A Cluster of Acinetobacter Pneumonia in Foundry Workers
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In a 3-month period, three men who had worked for 5 to
19 years as welders or grinders of steel castings in a
foundry acquired pneumonia caused by Acinefobacter
calcoaceticus variety anitratus serotype 7J. Two of the
men died, and postmortem examination showed mixed-
dust pneumoconiosis with iron particles in the lungs. A.
calcoaceticus variety anitratus serotype 7J was isolated
from the air in the foundry but the source was not found.
The prevalence of antibody titers of 64 or greater to the
71 strain was significantly higher among foundry workers
(15%) than among community controls (2%) (p < 0.01).
Sampling showed that the concentrations of total and
metallic particles (especially iron) and of free silica in air
inhaled by welders and grinders at the foundry frequently
exceeded acceptable levels. These findings suggest that
chronic exposure to such particles may increase
susceptibility to infection by this organism, which rarely
affects healthy people.

SPoRADIC CASES of non-nosocomial infection caused by
Acinetobacter calcoaceticus variety anitratus have been
infrequently reported in the medical literature (1-12),
and there have been no reports of outbreaks or clusters of
infection acquired outside the hospital. In contrast, noso-
comial infections caused by A. calcoaceticus variety ani-
tratus occur both sporadically and in clusters (13, 14)
and are believed to be opportunistic infections primarily
affecting patients who are elderly, debilitated, or exposed
to predisposing surgical or medical procedures or therapy
{14). The few reported cases of infection outside the hos-
pital usually have occurred in persons with chronic or
debilitating illnesses such as alcoholism or chronic renal
failure, although cases have occurred in persons without
underlying illnesses (1).

We investigated a cluster of cases of pneumonia and
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sepsis caused by A. calcoaceficus variety anifratus in
three workers in a steel-casting foundry (Foundry A) in
Hartford, Connecticut, from April to June 1979. Found-
ry A, which produces steel castings, employs 116 manual
laborers and 24 supervisors. Our evidence indicates that
chronic exposure to metallic dust in the foundry may
have predisposed workers to infection and disease caused
by this organism, which seems to have spread through
the air.

Materials and Methods
SURVEY OF WORKERS

In May 1979, workers from Foundry A filled out a question-
naire on basic demographic, medical, and job-related informa-
tion, Serum specimens were obtained from the workers. We also
questioned selected supervisors and manual laborers about the
waork patterns of welders and grinders of castings. In September
1979, we obtained demographic and job-related information
from workers at a control foundry (Foundry B) by personal
interviews using a standardized questionnaire. We also obtained
serum specimens from these workers, Foundry B, 100 km south
of Hartford, employs 100 persons and also produces steel cast-
ings.

In May and June 1979, we obtained throat and right antecu-
bital skin cultures from available workers at Foundry A, For
the workers tested in May, premoistened calcium alginate
swabs were applied to the throat and skin and then streaked
onto both blood and MacConkey agars (BBL Microbiology
Systems, Cockeysville, Maryland) and incubated aerobically at
35 2C for 48 h. Suspicious colonies from these and subsequent
cultures were streaked on triple sugar iron slants and incubated
at 35°C for 1B h. Colonies on triple sugar iron slants with
typical reactions (alkaline slant and negative H35 butt) for A,
calcoacericus variety anifratus were further identified. For the
workers tested in June, cotton swabs were applied to the throat
and skin and then inoculated into two preparations of brain-
heart (call brains, beef heart) infusion broth (Difco Laborato-
ries, Detroit, Michigan), one with and one without chloram-
phenicol, 8 pg/mL. These infusions were incubated at 35 “C.
After 18 h, the broths were subcultured onto MacConkey agar
and again incubated at 35 °C for 18 h.
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Safety and Health, Centers for Disease Control, reviewed pos-
teroanterior chest roentgenograms of workers atl Foundry A
taken in 1979 for evidence of pneumoconiosis. A positive inter-
pretation was category 1/0 profusion or greater, based on the
1971 international standard classification (15).

