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Efficacy of Serial Medical Surveillance for
Chronic Beryllium Disease in a Beryllium

Machining Plant

Lee S. Newman, MD
Margaret M. Mroz, MSPH
Lisa A. Maier, MD

Elaine M. Daniloff, MSPH
Ronald Balkissoon, MD

There is limited information on the use of the blood beryllium
lymphocyte proliferation test (BeLPT) at regular intervals in medical
surveillance. Employees of a beryllium machining plant were screened
with the BeLPT biennially, and new employees were screened within 3
months of hire. Of 235 employees screened from 1995 to 1997, a total
of 15 (6.4%) had confirmed abnormal BeLPT results indicating
beryllium sensitization; nine of these employees were diagnosed with
chronic beryllium disease. Four of the 15 cases were diagnosed within 3
months of first exposure. When 187 of the 235 employees participated in
biennial screening in 1997 to 1999, seven more had developed
beryllium sensitization or chronic beryllium disease, increasing the
overall rate to 9.4% (22 of 235). The blood BeLLPT should be used
serially in beryllium disease surveillance to capture new or missed cases
of sensitization and disease. Beryllium sensitization and chronic
beryllium disease can occur within 50 days of first exposure in modern
industry. (J Occup Environ Med. 2001;43:231-237)

hronic beryllium disease (CBD) is a
systemic and pulmonary disease
characterized by noncaseating gran-
ulomas, mononuclear cell interstitial
infiltrates, and fibrosis resulting from
a beryllium-specific, cellular im-
mune responseThe beryllium lym
phocyte proliferation test (BeLPT),
which measures beryllium-specific
cell proliferation in blood’?is used
widely in industry as a screening test
for beryllium sensitization (BeS) and
CBD. The point-prevalence of ab-
normal BeLPT results in the berylli-
um-using industry ranges from 1.8%
to 11.8%* 8 and for CBD from
1.8% to 7.8%' ® The test has
proved to be more sensitive and spe-
cific than historic screening methods
such as chest radiography, physical
examination, and spirometfy.®-°
Studies have shown that the blood
BeLPT identifies approximately
70% to 94% of CBD cases®'®
However, other studies of blood
samples split between laboratories
have shown that the BeLPT can miss
cases of Be$? Because most of the
population-based prevalence studies
of BeS using the blood BeLPT have
been cross-sectional, they provide
only point-prevalence estimates of
BeS and CBF"® It is likely that
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itional cases of BeS and CBD may
evelop later in time, even after a
normal BeLPT result. Serial screen-
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ing with the BeLPT may identify include milling, deburring, lapping, questionnaire, which collected de-
additional cases of BeS and CBD. lathe operations, and grinding. The mographic and smoking data.

We do not know the precise timing facility also uses a number of differ-  All employees participated in
of BeS and CBD onset after first ent beryllium materials, including 2-year follow-up screenings, with the
exposure occurs. The latency period beryllium metal, beryllium-alumi- BeLPT conducted in May and June
for CBD has been cited in the liter- num alloy, and a beryllium metal/ of each year, excluding those already
ature to range from a period of beryllium oxide composite called E- detected as having BeS or CBD or
months to 40 yeafs ™ and may metal. Respiratory protection was those who left the company. Risk
vary widely among workers. An in- not routinely used at the plant. Dur- communication presentations were
dividual may have normal BeLPT ing the period of medical surveil- repeated and aggregate screening re-
results at one time but later develop lance, we performed environmental sults were presented to the workforce
BeS because of changes in plant andsampling for beryllium and assessed before each new round of screening.
exposure conditions. Serial surveil- both total berylium and particle- Employees originally screened in
lance with the BeLPT may identify size-related exposure for plant ma- 1995 underwent repeat blood screen-
these additional cases of CBD and chining processe¥ This industrial ing in 1997 and 1999; those origi-
BeS, once prevalent cases are identi-hygiene sampling study at the plant nally screened in 1996 had repeat
fied, and may help to identify new found median machining exposures blood testing performed in May
high-risk processes in beryllium of 0.3pug/m® and identified improve  1998; and employees originally
areas. ments that could be made at the screened in 1997 had repeat screen-

Prompted by an index case of plant. Since 1996 some processesing performed in 1999.

