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Abstract. Background: Silicone gel-filled breast implants have been widely used for breast augmentation and
reconstruction since the 1960’s when the FDA approved them in women over 22 years of age. Concerns have
been raised about the safety of those implants, with the focus upon whether silicone leak can spread to regional
lymph nodes and remote organs and possibly cause inflammatory and immune responses. Objective: To present
laboratory workup findings in 3 cases of interstitial lung diseases (ILD) linked with silicone implant leakage.
Methods: ILD was diagnosed by tissue biopsy and Computerized Tomography (CT). We analyzed the metal
content in both biological samples and raw material of the implants by means of scanning electron microscopy
(SEM) and X-ray fluorescence (XRF). The metals lymphocyte proliferation analysis (MELISA®) was used
to assess sensitization of the immune system to 19 metals. Results: The biological samples contained metals
(silicon, nickel, zinc, tungsten, iron, aluminum, and zirconium) which are also present in the silicone implant.
The MELISA test showed sensitization to nickel, zinc and tin. Limitations: Some of the immunogenic metals
present in the implant were under the limits of detection of SEM and XRF and the sensitivity of MELISA
test is unknown. Conclusions: The laboratory assessments of the 3 herein described women indicated that their
interstitial lung disease was associated with the metal content of their silicone gel-filled breast implantations.
(Sarcoidosis Vasc Diffuse Lung Dis 2018; 35: 381-389)
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Introduction
Silicone implants are pre-filled with a thick,
sticky gel elastomer that closely mimics the feel of human fat. Silicone breast implants have been an essential tool in the global plastic surgeon’s cosmetic and
reconstructive arsenal since their invention by Cronin
and Gerow in 1962 (1), however, over 3% of the US
female population are believed to have undergone
silicone breast implantations. Silicone breast implants
are not lifetime devices: their risk of rupture increases
with age (2), with a 15% rupture rate at 10 years (3).
Despite changes in the principal constituents of
the silicone implants during the past 50 years, silicone remained an agent prone to leakage and subse-
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quently to become a chronic stimulus to the immune
system resulting in similar clinical manifestations as
recorded 50 years ago (4) Specifically, many studies
on silicone breast implants showed adverse events
such as autoimmune diseases occurring over 10 years
after implantation (5), as well as a reappearance of
silicone gel-filled breast implant toxicity (6). Breast
seroma (7) and desmoid tumors (8) were suggested as
being associated with the presence of silicone breast
implants. Silicone lymphadenopathy associated with
implantation of silicone breast implants is a foreign
body reaction due to the release or migration of silicone into the tissues surrounding the breast implant
(9,10). The appearance of silicone granulomas is another recognized complication of ruptured silicone
breast implants (11).
Pulmonary disease has rarely reported to be
linked to silicone breast implants (12), and only one
case showed lung opacities in a study on 18 cases of
silicone breast implant-induced lymphadenopathy
(13). We reported the immunological response to gel
elastomer material that was demonstrated by laboratory workup as being a causative agent of interstitial lung diseases (ILD) linked with silicone implant
leakage in 3 cases.

(Omron Health Care, USA) that has an output of
0.5 ml/min and particles with <5 μm aerodynamic
mass median diameters (15,16). After separation of
the plugs and viscous materials, all fractions of the
induced sputum (IS) were preserved in 10% formalin and stored at 4°C until analysis of the mineral
particles. We used the samples containing both extracellular and intracellular particles for the mineralogical analysis. The samples were treated with 14%
formamide solution and filtered onto a 0.8-μm carbon coated Nuclepore filter (Millipore Filter Corp.,
Bedford, MA).

Methods

MELISA® is an optimized lymphocyte transformation test that was described in depth elsewhere
(19,20). Blood samples were drawn into tubes containing citrate for testing 19 selected metals (silica [SiO2],
nickel [NiCl2], cobalt [CoCl2], copper [CuSO4],
chrome [CrCl3], aluminum [Al2SO4], titanium I
[TiSO4], titanium II [TiO2], barium [BaCl2], zirconium [ZrSO4], tungsten [WO3], molybdenum
[MO3], indium [In2(SO4)3], manganese [MnCl],
plombium [Pb(NO3)2], mercury [HgCl2 Gold
Na3Au(S2O3)2], vanadium [VCl3], and beryllium
[BeSo4]). The results were expressed as a stimulation
index (SI), which is the ratio of the counts per minute
of radioactivity in cells stimulated with metal salts divided by the counts per minute for unstimulated cells.

