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Abstract

Background: There is controversy over late and long-lasting reactions to gold sodium
thiosulfate (GST).

Objectives: To study the GST patch test reaction by observing the application site after
1 month, and to clarify the relevance of GST sensitization by piercings and dental
metals.

Patients: A retrospective analysis was performed on 746 patients (143 males; 603
females) who were patch tested using GST of the TRUE test. We conducted a
questionnaire on the presence of piercings or dental metals in these patients.

Results: The GST positive rate was 27.9% at Day 3 and/or Day 7 and 40.3% up to the
1-month reading. The positive rate was significantly higher in females and increased
with age. Sixty-two percent of cases with a positive reaction at Day 7 continued to show
a positive reaction after 1 month. Eleven percent of cases with a negative reaction at
Day 3 and Day 7 showed a late reaction. Both piercings and dental metals were related
to gold sensitization.

Conclusions: The GST of the TRUE test had a high positive and low false negative
rate. The 1-month reading after the patch test was important for identifying late
reactions. Piercing history and dental metal were associated with gold sensitization.

Key words:
Gold sodium thiosulfate, Patch testing, Late reaction, Long lasting reaction, Piercing,
Dental metals



Introduction

The patch test has been used to detect gold allergy using gold sodium thiosulfate (GST),
gold sodium thiomalate, and chloroauric acid.? Recently, GST has been used as a gold
patch test reagent. Initially, GST was patch tested at 0.5% in petrolatum (pet). However,
Malinauskiene et al. report that there are many false-negatives using GST 0.5% pet, and
GST 2% pet is the optimal concentration.® Panel 3 of the TRUE test, which is a patch
test reagent for ready-to-use products released in 2012, has a GST at concentration of
0.075 mg/cm?, so as to have a positive rate similar to GST 2% pet. # In Japan, the TRUE
test, which has been reconfigured as a Japanese baseline series, was released as Patch
Test Panel™ (S) (Sato Pharmaceutical Co., Ltd, Tokyo, Japan) on May 2015.

We have reported that the GST of the TRUE test has a positive rate higher than GST
0.5% pet, that there have been cases in which the positive reaction occurred after the
day 7 (D7) reading, and the positive reaction persists for a long time.® It is well known
that gold causes a late reaction in the patch test, which is considered to be a reaction in a
sensitized case, not an active sensitization.®’ However, the previous reports are case
reports of a late reaction®% and clinical studies targeting sensitized cases.®’ There are
few reports confirming the frequency of a late reaction and a long-lasting reaction to
GST in all patch cases. In this study, we observed GST patch test cases up to 1 month
later, investigated the positive rate, the duration of a positive reaction, the frequency of
a late reaction, and examined the association with piercings and dental metal in positive
cases.

Patients and Methods

Patients: Patients were patch tested using the GST of the TRUE test from January 2017
to September 2018 and had the GST application site observed up to 1 month at
participating departments. All patients answered the questionnaire about the presence of
piercings and the presence of dental metals. Most patients answered the questions
before the patch test, but some responded after the patch test. Most metals used for
dental treatment in Japan contain gold; therefore, the patients were only asked whether
they currently had dental metal in their mouth.

Methods: The TRUE test containing 0.075 mg/cm? GST in a hydroxypropy! cellulose
gel vehicle was applied to the upper back of patients for 2 days (application day was
Day 0). After removing the test unit, we evaluated the reactions according to
International Contact Dermatitis Research Group criteria on Day 2, Day 3 (D3), Day 7
(D7) and 1 month after the patch test. A positive reaction was diagnosed if a + or



stronger reaction was observed on D3, D7 or at 1 month. A questionnaire survey was
conducted on all cases regarding their piercing history and the presence of dental
metals.

We analyzed the positive ratio of GST, age distribution of GST positive cases, long-
lasting reaction ratio of a positive reaction to GST, ratio of a late reaction to GST. We
performed a statistical analysis on the relationship between gold positivity and a
piercing history and/or the presence of dental metals.