CBD in 1995, a beryllium metal were enclosed, ventilation systems
machining facility initiated an ongo- were improved, a stricter uniform
ing medical surveillance program for policy was initiated, and dry sweep- . .
beryllium disease using the BeLPT. ing and air hoses were eliminated. Proliferation Test

The facility, in operation since 1969, Additional total beryllium and parti- All blood specimens were shipped
uses a number of different processescle-size sampling was performed in by overnight carrier from the plant to
to machine several different beryl- 1999 to characterize the exposures inthe Clinical Immunology Laboratory
lium materialst* All employees are all jobs and employees at the plant. at the National Jewish Medical and
tested at 2-year intervals, with new These data are the subject of a com-Research Center. The BeLPT was
and rehired employees initially panion article that reports BeS and performed within 24 hours of veni-
tested within 3 months of first em- CBD in relation to beryllium expo- puncture using methods previously
ployment. This presented the oppor- sures at this precision metal machin- published® Briefly, mononuclear
tunity to test the hypothesis that on- ing plant*® cells were isolated from heparinized
going surveillance using the BeLPT . . venous blood. They were placed in
finds new and/or missed cases of Beryllium Surveillance culture in the presence and absence
BeS and CBD. We were also able to  The company initiated plantwide of beryllium sulfate, across a three-
examine the risk for BeS among testing with the blood BeLPT in May log range of salt concentrations. We
newly exposed workers in modern 1995. All current employees and verified cell viability and reactivity

Blood Beryllium Lymphocyte

industry. daily contract workers were included using the mitogen phytohemaggluti-
in the screening. They provided writ- nin and antigen tetanus toxoid at
Methods ten informed consent in compliance optimal concentrations. Cell prolifer-

Overview of Plant Conditions

with a National Jewish Medical and
Research Center Institutional Re-

ation was measured by the incorpo-
ration of tritiated thymidine into di-

The 100,000 square foot beryllium view Board protocol before initial viding cells after 4 and 6 days in
metal machining plant opened in venipuncture. New or rehired em- culture. The cells were harvested and
1969 and at the time of this study ployees were tested with the blood the amount of radiolabel that had
employed approximately 186 indi- BeLPT within their 3-month proba- entered the cells was measured in a
viduals. Processes at the plant in-tion period to establish a baseline gas ionization counter. Results are
clude receipt and inspection of ma- blood test result. At the time of the expressed as a stimulation index (SI),
terials, mechanical machining and first round of screening, we con- which is the ratio of the counts per
polishing, electrical discharge ma- ducted workforce presentations for minute of radioactivity in cells stim-
chining, acid etching, final inspec- all shifts on the health hazards of ulated with beryllium salts divided
tion, and quality assurance. An office beryllium and on the purpose of by the counts per minute for un-
area is connected to the plant and medical surveillance for CBD. Be- stimulated cells. The normal range
handles management and administra-fore blood testing, each employee for our laboratory was based on a
tive functions. Machining processes completed a short, self-administered series of 20 blood tests performed in
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persons with no known beryllium Definitions of BeS and CBD
exposure, taking the mean peak-Si
2 SD. A test was considered abnor- yeyjjium-specific immune response,
mal if two or more of the six stimu-

lation indices exceeded_ the normal mal blood BeLPT with no evidence
range. A test was considered

derline” when only one of the values cejfinfiltrates on transbronchial lung
exceeded the normal range. Abnor- biopsy. CBD was defined as evi-
mal and borderline blood tests were jopce of BeS with granulomas
repeated in the same laboratory for 4ng/or mononuclear cell infiltrates in
confirmation. If the repeat test was lung tissue* We defined “probable”

abnormal, the employee was referred cgp pased on BAL lymphocytosis

for a clinical evaluatiqn that inclluded plus abnormal BAL BeLPT resullts.
BAL and transbronchial lung biopsy

to determine whether CBD was Statistical Analysis
present.