EMVIRONMENTAL SAMPLING

Cultures of the foundry air, water, and environmental sur-
faces were obtained from May to July 1979, We used a micro-
ban or Ross air sampler for 5- to 15-minute intervals to collect
samples of air directly onto blood or MacConkey agar. After
incubation at 35 °C for 24 h, representative colonies were
streaked onto MacConkey agar, incubated at 35 °C for 24 h,
and further identified. We cultured the water samples in three
ways. 1) One- to 5-mL aliguots of water were directly added to
Trypticase soy broth (BBL Microbiology Systems), incubated
overnight at 35 °C for 24 to 48 h. 2) Fifty- to 100-mL samples
of water were collected in sterile plastic bottles containing sodi-
um thiosulfate. These samples were passed through 0.45-um
filters (Millipore Corporation, Bedford, Massachussetts) and
the filters were placed on MacConkey agar and incubated at
35 °C for 48 h. 3) Fifty- to 100-mL water samples obtained in
sterile plastic containers were filtered through 0.45-um filters
and the divided filters were placed into two preparations of
brain-heart infusion broth, one with and one without chloram-
phenicol, 8 pg/mL. After incubation at 35 *C for 18 h, aliquots
of brain-heart broth with chloramphenicol were inoculated onto
MacConkey agar and incubated at 35 °C for 18 h. After incuba-
tion at 15 °C for 72 h, aliquots of broth without chlorampheni-
col were subcultured to broths with cephalothin (20 pg/mL),
nitrofurantoin (25 pg/mL}, or chloramphenicol (8 pg/mL}.
Further processing was carried out as described above for the
throat and skin samples. Environmental surfaces were cultured
using sterile cotton swabs that were placed in Tryplicase soy
broth and incubated overnight at 35 “C. Aliquots of this broth
were inoculated ontoe blood and MacConkey agar and incubated
at 35 °C for 48 h.

Air was sampled on 2 and 3 July 1979 at Foundry A. Person-
al breathing zone samples for respirable silica were taken at a
sampling rate of 1.7 L/min with Model G MSA pumps (Mine
Safety Appliance, Pittsburgh, Pennsylvania) using 10-mm cy-
clones. All samples were collected on preweighed FWSB filters
(Millipore Corporation) to measure the total weight of respira-
ble particles. The samples were analyzed for quartz and eristo-
balite according to previously described methods (16). Samples
for total particulates and metallic dusts (including nickel, chro-
mium, iron, lead, manganese, and copper) were collected on
preweighed DM B0O filters (Millipore Corporation) and ana-
Iyzed for metals as previously described (17). Concentrations
are expressed as milligrams of material per cubic meter of air
{mg/m?) and exposure limits are those recommended by the
Mational Institute for Occupational Safety and Health.

PROCESSING OF CULTURES

We used the API-20E (Analytab, Inc., Plainview, New
York) system to identify isolates of A, calcoaceticus variety
anitratus obtained from human and environmental specimens.
Antibiotic susceptibility patterns of these isolates were deter-
mined by the method of Thornsberry and associates (18). Sero-
types of the isolates were determined as previously described by
direct fluorescent antibody examination (19).

SEROLOGY

We obtained serum specimens from workers at Foundry A
and Foundry B and from another group of controls who were
selected from consecutive persons who had requested premari-
tal VDEL testing in January and February 1980 at the state
health department in Hartford, To assay these samples, we used
the indirect luorescent antibody method modified in the follow-
ing way from that described for Legionella prevmophila (20).
The four antigens used were whole, heat-killed A, calcoacericus
variety anifrafus that had been grown on blood agar: a pooled
preparation composed of the three strains of 71 serotype that
had been isolated from blood of patients and separate prepara-
tions of three environmental solates (71, IF, 10F serotypes)
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from Foundry A. Before testing, all serum samples were ab-
sorbed with blood-agar-grown organisms of the |F serotype to
remove non-lype-specific seroreactivity. A I-mL milky suspen-
sion of organisms in sterile water was centrifuged, the superna-
tant was decanted, and the packed cells were overlayed with |
mL of test serum, which was then mixed with a Pasteur pipette
and refrigerated overnight at 5 *C. The serum was decanted
and the procedure repeated. Twofold dilutions of test serum
from 1/64 to 1/1024 were assayed and read blindly. All titers
are expressed as reciprocals.
POSTMORTEM TISSUE

Postmortem lung specimens were reviewed by F.H.Y. Green,
M.D., Pathology Section, Laboratory Investigations Branch,
Division of Respiratory Disease Studies, MNational Institute for
Occupational Safety and Health. Particle analysis of pulmonary
dust deposits was done by back-scattered electron imaging and
energy dispersion X-ray analysis with a scanning electron mi-
croscope as previously described (21).

