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Introduction 
 
During the last years there has been an increasing interest in the possibly harmful effects of dental 
amalgams. Silver amalgam fillings contain a least 50% inorganic mercury together with copper, tin, silver, 
zinc and palladium. 

The toxic effects of mercury, a potent mitochondrial poison (1), are well documented and have been 
subject to many review articles. However, since mercury and other dental metals such as gold or silver 
also bind strongly to proteins (figure 1), they may function as haptens and elicit allergic and autoimmune 
reactions. 

Since induction of allergic and autoimmune reactions is generally dependent on genetic haplotype, 
most of the research concerning immunotoxic potential of inorganic mercury was performed in animals, 
where inbred strains with well-defined genetics are available. There is no doubt that inorganic mercury 
and gold can induce autoimmunity in genetically susceptible rats or mice. However, it is unclear why 
experimentally induced autoimmunity in rodents is a transitional phenomenon while clinical autoimmune 
disease in man often persists. 

Human studies have been hampered by the fact that with the exception of monozygous twins, 
subjects with identical genetic susceptibility/resistance to metal-induced side effects are not available. 

One of the ways to study the possible role of metals in the pathogenesis of various degenerative 
diseases is the screening of exposed populations for biological markers of susceptibility. T-lymphocytes 
play a crucial role in the induction of all types of allergic and autoimmune reactions and are therefore 
obvious candidates. Following the contact with antigen, which may be a foreign protein (for example 
pollen) or low-molecular hapten presented on the surface of autologous cells, antigen-specific 
lymphocytes together with B-cells and macrophages induce inflammatory reactions and cell damage. The 
specificity to causative antigen is retained on the surface of memory cells which are located in lymph 
nodes and circulate in the blood. Upon re-exposure to the same or a chemically similar cross-reacting 
antigen, memory lymphocytes trigger rapid recall reactions. Through cytokine release, other cell types are 
activated and the resulting reaction is either protective for the body or, in case of allergy or autoimmunity, 
detrimental. The activation of memory cells can be performed outside the body, in vitro, and forms a basis 
of laboratory test called lymphocyte proliferation test (LTT or LST). 

The lymphocyte proliferation test has been routinely used in clinical immunology for 30 years for 
evaluation of cellular immunity but also for the diagnosis of allergy to drugs, metals (2, 3) and low-
molecular chemicals (4-7). This test is approved by insurance companies in several European countries, 
for example in Germany and in the Czech Republic. Metals, such as inorganic mercury or nickel, may 
induce both antigen-specific responses and antigenindependent, mitogenic responses when added to 
peripheral blood lymphocytes in vitro (2, 8, 9). To be able to use lymphocyte test as an indicator of metal-
induced allergies, it was therefore necessary to modify it in such a way that only antigen-specific 
responses were operating. The test was tentatively called MELISA, an acronym for Memory Lymphocyte 
Immuno Stimulation Assay. The major methodological differences compared to standard assay are 
cultivation of lymphocytes in macrocultures instead of microcultures, double-depletion of adherent 
monocytes/macrophages and lowering of metal concentrations to optimal levels. The details are given 
elsewhere (7, 10). Usually, control cultures and positive cultures are also examined for the presence of 
activated lymphocytes, so called lymphoblasts. The smears are prepared in cytocentrifuge, stained and 
examined with light microscopy. With the same method, one can also study interaction of 
monocytes/macrophages with metal salts. 
 
 
Results and comments 
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With the help of MELISA, it is possible to screen a large number of individuals claiming to suffer from local 
or systemic side-effects triggered by components of amalgam and other metal restorative materials such 
as palladium-containing gold alloys or titanium constructions. In addition to other pigments based on 
metals, titanium dioxide (Ti02, E 171), a white coloring agent, is used in many dental materials such as 
composite fillings, dental cements and root fillings. An organic mercury preservative, phenylmercury 
(phenyl-Hg), is still used together with lead and arsenic as a component of root filling material, N2, though 
banned in Sweden since 1984. We also studied the reactivity of lymphocytes to thimerosal (merthiolate, 
thiomersal), an ethylmercury-based salt, widely used as a preservative in soft contact lenses, nose and 
eye drops and in vaccines. Last but not least, the reactivity to nickel, clinically the most common 
sensitizer, was also studied. 

