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é!ationship between clinical and etectrophys-
iological findings and indicators of heavy

FILIPPINI G, BONDO B, CRENNA D, MASSETTO N, MUSICUOY M, BOERD I elae
rionship between clinical and clectrophyxiolegival Gindings and indiciatory of heavy
exposure lo 2.3.7.8-letrachlorodibenzo-dioxin Scond j wnerk curicon health T (1001
2&T—202 I this slndy e prevadenes rate ol peopdienad seatopadhiy e s -
Jation lving in an arca polluted with 2,37 B-lctrachlorodibenzso-dioxin pdloxin-"ICIn
was determined. Of the 723 subjects fnviled to the first screvning in 1977, 370 165 %)
aticaded. Al the second screening in 1978, of the 710 invited sublijecix, 318 (45 V)
attended. Prevalence rate rotios for pervipheral ncoropathy and the axsociited 95 %
conlidence limits were calculaled for subgroups deteemined by the jaesence of (i)
predisposing factlors to ncuropathy (ilcohollsing diabates, awcenpational eXpuguee o nene
rotoxic agents, ele) or (ii) conditions thouphl o roesult from exposure to dioxin-TCDD
such as chloracac or sbaormal scrum hepalic enzyvine levels, The prevalencee rate of
peripheral ncuropisthy among those subjecls with predisposing foclors and  among
those with chloracne or abnormal serum hepatic eozyme levels was aearly thiee limes
grealer than among those without these manifestudions, The pesults dervivet from this

s:udy may be usefu! qualitative peinters for identifying sabjects at visk in e ncure- .

logical follow-up,

Ney termx: chloroene, diox!n, covivonmoentad pallatant=z, lver toanigie, pevipheerat nens

3 !¢hloracne,

i .xposure - 1o 2,3,7.8-1ctrachlorodibenzo-di-
igrin (dioxin-TCDD) have been found to
‘tgevelop a \wide varicly of lesions and
: gympltoms. Neurologica! findings may in-
‘eude polyncuropathics, lower exiremity
. wezkness, or sensorial impairment (sight,
‘hearing, smell, laste), all of which have
“peen recorded for dioxin-exposed subjects
ia whom other long-term effects such as
raised levels of cholesterol,

uiglyceride, gamma-glutamyl transpepti-

dase (GT), glutamic oxalacetic trans-
;pinase (GOT), and glutamic pyruvic

" pansaminase {GPT) were manifest (1, 3,

6. 7. 10, 11, 12, 13, 14, 17, 18}). An associa~
.1 Jstituto Necurologico “C. Besta,™ Milun, 1taly.

':qcprinl requests 1ot Dr G Filippini, Istituto
;;n,mlogico ~C. Besta,” Via Celoria 11, [-20133

.ytian, 1taly.

cybjects with occupational or accidenlal.

ropathy, raised serum hepalic enzyme Jovels.

tion of chloracne with increased GT,
GOT, and GPT activilics and abnurmal
lipid levels has also been reported (19,
personal communication from M AMaoses).
The rate of reparled congenital anumalies
in men Tathering @t least ‘one child after
service in Viet Nam was nearly twice as
high amony those with recurrent acne,
skin rash with blisters, and skin color
changes consistent with conditions thought
1o resul{ from exposure 1o dioxin-con-
taminated substances ax among thuse with-
out them (13). “For men with these “indi-
cators ol exposure”™ preater fresquencies
have alsy been reported  fur gastroinges-
tinal disturbances, swelling or numhness of
juints, and sleep and psychological dis-
lurbances (15).

These previous findings prampted us to
compare the prevalenee rale (PR) ol peri-
phecral ncuropithy in exposed subjects
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wiaith chivn o ca cieased SC0F, GOYT, and
G activanes warhs thal found in eaposed
subpecis watheant these muonafestatowy in o
poputation homs e o dosis-paliated area

i the Sevesn rewien of Tialy

Subjecls, and methods

oo July 1976, un accident at u trichlare-
phenol-producing Tietory in Meda, Toly,
resulicd in the contominstion of a large,
denseiv pupulated area, Seven hundred
and thirty-three residents seere evacunted
1516 20 8 afier the sccident from the most
pulluted zone {an area of 108 ha with an
avernge dioxin-TCDD level of 240 ng'm=,
o omaximum hevel ol 3477 s ¥ and
an muvevgluable minimum level) (3L These
rexidents were invited by lelter and per-
sanad dnvittion Juring visix o honwe o
an initial ncureslogical sereening in Aareh
1977 and to oa seeond serecning in April
1975, A the Tirst sereening Tive suljecls
huad divd and five had moaved from the
arca. OF the 720 inhabitanix invited 1o
purticipate in the sereening in Seveso, $70
(65 ) attended, During the period March
1977 1o April 1978, five died and nine
"moved from the area. Of the 709 inha-
bitanls inviled 1o the second screening.
210 (45 “) aitended, 277 of whom hid Leen
examined at the [irst sereening and 42 of
whaom were exumtined for the Tirst time,

[ the latter 12, 1) childrea under the nae
of 3 & refused tu participate in the cleetro-
physiclogical examinntion and were thus
excluded from the prevaluncee enleulativn,
No zcule polyncurapiathy wax fuund duor-
ing the study.

