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Objective: We reviewed published data describing use of beryllium
lymphocyte proliferation testing (BeLPT) to determine the appropriateness of
BeLPT for screening asymptomatic individuals. Methods: Published studies were identified by computerized literature searches and hand searches of
relevant bibliographies and cited references. Critical assessment of evidence
focused on five elements essential to judging effectiveness of preventive
services: 1) burden of suffering, 2) accuracy and reliability of screening tests,
3) effectiveness of early detection, 4) harms of screening, and 5) benefits
outweighing harms. Results: Important gaps and deficiencies in the
evidence were found. The prevalence of beryllium sensitization and
chronic beryllium disease in asymptomatic individuals are unknown.
The accuracy and reliability of BeLPT are uncertain. Marked intraand interlaboratory variability has been reported. The clinical benefits of
early intervention have not been confirmed or quantified in asymptomatic individuals. Conclusions: There is currently insufficient scientific
evidence to support the use of BeLPT for routine screening of asymptomatic individuals. (J Occup Environ Med. 2006;48:937–947)
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he use of the beryllium lymphocyte
proliferation test (BeLPT) as a screening test for persons without signs or
symptoms of disease has been proposed as a means of identifying individuals with chronic beryllium disease
(CBD) at an early stage based on the
presumption that early therapeutic interventions might prove more effective. The logic of adopting BeLPT for
screening purposes is that it serves to
identify a subgroup in whom the likelihood of a diagnosis of CBD is substantially increased. In other words,
BeLPT might usefully identify asymptomatic individuals at increased risk
of developing clinically significant
disease.
Although intuitively attractive, the
correctness of that testing logic has
not been established. Concerns have
been raised as to whether the BeLPT
is an accurate and reliable screening
tool for CBD or beryllium sensitization (BeS), whether identified asymptomatic cases are likely to progress to
clinical disease, and whether earlier
diagnosis yields clinical benefits. It
is therefore unclear whether screening for BeS and CBD is appropriate
in persons without symptoms or physical findings suspicious for pulmonary
disease or CBD.
In the following discussion, screening refers to the early detection of
preclinical disease in persons without
signs or symptoms suggestive of the
target condition. Screening tests are distinguished from surveillance and diagnostic testing on the basis of whether
the individuals undergoing testing
have signs or symptoms of the target
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condition. Diagnostic testing refers to
the evaluation of patients with signs or
symptoms associated with the disease.
Surveillance testing refers to follow-up
monitoring for recurrences or complications in patients who have already
been diagnosed with and treated for
the condition.
The fundamental tenet of screening
is that finding the disease before symptoms develop enables detection at a
less advanced stage and that instituting
treatment at that time leads ultimately
to improved health outcomes.1 Although the value of early detection
seems intuitive, current scientific evidence indicates that implementation
of some screening tests (eg, screening
for phenylketonuria2,3 or cervical cancer4) yields overwhelmingly positive benefits, whereas the benefits of
other screening tests (eg, prostate,5
lung,6 or ovarian cancer) are less
readily apparent. To properly evaluate the effectiveness of a screening
test requires an approach that is explicit and consistent with the tenets
of evidence-based medicine. The latter refers to the effort to link clinical
and public health practices to the
quality of supporting evidence, to examine that evidence systematically,
and to judge its quality with systematic
standards for critical appraisal.7 This
scientific approach has been used by
the U.S. Preventive Services Task Force
(USPSTF) in its expansion and refinement of the guidelines for screening1,8,9 first adopted by the World
Health Organization.10
To objectively evaluate the effectiveness of the BeLPT test as a
screening tool, we have applied the
USPSTF methodology for the critical appraisal of evidence1 with specific focus on the five key elements
that are essential in judging the effectiveness of a preventive service:
1) burden of suffering, 2) accuracy
and reliability of the screening test,
3) effectiveness of early detection, 4)
harms of screening, and 5) benefits
outweighing harms.1,9 The preceding
analytical steps are necessary to address the pivotal question of whether
patients and populations experience
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better outcomes with screening than
without it.

Appropriateness Criteria
for Screening
Burden of Suffering
The first consideration in assessing
the effectiveness of screening is the
frequency with which the condition
occurs in the population and its attendant health effects. The health condition to be averted must be sufficiently
common in the screened population
and pose a substantial threat to health
to justify routine screening.1,9,10 The
prevalence rate determines the pretest probability of disease or the average likelihood that a person in the
screened population will have the
disease. The lower this value, the lower
the yield (ie, a larger number of tests
must be performed to detect one case
of the disease).
Screening for chronic conditions
tends to increase the detection of earlystage, preclinical diseases, leading to
the identification of a much larger
proportion of latent lesions that might
otherwise go undetected for the life
of the patient.11 This phenomenon of
screening, known as overdiagnosis,
figures prominently in debates about
the benefits of screening, because the
net health benefit of screening is diluted by the degree to which latent
conditions, which are not destined to
progress, are represented among screendetected cases. A common criticism
of screening for prostate cancer, for
example, is that many screen-detected
cancers are latent carcinomas that, due
to that disease’s slow growth characteristics, are unlikely to progress or
cause clinical symptoms.12,13 Similar
concerns have been raised about latent
diseases detected by screening for cancers of the breast and lung.14 –16

Accuracy and Reliability of the
Screening Test
The second consideration in judging the effectiveness of screening is
whether the available test(s) can detect the condition at an early stage
without producing large numbers
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of false-positive or false-negative
results. Of greatest concern is the
test’s accuracy, the degree to which
it measures the true value of the
attribute it is testing, and its reliability, the consistency of the result
when it is repeated. The principal
parameters for measuring accuracy
are sensitivity, specificity, and predictive value.
A screening test must have sufficient sensitivity (the proportion of
persons with the condition who correctly test positive) to find the condition earlier in its clinical course
than if screening was not performed
and sufficient specificity (the proportion of persons without the condition who correctly test negative) to
avoid producing a large proportion
of false-positive results (people without the condition who receive an
abnormal test result).17 An accepted
reference standard (“gold standard”)
is essential to the empiric determination of sensitivity and specificity,
because it defines when the disease
is present and therefore provides the
means for distinguishing between
“true” and “false” test results.18 A
screening test must also have sufficient reliability (the ability to produce a similar result with consistency).
For example, a reliable blood test
should generate similar results, within
and between testing laboratories, when
the test is repeated on other samples
from the same tube of blood.
Although the sensitivity and specificity of a screening test are generally constant across populations and
settings, this is not true for the positive predictive value (PPV), which is
the proportion of abnormal results in
which the individual actually has the
condition. The PPV depends on the
pretest probability or likelihood that
the condition is present at the time
that the person is tested. For any
screening test, the PPV is lower (and
the chances of false-positive results
are higher) when there is a lower
prevalence of the condition.
This important principle, which underlies many concerns about screening, is best understood by example.
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Suppose a test has a sensitivity and a
specificity of 90% each. Clinicians
might misinterpret these data to
mean that a patient who has a positive result has a 90% likelihood of
having the condition (ie, PPV ⫽
90%). In actuality, the PPV is dependent on a third variable, the prevalence (pretest probability) of the
condition. If the prevalence of the
condition is 1% (1000 per 100,000
population), administering a screening test with 90% sensitivity means
that positive results will be obtained
for 900 of the 1000 individuals with
the condition. The 90% specificity
means that 89,100 of the 99,000
people without the condition will test
negative. The probability that the
condition is present in an individual
with a positive test result (the PPV)
would not be 90%, but 8%: the
number of persons who tested positive who have the disease (900) divided by the total number who tested
positive (900 ⫹ 9900 ⫽ 10,800).
The seeming accuracy conveyed by
the “90%” attribution for both sensitivity and specificity obscures the
disturbing problem that the test
would give false-positive information to 92% of those testing positive
(11 people for every one person who
truly had the condition). Regardless
of the accuracy of a screening test,
the administration of a test to populations or individuals with a low risk
of having the condition can introduce
major problems with false-positive
results, leading to harms that can
offset the benefits of screening.

