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 Introduction 

 Formaldehyde has long been recognized as both an al-
lergen to sensitized subjects and an irritant to the general 
population  [1] . Several reports have identified formalde-
hyde as a cause of anaphylaxis or urticaria based on the 
detection of specific IgE in serum  [1, 2] ; however, the re-
liability of skin tests is surprisingly low  [3–5] . There was 
a recent report of successful induction of histamine re-
lease from a patient’s basophils using formaldehyde-al-
bumin conjugates purified by a dialysis elution procedure 
 [6] . However, there have been no reports that sensitized 
patients’ basophils are activated when in contact with di-
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 Abstract 

 We describe a case of formaldehyde-induced urticaria with 
a positive test result for serum IgE antibody against this sub-
stance. Formaldehyde’s slow protein-binding property may 
explain why basophil histamine-release tests using fresh 
formaldehyde solutions are not diagnostic, whereas the 
tests are useful if formaldehyde that had been stored with 
albumin is used.  © 2014 S. Karger AG, Basel 
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   Established Facts 

 • Specific IgE measurement is useful as a test for patients who are allergic to formaldehyde, but the reli-
ability of basophil histamine-release tests is not high. 

   Novel Insights 

  • Formaldehyde induced basophil histamine release only when it had been pretreated with albumin for 
days to weeks, suggesting that this molecule’s slow interaction with proteins may affect the usefulness 
of this in vitro test.  
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luted formaldehyde. Here, we report a case of urticaria 
induced by paraformaldehyde used during root canal 
treatment. In vitro analyses indicated that our initial ba-
sophil histamine-release test using diluted formaldehyde 
was negative. We thus believed that there must be some 
underlying mechanisms that would explain the discrep-
ancy between the basophil test results and the presence of 
serum formaldehyde-specific IgE.

  Case Report 

 In the spring of 2013, a 28-year-old Japanese female was re-
ferred for dental therapy and evaluation of an allergic reaction fol-
lowing root canal treatment. One month earlier, she had developed 
generalized urticaria 1 h after application of a paraformaldehyde-
containing root canal disinfectant (Periodon, Neo-Dental Chemi-
cal Products Co. Ltd., Tokyo, Japan). The urticaria resolved after 
taking an oral H 1  antihistamine. Before that allergic episode, she 
had undergone root canal treatment on several occasions, but nev-
er developed an allergic reaction. She had atopic eczema and her 
total serum IgE was elevated (1,770 IU/ml). Formaldehyde-specif-
ic IgE assessed by ImmunoCAP was strongly positive (>100 UA/
ml), but serum-specific IgE to latex was negative. After obtaining 
informed consent, her venous blood was drawn, processed by dex-

tran sedimentation and utilized for basophil histamine release 
analysis  [7] . Although her basophils showed no histamine-release 
reaction in response to diluted formalin or paraformaldehyde and 
she refused to undergo a skin prick test using formaldehyde, we 
concluded that paraformaldehyde, a source of formaldehyde, was 
the cause of her urticaria. Subsequently, she has strictly avoided 
contact with formalin-containing materials and has not experi-
enced any similar allergic episodes.

  We found that histamine release using formalin (Wako Pure 
Chemicals, Osaka, Japan) is not a sensitive test since extensive stud-
ies using various formaldehyde-mixed basophils failed to show de-
granulation ( fig.  1 , left). Next, we stored a mixture of 0.001–1% 
formaldehyde plus 1% human serum albumin (Japan Blood Prod-
ucts Organization, Tokyo, Japan) at 4   °   C. Following several days to 
weeks of storage, the solutions were serially diluted and tested for 
basophil stimulation without any dialysis step. The mixtures stored 
for 3 days ( fig. 1 , middle) and 2 weeks ( fig. 1 , right) showed basophil 
degranulating activity; the mixtures stored for  ≥ 2 weeks were more 
potent inducers of histamine release, indicating that binding of 
formaldehyde to albumin is a slow process. Basophils from nonal-
lergic subjects never responded to the formaldehyde-albumin con-
jugates, but these cells became responsive after undergoing a pas-
sive sensitization step using the patient’s serum. As shown in  figure 
2 , protein-unbound formaldehyde showed no effect on basophil 
activation since formaldehyde solution added at 300 or 1,000 ng/
ml before stimulation with formaldehyde-albumin conjugates 
failed to enhance or suppress histamine release from basophils.
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  Fig. 1.  Formaldehyde-induced histamine release from basophils af-
ter various durations of storage of formaldehyde mixed with albu-
min. Basophil preparations were prepared from the patient’s blood 
or normal donor’s blood followed by a passive sensitization proce-
dure using the patient’s serum  [9] . Formaldehyde was diluted with 
PIPES buffer containing 0.03% human serum albumin and then 
mixed with the basophil preparations (left); formaldehyde at 0.001–
1% was mixed with 1% human serum albumin, stored for 3 days 