The study was performed by two Swedish and one German laboratory. The majority of patients (a total 
of 3 162 patients studied) were referred for testing by dentists or physicians. Participating laboratories 
agreed to strictly follow the laboratory protocol (7). The clinical data of patients are shown in figure 2. 

The frequency of positive lymphocyte responses in 3 162 patients is shown in figures 3a-c. 
In MELISA, nickel was the most common sensitizer, followed by inorganic mercury, phenylmercury, 

palladium, cadmium, and gold. The least sensitizing metals were silver and platinum. The results from the 
three laboratories were similar but not identical which may reflect differences in the referral of patients. 
The patients referred for testing in Uppsala were highly selected since the majority had clinically 
demonstrable metal intolerance in their case history. Patients usually reported intolerance to various 
types of metal exposure including earrings, jeans buttons, and intrauterine copper devices (IUD). They 
also suffered from worsening of their symptoms following dental treatment. However, routine laboratory 
findings were usually within normal range. 

When the data were grouped separately by gender, it became apparent that females responded more 
frequently to nickel than males (figures 4a-c). Since nickel sensitization is dependent on the wearing of 
nickel-containing earrings, it follows that females would have a higher rate of sensitization to nickel than 
males (11, 12). This fact is well documented in the literature and positive patch tests to nickel are more 
common in females compared to males. Female lymphocytes responded to nickel more frequently than 
lymphocytes from males in Södertälje and Munich laboratories but the difference was less pronounced 
among the Uppsala patients. 

Interestingly, lymphocyte responses induced by inorganic and organic mercury were sex-independent 
in all three laboratories, implying the major role of mercury from dental amalgam and/or other external 
sources as a cause of sensitization. It has been shown that dental amalgam is the main source of the 
exposure to inorganic mercury in man (13). Clear-cut positive responses (SI ≥5) were present in 21 
percent of patients tested in Södertalje and 33 percent of patients tested in Uppsala. In the German 
population the reactivity to inorganic mercury was 14 percent. 
 
 
Lymphocyte responses to ethylmercury 
 
The responses induced by thimerosal were virtually identical to responses to ethylmercury (ethyl-Hg). 
This reflects the fact that ethyl-Hg is the main allergenic epitope in thiomersal, ethyl-Hg thiosalicylate. 
Another organic mercurial, methylmercury (methyl-Hg), induced strong positive responses in 8 percent of 
the patients tested in Södertalje and in 9 percent of the Uppsala patients. This is the first time that the 
responsiveness to methyl-Hg was demonstrated in a larger population. One can only speculate about the 
clinical significance of these findings. Humans are exposed to methyl-Hg through consumption of polluted 
fish. However, some reports indicate the possibility of formation of methyl-Hg from inorganic Hg by 
bacteria in the oral cavity (14) and in the intestinal tract. The transformation of inorganic Hg to methyl-Hg 
by certain bacterial strains in vitro has been demonstrated previously (15, 16). Since methyl-Hg is highly 
neurotoxic, the presence of methyl-Hg-specific lymphocytes in some patients may indicate exposure and 
warrants further studies. 
 
 
Phenylmercury: a bactericidal agent and neglected sensitizer?  
 
Phenylmercury (phenyl-Hg) salts are used as preservatives in eye-drops and cosmetics and may induce 
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allergic reactions (17). In the oral cavity, phenyl-Hg has been identified as one of several toxic 
components of N2, a widely used root-filling material in many countries (18). The majority of patients 
tested had old root-fillings which may have contained N2. Eighteen percent, respectively 13 percent of 
patients tested in Sweden reacted to phenyl-Hg with positive responses with stimulation index (SI) equal 
to or more than 5. Phenyl-Hg has been previously used in patch testing but has been omitted in the last 
years in spite of continued usage of phenyl-Hg. 

While studying possible immunological responses induced by mercury, one must consider that organic 
and inorganic mercurials do not cross-react. Even within the family of organic mercurials, phenyl-Hg does 
not cross-react with methyl- or ethyl-Hg. The situation is less clear when responses induced by methyl-Hg 
and ethyl-Hg are studied. Lymphocyte responses indicate that those two aliphatic mercurials may partly 
cross-react (7). 
 
