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ﬁlISIZO, a poisoning caused by rice oil
contaminated with polychiorinated biphenyls

MASANDOR! KURATSUNE, M.D., TAKESUMI YOSHIMURA, M.D.,
JUNICHI MATSUZAKA, M.D., and ATSUKD YAMAGUCHI, M.D

PORADIC outbreaks of a peculiar skin dis-

ease were reported in Fukuoka-Ken (Fuku-
oka Prefecture), Japan, in early October 1968. It
was characierized by such symptoms as follicular
accentuation, acneform eruption, pigmentation of
the skin and nails, and Fypefsccretion of the Mei-
bomian gland Staff members of the department of
dermatology of the Faculty of Medicine, Kyushu
University, Fukuoka, who examined some of the
carly paucns suspected they had chleracne. A
possibic causal rclationship between the diseass
and ingestion of a certain brand of nce ol was
also suspected in view of the distnet fanulial ag-
gregation of the patients and their common use of
the oil (/). This relotronship was subsequently

proved, and the discase was called Yusho, or rice

oil disease.

To clarify the cause of the epidemic, a study
group hcaded by Prof. S. Katsuki of the Kyushu
University Faculty of Mcdicaine was organized by
the staff of that universuy, the School of Mcdicine
of Kurume University, and local hcaith depart-
ments. An cpidemuologic study subgroup was set
up within the study group on October 19, 1968,
which wus derected by Kuratsune and also in-
cluded the other three authors. This subgroup im-
mediatcly designed and carnied our a scrics of
exiensive surveys in close cooperation with the

department of hygiene of our faculty of medicine
and the departmeants of public health of the Pre-
fecture of Fukuoka and of the cities of Kilnk)u-
shu, Fukuoka, and Ohmuta,

The epidemic spread not only over Fukuoka-
Ken but also over 20 other prefectures in the
western part of Japan. It produced 1,001 patients
—502 males and 499 females—according to the
latest tabulation by the scction of food hygiene,
Ministry of Welfare Although our study of the
epidemic was confined to Fuluoka-Ken. and the
epidemic proved to be caused by accidentally con-
taminated oil, we belicve that publication of our
results will help prevent similar food poisonings
These incidents can occur anywhere in the world
it sufficicnt care is not exercised.

The authors are with the deparsment of pubhc
healtir, Faculty of Medicme, Ksusiut Umversity,
Fuknoka, lapan, Dr, Kurarsune is a professor
of public health, Dr. Yosiumura and Dr, Matsu-
raka are working ioward doctoral degrees in pub-
lic health, and Dr. Yamagucht 15 a research riu-
dent. The study on Yusho was supported by a
special research grant from the Japanese Goverit-
ment. Tearsheer requesis to Masanori Kuratsune,
M D., Faculty of Medicine, Kyushu Uruversity,
Fukuoka, Japan.
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Maost of the results of our study have afready
been published in Japanese (2-3). We refer also,
when necessary, 10 3ome rmporiant observanons
made by a ciinical study subgroup headed by
Prof. K. Higuchi of the department of dermatol-
ogy at our university and also to studics by 2
chemical study subgroup headed by Prof H. Tsu-
kamoto of the Facully of Pharmaceutcal Sciences.

Ciinical Symptoms

The subjective symptoms of the 89 male and
the 100 female patients whose cases of Yusho had
been diagnosed by the end of October 1968 are
listed in table . Most of these symptoms related
to the skin and eyes, Dewnled climeal examina-
tions of these 189 persons by the clinical study
subgroup revealed many of the chinical character-
istics of Yusho (/.6-9).

Dermuatoiogical observations. Acneform erup-
tion—marked enlargement and elevation of the
follicular opening; pigmentation of the skin, lips,
gingiva, the mucous membrune of the oral cavity,
and nads; formation of hyperkeratouic plaque on
the soles of the feet and palms of the hands;
hyperhidrosis; hyperinchosis; swelling of Mont-
gomery's gland in the breast: cyst formation of the
sebaceous gland n the genital region; dry skin;
and, in children, mulia near the jounts.

r

Table 1. Percent distribution of symptoms of
Yusho reported by 159 patients examined be-
fore October 31, 1968

