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INTRODUCTION

Formaldehyde (F') and ethylene oxide (ETO) are volatile small
chemicals widely used in the industry, and are used as sterilizing
agents in medicine. At high concentrations, they are toxic and can
induce irritative side effects, but they act as reactive haptens and
can become allergenic leading mostly either to IgE-mediated reac-
tions or contact dermatitis.

These compounds are used to sterilize medical materials, par-
ticularly kidney dialyzers. Owing to the repetitive exposure of
patients to these chemicals, most IgE-mediated reactions occur in
hemodialysis patients (1).

FORMALDEHYDE

Formaldehyde (Fig. 1) is a sterilizing agent having adverse
health effects recently reviewed by the Council on Scientific Affairs
of the American Medical Association (2). Formaldehyde acts on
humans principally as an irritant to the eyes and respiratory sys-
tem, impairing the mucociliary clearance, and can produce allergic
reactions in the form of contact dermatitis when aqueous F comes
into contact with the skin or IgE-mediated hypersensitivity. Finally,
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Fig. 1. Chemical formula of formaldehyde.

F was shown to be carcinogenic in rodents, and certain regulatory
agencies regard it as a possible carcinogen in humans.

Use

Preservatives

Formaldehyde is an ubiquitous and potent sensitizer, both in
industry and in medicine because of antimicrobial properties. Sham-
poos, soaps, lotions, water-soluble creams, powders, and dentifrices
may contain F as a preservative. Cream constituents, such as
polyethylene glycols (carbowaxes, macrogols), BNPD (2-bromo-2-
nitropropane-1,3-diol), Germall (imidazolidinyl urea), Quaternium-
15, N- (3-chloroallyl)-hexaminium chloride, and trioxymethylene
(paraformaldehyde), can form F as well as hexaethylenetriamine
used in antiperspirants (3,4).

Sterilizing Agents

Formaldehyde is a sterilizing gas used in medicine. It can cause
occupational asthma in nurses (5), doctors (6), anatomists, dentists
(7), pathologists (8), pharmacists, or morticians.

Formaldehyde was one of the earliest substances used for
sterilizing kidney dialyzer membranes, especially for the reuse
dialyzers. It has been associated with significant savings in the
total cost of providing hemodialysis services and may increase the
biocompatibility of devices. Formaldehyde is still the primary
disinfectant of reused hollow-fiber dialyzers and with stringent
recommendations, F concentrations in the final rinse solution range
from 2—-10 ppm. Adverse effects are generally related to the residual
levels and the cumulative dose of F' received by the patients (9).
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Biologic Preparations

Formaldehyde has limited use in biologic preparations, but it is
used to prepare the Merck Sharp and Dohme hepatitis B vaccine
(10) and F-polymerized allergoids. However, in these preparations,
F is present in extremely low quantities that cannot sensitize an
individual and that are acceptable by Pharmacopeas.

Construction Materials

Formaldehyde can be released from urea-formaldehyde foam
insulation (UFFI) and a number of formaldehyde-resin containing
products, such as particleboard, plywood, and permanent press
fabrics used in the construction of wood products, adhesives, and
carpeting. It is also widely used in the production of textiles, paint,
glues, and plastics. It was found to induce irritative side effects at
the workplace (11) and the home (12,13).

MecHANIsMS OF REACTIONS

Although F is a very simple chemical, allergy to F is well
documented. However, except for contact dermatitis, these reactions
are far less frequent than irritative ones.

Allergy

Type | Hypersensitivity Reactions

Apparent type I hypersensitivity reactions have been observed
in patients after instillation of a root canal paste containing F-
releasing compounds (7). However, these reactions were not con-
firmed by the titration of F-specific IgE. Immediate-type allergic
reactions were demonstrated in patients undergoing long-term
hemodialysis (14-16) by means of RAST. One of these patients pre-
sented anaphylactic shock occurring 26 h after skin application of
an F patch test (14). The specificity of IgE antibodies is not competely
elucidated. As for other reactive haptens, F was coupled to the solid
phase by means of human serum albumin (HSA), and it appears
that the specificity of the antibodies was directed toward the F—
HSA complex (14,15). However, since F can degrade proteins (17), it
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is not known whether the antibodies are not specific to the de-
graded epitopes on the proteins that are not regarded anymore as
self by the immune system. Thus, F might induce a pseudo-autoim-
mune disease. Formaldehyde-specific IgE is more prevalent in
patients heavily exposed to F by iv route, such as dialysis patients,
than in subjects exposed by inhaled route. The clinical relevance of
F-HSA-IgE antibodies is not completely established, since it was
correlated with anaphylactic symptoms in some (14,16), but not
all studies (15).