demonstrated by repeatedly abnor-

bor- of granulomas and/or mononuclear

Data are presented with means and
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18 to 77). The group had been em-

We defined BeS as evidence of Ployed at the machining plant for an

average of 11.7 years (range, 1
month to 29 years). Of the 235 work-
ers, 151 were initially tested in 1995,
50in 1996, and 34 in 1997 (Table 1).
Fifteen of 235 (6.4%) had confirmed
abnormal blood BeLPT results on
initial screening (including the index
case, in which the worker was still
employed at the time of initial
screening). Twelve of 15 completed
clinical evaluation. Eight were found
to have CBD with granulomas and/or
mononuclear cell infiltrates on trans-
bronchial lung biopsy. One individ-
ual had an abnormal BAL BeLPT

Clinical Assessment

All employees with two or more
abnormal blood tests were referred
for clinical evaluation. Forced vital
capacity and forced expiratory vol-
ume in 1 second were measured with

ranges as applicable. A chi-squared
analysis and Fisher’'s exact test were
used to compare differences between
categorical variables. The Students
test and Wilcoxon’s rank sum test
were used to compare differences
between continuous variables. All

(SI, 4.9) and lymphocytosis in BAL
fluid (60%) but no evidence of gran-
ulomas or infiltrates on biopsy. He
was classified as having probable
CBD. Three had BeS without evi-
dence of CBD on either lavage or

analyses were conducted usingb'OpSy'

a pneumotachograph. Total lung Ca- J\P® statistical softward’

pacity was measured in a constant-

pressure body plethysmograph. The Results

single-breath method of Ogilvie and

coworkers was used to evaluate the|pitja| Beryllium Surveillance
i iffusi i Of the 235 individuals tested with

ratio of diffusion capacity of carbon 1995 Through 1997 the BeLPT in 1995 throuah 1997

monoxide to alveolar volume. Gas T g '

All individuals currently em-

ity, and maximum oxygen consump- Ployed or newly hired at the plant (Table 1). Excluded from testing

tion were determined with a 380 B Were tested with the BeLPT from were the 15 CBD and BeS cases
cycle ergometer with continuous car- May 1995 through December 1997. previously diagnosed, six contract
diac rhythm and arterial oxygen con- One hundred percent of employeesemployees who the company chose
tent monitoring. We used an indwell- participated. We tested 235 workers; not to retest, and 27 individuals no
ing arterial line to measure arterial 90% were male and 99% were non- longer with the company. The partic-
blood gas at rest and after each Hispanic white. The average age of ipation rate among the remaining
minute of exercise. The results are the participants was 39 years (range, eligible employees was 100%. Five

reported as the partial pressure of
oxygen (PQ) and alveolar-arterial
oxygen difference ([A— a]PO,) at  TaBLE 1

baseline and at maximum exercise. |nitial and Follow-Up BeLPT Results of Biennial Surveillance for Chronic
We performed bronchoalveolar la- Beryllium Disease in a Metal Machining Plant, 1995-1999*

Follow-Up Beryllium
Surveillance in 1997, 1998,
and 1999

vage (BAL) using methods described  original test year, round 1 1995 1996 1997 Total
previously*® and we reported the No. tested 151 50 34 235
percent Of |ymphocytes |n the recov- Abnormal, n/% 8/5.3 5/10 2 /5.9 15 /6.4
ered BAL fluid. We also tested for Biennial testing, round 2 1997 1998 1999
BeS by performing the BeLPT on No. rescreened 129 36 22 187
BAL cells using methods similar to Abnormal, /% 5739 0/0 0/0 5721
those of the blood test. Transbron- B’il””'a’ testing, QOU”dS’ 7“1933 106
H H 0. rescreene

ch|al_ lung blopsy was performed to Abnormal, /% 219 218
confirm the existence of granulomas

Total abnormal, n/% 15/9.9 5/10 2/5.9 22 /9.4

and/or mononuclear cell infiltrates in
lung tissue.

