
A 41-year-old non-smoking male was referred
due to persistent dyspnea and non-productive
cough. Thirteen years previously, serving as a para-
medic in the Suez Canal in the 1973 Yom Kippur
War, he experienced a traumatic injury from an 81
mm mortar shell explosion, with retained shrapnel in
the chest wall. Some fragments were surgically re-
moved prior to his presentation in 1986 (Fig. 1, Pan-
el A). At the time of his initial evaluation, the phys-

ical examination was unremarkable except for a few
scars in the chest wall. Radiographic assessment, in-
cluding computerized tomography (CT) (Fig. 1,
Panels B-D), demonstrated bilateral hilar and medi-
astinal lymphadenopathy, a few small subpleural
nodular opacities, and confirmed retained metallic
shrapnel in the right chest wall. Pulmonary function
testing revealed a minimal restrictive pattern (total
lung capacity [TLC] 79% of predicted) and a slight-
ly reduced diffusing capacity for carbon monoxide
adjusted for alveolar volume (DLco/VA, 78% of pre-
dicted).

Evaluation for suspected sarcoidosis, including
bronchoalveolar lavage, revealed lymphocytosis
(27%), a CD4/CD8 ratio of 2.6, a positive Kveim-
Siltzbach (Kveim) skin test, and gallium scanning
demonstrating increased uptake consistent with pul-
monary disease. A transbronchial biopsy was nondi-
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agnostic. A presumptive diagnosis of Stage I sar-
coidosis was made; his shrapnel exposure was not
considered in his differential diagnosis at that time.
The patient’s respiratory symptoms improved with-
out specific treatment; he was clinically stable in
yearly follow-up. Twenty years later (2006), he was
invited to take part in a clinical trial involving sar-
coidosis. Repeat CT imaging demonstrated im-
provement of the lymphadenopathy and no
parenchymal involvement. The DLco/VA, however,
had fallen to 65% predicted; the TLC was reduced to
90% predicted. His occupational history was non-
contributory: he had been an office worker since
military discharge.

At this point, the patient himself raised the pos-
sibility of a link between his war wound and sar-
coidosis, providing a piece of the previously excised
shrapnel. The possibility of beryllium-sensitization
with associated pulmonary disease mimicking sar-
coidosis was considered, because beryllium may be
present in military hardware. A beryllium lympho-
cyte proliferation test (BeLPT), genetic susceptibil-
ity evaluation, and scanning electron microscopy
(SEM) and secondary ion mass spectrometry
(SIMS) of the shrapnel were performed.

The BeLPT was performed as described else-
where (1), yielding two strongly positive tests after
4-6 days of incubation at varying beryllium concen-

Fig. 1. Panel A shows the initial (1973) chest radiograph revealing the two pieces of shrapnel in the chest wall (white arrows). The piece of
shrapnel from the left chest wall was excised later (Panel A insert). Panels B and C show the 1986 computerized tomogram (CT) of the
chest (axial images, soft tissue window): note in B, right paratracheal adenopathy (white arrow) and in C, bilateral hilar adenopathy (aster-
isks), subcarinal adenopathy (black arrowhead) and retained metallic shrapnel in the right chest wall, deep to the pectoralis muscles (white
arrow). Panel D shows an image from the same the chest CT (axial image, lung window): a few subpleural micro-nodules can be seen ad-
jacent to the left fissure. Panel E shows selected scanning electron microscopy (SEM) and secondary ion mass spectrometry (SIMS) im-
ages of shrapnel material: SEM of several fragments pressed in indium substrate and a detailed view of one fragment (indicated by arrow
to insert) and the SIMS elemental imaging analysis of that fragment. The 27Al+ SIMS image shows the micron scale distribution of alu-
minum in the fragment in red. The presence of beryllium in this fragment was detected in the 9Be+ SIMS image, shown in green. The over-
laying of these two images reveals that the shrapnel fragment region rich in beryllium is depleted in aluminum. The recorded 27Al+ SIMS
image was integrated for one second and the 9Be+ SIMS image was integrated for two minutes.
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trations of (Test 100 µM=4.1-7.6; 10 µM=3.3-25.3;
1 µM=1.76-23; Test 2: 100 µM=2.7-4.2; 10
µM=10.9-4.27; 1 µM=3.91-2.3). Genomic DNA
genotyping for HLA-DPB1 using a rapid nonenzy-
matic method and sequence-specific primers-poly-
merase chain reaction demonstrated heterozygosity
for HLA DPB1Glu 69 with 0201(Glu69+)/
0402(Glu69-) alleles, consistent with genetic sus-
ceptibility to chronic beryllium disease (CBD) (2).

