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This chapter reviews information regarding
the use of specific antibody determination in the
diagnosis of asthma induced by low-molecular-
weight (LMW) agents. Methods of specific anti-
body determination considered include in vitro
methods such as radioallergosorbent test (RAST)
or enzyme-linked immunosorbent test (ELISA),
and in vivo methods such as allergen skin testing.
LMW agents are defined as those compounds
with a molecular weight < 5000 daltons.'!**

ANALYSIS OF TEST PERFORMANCE

No single test can be relied upon to rule out
or diagnose a medical condition with complete
accuracy. It is therefore necessary to formally
assess the performance of a test and validate its
ability to discriminate between the presence and
absence of disease to determine its place in the
diagnostic armamentarium. Statistical terms used
to describe test performance include sensitivity,
specificity, positive predictive value, and negative
predictive value (Table 1). Sensitivity is the prob-
ability that the diagnostic test is positive in indi-
viduals with the disease. Specificity is the
probability that the diagnostic test is negative in
individuals who do not have the disease. Positive
predictive value is the probability that an indi-
vidual with a positive test result has the disease.
Negative predictive value is the probability that
an individual with a negative test does not have
the disease.
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TABLE 1. Definitions of Sensitivity, Specificity, Positive Predictive Value,
and Negative Predictive Value

Test Result
Disease Negative Positive
Absent A B
Present C D

Sensitivity = D/C + D), Specificity = A/(A + B), Positive predictive value = D/(B + D), Negative predic-
tive value = A/(A + C)

Documentation of these performance characteristics is critical in determining
how a diagnostic test is interpreted. For example, the choice of a threshold value used
to discriminate between a positive and negative test can markedly affect sensitivity
and specificity. In the case of specific antibodies to LMW agents, a high threshold
value might improve specificity but decrease sensitivity, and a lower threshold value
would have the opposite effect. The threshold value chosen should be one which opti-
mizes sensitivity and specificity. Receiver operating characteristic (ROC) curve
analysis is a formal method for identifying such optimal threshold values.

Performance characteristics of a test in predicting the presence of a condition
are related not only to the test itself, but also to the prevalence of the condition in the
population studied. For example, if a condition is present at low prevalence, number
“A” in Table 1 will be markedly greater than number “C.” This will result in a high
negative predictive value (NPV) that may be more related to the low prevalence of
the condition in the population than the ability of the test to rule out the condition.
Another effect of low prevalence of a condition is that even a relatively low rate of
false positive tests can result in number “B” in Table 1 being large in relation to
number “D,” resulting in the test having low positive predictive value (PPV) for the
condition in that population.

Documentation of test performance impacts on how a test is used. For example,
a test that was very sensitive but had only a moderate PPV in the population being
tested might be used to screen for a condition, but individuals with a positive test
would require additional evaluation before a definitive diagnosis could be made. A
test with low sensitivity but high PPV might not be useful for screening, but could
be clinically useful for confirming the presence of disease. A test with high NPV
could be used to help rule out a disease.

Although data allowing analysis of the relationship between presence of spe-
cific antibodies to LMW chemicals and asthma caused by these agents has been col-
lected in research settings and is described in this review (Table 2), results may not
always be applicable to assays that are commercially available. Although similar in
principal, commercially available assays may use substantially different reagents
and procedures from those documented by research units. Use of unstandardized
solid-phase allergens in these tests is a particular problem.!? It is therefore important
that the practitioner be aware that performance characteristics for tests as done in
different laboratories are not necessarily similar.

THEORETICAL PROBLEMS IN DIAGNOSING ASTHMA
INDUCED BY LMW AGENTS THROUGH DEMONSTRATION
OF SPECIFIC ANTIBODIES

Although tests demonstrating the presence of specific antibodies to LMW
agents may have an important adjunctive role in the diagnosis of asthma induced by



TABLE 2. Studies Evaluating Performance of Tests for Specific Antibodies to LMW Agents in Predicting the Presence of Asthma
and Related Conditions.*

Agent Test Population Health Effect Sensitivity Specificity PPV NPV Reference

TMA TMA-HSA IgE ELISA Cross-sectional TMA-induced asthma 100% 93% 19% 100% 17

TMA TMA-HSA IgE ELISA  Longitudinal TMA-induced asthma 90% 94% 56% 99% 17

Acid TMA-HSA, PA-HSA, Historical pro- Symptoms 30% 99% 83% 93% 5
anhydrides maleic acid-HSA spective cohort

skin tests
Platinum salts Prick skin test Historical pro- Symptoms 46% 100% 100% 58% 38
spective cohort