 
Gold and palladium -  metal salts with strong sensitizing potential  
 
The high prevalence of gold- and palladium-specific responses in all three laboratories is not surprising 
when considering the results of patch tests. In a recent study of 397 patients claiming intolerance to 
dental metal alloys, 23 percent demonstrated patch test positivity with gold sodium thiosulfate. The 
prevalence of positive tests to palladium was 8 percent and to nickel 22 percent (19). In a study of 832 
cases, the frequency of gold-positive skin reactions was 8,6 percent (20). 

The lymphocyte reactivity to gold thiosulfate in vitro varied from 18 to 19 percent in Swedish patients 
while the responsiveness in Germany was only 6 percent. The corresponding values for palladium, a 
frequent component of dental metal alloys, was 1 3 to 17 percent in Sweden and 3 percent in Germany. 
In a study of 52 patients with gold-positive patch test, 75 percent of patients were positive in lymphocyte 
proliferation tests (3). 
 
 
Hypersensitivity to metals - a frequent phenomenon? 
 
In an unselected Danish adult population (561 subjects) the prevalence of nickel-positive patch tests was 
11 percent for women and 2 percent for men. The frequency of reactions to thimerosal ranks 3 percent in 
both sexes. The authors conclude that in general populations IgE-mediated and cell-mediated 
hypersensitivity is a common finding (21). 
 
 
Inorganic mercury -  allergen or mitogen? 
 
The results of MELISA in 3 162 patients indicate that lymphocyte reactivity to low concentrations of 
inorganic mercury is rather common, 14-33 percent of patients tested had positive responses (SI≥5). On 
the average 719 patients, or 23 percent, of those tested had mercury-responsive lymphocytes in their 
blood. This number directly disputes the current opinion regarding the frequency of mercury-induced 
sensitization. The notion that mercury sensitization may be more common as previously expected is 
supported by recent results from Finland. Thus, 80 patients with oral lichenoid changes out of 118 tested 
displayed positive patch test reactions to metals of dental fillings. 76 reactions were found to various 
mercury compounds but no positive reactions to acrylates were seen (22). 

One could still argue that mercury-induced lymphocyte responses might be mitogenic in nature. Some 
individuals could have a lower threshold for triggering of such responses with low concentrations of 
inorganic mercury which are usually non-mitogenic in normal population. 

If mercury-induced responses were mitogenic in nature, the removal of the offending allergen in 
hypersensitive individuals would have no impact on mercury-induced lymphocyte reactivity. In other 
words, the low triggering threshold would not be affected by amalgam removal. In contrast, if the mercury-
induced lymphocyte proliferation was truly allergenic in nature, the replacement of metallic dental alloy 
(amalgam) by metal-free materials would result in diminished exposure to allergen in vivo and 
consequently in reduced levels of mercury-induced lymphocyte reactivity. To delineate between these 
alternatives the following study was performed. 
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The impact of dental metal replacement on lymphocyte reactivity in vitro - a prospective 
longitudinal study 
 
The design of the study is shown in figure 5. A total of 105 patients (100 females and 5 males) were 
tested by MELISA during 1991-1993. The majority of the patients suffered from symptoms resembling 
Chronic Fatigue Syndrome (CFS) and from metal intolerance (figure 6). 

The results of MELISA at the start of the study are shown in figure 7. 
The results are in agreement with findings in larger patient materials (figures 3a�c) and can thus be 

considered as representative. At the end of the study, a total of 86 patients had completed replacement of 
amalgams and other metallic restorations with composites and metal-free ceramics.  

The patients were repeatedly contacted by letter or telephone and asked to comment upon their 
current health status as compared to their health before admission to the study. The length of time that 
patients have been metal-free is shown in figure 8. 

At the end of 1997, over 50 percent of the patients had been metal-free for more than two years. 
A total of 78 percent of the patients reported improvement in health status as compared to the period 

prior to metal removal (figure 9). 
Results of the follow-up MELISA, as compared to the initial MELISA, in 54 patients who agreed to 

repeated testing, is shown in figure 10. 
It can be seen that the number of positive lymphocyte responses to inorganic mercury, as well as to 

other metals present in dental metal alloys and/or root filling materials (palladium, gold, cadmium, lead, 
phenyl-Hg, titanium) diminished significantly. In contrast, the reactivity to nickel, a ubiquitous metal which 
is avoided as a component of dental metal alloys in Sweden, did not change significantly. 
 