Effectiveness of
Early Detection
Screening is justified only if finding the condition earlier in its clinical
course achieves better health outcomes than if screening was not performed. Implicit in this requirement
is evidence that an effective treatment is available for persons found
to have the condition as well as
evidence that treatment of persons
identified at an earlier stage through
screening achieves superior out-
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comes than usual care.1,11 The argument for screening is weakened
when screening serves to identify the
disease earlier in its course, but evidence is lacking that prognosis can
be improved.
In evaluating the effectiveness of
screening for chronic conditions, the
analysis can be influenced by such
factors as lead-time and length-time
biases. Lead-time bias refers to the
overestimation of survival time due
to a backward shift in the starting
point for the measurement of survival as a result of early detection.19
The lengthened period of awareness
of having “a condition” that results
when screening identifies an otherwise
asymptomatic condition does not necessarily translate into increased survival time. Length bias refers to the
tendency of screening to detect
slowly advancing conditions more
readily than those that are aggressive. The effects of these biases on
“calculated survival time of persons
detected through screening could
overestimate the actual effectiveness
of screening.”1

resources that would help patients
more effectively if they were invested elsewhere.

Harms of Screening

Evaluation of the Beryllium
Lymphocyte Proliferation Test

Screening is appropriate only if
the attendant harms are acceptable.
The harms can affect the large proportion of the screened population
that is ultimately determined to not
have the condition and the subset
found to have disease.11,17 The potential harms can include the adverse
effects of the tests themselves, the
psychologic and labeling effects (eg,
anxiety) generated by positive results, and the morbidity associated
with the cascade of follow-up tests
and treatments triggered by initial
screening. For a test with a low PPV,
in which most persons who test positive do not have the condition, a
much larger number of individuals in
the screened population will face
those risks, with no apparent benefit, than the number of people who
do benefit.
The adverse societal harm resulting from ineffective screening
tests includes the consumption of

Benefits Outweighing Harms
Screening is appropriate only if the
tradeoff between benefits and harms is
favorable. In most cases, this means
that the harms incurred by the large
proportion of the screened population
without disease are small enough to be
outweighed by the benefits obtained
by the few who are found to have
disease.11 To assess whether benefits
outweigh harms, one must know the
likelihood and probable magnitude of
benefits and harms to screened persons. The evaluation of the benefit
versus potential harms of screening
should be made using evidence that
has been judged to be of good to fair
(but not poor) quality.8 The assessment of study quality involves considerations of internal validity (eg, study
design, methods of sample recruitment, execution of the tests, and completeness of study report) and external
validity (eg, generalizability to normal
practice conditions).17

Burden of Suffering
The clinical significance of most
cases of CBD that are currently being diagnosed has not been established. Without doubt, CBD was
historically a very serious disease.
Formal criteria for its diagnosis were
first established in the early 1950s by
the Beryllium Registry founded at
the Massachusetts Institute of Technology following reports of severe
CBD in workers exposed to berylliumcontaining phosphors in the fluorescent bulb industry.20,21 Those criteria,
which remained the principal basis
for diagnosing CBD for nearly 40
years, addressed two concerns: “establishment of significant beryllium
exposure” and “objective evidence of
lower respiratory tract disease.”22
Clinically, “objective evidence” was
defined as finding at least two of
the following: 1) clinical symptoms
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and course consistent with CBD,
2) characteristic histologic changes
in lung tissue or lymph nodes, 3)
chest x-ray evidence of interstitial
fibronodular disease, or 4) abnormal
pulmonary function (obstruction or
restriction and diminished diffusing
capacity).23,24 Thus, for nearly 40
years, CBD was diagnosed only in
patients with clinically symptomatic
disease, and it was accordingly regarded as a disease of substantial
morbidity and mortality. Reportedly
during the 1950s, for example, one of
three persons diagnosed with CBD
died from the disease.25 Such cases
are rare in the modern era.
Today, most CBD is detected
through workplace screening programs that have identified mainly
asymptomatic individuals. The new
case mix reflects technologic advances that changed the criteria for
CBD and “revolutionized”26 the diagnostic approach to beryllium disease.
One advance was the refinement of
analytical methods for detecting
beryllium-sensitized lymphocytes, a
laboratory technique that evolved
over more than 30 years27–32 and led
to the BeLPT. Another was the popularization of fiberoptic bronchoscopy. These advances confirmed the
immunologic nature of CBD30 and
provided a fundamentally different
understanding of the natural history
and epidemiology of berylliuminduced disease.
Beginning in 1989, an increasing
number of beryllium workers who
did not meet the Beryllium Registry
criteria were diagnosed as CBD by
means of BeLPT and fiberoptic bronchoscopy.33,34 That led to a redefined
“classification system” with three
categories of beryllium effects: 1)
“beryllium disease” (equivalent to
clinically evident CBD); 2) “subclinical beryllium disease” (abnormal
BeLPT and characteristic lung biopsy,
but no “constellation” of clinical findings); and 3) “beryllium sensitization”
(BeS) (abnormal BeLPT). Thereafter,
beryllium was recognized as causing a
spectrum of effects, from asymptomatic sensitization to clinically evident
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CBD.26 As discussed subsequently,
these redefined criteria have sometimes been modified or inconsistently
applied; nevertheless, the fact remains
that individuals can meet these criteria
and be labeled with disease despite the
absence of clinical symptoms or functional deficits.
The clinical relationship among
“beryllium disease,” “subclinical beryllium disease,” and “beryllium sensitization” is uncertain. In particular,
the natural history of CBD, as currently diagnosed, is unknown.35–38
Progression from BeS to subclinical
beryllium disease has been documented in a number of cases,39 – 41
but only one relatively small longitudinal study (55 subjects) has specifically addressed disease progression in
beryllium-sensitized workers.38 How
often such progression leads to “clinically manifest disease” has yet to be
determined.42 In recent studies, the
majority have been subclinical cases
requiring no treatment. Among the
55 subjects in the sole longitudinal
study of BeS, only one went on to be
treated with corticosteroids.38 Thus,
the natural history and rate of progression from beryllium sensitization
to clinically evident CBD is still
unknown.
The prognosis of currently diagnosed cases of clinically evident
CBD is also unknown. Recent reviews have suggested that one third
or more of untreated patients progress
to end-stage respiratory disease,43
but such statements reflect the experience of mainly pre-1950s historical
cases that were “severe and detected
at a late stage.”41,44 The relevance of
such historical observations to current cases is questionable. Today, the
proportion of CBD cases that will
eventually require treatment is unknown. Likewise unknown is the
proportion that will die as a result of
CBD, although clinical experience
suggests that currently “most individuals with CBD die from other
causes.”26 Based on recent clinical
observations and the limited nature
of existing evidence, it seems correct
to say that the clinical course of CBD
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is variable, that patients with CBD
may remain clinically stable for many
years, and that despite the possibility
of progression, the prognosis of CBD
has been only poorly characterized.37,40,45 It is conceivable that large
proportions of persons identified with
subclinical CBD or BeS will live their
entire lives without perceptible adverse
health effects.
Finally, prevalence rates of BeS
and CBD are not well documented.
Among exposed workers, reported
rates of positive BeLPT range from
approximately 1% to 16%,46 – 48 of
whom a fraction (generally less than
50%) have subclinical beryllium disease and a much smaller fraction
suffer clinically evident disease. Many
reports do not provide the actual
numbers of those with clinical versus
subclinical disease. The reported
fractions vary across studies, probably reflecting both the limited numbers of subjects in most reports and
(as discussed subsequently) the variability across studies of criteria for
CBD and for abnormal BeLPT.
The total number of individuals
who have ever been diagnosed with
CBD or documented as BeS is unknown. The number cannot be approximated by combining reports
from individual studies, because the
same workers appear to have been
included in multiple published reports, eg, sequential cross-sectional
studies at specific worksites, composite reports combining multiple
worksites of a given company or
agency, and reports from the individual laboratories that perform BeLPT.
For example, results of BeLPT testing at a nuclear weapons facility
were described in at least three sequential reports,39,49,50 whereas results from a beryllium manufacturing
facility were described in at least
four reports.46,48,51–53 In addition,
BeLPT results from both facilities
were probably included in reports
published by researchers at the individual laboratories.40 Moreover, because
many BeLPT screening programs
have used split samples sent to multiple laboratories, it is likely that many
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workers have been included in reports
from more than one laboratory.