Platinum salts Prick skin test Cross-sectional (+) cold air challenge 45% 90% 33% 93% 2

Platinum saits Prick skin test Cross-sectional (+) cold air challenge 47% 87% 39% 90% 8

Platinum salts Prick skin test Suspected discase (+) methacholine challenge  71% 33% 89% 13% 24

Platinum salts Prick skin test Suspected discase (+) platinum sait challenge  82% 80% 95% 50% 24

Various Isoeyanate-HSA IgE Suspected disease (+) isocyanate challenge 31% 97% 90% 62% 10
isocyanates ELISA

Various Isocyanate-HSA 1gG Suspected discase (+) isocyanate challenge 2% 76% 2% 76% 10
isocyanates ELISA

Isocyanates (TDI) TDI-HSA IgE RAST Suspected discase (+) TDI challenge 3% 97% 50% 46% 19

Isoeyanates (TDI) TDI-HSA IgG RAST Suspected disease (+) TDI challenge 3% 97% 50% 46% 19

Various Isocyanate-HSA IgE Suspected discase isocyanate-induced asthma ~ 28% (Class II) 91% (Class II)  80% (Class I) 48% (ClassII) 34
isoeyanates RAST, Class IV/III 19% (Class III) 98% (Class IlI)  92% (Class III)  47% (Class II1)

Isocyanates (TDI) TDI-HSA IgE ELISA Suspected disease (+) TDI challenge 14% 92% N/A N/A 26

Isocyanates (TDI) TDI-HSA 1gG ELISA Suspected disease (+) TDI challenge 46% 92% N/A N/A 26

Western red Plicatic acid-HSA IgE Suspected disease (+) plicatic acid challenge ~ 44% 100% 100% 50% 35.
cedar RAST

Western red Plicatic acid-HSA IgE Suspected discase (+) plicatic acid challenge ~ 30% ND ND ND 20
cedar RAST

Western red Plicatic acid-HSA IgE Cross-sectional (+) methacholine challenge  17% 95% 46% 82% 36
cedar RAST

Western red Plicatic acid-HSA IgE Longitudinal (+) methacholine challenge 18% 94% 59% 1% 37
cedar RAST

* Sensitivity, specificity, PPV, and NPV calculated from data provided in reference.

HSA = human serum albumin, LMW = low moledular weight, NPV = negative predictive value, PA = phthalic anhydride, PPV = positive predictive value, TDI = toluene diisocyanate, TMA =

trimellitie anhydride.
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these agents, a number of factors adversely impact on the performance characteris-
tics of such tests. Even in asthma induced by production of IgE to well-characterized
high molecular weight (HMW) agents such as house dust mite, demonstration of
specific circulating IgE by RAST or skin test does not perfectly predict the presence
of asthma or response to specific inhalation challenge with allergen.?'** Factors re-
lated to host response, as well as technical factors affecting test performance, might
account for suboptimal test performance in predicting asthma induced by LMW
agents.

From the standpoint of the host response, at least four factors are relevant.
First, although there is a relationship between the presence of specific IgE to an
agent and asthma induced by that agent, atopy (the tendency to produce IgE) and
other characteristics underlying the asthmatic phenotype (such as airways hyperre-
activity) are under different genetic control.?’ Thus, individuals with specific IgE to
an agent may have asthma, a clinical manifestation other than asthma (such as rhini-
tis), or even no symptoms at all. Second, the assumption that antibodies demon-
strated to be present in skin or blood are also present in the airways may not always
be correct. Third, for many LMW agents, the primary mechanism for induction of
asthma may not even be through induction of IgE responses but rather by other as-
yet undetermined mechanisms.!!

Fourth, specific antibodies to LMW agents may be present without disease,
suggesting that such antibodies can simply be biomarkers of exposure to these
agents. For example, in a recent study of workers exposed to 4,4'-diphenylmethane
diisocyanate (MDI), no cases of occupational asthma were documented, yet exposed
workers had significantly greater levels of MDI-specific IgG demonstrated in blood
than was present in workers not exposed to MDI.?* Similarly, a study of car painters
exposed to vapors and aerosols of paints containing prepolymer and monomer of
hexamethylene diisocyanate (HDI) demonstrated a relationship between exposure
and the presence of serum HDI-specific IgG, but not a relationship between respira-
tory symptoms and specific antibodies.*°