Type Il Hypersensitivity Reactions

Formaldehyde—HSA-specific IgG has been found in many indi-
viduals exposed to F by inhaled or parenteral routes (18-20). They
are most prevalent in subjects who received F by iv route, but the
clinical relevance of these antibodies remains to be determined since
they are not related to symptoms.

Type IV Hypersensitivity Reactions

Allergic contact dermatitis to F has been documented for many
years (3,4), and was found to be the result of both F and F-releas-
ing agents. The diagnosis of contact dermatitis to F is based on patch
tests, but care must be taken not to use high concentrations because
it has irritant properties and many false-positive tests have
been observed (21).

Autoimmune Disease

Formaldehyde reacts strongly with self proteins, and it hasbeen
suggested that it might be responsible for a pseudo-autoimmune
disease. One study showed that these antibodies could be specifi-
cally directed to the N blood group antigen of F-treated red blood
cells, but the clinical relevance of these antibodies has never
been established (22,23).

Nonspecific Mechanisms

Formaldehyde causes an irritation of the eyes and mucous mem-
branes of the respiratory tract in a dose-dependent manner. It
induces also a dose-dependent decrease in mucociliary activity (24).
In patients undergoing long-term hemodialysis, pseudo-anaphylac-
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tic reactions have been observed (25). Formaldehyde is extremely
irritating on the skin, and irritant reactions may be observed and
differentiated from allergic contact dermatitis.

Anatomical Sites of Reactions

Dermatologic Symptoms

Formaldehyde was found to cause contact dermatitis in nurses
and doctors handling devices sterilized with F'. It also sensitizes many
subjects in whom F or F-releasing compounds, such as creams, denti-
frices, or antiperspirants, are applied onto their skin (3,26,27).
Local exacerbation of contact hand eczema occurred in response
to F contained in hepatitis vaccine B (10). Formaldehyde is among
the top ten sensitizers and is incorporated in patch test standard
series recommended by the International Contact Dermatitis
Research Group, but the exact prevalence of F contact sensitiv-
ity remains to be determined because most studies used irritant
patch test concentrations.

Diffuse maculopapular rash has been described in patients with
a positive patch test to F after exposure to this chemical (4). Ery-
thema multiforme with liver involvement has been described in
two patients after occupational exposure to F (28). Facial and
intraoral anioedema have also been observed, especially in dentistry
(7,29), but these symptoms may likely be related to anaphylaxis.

Ocular and Respiratory Symptoms

The acute inhalation of F' primarily affects the eyes and air-
ways causing irritative nasal, ocular, and bronchial symptoms.
Although some of these reactions are IgE-mediated (30), most of
them are toxic and are therefore dose-dependent (2,20,31). Usually,
F does not elicit severe reactions, since its unpleasant and irritating
odor prevents one from breathing high concentrations. Short-term
airborne exposure levels of approx 30 ppm cause irritation of the
eyes and the mucous membranes of the respiratory tract, whereas
long-term exposure may lead to similar effects at lower concentra-
tions (1-6 ppm) (32,33). At concentrations typical of industrial,
commercial, or domestic exposure (3 ppm), F challenge was shown
to induce unpleasant ocular and nasal reactions, but there was
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no increase in nasal airways resistance and no altered pulmonary
function; also, bronchial reactivity to methacholine was unchanged
(34). Asthmatic subjects are hyperreactive to F, and relatively low
concentrations have provoked or exacerbated asthma (35), but such
reactions are inconstantly reproduced during inhalation challenge
tests (36-38). It was recently observed that the inhalation of F
increased the nonspecific bronchial reactivity to methacholine in
asthmatics (36). The long-term intermittent exposure of F does not
appear to induce a higher incidence of chronic bronchitis or pulmo-
nary function deficit (39,40).

Anaphylactic Shock

Anaphylactic shock is a very rare event in patients exposed to
F. It was described only in hemodialysis patients receiving iv F
(14-16) (Fig. 2) and in those who had an instillation of a root canal
paste containing F-releasing compounds (7,29). The demonstration
of an IgE-mediated immune mechanism was not always confirmed.
In a study performed in 110 hemodialysis patients receiving F-ster-
ilized reused dialyzers, Bousquet et al. (16) observed six patients
presenting with severe anaphylactic shock and F-HSA-IgE anti-
bodies (Fig. 3). Symptoms subsided when F-sterilized dialyzers were
replaced by ETO-sterilized devices. Most patients with F-anaphy-
laxis had increased numbers of peripheral blood eosinophils. In two
other studies, the relationship between a positive F—-HSA-RAST
and symptoms was not so clear (15,41).