This study was approved by the ethics committee of The University of Toho, which was
the main research facility (approval no. M17114), and the institutional review board of
each participating site. The study was carried out in accordance with the Declaration of
Helsinki and informed consent was obtained from subjects prior to their inclusion in the
study.

Statistical Analysis: Patients’ characteristics were summarized using the mean and SD
for continuous variables, and frequencies and percentages for categorical variables. The
patients were divided into four groups. Group A had no dental metals and no piercings.
Group B had no dental metals but had piercings. Group C had dental metals, but did not
have piercings, and Group D had both dental metals and piercings. We compared the
proportion of gold positivity between the 4 groups using a multivariable logistic
regression model adjusted for age and sex. The odds ratios (OR) of Groups B, C, and D
to Group A were used to evaluate the association between gold positivity and a piercing
history and/or the presence of dental metals. The logistic regression models were
constructed with positive up to D7 and positive up to 1 month as outcomes, and the
association was assessed in each model. In addition, to compare the difference of
proportion in gold positivity at D3 and/or D7 and up to 1 month, a generalized
estimating equation (GEE) model with the logit link function was constructed. The GEE
model included age and sex as covariates, and the interaction term between time points
and groups. We recognized the difference in proportion when the interaction terms of
Groups B, C, or D to Group A were significant. All analyses used a two-sided 5%
significance level and were performed using R version 3.6.2 (http://www.r-project.org).

Results

Patients

A total of 746 patients (143 males with a mean age of 48.9 + 18.0 years, and 603
females with a mean age of 49.1 + 17.2 years) were enrolled in this study (Table 1).



Positive ratio to GST

A total of 208 (27.9%) of 746 cases showed a positive reaction on the D3 and/or D7
reading (Table 2). In 538 cases that showed a ?+, irritant reaction (IR), negative reaction
to GST on the D3 and D7 readings, 93 cases had a positive reaction at the 1-month reading.
Since there were 301 cases with a positive reaction to GST up to 1 month after the patch
test, the positive rate up to the 1-month reading was 40.3%. Of the 301 cases that had a
positive GST reaction up to 1 month, 21 (7%) cases had no piercing history nor dental
metal, and the other gold sensitization source was unknown (Table 2).

Ratio of a long-lasting reaction to GST

Of the 208 cases with a positive reaction on the D3 and/or D7 reading, 129 cases
(62.0%) continued to have a positive reaction at the 1-month reading (Table 2). It was
thought that more than half of cases with a positive reaction to GST on D3 and/or D7
reading continued after 1 month. There was no clear association between the intensity of
the patch test reaction on D3 or D7 reading and the presence of a positive reaction after
one month. (Table 3a).

Ratio of a late reaction to GST

A total of 93 (17.3%) of the 538 cases that were not positive on the D3 and D7 readings
showed a positive reaction at 1 month after the patch test (Table 3a). Approximately
30% of the cases whose strongest reactions are ?+ or IR on D3 or D7 reading, showed a
positive reaction at the 1-month reading. For 378 patients who were negative for both
D3 and D7 readings in Table 3a, the 1-month reading was compared according to the
presence or absence of piercings and dental metal in Table 3b. In Table 3b, of the 378
cases that were negative at D3 and D7 readings, 337 cases had dental metals or
piercings, and 33 cases (9.8%, 33/337) were positive at the 1-month reading. On the
other hand, of the 378 cases, 41 cases had neither dental metals nor piercings, and 7
cases (17.8%, 7/41) were positive after the 1-month reading.