Case Reports
PATIENT 1

A S4-year-old man who had been a castings’ grinder and
chipper at Foundry A for 5 years became ill on 4 April 1979,
with shortness of breath and cough that produced red-brown
sputum. A chest roentgenogram taken the same day showed a
right middle and lower lobe infiltrate; penicillin was adminis-
tered intramuscularly and orally. On 9 April he was hospital-
ized because of increasing fever, diaphoresis, and left pleuritic
chest pain. The patient said he did not drink alcohol and had
never smoked cigarettes. In 1974 he had been hospitalized for
pneumonia. When he was admitted to the hospital in 1979, he
was alert but tachypneic and had cyanotic nail beds. Bloods
pressure was 149780 mm Hg; pulse, 160; respiratory rate, 48;
and temperature, 38.9 °C. Bilateral rhonchi and crepitations
were noted. A chest roentgenogram showed diffuse bilateral in-
filtrates suggestive of pneumonia, as well as g opacities, profu-
sion 1/1, invelving both upper and mid-lung fields and the low-
er left zone (15). The leukocyte count was 5300/mm? with
13%% polymorphonuclear leukocytes and 579 band forms. Ar-
terial blood obtained while the patient was breathing room air
showed Pogz, 28 mm Hg; Pcos, 36 mm Hg; and pH, 7.42. He
required immediate mechanical ventilation because of acute res-
piratory failure and was given penicillin G, 1 million units in-
travenously every 4 h, Within 24 hours of admission he had an
episode of bradycardia and hypotension associated with endo-
tracheal intubation and died from irreversible cardiac arrest.
Antemortem sputum and blood and postmortem lung tissue
grew A, calcoaceticus variely anitratus. Examination of post-
mortem lung tissue showed widespread bronchopneumonia
with consolidation, Alveoli were filled with fibrin, erythrocytes,
polymorphonuclear leukocytes, numerous macrophages con-
taining hemosiderin and dust, and large numbers of gram-nega-
tive bacilli. Perivascular connective tissue and fibrotic nodules
contained large quantities of dust. Marked perivascular reticu-
lin fibrosis was present. A dense, haphazardly arranged, col-
lagenous stroma contained 1- to 4-mm nodules composed of
dust-laden macrophages. A single fibrotic nodule with whirling
of collagenous fibers was seen.

Comment: Overwhelming Acinetobacter pneumonia in
a reasonably healthy person is distinctly unusual. Chest
radiograph and postmortem examination showed evi-
dence of mixed-dust pneumoconiosis with one nodule
suggestive of silicosis.

PATIENT 2

A 63-year-old man who had been a castings’ grinder and
chipper at Foundry A for 13 years became ill on 30 April 1979,
with chills, fever, and cough. On 3 May he was hospitalized
when he developed left pleuritic chest pain and cough that pro-
duced blood-streaked sputum. He said he smoked 11 packs of
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Table 1. Antibiotic Susceptibility Patterns of Human and Environmental Isolates of Acinetobacter calcoaceticus variety anitratus®

Antibiotic Source of Isolation and Serotype
Patient Patient Patient Cafeteria Recirculating Crosswalk Lavatory
1 2 3 Air Sample  Furnace Water  Air Sample Swah
{71 serotype)  (7) serotype) (7] serotype) (71 scrotype)  (10F serotype}  (1F serotype} (3F serotype)