Ench xubject wus examined acearding 1o
a siandardized protocol requiring o med-
icy] bistury guestionnaire, a clinical exa-
mipation, and an elecirephysislogieal in-
vestigidion.  The  nevrolugical  svmiptums
specifically  identificd  were  paresthesia,
hypesthesia, pain, and hyposthenia, and
the elinical sipng were <stiperficial and doeep
sersery impairment, muscular wenkness,
und tundon hypo- or arcllexia. The ¢lecire-
rhvsicagical  study included  maximum
and minimum motor conduction velocily
alenz the ulnar (axilla-wris!) and peraneal
{capitulom  fibuelae-ankle) nerves  and
needle electromyography on the [irst in-
terasseous muscle. Towever, electiromyo-
gruphy was abandoned during the course

o l,—--'.&:cording 10 the In
o=t Clasilication of -
pthpoi H

Famme was diagnosec

s - .
v
P

of the study because many SUb'hm."'J—'?'
jeeteg the use of the needle. 1-1U5Ch§’
putentinls were recorded by 3 5"?;",
clectrode (Disa 13 K 60) from ‘j“_"_b_
minimum abductor and exiensor d_._,.——-._
Lrevis museles at a surface € :
above 27°C. Alinimum conductica T2
was determined by the desvnchros=
method of Cosi et al (5). Motor
latencies were corrected 1o 2
distance of 6 cm. A Disa 1509

myograph (Disz Elektrorik, SEI = U{‘L as determined
Denmark) was used. z‘}“_'_"ffoi(Z)]

A noncxposed population living '-'l"—_; gﬁ: aﬁt statistical anzlysi:
unpoliuted area was used a5 2 50‘1“"’ ';'2 %--thed within the ex
“normal” reference values of the "f”'? =¥ relationship betwee:
physiological parameters. A totl & .22NimgRlny 2nd indicators «
(91.6 "s of the randomized sample) :z:'&_,":'{d‘wt‘n being tested.
jecls, representative of all ages. f':; "‘i;’?‘;'?‘,’v?‘_rﬂence rate ratio (F
cipated. Scventy-five of these $Eif I
were aleoholie, occupationally expes™ % 35 2Clecis "with chloracne
neurotoxic agents, or had diseases P YIS

posing to periphcral neuropathy and ¥TV45%

e d' enzyme acy
il when »GT was al
S4irioger up to 36 UA,

Sommal range: up to°
_'7&-10:( the “optlimized
I %as above 50 U/l I

LT Sk

S og ot
et
Ll

ks without them. K

ion of ©f % . .
thus excluded from the ca]culauonf:";; & enfidence limits (97

relerence values. The “normal” Te
values obtained are given by age EW:I
in table 1. Conduction velocity a.nd. d"ﬁ 3
lstency were considered to be In o : )
i . er W ESE .

pathological range \&henq the fomthe e 'F,;-lek: 3. Motor conduction
Jower than the mean — 2 SD and : 33568 {surface electrodes) In
ler was higher than the mean +2 5D "‘-',L'd‘j_‘ b . .

the reference population of the same gt :
group. These two parameters were n.U-"
mallv distributed. Amplitude 2nd durat=
of muscle action polential were consider™
abnormal when the former was below & P&
Jower range limitl and the latier was abow ¢ apls 972 —2% (44

Humber Ape
of (.)
reforents

*

o > : 35— s

the-upper range limit of the reference pF Rt B (R
ulation of the same age group. kY rmma, 68 2 ?
For an electrophysiological diagnosis & fogaam e ¥R &

peripheral neuropathy {wo or more > 37 anuw

normal parameters, among which candit
tion wvelocity was obligatory, were €o% .
sidered necessary, regardless of the 17

Lo A i A PP
il

AhettaR

Teble 2. Prevalence yale
groups .ol Seveso residen!

