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Respiratory Involvement in Polychlorinated Biphenyls 

Poisoning1
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Clininil. iHhoralory. mul pathological findings on respiratory involvement tn polyihlon 
nated biphenyl (K'B) poisoning were studied in 401 patients »nd thvtt pathological itumgcv 
weir produced in nils given PCBs orally. Respiratory symptoms included expectoration m 
AIK} of the 2H** nonsmoking patients with PCB poisoning and mild wheezing in 2'f The 
incidence and severity of Ihe respiratory symptoms correlated well with the eoncentration »»f 
PCBs in thr blood and sputa, (‘best roentgenographk findings, pulmonary function (esis 
and pathological findings revealed bronchiolitis in many, and pneumonia or aiekMasis in 
about one-tenth of ihe patients with rcticulo-lineai shadows Peribronchiolar changes mux 
be primarily due to cilhvi PCB poisoning or associated infection Respiratory distress was 
often exacerbated by vital or bacterial infection persisting for more than a half year in about 
half of tbc patients examined The IgA and IgM levels in the serum deueased considerably 
within 2 years aflct the onset of Ihe disease and definite decreases in IgA levels may 
correlate well with the badctial infection PC'lls found in sputa may have been prevent in 
association with lipid in type II cells ol the lung with cxtielion trom hmiKhtal veils) .iml 
may have been phugocytoscd iu alveolar macrophages aud may change the it phttgocytu 
function.

In Ihe summer of 1968 patients with polychlorinated biphenyl (PCB) poisoning 
began to appear throughout the western pan of Japan. The cause was traced to the 
contamination of edible rice bran oil by PCBs used as a coolant < Kanechlor (KC) 
400. the trade name for a mixture of PCBs) in Ihe manufacturing process 127i. 
Since then the disease has been called '‘Yusho," which means "the oil disease." 
Respiratory distress occurring in these patients improved gradually hut 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 bronchial mu 
cosa with dose dependence (3) and with structural requirements (5) of PCBs. but it 
has been staled 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 
reported so far.

Clinical ami palholtffjit al examinations. Pour hundred one patients with PCM 
poisoning form the basis of the present study. They were subjected to the follow
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ing examinations: an assessment of subject symptoms, chest roentgenograms, 
pulmonary fund ions, microbial siudy of the sputum, and determination of im­
munoglobulin levels and PCH concentration in scrum and sputum. A pathological 
study was done on the lungs from seven autopsy cases and from rats given PCHs. 
as described below

Hlood sampling and immttnohmiral and chemieal analyxes. Immunoglobulin 
levels were examined by radial single immunodiffusion (24) using Parligcn 
(Behringwcrkc. West Germany) Immunoglobulin levels in 149 samples of scrum 
out of 72 patients (59 adults and 15 children! from March 1970 through March 1972 
and IgA in sputum from 9 adults were determined.

Rough estimates of the PCB concentrations in sputum samples, averaging Ml g, 
collected from the patients hefoio 1972 were obtained by comparing total peak 
heights on gas chromatograms (18) Sputa collected after 1975 from 20 patients 
and avciaging 40 g were semkpianlitatively analyzed using the Japanese standard 
analytical method for PCI! (20). Since 1975. about 10 ml of blood taken from each 
patient and each of 57 healthy volunteers has been analyzed by the latter method 
Idi PCI).

Aninud experiments. Male rats of the SO strain, weighing about 200 g. were 
given, by gastric intubation. 25mg of KC 400 in 0.5 ml of edible oil once (Group 1 
PCDs) and only 0.5 ml of oil (Group I control) and the same dose four limes per 
week (Group II PCBs and control). Groups of five animals were killed by cervical.— 
dislocation at 2. 7, 14. and 28 days after the last ingestion. Tissues were prepared 
lot light atul electron microscopy.

