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ABSTRACT

Mercury sensitization has been historically in question 
and may be related to recent increases of type I aller-

gic diseases. To clarify the epidemiological factors of 
mercury sensitization, we investigated factors relating 
to mercury sensitization in 215 medical students. Their 
allergic symptoms, family histories and lifestyles were 
studied by questionnaire. Patch tests were performed 
with HgCl2 (0.05% aq.) and NiSO4 (5% aq.). Anti-
Dermatophagoides and anti-Cryptomeria pollen IgE 
antibodies in sera were also measured. Urinary
mercury concentrations were measured in 25 mercury 
sensitized and 44 non-sensitized subjects (controls). 
Hair mercury concentrations were also measured in 19 
sensitized and 22 non-sensitized subjects. While the 

positive rate of nickel was 6.0% (13/215), that of 
mercury was high (13.0%; 28/215). The subjects' 
individual histories of allergic rhinitis, eczema, 
urticaria and allergic conjunctivitis were significantly 
associated with family histories of these conditions 

(P<0.01, P<0.005 and P<0.005, respectively), as
reported in the literature. However, no allergen-

specific antibody positivity or past history of allergic 
disease was associated with mercury sensitization. 
Mercury sensitized subjects had experienced eczema 
caused by cosmetics, shampoos, soaps and 
haircreams significantly more frequently (P<0.05).

The history of mercurochrome usage was not 
associated with mercury sensitization. The number of 
teeth treated with metals in mercury sensitized subjects 
was significantly higher than that in the
control group (6.8±4.3 vs 4.8±1;P<0.05). There

were significant differences in urinary mercury 
concentrations (specific gravity adjusted levels) between 
mercury sensitized subjects and non-sensitized subjects

(2.0±0.9 and 1.3±0.6μg/L, respectively;P<0.001).

There were also significant differences in hair mercury 

concentrations between mercury sensitized and non-

sensitized subjects (2.0±0.9 and 1.2±0.5μg/g,

respectively; P<0.01). These results suggest that 
mercury sensitization is associated with exposure to 
mercury in the living environment and that skin 

symptoms are possibly associated as preceding factors.
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INTRODUCTION

Allergic contact dermatitis is an inflammatory reaction 
mediated by type IV hypersensitivity. In guinea pigs and 
mice, the genes that control the delayed hypersensitivity 
reactions have been shown to be in linkage with those of 
the major histocompatibility antigens.1 The immune 
response genes (Ia) of mice have their homologues in the 
human HLA-DR locus.2
 Allergic reactions to dental alloys, especially 

amalgams that contain mercury (Hg), have been 
reported by dentists and dermatologists.3 Kidney4 and 
hairs have been known as deposition sites for the 

excretion of Hg from the body. As Hg is excreted from the 
body partly by urinary excretion and deposits in the hair,
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analyses of urine and hair provide a convenient tool for 

estimating body burdens of Hg.5 HgCl2 may increase 

IgE antibodies, as shown by in vitro6 and in vivo7 

experiments. Moreover, Hg is reported to have various 

pathophysiological effects on the human immune 
system.8 

 Currently, the main sources of Hg exposure are dental 

amalgam restoration and thimerosal preservation in 

vaccines.3,9 We have previously reported10 that Hg-

sensitized subjects had significantly more teeth treated 

with metals, a higher urinary Hg concentration and had 

experienced more eczema due to cosmetics, shampoos, 

soaps and haircreams than did non-sensitized subjects 

among a study population of 156 medical students. 

 In the present study we examined more subjects and 

included another indicator for Hg accumulation. The 

results further confirm the epidemiological factors 

relating to Hg sensitization.

METHODS

The subjects in the present study were medical students of 
the fourth level (total n=310) in 1993, 1994 and 1995. 
Before any examination, informed consent was obtained 
from all subjects. Patch tests were performed on 215
subjects (69.4%; mean(±SD)age 22.7±2.2 years;

male=158; female=57). Blood samplings for analysis 
of allergen-specific antibodies were obtained from 
185 (59.7%) subjects. The response rate of the self-
administered questionnaire, which consisted of items 
related to allergic symptoms, lifestyles and family 

histories, was 92.9% (288/310).
 The number of teeth treated with metals was diagnosed 

by dentists in 26 Hg-sensitized (Hg(+)) and 46 non-
sensitized (Hg (-)) subjects. Urinary Hg concentrations 
were also measured in the same subjects. However, one 
Hg (+) and two Hg(-) subjects rejected urine samplings. 
On another day, hair Hg concentrations were measured 
in 19 Hg (+) and 22 Hg (-) subjects. As a control group 
for Hg-sensitized subjects, some students were selected, 
allowing for age and gender, to examine Hg exposure 
levels.