Symploms Males Females
(N=§9)(N=100)
Dark brown pigmentation of nads, . .... $3.] 15.0
Distinctine har folicles, ., voovvnienenn. 940 56,0
Increased sweatng st palens............ 0.6 550
Acnelihe skify EruUpUONS. e cv v iniaenn 87.6 12.0
Red plaques on hmbs. .o eveneeeensns M2 16.0
Itching .... retaransinnanenes 427 52.0
Pigmenuaiion OF SKIM. 1ovene rvrnnees 15 12.0
Sweliing of imbs. . ...\, s eeees 2 4.0
Silffencd soles tn feet and pllﬂ"u. of
hands. . vee 247 90
anemed mucous membrane. ........ 6.2 41.0
Incressed eye discharge ... .......... 388 510
Hypererma of conuniva. ... vovvveren 108 no
Transient vigual AIRUTBaNEE, e i 56.2 55.0
hundlce.of..........]. Cerraenae e ;{3 ;lg
Swelling uppereyeldl............... - .
Feeling of Weakpess. . cvvenve.,eeiee. .4 520
Numbness i Limbs..... U X 9.0
b L fetteatatacines e 16,9 19.0
Heanng difficulties. .. .. 15.0 190
Spawm of imds. ... . 1.9 $0
Headache.., ...... b 2 ] 90
YOmIling., ...ooeieuonren 21.6 280
Diarthedo..oovuense 19.1 17.0
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Ophthamic observauons. Hy persecretion of
the mewbomian gland and abnormal pigmentation
of the conjunchiva,

Nenrologieal observanons.  Numbness, pain
hypoesthesia, and lowered sensory conducuion
by the radial and surai nerves.

4 Other observanuns. Elevated serum tnglycet-
ide,

Epidamioiogic Data Avaliabie

When the epidemiologic study subgroup began
to acy, it had several pieces of informapon that
appeared lo be important but whose implwcations
were uncertain, such as the followng

1. The familial aggregation of patients was nat-
able, and the disease showed no disunct age and
sex preference,

2. All the patients seemed to have used one
brand of rice 0i1 (abbreviated as K rice ol be-
cause it was produced by K Company). An emet-
gency survey undertaken by the health deparment
of the city of Fukuoka had disclosed that some of
the patients in a certain area had, as a group, pur-
chased a can of K rice o1l and divided it among

- the group members. Those who did not buy the oy

seemed to be unaflected even though they lwcd
text door to the patients,

3. The patients seemed 10 be broadly distnb-
uted throughout Fukuoka-Ken.

These data of course were valuable, but we
knew that if we relied on them alone, they might
rmslead us. We exercised particular caution, there.
tore, to avoid such a risk, always seeking possible
antiheses when interpreting any result,

Descriptive Epidemipiogic Studies

The epidemiologic study subgroup first ined 10
learn how the 325 paticnts were distnbuted by
place of residence and time of onset of the disease
(2). Those persons who thought they wete suf.
fering from Yusho were asked to report to therw
local hcalth departments. From October 1983
umil the epidemic practically terminated in Janu-
ary 1969, a total of 6,611 persons in Fukuoha-
Ken had reported (hat they were affected Among
them, 325 cascs of Yusho were diagnored by the
clinical study subgroup An early analysis of g
portion of the 325 persons with confirmed cases,
carried out in Jate October 1968, revealed several
pecular features in the geographic distnbulion of
cases. features which did not basically change dur-
ing the cpidemuc. Therefore, aniy the results ol
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snalysis of these 3¢ ases will be presented to
dlustrate these peculianties,

Faorilial agereganon. The 315 patients be-
longed to 112 familics, a result indicaung a dis-
inct fanuhal aggregaton, which 13 considercd one
of the most important charactenisics of Yusho.

Time of occurrence. Nmety-nine percent of
the paticnis were affected during 1968, and 35
percent of the cases were concenmirated in the 3
months from June 1o August (table 2), The
monthly distnbution of the cases was alike for
both sexes. These results indicaled that cxposure
10 the causal agent or agerus was probably tem-
poral and indifferent to sex.

Sex and age. Dustribution of the 325 patients
by sex and age revealed no stgficant sex differ-
ence (iable 3). Age-specific merdence rales per
100,000, calculated by using the census popula-
tion of 1965, indicated lower risks for both males
and females in the age group over 60 years, but
again no marked sex difference (table 4).

Geograp  dutriburion. We calculated erude
mcidence ratcs of Yusho for ihrce {arge eities (K-
takyushu, Fukuoka, and Ohmuta) and for (he ju-
nsdictional areas of the 22 local health deprt-
ments of Fukyola-Ken A very marked differ-
ence was noted in their rates. Ten health depart-
menis reported no cases of Yusho while extremely
high incidence rates per 100,000 were noted for
the area covered by the health department of
Soeda (38 9) and that covered by the hea'th de-
partment of Tagawa (44 5), intermediately high
ratcs, from 7 10 14, were observed for the three
large cities and the area of the Kasuya heslth
department.