An important technical problem in detecting specific antibodies, either by skin
testing or through the use of in vitro methods, is that antigens used for the detection
of antibodies may lack clinically relevant antigenic determinants or contain antigenic
determinants irrelevant to the disease of interest. This is a particular problem for
LMW agents, where test antigens for the detection of specific antibodies are likely
not to optimally parallel those generated in vivo by inhalation exposure.'> In general,
LMW agents induce antibody responses by acting as haptens, combining with target
body proteins to form complete antigen capable of inducing these responses.®
Immunogenic epitopes expressed by such conjugates may either be related to the
LMW agent itself, or the result of new antigenic determinants generated by interac-
tions specific to that particular combination of hapten and carrier protein.'-!6:2242
Although most work has used human serum albumin (HSA) as the carrier protein to
which the LMW agent is coupled for use in immunoassays, actual in vivo target pro-
teins for binding by the LMW agent after inhalation exposure are likely to be proteins
present in the airway, such as those associated with airway epithelial cells.* Using in-
appropriate hapten-carrier protein complexes as test antigens in immunoassays for
LMW agent-specific antibodies could, depending on the individual case, result either
in failure to detect antibodies relevant to the worker’s respiratory disease, or detection
of antibodies irrelevant to the worker’s respiratory disease.

Finally, it should be recognized that performance of tests for specific antibodies
in the diagnosis of asthma induced by LMW agents may differ greatly among agents
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(Table 2). For example, it is well recognized that some LMW agents such as acid an-
hydrides and platinum salts often induce occupational asthma by IgE-dependent
mechanisms. For other agents, such as isocyanates, specific IgE is either not found
or found in only a minority of patients.!! It would be expected that test performance
would be better for the former agents, and worse for the latter agents.

SPECIFIC LOW-MOLECULAR-WEIGHT AGENTS
Acid Anhydrides

The acid anhydrides are a group of reactive, LMW chemicals widely used as
curing agents in the manufacture of epoxy and alkyd resins, which form the base for
paints, varnishes, and plastics.*** Anhydrides causing asthma include phthalic an-
hydride (PA), used in the manufacture of plastics; trimellitic anhydride (TMA), used
in the production of epoxy resins, plastics, and paints; hexahydrophthalic anhydride,
used in electrical transformer production; himic anhydride, used in fire retardant
production; and tetrachlorophthalic anhydride (TCPA), used in epoxy resin produc-
tion. It has long been suspected that specific antibody plays a significant role in in-
duction of asthma by these agents. In the case of phthalic anhydride, a study as early
as 1939 suggested a pathogenic role for reaginic antibody.* A more recent study
documented the ability of serum from a worker with TMA asthma to passively trans-
fer specific bronchial reactivity to TMA to rhesus monkeys.'* An association of
HLA-DR3 with formation of specific IgE against TMA, but not PA, has been
demonstrated in acid anhydride workers.*!

TMA exposure has been reported to be capable of inducing several different
types of immune-mediated respiratory diseases. Immediate-type asthma has been
well documented to be mediated by IgE with specificity for TMA-HSA conju-
gates.!”# Other syndromes associated with the presence of IgG able to be bound by
TMA-HSA conjugates include the late respiratory systemic syndrome, a disease
similar to hypersensitivity pneumonitis; late asthma, an airway response occurring 6
to 12 hours after TMA exposure; and pulmonary disease anemia syndrome, which is
characterized by dyspnea, hemoptysis, pulmonary infiltrates, and anemia.

Specific IgE responses to TCPA were found to be associated with cases of oc-
cupational asthma in workers exposed to epoxy resin powder containing TCPA. that
was used to encapsulate electronic components in a protective plastic coat.'®
Although not a population study, this report documented positive IgE RASTs and
skin prick tests to TCPA-HSA in all 7 of 7 patients referred from a plant to be evalu-
ated for occupational asthma. Occupational asthma was confirmed clinically in 3 pa-
tients, and by specific inhalation challenge with epoxy resin dust and pure TCPA in
4 patients. Mean TCPA-IgE RAST levels were greater in patients than in a group of
exposed controls.

Subsequent findings in 6 of these 7 patients over 12 years of follow-up was re-
cently reported (one died shortly after diagnosis).* TCPA-IgE RAST levels fell
rapidly over the first several years after removal from exposure, but more slowly
after that. A log-log model described the decline in TCPA-IgE RAST levels over
time with an 2 of 0.94. TCPA-IgE RAST skin tests remained positive in all tested
subjects at § years after removal from exposure, but were positive in only 3 of 5 sub-
jects after 12 years.