Questionnaire study

The individual history and family history criteria of 

bronchial asthma, allergic rhinitis, eczema, urticaria, 

allergic conjunctivitis and atopic dermatitis were as

follows. If the subject had been diagnosed as having one 

of these diseases by a doctor, they were considered to 

have a past history of it. When a subject answered the 

questionnaire stating that he/she had a family member 
who had suffered from a disease listed in the question-

naire, the subject was considered to have a family history 

of the disease. Some questionnaire items regarding 

respiratory, skin, nasal and eye symptoms are listed 

below.

 (1) Respiratory symptom: when you have not had a 
cold, have you ever been wheezing? 

 (2) Skin symptom (#1): have you ever experienced 
reddish skin, itching or oozing of unknown origin? 

 (3) Skin symptom (#2): have you ever experienced 
eczema by metallic accessories, such as body piercing, 
earrings or watches?

 (4) Skin symptom (#3): have you ever experienced 
eczema by cosmetics, shampoos, soaps or haircreams? 

 (5) Nasal symptom: when you have not had a cold, 
have you ever experienced sneezing, nasal discharge or 
obstruction? 

 (6) Eye symptom: have you ever experienced eye 
itching, reddish eyes or tearing?

Blood analysis

Anti-Dermatophagoides and anti-Cryptomeria pollen 

antibodies were measured by the radioallergosorbent test

(RAST). A BAST score ≧2 was judged as antibody

positive.

Patch test

Patch tests were performed using textile plaster (Toni iCo. 
Ltd, Tokyo, Japan) with HgCl2 (0.05% aq.) and NiSO4 

(5%) on the inner part of the subject's upper arm. Forty-
eight hours later, a reading was made 20-60 min after 
removal of the patch, based on the standard of the 
international contact dermatitis research group 

(ICDRG),11 by a dermatologist.

Mercurochrome usage history and dental 

examination

The 26 Hg (+) group and the 46 Hg(-) control group 
were examined by dentists for the number of teeth filled 
with metals and subjects reported their mercurochrome 
usage history ('often', 'sometimes' or 'seldom').



MERCURY SENSITIZATION 203

Measurements of Hg concentrations in urine 

and hair

Mercury concentrations in the urine (from 25 Hg (+) 
and 44 Hg (-) subjects) and hair (from 19 Hg (+) and 
22 Hg (-) subjects) were measured by reductive 
vaporization-gold amalgam capture-atomic absorption 
spectrophotometry (Mercury-SP-3D; Nippon Instruments 
Corp., Japan). The specific gravity of urine was 
determined by Urigon-PS (Atago Co. Ltd, Japan). The 
concentration of urinary Hg was adjusted by the specific 

gravity.

Statistical analysis

Data were analyzed by the Chi-squared test with Yates' 

correction to compare differences in the prevalences of 

each descriptive variable. Differences in the means of 

teeth filled with metals were tested by one-tailed t-test 

between Hg-sensitized and non-sensitized groups to test 

the hypothesis that the number of teeth treated with 

metals of the Hg-sensitized group was equal or smaller 

than that of the non-sensitized group. Significance was 

accepted at P<0.05.

RESULTS

Patch test with Hg and nickel 

While the positive rate for nickel was 6.0% (13/215), that 
of Hg was high (13.0%; 28/215).

Mercury sensitization and type I allergy

The prevalence of past histories of bronchial asthma, 
allergic rhinitis, sinusitis, eczema, urticaria, allergic 
conjunctivitis and atopic dermatitis in the 215 subjects 
was 23 (10.7%), 64 (29.8%), eight (3.7%), 10 (4.7%), 37 

(17.2%), 15 (7.0%) and 19 (8.8%) subjects, respectively. 
 The positive rates of anti-Dermatophagoides anti-

bodies and anti-Cryptomeria pollen antibodies in the 
serum were 51.9 (96/185) and 45.4% (84/185), respec-
tively. Positive anti-Dermatophagoides antibody was 
significantly associated with a past history of bronchial 
asthma (P<0.01), that of allergic rhinitis (P<0.001) 
and respiratory symptoms (P<0.001). Positive anti 
Cryptomeria pollen antibody was significantly associated 
with a past history of allergic rhinitis (P<0.001), nasal 
symptoms (P<0.001) and eye symptoms (P<0.05). It -

was confirmed that type I allergic diseases were intensely 

associated with allergic symptoms of the eye, nose and 

bronchus. 