Results from the statistical models (Tables 4 and 5)
a) The relationship between gold positivity and a piercing history and/or the
presence of dental metals (Table 4 and Fig. 1)
In the positive cases on the D3 and/or D7 reading, only Group D was significantly
different from Group A (OR, 3.6; 95% confidence interval (Cl), 1.6 — 8.09; P =



0.002). It was suspected that both dental metal and piercings were related to gold
sensitization. In the cases that were positive up to the 1-month reading, there was
no significant difference between any group.

b) The increases in the proportion of positive reactions between the D3 and/or
D7 reading and the 1-month reading in each group (Table 5)

The increases in the proportion of positive reactions were: 20.6% in Group A,
22.8% in Group B, 11.1% in Group C, and 10.5% in Group D. In addition,
“Group * period” which indicates the interaction between groups (A, B, C, and
D) and the periods (D3/D7 reading and 1 month reading) were also confirmed.
The interaction of Group C * period and interaction of Group D * period were
statistically significant (P = 0.031 and P = 0.014, respectively) in Model 1.
Statistically significant differences for the interaction of Group C * period and
Group D * period were also confirmed (P = 0.05 and P = 0.025, respectively)
in Model 2. These results indicated that the long-term proportion of positivity
varied with piercings. On the other hand, the interaction of Group B * period in
Model 1 and the interaction of Group D * period in Model 3 were not
significant (P = 0.985 and P = 0.346, respectively).

c) Gender and Age (Table 4 and Fig. 2)
The positive GST rate was significantly higher in females on the D7 and 1-month
readings. On the D7 reading, the positive rate was significantly higher in patients
with increasing age. At the 1-month reading, the positive rate also tended to be
higher, depending on patient age.

Discussion

A contact allergy to gold is controversial.** Iwatsuki et al.'? report that histologic
findings of the persistence granuloma-like region caused by allergic contact dermatitis
due to gold piercing appears as a pseudolymphoma. At the GST of the TRUE test
application site, a late reaction, a long-lasting positive reaction, and histological
pseudolymphoma-like findings have been reported. >890 Furthermore, it has been
reported that persistent positive reactions are also observed in healthy people.*®
Although the American Society for Contact Dermatitis included gold as a core allergen
in 2013,'* European countries and the North American Contact Dermatitis Group
excluded gold from the baseline series.** In Japan, GST 0.5% pet has been applied
together with the Japanese Baseline Series from 1994, and the positive rate of GST



0.5% pet was 2%—-10% from 1994 — 2014.%° For chloroauric acid 0.2% ag., Nonaka et
al.1® report that the positive rate is 8.4% in their single center study. From 2015, we

have used the TRUE test as the Japanese Baseline Series.® In Japan, the GST of the
TRUE test positive rate exceeds 20% (Fig. 3).>!” We hypothesized that this was not due
to an increase in gold-sensitized cases, but to the detection of false-negative gold-
sensitized cases with GST 0.5% pet. Paulsen et al. *8 report an 18.5% (89/480) positive
rate of the GST of the TRUE test. Therefore, the positive rate of the GST of the TRUE
test was approximately 20%.

The source of sensitization to gold allergy has been reported to be due to piercings®® and
dental metals. 292122 Paulsen et al. *8 described that the piercing rate is 96% (64/69 cases)
in female positive cases, 24% (4/17 cases) in male positive cases, while the presence of
dental metal was 17% (12/69 cases) in female positive cases, and 47% (8/17 cases) in
male positive cases. Thus, it was suspected that piercings in females and dental metals in
males might be associated with gold sensitization. In this study, we statistically analyzed
the relationship between gold sensitization, piercings and dental metals by dividing the
patients into four groups. In the positive cases on the D3 and/or D7 reading, the Group D,
the patients with dental metal and piercings, was significantly associated with gold
positivity, but up to the 1-month reading, no significant association was observed in any
group. Interestingly, the groups without dental metals (Group A and Group B) had a
significantly higher proportion of the late reaction (negative at D3 and D7, and positive
at 1 month) compared with the groups with dental metals (Group C and Group D).

Of the 301 patients who showed a positive reaction to GST up to the 1-month reading, 21
(7%) answered that they had neither piercing nor dental metals. Other sources of gold
sensitization, for example, a stent coated with gold?? or a gold medicament, could not be
determined in these 21 cases. If these 21 cases were previously sensitized to gold, the
source of sensitization was unknown.

