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3 epﬁdcmiol"‘:fg:":de\'elop a wide voricty of lesions and personal communication from M Moses). L o
‘g .rmptoms. Neurological findings may in-  The rate of reported congenital anumalies | ‘
1 %

_aj- ‘cluge polyncuropathies, lower extremity in men [athering al Jeast ‘one ohild aller
.wezkness, or sensorial impairment (sight, service in Viet Nam was nearly twice as . 1
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e o joints, and sleep and psychologicat  dis-
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wiih ehlaraone m inereased =G GOT. and
GPT achivities with that found in eNposed
subjects withoan these manifestalions in o
pepulition lving in o diexin-polthaed area
in the Seveso region of Toaby,

Subjecls and methods

Tn July 1976, an accident at a trichloroe-
phenol-producing aetory in Moeda, Taly,
resulted in the contaminotion of o larvge,
denseiv pupulaled arca. Seven hundred
and lhirlx-three residents were evacuatled
13 10 20 d alier the accident {rom the most
pelluted zone {an area of 108 ha with an
average dioxin-TCDD level of 240 ug'm®,
7 maximum Jevel of 5477 apm®l and
an unevaluable minimum level) (). These
residents were inviteed by letter and per-
=onal invitation during visails a1t home to
an initial ncurslogical sercening in March
1977 and Lo a sereening in Apeil
1958, AL the first sereening Tive subjects
had died and five had moved from the
arca. OF the 23 inhabitanls inviwed 1o
participate in the screening in Seveso, 370
(65 %) attended. During the period March
1977 1o April 1978, five died and nine
"moved from the area. Of the 700 inhi-
bitants invited to the sccond sereening,
JHEES ) attended, 277 of wham had Leen
examined at the Tirst screening and 42 of
whom were examined fur the first time,
O! the jatter 32, 11 children under the ane
ol 5 a refuscd tu participate in the clectro-
physioclogical examination and were thus
excluded from the prevalunce caleulation,
Nu acule polyncuropathy was found dur-
ing the study.
Each subject was examined acearding 1w
G standardized proloce) requiring o med-
icul hislory questionnaire, o clinienl exa-

secund

minzation, and an clecirophysiological in-
vestigation.  The neurological  svmploms
specifically  identified  were  paresthesia,
hypesthesia, pain, and hypousthenia, and

the clinical signs were superficial and deep
sensory impairment, muscular weakness,
and tondon hypu- or arcllexia. The cleciro-
Frysvaogical  stody incleded  maximum
and miniimum motor conduction velocily
slong the ulnar (axilla-wrist) and peroncal
(capitulum  fibulwe-ankle)  nerves  and
nceedle cleetromyography on the first in-
terosseaus musele, However, clectramyo-
graphy was abandoned during the conrse
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of the studv because many 5“5'{:,
jeeted the use of the needle. M fuscle £~
polentials were recorded by 2 ’?""
clectrode {Disa 13 K 60) from te &
-ninimum abductor and extensor B2 e
Lrevie muscles al a surlace le.u"C-*" ow
above 27°C. Minimum conductioe ¥5% g
was determined by the denncnrO‘
method of Cosi et al (5). Motar ‘". 1
latencics were corrected lo 2 5'-‘-':_':_
distance of 6 cm. A Disa 1309 e£=
myograph (Disa Elektrorik,
Denmark) was used.

A nonexposed poputlation living
unpo]luled area was used as 3 $OW
“normal” reference values of the &
physiological parameters. A total o #
(91.6 "o of the randomized sample) =
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jeets, representative of all ages .

cipated. Scventv-five of these 51-—'"‘3.71! E-r"-mpathy were caleuln
were alcoholic, occupationally EXP°’°£ 07 E%ects "with chloraenc
neuroloxic agents, or had diseases P el I'Jf‘;zﬁc enzyme levels v
pusing to periphcral neuropathy znd "3 <

thus excluded from the calculation &
relerence values. The “normial” referc
values obtained are given by age E
in tzble 1. Conduction vélocity and
lalency were considered to be in
pathological range when the formel
lower than the mean — 2 SD and the !
ter was higher than the mean +1 SD
the reference population of the same &

ﬂo

TE‘D‘e 1. Motor conduction
“‘3‘ Isuﬁace eleclrodes) In

nf

\-A

gruvp. These {wo parameters were "°: Number o
mally dxslnbuled Amphtude and GW“"", mg’em ®

abnormal when the former was below
lower range limit and the Jatter was 2bo
the-upper range limit of the reference PoF
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ulation of the same age group. o BT fmo‘ma‘ ags —n ¥
. YO . sis €. % Seplulum 115 . 3089 :
For an clectrophysiological diagno v PR o e &

peripheral neuropathy twoe or more 2 Fo . ankle)
normal parametess, among which conéi® ;
tion wvclocity was obligatory, were o0° y—
sidered necessary, regardless of the i:
volved nerve. All Seveso subjects Weit: &
investipated for the following factors P
disposing to ncuropathy: aleoholism {2
than 1 1 of wine consumed daily), pers3rs
history of diabeles or fasting plasma gl
cose = 100 g%, cancer, nutritional delici-
cncey, lnfC'CllOLlS and inflammatory disc2sts |}
oslevarticular discases, use of neurotoxic 3
drugs, possible occupational exposure W ! .
ncuroloxic agents [chemical workers, shot! ‘

. Teble 2. Prevelence rale
groups .of Seveso residen!

