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Occupational Asthma Caused by Chromium and Nickel
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We report the case of a 40-year-old woman who developed
occupational asthma following exposure to chromium and
nickel in the nickel plating section of a metalworks company.
Skin prick tests for specific antibodies proved positive
for nickel chloride at a concentration of 1 mg/mL and
negative for potassium dichromate. The specific bronchial
provocation test confirmed the diagnosis of occupational
asthma due to exposure to chromium and nickel. The patient
presented a late positive reaction to nickel chloride (0.1
mg/mL) and an immediate positive reaction to a 10 mg/mL
solution of potassium dichromate. These results indicate a
dual response to nickel and chromium in this patient.
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Asma ocupacional inducida por cromo y niquel

Se describe el caso de una paciente de 40 afios que desa-
rrollé6 asma ocupacional tras la exposicion a cromo y a ni-
quel mientras realizaba recubrimientos de niquel en una
empresa metalirgica en la seccion de niquelado. Las prue-
bas cutaneas especificas resultaron positivas a cloruro de ni-
quel a una concentracion de 1 mg/ml y negativas a dicroma-
to potasico. La prueba de provocacion bronquial especifica
confirmo el diagnostico de asma ocupacional debida a la ex-
posicion a cromo y a niquel, presentando la paciente una
respuesta positiva tardia a una concentracién de 0,1 mg/ml
de cloruro de niquel, y una respuesta positiva precoz con
una solucion de 10 mg/ml de dicromato potasico. Estos re-
sultados indican una doble sensibilizacion a niquel y cromo
es esta paciente.
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Introduction

Occupational asthma (OA) is a disease characterized
by variable restrictions in airflow and/or by bronchial
hyperresponsiveness to the conditions of a specific
working environment.! The trigger mechanism may be
immunological or nonimmunological. Immunological
OA is characterized by a latency period prior to the
initiation of symptoms; it is not known whether this
kind is mediated by a mechanism that depends on
immunoglobulin (Ig) E antibodies or by other non-IgE-
dependent mechanisms, some of which are as yet
unknown.? Nonimmunological asthma has traditionally
been associated with reactive airway dysfunction
syndrome, which is caused by an irritation that develops
in response to exposure to high concentrations of
irritant gases, fumes or vapors.’> This form of OA is
characterized by the appearance of asthma symptoms in
the hours immediately following inhalation.'
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Exposure to chromium and nickel during industrial
electroplating processes is a recognized although poorly
characterized cause of OA.** Electroplating, which
consists of the application of a metallic coating using
metal salts, is a process that releases fumes. In the case
of chromium these fumes generate a large quantity of
chromic acid aerosols; in the case of nickel, fumes are
produced in smaller amounts.* Even though the working
population exposed to chromium and nickel is
significant and dermatitis caused by these agents is a
very common occurrence,’ the prevalence of OA
caused by these metals is, in fact, low.*%25 Even lower is
the prevalence of OA caused by exposure to both
chromium and nickel.*!*16

This case report describes a patient whose diagnosis
was confirmed by a specific bronchial provocation test
and whose symptoms would indicate a case of OA
caused by nickel and chromium. We also review the
subject, in view of both the few cases that have been
reported and of the lack of knowledge of the disease.

Clinical Observations

We report the case of a 40-year-old woman with a
smoking history of 20 packet-years, with no other
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Figure 1. Specific bronchial provocation -50
test for nickel. A late asthmatic reaction [ I
can be observed, with a maximum fall of 0 0.4
25% in forced expiratory volume in 1
second (FEV,) 8 hours after exposure to
0.1 mg/mL of nickel chloride.

history of alcohol or drug abuse, and with no relevant
medical history. She had been working in a metalworks
company for 3 years, stationed in the nickelplating area,
which was located next to, but not physically separated
from, the chromium area. For about a year she had
had symptoms of predominantly nocturnal wheezing,
coughing, and dyspnea, which improved at the
weekends and during holidays. At one point she was
admitted to hospital for a bronchospasm episode; when
she returned to work the symptoms reappeared and so
she was once again granted sick leave. From this point
on she experienced no new episodes.

A physical examination and blood tests were normal,
and total serum IgE titers were 59 U/mL. Chest
radiographs were normal, and skin tests with common
pneumoallergens proved negative. Lung function was
within normal limits, with a forced vital capacity of
4.17 L (114%), forced expiratory volume in 1 second
(FEV)) of 331 L (115%), FEV,% of 79%, and a
negative bronchodilator test. A methacholine challenge

test proved negative, with a provocative concentration
causing a 20% fall in baseline FEV, of over 16 mg/mL.
It was not possible to record peak expiratory flow in the
workplace as the patient was on sick leave.