Study population
This case series includes 3 women with diagnosed ILD by lung biopsy and CT findings who developed systemic symptoms following the rupture of
silicone breast implants.
Pulmonary function tests (PFT)
PFT were performed by a Masterlab spirometer
(Masterlab E. Jaeger, Wurzburg, Germany). Measurements were carried out according to standard protocols of the American Thoracic Society/European
Respiratory Society guidelines (14).

Mineralogical studies
Mineralogical studies were identified on the
paraffin block of the lung/lymph node biopsy, the
sputum sample or the gel elastomer. We used two
devices: scanning electron microscope (SEM) X-ray
analysis using a JEOL 840 SEM equipped with a
Link 10,000 energy-dispersive system and X-ray
fluorescence spectrometer (XRF) by a Niton XL3
XRF analyzer (Thermo Fischer Scientific, Munich,
Germany) as previously described elsewhere(17,18),
MELISA test

Sputum induction and processing

Results

Sputum induction and processing were performed with an aerosol of hypertonic saline generated by an Ultrasonic Nebulizer – Model Omron U1

The 3 patients described below underwent breast
augmentation with silicone gel-filled implant(s) in
Israel.
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Case 1

persistent cough and non-localized chest pain. PFT
carried out in our laboratory demonstrated severe
restrictive pattern with decreased diffusion capacity
(Tables 1 and 2, Fig. 1). Her CT scan demonstrated
hilar and mediastinal lymphadenopathy with enlarged
axillary lymph nodes and multiple pulmonary nodules
between 4-12 mm in size and distributed in the lung
fields (Fig. 1). Bronchoscopy with transbronchial bi-

A 66-year-old woman was referred to our laboratory of pulmonary and allergic diseases due to cough
and shortness of breath. She had undergone bilateral
silicone gel-filled breast augmentation in 1999. In
2012, the implants were removed due to leakage. In
2014, she presented to our laboratory due to severe

Case 1

Case 2

Case 3

Fig. 1. Computerized tomographic scans were evaluated for features indicative of interstitial lung disease
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for two years, during this time she was treated with
inhaled budesonide which didn’t help for presumptive diagnosis of asthma. The second implant was
removed in 2013, again due to leakage. PFT findings demonstrated severe restrictive pattern with
decreased diffusion capacity. She underwent another
CT scan and bronchoscopy the results demonstrated diffuse micro-nodules on both lung fields with a
ground glass appearance leading to the clinical pathological diagnosis of NSIP (Tables 1 and 2, Fig. 1).
Then, she continued treatment with prednisone 40
mg/day with tapering down.

Table 1. Pulmonary function test findings for the 3 reported cases
PFT parameters % predicted
FVC
FEV1
FEV1/FVC
TLC
DLCO/SB
DLCO/VA

Case 1

Case 2

Case 3

60
59.1
81.9
72
50
60

55
41
77
80
50
60

45
47
91
49
29
34

Pulmonary function tests were done by conventional methods (14)
FEV1, forced expiratory volume in 1s; FVC, forced vital capacity;
TLC, total lung capacity; DLCO/SB, lung diffusion for CO/single
breath; DLCO/VA, lung diffusion for CO/alveolar volume

Case 3

opsy as well as surgical biopsy from the breast and axillary lymph nodes revealed non-necrotizing granulomatous inflammation. She was finally diagnosed as
suffering of granulomatous lung disease treated with
steroids according to acceptable protocol for granulomatous disease including sarcoidosis: prednisone 40
mg/day tapering down during 6 months with partial
clinical improvement (Table 2).