- Aclual cases of
peripheral nsuropeihv
Tetz) number ol sut
PR (/o)

PRR a
85 % confidence llmits

makers, plastic workers, painters, cabinct

makers, printers, tanners, ceramic work- [ & Evelusted versus Qrov
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ers — according to the Internstional Stan- Resulls

dsrd, Classification of Occupations (9)).

Chloracne was diagnosed by 2 dermalo-  Relariouship betwseen the acenrrence of

ogist. peripheral weuroputhy end indicators
Increased enzyme aclivities were re-  of heary erposure (o dioxin

cerded when »GT was above 50 U/l (nor-

mal rongel up to 46 U/, as determined ae- By 31 June 1977, 22 case s wath symptoms

crding 1o Szasz {16]), GOT was above 59 or clinivul and clectraphyxivlogical signs

UA [normal range: up to 26 U/L, as deter-  of peripheril neuropathy and 20 cases with

mined by the “optimized method™ (2)), and  clectrophysiologica! wbnormulities had been

GPT was above 50 U/l [normal range: up found among the 470 subjects examined,

15 3% U/), as delermined by the “optimized  for a lotal PR of 8.9 *w (95 %u CL, 6.2—

method” (2)). 1L.6). Amaong the 300 xubjects who under-
The statistical analysis of the data was wWenl a complete examination, 26 cases

serformed within the exposed population, With symploms or clinical wand electro-

e relationship between peripheral necu- Physiological signx of peripheral ncuro-

rozathy and indicators of heavy exposure pathy and 16 cases with electrophysiologi-

§ope e ey ————— - co———

1o dioxin being tested. The PR and the ¢al sbnormalitics were found by 31 July T
;,m-a]ence rate ratio (PRR) of peripheral 1978, for a total PR of 13.G6 % (95 %W CIL., .
_peuropathy were calculated for the Seveso 9.3~ 17.8). T
subjects with chloracne or raised serum Table 2 reports the PR and the PRR of ol
pepatic enzyme ievels versus Seveso sub- peripheral neurepathy for subjects with -
jects without them. Ninety-{ive percent proedisposing factors (group A) and for - '

confidence limits (95 %o CL) were estimat-  subjeets with chloracne or ruised scrum
o3 according to the method described by hepatic enzyme levels (group B} versus
woolf (20). subjects without the symploms of cither

i {surlzce elecirodes) in the 305 relerenls.

ame e i R = T v e e — - .
1 of the s age._._‘ Maximum Minimum O'stal ;
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gardless of the in; "33 Table 2. Prevatence rate {PR) and prevalence raic:- tatios {PRAs) for peripheral neuropathy in sub-
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R ratrasia
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group A or 13 {group C) For the subjects
of proup A the PHR
preater thme ane, as une would expect, The
PRIC wax <ignilicantly greater than
alsa for the subjeets of groop 13

Table 3 shows the PRR of peripheral
ncuropathy for subjects with  increased
<GT., GOT, and GPT activitiex uand [lor
subjects with chloraene subjects
without any of these manilesiations, The
PRR wuos significantly diflerent {rom one
for the subjects with abnormal hepatic
eazyme Jevels and preater than one
fur the subjects with  chloraene, even
though the lewer 93 " CL wax equal 1o
one. .

wie yipnificantly

une
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Relgtionship between clinical symploms
and sigus. and peripheral nenvopathog

Clinical symploms and signs {paresthesio,
hypuosthenin, weakness, bype- or arcliexia

lower .
with periphti®
neuropathy in the three subgroups of

in the upper and
significant]ly  associaled

cxposed population {table 4).
with symplomatic neuropalhy and six wit
asymplomalic neuropathy and six wi
clinieal symptoms and signs only, \\hnv'
clectrophysiological evidence of permHP"
ncuropathy, were found in the group wi¥
indicztors ¢l heavy exposure to oxox'f—
The arms and legs were involved for $¥
polyneuropathic subjects with ‘chloracne.‘”
raised serum hepatic cnzyme levels, i
jegs of one and the arms of [ive (the I
five subjects were children with chio®
acne).