 
Discussion 
 
This study demonstrates that a significant number of patients with dental metal intolerance have mercury-
specific lymphocytes in the blood. Among other metals, nickel was the most frequent sensitizer, followed 
by inorganic mercury, phenylmercury, gold, cadmium, and palladium. 

From an immunological point of view, the binding of mercury or other metals with strong affinity to SH-
groups (i.e. gold, cadmium, and lead) to autologous cell proteins may change their antigenicity and make 
such proteins foreign and therefore vulnerable to the attack of immunocompetent cells (figure 1). 

The binding of radioactive Hg may easily be demonstrated by autoradiography (Seo A, unpublished). 
Ongoing metal-induced chronic inflammation and resulting increase in cytokines may affect the 
hypothalamic-pituitary-adrenal (HPA) axis and trigger a myriad of physical and psychiatric complaints 
(23). The symptoms include profound tiredness, muscle-skeletal pain, sleep disturbances, gastrointestinal 
and neurological problems as well as other recognized features of Chronic Fatigue Syndrome and 
fibromyalgia (24-26). Following the removal of offending agents, which is established clinical practice in 
allergology, the activity of the immune system is down-regulated and the patient recovers. The clinical 
improvement can be monitored by decreased metal-specific responses in vitro. In fact, Japanese 
researchers have recently shown that a low metal diet and/or dental metal removal was successful in 70 
percent of patients with moderate to severe atopic dermatitis who showed positive patch tests to metals 
(27). Following metal avoidance, systemic skin symptoms disappeared in the majority of patients. The 
protocol of allergen avoidance together with replacement of dental metals in sensitive patients is routinely 
used in the treatment of psoriasis in Kyoto, Japan (28) and in Neukirchen, Germany (29). In the Kyoto 
Clinics, the sensitization to dental metals is routinely diagnosed by lymphocyte proliferation tests (28). 
 
 
Conclusions 
 
The results presented above indicate that lymphocyte sensitization to heavy and transition metals is a 
common finding in patients with suspected metal intolerance. Since memory lymphocytes circulate 
through the entire body, they may, upon contact with tissue-bound metal, initiate an inflammatory 
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process. Chronic inflammation stimulated by the release of metal ions from dental metal implants may 
affect the HPA axis and trigger a myriad of non specific symptoms classified as CFS, fibromyalgia, 
Multiple Chemical Sensitivity (MCS) and others. Thus, in addition to the investigation of possible 
infectious agents such as bacteria and viruses, the metal etiology of above-mentioned chronical diseases 
should be taken in account. 

The majority of allergic reactions to metals belong to the delayed-type hypersensitivity, It is generally 
accepted that these reactions are located in the skin, oral mucosa, or the gastrointestinal tract. The 
possible role of metal-specific lymphocytes in organ-specific and systemic autoimmunity remains a 
challenge for further studies. Metal-specific lymphocytes may be used as markers of sensitization in such 
studies. 
 
 
Recommendations for future studies 
 
Identification and treatment of patients at risk for metal-induced side effects 
 
1. First selection may be made through inquiry. 
2. Second selection may be made by a lymphocyte proliferation test, e.g. 

MELISA. 
3. Subjects with definite positive responses to mercury or other metals present in their dental restorations 

should be referred for medical and odontologic evaluation. If the results of in vitro tests and/or patch 
tests are considered clinically relevant, the patient should be recommended to replace offending metal 
alloys by biocompatible materials at an individual basis. 

4. The beneficial effect of dental metal removal on health status in sensitive patients can be monitored by 
a lymphocyte proliferation test and by the decrease of inflammatory markers in serum. The proper 
markers have yet to be determined. 