There are many coal mines, most of which have
recently been abandoned, 1n the junsdictional
areas of the Soeda and Tagawa health depart-
ments. The city of Kitakyushu has big steel and
chemical industries, Fukuoka is a seat of com-
merce, and Chmuta has big coal mines and chem-
ical industries. In contrast, the Kasuya health de-

Table 2. Distrlbution of 325 patlents with Yusho diagnosed by Junuary 20, 1969, by sex and month
when symptoms appeared

Males Females Total"
Moath
Number Percent Number Percent Number Percent

Before 1968, ... ..o icvuiinirssrsrsannns 2 1.3 2 1.2 4 1.2
JROURTY ., oo viiiiii e in e Cevessrnes 9 0 0 I+ ] o
FobTUBIY. .o ivrirrusrrsnravrrenssnsns 4 1.5 3 3.6 10 3.1
T - ] 3.1 2 7.2 20 6.2
APRl riniiiiiirarrarassissssrresares L3 9.5 10 6.0 15 77
18 11.4 15 90 33 102
23 4.6 k3] 98 % 172
27 7.1 2 19.2 59 is |
M 213 0 80 64 97
17 10.8 12 1.2 9 39
] 3.t 4 $.4 2 6.3
1 6 1 .6 2 6
1 K 0 0 H ]
{58 100.0 167 100.0 315 100 0

P AR ]

Toui..

‘I'able 3. Distributeon of 325 patients with Yusho diagnosed by January 20, 1969, by sex and age group

Males Femalas Totl
Age proup (years)
i Number Percent Number Percent Number Percent
[ S ireeneaes PR 37 21,4 27 16.2 64 19 7
1010 i iiretiisas s sarransnnan tesnas b1} 24.1 a8 16 8 6 20 )
R R R at 17.7 36 AN & i9 1
b1 o L X e 0 39 23.4 £9 212
L O D S 1! 10 23 13 8 M o3
S0-5% L. iiiiieeciieeitsaarsinsasnsanens 9 3.7 tt 6.6 0 612
BO6D. ciuvivresssrtosrarsrsnsnrsrenssns 4 2.3 3 1.8 T 1.2
FO-TPceirens cvinerseriresasarmnsatase t .5 0 0 I 3
b L Y 158 100 0 187 100 0 328 100 0
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partment covers an arca that s prmanly agricul-
tral. Most arcas where few Yusho pavents were
seen were agrcultural. No other common socioe-
conomic or cnvironmental factor was observed
that might cxplain the geographic distribution of
patients.

dil Used by Patients

i As stated, K rice oil had been suspected as the
possible cause of the epidemic. K fice ol is a
high-quality salad oil, made from rice bran by the
procedurc shown m the chant. It was popular in
Fukuoka-Ken, cven though n_was shghily more
expensive than other ouls on thc market. A thor-
ough investigation was undertaken to determine
whether the paticnts with Yusho had actually used
this brand of o before they were affected and if
30, whether there were any common characteris-
ties in regard to the container of the oil {bortle or
ean), date of production, date of purchase, or
route of marketing. To scek informauon on these
points, an investigation was conducted in coopera-
tion with the local health depariments, All pa-
tients and their wives were visied and mterviewed
in their homes. In addition, all the available ship-
ping records of K Company and alt avaiable rec-
ords of purchascs and sales of K rice oil at whole-
sale oil dealers’ offices and at relad stores were
carefuliy exammned.

These followup surveys soon disclosed an as-
tonishing fact. Ail the persons with Yusho had
used, for varying periods. K rice oil which came
either from 16 5 kg. cans or 1.65 hg. bottles. One
hundred seventy of the 325 patients—49 house-
holds—had used only canned oil. while the re-
maining 155 panents—é63 households—had used
only botlled oil (table §). We were able to con-
firm the shipping dutes for the oul used by all but
four of these 170 patients No matter where the
persons lived or what their age was, 166 of the
170 had apparenily used rice oil that was shipped
by the K Company on February S and 6, 19684
sccording o the lot numbers on the few remaining
cans. Even ihe four patients for whoin we could
not confirm shipping dates of the oil had also
undoubtedly used a canned rice od produced by
the K company.

The shipping or production dates could not be
confirmed, however, for the bottled K ot that 155
patients had used exclusively, because they had no
old botiles et home. Purchasers of oil in botiles
return the emply oncs to retul stores when they
buy mew oil. Ncvertheless, all the shipping, pur-
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chase, or selling tccords at K Company, at the ot
dealers, and at the retall stores were examined to
feam whether any bottled K rice od had been
shipped 10, and had reach=d. the rotait storcs from
which the 155 patients bought their oil Ali shep-
ments of al to the siores uscd by the patwents
were further investigated 1o detcrmine whether
tny of them had heen made on February 5 or 6.
1968, or immediately before or after these dates.

By this method, we discovered that 143 of the
I35 patients might have bought the botled oil
shipped from the K Company in the period Feb-
ruary 6-15, 1968 Whether the remaining 12 pa-
tients mught have also purchased ol shipped n
this period remains jn doubt because of lack of
records. Thus, nearly all of the pavents had a
distinguishing characteristic—they all had a com-
mon experience of use. or possible usc. of rice oil
shipped by one company in a specific pericd Such
a coincidence could hardly be expected 0 happen
by chance.

