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Clinical, lnboratory, and 1 findings on respi y invalvement in polychlon
nated biphenyl (PUB) poisoning were studied in 401 paticats and theit pathological chisnge s
were produced in rats given PCBs orally. Respiratory sympioms included eapectarsiion n
40 of the Y89 nonsmoking paticnis with PCB poisoning and mild wheezing in 27 The
incitdence und scverity of the respiratory sympioms correluted well with the concentration of
PCIs in the blovd and sputa. Chest ntge hic findings, f y function tests
and pathological findings revealed bronchinl in many. and pneumonia or atche s
about onc-teath of the paticats with reticulo-linear shidow s, Peribronchiolar chinges miny
be primarily due 1o cither PCB poisoning or sciated infection. Respiratory distress was
often exacerbated by vital or bacteriad infection persisting for more than i hulf year in ubout
half of the patients exumined. The IgA and [gM levels in the serum decreased considerably
within 2 years afier the onset of the disease and definite decreases in 1gA level muy
correhte well with the bacierial infection. PCBs found i sputie may hisve been present in
axsociation with lipid in type 11 cells of the g (o with excretion from bronchial cells) am!
muy have been phagocytosed in ulveolar mucraphages and muy change theis phagocytw
function,

INTRODUCTION

In the summer of 1968 patients with polychlorinated biphenyl { PCB) poisoning
began to appear throughout the western part of Japan. The cause was traced to the
contamination of edible rice bran oil by PCBs used as a coolant (Kanechlor (XC)
400, the trade name for & mixture of PCBs) in the manufacturing process (27).
Since then the disease has been called **Yusho,”" which means “the oil dis
Respiratory distress occurring in these patients improved gradually but persisted
in most cases (26), especially in those with high blood concentrations of PCBs and
with signs of chronically infected airways.

The accumulation of PCBs has recently been reported in mouse bronchiul mu
cosa with dosc dependence (3) and with structural requirements (5) of PCBs, but it
has been stated that the biological significance of these observations is unknown
The purpose of this report is to present details of clinical. laboratory. and
pathological findings of respiratory involvement in ** Yusho'* which have not been
seported so far,

MATERIALS AND METHODS
Clinical and pathological examinations. Four hundred one patients with PCB
poisoning form the basis of the presem sivdy. They were subjected to the follow-
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ing examinations: an assessment of subject symptoms, chest roentgenograms,
pulmonary functions. microbial study of the sputum. and determinition of im-
munoglobulin levels and PCB concentration in serum and sputum. A pathological
study was done on the lungs from seven autopsy cases and from rats given PCBs,
as deseribed below.

Blood sampling and immunobogical and chemical analvses. Immunoglobulin
levels were examined by radial single immunodiffusion (24) using Partigen
(Behringwerke, West Germany). Immunogiobulin levels in 149 samples of serum
out of 72 patients (59 adults and 13 children) from March 1970 through March 1972
and 1gA in sputum from 9 adults were determined.

Rough estimates of the PCB concentrations in sputum samples, averaging 30 g,
collected from the patients before 1972 were obtained by comparing total peak
heights on gas chromatograms (18). Spula collected after 1975 from 20 patients
amd sveraging 40 g were semiquantitatively analyzed vsing the Japancse standard
analytical method for PCB (20, Since 19730 about 10 mi of blood taken from each
pustient and cuch of 37 healthy volunteers has been analyzed by the latter method
for PCB.

Animad cxperiments. Male rats of the SD strain, weighing about 200 g, were
given, by gastiic intubation, 25mg of KC 400 in 0.5 mi of edible oil once (Group 1
PCBS) and only 0.5 mb of oil (Group I control) and the same dose four times per
week (Group 1T PCBs and control). Groups of five animals were killed by cervical—
dislocation 11 2. 7, 14, and 28 days after the Jast ingestion. Tissues were prepared
for light and electron microscopy.