 We then investigated the association between type l

allergy and Hg sensitization. Not one of the specific IgE

antibody positive reactions (RAST score ≧2) was

associated with Hg sensitization. A past history of any of 

the allergic diseases was not associated significantly with 

Hg sensitization.

Mercury sensitization and skin symptoms

Mercury sensitization was not significantly associated with 
skin symptoms (#1 and #2). However, the present study 
found that Hg sensitization was significantly (P<0.05) 
associated with skin symptom (#3) (Table 1).

Mercurochrome usage history and dental 

examination

The 26 Hg-sensitized subjects and 46-non-sensitized 

control subjects reported their mercurochrome usage 
history since childhood as 'sometimes to often used' or 
'seldom used' . 'Sometimes to often used' was reported 
by 73.1% (19/26) Hg-sensitized subjects, the difference 
being not significant (by the Chi-squared test). 

 The number of teeth filled with metals in Hg-sensitized
subjects(6.7±4.3;n=26)was significantly higher than

that in non-sensitized subjects(4.8±4.1;n=46;Fig.1;

one-tailed t-test P<0.05).

Mercury concentrations in urine and hair

There were significant differences in specific gravity 
adjusted urinary Hg concentrations between the 25 
Hg (+) subjects and 44 Hg(-) subjects (P<0.001; 
Fig. 2).

Table 1. Association between mercury sensitization and 
experience of eczema

  P<0.05 (by the Chi-squared test); association between mercury 
sensitization and experience of eczema.
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Fig. 1 Number of teeth treated with metals according to

mercury (Hg) sensitization.(■), Persons sensitized to Hg, as

indicated by the patch test;(□), persons not sensitized to Hg.

Values are the mean±SD.*P<0.05.

Fig. 2 Urinary mercury(Hg)concentrations(specific gravity

adjusted levels)in persons who were positively (□) or negatively

(■)sensitized to Hg. Values are the mean±SD.*P<0.001.

 There were also significant differences in hair Hg 

concentrations between 19 Hg (+) and 22 Hg(-) 
subjects (P<0.01; Fig. 3).

DISCUSSION 

The patch test is indispensable in determining the cause 

of allergic contact dermatitis.11 It is also indispensable in

Fig. 3 Hair mercury (Hg) concentration in Hg-sensitized(□)

and -non-sensitized (■) students. Each value represents the

mean±SD.*P<0.01.

diagnosing metallic contact dermatitis, as done in the 

present study. When Hg salts in aqueous solution react in 
an aluminum Finn(R) chamber, false-positive skin test 
results occur.12,13 In 1990, Kubo et al.14 reported a false-

positive reaction to a patch test with mercuric chloride 
aqueous solution in the aluminum Finn(R) chamber and 
reported that the chemical irritation by hydrochloric acid 
formed from the interaction between Hg and aluminum 
led to the false-positive patch test reaction. We therefore 
used textile patches (Torii Co. Ltd) in the present study.
 Although it has been reported that HgCl2 increases IgE 

production in both animal models7 and in an in vitro 
system,6 the results of the present study showed that Hg 

sensitization was not associated with any type I allergic 

diseases or the presence of each allergen-specific IgE 

antibody, as was found in our previous study.10 Thus, the 

hypothesis that Hg had an adjuvant effect on type 

allergic diseases among humans was not supported. This 

is in accordance with the finding that nickel contact 

dermatitis was not associated with atopic dermatitis.15,16

 Various investigators have estimated that the average 

daily body absorption of amalgam Hg in humans ranges

between 1.2 and 27μg,17 with levels for some individual

subjects being as high as 100μg/day. At the present time

the consensus average estimate is 10μg amalgam

Hg (range 3-17μg) absorbed per day,18 an uptake

amount corroborated by a more recent daily estimate 

of 12 ug.19 By way of contrast, estimates of the daily 

absorption of all forms of Hg from fish and seafood is
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2.3μg and from other foods, air and water it is 0.3μg.18

Thus, it is now proposed that dental amalgam tooth 

fillings are the major source of Hg exposure for the 

general population.18,20 This position has been clearly 
validated by a recent demonstration that at least 65% of 

excretable Hg in human urine is derived solely from 

dental amalgams and that the amounts of Hg excreted 

also correlate with total amalgam surface area.21

 In dental clinics, personnel are occupationally exposed 
to inorganic mercury from the preparation and insertion 
of amalgam fillings.22,23 Dental students are also often 
exposed to Hg in amalgams. White et al.24 reported a 
significant increase in the rate of Hg hypersensitivity 
between prefreshman and the senior class over the 4 

years of dental training. In the present study, the number 
of teeth treated with metals in Hg (+) medical students 
was significantly higher than that in Hg (-) students. 
Moreover, there were significant differences in urinary
and hair Hg concentrations between the two groups. 