Ampicillin 32 32 16 32 32 32 =32
Cephalothin =32 =32 =12 =132 =32 =32 =32
Carbenicillin B 3 8 8 32 32 32
Chloramphenicol =32 =32 =32 =32 =32 =32 =32
Gentamicin < 0.06 = 0.06 = 0.06 < 0.06 0.25 0.25 2
Tobramycin < 0,06 0,125 0.125 < 0.06 0.5 1 1
Amikacin 1 | 1 1 2 2 2

* Minimal inhibiiory concentramons in pg/ml

cigarettes per day, drank 1 pint of liguor per day, and had
hypertension requiring medication. When he was admitted, his
blood pressure was 190/110 mm Hg; pulse, 112; respiratory
rate, 20; and temperature, 38.4 *C. Crepitations were present in
the left side of the chest and the liver was enlarged. A chest
roentgenogram showed an infiltrate in the lingular segment of
the left upper lobe. The leukocyte count was 14 500/mm? with
65% polymorphonuclear leukocytes and 299 band forms. Se-
rum concentrations of liver enzymes were normal. Arterial
blood obtained while the patient breathed room air showed
Poy, 69 mm Hg; Pooz, 34 mm Hg; and pH, 7.42. Penicillin G,
600 000 units, was given intravenously every 4 h. Within 24
hours, infiltrates were throughout the patient’s left lung and he
developed respiratory failure requiring mechanical ventilation.
Gentamicin therapy (120 g intravenously every 8 h) was be-
gun, and the penicillin dosage was increased to 1 million units
intravenously every 4 h. On 5§ May cultures of blood and spu-
tum grew A. calcosceticus variety anifrarus; the penicillin was
replaced with 5 g of carbenicillin intravenously every 4 h. On
the same day, the patient’s leukocyte count fell to 1100/mm3,
his left lung became densely consolidated, and he had an epi-
sode of bradycardia and hypotension. On 7 May infiltrates in
the left lung had decreased and mechanical ventilation was dis-
continued. On 20 May the patient became afebrile, and on 26
May gentamicin and carbenicillin treatment was discontinued.
He was discharged from the hospital on 28 May.

Comment: Pneumonia rapidly progressed during ther-
apy with penicillin but responded to the combination of
gentamicin and carbenicillin, drugs to which his Acinero-
bacter isolate was sensitive {Table 1).

PATIENT 3

A St-year-old man who had been a welder at Foundry A for
19 years became ill on 11 June 1979, Weakness, dyspnea, and
cough that produced bloody sputum led to his hospitalization
on 13 June. He said that he had never smoked cigarettes and
that he drank alcoholic beverages twice weekly. He had been
hospitalized in 1977 for pneumonia. When he was admitted to
the hospital in 1979, his vital signs were blood pressure, 90/54
mm Hg; pulse, 130; respiratory rate, 44; and temperature,
38.9 *C. Bilateral lung crepitations were heard, A chest roent-
genogram showed a left lower lobe infiltrate and a left pleural
effusion. The leukocyte count was 1900/mm? with 4% poly-
morphonuclear leukocytes, 4% band forms, 18% metamyelo-
cytes, 6% myelocytes, 669 lymphocytes, and 29 monocytes.
Blood urea nitrogen was 42 mg/dL, and serum creatinine was
4.9 mg/dL. Serum concentrations of liver enzymes were elevat-
ed, bilirubin was 2.5 mg/dL, and prothrombin time was pro-
longed. Arterial blood obtained while the patient breathed
room air showed Po;, 44 mm Hg; Pcog, 23 mm Hg; and pH,
7.43. He required immediate mechanical ventilation and was
given ticarcillin, 3 g intravenously at 4-h interval for two doses,
followed by 4 g every 8 h; and tobramycin, 120 mg intravenous-
ly once, followed by periodic administration to maintain thera-