The delayed reaction to gold in patch testing is considered to be an allergic reaction in a
sensitized person, not an active sensitization by a patch test.?® Bruze et al.® reports the
results of GST dilution series patch tests in 10 cases with a known gold sensitization. As
a result, eight cases showed a positive reaction on the D7 reading, one case on the D14
reading, and one case on the D21 reading. Iwahashi et al.° suggest that the mechanism of
delayed positive reaction to GST in sensitized gold cases may be that it takes time for the
ionized gold to be absorbed, and the gold ion is not readily recognized by the immune
system. In this study, 93 (17.2%) out of 538 patients that did not show a positive reaction
on the D3 and D7 readings showed more than a + reaction at the 1-month reading. Thus,
it is important to observe the GST of the TRUE test application site for up to 1 month.



Regarding the optimum concentration of GST, Hamann et al.” performed a patch test
dilution series of the GST of the TRUE test using 0.075, 0.025, 0.0083, 0.0028, and
0.00093 mg/cm? GST and GST 2% pet in 20 patients who were known to have gold
allergies. They reported the optimal concentration of the GST of the TRUE test was 0.075
mg/cm?. In their study, they also patch tested GST 0.5% pet in 19 patients who were
known to have a gold allergy, and only 12 patients (63%) had a positive reaction. They
concluded that GST 0.5% pet caused a false negative reaction in 37% of gold-sensitized
patients. Therefore, the sensitivity of GST 2% pet and GST of the TRUE test 0.075
mg/cm? is considered to be higher than GST 0.5% pet. However, the reports of Bruze et
al.> and Hamann et al.” are the studies in gold-sensitized cases. In a patch test study on
healthy volunteers, 22 of 31 subjects have showed a positive reaction to GST, and those
subjects do not have any skin trouble for 10 years after the study.' Thus, it was suspected
that GST may cause an irritant reaction. The mechanism of positivity after the D7 reading
could involve the following: 1) late allergic reaction to gold in sensitized cases, 2) non-
specific reaction to gold transdermally absorbed from the patch test, and 3) active
sensitization to gold. As shown in Table 4, the positive rate of D3/D7 readings was
significantly higher in the Group B, C and D with dental metals or piercings (29.3%,
200/683) than in the Group A without both (12.7%, 8/63). If all late reactions are allergic
reactions in sensitized cases, it is expected that the 337 patients with dental metals or
piercings would have a higher frequency of late reactions than the 41 without either
(Table 3b). However, the frequency of late reactions was higher in the 41 cases with
neither in this study. It seems that 7 out of the 41 patients, who showed positive results
at the 1-month reading, were sensitized to gold by patch testing; however, it needs a
follow up study to conclude whether or not they were sensitized, as indicated in a previous
report®.

It has been reported that the gold patch test positive reaction persists for a long period
and shows a granuloma histologically®?. Bowyer?* investigated gold compounds for
patch tests and report that positive reactions persist with sodium chloroauric acid and
sodium gold thiomalate, but not with GST. Since he used GST 0.5% pet for the study,
GST in higher concentrations may show similar reactions to chloroauric acid and GST.
In our study, 62% (129/208) of the positive reactions on the D7 reading were still positive
one month later. Such positive reaction persistence is rare with other allergens. Thus, if a
positive reaction to GST is found on the D7 reading, treatment of the positive site with
topical steroids is recommended.

There are various problems with the gold patch test reaction, and the clinical relevance
of positive cases should be examined in the future.
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Tables

Table 1 Clinical characteristics of the patients.