941

TABLE 1
Diagnostic Criteria for Chronic Beryllium Disease in 19 Published Studies
Diagnostic Criteria

Accuracy and Reliability of the
Screening Test
The BeLPT lacks sufficient evidence of sensitivity, specificity, and
acceptable PPV to meet current criteria for a good screening test. The
true sensitivity and specificity of the
test have not been properly calculated and will be difficult to properly
calculate. The denominators needed
for those calculations (the total number of individuals in the screened
population with and without disease)
are not determined in most reported
CBD studies. Doing so would require subjecting the entire screened
population to a definitive “reference
test” for CBD, which (to satisfy current CBD criteria) would entail bronchoscopy. Understandably, most studies
have offered bronchoscopy, biopsy,
and bronchoalveolar lavage (BAL)
only to screened workers with abnormal BeLPT.26,50 In addition, some
screened workers with abnormal
BeLPT refuse bronchoscopy.47 Thus,
the database necessary to determine
the sensitivity and specificity of
BeLPT is incomplete.
In addition, there is no consensus
reference standard for diagnosing
CBD. That diagnosis is generally
made on the basis of a history of
beryllium exposure and a positive
BeLPT in blood and/or BAL fluid
along with lung biopsy findings, but
specific criteria have varied across
studies. Table 1 presents 10 different
criteria sets used in 19 studies. Notably, some workers have been included in two or more studies that
used different criteria, and the same
research groups have used different
criteria at various times. In a review
of more than 12,000 Department of
Energy (DOE) workers, CBD was
diagnosed on the basis of four different sets of criteria, including one that
required “only abnormal peripheral
blood and BAL BeLPTs.” 49 A
source of further confusion has been
the introduction of ambiguous cate-

Abnormal BeLPT in blood or BAL fluid plus
granulomas on lung biopsy

Abnormal BeLPT in blood or BAL fluid plus
granulomas or mononuclear cell infiltrates
on lung biopsy
Abnormal BeLPT in blood or BAL fluid plus
granulomas or “other pathologic abnormalities consistent with that diagnosis”
Abnormal BeLPT in blood and BAL fluid plus
granulomas on lung biopsy
Abnormal BeLPT in blood and BAL fluid plus
granulomas or mononuclear cell infiltrates
on lung biopsy
Abnormal BeLPT in BAL fluid plus granulomas
or mononuclear cell infiltrates on lung biopsy
Abnormal BeLPT in blood plus granulomas or
mononuclear cell infiltrates on lung biopsy
or CT evidence of granulomas
“Borderline or abnormal” BeLPT on BAL fluid
and/or granulomas on lung biopsy
Abnormal BeLPT in blood or BAL fluid plus
“compelling evidence of pulmonary disease”
Abnormal BeLPT in blood and BAL fluid

References
Barna et al40
Culver and Dweik37
Kreiss et al39,46,51,55
Markham48
Rosenman et al47
Bobka et al56
Newman et al33,54
Schuler et al57

Stange et al50
Viet58
Stange et al49

Mroz et al59
Stange et al49

Hennenberger et al52
Stange et al49
Stange et al49; Stokes and Rossman60

BeLPT indicates beryllium lymphocyte proliferation testing; BAL, bronchoalveolar lavage;
CT, computed tomography.

gories such as “probable CBD” and
“possible CBD” based on other clinical data and defined differently by
each research group.47,50,54 Some individuals are diagnosed as CBD by
some, but not all of these criteria. No
study has made a head-to-head comparison of the yield from each set of
diagnostic criteria.
The sensitivity and specificity of the
BeLPT for BeS is also uncertain. Although widely adopted as the standard
test for BeS,57,61,62 its performance
cannot be readily characterized because it is the “only practical means
to determine BeS”49; there are no
other standard tests to which BeLPT
can be compared. However, perspective can be gained from test–retest
confirmation of initial BeLPT results. In one study of 3842 workers,
retesting confirmed only 62% of
initially abnormal tests.63 Another
study of 4268 workers demonstrated
that test–retest consistency was inversely proportional to BeLPT results