Taken together, these results suggest that the increase in 

urinary Hg among Hg-sensitized students is derived from 

amalgams for filling and that Hg sensitization is 

associated with exposure to Hg in the living environment, 

including absorption of Hg through the oral mucosa. If 

the use of amalgams was to be limited, the prevalence of 

Hg sensitization would be expected to lessen.

 Table 2 shows that Hg-sensitized subjects experienced 

significantly more eczema caused by cosmetics, 

shampoos, soaps and haircreams. These findings 
indicate that Hg sensitization is associated with the 

preceding factor of skin symptoms.
 Our results show that a family history (data not shown) 

and past histories of allergic diseases, including eczema, 
were not associated with Hg sensitization. Thus, we could 
not confirm an association of genetic factors with Hg 
sensitization. However, our findings regarding the 
relationship between Hg sensitivity and family history may 
not exclude the involvement of genetic factors in Hg 
sensitization, as the 'family history' examined in the 

present study was of clear manifestations of allergic 
diseases only.

 Several studies have investigated the association 
between HLA and metal sensitivity. HLA molecules are 

polymorphic membrane glycoproteins found on the 
surface of almost all nucleated cells (HLA class I 
miolecules) and cells mainly involved in the immune 
response (HLA class II molecules). A significant increase 
in HLA-DRw6 antigen in nickel contact sensitivity patients 
has been reported.2 In our previous study we found an

increase in DR6 among a Hg-sensitized subgroup of 
subjects in the present study. However, there were no 
significant differences in the incidence of any of the 
HLA-DR types between Hg-sensitized and -non-sensitized 

groups.25 Fisher et al.26 reported that there were no 
differences in HLA-A, B, C and DR between cobalt-
sensitized patients and controls. Using genomic typing 
methods, Olerup and Emtestam27 found a significant 
association (P<0.001) of contact dermatitis to nickel with 
a Tagl HLA-DQA allelic restriction fragment. Recently,
using a DNA polymerase chain reaction method, Richeldi 
et al.28 found a significant association of DPBI with 
chronic beryllium disease (P<0.001). If a definite 
association between an HLA type and metal sensitivity is 
found, preventive methods (e. g. antigen exclusion 
therapy) could be performed on patients who have the 
HLA type. In addition to environmental epidemiological 
studies of Hg sensitization, more extensive research by 
DNA sequence assays is needed to clarify the possible 
associations between HLA types and metal sensitivity.

REFERENCES

1 Polak L, Barnes JM, Turk JL. The genetic control of contact 
  sensitization to inorganic metal compounds in guinea-

  pigs. Immunology 1968; 14: 707-11. 
2 Mozzanica N, Rizzolo L, Veneroni G, Diotti R, Hepeisen S, 

  Finzi AF HLA-A, B, C and DR antigens in nickel contact 
  sensitivity. Br. J. Dermatol. 1990; 122: 309-13. 

3 Handley J, Todd D, Burrows D. Mercury allergy in a contact 
  dermatitis clinic in Northern Ireland. Contact Dermatitis 

  1993; 29: 258-61.
4 Friberg L, Enestrom S. Toxicology of inorganic mercury. 

  In: Dayan AD et al. (eds). Immunotoxicity of Metals 
  and Immunotoxicology. New York: Plenum Press, 1990; 
  163-73. 

5 Sarmani SB, Kippawi AZ, Ismail RB. Mercury determination 
  in hair of Malaysian fishermen by neutron activation 

  analysis. Biol. Trace Elem. Res. 1994; 43-45: 435-41. 
6 Kimata H, Shinomiya K, Mikawa H. Selective enhancement 

  of IgE production in vitro by synergy of pokeweed mitogen 
  and mercuric chloride. Clin. Exp. Immunol. 1983; 53: 

  183-91.
7 Prouvost-Danon A, Abadie A, Sapin C et al. Induction of

IgE synthesis and potentiation of anti-ovalbumin IgE
antibody response by HgCl2 in the rat. J. Immunol. 1981; 
126: 699-702.