RESULTS

Respivatory saympioms and theiv vetation 1o PCB concentration in blood. The
ages of the 401 paticats with Yusho were distributed between newhorn and 80
years and the sex distribution was approximitely equal. Respiratory symptoms
were cough, expectoration, and wheezing. the former two appearing with skin
cruptions and the Latter ensuing several months ey, Expectoration was nonvis-
cid in those without airway infection, comprising 4077 of the 289 nonsmoking
putients and mild wheezing was noted in 2

In one case with bilateral cicatrical thickening of pleura due to tubercolosis
which healed in B4, respiratory insufficiency and CO, narcosis have developed
three tates since 1970 because of wirflow obstruction exacerbated by bacieria
infection. His PCB concentration in the blood and sputum was high, 27 and 8 ppb,
respectively, in 1975, The incidence of respiratory symptoms correlated well with
the concenteation of PCRs in the blood (this trend was slgmfmnl. p 008 (),
but not with the pattern of PCBa (the Jatier being noted in Fable 1),

Chest Nevay and laboratory findings. On chest roentgenograms 18 of the
paticnts revealed reticulo-linear shadows, upon which acinar, patchy (broncho-
prevmonic), or atelectatic shadows were superimposed in about 107%. These
croentpenographic findings did not correlate well with the severity of the dermal
cruption (25). The results of pulmonary function tests in 12 nonsmoking patients
are presented in Table 2. Vital capacity (VC) and the ratio FEV/FVC were almost
normal but arterial oxygen tension (pO,} decreased in 8 and maximal expiratory
flow at 50 and 2597 of vital capacity (Vo so and Vo 22 Showed mild decreases
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Serial bacteriological examination of sputa in 12 nonsmoking patients with re-
tory distress for over 2 years revealed the presence of Stuphiviococc s aa-
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reus, Escherichia coli, Pacudomonas, or Hemaophitus, The bacteria were found
prersisting for more than 1 year in three cases and fess than 1 year in two cases. In
these five cuses the PCB concentrations were over 10 ppb in the blood and 3 ppb
in the sputi, while the cases with PCB concentrations under 10 pph were affected
without persistence. Therefore. chronically infected airways seemed 1o be present
in about half of the patients with respiratory distress, and further, it was often
exacertmted by viral infection with the appearance of inflammatory symptoms in
the upper airways.

Case presentation. As atypical case of Yusho involved in respiritary disorders.,
the 4b-year-old wile of a paticmt with respiratory insutficiency described above
had complained of expectorstion since April 1968 and mild wheezing since July
1908, comphicated by dermal chloracne-like cruptions and black pigmentation.
hepatomegaly. and the like (23) since April 1968, Chest roentgenograms showed
bitateral reticudo-lincar and micronodular shadows. In o pulmonary function test
petformed in 1973, the following results were found: VC. 2470 mi (929%); FEV/
FVC, 6% \'/,,,,,\ e 2.0 diters/sec: \",..,. 2 0.7 Biters/sec: pQ,, 72 mm He: pCO,, 37
mm Hg. Abnormality in the flow—volume curve and blood oxygen tension
suggests that she hiwd been involved in small airway disease. In microbial examina-
tiem of sputaen bacteria were detected, e Staphlococens awrens in each culture
in 1970 and_ Hemophilus in 1975, Rhonchi were improved afier appropriate
chemotherapy. The blood PCB content of this paticnt was 12 ppb and pattern A in
both 1972 and 1975 and the PCB content in the sputum was 3.3 ppband pattern B,

Invmnnoglobudin levels. The 1gA and 1gM levels in the serum decreased and the
1gG develincreased in 1970 but all were restored to normal in 1972 exceptin three
cises (one adult and two chikirend where the IgA level remained low (24). Though
no Atatistically sigoificant relationship between TgA levels and clinical symptoms
was detected, 1gA Tevels of less than 100 mg/ 100 ml were found in § of 29 cases
with respiratory: symptoms but none in 24 cases without. The igM levels were
sighificantly lower in patients with severe dermatological symptoms (grade 1V,
(9. while the JgA levels in sputum were not low (24),

PCRs in blood, sputum. and fat tissue. Gas chromagograms of PCBs in blood
were reported inoa separite paper (20). In the gas chromatograms., the peak ap-
peared immediately after 2,2-bistd-chlorophenyD- 1. I-dichloroethylene (DDE) was
low and the lifth major peak with DDE was high in the majority of the patients
(pattern A): the reverse was present in the peaks of normal persons (pattern C).