(middle) or 2 weeks (right) at 4   °   C and then diluted for cell-stimu-
lation analyses. Basophils from 4 nonallergic donors never induced 
histamine release at the indicated formaldehyde concentrations 
(data not shown). Data shown are representative of three separate 
experiments, one with the patient’s basophils and two using nonal-
lergic donors’ basophils that had been passively sensitized, all show-
ing similar results, and are presented as the mean values of duplicate 
determinations. 
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  Discussion 

 We have clearly shown that histamine release from 
sensitive basophils occurs only when formaldehyde 
stored with albumin, but not freshly diluted formalde-
hyde, was used. A relatively higher concentration of 

formaldehyde during storage is essential for the optimal 
activation of basophils, suggesting that either fully dena-
tured albumin or albumin bound with abundant formal-
dehyde hapten can crosslink IgE on basophils more effi-
ciently. We believe that the best conditions for allergen 
preparation in this system may be storage of albumin 
(1%) plus formaldehyde (0.1%) for 2 weeks or longer at 
4   °   C; there is no need for dialysis. These results suggest 
that low levels of exposure to formalin will not reach the 
threshold of allergic manifestation even in highly sensi-
tized subjects  [8] , which is consistent with the experience 
of our patient. On the other hand, locally administered, 
concentrated formaldehyde or paraformaldehyde that is 
not soon washed out may result in gradual formation of 
albumin that is heavily conjugated with formaldehyde, 
which may lead to allergic reactions in sensitized subjects. 
Repeated dental procedures involving local paraformal-
dehyde application probably accounted for our patient’s 
sensitization to this substance and thus set the stage for 
her later allergic reaction.

  Recently, molecular allergology has focused mainly on 
the precise determination of allergen molecules, usually 
by searching for allergens or epitopes in a crude mixture 
of proteins or other constituents. The results presented 
herein may expand the academic scope of molecular 
 allergology. The chemical and/or biological properties 
of allergens, especially low-molecular-weight allergens, 
should also be further elucidated and taken into consid-
eration in order to improve our understanding of the 
pathogenesis and pathophysiology of clinical allergy.
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  Fig. 2.  Basophil histamine release was unchanged in the presence 
of protein-unbound formaldehyde. Basophils passively sensitized 
with the patient’s serum were mixed with serially diluted formal-
dehyde (plotted on the x-axis), using 3-week-stored mixtures of 
0.1% formaldehyde plus 1% albumin. Five minutes prior to cell 
stimulation, freshly diluted formaldehyde (unbound; final concen-
tration 300 or 1,000 ng/ml) was added to albumin-conjugated 
formaldehyde preparations. Data shown are representative of two 
separate experiments showing similar results and are presented as 
the mean values of duplicate assays. 

 References 

  1 Bousquet J, Michal F-B: Allergy to formalde-
hyde and ethylene-oxide. Clin Rev Allergy 
1991;   9:   357–370. 

  2 Maurice F, Rivory J-P, Larsson PH, Johansson 
SG, Bousquet J: Anaphylactic shock caused by 
formaldehyde in a patient undergoing long-
term hemodialysis. J Allergy Clin Immunol 
1986;   77:   594–597. 

  3 Modre B, Kräuke B: Anaphylactic reaction to 
formaldehyde. Allergy 2001;   56:   263–264. 

  4 Kunisada M, Adachi A, Asano H, Horikawa 
T: Anaphylaxis due to formaldehyde released 
from root-canal disinfectant. Contact Derma-
titis 2002;   47:   215–218. 