* BeLPT, beryllium lymphocyte proliferation test.
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TABLE 2
Test Results* of Employees With Abnormal Blood BeLPT Results on Biennial Rescreening in a Precision Machining Plant,
1995-1999

Initial Screening (1995) Follow-up Screening (1997) Follow-Up Screening (1999) Final
ina
Patient Test 1 Test 2/3 Test 1 Test 2/3 Test 1 Test 2/3 Diagnosis

1 2.3, normal No repeat done 2.9, abnormal 4.5, abnormal - - BeS

2 4.5, borderline 1.3, normal 16.6, abnormal 6.7, abnormal - - CBD

3 1.1, normal No repeat done 5.3, abnormal 4.0, abnormal - - CBD

4 5.8, abnormal 1.3 /1.3, normal/normal 89.0, abnormal 14.5, abnormal - - CBD

5 1.2, normal No repeat done 9.3, abnormal  1.6/2.6, abnormal - - CBD

6 1.3, normal - 2.6, borderline 0.7, normal 1.9, borderline 4.1, abnormal CBD

7 Uninterpretable 1.3, normal Uninterpretable 1.6, normal 4.5, abnormal  10.4, abnormal CBD

* Results are reported as peak stimulation index for beryllium stimulation and interpretation of test results; BeLPT, beryllium lymphocyte
proliferation test; BeS, beryllium sensitization; CBD, chronic beryllium disease.

of the 187 (2.7%) subsequently had have abnormal BeLPT results on the which the worker presented with
repeatedly abnormal BeLPT test re- first round of biennial screening are symptoms, most of the individuals

sults. All five had been classified as presented in Table 2. were in the very early stages of CBD
normal in the original screening, al- . . . and had minimal abnormalities on
though one of the five had a border- Clinical Evaluation Results pulmonary function or on exercise
line BeLPT result in 1995 and an-  In summary, of the 22 employees capacity testing.

other had an unconfirmed single identified as beryllium-sensitized in
?bnormal BelLPT r_e_sult in 1995._ All all three rogn_ds of screening, _19 BeS and Disease Among
ive underwent clinical evaluation. completed clinical evaluation. Thir-
Three of the five were found to have teen of the 19 were diagnosed with New Employees
CBD. One individual with an abnor- CBD characterized by granulomas Within the population screened, 60
mal BAL BeLPT (SI, 54.1) and lym- and/or mononuclear cell infiltrates of 235 (25.5%) were new employees
phocytosis in BAL fluid (22%) was on lung biopsy. Two additional indi- who had worked in the plant for less
classified as having “probable viduals had abnormal BAL BeLPT than 1 year before blood testing.
CBD.” The other individual was di- results (Sls, 54.1 and 5.9, respec-Four of the 60 (6.7%) were among
agnosed as having BeS with no evi- tively) and lymphocytosis in BAL the 22 employees with abnormal
dence of CBD on lavage or biopsy. fluid (22% and 60%) and were diag- blood tests. All four had worked for
Thus, the overall rate of BeS/CBD in nosed with probable CBD. Four of less than 3 months when tested
this workforce increased to 8.5% (20 the 19 individuals were diagnosed (range, 50 to 92 days) and reported
of 235) after the second round of with BeS. They had repeatedly ab- no previous exposure to beryllium
screening. normal blood BeLPT test results but before working at the plant. Three of
The employees originally tested in no evidence of granulomas, mononu- the four completed clinical evalua-
1995 were again eligible for 2-year clear cell infiltrates, lymphocytosis, tion. Two of the three evaluated were
follow-up screening in 1999 (Table or abnormal lavage BelLPTs. The diagnosed with biopsy-proven CBD.
1). Of the original 151 workers tested three individuals who were not clin- The other was diagnosed with prob-
in 1995, a total of 109 were retested ically evaluated were classified as able CBD because of an abnormal
(100% participation among current beryllium-sensitized. BAL BeLPT result and 60% lym-
eligible employees), and two had Of the 19 workers evaluated clin- phocytes in BAL fluid.
confirmed abnormal blood BeLPT ically, there was no difference in
results. On clinical evaluation, both tenure at the plant between those _. .
individuals were diagnosed as hav- with BeS and those with CBD (14.0 Discussion
ing CBD with granulomas and/or years and 13.7 years, respectively). This workplace beryllium surveil-
mononuclear cell infiltrates on bi- Those with CBD tended to be older lance program demonstrates the effi-
opsy. Both had shown normal results than those with BeS (41 years vs cacy of repeat blood BeLPT testing
in the 1995 and 1997 screenings. 33.5 yearsP = 0.08). The berylli- at 2-year intervals in identifying ad-
Thus, the overall rate of BeS in the um-sensitized individuals tended to ditional cases of BeS and CBD. Our
workforce increased to 9.4% (22 of be current smokers as compared withepidemiological investigation of this
235) after the third round of screen- CBD cases (75% vs 20%, = 0.08). metal machining plant found that
ing. Initial and follow-up blood test Clinical results are presented in Ta- CBD and BeS continue to occur in a
results on the employees found to ble 3. Except for the index case, in modern industry and can occur
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TABLE 3
BAL, Pulmonary Function, and Exercise Physiology Results for the Index Case and the Surveillance-ldentified CBD and
BeS Patients”