Pattern B resembled pattern A but was not as pronounced. The spwa collected
from December 1969 to July 1970 were analyzed for PCBs by gas chromatog-
ruphy. The definite PCB peaks with Jate refention times were always detected in
the sputa collecied before May 1970 and apparently were lower in those afier June
1970. 1n sputa collected after 1975, about the same level of PCB concentration was
found i in those after June 1970 and was about one-third to onre-tenth of the blood
concentration. The PCB peaks of the same pattern demonstrable in the fat tissue
of nutopay patients in 1969 were over 100-fold greater than those in sputa collected
al about the same time (26),

Puathological study. Pathological study of lung specimens from seven autopsy
patients disclosed lymphocyte infiltration in bronchial and bronchiolar walls and
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macrophage infiliration in alveoli, particularly around bronchioles associnted with
atveolar collapse in four at the age of 13 10 48 (Fig. 1. Focal hemorrhage and:or
pulmonary edema and pleural and pericardial effusion or adhesion were also de-
tected in three patients who died within 4 to 12 months after the onset of the
poisoning (14, 15) (Fig. 2). Marked hyperemia. atclectusis, and alveolar hemor-
rhage were noted in a stillborn case (13), s .

In rat lungs peribronchial and peribronchiolar cell infiltrations. especialiy the
latier. were obscrved (Fig. 3). Electron microscopic studies in Group 11 PCBs
revealed large lipid vacuoles and altered lamellar bodics or lysosomes in a type 11
alveolar cell and alveolar macrophage (Fig. 4). These pathological changes were
most marked at a week after the last ingestion of PCBs and more intense in the
Group 11 PCHs than in Group | PCBs.

DISCUSSION

The cause and clinical symptoms of PCB poisening (Yusho, In February 1968,
leakage of PCBs uscd as a coolant in the manufucturing process caused the con-
tamination of edible rice bran oil which was distributed mainly in the western part
of Japan (19). Shorily thereafter unusual skin lesions were encountered (9). A
certain but definite dose —effect relationship was noted between the amount of oil
consumed and the clinical grade of dermal eruption (1), The average amount of
oil consumed was 800 ml per person (31). The oil contained, as later found by
chemical and activation analyses, 1000 ppm of PCBs (22) and caused a heavy
poisoning affecting over 2000 persons.

P 1 Lo tissie Grenn an autopay ciase with CH poisoning wd by acute carding
insufficiency 4 years after the onset of the disease at the age of 46. Chronic inflammatory cell il
tion and productive changes ure displnyed i and around the bronchioles, and edemny and mac
tophages e seen in the abveoli. < 42
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Fre, 2 Lung tissue from another aotopsy case with PCB poisoning. Death wis coused by acute
cinndie nsufficiency | yem altes the onset of the disease at the age of 1Y Lymphocyte and miscrophage
wfdttanon nre seen in bronchiolar watls, and bemuorrhage nnd mucrophages are present in the alveali,
> 9

The ather symptoms in Yusho. whih varied a great deal, are given in the tables
t16, 19). Respiratory symptoms have been omitted because of unawareness of
their refationship to PCB poisoning ot that time. Although PCBs are lipid soluble
und vigorous lipid metabolism is known 10 be present in the lung (11, 12). no
respiratory involvement in PCB poisoning has been reported until now. apart from
plevritis occurring in chlorparaffin poisoning (12) and in chloracne cases (2).