  5 Braun JJ, Zana H, Purohit A, Valfrey J, Scher-
er P, Haïkel Y, de Blay F, Pauli G: Anaphylac-
tic reactions to formaldehyde in root canal 
sealant after endodontic treatment: four cases 
of anaphylactic shock and three of generalized 
urticaria. Allergy 2003;   58:   1210–1215. 

  6 Nabeshima Y, Tanaka T, Hide M: Anaphy-
laxis after dental treatment with a formalde-
hyde-containing tooth-filling material. Acta 
Derm Venereol 2004;   84:   497–498. 

  7 Hirai K, Morita Y, Misaki Y, Ohta K, Takaishi 
T, Suzuki S, Motoyoshi K, Miyamoto T: Mod-
ulation of human basophil histamine release 
by hemopoietic growth factors. J Immunol 
1988;   141:   3958–3964. 

  8 Dykewicz MS, Patterson R, Cugell DW, Har-
ris KE, Wu AF: Serum IgE and IgG to formal-
dehyde-human serum albumin: lack of rela-
tion to gaseous formaldehyde exposure and 
symptoms. J Allergy Clin Immunol 1991;   87:  
 48–57. 

  9 Sugimoto N, Yamaguchi M, Tanaka Y, Na-
kase Y, Nagase H, Akiyama H, Ohta K: The 
basophil activation test identified carminic 
acid as an allergen inducing anaphylaxis. J Al-
lergy Clin Immunol Pract 2013;   1:   197–199. 

   

D
ow

nl
oa

de
d 

by
: D

r.
 A

dr
ia

no
 M

ar
i -

 3
12

98
U

ni
ve

rs
ita

 d
eg

li 
S

tu
di

&
#4

4;
 B

ib
l. 

A
re

a 
B

io
m

ed
. T

or
 V

er
ga

ta
16

0.
80

.2
.8

 -
 6

/9
/2

01
4 

8:
56

:4
0 

P
M

http://karger.atypon.com/action/showLinks?pmid=2460553&coi=1%3ACAS%3A528%3ADyaL1MXit1Wnsg%253D%253D&isi=A1988R004700039&csa=issn%3D0022-1767%26vol%3D141%26firstpage%3D3958
http://karger.atypon.com/action/showLinks?pmid=3958388&crossref=10.1016%2F0091-6749%2886%2990351-9&coi=1%3ASTN%3A280%3ADyaL287mvFeksw%253D%253D&isi=A1986A938100011&csa=issn%3D0091-6749%26vol%3D77%26firstpage%3D594
http://karger.atypon.com/action/showLinks?crossref=10.1016%2Fj.jaip.2013.01.001
http://karger.atypon.com/action/showLinks?pmid=12492520&crossref=10.1034%2Fj.1600-0536.2002.470405.x&isi=000179947000005&csa=issn%3D0105-1873%26vol%3D47%26firstpage%3D215
http://karger.atypon.com/action/showLinks?pmid=15844655&isi=000225249800027
http://karger.atypon.com/action/showLinks?pmid=1782627&coi=1%3ASTN%3A280%3ADyaK387ksFGqug%253D%253D
http://karger.atypon.com/action/showLinks?pmid=1991923&crossref=10.1016%2F0091-6749%2891%2990212-7&coi=1%3ASTN%3A280%3ADyaK3M7itlKjsQ%253D%253D&isi=A1991EX98500007&csa=issn%3D0091-6749%26vol%3D87%26firstpage%3D48
http://karger.atypon.com/action/showLinks?pmid=11251421&crossref=10.1034%2Fj.1398-9995.2001.056003263.x&coi=1%3ASTN%3A280%3ADC%252BD3MzmvVemtw%253D%253D&isi=000167380800023&csa=issn%3D0105-4538%26vol%3D56%26firstpage%3D263
http://karger.atypon.com/action/showLinks?pmid=14616148&crossref=10.1034%2Fj.1398-9995.2003.00295.x&coi=1%3ASTN%3A280%3ADC%252BD3srjs1eltw%253D%253D&isi=000186322700032