Index Case
(n=1) Surveillance-ldentified CBD Cases Surveillance-ldentified BeS Cases
(mean) (n = 14) (n=24)

Smoking

Current smokers - 21.4% 75.0%

Former/never smokers 100 78.6% 25.0%
Bronchoalveolar lavage

Peak BeLPT stimulation index 95.2 19.8/1-65.17 1.1/0.8-1.71

Percent lymphocytes 69 41.4/10-73.5 11.7/6-15
Pulmonary function (% predicted)

FVC 56 96.6/82-115 94.7/89-104

FEV, 75 99.6/80-126 95.0/85-106

TLC 71 107.6/98-128 104.25/95-124

DLco/VA 60 93.9/74-115 98.8/90-105
Exercise physiology

Maximum workload (% predicted) 42.7 85.2/62.1-100.1 88.8/84.2-93.6

VO, at maximum exercise (% pre- 41 76.7/64.2-91.6) 81.4/73.6-90.3

dicted)

Po, at baseline* 60 74.7/68-87.3 69.0/68-70

Po, at maximum exercise* 44 79.2/64-87 74.0/64-82

(A—a) Po, at baseline 18 5.5/1.5-10 6.2/4-11

(A—a) Po, at maximum exercise 42 15.9/9.6-26 17.5/12-22

*BAL, bronchoalveolar lavage; CBD, chronic beryllium disease; BeS, beryllium sensitization; BeLPT, blood beryllium lymphocyte
proliferation test; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; TLC, total lung capacity; DLco/VA, ratio of diffusion
capacity for carbon monoxide to alveolar volume; VO,, oxygen consumption; Po,, partial pressure of oxygen; (A—a) Po,, alveolar-arterial
difference in oxygen tension.

T Means/ranges.

* Arterial blood gases at Denver altitude of 5200 feet.

within as little as 2 months of first on 372 current and former employ- using either laboratory alone would
exposure. ees identified one new case of CBD have resulted in identifying only
Ongoing medical surveillance cap- and nine new cases of BeS (2.7%). 46.5% to 48.8% of the BeS and CBD
tures new cases of BeS and CBD. Eight of the 10 newly identified cases. Stange et al found only 21%
Seven of the 187 (3.7%) individuals cases of BeS and CBD in that study to 38% agreement among three lab-
who underwent follow-up screening were among the current employees oratories with split-specimens of ab-
at 2-year intervals developed repeat-who had potential ongoing exposure. normal blood? although agreement
edly abnormal blood tests. All seven As in our study, those individuals on all tests, both normal and abnor-
had been classified as normal in the identified demonstrated BeS or the mal, ranged from 85% to 96%. We
original screening. Six of the seven very early stages of CBD on recently observed a 90% agreement
were found to have CBD on clinical retesting. when 29 abnormal samples were
examination, but none had yet devel- There is no way to know if the split blindly between our laboratory
oped symptoms. Our results suggestinitially negative blood BeLPT re- and a second commercial laboratory.
that serial surveillance with the sults of the BeS and CBD cases The BelLPT, though sensitive for
BeLPT can identify persons in the found on follow-up evaluation were CBD, may have a lower specificity
very early stages of CBD and justi- false-negative results or if these in- than was previously published. On
fies a 2-year interval. A previous dividuals were truly negative and the other hand, the test has again
report of repeat screening also only subsequently developed an ab-demonstrated its superiority to chest
showed the efficacy of surveillance. normal response on the BeLPT. Pre-radiography in detecting individuals
Stange et &lreported the results of vious studies suggest that some ofin the early stages of the develop-
3-year retesting as part of a beryl- the original normal results may have ment of BeS and CBP° and in
lium health surveillance program for been false-negative. Kreiss et al con- detecting disease in a presymptom-
employees of a nuclear weaponsducted a screening study in which atic stage.
manufacturing plant who previously samples were split between two lab- It is possible that some of the
had negative BeLPT results. Fol- oratories. Twenty-four cases of CBD abnormal results in the second and
low-up testing 3 or more years later and BeS were identified. However, third rounds of screening were due to
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new-onset BeS and CBD resulting
from ongoing cumulative exposure
and significant latency. Studies of
human lymphocyte antigen-DPB1
Glu69 marker for beryllium disease
have shown that 83% to 97% of
persons with CBD carry the mark-