A 47-year-old woman who had undergone a
silicone breast implant 12 years earlier complained of
progressive cough and dyspnea for the past 2 years.
Past history was remarkable for celiac disease and
esophageal dysmotility with Raynaud phenomenon.
Her serological evaluation for scleroderma was negative. PFT revealed a severe) restrictive pattern with
decreased diffusion capacity. Her CT scan demonstrated diffuse interstitial and reticular ground glass
changes with peripheral and basal predominance
(Tables 1 and 2, Fig. 1).She was diagnosed with
COP and treated with prednisone 40 mg/day with
tapering down during 6 months and azathioprine as
steroid sparing agent, during this time her condition
deteriorated and she was listed for lung transplantation.
For all three cases we excluded tuberculosis in
all three patients by performing Broncho -alveolar
lavage for AF stain, TB culture and TB-PCR test.

Case 2
A 31-year-old woman had undergone a left silicone gel-filled breast implant at the age of 19 years
because of breast asymmetry. Her past clinical history was unremarkable, and she denied any family
history of autoimmune diseases. Five years later, she
started to complain of weakness, diffuse chest and
abdominal pain, nausea, intermittent diarrhea and
weight loss. A leak in the implant was confirmed by
CT and it was replaced with another silicone gelfilled implant. She complained of shortness of breath

Table 2. Computerized tomographic scans† and histology findings‡ of the 3 patients
Diagnostic method

Case 1

Left axillary lympho node

Granulomatous lymphadenitis		

Open lung biopsy
Sarcoidosis, silicone exposure
		
		
		
CT findings

Case 2

Interstitial inflammation
with marked intra-alveolar
pigmented macrophage
accumulation

Mediastinal lymphadenopathy,
Bilateral diffuse alveolar
bilateral diffuse alveolar opacities
opacities with homogenous
		
distribution
			

Case 3

Diffuse alveolar damage with
cellular interstitial organizing
pneumonia.
Diffuse interstitial and
reticular ground glass changes
with peripheral and basal
predominance.

Evaluated for features indicative of interstitial lung disease. ‡Findings on the paraffin block of the lung biopsy.

†
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Analyses of biological and elastoid silicone
gel samples
All 3 cases were referred to our laboratory for a
comprehensive study to determine a possible causative agent of the lung disease as well as a possible
link between it and rupture of the silicone implants.
Analysis of the biological samples was done in tissue samples in all 3 cases, as well as in the IS sample
in one of them. In the latter case, the results of the
SEM analysis of the silicone gel, tissue and sputum

were superimposed in order to inspect any similarity
of the mineral contents display among the 3 samples (Fig. 2). A wide range of metals was identified
in all the samples when the analyses were performed
by both SEM (which measures only selective points
of the sample) and XRF (which measures the entire
surface of the sample) (Table 3, Fig. 3). The analysis in the gel elastoid was performed in the 2 cases
in which the implant was explanted. The results of
both the SEM and XRF analysis demonstrated the
presence of silicon, while XRF identified others met-

Fig. 2. Three spectra superimposed: sputum sample (yellow), lung section (red) and silicon implant raw material (green)
Table 3. Identification of metals by SEM and XRF
SEM

XRF

Case 1
Shell of the implant
Lymph node
Lung biopsy

Si
Si, Ni, Zn, Co, W, Cr, Cu, Mn
Si,Fe,Al,Cr,Ti

Si,Cd,Mo,Zr,W,Al,Zn,Ni,Fe.Cu
NA
Co, Cr,Fe,Zn,Ni

Case 2
Shell of the implant
Induced sputum
Lung biopsy

Si
Si,Fe,Al,Cr,Au,Ni
Si,Fe,Au,Ni,Cr

Si, Cd, Mo,Zr,Cu,W
NA
NA

Case 3
Shell
Lymph node
Lung biopsy

NA
NA
Si, Al

NA
NA
Si, Ni Mo,Zr,W,Cu,Co,Fe,Ti

Al, aluminum; Cu, copper; Si, silica; Fe, iron; Ti, titanium; Cr, chrome; Ni, nickel; Au, gold; Mo, molybdenum; Zn, zinc; Mn, manganese; Co,
cobalt; W, tungsten; SEM: scanning electron microscope; XRF: X-ray fluorescence.
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Fig. 3. Representative analysis by samples. A. Picture and B. spectra of shell gel elastoid by SEM in Case 1. C. Picture and D. spectra of
biopsy by SEM and E. XRF of Case 2
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Table 4. Results of positive proliferative response of lymphocytes
to metals: metals lymphocyte stimulation (MELISA) assay
Case 1