In contrast to findings supporting a role for detection of IgE-specific antibodies
in the diagnosis of TCPA-induced asthma, a cross-sectional survey of a plant where
epoxy resin containing TCPA was used to manufacture solenoid coils did not find a
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relationship between the presence of TCPA-HSA-specific IgE by ELISA and the
presence of respiratory symptoms.?! However, a large proportion of workers (31%)
had elevated serum specific IgE by TCPA-HSA ELISA which was related to level of
exposure.

A recently reported historical cohort study provides data allowing calculation
of the performance of acid anhydride (AA)-HSA skin tests in predicting work-re-
lated respiratory symptoms (assessed by questionnaire).” Workers were recruited
from four factories where acid anhydrides were used, including PA, TMA, and
maleic acid. The cohort was drawn from all workers who had started to work in an
area where acid anhydrides where used and continued to work there for > 1 month.
In two of the plants, the retrospective period evaluated was 32 years, while in the
other two plants the period was 13 years. Out of a target population of 506 workers,
data are presented relating symptoms and AA-HSA skin test results for 366 work-
ers. Many had left work by the time of evaluation, but duration away from work,
which might have affected sensitivity,* is not documented. Nine percent (33/366)
reported new work-related respiratory symptoms; 3% (12/366) had positive AA-
HSA skin tests. Eight of the 12 workers with positive skin tests came from a single
factory where only TMA was used. AA-HSA skin tests predicted work-related res-
piratory symptoms with a sensitivity of 30%, specificity 99%, PPV 83%, and NPV
93%.

A recent study of workers involved in the manufacture of TMA documents the
performance characteristics of an ELISA detecting serum IgE specific for TMA-
HSA conjugate in evaluating the presence of occupational asthma caused by
TMA.'7 A cross-sectional survey of 181 workers in 1990 lead to clinical documen-
tation of asthma (apparently based on interview by the plant nurse, but details are
not provided) in 3 workers, and a positive ELISA for TMA-specific IgE in 16 work-
ers. The sensitivity of the assay in detecting prevalent TMA-asthma was 100%, the
specificity 93%, the PPV of the assay 19%, and the NPV of the assay 100% (fig-
ures presented here differ from the original report, in which the table presenting
this data is mislabeled). Of these subjects, 119 were followed over the next 5 years.
These subjects included all 16 with a positive ELISA for TMA-specific IgE at base-
line; within 3 years an additional 6 of these workers developed asthma, bringing the
total to 9. Only 1 of 103 workers without TMA-specific IgE developed asthma
during this time period. Overall, the sensitivity of the ELISA for TM A-specific IgE
in predicting asthma over the next 5 years was 90%, specificity 94%, PPV 56%,
and NPV 99%.

Thus, although numbers of cases were relatively small, the evaluated assay for
TMA-specific IgE had high sensitivity for prevalent and incident TMA-induced oc-
cupational asthma in TMA-exposed workers. The PPV was not as good, so workers
positive for TMA-specific IgE would require additional evaluation before TMA-in-
duced asthma could be diagnosed. However, in view of the high sensitivity of the
assay, it appears to have potential for use as a screening tool in TMA-exposed work-
ers. However, data are limited, so firm recommendations about the utility of assess-
ment for TMA-HSA-specific IgE cannot be made at this time. Finally, in view of
extremely limited data, the role of specific IgE determination in diagnosis of asthma
caused by other acid anhydrides also remains to be defined.

Platinum Salts
Platinum salts are well known for their ability to induce IgE-sensitization and
IgE-mediated allergic disease in exposed workers.>#%>+25 Qccupational asthma,
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rhinitis, conjunctivitis, and eczema all have been described in workplaces associated
with platinum exposure, including platinum refineries and catalyst production
plants. Risk of IgE sensitization is strongly related to cigarette smoking and is highly
associated with the presence of symptoms compatible with platinum salt allergy.

IgE-sensitization to platinum salts can be demonstrated by skin prick test, cir-
cumventing problems associated with in vitro tests for platinum-specific IgE.
Although in vitro tests can be performed, reported performance relative to prick skin
test has been variable. For example, in one report only 23 of 38 workers with posi-
tive platinum salt skin tests identified in a cross-sectional survey of South African
platinum refinery workers also had positive RASTs to platinum-HSA. Furthermore,
16 of 268 skin test negative workers also had positive RASTs.?’ By contrast, in a
survey of a platinum refinery in the U.S., 20 of 22 platinum skin test positive sub-
jects also had elevated levels of platinum-specific IgE demonstrated by RAST.
However, 8 of 94 skin test negative workers also had positive RASTs.?