peutic blood levels. Within 24 hours, the leukocyte count fell to
1000/mm?, and his temperature was 41.1 °C. Septic shock was
complicated by metabolic acidosis and renal failure requiring
peritoneal dialysis. Cultures of blood and sputum obtained from
a transtracheal aspirate grew A, calcoaceticus variety amitratus.
In spite of granulocyte transfusions, cardiac pacemaker inser-
tion on 17 June to control arrhythmias, and therapeutic bron-
choscopies on 18 and 20 June, the patient’s condition worsened
and the pulmonary infiltrates became bilateral. He died on 20
June with massive hemoptysis. Postmortem examination of
lung tissue showed widespread bronchopneumonic consolida-
tion with multiple abscesses, primarily in the right lung, and
organizing pneumonia in the left lung. Focal areas of suppura-
tive necrosis containing a branching fungus and gram-negative
bacilli were seen in the right lung. One of these areas contained
a cavitating abscess adjacent to and involving the wall of a
bronchus and a pulmonary artery, with fresh hemorrhage noted
in the bronchus, The lungs showed widespread hemosiderin and
dust deposition. The dust was brown and was located in alveo-
lar macrophages and in the perivascular and subpleural connec-
tive tissues. Mild perivascular reticulin fibrosis was associated
with the deposited dust. No large nodules were seen. Cultures
of postmortem lung tissue grew Aspergilius species.

Comment: This patient, like Patient 1, had had anoth-
er episode of pneumonia in the previous 5 years. His aci-
netobacter pneumonia and septicemia progressed despite
appropriate antibiotic therapy. Postmortem examination
showed mixed-dust pneumoconiosis. The associated as-
pergillus infection may have complicated therapy.

Results
EPFIDEMIOLOGIC FINDIMNGS

Review of medical records for personnel in Foundry A
and illness questionnaires found no other persons with
pnecumonia in the January to June 1979 period. The only
common exposure of the three workers with acinetobac-
ter pneumonia was in the foundry, as they did not associ-
ate or visit the same places outside work. All three
worked within 5 to 10 m of each other in one section of
the finishing department of the foundry, a 30-by-16-m
area where welding (by arc-air and acetylene gas) and
chipping and grinding of large castings were done. Two
men were grinders, who used air-driven instruments to
grind, chip, and polish castings and removed debris from
castings with compressed air. The other man was a gas
welder who used acetylene as the gas source. Face masks
with disposable filters were provided at the foundry but
there was no training program in respirator use, and most
workers, including the three patients, usually did not
Wear respirators,
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CULTURES

Acinetobacter calcoaceticus variety anitratus was iso-
lated from sputum and blood of the three men with pneu-
monia. The blood isolates were of the 77 serotype. Antibi-
otic susceptibility patterns were similar for all isolates of
71 serotype (Table 1). One of 107 arm and none of 106
throat cultures obtained in May 1979 was positive for A.
calcoaceticus variety anitratus; the one positive culture
was serotype 1F. Two of 27 arm and none of 27 throat
cultures obtained in June 1979 were positive for A, cal-
coaceticus variety anitratus; one was serotype 3F and the
other nontypable.

One of 27 samples of Foundry A environmental sur-
faces was positive for A, calcoaceticus variety anitratus
(serotype 3F); this sample was a swab of the lavatory
sink in the men’s dressing room. One of 20 water samples
(from a recirculating furnace) was positive for the organ-
ism (serotype 10F). Three of 24 air samples were posi-
tive, including organisms of 7] serotype from the foundry
cafeteria, and 1F serotype from areas near the welding
and grinding booths and near a shake-out pit.

SERDLOGIC STUDIES

In Patient 3, rising reciprocal indirect fluorescent anti-
body titers to whole-cell antigen from the 771 serotype
were seen after absorption. In Patient 2, titers of 64 and
128 were found in absorbed convalescent-phase serum
samples (Table 2). In other Foundry A workers, the
prevalence of titers of 64 or greater to the 7J serotype was
159 after absorption (Table 2) and did not vary signifi-
cantly according to work location or job classification
(supervisors, grinders, welders, and core makers).