Group A Group B Group C Group D
(n=63) (n=44) (n=438) (n=201) Total
Piercings No Yes No Yes (n =746)
Dental metals No No Yes Yes
Gender, n (%)
Male] 16 (25.4) 5 (11.4) 110 (25.1) 12 (6.0) 143 (19.1)
Female| 47 (74.6) 39 (88.6) 328 (74.9) 189 (94.0) 603 (80.8)
Age, mean = SD
Male] 35.5+14.7 30.8+85 53.6 +16.9 32.8+99 48.9+18.0
Female] 39.2+21.3 31.7+£95 55.1+16.6 45.1+13.3 49.1+17.2
Disease’, n (%)
Contact dermatitis| 37 (58.7) 29 (65.9) 242 (55.3) 104 (51.7) 412 (55.2)
Atopic dermatitis 8 (12.7) 4(9.1) 44 (10.0) 17 (8.5) 73(9.8)
Metal allergy] 3 (4.8) 4(9.1) 36 (8.2) 29 (14.4) 72 (9.7)
Palmoplantar pustulosis| 1(1.6) 0 21 (4.8) 8 (4.0) 30 (4.0)
Dyshidrotic eczema 1(1.6) 0 15 (3.4) 3(1.5) 19 (2.5)
Lichen planus| 1(1.6) 0 14 (3.2) 2 (1.0) 17 (2.3)
Rosacea /|
Rosacea-like dermatitis 1(L8) 0 40 525) 103
Cheilitis 2(3.2) 0 2(0.5) 1(0.5) 5(0.7)
Discomfort
in the oral cavity 0 0 6 (1.4) 4 (2.0) 5(0.7)
Other disease| 9 (14.3) 7 (15.9) 54 (12.3) 28 (13.9) 103 (13.8)

'Diagnosed after patch testing




Table 2 Relevant patch test reactions to gold, piercings, and dental metals.

Strongest reaction’ on D3 ) L Dental
) 1-month reading | Piercing Total
and D7 reading metal
Positi v Yes 53
ositive es
No 2
(129 cases, v -
es
M:F = 9:120) No
Positive (+,++,+++) No 4
(208 cases, M:F = 18:190) _ Yes 26
Negative Yes
No 4
(79 cases,
M:F = 9:70) No xes 45
No 4
Positi v Yes 15
osit es
itive No 2
(53 cases,
Yes 28
M:F = 7:46) No
Not positive (?+,IR) No 6
(160 cases, M:F = 28:132) v Yes 28
Negati es
gative No "
(107 cases,
M:F=21:86) | Mo Yes 63
No
Yes
Positive Yes
No
(40 cases,
Yes 21
M:F =5:35) No
Negative (-) No ’
(378 cases, M:F = 97:281) Yes 73
Negative(338 Yes
cases, No 20
M:F = 92:246) No Yes 211
No 34
Total 746

fInternational Contact Dermatitis Research Group criteria
M: male, F: female



Table 3a Strongest reaction on D3 and D7 readings and 1-month reading

Strongest reaction’ on D3 and D7 readings 1-month reading
Positive 93 (63.3%)
+ | 147 cases :
Negative | 54
Positive Positive 31 (56.4%)
++ | 55 cases :
208 cases Negative | 24
positive 5 (83.3%)
+++ | 6 cases -
Negative |1
Positive 44 (33.3%)
?+ | 132 cases -
Negative | 88
Not positive Positive 9 (32.1%)
IR | 28 cases -
538 cases Negative |19
Positive 40 (10.6%)
- 378 cases -
Negative | 338

T International Contact Dermatitis Research Group criteria

Table 3b. Relevance of 1-month reading and piercing or dental metal in 378 cases with a
negative reaction on D3 and D7 readings

1-month reading

Negative on
D3 and D7
readings
378 cases

dental metal

Either piercing or 338 cases

Positive 33 cases

(9.8%, 33/337)

Negative | 304 cases

dental metal

Neither piercing nor | 41 cases

Positive 7 cases

(17.1%, 7/41)

Negative | 34 cases




Table 4 Statistical analysis of patch test reactions to gold based on piercings, dental
metals, gender, and age using logistic regression model.