Case 2

Case 3

Nickel
Tin
Zinc

ND

Nickel

MELISA was performed as described in Materials and Methods
ND, not done

als (cadmium, molibden, zirconium, tungsten, aluminum, zinc, nickel, iron, and cuprum).
Metals Lymphocyte Stimulation Assay
Since the presence of metals in the biological
samples per se does not demonstrate a causative link
between pulmonary disease, we performed the metal
lymphocyte proliferation test (MELISA) in 2 compliant women in this series. The test was positive for
nickel, zinc and tin in Case 1 and for nickel in Case
3 (Tab. 4).
Discussion
Health risk and safety concerns of silicone gelfilled breast implants and the more common complications associated with them include local inflammatory reactions, autoimmune reactions and the migration of silicone fluid to the axillary nodes. They
are the subjects of controversies that have remained
unresolved for decades (21). The determination of
whether a possible exposure is risky and what is the
likely risk is by observational epidemiologic studies.
In one such study, the relative risk and association between silicone implants and connective tissue disease
was measured by means of data retrieved from questionnaires among a cohort of 87,500 women (22). A
meta-analyses of a large group of studies investigated
the possible relation between silicone breast implants
and the risk of autoimmune conditions or connective tissue diseases (23). Neither of those 2 studies
showed any evidence of silicone as being the causative agent of those disorders. It should be borne in
mind that these kinds of studies are difficult to interpret, and that confounding variables are almost
always present but not always adequately accounted
for or even identified. Moreover, most of those studies focus on the link between silicone implants and

autoimmune diseases, while few consider a possible
link to pulmonary conditions. In a retrospective review of cases of silicone-induced lymphadenopathy
after breast implant encountered at Mayo Clinic in
Rochester between 1998 and 2008, there were 18
cases of silicone-induced lymphadenopathy (axillary,
supraclavicular, internal mammary, and mediastinal), but only one patient was found to have pulmonary opacities (24). Another case series described 4
women who had undergone silicone implants breast
augmentation as being diagnosed with autoimmune/
antiinflammatory syndrome (ASIA) with pulmonary
infiltrations (25). The authors of that report argued
that the immunological reaction should caused by
adjuvants including silicone and vaccines but they
provided no laboratory workups to show a direct link
between the materials contained in silicone implants
and ASIA. Moreover markers of autoimmune diseases were assessed only in one case out of the four
cases described in the report as this workup was
only considered a minor criteria for the diagnosis
of ASIA. In this context we did not include those
markers in our work-up (25).
We believe that this is the first report on the
analysis of the metal content of elastoid silicone gel
extracted from breast implants. The data provided by
the U.S. Department of Health and Human Services
Food and Drug Administration Center for Devices
and Radiological Health in 2006 (26) showed that
metals are used as the catalyst in the curing reaction,
and that they are present in the final finished gel
elastoid. The heavy metals that are most commonly
present are platinum, tin. zinc, chromium, arsenic,
lead, antimony, nickel, and copper.
We measured the metal contents in both the
silicone implants and in the biological samples (tissue and sputum) in order to investigate the possibility that there may be a n association between the
silicone implants and interstitial lung diseases. The
implants that were explanted in 2 of the 3 women
in the current series were made available to us for
analysis of metal content, and our analysis showed
the presence of metals. The FDA approval granted
to the manufacturer of all the implants in the current
report noted that there is a wide range of heavy metals in “trace ranges” in the gel elastoid (27). It is well
documented, however, that exposure to even very low
sub-toxic exposure to concentrations of heavy metals which are considered as “safe” levels are sufficient
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to affect the immune system (i.e., endothelial cells,
epithelial cells, and alveolar macrophages) as well as
the respiratory tract (28-32). Metal dusts and fumes
can induce a wide range of lung pathologies, including airways disorders, cancer, and, especially, parenchymal diseases such as granulomatous lung disease,
giant cell interstitial pneumonitis, chemical pneumonitis, and interstitial fibrosis (33). Although the route
of entrance and the sensitization to the metals in our
3 reported cases was not by inhalation, antigens can
be introduced into the immunological system by
other organs, such as the skin (34). In this context,
we demonstrated sensitization to beryllium in a patient with “sarcoidosis” by a piece of shrapnel which
contained aluminum and beryllium which was embedded in his chest (35). Two case reports described
the use of silicone in cosmetics that induced granulomatous pneumonitis (36, 37).
The presence of the metals in tissue is crucial to
show causation, but further linkage to disease requires
the demonstration of individual sensitization to those
metals. The use of the beryllium lymphocyte proliferation tests (LPT) in medical surveillance identified
beryllium sensitization at low exposures with chronic
beryllium disease that led to physiologic impairment
and the need for immunosuppressive medications
(38). Moreover, it was recently shown that LPT can
be useful in assessing occupational sensitization (39).
Several case reports demonstrated increased lymphocyte proliferation to titanium (40), aluminum (41),
chromium and nickel (42), the latter as a side effect
following hip arthroplasty. We recently conducted a
pilot study whose results determined that MELISA
is effective in identifying sensitization to a number
of selected metals in a cohort of sarcoid patients with
lung granulomatous diseases who had been exposed
to various substances at the workplace and in the
environment (43). We found that 2/3 of our cases
showed sensitization to nickel and 1/3 to tin and zinc.
Lymphocyte transformation testing has often been
used as an in vitro test for nickel sensitization (3944), and prolonged exposure to a prosthesis containing nickel and titanium was speculated to have triggered the symptoms of systemic auto-inflammation,
alluding to ASIA induced by adjuvants (45). It is also
known that metals, such as chromium, nickel, platinum, and zinc, have notable antigenic properties, that
they induce cell-mediated responses, and that they
cause immunologic lung and skin diseases (29, 46).