Performance of platinum skin prick tests in discriminating between those with
and without symptoms,3® positive reactions to cold air challenge,?? methacholine
challenge,? and specific inhalation challenge using platinum salt* all have been de-
scribed in sufficient detail to calculate sensitivity, specificity, PPV, and NPV. One
report is a historical prospective cohort study from which relationships between plat-
inum test results and “symptoms” (predominantly respiratory symptoms and clinical
diagnoses of asthma derived from plant medical records) can be calculated.?® In this
study, a cohort was defined as workers entering employment over a 2-year period as
chemical process operators in platinum group metals refineries. They were followed
either until leaving refinery work, or until the end of the study 7 years later,
whichever came first. Skin prick tests with platinum salts were carried out on all re-
finery workers every 3 to 6 months. Out of a potential group of 112 workers identi-
fied, data for skin tests and symptoms are available to allow calculation of test
performance for 84 workers: 26% (22/84) developed positive skin tests; 57% (48/84)
developed symptoms. Platinum salt skin testing predicted symptoms with a sensitiv-
ity of 46%, specificity 100%, PPV 100%, and NPV 58%.

Two reports2® detail cross-sectional evaluation of platinum refinery workers in
the U.S. with platinum salt skin testing and assessment of nonspecific bronchial hy-
perreactivity by cold air challenge. Because of a high rate of termination from em-
ployment due to suspected platinum salt sensitivity, both current and terminated
employees (average duration since termination from employment of 5 years) were
evaluated. Considering only current employees,” platinum skin test predicted a posi-
tive response to cold air challenge with a sensitivity of 45%, a specificity of 90%, a
PPV of 33%, and a NPV of 93%. Considering both current and terminated employ-
ees,? test performance in predicting a positive response to cold air challenge was
similar: sensitivity 47%, specificity 87%, PPV 39%, and NPV 90%. The investiga-
tors also reported similar sensitivity and specificity of the platinum skin test in iden-
tifying workers with asthma symptoms of 35% and 69%, respectively.

Interestingly, in a follow-up evaluation performed one year later, 3 of 4 workers
with a positive cold air challenge but a negative platinum salt skin test converted
their skin test to positive. In contrast, only two of 63 workers with negative cold air
challenges and negative skin tests converted their skin tests to positive. Thus, in
some cases, nonspecific airways hyperreactivity preceded the development of plat-
inum-specific IgE demonstrable by skin test.?

A study of German platinum refinery workers? assessed responses to platinum
salt skin testing, nonspecific bronchial hyperreactivity by methacholine challenge,



392 WEISSMAN, LEWID

and antigen-specific reactivity to bronchial provocation tests with platinum salts.
The study population was quite different from that of the previously-cited U.S. stud-
ies2$ in that evaluated platinum workers were all symptomatic individuals referred
to a pulmonary department by the Ministry of Social Welfare. A total of 35 such
symptomatic workers were referred over the 7 years between February, 1983 and
February, 1990. Twenty-seven underwent platinum salt skin testing, methacholine
challenge, and bronchial provocation with platinum salts. In this population, plat-
inum salt skin testing predicted nonspecific bronchial hyperreactivity to metha-
choline with a sensitivity of 71%, specificity 33%, PPV 89%, and NPV 13%.
Performance in prediction of a positive response to bronchoprovocation with plat-
inum salts was somewhat better, with a sensitivity of 82%, specificity 80%, PPV
95%, and NPV 50%.

Thus, due to low sensitivity in predicting symptoms or bronchial hyperreactiv-
ity, platinum salt skin testing alone does not appear to have optimal performance
characteristics for use in screening for asthma in platinum refinery workers.>83% PPV
in platinum refinery workers also has been variable, so the implications of a positive
test in this population are not completely clear. In view of moderate sensitivity and
high PPV in predicting the outcome of bronchial challenge with platinum salts, plat-
inum salt skin testing does appear to be potentially useful in confirming the presence
of platinum-induced occupational asthma in symptomatic workers where there is a
high clinical index of suspicion.?* However, NPV is poor, so a negative skin test
would not rule out platinum-induced occupational asthma.