(as measured by the “stimulation index” discussed subsequently). As
shown in Table 2, for example, confirmatory retesting was negative in
83.9% of individuals with a stimulation index of 3.0 to 4.9 on initial
BeLPT.50 Such data suggest a high
false-positive rate for the BeLPT.
Additional perspective derives from
studies comparing BeLPT with beryllium patch testing, a test that predated BeLPT historically64 but was
rarely used in the United States.
Patch testing has been proposed
recently as an in vivo measure of
BeS in contrast to the in vitro
BeLPT. In a recent study, 11 patients
with biopsy-proven CBD, but repeatedly equivocal or negative BeLPTs,
were administered both BeLPT and
beryllium patch testing; all 11 had
positive patch tests, but only four had
abnormal BeLPTs.56 Others have reported that BeLPT results can fluctuate over time, even in patients with
biopsy-proven CBD.38,54 Despite the
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TABLE 2
Results of Confirmational Retesting for Positive Beryllium Lymphocyte
Proliferation Tests (BeLPTs) in 4268 Workers*
Positive BeLPT: Range of
Stimulation Index Values

No. Positive:
Initial BeLPT

No. Negative: First
Retest BeLPT

Percent
Reversion

1.6 –2.9
3.0 – 4.9
5.0 –9.9
10.0 –19.9
20.0 – 49.9
⬎50

61
62
40
26
17
16

54
52
21
9
5
0

88.5
83.9
52.5
34.6
29.4
0.0

*Adapted from Stange AW, Furman FJ, Hilmas DE. Rocky flats beryllium health surveillance. Environ Health Perspect. 1996;104(suppl 5):981–986.

limited value of such small, uncontrolled studies, they suggest the
possibility that BeLPT may yield
numerous false-negative results for
both BeS and CBD. Unfortunately,
current data are insufficient to critically evaluate that possibility.
Methodological problems with the
assay protocol also contribute to uncertainties about BeLPT. The test is
performed by only five U.S. laboratories,* which follow generically similar protocols.40,53,55,65,66 Lymphocytes
are incubated with a soluble beryllium
salt and tritiated thymidine is added
before harvesting. The amount of
thymidine taken up by the lymphocytes, reflecting cellular replication,
is measured by scintillation counter.
A “stimulation index” (SI), the ratio
of the counts in treated cells to
counts in unexposed cells, is then
calculated. BeLPT results are judged
abnormal or normal on the basis of
the calculated SI.
Despite such nominal agreement,
protocols differ across laboratories
and have differed across time at individual laboratories. Lymphocytes
have been incubated for “3, 5, and 7
days”59 “3 to 7 days,”60 “5 and either
6 or 7 days,”57 “harvested on 2 separate days, from days 4 to 7,”65 or for
“3 days.”67 Such differences seem
relevant because results have been
*BeLPT is currently performed at Oak Ridge
Institute for Science and Education, Cleveland
Clinic Foundation, Hospital of the University of
Pennsylvania, National Jewish Center for Immunology and Respiratory Medicine, and Specialty
Laboratories, Santa Monica, CA.

reported to differ according to duration of incubation.60,68 Some studies
used two or more laboratories using
different protocols.52,57 In others, analytical protocols were described by
reference to an earlier report,59 but the
cited protocol was not followed.38
There is also disagreement about
criteria for an abnormal BeLPT.
Some reports defined abnormal as a
peak SI exceeding the mean peak SI
of unexposed controls plus two standard deviations.51,59 Using that approach, the criterion SI varied from
study to study: 1.9,46 2.0,51 2.42,68
2.5,62,67 and 3.5.39 Others used that
approach but did not report the resulting criterion SI.50,54,55 In 1995, a
“consensus standard” established SI
ⱖ3.0 as the criterion for an abnormal
test53 and some reports then adopted
that criterion.31,40,52,53,57 The use of
alternative statistical approaches has
resulted in still different criteria,68
whereas some studies reported neither analytical protocol nor criteria
for an abnormal BeLPT.47
Such inconsistencies raise concerns
about the comparability of results
across studies. They also discourage
pooling of data (eg, meta-analysis),
which might otherwise be helpful because sample sizes in many studies
have been small (5–17 persons with
positive test results in most reports
of BeLPT testing at single worksites).39,46,51,52,54,57,69 Such small
sample sizes amplify the apparent
effects of random error, making calculations of sensitivity and specificity
necessarily less certain.
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Similar issues impact efforts to determine PPV, which require knowledge of the true prevalence of CBD
and BeS. As discussed previously,
neither is known. It seems likely that
use of variable criteria has tended to
overestimate the prevalence of CBD
in tested populations. The estimated
prevalence of CBD in exposed workers has ranged from 1% to 16%,
depending on the nature of exposure.26,62 Nearly the same range has
been estimated for the prevalence of
BeS.26,37,57 Such wide ranges raise
questions about the validity of the
reported data and make it difficult
to determine the true prevalence of
either CBD or BeS in berylliumexposed workers. Even less clear are
what prevalence rates to assume for
those not occupationally exposed.
Several reports have described positive BeLPTs in approximately 1%
of persons said to have had no history of beryllium exposure (eg,
newly hired workers),69,70 but this
has not been systematically studied.
Accordingly, it is not surprising to
find estimates of the PPV of BeLPT
for CBD that range from 11% to
100%.51,53,60,63 We are not aware of
any systematic estimates of the PPV
of BeLPT for BeS, a deficiency that
partially reflects the lack of an accepted “gold standard” for BeS.
It is also noteworthy that “strikingly inconsistent results” within and
between laboratories have long been
recognized.26,37,48,55,61,63,66 Because
many BeLPT investigations use split
samples and several laboratories,
there are numerous interlaboratory
comparisons. In a study of 627 workers, use of either one of two laboratories alone would have identified
only 46.5% to 48.8% of BeS cases:
“abnormal tests were often accompanied by normal tests in the same or
different laboratory.”55 In more than
12,000 DOE workers, split blood
samples were tested at two from
among four different laboratories; interlaboratory agreement ranged from
26.2% to 61.8% for abnormal tests.49
An earlier study of 4268 workers
at one site reported interlaboratory
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agreement of only 21% to 38% for
abnormal tests.50 Some studies used
the kappa statistic to evaluate interlaboratory agreement. Analysis of
3081 blood samples obtained from
1510 employees of a beryllium manufacturer evaluated agreement between three laboratories; for pairs
of laboratories, the kappa statistic
ranged from 0.2 (“poor agreement”)
to 0.6 (“moderate agreement”).53 In a
recent NIOSH study of 153 workers,
agreement between two laboratories
was “poor” (kappa ⫽ 0.20): one
laboratory reported eight samples
with abnormal BeLPT, whereas the
second reported 17.57 Moreover, that
second laboratory was nearly five
times more likely to report “borderline” or “uninterpretable” results.
Such interlaboratory disagreements
necessarily raise concerns about the
accuracy and reliability of BeLPT.
Beyond the data deficiencies just
described, many studies that evaluated
BeLPT are limited by methodological
issues and deficiencies. Sampling
schemes were often poorly documented or ambiguous. In some studies,
not all of the eligible workers chose to
participate.47,48,50,52,57 In others, results included workers diagnosed historically but who were not participants
in the protocol study.46,47,55,57 Only a
few studies documented the characteristics of the nonparticipants; thus, it is
often not possible to know whether
participants and nonparticipants differed significantly. Such systematic
differences could lead to selection bias
that inflated the apparent prevalence of
CBD, eg, if nonparticipants had had
less beryllium exposure. That particular possibility was confirmed in studies
that provided sufficient data on nonparticipants, revealing that they were
younger and less likely to be exposed
to beryllium than were the participants.39,51 The reported prevalence of
CBD may also have been overestimated because cases were sometimes
classified as CBD even if they did not
meet predetermined diagnostic criteria.39
One further methodological concern
is the apparent lack of blinding in
many of the studies. Little or no infor-