8 Lorsheider FL, Vimy MJ, Summers AO. Mercury exposure 
  from 'silver' tooth fillings: Emerging evidence questions 
  a traditional dental paradigm. FASEB J. 1995; 9: 504-8. 

9 Langan DC, Fan PL, Hoos AA. The use of mercury in
   dentistry: A critical review of the recent literature. J. Am. 

   Dent. Assoc. 1987; 115: 867-80. 
10 Sato K, Kusaka Y, Yanagihara M et al. An epidemiological



206 K SATO ET AL.

   study of factors relating to mercury sensitization. Jpn. J. 
  Allergol. 1995; 44: 86-9 (in Japanese with an English 

   abstract). 
11 Fisher AA. Contact Dermatitis, 2nd edn. Philadelphia: Lea 

   and Febiger, 1973. 
12 Kalveram KJ, Rapp-Frick C, Sorck G. Misleading patch test 

   results with aluminium Finn chambers and mercury salts. 
   Contact Dermatitis 1980; 6: 507-8. 

13 Lindemayr H, Becerano ST. Interaction of mercury com-

   pounds and aluminium. Contact Dermatitis 1985; 13: 274. 
14 Kubo Y, Nonaka S, Yoshida H. Afalse positive reaction to a 

   patch test with mercuric chloride aqueous solution and 
   aluminum Finn chamber. Hifu 1991; 33 (Suppl. 10): 42-7 

   (in Japanese with an English abstract).
15 Lammintausta K, Kalimo K. Nickel sensitivity and the 

   course of atopic dermatitis in adulthood. Contact 
   Dermatitis 1990; 22: 144-7. 

16 Cohen PR, Cardullo AC, Ruszkowski AM et al. Allergic 
   contact dermatitis to nickel in children with atopic 

   dermatitis. Ann. Allergy 1990; 65: 73-9.
17 Vimy MJ, Lorsheider FJ. Dental amalgam mercury daily 

   dose estimated from intra-oral vapor measurements: A 

   predictor of mercury accumulation in human tissues. J. 
   Trace Elem. Exp. Med. 1990; 3: 111-23. 

18 Friberg L (ed.). World Health Organization Environmental 
   Health Criteria 118, Inorganic mercury. Geneva: WHO, 

  1991. 
19 Skare I, Engqvist A. Human exposure to mercury and silver 

   released from dental amalgam restorations. Arch. Environ. 
   Health 1994; 49: 384-94.

20 Clarkson TW, Friberg L, Hursh JB et al. The prediction of 
   intake of mercury vapor from amalgams. In: Clarkson 

   TW, Friberg L, Nordberg GF et al. (eds). Biological 
   Monitoring of Toxic Metals. New York: Plenum, 1988; 

   247-60. 
21 Aposhian HV, Bruce DC, Alter W et al. Urinary mercury 

   after administration of DMPS: Correlation with dental 
   amalgam score. FASEB J. 1992; 6: 2472-6.

22 Nilsson B, Gerhardsson L, Nordberg GE Urine mercury 
   levels and associated symptoms in dental personnel. Sci. 

   Total Environ. 1990; 94: 179-85. 
23 Jokstad A. Mercury excretion and occupational exposure of 

   dental personnel. Commun. Dent. Oral Epidemiol. 1990; 
   18: 143-8. 

24 White RR, Brandt RL. Development of mercury hyper-
   sensitivity among dental students. J. Am. Dent. Assoc. 1976; 
   92: 1204-7.

25 Sato K, Kusaka Y, Zhang QW et al. Investigation of the 
   association between mercury sensitization and HLA-DR6. 

   Contact Dermatitis 1996; 34: 295. 
26 Fisher T, Rystedt I, Safwenberg J, Egle I. HLA-A, -B, -C and 

   -DR antigens in individuals with sensitivity to cobalt . Acta 
   Derm. Venereal. 1984; 64: 121-4. 

27 Orelup O, Emtestam L. Allergic contact dermatitis to nickel 
   is associated with a Taql HLA-DQA alleric restriction 

   fragment. Immunogenetics 1988; 28: 310-13. 
28 Richeldi L, Sorrentino R, Saltini C. HLA-DPB1 glutamate 

   69: A genetic marker of beryllium disease. Science 1993; 
   262: 242-4.