Table 4. Age-speclfic incldence rates for Yusho,
by sex of patient

{ncidence rates per 100 000
Age group (years) .

Males Females
1.4 36
89 66
91 101
96 1ne
54 51
54 72
3 24
1.7 [v]
5] .9

Table 5. Distribution of 315 patients and |12
househoids that used K rice ail, by t3pe of od
container and shipping dates of oil

Contuner and Palienis Households
shipping dates
Mumber Percenl Number Percent
Users of canned 01l ., 110 523 9 48
Shipped February
Sand6.......... 166 511 'Y 410
Stupming dales
unknown., ... 4 12 2 [ ]
Users of boitled oif, . 155 a7 63 56 3
Probably used ol
shipped February
5-15, ... ..., 14) 44 0 56 5 0
Shipping dales
unknown, ....... 12 1.7 7 61
Totad....onnue-- 125 1000 112 L)oot

! Does not &dd to 100.0 percent becainse of rounding
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Rice boaa

R-hexane used te axtract

FLOW SHEET OF RICE OIL PRODUCTION

{
Oefatied bran

Crude ol

After remeval of salvent,
ls treated
with sedium metaphosphats

Treated with NaOH

i
NagH layer
Nautraiized with H SO.

“Dark” ot

1
ol

Washed with het watar

Filtered

Cator ramaved with
white porceiatn clay

Dendorized by heatirg at over
200° C. st J to 4 mm. Hg

Final preducts

QOur survey also demonstrated a high attack
rate for ail’ persons who consumed the oil. Alto-
gother, 266 pcrsons m 64 households had con-
sumed canncd K rice oil shipped in the penod ia
question, and 170 had confirmed ¢ases of Yusho.
Thus, the attack rate was as high as 63.9 percent
(2).

K OH From Other Shipmants

An additional survey seemed neccssary to de-
termine whether those persons who regularly used
K rice oil but hixd not used any from shipments
made in the period in Question were frce of the
discase. For this purpose, a group ol persons was
needed who had, reliuble records of their health

status and of their purchases of K rice od. A
group of 113 persons of 29 households living in
one apartment house seemed to be appropmate
subjects {or this study.

According to the records of this group and the
oil dealer who supplied them, these 113 persons
had purchascd canned K rice oil as a umt from
one dealer and divided it among themselves fairly
regularly from December 1967 to September
1968 except for the period {rom January 1o Apnit
1968, when this buik purchasing was not carried
out. Their disease expertence, particularly any
skin disease that occurred during 1968, wus care-
fully explored through interviews and, if necessary,
through investigation of their medical records at
hospuals. No cascs of Yusho were found among

Decombar 1¥7], Yol 8. Mo 12 10487
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members of this group. Thus, we demonstrated
that persoas who had uscd K nice ol regularly for
more than a hatf ycar but did not use the o from
the specific shipments did not suffer from Yusho

().

Retrospective Case-Controi Studies

All these results suggested that Yusho was cau-
sally connected with use of the K rice ou that was
shipped {rom K Company on February 5 and 6,
1968, or soon thereafter. Nevertheless, some other
factors of agents might have been the primary or
secondary cause of the eprdemuc. Therefore two
case-control studics were done. In one, the per-
sonal backgrounds of the pauents and matched
controls were compared In the other. the use of
oil and fats in the households of the patients and
the controls were compared.

To discover whether persons with Yusho cases
and those without had different personal back-
grounds, home intervicws were conducted with all
persons whose cases had been reported by Octo-
ber 31, 1968, and with healthy cyntrols matched
by age, sex. and place of residence. One hundred
twenty-one patients and 121 controls (53 males
and 68 females) were sclected in this manger and
asked 60 questions conceraing their occupations,

Table 6, Percent of 121 patients and 121 controls
having various allergies and dietary and per-
socal bahits, based on case-contral study

Tiems invesigated Pauems  Con-

§

Allerpic 1O fish, .. . vvirvaruanvncnnne
AllergiC 10 3SPIFIN. oo vv i nann e N
Altergic to drugs other than sspinny, .. ..
Bathing fagihies st home. ..., .uoneea
Bathevery doy. ... crecirinenes Seraas
Pets at home... .. raranee Cererieans
Floor space of house smaller ihan 66
SQUATE MELErd L.auy cve msranasvens
Handling agricultural chemcals. .. .. ...
Taking codlper o, v veviesoininaras
Takng v0amd plls, .. ivaivanns saaaen
TEKWng other restoranve drugs, ... oae s
Witer supply availabie at home. ... ... ..
" oul ockasonally..coiiiiiarranes
Taking all meals wah the fanunly........
Gresmrepetables dadly ..o ieiiain
Milk nearly every day.....oocrnarenns
Butter nearly every day.
Eges nearly everyday. . .. .. .. el -
Fried foods or tempura nearly every day, !
Foods prepared with oif neariy every day.
Fishneany esery day..... «.vvvessaess
Maeyonnuise neariy every day . . ...,
Instant “‘rahmen ” or Chinese noodles
nearly erery day...o.ve ieiraaneans
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Table 7, Distribution of 69 househoids with pa-
tients and 207 coniral households, by use of
varlous fats or oils, based on case-control study