Pseudo-Allergic Reactions

Pseudo-allergic reactions to F have only been described in
patients undergoing long-term hemodialysis (25). Ten patients who
reported symptoms (pruritus, eye irritation, and/or minor anaphy-
lactic shock) during dialysis were studied. None of them had a
positive F-HSA-RAST, but five had a positive skin prick test. Dur-
ing six consecutive double-blind placebo-controlled challenges
with dialyzers sterilized with F or ETO, five patients presented
the previously reported symptoms when dialysis was done with
F-sterilized devices. When F-sterilized dialyzers were replaced
by ETO-sterilized devices, symptoms disappeared.
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Fig. 2. Anaphylactic shock to formaldehyde in a patient sensitized by cutaneous
contact with formaldehyde who developed asthma on first exposure to formalde-
hyde-sterilized dialyzer and two anaphylactic shocks (one after the second
session of formaldehyde-sterilized dialyzer and a second after a patch test).
F-HSA-IgE was positive. From Maurice et al. (74).

BRONCHOSPASM see .
AMAPHYLAXIS o 00 000 lo . o
[ ]
23333258 [eee "
FIRST USE SYNDROME eeee 000

NO SYMPTOM

FORMALDEHYDE IgE - + - - - - -
FORMALDEHYDE DBIVC +
ETHYLENE OXIDE IgE - - -— + + - -
PHTHALIC ANHYDRIDE IgE —_ - — -
EFFLUENT PRICK TEST — — — _ _ _

+
+
|

Fig. 3. Incidence of allergic and pseudo-allergic symptoms in a population of
patients undergoing long-term hemodialysis with ETO-sterilized dialyzers. O: atopic
patient, : nonatopic patient, DBIVC: double-blind iv challenge. From Bousquet et
al. (25,50). ETO, F, and phthalic anhydride were tested by RAST (Pharmacia
Diagnostics).
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Fig. 4. Chemical formula of ethylene oxide.

ETHYLENE OXIDE

Ethylene oxide, 1,2-epoxy-ethane (Fig. 4) is a gas widely used
in the industry as a starting material for various derivatives, and in
the USA, ETO ranks within the list of the top 25 chemicals. Only
<0.05% of the total production is consumed for medical use. Ethyl-
ene oxide is commonly used to sterilize plastic medical materials
that cannot withstand heat sterilization (47). It is capable of
alkylating amino, carboxyl, hydroxyl, and sulfhydryl groups and,
therefore, can react with various protein moieties making it a strong
sensitizing hapten (43). Ethylene oxide can be adsorbed by plastics
and medical equipment, such as dialyzers, and residual ETO is
released slowly so that trace amounts of ETO may persist for long
periods of time in porous plastics (44).

Mechanisms of Reactions

Toxic Reactions

At high concentrations, ETO may cause chemical burns of the
skin, gastrointestinal, and respiratory systems as well as various
CNS effects. Safety standards require reduction of exposure to 1
ppm and medical surveillance for exposed workers, since the odor
threshold is over 100 ppm (44). Long-term exposure might lead to
cancer, and ETO is considered to be potentially carcinogenic.
However, these toxic reactions concern mostly subjects involved
in ETO production or those handling it during sterilization proce-
dure. On the other hand, residual ETO in sterilized materials may
cause hemolysis (45).

Allergic Reactions

Type I Hypersensitivity Reaction. The initial report of ETO-ana-
phylactic reactions in patients undergoing long-term hemodialysis
(46) was confirmed by many other investigators in hemodialysis (47—
51), peritoneal dialysis (51,52), plasma, and plateletpheresis (53,54).
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It was shown that ETO was able to react with HSA, and IgE anti-
bodies were directed to the complex formed by ETO and HSA (47,48).
The diagnosis of ETO allergy can be done by skin tests with ETO-
HSA conjugates, ETO-HSA-RAST, and/or histamine release (47,55).
In hemodialysis patients, skin tests are not very sensitive owing to
the decreased skin reactivity of these patients (50,51). Only a frac-
tion of patients with ETO-HSA positive RAST experience anaphy-
lactic reactions (Fig. 5).