RESULTS
Ne\pirat<»ry symptoms and their relaiitm to f*CIt < om ( titration in htood. The 

ages of the 401 patients with Vusho were distributed between newborn and 80 
years and (he sex distribution was approximately equal. Respiratory symptoms 
were cough, expectoration, and wheezing, the former two appearing with skin 
eruptions and I he latter ensuing several months later. Expectoration was nonvis 
eitl in those without airway infection, comprising 40'/ of the 289 nonsmoking 
patients and mild wheezing was noted in 2'/.

In one case with bilateral cicaliical thickening of pleura due to tuberculosis 
which healed in 1945. tespiialon insufficiency and CO... narcosis have developed 
three limes since 1970 because of airflow obstruction exacerbated by bacterial 
infection. His PCD concentration in (he blood and sputum w'as high. 27 and 8 ppb, 
respectively, in 1975. The incidence of respiratory symptoms correlated well with 
the coiiceniration of PCHs in the blood (this trend was significant, p 0.05) (I), 
hut not with the pattern of PCHs (the hitter being noted in fable I).

Chest X rav and laboratory findings. On chest roentgenograms 5V» of the 
patients revealed rctictilo-lincar shadows, upon which admit, patchy (broncho- 
pneumonic), or atelectatic shadows were superimposed in about 10'/. These 

. roentgenographic findings did not correlate well with the severity of the dermal 
eruption (25). The results of pulmonary function tests in 12 nonsmoking patients 
ate presented in l ahle 2. Vital capacity {VC) and the ratio IT- V,/FVC were almost 
normal but arterial oxygen tension (/>().,> decreased in 8 and maximal expiratory 
flow at 50 and 25' / of vital capacity (V'mMV and l'WHX ..r>) showed mild decreases
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in about half of 11tc patients: in the latter both inspiratory and expiratory rhonchi 
were audible al all times

Serial bacteriological examination of sputa in 12 nonsmoking patients with re 
spiralory distress for over 2 years revealed the presence of Siuf>h\loi *•< < n\ tut-
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tens, list hrnt hut tali. f*.scutlouu>na.\, or llemaphilns The bjKterin wore foil ml 
persisting for more th;in 1 year in three eases ami less than ) year in two cases. In 
these five cases the PCB concentrations were over 10 ppb in the blood and .1 ppb 
in the sputa, while the enses with PC ft concentrations under 10 ppb were affected 
without persistence. Therefore, chronically infected airways seemed to he present 
in about half of the patients with respiratory distress, and further, it was often 
cxaccrtnited by viral infection w ith the appearance of inflammatory symptoms in 
the upper airways.

Ctise pre.wntaiitm. Asa typical case of Yusho involved in respiratory disorders, 
the 4t»ycar-old wife of a patient with respiratory insufficiency described above 
hHd complained of expectoration since April 1968 and mild wheeling since July 
1968. complicated by dermal ehloracnelikc eruptions and black pigmentation, 
hepatomegaly, and the like (23) since April 1968. Chest roentgenograms showed 
bilateral reticulo lincar ami micronodulor shadow's. In a pulmonary function test 
petlormcd in 1973. the following results were found: VC. 2470 ml (92*/<): FliV,/ 
FVC. 7KJ: VI1)IK 2,6 liters/scc: Vmil^0.7 lilcrs/xcc; />();.. 72 mm Hg: /»C02, 37 
mm Hg. Abnormality in the flow'-volume curve and blood oxygen tension 
suggests that she had been involved in small airway disease. In microbial examina­
tion of sputum hndcriu w ere delected, i.e.. Staphfoeotms aureus in each culture 
in 1970 nnC^lit’iiutphiltis in 1975. Rhonchi wxre improved after appropriate 
chemotherapy. The blood PCB content of this patient was 12 ppb and pattern A in 
both 1972 and 1973 and the PCB content in the sputum was 3.3 ppb and pattern B.

finnnm<n>lobalin levels. The IgA and IgM levels in the serum decreased and the 
|g(> level increased in 1970 but ail were restored to normal in 1972. except in three 
cases (one adult and two children) where the IgA level remained low (24). Though 
no statistically significant relationship between IgA levels and clinical symptoms 
was detected. IgA levels of less than l(X) mg/100 ml were found in 5 of 29 eases 
with respiratory symptoms but none in 24 cases without. The IgM levels were 
significant!) lower in patients with severe dermatological symptoms (grade IV. 
(9). while the IgA levels in sputum w-erc not low (24).