mation has been provided about
whether evaluation of bronchoscopic
biopsies and chest x-rays was performed by pathologists and radiologists who were aware of the patients’
BeLPT results. Knowledge of BeLPT
results before evaluating such biopsies
and x-rays could have potentially
skewed their interpretation, an effect
referred to as “review bias.” Review
bias can lead to falsely elevated indices
of accuracy.71,72

Effectiveness of
Early Detection
There is no valid evidence that
early detection of CBD or BeS improves health outcomes. Even before
demonstrating incremental benefit
from early detection, there must be a
foundation of evidence that treatment is of benefit, independent of
stage. Although dramatic benefits
from corticosteroid therapy for CBD
have been reported in the literature
and observed in clinical experience,
most of these observations occurred
50 years ago, when advanced forms
of CBD predominated. Even at that
time, doubts were raised about the
strength of evidence that corticosteroids were beneficial.25,73 Such lack
of evidence remains a concern today.
The use of corticosteroids in CBD
has never been tested in a randomized control trial,26,37,45,66,74 and no
standardized clinical regimen for such
therapy has been adopted in patient
care.35
Although corticosteroids are often
regarded as “first-line therapy” for
CBD,45 it is generally agreed that
they are primarily indicated only for
patients with disabling symptoms,
significant impairment, or progressive deterioration.26,35,41 Most reports do not indicate the number of
individuals identified by BeLPT
who have been administered corticosteroids. On the basis of limited
reports, however, that number may
be very small. For example, in a
recent longitudinal study of patients
with BeS, of whom 17 subsequently
were diagnosed with CBD,38 only
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one patient was administered corticosteroids during postdiagnostic follow up (average follow up, 4.7 years;
range, 1–10 years).
There is no evidence that corticosteroid treatment changes the course of
subclinical CBD or BeS and the incremental benefit of corticosteroids in
early disease management is unknown.41,45 In a small study, steroid
use did not affect BeLPT results.56
More generally, there are currently no
established interventions or treatment
for BeS (other than recommendations
for avoidance of further exposure
and ongoing clinical monitoring).26,52
Removal from further exposure to beryllium has been recommended as
“prudent,”41,52,74 but no study has determined whether such removal changes
clinical outcome.36,52,66,74 Accordingly, the benefits of treatment and
intervention for subclinical CBD and
BeS remain unknown.

Harms of Screening
The immediate physical harms of
BeLPT screening are minor, although
it might entail a modest degree of
inconvenience. The poor reliability
of the BeLPT imposes some inconvenience because of the frequent
need for repeat testing. In one study,
3.6% of 505 screened beryllium ceramics workers had to return for
repeat blood work because initial
data were inadequate.51 Among 7820
workers at one plant, 2.79% had
positive BeLPTs that could not be
confirmed with retesting.49 In most
of those who returned for repeat
testing, BeLPT results were normal.
A much larger concern is the consequences of positive results, which
may affect a substantial proportion
of the screened population. Among
those in whom the BeLPT is initially
unconfirmed, indeterminate, or equivocal, expected adverse effects include anxiety over the possibility of
having a disease, a phenomenon well
documented in research with other
screening tests. That research demonstrates that, even if the abnormality is eventually determined to be a
false-positive, a subset of individuals
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will continue to believe that they
have something wrong with their
health.75–77 Other labeling effects
such as decreased insurance and job
eligibility have been documented
with screening in general78 – 81 and
have also been reported in workplace
beryllium screening programs, even
when initial abnormal results are ultimately shown to be false-positive.82 There are also potential costs
from job disruption in those who
change their work to avoid further
exposures.
Adverse physical effects can also
result from the diagnostic workups initiated in response to abnormal BeLPT.
Individuals with confirmed abnormal
BeLPT are commonly advised to undergo bronchoscopy with transbronchial biopsy and BAL.26,47,49 In a
report from a beryllium manufacturer, bronchoscopy was performed
in 90% of workers with confirmed
BeLPT.53 Less often, medical referral and bronchoscopy are recommended to those with unconfirmed
BeLPT. For example, the same manufacturer reported that bronchoscopy
was performed in 45% of workers
with an unconfirmed BeLPT.53 The
DOE refers workers for medical
follow up on the basis of a single
BeLPT.83
The sensitivity of bronchoscopy
in diagnosing CBD is unknown.37
The majority of bronchoscopies performed after BeLPT screening do not
detect CBD,40,48,50,55 and repeated
bronchoscopy is sometimes advocated
if samples are not diagnostic.39,74 In
the report from the beryllium manufacturer, 192 bronchoscopies were performed on 159 BeLPT-positive workers,
but CBD was diagnosed in only 61
individuals.53 An NIOSH study reported
that bronchoscopy was performed in
16 BeLPT-positive workers, but only
four had CBD.57 Thus, even among
workers with known beryllium exposure and confirmed abnormal BeLPT,
the majority had normal pulmonary
findings.
In addition, individuals with confirmed abnormal BeLPT are often
encouraged to undergo periodic bron-
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choscopy, regardless of symptoms, to
monitor “progression.”26,74 For example, among a group of 55 patients
with BeS, 21 had two bronchoscopies, seven had three bronchoscopies,
and two had four bronchoscopies
each.38 Most studies do not report
the numbers of subjects who underwent repeat bronchoscopy or the
numbers of patients thereby diagnosed. However, in studies that reported iterative screening, including
BeLPT and bronchoscopy, yield rates
declined with successive iterations.49,54 Thus, only a minority undergoing bronchoscopy because of
abnormal BeLPT will have CBD and
that proportion is expected to decline
when bronchoscopy is repeated. Accordingly, the adverse effects of
screening bronchoscopy may impact
disproportionately those who do not
have CBD.
There are also harms resulting
from the treatment of those found to
have BeS or CBD, including the
adverse effects of being removed
from worksite exposure (eg, job
transfer) and those from medical interventions. The side effects and
complications of steroid therapy are
widely recognized and depend on
the regimen advocated. Two recommended regimens are 0.5 to 0.6
mg/kg prednisone daily or every
other day74 and 40 mg every other
day for up to 6 months followed by
gradual tapering (“no more than 10
mg every other month”)84 until patients show renewed disease activity.
Once initiated, steroid therapy is usually continued for life.26,74,84 Such
doses and durations will induce side
effects and complications in a proportion of the treated population that
must be counterbalanced against their
putative benefits.