E. Fireman, D. Rosengraten, E. Zelinger, et al.

This study has some limitations. First, metal
content was analyzed by SEM and XRF in order to
enhance metal detection sensitivity, but some immunogenic metals that were present in the implant may
have been under the limits of detection. Secondly,
the salts of the metals used in the MELISA test may
not have been those with high immunogenic properties for these specific patients, in which case there
might have been false-negative results.
In summary, in our knowledge we present the
first evidence-based verification of elastoid silicone
gel implant-induced lung disease with 3 women. The
prevalence of pulmonary sequelae associated with metals may be under-reported. Increased awareness and
targeted laboratory investigation may reveal greater
numbers of recipients of silicone gel implants with undiagnosed or incorrectly diagnosed lung pathologies.
Acknowledgment
Esther Eshkol is thanked for editorial assistance.

References
1. Cronin TD, Gerow FJ. Augmentation mammoplasty: a new ‘natural
feel’ prosthesis. Transections of the Third International Congress of
Plastic Surgery, Amsterdam. ExcerptMedical 1964: 41-9.
2. Cunningham B. The Mentor Core study on silicone Memory Gel
breast implants. Plast Reconstr Surg 2007; 120(Suppl 1): 19S-29S.
3. Holmich LR, Kjoller K, Vejborg I, et al. Prevalence of silicone breast
implant rupture among Danish women. Plast Reconstr Surg 2001;
108: 848-58.
4. Jaume Alijotas-Reig J. Esteve-Valverde E. Gil-Aliberas N. Gimenez
VC. Autoimmune/inflammatory syndrome induced by adjuvants –
ASIA – related to biomaterials: analysis of 45 cases and comprehensive review of the literature Immunologic Research 2018; 66:Issue
1120-14
5. Singh N, Picha GJ, Hardas B, Schumacher A, Murphy DK. Five-year
safety data for more than 55,000 subjects following breast implantation: comparison of rare adverse event rates with silicone implants
versus national norms and saline implants. Plast Reconstr Surg 2017;
140(4): 666-79.
6. Brawer AE. Destiny rides again: the reappearance of silicone gel-filled
breast implant toxicity. Lupus 2017; 26(10):1060-3.
7. Sylvester-Hvid A, Avnstorp MB, Wagenblast L, Lock-Andersen J,
Matzen SH. Case report: breast seroma mimicking breast implants.
Int J Surg Case Rep 2017; 40: 73-76.
8. Tzur R, Silberstein E, Krieger Y, Shoham Y, Rafaeli Y, BogdanovBerezovsky A. Desmoid tumor and silicone breast implant surgery:
is there really a connection? A literature review. Aesthetic Plast Surg
2017 Aug 25.
9. Zambacos GJ, Molnar C, Mandrekas AD. Silicone lymphadenopathy
after breast augmentation: case reports, review of the literature, and
current thoughts. Aesthetic Plast Surg 2013; 37: 278-89.
10. Wazir U, Kasem A, Mokbel K. The clinical implications of poly im-