In light of the positive BeLPT, previously re-
moved shrapnel (still in the patient’s possession)
was analyzed by an ASPEX® SEM using a 20 KV
beam. Major contents were aluminum and brass
(copper and zinc); no beryllium was detected. Be-
cause SEM is insensitive for low-level beryllium de-
tection, however, we additionally employed SIMS
methodology (3), confirming traces of beryllium
within the matrix of the predominantly aluminum
shrapnel fragment (Fig. 1, Panel E). The 27Al SIMS
image is shown in red, while the beryllium (9Be) im-
age shown in green.

Discussion

This is the first reported case of shrapnel-in-
duced beryllium sensitization with pulmonary in-
volvement in a presentation consistent with CBD.
As is common with CBD, the patient long carried a
sarcoidosis diagnosis. Sarcoidosis is an idiopathic,
systemic disorder with a variable clinical presenta-
tion; non-caseating granulomatous inflammation is
the hallmark of disease.This pathology, however, is a
nonspecific finding also associated with CBD and,
rarely, following the inhalation of other metals as
well. Indeed, CBD is the paradigmatic example of a
metal-related immune-mediated response mimick-
ing sarcoidosis (2). Our case underscores the cau-
tionary principle that CBD should always be consid-
ered in the differential diagnosis of an otherwise sar-
coid-like lung response, particularly when a history
has been elicited of exposure to beryllium or to met-
als likely contaminated with beryllium. Consistent
with the challenge of such case detection, we previ-
ously demonstrated the crucial role of occupational
history in the differential diagnosis of granuloma-
tous lung disease, finding that 6% of patients occu-
pationally exposed to metals and labeled as having
sarcoidosis, actually had CBD (1).

We confirmed the presence of beryllium in the
matrix of the shrapnel using SIMS, even though the
sample was predominantly comprised of aluminum.
Of note, beryllium sensitization has been shown
among aluminum smelter workers, albeit at a fairly
low prevalence (4). The bauxite ore from which alu-
minum is extracted is known to contain beryllium
not completely removed in smelting, thus end-use
aluminum may still contain traces of beryllium. The
beryllium content of the shrapnel was quite low but
consistent with well-recognized, inherent beryllium
content of aluminum, rather than as an intentional
additive.

This case also raises intriguing questions re-
garding non-inhalational triggers of beryllium-relat-
ed disease. Skin contact is believed to be a potential
route for systemic sensitization for beryllium (5).
This exposure route is difficult to isolate, because in
any occupational milieu with skin contact, some de-
gree of concomitant inhalation exposure is also like-
ly. In our case, there was little likelihood of berylli-
um inhalation. One must assume, therefore, that ei-
ther some amount of the metal was carried to effec-
tor cells resident in the lung or, conversely, that cells
immunologically activated elsewhere migrated to the
lung. Peripheral blood T cells tested before and after
patch testing in sensitized patients provide evidence
for the mobilization of beryllium-reactive T cells in-
to the circulating blood pool (6). Our patient’s ge-
netic susceptibility is also likely to have further con-
tributed to the pathogenesis of his disease (2).

Radiographic abnormalities and improvement
in gas exchange were reportedly reversible in some
workers when peak air concentrations of beryllium
were decreased (7). This might explain our patient’s
clinical improvement over the years following surgi-
cal excision of the shrapnel, although this is specula-
tive. The positive reaction to the Kveim test raises
the question of our patient being sensitized to beryl-
lium with concomitant, but unrelated sarcoidosis.
While this is possible, the positive Kveim test might
have been due to cross-reactivity between sarcoido-
sis and CBD disease biomarkers, an etiological path-
way common to both diseases, or to some other, un-
characterized property of the Kveim test material.
Non-specificity of the Kveim Test is supported by its
positivity in selected Crohn’s disease patients (8).

Chronically retained shrapnel and bullet frag-
ments have been shown to carry the risk of delayed
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complications after a relatively long latency.The new
onset of sterile inflammatory local reactions associ-
ated with shrapnel locally retained for decades has
been described, although without pulmonary or oth-
er distant site complications (9). Case reports of lo-
cal tumors, including in the lung, believed to have
been caused by shrapnel or bullet fragments rarely
have been reported as well (10). We now add to the
sparse literature on this subject this case of shrapnel-
induced beryllium sensitization and associated pul-
monary disease, findings consistent with CBD. The
question remains unanswered as to whether other
cases of disease due to similar exposures have oc-
curred, yet have been misdiagnosed as sarcoidosis.
At the very least, patients with retained shrapnel and
a clinical presentation consistent with sarcoidosis
should be assessed for beryllium sensitization. This
may also include consideration of shrapnel removal
where feasible. To date, this has not been recom-
mended for the remaining fragment deeply-imbed-
ded in the chest wall of our patient.
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