Medical Surveillance for Chronic Beryllium Disease * Newman et al

One of the most striking observa-
tions in our study was the discovery
that CBD and BeS can occur within
2 months of hire and at a median
plant beryllium exposure level of 0.3
wg/me. Little is known of the timing
from first exposure to the develop-

ployment and among longer-term
employees suggests that cumulative
exposure might not play a role in the
development of BeS and CBD in this
population. The 60 new employees
who had an average tenure of 3
months (range, 1 to 9 months) had a

er’®'® These individuals may de ment of BeS and CBD. Hardy et al
velop sensitization and disease soonreported that CBD occurred within
after first exposure because of their months of first exposure when de- 6.4% among longer-term employees,
genetic predisposition, whether re- scribing beryllium t_jisease in the who had an average tenure of 15.8
lated to this or other genetic markers. 19408%; however, this has not been years (range, 1.9 to 29.2 years). Fol-
However, individuals without the reported in studies of modern-day low-up screening increased the over-
marker may go on to develop BeS industry. We previously described all rate to 9.4%, and the rate among
and CBD after a certain amount of the case of a secretary d_eveloplnglonggr-term employess increased to
cumulative exposure or after achiev- BeS 5 mont_hs z_;lfter potential be_ryl- 10.5%. However, 30% of new em-
ing sufficient latency. lium contamination frc_)m_r(_anovatlon ployees left employmen_t before the
We can roughly estimate the inci- work. However, that individual _had second round of screening, and thus
dence of BeS and CBD in this group be_en em_p_loyed at that berylllu_m- far only 8.3% of the new employe_es
of employees. Our initial round of YSiNg facility for 39 months_. It is have had th(_e opportunity for a third
screening included 235 employees probable that she had potential expo-round of testing. Furthermore, we do
; o sure before the renovation wotk. not know the frequency of BeS and
and identified 11 prevalent cases of : .
Most screening studies that have CBD among workers who left plant
BeS and CBD among the 175 long- )
" been performed to date have beenemployment before our first screen-
term employees and the 4 incident ; . ) . "
cross-sectional, testing long- tenured ing. We may find additional cases of
cases of BeS and CBD among 60 ;
new employees. If we assume eachemployees. The company we sur- BeS ancj CBD as we continue to
S . . veyed proposed baseline blood testsfollow this newly hired segment of
individual to be still at risk of devel- .
oping CBD after an initial normal on new employees, but they were the Workforce. over time. Use'of the
blood test then new cases identified concerned that preemployment or blood BeLPT in medical surveillance
on s bse, ent screenin ould bepreplacement blood testing could be has redefined latency for CBD be-
.L:j gu_ dent Ing would interpreted as discriminatory. There- cause the blood BeLPT result is pre-
consi ereBn?_cplTen caﬁes, assumw:grore, they tested individuals within dictive of pulmonary pathology re-
?rlewlous e O;eiu fs;/vere lno their 3-month probationary period. gardless of clinical stage.
aisely r;]e_ggt_lvle. t'e bl e(rjnp oy Although baseline blood tests were Longitudinal follow-up of cases will
ees with initial negative blood tests 1, 4yailaple for these four individ- be required to determine the time
who participated in a second round 515 none had previous employment from first diagnosis to the develop-
of screening, 109 also participated in \yith any potential for beryllium ex- ment of symptoms and pulmonary
a third round of testing. This resulted o5yre "and the three evaluated hadfunction decline.
in 356 individual tests. The seven pegative dental histories for berylli-  Except for the index case of CBD,
additional individuals who were ,m_containing crown and bridge- in which the worker sought medical
identified as having BeS or CBD on york. All three were in the early attention because of pulmonary
follow-up testing could be consid- stages of CBD and had not yet de- problems and symptoms, the surveil-
ered new-incident cases. The esti-yeloped symptoms. These individu- lance-identified CBD cases were in
mated incidence rate of BeS and als were able to reduce or curtail relatively early stages, most having
CBD in this group is then 3.1% (11 their beryllium exposure and will be normal measures on pulmonary
of 356). However, the chance of opserved over time to determine the function testing. All workers with
developing sensitization after an ini- disease progression. CBD had normal forced vital capac-
tial normal test may not be equal for  Reported latency from first expo- ity, forced expiratory volume in 1
allindividuals. Some employees may sure to CBD varies widely. Eisenbud second, and total lung capacity mea-
experience h_|gh(_er exposures thanand Lisson reported an average la-surements. Only two workers with
others, resulting in a higher risk of tency based on clinical symptoms CBD had a ratio of diffusion capac-
subsequent sensitization. In addition, between 6.6 and 11 years with a ity for carbon monoxide to alveolar
some individuals might not develop range of 1 to 41 years. In this  volume (DLco/VA) lower than the
disease because of a protective ge-study, the comparable rates of BeS normal percent predicted value of
netic predisposition, even with ongo- and CBD observed among the em- 80%, and all workers with BeS had
ing exposure. ployees tested within 1 year of em- normal DLco/VA measurements,