Type III Hypersensitivity Reactions. IgG antibodies specific for
ETO have been demonstrated (48,52). They are present often in
hemodialysis patients, but are not associated with symptoms.

Type IV Hypersensitivity Reactions. Type IV reactions of the
contact dermatitis type are relatively frequent. The diagnosis is based
on patch tests that are difficult to perform, since ETO has irritative
properties when used at high concentrations and ETO is a volatile
compound, which should be mixed in petrolatum at a proper con-
centration (<1000 ppm) (56). Ethylene oxide can be polymerized in
several compounds, including polyethylene glycol, and patch tests
to this latter chemical have been found to be positive (57).

Pseudo-Allergic Reactions. Ethylene oxide gas can be extremely
irritating, and irritant reactions should be differentiated from al-
lergic contact dermatitis.

Anatomic Sites of Reaction
Dermatologic Symptoms

The most common dermatologic symptom is contact dermatitis,
which has been reported after occupational exposure in patients
manufacturing ETO (58-60) or ETO-sterilized devices, and after
exposure to face masks, gauze, and prepacked nitrofurazone dress-
ings sterilized by ETO gas (60). Many patients with ETO-HSA-IgE
present a chronic and severe pruritus, which subsides when the steril-
izing agent is replaced. Other dermatologic symptoms are those
of anaphylactic shock and associate generalized urticaria and/or
and angioedema.

Eye Symptoms

In industrial settings, ETO solutions act as vesicant and may
cause conjunctivitis if splashed in the eye (4). Intraocular lenses
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Fig. 5. Incidence of allergic and pseudo-allergic symptoms in a population of
patients undergoing long-term hemodialysis with F-sterilized dialyzers. From
Bousquet et al. (76). ETO, F, and phthalic anhydride were tested by RAST
(Pharmacia Diagnostics).

may be sterilized with ETO, and inflammatory reactions have been
observed and attributed to ETO hypersensitivity (61).

Respiratory Symptoms
Asthma and rhintis are common features of ETO IgE-mediated
allergy. They may be observed alone or in combination with other
symptoms of anaphylaxis. Patients often develop respiratory symp-

toms after the onset of dialysis, but patients who had asthma prior
to dialysis may have an aggravation of their symptoms (49).

Anaphylactic Shock

The majority of ETO IgE-mediated allergic reactions are in the
form of anaphylactic shock of variable severity ranging from minor
symptoms to life-threatening reactions requiring immediate therapy
with adrenaline. In addition to usual anaphylactic symptoms,
patients often describe a sensation of burning or heat throughout
the body or at the vascular access site before systemic symptoms
are manifest. Systemic anaphylaxis may be preceded for some days
or weeks by local urticaria at the site of the injection. These reac-
tions usually start within 30 min after the onset of dialysis.
Eosinophilia is common among ETO-allergic patients. Many patients
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developing ETO-allergic reactions are atopic (50,62). The preva-
lence rate of immediate systemic IgE-mediated reactions among
patients undergoing long-term hemodialysis ranges from 12-42%
(4). These reactions are much less frequent among peritoneal dialysis
populations, repeat plasmapheresis donors (0.0002%), and
plateletpheresis donors (51-54).

In hemodialysis, the majority of anaphylactic reactions are
related to ETO allergy (62,63), especially when new dialy-
zers are used. On the other hand, F allergy is important with
reused dialyzers.

Anecdotal reports have incriminated ETO in anaphylactic
shocks with other devices, but confirmation is still lacking. Stanley
et al. (64) reported several deaths of children who died after open-
heart surgery from shock. When ETO-sterilized tubes were replaced,
such deaths disappeared. Other reports of anaphylactic shocks pos-
sibly resulting from ETO hypersensitivity include exposure to ETO-
sterilized catheters or ETO-sterilized suture materials (65,66).

PREVENTIVE MEASURES

In order to avoid the sensitization of patients and the occur-
rence of symptoms in allergic individuals, the kinetics of release of
ETO from hollow-fiber dialyzers was examined (67). The dearation
and washing of dialyzers show that the ETO content of membranes
decreases rapidly at first and then is followed by a second slower
decrease. Even after prolonged storage time, ETO residual is still
detectable. These residuals need special rinsing to be eliminated
(68). After an initial rinsing with 500 mL of saline at 37°C, Ansorge
et al. (68) proposed the performance of an additional rinsing with
1500 mL and the avoidance of the administration of the rinsing fluid.
Using this technique, Bousquet et al. (50) showed that most of the
ETO-allergic patients could tolerate dialyses without symptoms.
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