Lung disease from breast implants

plant prothèse breast implants: an overview. Arch Plast Surg 2015;
42(1): 4-10.
11. de Faria Castro Fleury E, Gianini AC, Ayres V, Ramalho LC, Seleti
RO, Roveda D Jr. Breast magnetic resonance imaging: tips for the
diagnosis of silicone-induced granuloma of a breast implant capsule
(SIGBIC). Insights Imaging 2017; 8(4):439-46.
12. Karnatovskaia LV, Khoor A, Johnson MM, Kaplan J. A 60-year-old
woman with PET scan-avid lung nodules and a history of a ruptured
silicone breast implant. Chest 2014; 146(4): e138-42.
13. Bauer Bryan J.Krajicekb Craig E. Danielsa Sejal S.Shahc Jay H.Ryu.
Silicone breast implant-induced lymphadenopathy: 18 Cases. Respir
Med 2011; 4(3): 126-30.
14. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates
A; ATS/ERS Task Force. Standardisation of spirometry. Eur Respir
J 2005; 26: 319-38.
15. Pin I, Gibson PG, Kolendowicz R, et al. Use of induced sputum cell
counts to investigate airway inflammation in asthma. Thorax 1992;
47: 25-9.
16. Popov T, Gottschalk R, Kolendowicz R, Dolovich J, Powers P, Hargreave FE.. The evaluation of a cell dispersion method of sputum examination. Clin Exper Allergy 1994; 24: 778-83.
17. Fireman E, Greif J, Schwarz Y, Man A, Ganor E, Ribak Y, Lerman Y.
Assessment of hazardous dust exposure by BAL and induced sputum.
Chest 1999; 115: 1720-8.
18. Ophir N, Shai AB, Alkalay Y, et al. Artificial stone dust-induced
functional and inflammatory abnormalities in exposed workers monitored quantitatively by biometrics. ERJ Open Res. 2016; 2(1). pii:
00086-2015.
19. Stejskal VD, Cederbrant K, Lindvall A, Forsbeck M. MELISA-an
in vitro tool for the study of metal allergy. Toxicol In Vitro 1994; 8:
991-1000.
20. Fireman E, Shai AB, Alcalay Y, Ophir N, Kivity S, Stejskal V .Identification of metal sensitization in sarcoid-like metal-exposed patients
by the MELISA® lymphocyte proliferation test - a pilot study. J Occup Med Toxicol 2016; 11: 18.
21. Angell M. Shattuck Lecture - Evaluating the health risks of breast
implants: the interplay of medical science, the law and public opinion.
N Engl J Med 1996; 334(23): 1513-8.
22. Sánchez-Guerrero J, Colditz GA, Karlson EW, Hunter DJ, Speizer
FE, Liang MH.
		Silicone breast implants and the risk of connective-tissue diseases
and symptoms N Engl J Med 1995; 332(25): 1666-70.
23. Janowsky EC, Kupper LL, Hulka BS. Meta-analyses of the relation
between silicone breast implants and the risk of connective-tissue. N
Engl J Med 2000; 342: 781-90.
24. Bauer PR, Krajicek BJ, Daniels CE, et al. Silicone breast implantinduced lymphadenopathy: 18 cases. Respir Med 2011; 4(3): 126-30.
25. Nesher G, Soriano A, Shlomai G, et al. Severe ASIA syndrome associated with lymph node, thoracic, and pulmonary silicone infiltration
following breast implant rupture: experience with four cases. Lupus
2015; 24: 463-8.
26. Guidance for Industry and FDA Staff. Saline, Silicone Gel, and Alternative Breast Implants. U.S. Department of Health and Human
Services Food and Drug Administration
		Center for Devices and Radiological Health 2016.
27. PMA P060028: FDA Summary of Safety and Effectiveness Data
(SSED). Mentor Worldwide LLC, June 14, 2013.