Concentration -and distribution of PCBy in tissue, blood, and sputum. The
determination of PCBs in tissues from autapsy patients showed that the total
amount present in the Jung was about 1715th to 1/40th of that present in the skin or
in fut rissue (18). The distribution of PCBs in animals has been studied extensively
(4 6). In rins the distribution of KC-400 administered orally was highest in the
skin. adipose tissue, and liver, followed by plasma. 1t was somewhat lower in the
lung (30). Tetrachlorobiphenyl. the major constituent of KC-400, is almost com-
pletely eliminated from the body in 3 to 4 weeks. but penta- and hexa-analogs,
although they are minar comy s, are still retained after 9 10 10 weeks, persist-
ing most tenaciously in the skin (29). As mentioned above. PCB concentrations in
the fat tissue of patients (20) is much higher than that in blood or sputa. These
different PCB concentrations imply that PCBs deposited in the fat tissue are being
vemoved slowly and then appear in blood and sputum.

Recent studicy in mice showed thut a number of discrete PCBs were not taken
up by the bronchi but were distributed very evenly throughout the lung paren-
chymu (4), However. the author also showed specific dose dependence (3) and
structural requirements (5) of PCRBs for accumulation in the mouse bronchial
oS,

A

‘ MONS 001315




SHTGIMAISE 177 At

Fre X bung tissue from mdminintered PCBs once w week for 4 weekhs. Peribroachiolar vmpho
cyie and macrophage infiliration are seen conspreunusty and macrophages are found 1o lesser event
in the wlveoli. Focal hemuorrhages wre slse seen in the alveol. x 93,

Pathophysiological changes. Pathological findings in the respiratory system in
seven autopsy ciases with Yusho consist primarily of macrophage infiltration and
focat atelectasis in alveolar spaces. Alveolar collapse around bronchioles may
result from disturbances of lipid metabolism in the lung, as is observed from
measurements of the surface activity of lung cts (25). Peribronchiolar
chinges may he primarily due cither to PCB poisoning or to associated infection.
Roeatgenographic lindings and altered pulmonary function correlate welt with
these pathological findings.

Focal hemorrhage and/or edema and pleural and pericardial effusion were
mainly obscrved in the paticents who died within | year after the onset of the
disease. In February 1968, a large number of chickens died when fed with fodder
mixed with oil from the same company. The feeding of Kancchior 400 at a 0.04%
tevel resulted in labored respiration and distended abdominal cavity, similar to
chick edema (7. 10).

Alterations in the defense mechanisms of the respiratory tract. Respiratory
distress is often exacerbated by viral or bucteriat infection. In the latter, Gram-
negative bacilli were often detected and found 1o persist in about haif of the cases
examined.

Factors involved in aliering the defensive mechanisms of the respiratory tract
include the clearance of PCBs, which is not known in detail. Follicle atrophy in
the spleen (7. 14) or spleen atrophy (17) has been noted and in guinea pigs only the
humoral immune response was depressed (281 In the patients with PCB poisoning
1gA and IgM lcevels in serum apparently decreased for 2 years after the onset of the
disvase. but they were restored to normal in most cases in spite of the persistence
of respirstory symptoms.
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~ methad 16}, Note the sttenuated
ons dirk hodies (lysosomes) aml

Fre. 4 Lunp fssue Gom rat prepated tor 4 fixed hy Derme
Lome It bodies and devresned asminphidi m a type 1 el and o
acviosed lipids i o macrophage. A, ahveolar space: th, inclusion body: | lipid: by, lysosome:
Vv, vacuole. 4600,

Furthermane, the incidence of respiratory symploms correlates well with the
concentration of PCB. In sputum. PCBs may ve been preseat in association
with excretion from bronchial cells andor with lipid in type 1 cells of the lung.
phagocytosed in alveolur microphages, and expectorated. PCB is # labilizer of the
lysosomal membranes i viteo (8) and it resulted in low acid phosphatase activity
in alveolar macrophages (25). These findings may imply its decreased phagocytic

function.
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