We also determined seroreactivity to A. calcoaceticus
variety anftratus in workers of Foundry B and Hartford
residents (Table 3). Foundry A workers tested were all
men and averaged 42.2 years of age and 7.7 years of em-
ployment; the two women and 45 men tested at Foundry
B averaged 44.8 years of age and 9.1 years of employ-
ment. Hartford residents tested included 48 women aver-
aging 29.7 years of age and 45 men averaging 30.7 years
of age. Rates of seropositivity to the human 7)1 strains

Table 2. Serum Antibody Titers in Patients 2 and 3 Against Four
Preparations of Heat-Killed Strains of Acinetobacter calcoaceli.
cus variety anitratus

Source of Serum Reciprocal Indirect
Fluorescent Antibody
Titers (After Absorption)
Against Four Strains with

Designated Serotypes

71 714 10Ff 1F§
Patient 2
(6/27/79) 64 <B4 <B4 <64
(8/30,/79) 128 <64 64 <64
Patient 3
(6/13/79) <B4 =64 <64 <064
(6521/79) 512 512 64 64

* Pool of three strains solated from blood of three men with Acinctobacier
PRCUROnia.

+ Isnlated from air sample from caletena.

1 lsolated from water from & recieculating furnace

& Isolated from air samiple taken near o shake-out pit,
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Table 3. Foundry Workers and Hartford Residents with Elevated®
Absorbed Serum Antibody Titers to Acinetobacter calcoacelicus
variety anitratus

Antigen Preparation
71+ 711 10F§ 1F||

Group

A s) —

Foundry A workers

{n = 120) 18(15.0) 2(L.7) 6(5.0) 2(1.7)
Foundry B workers

(n = 47} Ti14.9)  2(4.3) 17(36.2) 1(2.1)
Hartford residents

{rn = 93) 2(2.2) 0 ] 0

* Reciprocal titer 2> 64 by indirect immunofuofescenss using heat-killed steains
und afier absorption of serum with 1F sirain (see Methods).

* Poal of three sirains malated from blood of three men with Acrretobacter
T T T

i Isolated from air sample from cafetena.

& Isolated from water from a recireulating furnace

| Isolated from air sample 1aken near a shake-oul pit

{after absorption) were similar in workers at the two
foundries. However, Hartford resident had significantly
lower rates than foundry workers (X2(1) = 10.54,
p = 0.01). In Foundry A and Foundry B workers, titers
were unrelated to age and duration of employment.

ENVIROMMENTAL DUST EXPOSURE

Particle analysis in postmortem lung tissue from Pa-
tients 1 and 3 showed particles with the following ele-
mental composition, in order of decreasing frequency:
iron alone; silicon alone; aluminum and silicon: alumi-
num, silicon and iron; and iron, chromium, nickel, and
zinc, These results suggest that iron oxides, silica, and
silicates were present in the tissue. Both persons had oc-
cupationally related pneumoconiosis of the mixed-dust
type. Patient 1 had more severe pulmonary changes with
a single lesion compatible with nodular silicosis. He, but
not the other two persons with acinetobacter pneumonia,
had interstitial densities. Two of 116 readable radio-
graphs from other Foundry A workers had evidence of
PREUmMOConiosis,

When we analyzed the personal breathing zone sam-
ples collected on 46 workers, we found that eight of the
samples exceeded the standard of the National Institute
for Occupational Safety and Health for free silica of 0.05
mg/m?. Free silica exposure varied by job category; six of
25 molders and shake-out workers, none of 13 coreroom
workers, and two of eight welders and grinders had expo-
sures exceeding the standard. Exposures of six of 18 chip-
pers and grinders tested exceeded the American Confer-
ence of Governmental Industrial Hygienists threshold
limit value for total particulates { = 10 mg/m?), and five
exceeded American Conference of Governmental Indus-
trial Hygienists threshold limit value for iron oxide (> 5
mgsm?). Standards of the National Institute for Occupa-
tional Safety and Health for chromium and nickel con-
centrations were exceeded in 17. Eight of 21 welders test-
ed (including arc-air operators and burners) exceeded
the American Conference of Governmental Industrial
Hygienists threshold limit value for total particulates,
eight exceeded the American Conference of Governmen-
tal Industrial Hygienists threshold limit value for iron
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oxide, and 20 and 19 exceeded standards of the National
Institute for Occupational Safety and Health for nickel
and chromium, respectively. The above figures for chip-
pers, grinders, and welders contrast with those of 16
workers who pour casting, none of whom had excess ex-
posure to total particulates (p = 0.005) and five of
whom had excessive exposure to nickel (p < 0.0001)
and chromium (p < 0.0001) (Fisher's exact test, two-
tailed ).