/*( lls in hlthul. sputum, anil fat tissue. (»as chromatograms of PCHs in blood 
weio icpoitcd in a separate paper (20). In the gas chromatograms, the peak ap­
peared immediately after 2.2 his<4 chlorophonyl)-1, l-dichloroclhylcnc <1)1)1-1 was 
low and the fifth major peak with DDF was high in the majority of the patients 
(pattern A): the reverse was present in the peaks of normal persons (pattern C). 
I’ullern B resembled pattern A but was not as pronounced. The sputa collected 
from December 1909 to July 1970 were analyzed for PCBs by gas ehromatog- 
laphy. The definite PCB peaks with late retention limes were always delected in 
the sputa collected before Max 1970 and apparently were lower in those after June 
1970. In sputa collected after 1973. about the same level of PCB concentration was 
found as in those after June 1970 und was about onc-third to one-tenth of the blood 
concentration, flu- PCB peaks of the same pattern demonstrable in the fat tissue 
of autopsy patients in 1969 were over 100-fold gtcater than those in sputa collected 
at about the same lime (26).

Puihaloniral sttuly. Pathological stud)’ of lung specimens front seven autopsy 
patients disclosed lymphocyte infiltration in bronchial and bronchiolar walls and
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macrophage infillralion in alveoli, particularly around bronchioles associated with 
alveolar collapse in four al the age of 13 to 48 (Fig. I). Focal hemorrhage and/or 
pulmonury edema and pleural and pericardial effusion or adhesion were a ho de­
tected in three patients who died within 4 to 12 months after the onset of the 
poisoning (14. 15) (Fig. 2). Marked hyperemia, atelectasis, and alveolar hemor­
rhage were noted in a stillhorn.case (13). ___

In rat lungs peribronchial and peribronchiolar cell infiltrations, especially the 
latter, were observed (Fig. 3). Electron microscopic studies in Group II PCBs 
revealed large lipid vacuoles and altered lamellar bodies or lysosomes in a type II 
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 II PCHs than in Group 1 PCBs.

DISCUSSION
The muse ami tlinittil syni/Hotn.\ oj TCH /Mw'.wwi/tg ( Yusho). In February l%8. 

leakage of PCBs used as a coolant in the manufacturing process caused the con­
tamination of edible l ice bran oil which was distributed mainly in Ihc western part 
of Japan (IV). Shortly thereafter unusual skin lesions were encountered (V). A 
certain hut definite dosc-cffcct relationship was noted between the amount of oil 
consumed and the clinical grade of dermal eruption (31). 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.

ha. I I .imp tissue lioni an autopsy case will) IH'II poisouiup Death was caused by acute catdiac 
insufficiency 4 years after I hi- onset of the disease at the ape of 46 Chronic inflammatory cell iflflltra 
lion ami productive chimpes are displayed in and around (he bronchioles, and edemu and mac 
mphapes ate seen in the alveoli. * 42
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!•».. 2. I.un|t tissue fu*m another tunnpsv ease with PCM poisoning. Death was uiused by acute 
t'iiuliMi- insullidcik'y I yciu wftet the onset of the disease at the age of IV Lymphocyte and macrophiige 
mriltraiion are seen in bromhiolar walls, amt hemorrhage and macrophages are present in the alveoli. 
» V2

The other symptoms in Yusho. whi :h varied a great deal, arc given in the tables 
tltt, 19). Respiratory symptoms have been omilicd because of unawareness of 
their relationship to PCB poisoning at (hat time. Although PCBs arc lipid soluble 
and vigorous lipid metabolism is known to be present in the lung (II, 12). no 
respiratory involvement in PCD poisoning has been reported until now. apart from 
plcuritis occurring in chlorparaffin poisoning (12) and in chloracnc eases (2). _