Discussion

It is evident [rom Lhe prcc.cding rcsu‘»‘-f
that a very high prevalence of periphe™

Table 3. Prevalence rale ralios fo: peripheral neurcpalhy in Seveso subjecls with chipracn? e

ahnormal hepatc ensyme levels in 1978

« S

Aciual cases o! peripheral nevuropathy
Toial subjects
Frovalence rale 12tio
95 %/ configence limils

Abnormal hepatic ]

enzyme levels Chlorscne
With Vithout With whthoud
-

6 18 6 1€

18 205 24 182

3.6 26

1.3—10.2 1.0—-12"

2 "Calculaled only for subjects wilhou! predispesing laclers to periphera! neuropathy.

Table 4. Relationship between clinical symptoms and signs and periphersl neu}opa:hy in subgrove
c! Seveso r(s-acn'f a
- — - —————t 4 P b m— — et = PR
A c
wr i i With indi
th ?;g;jr;f;)osmg \’llhel:;c;:ﬂ:ce:rs of Wilhout A or B
Subijecls et ———
Symploms Ho symploms Symploms No symploms Symploms No symplo=s
nngd signs or signs and signs of signs &nd s5ipns or signs
. , 11 (65) 6 (35 6 (59) 6  (50) 8 (69) ¢ P!
Neuropathic 30! [12) [50) [14] 160} i
- 26 (38 42 (62) 5 09 31 [g5) 6 (4 49 %
«HNormal 5
ofme (70] [8S) [59) {86) <0] 17
>~ = 3.85 p<005°0 =715 p <001 22 = 63.01 p < 0.03

* The row percenlages indicale the percentage distiibulion of the symploms and signs of
ncuropiitic ang normal subjucts for cach subgroup. and the column percentages indicale 1
percentage dislribulion ol the cases of newopathy end normalily lor the symploms &nd sigrs-

B There was o significanlly higher prevalence o neuropathy for subjects wilh symploms and signd

versus subjecls with no symploms and signs

arn

in each subgroup.
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a .
were ; néuropathy \was observed among cubjects
ipheral "} who shuwed Indicators of heavy exposure
o! the - to dioxin {12 out of 55, 22 %'). This prev-
ubjeets i - 2lence was almost three zimcs greater
ix with 4 than that of subjecis who did not show
with ! these indicators. The high. fregueney of
Lout peuropathy found for subjects with chlof-
eral gene is interesting because chlur:lc_no‘b
2p with -.a good indicator of exposure lo dioxin.

Moreover, during the monitoring, chlor-

dioxin, " ; . .
{4 © ascne Was found only in the young age

for six

-acne or group (0 to 20 a) (8), for which the fre-
els, the quency of ncuropathic signs was very low.,
lhe. last . § " Infact, the PRR of neuropathy for the sub-

jects under 20 a of age with chloracne ver-
sus those without it rcached 4.7 (95 v,
CL, 1.2—18.1), 2 value greater than the
one (2.6) observed in' the chloracne sub-
jects of all ages. In contrast, since abnor-
ma) hepatic enzyme levels were more com-
.mon in the adult age group, their nssocia-
% on with peripheral heuropathy may not
. be so.unusual. :
1t must be siressed that no acule poly-
. peuropathy was found during the study,
.and the polyneuropathic cases found were
not severe. The clectrophysioloyical diag-
posis of peripheral neuropathy was con-
-. sidered the most appropriate procedure
with which to sludy the possible chronje
eflects of dioxin-TCDD exposure on the
Peripheral nerves of a general populution.
At the follow-up examinalion the rate of
" ponatlendants was high, about 56 %% An
. amalysis was carried out 1o determine
whether the group of 277 subjects recx-
amined in 1978 was posilively self-selected
as regards the discase under study because
" of the presence of symptoms and clinical
‘% ' gens which could have encouraged the af-
% fected subjects to come to the clinic or
“peceuse of the presence of f{actors pre-
disposing towards peripheral neuropathy,
Tn; frequency of these possible neuro-
thy-related factors was not signilicantly
kigher among those reexamined with re-
spect to those nol reexamined. Moreover,
¥ pore subjects with ¢hloracne and abnor-
" mal serum hepatic cnzyme levels were not
 eexamined in the second screening. The
pvpothesis  that subjeets who relurned
" were positively self-selected with respeet
! i the disease under study was not there-
E:dort confirmed by this analysis. The co-
2 ‘mistent neuropathy and chloraecne among
"whiecls exposed .lo dioxin may represent

v chlor- +'3

AN oamporiant guabitative finding {ur the
identification of subjects ol risk.

A neurological follow-up uf this Popu-
lation is in progress. The principn] objec-
tHves are to increase the examination ai-
tendance to a1 Jeast 95 4 and o improve
the infarmation on the “exposure indi-
cators."”
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