Houszholds
with patients

Comirol

Fat of od housenolds

Number Percent Number Percent

..... 35 50.7 105 50 7
Marganine, .. &4 6] 3 L7 41 4
me Oif, 21 s 15 41
Rape-secd anl 1] [4.5 k) 312
Rice-bran oil,, . 66 93 7 64 09
Lard . .. .. . 12 17 4 b ; 18 4
Otheronls, ........... 1) ({8 ] 17 $6 5

medical background, general health status, habus,
customs, diet, pets, and other charactensues of
thair lives.

The patients and the controls differed signifi-
candy in respect to only two of the personai fac-
tors tested (1able 6). Persons who ate {ried {oods
or tempura nearly every day were more numerous
among the patients than among the controis, while
gore of the controls than the paticnts had pets

To compare the use of oil and fats, 69 house-
holds with Yusho patienis were matched by place
of residence with 207 households without such
patients—dhree  control households for each
bouschold with cases.

Ag to regular vse of fats and oils, a distinet
difference was noted betwecen the iwo groups only
for rice-bran 011, About 96 percent of 1he pauents’
houscholds and 31 percent of the controls’ house-
holds reportedly used rice-bran ol regularly
{table 7).

When asked about the use of rice ol from the
K Company, all of the households with pauents
affirmed its use in comparison with oaly 32.4 per-
cent of the control households; 61 3 percent of the
control households denicd using jt; the remaiming
6.3 percent were uncertain, Thus, the case-control
studies clearly indicaled that aone of the factors
tested except use of K rice o1l could account for
the disease (2).

Dose-Response Relatloaship

To prove that a causal rclanonship existed, 2
distinct dose-response relationship needed 1o be
demonstrated. Estimating the quanuty of contam-
nated nec o consumed by cach puatient and mem-
bers of hus family was not fcasible, Nevertheless, if
we disregarded age and sex, we could estmate
roughly the average amount of o each person
had consumed by dividing the amount used wn a
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houschold by the number of persons in it, taking
into account the frequency with which these per-
sons ate a1 home, but not the possible loss of ail
during and after cuohing. nor the varymg tastes
and fpod intahe of the family members.

Dd. Masayasu Goto. a dermatologist, with no
knowicdge of the amount of ot used by the 146
consumers of the contaminated oi. examined
these persons and then graded the cases of Yusho
he diagnoscd according 1o their clinical severity.
Only latcr did we link the sevcrity of the cases, as
determined by the dermatologist, to the amount of
contaminated oil used by the patient.

Eighty of the {46 users of the contaminated ol
were belicved to have consumed, individually, less
than 720 ml (table 8). Of these 80 light users,
12 percent were not affected. 49 percent had light
cases, and 39 pereent had severe cascs, the aitack
rate was 88 percent. The 45 persons who had
used 720-1,440 mi. were all affected; 69 percent
of this group had severe cases. A sull larger pro-
portion of the severe cases was found among the
persons who had used more than 1,440 ml. of the
contaminated oil, this group bad an attack rate of
100 percent.

Since the clinical severity of the discase was not
found to differ significantly between the sexes but
differed considerably according to age. a standard-
ization for age secmed neccessary 1o achieve a
more accurate nterpretation of the observed refa-
tionship betwcen use of the oil and the clinical
severity of the disease. With the age composition
of the 146 users of the ol as the standard, the
factor of age was standardized for each of the
three levels of oil intake. The figures. however,
hardly changed from those shown in table 8. Thus
a very clear dosc-response rclationship could be
demonstrated, even thouph the estimates of the
dose were inaccurate (J).

Toxic Agant

In view of all these epidemiologic observations,
we concluded that K rice oil from specific ship-
ments had caused the Yusho. Now the question
arose as to why the oil was toxic. To answer this
question, we of course had to rely on other ap-
proaches than cpidemiology. In mid-November
1968, the chemica! siudy subgroup discovered,
mainly by gas chromatographic analysis, that the
canned K rice oil shipped on February 5. 1968,
portions of which had becn collected {rom some
of the patients, was contaminated with about
2,000 ppm of Kanechlor. Kanechlor is a commer-

cial brand of polychiorinated bipheny s containing
48 percent chiorine. Skin fat collecicd from the
paltents aiso contained Kanechlor (/0)

In this discovery, Prof. K. Inzgami of the de-
partment of food technology, Faculty of Agricul-
ture, Kyushu University. and his associates plased
a jcading role. A technological mspection of the K
Company plant revealed that Kanechlor was used
as an agent to transfer heat to the processed ol at
a reduced pressure so that odorous substances
could be removed (see chart). The Kanechlor
must have leaked from the heating pipe in which
it was being conveyed and contaminated the ol
since small openings wete discovered in the old
pipe.