Benefits Outweighing Harms
There is no currently available evidence that the presumed benefit of
screening for BeS and CBD by use
of the BeLPT outweighs its potential
harms. To make this assessment, one
must know, in at least approximate
terms, the likelihood and probable
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magnitude of benefits and harms to
screened persons. The dearth of evidence outlined here, including questions about the very existence of
benefit, makes it impossible at this
time to answer these fundamental
questions. Lacking such information,
one cannot conclude on scientific
grounds that the benefits of using the
BeLPT as a screening test (ie, for
persons without signs or symptoms
of disease) outweigh its harms. It is
therefore inappropriate (and perhaps
unethical) to recommend its use for
routine screening.

Conclusion
Clinical and scientific advances
have combined to illuminate the biochemical processes that underlie BeS
and CBD. Originally regarded as an
irritant pneumonitis85 and first hypothesized to have an immunologic
basis in 1951,86 beryllium’s mode of
action is now increasingly understood at the genetic and molecular
levels.87–91 These advances, reflecting the benefits of longstanding research efforts, have led some to
recommend wide adoption of BeLPT
screening programs in asymptomatic
individuals.83,92,93 Notwithstanding
the insights and understandings
gained, those research efforts have
not yet established a credible scientific basis to support such screening
programs.
A variety of important questions
remain unanswered. The prevalence
of BeS and CBD are unknown for
most worker groups and for the general population. The accuracy and
reliability of BeLPT are uncertain,
and the test itself has demonstrated
marked intra- and interlaboratory
variability. The prognosis of BeS and
subclinical CBD is essentially unknown and the clinical benefits of
early intervention have not been
studied. It is therefore difficult to
judge whether potential benefits outweigh the harms of testing and treatment.
Accordingly, there is currently insufficient scientific evidence to support recommendations that BeLPT be
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adopted as a clinical screening tool in
asymptomatic individuals. Berylliumexposed workers may be eligible for
worksite screening in the context of
occupational health surveillance, although the clinical benefit of such
testing has not been determined.

Acknowledgments
Financial support was provided to JB and
CF by Brush Wellman. Brush Wellman did
not participate in the design of this study or in
the collection, management, analysis, or interpretation of the data. Preparation and editing of the manuscript were performed solely
by the authors.

References
1. Guide to Clinical Preventive Services:
Report of the US Preventive Services
Task Force. Baltimore: Williams &
Wilkins; 1996.
2. Williamson ML, Koch R, Azen C, Chang
C. Correlates of intelligence test results
in treated phenylketonuric children. Pediatrics. 1981;68:161–167.
3. Azen CG, Koch R, Friedman EG, et al.
Intellectual development in 12-year-old
children treated for phenylketonuria.
Am J Dis Child. 1991;145:35–39.
4. Saslow D, Runowicz CD, Solomon D, et
al. American Cancer Society guideline
for the early detection of cervical neoplasia and cancer. CA Cancer J Clin. 2002;
52:342–362.
5. Concato J, Wells CK, Horwitz RI, et al.
The effectiveness of screening for prostate cancer: a nested case– control study.
Arch Intern Med. 2006;166:38 – 43.
6. Humphrey LL, Teutsch S, Johnson M.
Lung cancer screening with sputum cytologic examination, chest radiography,
and computed tomography: an update for
the US Preventive Services Task Force.
Ann Intern Med. 2004;140:740 –753.
7. Sackett DL, Hayes RB, Guyatt GH, Tugwell P. Clinical Epidemiology: A Basic
Science for Clinical Medicine. Boston:
Little Brown; 1991.
8. Harris RP, Helfand M, Woolf SH, et al.
Current methods of the US Preventive
Services Task Force: a review of the
process. Am J Prev Med. 2001;20(suppl
3):21–35.
9. Gray JAM. Evidence-Based Healthcare.
How to Make Health Policy and Management Decisions. Edinburgh: Churchill
Livingstone; 2001.
10. Wilson JMG, Jungner G. Principles and
Practice of Screening for Disease. New
York, Geneva: World Health Organization; 1968.

11. Barratt A, Irwig L, Glasziou P, et al.
Users’ guides to the medical literature.
XVII: how to use guidelines and recommendations about screening. JAMA.
1999;281:2029 –2034.
12. Schroder FH. Detection of prostate cancer:
the impact of the European Randomized
Study of screening for prostate cancer
(ERSPC). Can J Urol. 2005;12:92–93.
13. Woolf SH. Screening for prostate cancer
with prostate-specific antigen. An examination of the evidence. N Engl J Med.
1995;333:1401–1405.
14. Winchester DP, Jeske JM, Goldschmidt
RA. The diagnosis and management of
ductal carcinoma in-situ of the breast. CA
Cancer J Clin. 2000;50:184 –200.
15. Ernster VL, Ballard-Barbash R, Barlow
WE, et al. Detection of ductal carcinoma
in situ in women undergoing screening
mammography. J Natl Cancer Inst. 2002;
94:1546 –1554.
16. Frame PS. Routine screening for lung
cancer? Maybe someday, but not yet.
JAMA. 2000;284:1980 –1983.
17. Deeks JJ. Systematic reviews in health
care: systematic reviews of evaluations of
diagnostic and screening tests. BMJ.
2001;323:157–162.
18. Rose G, Baxter PJ, Reid DD, McCartney
P. Prevalence and prognosis of electrocardiographic findings in middle-aged
men. Br Heart J. 1978;40:636 – 643.
19. Last JM. A Dictionary of Epidemiology.
New York: Oxford University Press;
2001.
20. Hardy HL, Tabershaw IR. Delayed
chemical pneumonitis occurring in workers exposed to beryllium compounds.
J Ind Hyg Toxicol. 1946;28:197–211.
21. Pneumoconiosis: Beryllium, Bauxite
Fumes, Compensation (Sixth Saranac
Symposium). New York: Paul Hoeber;
1950.
22. Hardy HL. United States, Beryllium Case
Registry (1952–1966): review of its
methods and utility. J Occup Med. 1967;
9:271–276.
23. Sprince NL. Beryllium disease. In: Merchant JA, ed. Occupational Respiratory
Diseases (NIOSH Publication No. 86 –
102). Washington, DC: US Department
of Health and Human Services (NIOSH);
1986:385–399.
24. Kazemi H. Beryllium disease. In: Last
JM, ed. Maxcy-Roseneau Preventive
Medicine and Public Health. New York:
Appleton-Century-Crofts; 1980:663–
667.
25. Seeler AO. Treatment of chronic beryllium poisoning. AMA Arch Ind Health.
1959;19:82– 86.
26. Maier LA. Beryllium health effects in the
era of the beryllium lymphocyte prolifer-

