirable dust
At least three random samples of respirable dust
were collected from each workplace over a period of
three months, and the total dust was measured using
the gravimetric method. Collected samples were then
sent to a laboratory for further analysis. Free crystalline
silica was measured using X-ray diffraction. The
standard permissible level is 5 mg m-3 for total dust
and 0.1 mg m-3 for free crystalline silica.
Data analysis
Data were analysed using statistical software SPSS®
version 16. Continuous variables were compared

between the two groups using the t-test for normally
distributed variables and using the Mann-Whitney test
for non-normally distributed variables. Chi-square test
was used to compare binomial variables between the
two groups. P value of less than 0.05 was considered
statistically signiﬁcant.

RESULTS
Mean age and smoking showed no statistically
signiﬁcant difference between the two groups, but
mean employment duration was signiﬁcantly higher
in the exposed workers than controls.
Medical history and physical exam showed that 20
exposed workers (25.3 %) and three controls (4.2 %)
had dyspnoea, while 18 exposed workers (22.8 %)
and three controls (4.2 %) had chronic cough. Both
symptoms were signiﬁcantly different between the
two groups (chi-square test, Table 1).
No subject complained about joint pain, arthritis,
skin erythema, inﬂammation, sclerosis, or any other
symptoms of auto-immune diseases.
On CXR, ten exposed workers with more than 15
years of work experience had diffuse nodular opacities
in the upper and middle lobe. Of these, seven had low
profusion of small opacities of less than three mm in
diameter and three had medium to high profusion of
opacities up to 10 mm in diameter.
Twelve exposed workers (15.3 %) had abnormalities
in spirometry; four had obstructive, ﬁve restrictive,
and three mixed abnormalities.
Immunoﬂuorescence test was negative for ANA
in both groups, and the quantitative ELISA method

Table 2 Quantitative comparison of ANA and RF

Exposure
Immunologic
markers

P

Chest X-ray of exposed
workers
Normal Abnormal
P
(N=68)
(silicosis)
(N=10)

Yes
(N=78)

No
(N=73)

0.15 to 0.25

0.1 to 0.8

0.39±0.15

0.36±0.17

0.34 0.39±0.14 0.37±0.18

Range

1.2 to 16.6

2.5 to 14.4

2.2 to 9.3 1.2 to 16.6

Mean±SD

2.40±2.47

3.18±2.6

Smoking
Yes
(N=35)

No
(N=116)

P

ANA / IU mL-1
Range
Mean±SD

0.2 to 0.8

0.3 to 0.8

0.3 to 0.7 0.25 to 0.8
0.653

0.34±0.15 0.39±0.16 0.107

-1

RF / U mL

0.06 2.24±1.34 3.22±2.89

P-value less than 0.05 is considered statistically signiﬁcant

2.5 to 16.6 1.2 to 14.4
0.318

3.48±3.38 2.61±1.81 0.149
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conﬁrmed negative results. Mean ANA concentration
did not signiﬁcantly differ between the two groups. Of
the ten cases with silicosis visible on CXR, all were
ANA-negative. Mean ANA level did not signiﬁcantly
differ between them and other exposed workers with
normal CXR (Table 2).
RF was positive in two exposed workers and two
controls. Even though one silicosis patient had a
positive RF ﬁnding, it was not signiﬁcantly different
from exposed workers with normal CXR. Mean RF
was 3.22 U mL-1 in silicosis patients and 2.24 U
mL-1 in others, but the difference was not statistically
signiﬁcant (Mann-Whitney test; Table 2).
Quantitative changes of ANA and RF in smokers
and non-smokers are shown in Table 2. Fisher’s exact
test showed a statistically signiﬁcant difference in RF
positive ﬁndings between smokers and non-smokers
(3 vs. 1, respectively; P=0.013).
Environmental sampling results
Table 3 shows mean concentrations of total dust
and free crystalline silica in ambient air in different
workplace sections. Dust turned out to be higher than
the national standard in all samples.

DISCUSSION
Several studies have reported immune humoral
changes in silicosis patients (14). These changes may
become evident even before clinical diagnosis of an
autoimmune disease (13, 14).
Otuski et al. (14) showed that silicosis patients
with high levels of membrane Fas mean ﬂuorescent
intensity (MFI) had low levels of anti-nuclear
antibodies and those with high levels of ANA had
lower levels of MFI.
Foundry workers run a relative high risk of
exposure to free crystalline silica and of acquiring
silicosis. In this study we assessed the effect of
exposure to silica dust on changes in autoantibodies.