To discover whether only the X rice oil shipped
in February 1963 was contamunated with Kane-
chlor, the chemical study subgroup analyzed 109
samples of the bottled K nice ail which, according
to the lot numbers, had been shipped between
October 1967 and October 1968. This analysis
revealed that ooly the samples shipped on Febru-
ary 7, 10, 12, 15, 17, 18, and 19 and on March
11, 18, and 21, 1968. were contaminated with
Kanechlor. This contamination was most marked
for the oil shipped on February 7, the contamina-
tion was rapidly reduced to nil after February 10
(70). No analysis could be made of botiled K rice
oil shipped February 5 and 6 because of the lack
of samples.

Simuarly, 479 random samples of bottled rice
oil were analyzed for chilorine content by using the
X-ray Auorescence method with a count meter
from a US. instrument manufacturce {the Ap-
plied Rescarch Laboratory). Agan, only those
samples shipped from February 7 to 10 contained
a large amount of chlorine {(maximum 462 ppm).
None of the oils shipped in other moaths were
contaminated with morc than a trace amount of
chlorine. Thus, the resulis of chemical analysis
coincided with those achieved by epidemiclogic
approaches.

Other Epidamiologic Resulls

Babies born 1o patients  In late October 1968
a pregnant patient with Yusho had a suliurth inv
which the fctus was unusual; the shin,oals, and
gingiva were a peculiar dark brown and stained
Sinflar fetuses were dclivered by other patients
with Yusho. Since no such birth or sullbirth was
known to have buen reported previously in Japan.
the study group investigaied thesc occurrences
with particular care. The epidcmiologic study

Decumber [¥71, Yol. 88, Na. 12 1049
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subgroup questioned all female panents with
Yusho and a!l unaflected women in the house-
hoids of paticis with Yusho about any preg-
nancics and deliverics in the penoed from Febry-
ary 15, 1968, to the end of the year.

Thrteen women—10 with Yusno two without,
and one with status unspecified—had piven birth

o 11 live born and two stliborn infants during 4

the specified period. (Eight of the live borm in-
fants were males and threc were females: one of
the sullborn infints was a female and the sex of
the other wus unspecified.) Among these infants
and fewses, [0 had the characterisuc grayish
dark-brown stained skin at burth, five the dark-
cclored nails and gingiva, and nine an increased
eye discharge. Women with Yusho accounted for
all these deliveries, except for the delivery of one
of the nine babies with eye symptoms.

The high incidence of these unusual phenomena
among pregnant women with Yusho strongly sug-
gested that the phenomena were caused by inges-
tion of the contaminated oil. The fact that nothing
unusual was seen in the women's medical histo-
ries, health cundiuons, or use of drugs during
pregnancy also supported such an interpretation.

All these facts, togethcr with the results of
chemical assays which showed that the placenta
and the subcutaneous adipose tissue of the stl-
borm fetuses contained components of Kancchlor,y
prove that babics and fetuses were affected be-
cause of the women's ingestion of thus particular
complex compound {4).

The majonty of the babies were smaii for their
periods of gestation. As they grew older, their
stained skin gradually faded. Postnatal growth
curves for the affected babies were found to be
similar 1n shape to the nauonal standards when
both sexes combined were compared. When only
males were comparcd, the curves for the affected
malc infants were planly lower than the national
standard curves. A clear comparison between the
curves for girls could not be made because of the
limited number of female infants who were af-
fected by Yusho.

The amount of contaminated rice oi that nine
of the 13 mothers consumed during pregnancy
was estimated to be 0.3 to 2.6 liters. No distinet
dose-effect relauonship could be dentonsirated be-
tween oil consumption and the babies’ symptoms
because of the limited number of cases availuble
for analysis. Nor could cvidence be obuined in
regard to any possible physical and mental retar-
dation of the babics (4).

1090 HSMHA Haalih Raperts

Growth of aflected cinldren To discover
whether Yusho disturbs chiidien's growth e zf-
fected school children, 23 boys and 19 gurls, were
compared 1967, 1968, and 1969 wuh 719
healthy children matched in herght and body
weight. The gain m herght or in bodv weiche
?Vhlch each sick child showed before the pms{m-
Ing. namely from 1967 10 1968, and the gin afer
the poisoning, from 1968 10 1969. were comparcd
with the distribution of the corresponding gains
seen in the corresponding control group

The gains of the affected boys 1 both height
and weight decreased significandy after the poi-
somng, while the affected pirls showed no definute
change in this respect, Becausc of the hmied
number of cascs available for analysis, no signifi-
cant relationship could be found betwecen the clin-
ical severity of the cases and the decrease in gans
in height and weight.