BeS/CBD rate of 6.7% (4/60). This
rate was similar to the initial rate of
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consistent with our previous report
on the physiology of surveillance-
identified CBD?° On exercise phys

iology testing, 5 of the 14 workers
with CBD achieved less than pre-
dicted maximal workload. In 8 of the
14 (57%), oxygen consumption at
maximum exercise was less than
80% of predicted. One worker with
BeS had a below-normal oxygen

h 2001

tected through workplace surveil-
lance. The beryllium industry and
government regulators must act ex-
peditiously to develop and enforce
tighter exposure limits and mandate
a medical surveillance “safety net”
for beryllium-exposed workers.
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11.

lecular immunogenetics, and badRlin
Immunol Immunopathol 1994;71:123—
129.

Hardy HL, Tabershaw IR. Delayed
chemical pneumonitis in workers ex-
posed to beryllium compoundsl Ind

index case, none of the participants
have required treatment with oral or
inhaled corticosteroids. These results
confirm that we are identifying BeS

and CBD in very early stages.

Screening employees at 2-year
screening intervals allows for a bal-

ance between the cost and logistics
involved in screening and ensures
that cases of BeS and CBD are iden-
tified before symptoms are clinically

apparent.

In conclusion, this study demon-
strates that serial medical surveil-
lance with the BeLPT should be
conducted to capture new or missed
cases of BeS and CBD. Until a new
and better screening test is devel-
oped, serial surveillance with the
BeLPT is our best tool for identify-
ing BeS and early CBD. Monitoring
for BeS and CBD should begin early
in employment, even in those indus-
tries in which exposures are below
the current Occupational Safety and
Health Administration permissible
exposure limit, because CBD can
develop within 2 months of first
exposure in the modern machining
industry. Research is ongoing to
identify the long-term outcomes for
BeS and CBD patients who are de-

eral Clinical Research Grant MO1RR00051,
National Institutes of Health Grant ES 06538,
and the beryllium machining plant.
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