945

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

ation test. Appl Occup Environ Hyg.
2001;16:514 –520.
Deodhar SD, Barna B, Van Ordstrand
HS. A study of the immunologic aspects
of chronic berylliosis. Chest. 1973;63:
309 –313.
Epstein PE, Dauber JH, Rossman MD,
Daniele RP. Bronchoalveolar lavage in a
patient with chronic berylliosis: evidence
for hypersensitivity pneumonitis. Ann Intern Med. 1982;97:213–216.
Williams WJ, Williams WR. Value of
beryllium lymphocyte transformation
tests in chronic beryllium disease and in
potentially exposed workers. Thorax.
1983;38:41– 44.
Rossman MD, Kern JA, Elias JA, et al.
Proliferative response of bronchoalveolar
lymphocytes to beryllium: a test for
chronic beryllium disease. Ann Intern
Med. 1988;108:687– 693.
Deubner D, Kelsh M, Shum M, Maier L,
Kent M, Lau E. Beryllium sensitization,
chronic beryllium disease, and exposures
at a beryllium mining and extraction
facility. Appl Occup Environ Hyg. 2001;
16:579 –592.
Yassin A, Yebesi F, Tingle R. Occupational exposure to crystalline silica dust
in the United States. Environ Health Perspect. 2005;113:255–260.
Newman LS, Kreiss K, King TE Jr, Seay S,
Campbell PA. Pathologic and immunologic alterations in early stages of beryllium
disease. Re-examination of disease definition and natural history. Am Rev Respir
Dis. 1989;139:1479 –1486.
Kreiss K, Newman LS, Mroz MM,
Campbell PA. Screening blood test identifies subclinical beryllium disease. J Occup Med. 1989;31:603– 608.
Rossman MD, Edelman JF. Chronic beryllium and hard-metal lung disease. In:
Fishman AP, ed. Fishman’s Pulmonary
Diseases and Disorders. New York:
McGraw-Hill; 1998:893– 899.
Mroz MM, Balkissoon R, Newman LS.
Beryllium. In: Bingham E, Cohrssen B,
Powell CH, eds. Patty’s Toxicology, Volume 2, Toxicological Issues Related to
Metals/Neurotoxicology and Radiation/
Metals and Metal Compounds. New
York: John Wiley & Sons; 2000:177–
219.
Culver DA, Dweik RA. Chronic beryllium disease. Clin Pulm Med. 2003;10:
72–79.
Newman LS, Mroz MM, Balkissoon R,
Maier LA. Beryllium sensitization
progresses to chronic beryllium disease: a
longitudinal study of disease risk. Am J
Respir Crit Care Med. 2005;171:54 – 60.
Kreiss K, Mroz MM, Zhen B, Martyny
JW, Newman LS. Epidemiology of be-

946

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

ryllium sensitization and disease in nuclear workers. Am Rev Respir Dis. 1993;
148:985–991.
Barna BP, Culver DA, Yen-Lieberman
B, Dweik RA, Thomassen MJ. Clinical
application of beryllium lymphocyte proliferation testing. Clin Diagn Lab Immunol. 2003;10:990 –994.
Newman LS, Lloyd J, Daniloff E. The
natural history of beryllium sensitization
and chronic beryllium disease. Environ
Health Perspect. 1996;104(suppl 5):937–
943.
Cullen MR. Screening for chronic beryllium disease: one hurdle down, two to go.
Am J Respir Crit Care Med. 2005;171:
3– 4.
Fontenot AP, Maier LA. Genetic susceptibility and immune-mediated destruction
in beryllium-induced disease. Trends Immunol. 2005;26:543–549.
Williams WJ. United Kingdom beryllium
registry: mortality and autopsy study.
Environ Health Perspect Suppl. 1996;
104(suppl 5):949 –951.
Newman LS, Maier LA, Nemery B. Interstitial lung disorders due to beyllium
and cobalt. In: Schwarz MI, King TE,
eds. Interstitial Lung Disease. Hamilton:
BC Decker, Inc; 1998:367–392.
Kreiss K, Mroz MM, Newman LS,
Martyny J, Zhen B. Machining risk of
beryllium disease and sensitization
with median exposures below 2 g/m3.
Am J Ind Med. 1996;30:16 –25.
Rosenman K, Hertzberg V, Rice C, et al.
Chronic beryllium disease and sensitization at a beryllium processing facility.
Environ Health Perspect. 2005;113:
1366 –1372.
Markham TN. Screening for chronic beryllium disease using beryllium specific
lymphocyte proliferation testing. Int Arch
Occup Environ Health. 1996;68:405–
407.
Stange AW, Furman FJ, Hilmas DE. The
beryllium lymphocyte proliferation test:
relevant issues in beryllium health surveillance. Am J Ind Med. 2004;46:453–
462.
Stange AW, Furman FJ, Hilmas DE.
Rocky flats beryllium health surveillance. Environ Health Perspect. 1996;
104(suppl 5):981–986.
Kreiss K, Wasserman S, Mroz MM, Newman LS. Beryllium disease screening in the
ceramics industry: blood lymphocyte test
performance and exposure-disease relations. J Occup Med. 1993;35:267–274.
Henneberger PK, Cumro D, Deubner
DD, Kent MS, McCawley M, Kreiss K.
Beryllium sensitization and disease
among long-term and short-term workers
in a beryllium ceramics plant. Int Arch

Use of BePLT for Screening

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Occup Environ Health. 2001;74:167–
176.
Deubner DC, Goodman M, Iannuzzi J.
Variability, predictive value, and uses of
the beryllium blood lymphocyte proliferation test (BLPT): preliminary analysis of
the ongoing workforce survey. Appl Occup Environ Hyg. 2001;16:521–526.
Newman LS, Mroz MM, Maier LA, Daniloff EM, Balkissoon R. Efficacy of
serial medical surveillance for chronic
beryllium disease in a beryllium machining plant. J Occup Environ Med. 2001;
43:231–237.
Kreiss K, Mroz MM, Zhen B, Wiederman H, Barna B. Risks of beryllium
disease related to work processes at a
metal, alloy and oxide production plant.
Occup Environ Med. 1997;54:605– 612.
Bobka CA, Stewart LA, Engelken GJ,
Golitz LE, Newman LS. Comparison of
in vivo and in vitro measures of beryllium sensitization. J Occup Environ Med.
1997;39:540 –547.
Schuler CR, Kent MS, Deubner D, et al.
Process-related risk of beryllium sensitization and disease in a copper– beryllium
alloy facility. Am J Ind Med. 2005;47:
195–205.
Viet SM, Torma-Krajewski J, Rogers
J. Chronic beryllium disease and beryllium sensitization at Rocky Flats: a case–
control study. Am Ind Hyg Assoc J. 2000;
61:244 –254.
Mroz MM, Kreiss K, Lezotte DC, Campbell PA, Newman LS. Reexamination of
the blood lymphocyte transformation test
in the diagnosis of chronic beryllium
disease. J Allergy Clin Immunol. 1991;
88:54 – 60.
Stokes RF, Rossman MD. Blood cell
proliferation response to beryllium: analysis by receiver-operating characteristics.
J Occup Med. 1991;33:23–28.
Newman LS. Significance of the blood
beryllium lymphocyte proliferation test.
Environ Health Perspect. 1996;104(suppl
5):953–956.
Pott GB, Palmer BE, Sullivan AK, et al.
Frequency of beryllium-specific, TH1type cytokine-expressing CD4⫹ T cells
in patients with beryllium-induced disease. J Allergy Clin Immunol. 2005;115:
1036 –1042.
Welch L, Ringen K, Bingham E, et al.
Screening for beryllium disease among
construction trade workers at Department
of Energy nuclear sites. Am J Ind Med.
2004;46:207–218.
Curtis GH. Cutaneous hypersensitivity
due to beryllium: a study of thirteen
cases. AMA Arch Dermatol Syphilol.
1951;64:470 – 482.
Beryllium Lymphocyte Proliferation Test-