Discussion

This unfortunate episode of rice ol poisoning
taught us sonie important lessons. In the food
industries of many countrics, no cflective adminis-
tranve control and supcrvision is apparently exer-
cised over the use of toxic substances like Ka-
ngehior. These products do not contaminate the
final products in normal operations, but they do
when the operation is accidentally disturbed or
carelessly conducted. In contrast to the case with
food additives, too Ittle care has been exercised to
avoid the hidden risks in the use of such sub-
stances. A greatly increased effort 1s needed to 1m-
prove this situation

The polychlorinated biphenyls scem to be par-
ticularly hazardous in this respect because their
usc is still increasing 10 many industries, jncluding
food industries. 1f these substances are absorbed
by the body, they will easidy accumulate, gradually
reaching a2 level high enough to exert adicrse cf-
fects, since they have ao extremely slow rate of
metabolization or excrction, Many patients with
Yusho are still tortured by the disease even atter
more than 2 years of treatment. A 1971 report has
indicated that the subcutaneous fat of the patients
still contains a large amount of polychlonnawcd
biphenyls although their dermal condinons are
slowly improving (/2).

Recently, also, it has been demonstrated that
wide environmental pollution with polychlonnated
bipheny!s is quietly growing in many countries
{i1). To prevent another epidemic of Yusho,
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which will break out on a global scale if the poilu-
tion worsens, radical cflorts are urgently needed.

Our suceess i identifying the' cause of the epi:
demic scems to have becn due to many lactors:
(@) common epidemiologic principles were hon-
esdy followed, (b) local health departments and
the patieats themselves cooperated fully, (c) the
causal agent was not multiple, but single, (d)
contamunation of the o)l with Kanechlor was tem-
porary and marked, (e) the latent penod of the
epidemic was several months, and the epidemc
was relatively short, () Yusho had characteristic
symptoms, allowing casy difTerentiation from
other diseases, (g) some of the oil used by the
patieats, along with the original containers, were
sull avaijlable, and (/) some persons who bought
the oil as a group had contracted the disease, All
these factors facditated our study.

Epidemiologic study of an illness or of adverse
effcets which were more chronic, less peculiar,
which progressed less noticeably than Yushe, and
were caused by multiple agents would present
greater difficulties,

We need to develop more sensitive and more
efficient epidemuologic methods. We must, more-
over, exert consian! cfforts to make our epide-
miologic information more accurate, quanutauvely
and qualitatively, by using the methodology of
other disciplines when it seems necessary for our

purposes,
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A peculiar  skin  discase,
Yusho, was observed in residents
of Fukuoks-Ken, Japan, in Octo-
ber 1968, which ister spread
over the western part of the
counlry, By use of basic epide-
miologic mcthods, the cause of
the discase was shown to be a
gpecific brand of ricc ol that had
become eontaminated with a heat
transfer agent durmg processing,
This agent, Kanechlor, is a cora-

plex mixwure of polychlorinated
biphenyls,

Women who consumed the
contaminated ol delivered babies
or fetuses with peculiar dark-
brown staincd skin, nails, and
gingiva. Thc poisoning signifi-
cantly decrcased the growth of
the boys who were affected, while
the giris who were aflccted
showed no such chanpe. Many of
the persons who contracted the

Py ]

disease are sull tortured by 1t
even 2 or more years later, de-
spite all possible treaiment mcth-
ods. .

In view of the slow recovery
from the poisoning and the n-
creasing pollution of the environ-
ment with these compounds on a
global scale, rndical eflorts must
be made to avoid the hiddea
risks of contanurauion.
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ASS screening for one or

a number of discases is
classic public health methodology.
The effectiveness of screening pro-
grams "depends on scveral fac-
tors; notably, their success in
reaching high-risk groups, the ex-
tent to which the diseases idenu-
fied are subject to therapcutic
sttack, and the availability and
accessibility of {ollowup care. To

Dr. Wood i asxociate professor -

of community medicine. Mrs.
Volante s to#r:um'ty nursing
corsultant and instructor in com=
munity medicine, and Mr. Beren-
son Is a jourth year medical stu-
demt, Mount Sinal School of
Maedicing of the Ciry University
of New York, The New York
Community Trust provided funds
for the study. Tearsheet requests
to Courtney B. Wouod. AM.D.
Mount Sinai School of Medicine,
City University of New York,
19 E. 98l 5t., New York Cisy
10029,

-
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and ROBERT BERENSON, MM.S,

A .,'
the extent that mass screening or
any like programs fuifill these
criteria, they perform a valuable
health service within & commu-
nity; that is, they have the poten-
tial of [eading to reductions in
morbidity, mortality, or disability,

The problem ofien is, however,
that existing programs for one
reason or another are weak, espe-
cially in reaching the desired
population and in the ares of
followup care. The quesiion
arises =3 to whether there is any
way of using the valuable ex-
perience of truditional public
health methodoiogy to reach the
community with an approach that
would be more responsive to its
health needs and more efleclive
in mecting these needs.