Discussion

It is striking that the first documented cluster of non-
nosocomial A. ealcoaceticus variety anifratus pneumonia
oceurred in foundry workers who were exposed to unac-
ceptably high levels of total particulates, free silica, and
metallic dusts. Acinerobacter calcoaceticus variety ani-
tratus rarely causes illness in healthy people; only 18 cas-
es of non-nosocomial pneumonia caused by this bacteri-
um have been reported in the English literature (1-12).
We have no evidence to support, but have not directly
tested, the alternative possibilities that the cluster result-
ed from increased virulence of the infecting strain or de-
creased resistance of the workers because of simultaneous
viral infections.

Two of the cases in this cluster were in grinders, who
have intense exposure to metallic dusts. The attack rate
among grinders was statistically significantly higher than
among persons with other jobs in the factory (p < 0.02,
Fisher's exact test, one-tailed). The third case was in a
welder who worked within a few metres of the other two.
Two of the three cases occurred in workers who had doc-
umented mixed-dust pneumoconiosis with deposits of
iron {probably iron oxide) predominating in postmortem
lung tissue.

Mortality records in Great Britain have shown that
welders are twice as likely to die from pneumonia (indi-
cated by the underlying causes of death listed on death
certificates) as are others in the general population (22).
However, there 15 hittle information about the agents re-
sponsible for this excess of pneumonia, the places where
the infections are acquired, or the prevalence or type of
prneumoconiosis or other chronic lung disease among the
workers affected. In-vivo and in-vitro studies have shown
that the growth and infectivity of many bacteria are en-
hanced by increased iron concentrations (23). Whether
this is true for Acinetobacter has not been tested, but, if
so, the intense exposure of these workers to iron particles
may have predisposed them to develop pneumonia after
exposure to the bacterium.

The tight clustering in time and space of the cases in
our study and the fact that all three infecting strains were
of serotype 7] suggests that these men were exposed to a
common source of A. calcoaceticus variety anitratus. A
previous study showed that only one (0.5%) of 182 iso-
lates (primarily from blood, respiratory secretions, and
urine) of A. calcoaceticus variety anitratus was of 7J ser-
otype (19). The commonest serotypes in that study were
10F (14.3%), 3F (7.9%), and 1F (7.1%), types found
in environmental cultures in Foundry A. Our recovery of
serotype 7) with a similar antibiogram from the air in
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Foundry A suggests the possibility of airborne spread.
This is consistent with the finding that the prevalence of
indirect luorescent antibody titers of 64 or greater to the
71 strain was higher in Foundry A workers than in com-
munity controls and that the rate of seropositivity was
not affected by work location or activities within the
foundry. We could not explain the equally high seropre-
valence in Foundry B, although it is possible that intense
exposure to A. calcoaceticus variety anitratus is not limit-
ed to one foundry or that the serologic test is not suffi-
ciently specific. We found no evidence to support other
modes of spread.

Hospital outbreaks of pneumonia caused by A. calfcoa-
ceficus variety amitratus have been traced to person-to-
person spread as a result of skin colonization (24). The
three workers in this outbreak were not social acquaint-
ances and apparently had little skin contact with each
other. Furthermore, surveys of skin cultures of foundry
workers showed a Jower prevalence of the organism than
has been seen in studies of other groups (24-26).

The problem of airborne bacterial infections in the
work place has recently received attention with studies of
L. pneumophila (27-29). Organisms such as A. calcoa-
ceficus variety anitratus and L. pneumaophila, which seem
to adapt to agueous environments, could be spread in
industrial aerosols and pose special risks to susceptible
workers., Additional work is needed to define the source
of these organisms, how they become airborne, how ex-
posure of workers can be limited, and to what degree
industrial exposures to dust increase workers' susceptibil-
ity to infections caused by these organisms.
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