Isocyanates

Isocyanates are highly reactive chemicals used in the production of
polyurethane foams, elastomers, adhesives, vamishes, coatings, and paint hardeners.
In the U.S,, it is estimated that over 100,000 workers are exposed to isocyanates
each year. These chemicals are both irritative and among the most common inducers
of occupational asthma.*6283* The three most commonly used diisocyanates include
toluene diisocyanate (TDI), 4,4'-diphenylmethane diisocyanate (MDI), and hexa-
methylene diisocyanate (HDI). In applications such as painting, use of MDI and
HDI has become far more common in recent years, as they have lower vapor pres-
sures than TDI.

Problems in the use of specific antibody responses to predict isocyanate-in-
duced asthma were noted previously and include induction of antibodies simply by
exposure, rather than disease,’*? problems in generating appropriate antigens for
use in assays,'>* and the issue that isocyanates may not induce asthma primarily via
an antibody-mediated mechanism.36.11.28

Current evidence suggests that generation of specific IgE does not underlie the
bulk of isocyanate-induced asthma, in that only 10-30% of symptomatic isocyanate
workers have detectable levels of circulating IgE antibodies to diisocyanate-HSA
conjugates.”® Other immunologic mechanisms, such as T-cell-mediated processes,
may more frequently underlie isocyanate asthma.>628 Recent data such as infiltration
of the airway with T cells after isocyanate challenge in sensitive workers® and prob-
able increased usage of V1 and V35 variable P gene segments in T-cell receptors of
isocyanate-specific T cells” support the likely important role of T cells in mediating
isocyanate asthma. If not linked to pathogenesis, presence of specific antibodies
might not predict T-cell-mediated asthma.

Despite these theoretical problems, several studies have evaluated the ability of
isocyanate-specific antibody determination to predict positive responses to isocyanate
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challenge in symptomatic workers felt likely to have isocyanate asthma. 0193 In the
study of Cartier et al., subjects were workers referred for evaluation with specific in-
halation challenge in a tertiary care center.'® Subjects had been exposed at work to
TDI, HDI, or MDI. Isocyanate-specific IgE and IgG were measured in serum by
ELISA using the appropriate isocyanate-HSA conjugate as solid phase antigen.
Bronchial challenge was carried out using the appropriate isocyanate. Tests for iso-
cyanate-specific IgE were predictive for a positive specific bronchial challenge with
a sensitivity of 31%, specificity of 97%, PPV of 90%, and NPV of 62%. Tests for
isocyanate-specific IgG had a sensitivity of 72%, specificity 76%, PPV 72%, and
NPV 76%. Of note is that all individuals positive for specific IgE also were positive
for specific IgG. In a follow-up study using sera from these same individuals'® iso-
cyanate-specific IgE and IgG were measured by ELISA, with results expressed as an
index of color development relative to negative control sera. Mean ELISA IgG-index
was greater in workers with positive bronchial isocyanate challenges than in workers
with negative challenges. A similar trend was noted for ELISA IgE-index.
Unfortunately, numbers of positive and negative tests in the challenge-positive and
challenge-negative groups are not specifically stated, so sensitivity, specificity, PPV,
and NPV of the reported ELISA cannot be calculated.

The study of Karol et al.'® evaluated individuals felt to be sensitized to TDI. IgE
determination was by RAST, and IgG determination was by ELISA, in both cases
using TDI-HSA as the antigen bound to solid phase. Subjects also underwent spe-
cific bronchial challenge with TDI. Of a total of 63 subjects, 34 had positive re-
sponses to TDI bronchial challenge, 2 were positive for isocyanate-specific IgE, and
2 were positive for specific IgG. No subjects were positive for both IgE and IgG. For
both IgE and IgG, one positive subject had a positive bronchial challenge with TDI,
and one did not. Thus, determination of isocyanate-specific IgE predicted positive
response to TDI bronchial challenge had a sensitivity of 3%, specificity 97%, PPV
50%, and NPV 46%. Performance characteristics for determination of isocyanate-
specific IgG were identical.

The study of Tee et al.* also evaluated symptomatic workers referred for evalu-
ation at a tertiary care center. Workers had been exposed to a variety of isocyanates.
Antibody determination was performed using a commercially-available RAST
system (Phadebas RAST, Pharmacia and Upjohn Ltd., Uppsala, Sweden) with
RASTs performed to TDI-HSA, MDI-HSA, and HDI-HSA. Objective documenta-
tion of isocyanate-induced occupational asthma was either by bronchial challenge
using the appropriate isocyanate, or ambulatory peak flow monitoring at and away
from work. Performance characteristics of isocyanate-specific IgE determination in
serum to predict a diagnosis of isocyanate-induced occupational asthma were deter-
mined using a lower (Class II) and a higher (Class III) threshold value to define
RAST positivity. Using the Class II threshold, sensitivity was 28%, specificity 91%,
PPV 80%, and NPV 48%. Using the Class III threshold, sensitivity was 19%, speci-
ficity 98%, PPV 92%, and NPV 47%.