Following the recommendations of Bright et al*
specific skin tests were conducted with saline solutions
of nickel chloride and potassium dichromate at
concentrations of 1 mg/mL and 10 mg/mL, respectively;
results were positive for nickel chloride and negative for
potassium dichromate. A suspicion of OA prompted
bronchial provocation tests for nickel and chromium,
again conducted in accordance with Bright et al* A
solution of 0.1 mg/mL of nickel chloride was nebulized
using a de Vilbiss 646 nebulizer (de Vilbiss Co, Somerset,
Pennsylvania, USA) with a compressed airflow of 8
L/min. FEV, data were recorded every 10 minutes in the
hour immediately following the tests and hourly for the
next 11 hours. The patient presented with a late asthmatic
response to this nickel chloride concentration in the form
of coughing and dyspnea, bronchospasm signs on
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Figure 2. Specific bronchial provocation - 4— 10 mg/mL
test for chromium. An immediate
asthmatic reaction can be observed, with 0
a maximum fall of 22% in forced -5 1T 1 1 1T 1T 17T 17T 1T T T T T T T T T TT
expiratory volume in 1 second (FEV,) 20 0 0.4 0.8 2 4 6 8 10 12 24
minutes after exposure to 10 mg/mL of Hours
potassium dichromate.
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examination, and a maximum fall of 25% in FEV, after §
hours (Figure 1). Induced sputum samples were obtained
prior to conducting the nickel provocation test and in the
24 hours immediately following a positive finding. The
samples showed increases of 9% and 2% in neutrophils
and eosinophils, respectively.

Three weeks later the bronchial provocation test
was performed for chromium using the same method.
The protocol consisted of nebulizing 0.1 mg/mL, 1
mg/mL, and 10 mg/mL of potassium dichromate
solutions on successive days. The patient developed an
early asthmatic response to the 10 mg/mL solution,
with the same symptoms as for nickel, and with a
maximum fall of 22% in FEV, after 20 minutes; after
that she subsequently gradually recovered (Figure 2).
Given the possibility that this reaction was related to
an irritant effect, the same specific provocation was
conducted on a healthy volunteer exposed to the same
inhaled concentration of metals as the patient, with
negative results.

The patient was diagnosed with OA caused by
exposure to nickel and chromium, and was advised to
avoid these metals. Since then she has remained
asymptomatic, and has required neither treatment in an

emergency unit nor admission to hospital. Her lung
function, moreover, is within normal limits.

Discussion

OA that develops as the result of the inhalation of
metals is not widely recognized. Correct diagnosis
requires a confirmation that the patient indeed has
asthma, as exposure to metals may trigger other illnesses,
such as pneumonitis or chemical tracheobronchitis,
chronic obstructive pulmonary disease, alveolitis or
metal fume fever. It is also important to rule out other
possible exposures, given that there are many other
agents in metal-based industrial processes that may
cause OA, such as isocyanates, sulfur oxide, chlorami-
ne, etc.’

Recently published data for France, Canada, the
United Kingdom, and Spain indicate that OA caused by
exposure to metals may represent between 0.8% and
6.3% of all diagnosed cases of OA.2*% The metals most
likely to contribute to the development of OA are
platinum, aluminium, chromium, palladium, and nickel,
although vanadium, cobalt, zinc, silver, and cadmium
also trigger this disease process.® Despite the fact that

TABLE 1
Specific Diagnostic Tests for Nickel (Literature Review)”
Skin Tests
Authors, y N Specific IgE Test SBPT
Prick Test Patch Test
Sunderman & Sunderman,® 1961 1 ND + ND ND
McConnell et al,’ 1973 1 + + ND; immediate: — + (late)
Malo et al,'’ 1982 1 + ND + + (early)
Block & Yeung,'' 1982 1 + —t ND; immediate: — + (early)
Novey et al,'? 1983 1 - ND + + (dual)
Malo et al,” 1985 1 - ND - + (late)
Davies,'* 1986 3 ND ND ND ND
Estlander et al,"® 1993 1 + - + + (late)
Bright et al,* 1997 2 1(+),1() ND ND 2 + (late)
Sastre et al,'® 2001 1 + ND + + (dual)
Hauteclocque et al,'” 2002 1 ND + ND + (late)f
“Ig indicates immunoglobulin; ND, not done; SBPT, specific bronchial provocation test.
tPatch test performed using dust collected at workplace. $SBPT performed for a mix of cobalt and nickel.
TABLE 2
Specific Diagnostic Tests for Chromium (Literature Review)”
Authors, N Skin Tests Specific SBPT
Y Prick Test Patch Test IgE Test
Novey et al,'? 1983 1 - ND + + (early)
Moller et al,'® 1986 1 — — ND + (late), late anaphylactic reaction
Olaguibel & Basomba,'” 1989 5 - + ND 1 + early, 3 + dual
Park et al,?* 1993 4 2(+),2 ()T 2,20t ND 1 + early, 3 + dual
Nemery et al,>' 1995 1 + ND ND + early
Shirakawa & Morimoto,? 1996 1 ND + + + early
Bright et al,* 1997 7 2 (+) ND ND 2 + early, 4 + dual, 1+ late
de Raeve et al,>® 1998 1 ND ND ND + late
Leroyer et al,** 1998 1 ND - ND + early
Sastre et al,'® 2001 1 + ND + + dual
Lockman,” 2002 1 + ND ND + (not reported)