( mu entrufion and distribution of PC Hs in tissue, blood, and sputum. The 
determination of PCBs in tissues from autopsy patients showed that Ihe total 
amount present in the lung was about 1/15th to I/40th of that present in the skin or 
in fat tissue (18). The distribution of PCBs in animals has been studied extensively 
<4 f»). In nils the distribution of KC-400 administered orally was highest in the 
skin, adipose tissue, and liver, followed by plasma. It was somewhat lower in the 
lung (.10). Tctrachlorobiphcnyl. the major constituent of KC-400, is almost com­
pletely eliminated from the body in 3 to 4 weeks, but penta- and hexa-unalogs. 
although they are minor components, are still retained after 9 to 10 weeks, persist­
ing most tenaciously in the skin (29). As mentioned above. PCR concentrations in 
the fat tissue of patients (20) is much higher than that in blood or sputa. These 
different PCI) concentrations imply that PCBs deposited in the fat tissue are being 
removed slowly and then appear in blood and sputum.

Recent studies in mice showed that a number of discrete PCBs were not taken 
up by the bronchi but were distributed very evenly throughout the lung paren­
chyma (4). However, the author also showed specific dose dependence (1) and 
structural requirements (1) of PCBs Tot accumulation in the mouse bronchial
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I' li. y. I mi): 1 issue ftom ml mlminisimU PCHs once h week fur 4 w eek' IVrihronchiolar tvmpho 
i yU' iiml muemphnKe infiltmlion arc seen I'onspmiously anil niiitroptuif-es arc found 1i> a lessci e\lenl 1"
in the alveoli, f ocal hemoi rhayes are also seen in the alveoli * V.V I'1

f*atht>i>hyxiofttf!ic(il t hrttixrs. Pathological findings in the respiratory system in 
seven autopsy cases with Yusho consist primarily of macrophage infiltration and .
foeal atelectasis in alveolar spaces. Alveolar collapse around bronchioles may ( c
result from disturbances of lipid metabolism in the lung, as is observed from | \\
measurements of the surface activity of lung extracts (25). Peribronchiolar • p
changes may be primarily due either to PCB poisoning or to associated infection. , I’
Kocntgcnographic findings and altered pulmonary function correlate well with <<
these pathological findings. b

Focal hemorrhage and/or edema and pleural and pericardial effusion were 
mainly observed in the patients who died within I year after the onset of the 
disease. In February IW>8, a large number of chickens died when fed with fodder 
mixed with oil from the same company. The feeding of Kanechlor 4(H) al a 0.04Cf 
level 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 bacterial infection. In ihc latter. Gram­
negative bacilli were often detected and found to persist in about half of Ihc cases 
examined.

Factors involved in altering the defensive mechanisms of the respiratory tract 
include the clearance of PCBs, which is nol known in detail. Follicle atrophy in 
the spleen (7. Ml or spleen atrophy (17) has been noted and in guinea pigs only the 
humoral immune response was depressed (28). In (ho patients with PCB poisoning 
IgA and IgM levels in serum apparently decreased for 2 years after the onset of the 
disease, but they were restored to normal in most cases in spite of the persistence ,
of respiratory symptoms. __ _____ _
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lamellar bodies <ind det teased osmiopluha m n type II veil, iind iminetoiis dark bodies (lysosomesl uml 
phagotyloscd lipids m a macrophage As. alscolar space: lb, inclusion body; I. lipid: l.y. lysosomc. 
Vju. vacuole. 4000.

r'urthermorc. ihc incidence of respiratory symploms correlates welt with the 
concentration of 1VB. In sputum. PCBs may have been present in association 
with excretion from bronchial cells and/or with lipid in type II cells of the lung, 
phugocytoscd in alveolar macrophages, and expectorated. PCB is a lahilizerof the 
lysosomal membranes in vino (8) and it resulted in low acid phosphatase activity 
in alveolar macrophages (25). These findings may imply ils decreased phagocytic 
function.
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