389

28. Marth E. Jelovcan S, Kleinhappl B, Gutschi A, Barth S, The effect of
heavy metal on the immune system at low concentration. Int J Occup
Med Environ Health 2001; 14(4): 375-86.
29. Nemery B. Metal toxicity and the respiratory tract. Eur Respir J 1990;
3(2): 202-19.
30. Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ. Heavy metals
toxicity and the environment. EXS 2012; 101: 133-64.
31. Marth E, Jelovcan S, Kleinhappl B, Gutschi A, Barth S The effect of
heavy metals on the immune system at low concentrations. Int J Occup Med Environ Health. 2001;14(4):375-86.
32. Jelovcan S, Gutschi A, Kleinhappl B, Sedlmayr P, Barth S, Marth
E. Effects of low concentrations of cadmium on immunoglobulin E
production by human B lymphocytes in vitro. Toxicology. 2003 Jun
3;188(1):35-48.
33. Kelleher P, Pacheco K, Newman LS. Inorganic dust pneumonias: the
metal-related parenchymal disorders. Environ Health Perspect 2000;
108 Suppl 4: 685-96.
34. Redlich CA, Herrick CA. Lung/skin connections in occupational
lung disease. Curr Opin Allergy Clin Immunol 2008; 8(2): 115-9.
35. Fireman E, Shai AB, Lerman Y, et al. Chest wall shrapnel-induced
beryllium-sensitization and associated pulmonary disease. Sarcoidosis
Vasc Diffuse Lung Dis 2012; 29: 147-50.
36. Hariri LP, Gaissert HA, Brown R, et al. Progressive granulomatous
pneumonitis in response cosmetic subcutaneous silicone injections in
a patient with HIV-1 infection. Arch Pathol Lab Med 2012; 136(2):
204-7.
37. Agrawal N, Altiner S, Mezitis NH, Helbig S. Silicone-induced granuloma after injection for cosmetic purposes: a rare entity of calcitriolmediated hypercalcemia. Case Rep Med 2013; 2013: 807292.
38. Balmes JR, Abraham JL, Dweik RA, et al. An Official American Thoracic Society statement: diagnosis and
management of beryllium
sensitivity and chronic beryllium. disease Am J Respir Crit Care Med
2014; 190(10): e34-e59.
39. Hines SE, Pacheco K, Maier LA. The role of lymphocyte proliferation
tests in assessing occupational sensitization and disease. Curr Opin
Allergy Clin Immunol 2012; 12: 102-10.
40. Redline S, Barna BP, Tomasheksky J, Abraham J. Granulomatous disease associated with pulmonary deposition of titanium. Br J Indust
Med 1986; 43: 652-6.
41. Fireman E, Goshen M, Ganor E, Spirer Z, Lerman Y. Induced
sputum as an additional tool in the identification of metal-induced
sarcoid-like reaction. Sarcoid Vasc Diffuse Lung Dis 2004; 21: 152-6.
42. Kwon YM, Thomas P, Burkhard Summer B. Lymphocyte proliferation responses in patients with pseudotumors following metal-onmetal hip resurfacing arthroplasty. J Orthop Res 2010; 28: 444-50.
43. Fireman E, Shai AB, Alcalay Y, Ophir N, Kivity S, Stejskal V. Identification of metal sensitization in sarcoid-like metal-exposed patients
by the MELISA® lymphocyte proliferation test - a pilot study. J Occup Med Toxicol 2016; 11: 18.
44. Lisby S, Hansen LH, Menn T. Baadsgaard O. Nickel-induced proliferation of both memory and naive T cells in patch test-negative
individuals. Clin Exp Immunol 1999; 117:217-22.
45. Loyo E, Jara LJ, Lopez PD, Puig AC. Autoimmunity in connection
with a metal implant: a case of autoimmune/autoinflammatory syndrome induced by adjuvants. Auto Immun Highlights 2013; 4: 33-8.
46. Newman LS. Metals that cause sarcoidosis. Semin Respir Infect 1998;
13: 212-20. Review.