“Ig indicates immunoglobulin; ND, not done; SBPT, specific bronchial provocation test.

tPositive results in one test are negative in the other.
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chromium and nickel are used in a wide range of
industrial processes, the proportion of OA cases
attributable to these metals is unknown. As far as we are
aware, there are 11 articles each in the literature
describing cases of sensitization to nickel**!'” and to
chromium.*'>16.18-25 Tables 1 and 2 summarize the main
features of these studies in terms of skin testing, specific
IgE testing and specific bronchial provocation testing.

The particular symptoms and work circumstances of
our patient indicated a possible diagnosis of OA caused
by nickel that was confirmed by the positive results
of additional tests performed, which included skin tests
and a specific bronchial challenge test. In view of the
possibility for transferring the patient to another work
station and given the fact that chromium fumes were
present in all parts of the plant, a bronchial provocation
test for chromium was also performed. The positive
result confirmed that our patient was sensitized to
chromium as well as to nickel. Although double
sensitization has been described for other agents such as
enzymes and animal proteins,’**' and for 3 patients
exposed to nickel and chromium,*'? the possibility of
cross reactivity between these metals has been postulated
by Sastre et al.'® Nonetheless, our patient’s particular
response to the specific provocation tests would indicate
the development of a double sensitization following
exposure to both metals. Moreover, the fact that bronchial
provocation tests were positive for nickel and chromium at
concentrations of 0.1 mg/mL and 10 mg/mL, respectively,
is an indication that our patient’s principal sensitization
is to nickel-as was suggested by Bright et al* in relation
to one of their patients.

The mechanism through which patients become
sensitized to these metals is disputed. Some authors
have postulated the existence of an irritant mechanism
due to the high oxidation capacity of these metals, given
that these play important roles in catalyzing biological
oxidation reactions.’> Other authors, however, have
suggested that, acting as haptens, these metals may
trigger the development of an IgE-dependent
immunological mechanism.*® The literature includes 14
reported cases*®!7 of nickel-induced OA (Table 1);
specific skin prick tests were performed for 9 of these
patients and positive results were obtained for 6 patients
(67%).4°-131516 Moreover, serum specific IgE values
were positive for 4 out of 5 of these patients.'%!213.15.16
Of the 10 patients who underwent the inhalation
challenge test, 2 presented an early reaction,'®!! 6 a late
reaction,”!>'>17 and 2 a dual reaction.'>'® Observed in 2
out of 3 of the patients, moreover, was an increase in
bronchial hyperresponsiveness to methacholine or
histamine following the specific test.!®!!3 These reports
would seem to support the argument that, in most
patients, OA develops through an IgE-dependent
immunological mechanism. In our patient, the positive
skin prick test and the 2% increase in eosinophils in
induced sputum would be consistent with this
hypothesis. Note that an increase in induced sputum
eosinophil counts was also reported by Sastre et al.'®

Although chromium as a metal is not allergenic, its
salts are and consequently have been widely researched

as a cause of contact dermatitis.>” As for OA caused by
chromium, 24 cases have been reported to date®!>!6:18-25;
in 7 out of 12 of these patients (58%) the skin prick test
was positive*!216182125. moreover, high levels of
specific IgE were found in the 3 patients on which this
test was performed.'>!¢22 A  specific bronchial
provocation test was performed in all 24 patients in
question, with an early response observed in 8§
patients,*!>12224 3 _dual response in 10 patients,*!%1%20
and a late response in 5 patients.*!%!1%2% (For 1 patient
the type of reaction was not recorded.”) As with nickel,
it seems that an IgE-dependent immunological
mechanism may explain most of the cases described. In
our case, skin tests with chromium were negative and
an early reaction was observed to the provocation test.
A control subject had a negative challenge test, ruling
out the possibility of an irritant mechanism. Note that
our patient received a higher dose of chromium than of
nickel-a similar dose to that used by Bright et al* and a
lower dose than that used by Sastre et al.'®

In conclusion, our studies of the patient described
indicate a probable diagnosis of double sensitization to
nickel and chromium, although we can not entirely rule
out the possibility of cross reactivity occurring between
these 2 metals. The results obtained for the skin,
specific bronchial provocation, and induced sputum
tests support the hypothesis put forward by other
authors of a possible IgE-dependent immunological
mechanism being the trigger for this kind of OA.
However, we cannot rule out the possibility of other
pathogenic mechanisms being responsible for OA.
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