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

•

Borak et al

ing (BeLPT) (DOE-SPEC-1142-2001).
Washington, DC: US Department of
Energy; 2001.
Kreiss K, Miller F, Newman LS, OjoAmaize EA, Rossman MD, Saltini C.
Chronic beryllium disease—from the
workplace to cellular immunology, molecular immunogenetics, and back. Clin
Immunol Immunopathol. 1994;71:123–
129.
Fontenot AP, Canavera SJ, Gharavi L,
Newman LS, Kotzin BL. Target organ
localization of memory CD4⫹ T cells in
patients with chronic beryllium disease.
J Clin Invest. 2002;110:1473–1482.
Frome EL, Newman LS, Cragle DL,
Colyer SP, Wambach PF. Identification
of an abnormal beryllium lymphocyte
proliferation test. Toxicology. 2003;183:
39 –56.
Yoshida T, Shima S, Nagaoka K, et al. A
study on the beryllium lymphocyte transformation test and the beryllium levels in
working environment. Ind Health. 1997;
35:374 –379.
Kolanz ME. Introduction to beryllium:
uses, regulatory history, and disease.
Appl Occup Environ Hyg. 2001;16:559 –
567.
Reid MC, Lachs MS, Feinstein AR. Use
of methodological standards in diagnostic
test research: getting better but still not
good. JAMA. 1995;274:645– 651.
Guyatt GH, Tugwell PX, Feeny DH,
Haynes RB, Drummond M. A framework
for clinical evaluation of diagnostic technologies. Can Med Assoc J. 1986;134:
587–594.
Gaensler EA, Verstraeten JM, Weil WB,
et al. Respiratory pathophysiology in
chronic beryllium disease; review of
thirty cases with some observations after
long-term steroid therapy. AMA Arch Ind
Health. 1959;19:132–145.
Newman LS, Maier LA. Beryllium disease. In: Schwarz MI, King TE Jr, eds.
Interstitial Lung Disease. Hamilton: BC
Decker Inc; 2003:435– 451.
Barton MB, Moore S, Polk S, Shtatland
E, Elmore JG, Fletcher SW. Increased
patient concern after false-positive mammograms. Clinician documentation and
subsequent ambulatory visits. J Gen Intern Med. 2001;16:150 –156.
Humphrey LL, Helfand M, Chan BK,
Woolf SH. Breast cancer screening: a
summary of the evidence for the US
Preventive Services Task Force. Ann Intern Med. 2002;137:347–360.
Mossey JM. Psychosocial consequences
of labeling in hypertension. Clin Invest
Med. 1981;4:201–207.
Lefebvre RC, Hursey KG, Carleton RA.
Labeling of participants in high blood

JOEM

79.

80.
81.

82.
83.

84.

•

Volume 48, Number 9, September 2006

pressure screening programs: implications for blood cholesterol screening.
Arch Intern Med. 1988;148:1993–1997.
Ford ME, Havstad SL, Demers R, Johnson CC. Effects of false-positive prostate
cancer screening results on subsequent
prostate cancer screening behavior. Cancer Epidemiol Biomarkers Prev. 2005;
14:190 –194.
Billings PR. Genetic nondiscrimination.
Nat Genet. 2005;37:559 –560.
Billings PR, Kohn MA, de Cuevas M,
Beckwith J, Alper JS, Natowicz MR.
Discrimination as a consequence of genetic
testing. Am J Hum Genet. 1992;50:476–482.
Marshall E. Beryllium screening raises ethical issues. Science. 1999;285:178 –179.
US Department of Energy. Chronic beryllium disease prevention program; final
rule. Fed Reg. 1999;64:68854 – 68914.
Rossman MD. Chronic beryllium disease:

85.

86.

87.

88.

89.

90.

diagnosis and management. Environ Health
Perspect. 1996;104(suppl 5):945–947.
Hardy HL. Beryllium poisoning—lessons
in control of man-made disease. N Engl
J Med. 1965;273:1188 –1199.
Sterner JH, Eisenbud M. Epidemiology
of beryllium intoxication. Arch Ind Hyg
Occup Med. 1951;4:123–151.
Richeldi L, Sorrentino R, Saltini C. HLADPB1 glutamate 69: a genetic marker of
beryllium disease. Science. 1993;262:242–
244.
Saltini C, Richeldi L, Losi M, et al. Major
histocompatibility locus genetic markers
of beryllium sensitization and disease.
Eur Respir J. 2001;18:477– 684.
Maier LA, Kittle LA, Mroz MM, Newman LS. Beryllium-stimulated neopterin
as a diagnostic adjunct in chronic beryllium disease. Am J Ind Med. 2003;43:
592– 601.
Fontenot AP, Newman LS, Kotzin BL.

947
Chronic beryllium disease: T cell recognition of a metal presented by HLA-DP.
Clin Immunol. 2001;100:4 –14.
91. Fontenot AP, Palmer BE, Sullivan AK, et
al. Frequency of beryllium-specific, central memory CD4⫹ T cells in blood
determines proliferative response. J Clin
Invest. 2005;115:2886 –2893.
92. Occupational Safety and Health Administration. Hazard Information Bulletin:
preventing adverse health effects from
exposure to beryllium on the job. Washington, DC: US Department of Labor;
1999. Available at: www.osha.gov/dts/
hib/hib_data/hib19990902.html. Accessed February 2006.
93. Beryllium Lymphocyte Proliferation
Test. Denver: National Jewish Medical
and Research Center; 2006. Available
at: http://www.njc.org/disease-info/
diseases/occ-med/beryllium/about/test/
belpt.aspx. Accessed February 2006.