 
 
Addendum 
 
A similar protocol based on in vitro diagnostics and allergen avoidance is currently used in USA. The 
factories involved in the production of beryllium-containing products have started to screen beryllium-
exposed individuals with the help of lymphocyte proliferation tests (LTT). The presence of beryllium-
specific lymphocytes in the blood is taken as an evidence of beryllium sensitization. If symptom-free 
individuals have positive tests, they are considered latently sensitized and at risk for development of 
beryllium disease. These subjects are routinely relocated to a beryllium-free environment. According to 
Newman, about 50 percent of LTT-positive symptom-free subjects will develop beryllium disease if 
beryllium exposure continues (30). 
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Figures and tables 
 

 
 
Figure 1. Metals have strong affinity to SH-groups in proteins and  alter their structure. 
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Total number of patients: 3162 
 
Södertalje  Females Males 
 
No. of patients 
Age, mean (years) 
Age, median (years) 

 
930 
47,5 
48,0 

 
700 (75%) 
48,3 
48,0 

 
230 (25%) 
45,2 
46,0 

 
 
Munich 

  
 
Females 

 
 
Males 

 
No. of patients 
Age, mean (years) 
Age, median (years) 

 
1120 
39,7 
38,0 

 
771 (69%) 
41,4 
38,0 

 
349 31%  
37,5 
37,0 

 
 
Uppsala 

  
 
Females 

 
 
Males 

 
No. of patients 
Age, mean (years) 
Age, median (years) 

 
1112 
49,0 
49,0 

 
799(72%) 
49,9 
51,0 

 
313(28%) 
46,7 
47,5 

 
Table 1. Clinical data of patients included in the study. 
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Figure 3a. Prevalence of positive lymphocyte responses in Södertälje (n=930). 
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Figure 3b. Prevalence of positive lymphocyte responses in Uppsala (n=1112) 
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Figure 3c. Prevalence of positive lymphocyte responses 
in Munich (n= 1120). 
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Figure 4a. Metal: reactivity for men and women in Södertalje (n=930). 
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Figure 4b. Metal reactivity for men and women in Uppsala (n= 1112) 
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Figure 4c. Metal reactivity (SI ≥3) for men and women in Munich (n=1 120). 
 
 

 
Figure 5. 
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Figure 6. 
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Figure 7. Prevalence of positive lymphocyte responses at the beginning of study (n=105). 
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Figure 8. Metal-free period for 86 patients. 
 
 

 
 
Figure 9. Health in 86 patients after dental metal replacement.                  
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Figure 10. Residual Lymphocyte stimulation in 54 patients following dental metal replacement. 
 
 
 
References 

 
1. Chavez E, Holguin JA: Mitochondrial Calcium Release as Induced by Hg2+. The Journal of 

Biological Chemistry 263:3582-3587, 1988. 
 
2. Räsänen L, Tuomi ML: Diagnostic value of the lymphocyte proliferation test in nickel contact allergy 

and provocation in occupational coin dermatitis. Contact Derm 27:250-254, 1992. 
 
3. Räsänen L, Kalimo K, Lame J, Vainio 0, Kotiranta J, Pesola I: Contact allergy to gold in dental 

patients. British Journal of Dermatology 134:673-677, 1996. 
 
4. Biologic markers in Immunotoxicology. Washington DC, National Academy Press, 1992. 
 
5. Stejskal VDM, Olin RG, Forsbeck M: The lymphocyte transformation test for diagnosis of drug-

induced occupational allergy. J Allergy Clin Immunol 77:411-426, 1986. 
 
6. Stejskal VDM, Forsbeck M, Nilsson R: Lymphocyte transformation test for the diagnosis of 

isothiazolinone allergy in man. J Invest Dermatol 94:798-802, 1990. 
 
7. Stejskal VDM, Cederbrant K, Lindvall A, Forsbeck M. MELISA � an in vitro tool for the study of 

metal allergy. Toxicol In Vitro 8:991-1 000, 1994. 
 
8. Caron GA, Poutala S, Provost U: Lymphocyte transformation induced by inorganic and organic 



Metal-Specific Lymphocytes: 
Biomarkers of Sensitivity in Man 
 

If there was a needle in a haystack -  could we find it? The case of amalgam           p. 17 

mercury. Int Arch Allergy 3 7:76-87, 1970. 
 
9. Shenker BJ, Berthold P, Rooney C, Vitale L, DeBolt K, Shapiro IM: 

Immunotoxic effects of mercuric compounds on human lymphocytes and monocytes. Ill. Alterations 
in B-cell function and viability. Immunopharmacology & Immunotoxicology 15:87�112, 1993. 

 
10. Stejskal VDM, Cederbrant KE, Lindvall A, Forsbeck M: Mercury-specific lymphocytes: An indication 

of mercury allergy in man. J Clin Immunol 16:31-40,1996. 
 