To that end we proposed and
executed a pilot study that was
based on the resolve of the de-
partment of community medi-
cine, Mount Sinai School of Medi-
cine, “to idcntify and solve heslth
problems in the community.” We

/Y

decided to select & disease that
was easily identifiable by the gen-
eral population and for which
there was & relatively simple and
highly visible solution. The ap-
proach was to be one of search
and service, with a view 10 devel-
oping a nctwork of indigenous
epidemiclogic intelligence within
a given community; npamely, East
Harlem.

Ampultation of an extremity
was selected as the most recog-
nizable discase enlity for which
foflowup services are sccessible,
available, and effecuve. In this
study an amputee is defined as a
person lacking part or all of one
Or more extremities.

Objective and Method

The project had the following
objectives:

1. To identity ajl amputees in
the East Harlem community and
to review their medical and socio-
economie characteristics

2. To assess the curfent necd

'MONS 204960



e

analysis of these 32 ases will be presented to
illustrate these peculianines.

Familial aggregation. The 325 patients be-
longed to 112 fanulics. a result indicatng a dis-
tinct fanulial aggregation. which s considercd one
of the most important charactenistics of Yusho,

Time of occurrence. Ninety-nine percent of
the paticnts were affected during 1968, and 55
percent of the cases were concentrated in the 3
months from June to August (table 2). The
monthly distnibution of the cases was alike for
both sexes. These results indicated that exposure
to the causal agent or agents was probably tem-
poral and indifferent to sex.

Sex and age. Distnbution of the 325 patients
by sex and age revealed no signtficant sex difler-
ence (table 3), Age-specific incidence rates per
100,000, calculated by using the census papula-
tion of 1965, indicated lower risks for both males
and femalcs in the age group over 60 years, bat
again no marked sex difference {table 4).

Geograp  distribution. We calculnied cryde
incidence ratcs of Yusho for three large cilses (Ki-
takyushu, Fukuoka, and Ohmuta) and for the ju-
nisdictional areas of the 22 local health depart-
ments of Fukuoka-Ken. A very marked dufer-
ence was noled tn their rates. Ten heaith depart-
ments reported no cases of Yusho while extremely
high incidence rates per 100,000 were noted for
the area covered by the health department of
Soeda (58.9) and that covered by the health de.
partment of Tagawa (44.5); intermedrately high
rates, from 7 to 14, were observed for the three
large cities and the arez of the Kasuya health
department. '

There are many coal mines, most of which have
recendy been abandoned. in the junsdictional
areas of the Soeda and Tagawa health depart-
ments. The city of Kitakyushu has big steel and
chemical industries, Fuhuoka is a seat of com-
merce, and Ohmuta has big coal mines and chem-
ical industries. In contrast, the Kasuya health de-

Table 2. Distribution of 325 patlents with Yusho diagnosed by January 20, 1969, by sex and month

when sympioms appeared
Males Fernales Total
Month
Number Percent Number Percent Number Percent
2 [ 3% ) 2 1.2 4 1.2
0 0 0 0 0 .0
4 1.5 [] 3.4 10 3.1
] 5.1 12 1.2 20 61
15 9.5 10 6.0 pi] 1.7
13 11.4 15 9.0 3 02
1) 14.6 3 198 56 17.1
27 17.1 32 9.2 59 18.1
M 21.53 3o 13.0 o4 19.7
17 10.3 12 7.2 19 8.9
| § 5.1 14 8.4 P2 6.3
1 .6 1 .6 2 6
] .6 1] B 1 .3
158 100.0 167 100.0 328 100 0

Table 3. Distribul.on of 325 patients with Yusho diagnosed by January 20, 1969, by sex and sge group

Males Females Total
group (yeurs)
Aw . Number Percent Number Percent Number Percent
L P v 2.4 7 16.2 o 197
L N L i 24.1 28 16.8 &6 103
.1 5 P, 28 1.7 36 1.4 & 19 7
Y- iiccnriiiie et st rdecnnanaasis W 190 39 21.4 69 212
Y 1] 1.0 23 13.8 3 0S5
b 9 3.7 1t 6.6 20 62
@049, ... certsnrsssrecsscrsnrnns 4 2.5 k] 5.3 7 1.2
b, 1 TR H .3 0 .0 1 .3
T, civvvrveieervnsnncnncannenuee 158 1000 167 100.0 328 100 ¢
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