ANA was negative in all subjects, including
silicosis patients, and quantitation showed no
signiﬁcant differences between exposed workers,
controls, or silicosis patients. RF was positive in the
same number of exposed and control workers. The
single positive RF ﬁnding in a silicosis patient did
not quantitatively differ from the exposed workers
with normal CXR. Earlier studies reported a high
prevalence of ANA in patients with late-stage silicosis
(9), but in our study none of the patients were at this
stage of the disease.
In a study on rheumatoid arthritis patients and a
control group, no statistically signiﬁcant difference
was observed for silica dust exposure (19, 20). In
contrast, another study reported crystalline silica
exposure as an important risk factor for rheumatoid
arthritis (21).
Albuquereque de Castro et al. (22) showed a
signiﬁcant increase in IgG in silica dust-exposed
workers and silicosis patients than in subjects with
normal CXR. This pointed to possible changes in
speciﬁc and non-speciﬁc immune response to silica
dust. Nagaoka et al. (23) found an increase in IgG
levels in workers exposed to silica dust (with or
without silicosis) compared to the control group.
Doll et al. (13) reported a positive RF ﬁnding
in 28 % of 53 silicosis patients and Nagaoka et al.
(23) in 10.4 % of 134 silicosis patients. Subra et al.
(24) could not show any signiﬁcant increase in RF,
C3 and C4 complement components in the serum of
silicosis patients. Jones et al. (9) reported high levels
of ANA in silica dust-exposed workers, while other
studies showed increased levels of ANA and RF with
exposure to free silica (11).
In a study conducted by Albuqerque de Castro
et al. (22) in Brazil, ANA and RF were positive in
20.6 % and 3.4 % of silica dust exposed workers,
respectively, but no statistically signiﬁcant difference
was found between silicosis patients and exposed
workers without silicosis.

Table 3 Total dust concentrations and of free crystalline silica in different foundry sections

Total dust concentration / mg m-3

Free crystalline silica / mg m-3

Mean±SD

Mean±SD

16±1.85
21±2.08

1.2±0.25
2.3±0.32

51±4.90

7.1±0.54

Sections
Metal melting and pouring
Casting, shakeout
Cleaning and ﬁnishing (abrasive
blasting)
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About 75 % of autoimmune diseases occur in
women. In our study all participants were men, and
this eliminated the possibility of a co-incidental high
RF and ANA.
Jonsson et al. (25) have shown that smoking may
affect the immune system, and that it is associated
with increased RF. However, no such association was
observed in our study.

CONCLUSION
Based on our study, RF and ANA are not suitable
tests for evaluation of early immunologic changes in
silica-exposed workers who do not have progressive
silicosis or any symptoms of autoimmune diseases.
More comprehensive studies on other immunologic
factors in silicosis patients and silica dust-exposed
workers are required to assess autoimmune effects
of free silica.
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Sažetak
RAZINE ANTINUKLEARNOGA ANTITIJELA I REUMATOIDNOGA FAKTORA U RADNIKA
IZLOŽENIH SILICIJEVU DIOKSIDU
Mnogi su radnici izloženi kristalnomu silicijevu dioksidu u razinama iznad dopuštenih. U oboljelih od
silikoze i radnika izloženih prašinama koje sadržavaju silicijev dioksid zamijećen je niz oštećenja humoralne
obrane. Budući da su radnici u ljevaonicama izloženi visokim razinama kristalnoga silicijeva dioksida, u
njih bismo očekivali ovakve humoralne poremećaje.
Cilj je ovog ispitivanja bio izmjeriti i usporediti razine antinuklearnih protutijela (ANA) i reumatoidnoga
faktora (RF) u krvi radnika u ljevaonici izloženih silicijevu dioksidu i neizložene kontrolne skupine. ANA
i RF izmjereni su u 78 izloženih radnika i 73 neizložena radnika te su uspoređeni s pomoću standardnih
statističkih metoda. Dvije se skupine nisu bitno razlikovale u broju pušača i u dobi. Prosječna duljina radnog
vijeka izloženih radnika bila je (14,9±4,72) godine, a neizloženih (12,41±6,3) godine. Deset izloženih
radnika imalo je silikozu. Nalazi ANA bili su negativni u obje skupine radnika. Srednja vrijednost titra ANA
iznosila je (0,39±0,15) IU mL-1 u izloženih ispitanika, a (0,36±0,17) IU mL-1 u kontrola, što je statistički
zanemariva razlika. Nalaz RF-a bio je pozitivan u dva izložena te dva kontrolna radnika.
Naše ispitivanje upućuje na to da prašine silicijeva dioksida ne uzrokuju porast razina ANA i RF-a u
izloženih radnika.
KLJUČNE RIJEČI: autoimunosni sustav, humoralne promjene, ljevaonica, reumatoidne bolesti,
silikoza
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