11. Kerosuo H, Kullaa A, Kerosuo E, Kanerva L, Hensten-Pettersen A: Nickel allergy in adolescents in 

relation to orthodontic treatment and piercing of ears. Am J Orthod Dentofacial Orthop 109:148-54, 
1996. 

 
12. Meijer C, Bredberg M, Fischer T, Widstrom L: Ear piercing and nickel and cobalt sensitization, in 520 

young Swedish men doing compulsory military service. Contact Dermatitis 32:147-9, 1995. 
 
13. Skare I, Engqvist A: Human exposure to mercury and silver released from dental amalgam 

restorations. Arch of Environmental Health 49:384-394, 1994. 
 
14. Liang L, Brooks RJ: Mercury reactions in the human mouth with dental amalgams. Water, Air and 

Soil Pollution 80:1 03-1 07, 1995. 
 
15. Heintze U, Edwardsson S, Dérand T, Birkhed D: Methylation of mercury from dental amalgam and 

mercuric chloride by oral streptococci in vitro. Scand J Dent Res 91 :1 50-2, 1983. 
 
16. Abdulla M, Arnesjö B, lhse I: Methylation of inorganic mercury in experimental jejunal blind-loop. 

Scand J Gastroent 8:565-567, 1973. 
 
17. Matthews KP, Pan PM: Immediate type hypersensitivity to phenylmercuric compounds. Am J Med 

44:310-18, 1968. 
 
18. Block RM, Sheats JB, Denby LR: Cell mediated immune response to dog pulp tissue altered by N2 

paste within the root canal. Oral Surg 45:131-1 42, 1978. 
 
19. Marcusson JA: Contact allergies to nickel sulfate, gold sodiumthiosulfate and palladium chloride in 

patients claiming side-effects from dental alloy components. Contact Dermatitis 34:320-323, 1996. 
 
20. Bjorkner B, Bruze M, Möller H: High frequency of contact allergy to gold sodium thiosulfate. An 

indication of gold allergy? Contact Dermatitis 30:144- 51, 1994. 
 
21. Nielsen NH, Menne T: The relationship between IgE-mediated and cell-mediated hypersensitivities 

in an unselected Danish population: The Glostrup Allergy Study, Denmark. British Journal of 
Dermatology 134:669�72, 1996. 

 
22. Lame J, Kalimo K, Happonen RP: Contact allergy to dental restorative materials in patients with oral 

lichenoid lesions. Contact Dermatitis 36:1 41� 146, 1997. 
 
23. Turnbull AV, Rivier C: Regulation of the HPA axis by cytokines. Brain Behavior & Immunity 9:253-75, 

1995. 
 
24. Clauw Di: The pathogenesis of chronic pain and fatigue syndroms, with special reference to 

fibromyalgia. Med Hypothesis 44:369-78, 1995. 
 
25. Sivri A, CindacsA, Dincer F: Bowel dysfunction and irritable bowel syndrome in fibromyalgia patients. 

Clin Rheumatol 15:283-6, 1996. 



Metal-Specific Lymphocytes: 
Biomarkers of Sensitivity in Man 
 

If there was a needle in a haystack -  could we find it? The case of amalgam           p. 18 

 
26. Moldofsky H: Sleep, neuroimmune functions in fibromyalgia and chronic fatigue syndrome. Adv 

Neuroimmunol 5:39-56, 1995. 
 
27. Adachi A, Horikawa T, Takashima T, Komura T, Komura A, Tani M, Ichihasi M: Potential efficacy of 

low metal diets and dental metal elimination in the management of atopic dermatitis: an open clinical 
study. J Dermatol 24:12-19, 1997. 

 
28. Kohdera T, Koh N, Koh R: Antigen-specific lymphocyte stimulation test on patients with psoriasis 

vulgaris. XVI International Congress of Allergology and Clinical Immunology October 19-24, 1997, 
Cancoon, Mexico (EAAC meeting). 

 
29. lonescu G: Schwermetallbelastung bei atopischer Dermatitis und Psoriasis � Diagnose und 

Therapie 25:3-6, 1 996. 
 
 
30. Newman LS: Significance of the Blood Beryllium Lymphocyte Proliferation Test. Environmental 

Health Perspectives 104:953-956 (Suppl 5), 1996. 