Park et al.? evaluated the prevalence of specific IgE and IgG antibodies to TDI-
HSA as determined by ELISA in symptomatic TDI workers from the same work
place with (n = 50) and without (n = 13) positive responses to bronchial provocation
with TDI. It is unclear whether the study subjects represent a random sample of
symptomatic workers. Thus, sensitivity and specificity for the ability of antibody
testing to predict response of symptomatic workers to specific bronchial challenge
can be calculated from this study, but PPV and NPV cannot. TDI-HSA IgE ELISA pre-
dicted response to TDI bronchial challenge with a sensitivity of 14% and a specificity
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of 92%. TDI-HSA IgG predicted response to TDI bronchial challenge with a sensi-
tivity of 46% and a specificity of 92%.

Thus, studies in symptomatic isocyanate-exposed individuals in which there is
a high clinical index of suspicion for isocyanate-induced occupational asthma sug-
gest that tests for isocyanate-specific IgE have low sensitivity for the condition. Two
studies!'®3* suggest that, despite low sensitivity, the test has good PPV; and one
study'® suggests poor PPV. Thus, due to poor sensitivity, testing for isocyanate-spe-
cific IgE does not currently appear to have promising performance characteristics
for use as a screening tool for isocyanate-induced occupational asthma. It may still
have usefulness as a confirmatory test for individuals in whom isocyanate-induced
occupational asthma is suspected, but due to conflicting published data this issue re-
mains to be resolved.

Several studies demonstrate that isocyanate-specific IgG can be detected in ex-
posed individuals in the absence of asthma.?#° Thus, determination of isocyanate-
specific IgG would appear to have potential usefulness as a biomarker of exposure,
but its precise role remains to be determined.

Western Red Cedar (Plicatic Acid)

Occupational asthma caused by western red cedar (WRC; Thuja plicata) is a
common problem in sawmill industries of the North American Pacific Northwest
and has been studied extensively by investigators at the University of British
Columbia, Vancouver, Canada.'*!5.20.35.36.37 Asthma occurs in approximately 5% of
exposed workers and is thought to result from sensitization to plicatic acid (PA) a
LMW organic compound which constitutes 40% wt/wt of cedar dust. Controlled
bronchial challenge with PA induces objective asthmatic responses in individuals
with WRC asthma, including immediate, late, and dual reactions.

Only a minority of individuals with WRC asthma have demonstrable serum IgE
with specificity for PA-HSA conjugate.?%3> Similar considerations as those noted for
isocyanates might explain this finding. As is the case for other LMW agents, it is not
clear that conjugation to HSA provides the optimal antigen for use in immunoas-
says. In addition, it is unclear what proportion of individuals with WRC asthma, if
any, have disease that is mediated by IgE. In this regard, one report documented that
PA was able to cause basophil histamine release in peripheral blood cells from sub-
jects with WRC asthma but did not induce basophil histamine release by cells from
controls. However, the histamine release did not appear to be mediated by IgE.!

As is the case for isocyanates, mediation of WRC asthma by T cells also has
been suggested as an explanation for lack of PA-specific IgE in many WRC asthma
patients. A report has documented significant proliferative responses of peripheral
blood mononuclear cells to PA-HSA (defined as a stimulation index of greater than
2) in 24% (8/33) of WRC asthma patients, but in none of 10 exposed nonasthmatic
workers and only one of 18 nonasthmatic controls.'S Although the proportion of in-
dividuals with detectable serum IgE to PA-HSA was not reported, it was suggested
that in at least some of these patients, WRC asthma might be mediated by T cells.

Several studies provide data that can be used to estimate performance charac-
teristics of PA-HSA RAST for specific IgE in predicting the presence of WRC
asthma.20333637 The study of Tse et al. assessed for specific IgE against PA-HSA in
the sera of 28 workers suspected to have WRC asthma and referred for evaluation by
their personal physicians.? In 18 of these workers, the diagnosis was confirmed by
bronchial challenge with PA. Ten workers did not react to bronchial challenge with
PA. Eight of the 18 workers with diagnostic bronchial challenges, and none of the 10



15 SPECIFIC ANTIBODY LETERMINATION LJIAGNOSTIC FOR ASTHMAY 395

workers with negative bronchial challenges, were found to have elevated PA-HSA
RAST values. Thus, in this study, PA-HSA RAST predicted a positive bronchial
challenge response to PA with a sensitivity of 44%, specificity 100%, PPV 100%,
and NPV 50%.