Reading at D3 and/or D7

Reading at 1 month

95% 95% 95% 95%
no. confidencelconfidence confidencelconfidence
of | no. of |positive| odds no. of |positive| odds
interval | interval [P value interval | interval | P value
casespositives rates | ratio positives| rates | ratio
lower upper lower limit| upper
limit value(limit value value |limit value

a) Relevance to piercings and dental metals
(Intercept) 0.0802 | 0.0326 0.197 [<0.001 0.442 | 0.228 0.855 0.015
Group A (piercing no -

63 8 12.7% | — - - - 21 |333%| — - - -
dental metals no)
Group B (piercing yes -

44 6 13.6% | 1.15 0.363 3.67 0807 16 |36.4%| 1.07 0.471 2.45 0.867
dental metals no)
Group C (piercing no -

438| 115 |[26.3%| 1.87 0.841 417 |0.125| 164 |37.4%| 1.04 0.572 1.87 0.908
dental metals yes)
Group D (piercing yes -

201 79 |39.3%| 3.6 1.6 8.09 |0.002( 100 |[49.8%| 1.59 0.865 2.92 0.135
dental metals yes )
b) Gender
Female 603| 190 |31.5% | — - - - 271 |449% | — - - -
Male 143 18 |12.6%]| 0.361 | 0.211 0.619 [<0.001] 30 ([21.0%]0.359 | 0.231 056 |[<0.001
c) Age
Age 746 208 |27.9% | 1.02 1.01 1.03 [<0.001] 301 |40.3% | 1.01 0.999 1.02 0.067




Table 5 Generalized estimating equations (GEE) analysis to compare the difference of
proportion in gold positivity at D3 and/or D7 and up to 1 month.

Model 1 (reference: Group A)

Model 2 (reference: Group B)

Model 3 (reference: Group C)

95% 95% 95% 95% 95% 95%
confidencejconfidence confidencejconfidence confidencefconfidence
odds odds odds
) interval | interval [P value ) interval | interval |Pvalue| interval  [interval  |P value
ratio ratio ratio
lower upper lower limit| upper lower limit jupper
limit value|limit value value |limit value alue limit value

(Intercept) 0.11 | 0.05 0.255 [<0.001} 0.13 | 0.056 0.306 |<0.001] 0.23 0.13 0.393 |<0.001
Group A (piercingno - | - - - - 0.86 | 0.292 2525 | 0.783| 05 0.231 1.08 |0.078
dental metals no)
Group B (piercing 1.16 | 0.396 342 |0.783( - - - - 0.58 | 0.249 1.359 |0.211
yes - dental metals no)
Group C (piercingno - [ 2.00 | 0.926 | 4.322 [0.078( 1.72 | 0.736 4.016 |0.211 - - - -
dental metals yes)
Group D (piercing 354 | 1618 | 7.748 |0.002| 3.04 1.3 7.12 001 | 1.77 | 1.218 2.573 | 0.003
yes - dental metals
yes )
1-month reading 3.53 1.87 6.669 [<0.001] 3.5 | 1.749 7.004 |[<0.001| 1.72 | 1.491 1.985 (<0.001
Group (A) * period (1- |- - - - 1.01] 0.393 2.588 |0.985| 2.05 1.07 3.939 |0.031
month reading)
Group (B) * period (1- | 0.99 | 0.386 | 2.542 [0.985( - - - - 2.03 | 1.001 4135 | 0.05
month reading)
Group (C) * period (1- | 0.49 | 0.254 | 0.935 [0.031| 0.49 | 0.242 0.999 | 0.05 - - - -
month reading)
Group (D) * period (1- | 0.44 | 0.226 | 0.845 |[0.014( 0.44 | 0.215 0.902 | 0.025| 0.9 0.714 1.125 | 0.346
month reading)
Sex (Male) 0.38 | 0.242 | 0.589 [<0.001| 0.38 | 0.242 0.589 |<0.001| 0.38 | 0.242 0.589 |<0.001
Age 1.01 | 1.003 | 1.021 [0.012( 1.01 | 1.003 1.021 | 0.012 | 1.01 | 1.003 1.021 | 0.012




Figure Legends

Fig. 1 Positive ratio of gold sodium thiosulfate as a function of the presence of piercings
and dental metals.

(a) Readings at D3 and/or D7. (b) Readings up to 1 month.

Fig. 2 Positive ratio of gold sodium thiosulfate by age.
(a) Readings at D3 and/or D7. (b) Readings up to 1 month.

Fig. 3 Annual positive ratios of gold sodium thiosulfate (GST) in Japanese Baseline
Series.
pet = petrolatum.
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