The study of Lam et al. confirmed poor sensitivity of PA-HSA IgE RAST in
predicting positive bronchial challenge with PA in symptomatic red cedar workers.2
In this study, PA-HSA IgE was assessed only in subjects with WRC asthma con-
firmed by bronchial challenge with PA. Of such workers, only 13 of 44 were noted
to have significantly elevated RASTs, for a sensitivity of only 29.5%. Since only in-
dividuals with positive PA challenges were studied, specificity, PPV, and NPV
cannot be determined from this report.

A large cross-sectional study of a single sawmill conducted by Vedal et al.
allows estimation of the ability of PA-HSA RAST to predict positive responses to
methacholine challenge in red-cedar sawmill workers.** Unfortunately, data used to
make these calculations are derived from only 477 of the 625 workers who had PA-
HSA RAST performed, as 148 workers did not undergo methacholine challenge, at
least in part due to exclusion criteria. However, the prevalence of RAST positivity in
workers not undergoing methacholine challenge (5%) was not significantly different
from that in workers undergoing methacholine challenge (7%). Using data from the
477 workers undergoing both procedures, the PA-HSA RAST predicted positive
methacholine challenge results with a sensitivity of only 17%, specificity 95%, PPV
46%, and NPV 82%. Additional findings of note were that neither PA-HSA RAST
positivity nor hyperresponsiveness to methacholine were associated with atopy, and
that, independent of its association with bronchial hyperreactivity, RAST positivity
was not associated with asthma.

Vedal et al. followed the population noted above longitudinally over a 2-year
period and reported results that can be used to calculate the ability of PA-HSA
RAST to predict positive responses to methacholine challenge in red-cedar
sawmill workers during the subsequent 2 years.?” Unfortunately, due to large lay-
offs at the sawmill, only 227 workers are identified as having both determination
of PA-HSA RAST and at least two methacholine challenges during three surveys
over the 2-year period. PA-HSA RAST positivity predicted positive methacholine
challenge at any survey with a sensitivity of 18%, specificity 94%, PPV 59%, and
NPV 71%.

In summary, currently available data suggests that measurement of specific IgE
by PA-HSA RAST has poor sensitivity for the detection of WRC asthma. Thus, mea-
surement of specific IgE by PA-HSA RAST does not appear to have promise for use
in medical screening of red cedar workers for WRC asthma. Data regarding the utility
of the test in evaluating symptomatic workers is limited, but the reported high PPV
for response to specific bronchial challenge in this population suggests some clinical
potential for use in confirming the presence of WRC asthma in symptomatic workers.
However, insufficient data exists to make firm recommendations about the usefulness
of PA-HSA IgE RAST at the current time. Furthermore, in view of poor NPV, a neg-
ative test cannot be used to rule out WRC asthma in symptomatic workers.

CONCLUSION

For a medical test to be used effectively and appropriately, it is important to un-
derstand its performance characteristics. For example, a test with poor sensitivity is
not ideal for use in medical screening, even if it has a high PPV. Performance char-
acteristics of tests for antibodies specific to LMW agents in predicting asthma
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caused by these agents differ greatly, depending on the specific LMW agent studied
and the prevalence of asthma induced by that agent in the study population. In gen-
eral, current published data supporting the use of tests to detect specific IgE and IgG
to LMW agents in the diagnosis of occupational asthma caused by these agents is
limited and inconclusive.

However, a few general statements can be made. The most promising data sup-
porting use of a test for medical screening is for TMA-HSA IgE ELISA. Data assess-
ing performance of tests measuring IgE and IgG to isocyanates and PA generally have
shown poor sensitivity in predicting occupational asthma even in symptomatic ex-
posed workers, so these tests appear unsuited for use in medical screening. Whether
measuring specific antibodies to isocyanates and PA in symptomatic workers where
occupational asthma is clinically suspected can be used to confirm disease remains
unclear. A variety of factors related to the biology of asthma induced by isocyanates
and PA and the technology of test performance might underlie poor sensitivity and in-
consistent performance of these tests. In the case of isocyanates, determination of
antigen-specific IgG might have some utility as a biomarker of exposure.
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