volved nerve. All Seveso subjects wet L
investigated for the [ollowing factors P& |

disposing lo ncuropathy: alcoholism {2 § .
than 1 ] of wine consumed daily), persone r

history of diabeles or fasting plasma g I
cose = )00 glw, cancer, nutritional delic b o cee of

cncy, infeclious and inflammantory discasts |.. operlpheral nesuropelhy

osteuirticular discases, use of neuroloxic  #° Tclzl number of sut 4

drugs, possible occupational exposure 0 "; iga(:/‘)

ncuroloxic agents [chemical workers, shoe! |, 85 %o coniidence limits
makers, plastic workers, painters, cabinet
makers, printers, tanners, ceramic work-

t Evaluated versus Qrou




subjecls re-
tysclie action
2 supcriicial
im the d‘-[;}l
.oy digitorum
temperaiure
tion velocity
achronization
Motor cista]
a stzndard 7
1500 electro- -
Skoviunde, i

t3

living in an
;5 a source for
5{ the electro-
v total of 380
sample) sub-
1 ages, parti-
these subjects:’
ly exposed to!
iiseases predis-’

sathy z2nd were
iculation of the ¥
-mal” reference N
by age groups :
ocity and dista) i
1w be in thﬁ;fi‘ﬂ

the former wag
SD and the lat. =¥
neans + 2 SD of /i
»{ the same age .
elers were nor---
ade and duraliou- ‘é
h

b
H

wedray s na

3 e

were considered:

»r was below the. ¥ .

latter was above
ne reference pcpffj
Jroup. o
zical diagnosis of -
wo or more abl 13
g which COndUQ-
atory, were con.
sdless of the in. %
»so subjects werg
swing factors pre.
: alcoholism (more
ed dsily), persona)
asting plasma glu.
nutritional deﬁci-_._
ammatory diseases,,
use ol neuroloxie -
.jonal exposure g 3
Jeal workers, shoe

Yot Qb

5. painters, cabiney i/,_-——

ors, cEramic work,

—

ers — according to the International Sian-
dard, Classilication of Occupauions (9)).
Chloracne was diagnosed by a dermato-
]ogisl.

Intreased entvme aclivitier were re-
cerded when »GT o was above 50 U [nor-
et rengel up to 36 UL as determined ae-
crding 1o Szos2 |16]), GOT was abowve 52
Ui [rormal range: up to 26 U/, as deter-
mined by the “optlimized method” (2)], and
GPT was above 50 U/ {normal ranger up
.5 32 U/l, as determined by the "optimizid
method” (2)).

The stalistical analysis of the data was
serformed within the exposed populalion,
(he relationship belween peripheral neu-
ropathy 2nd indicators of heavy exposure
g dioxin being tested. The PR and tLhe
prevalence rate ratio (PRR) of peripheral
" peuropathy were ¢alculated for the Scvesoe
subjects with chloracne or raised serum
pepatic enzyme ievels versus Seveso sub-
jects without them. Ninely-five percent
confidence Jimits (95 °% CL) were cslimat-
o according to the method described by
woall {20).

i (suriace elecirodes) in the 305 relerents.

Results

Relutionuchip betweew the wecurrence of
periphcral wewvopathy aud tidicators
of hewry erposure 1o ditain

P Jane
ar chnical and clectraphyxluygical sivns
of peripheral neuropiiby sind 20 cases with
clectiophysiolopicad abaurmalities had been
fovnd among the 370 subjects exumined,
for o tntal PR of A9 " (45 % CL, 6.2—

TOTT, 22 ease~ vath swmaptoms

1H6) Aanong the 308 subjects whoe under-
went o complele examination, 26 cases
“with svmpltoms or clinical and  clectro-
phyxiological sigas of peripherut neuro-

pathy and 16 casex with ¢lectrophysiologi-
cal abnormalitics were fuund by 31 July
1978, for a'total PR of Y3.G “ (95 % CL.,
9.5 - 17.R).

Table 2 reports the PR und the PRR of
peripheral ncouropathy for subjects wilh
predispasing faclors {group A) and for
subjects with chluracne or ruised scerum
hepatic enzyme levels (group B) versus

subjecls without the symiploms of cither

3 1able 1. Molor conduclion velocity, distal latency. amplilude, and duration 9! muscle sclion poien-

—— — — e e e e —— e

i ——
Mazimum Kinimuym Distal
conduciion confluctien lateaty Total
Nuo’“bu AQe vologlly volotiy tms) ‘\"‘O't‘]’dﬂ duratipn
Jeprve m/; m/ i
relerenls e} (s ! ”_‘__‘- e e m e e ims)
Mean 2 SO Medien Mesn 2 8D Megian  Kean 2 SO Medlan Runge Range
R ——n e e
wads 12 6~ 60.2 2 53 60 555 L 61 53 250 @n 75 49—13 C 1=y
- 1 303 58.2 2 &4 58 §43 243 55 2805 74 4 3—13 —1y
it 1 260 7950 $7 834z 4u H 2605 2?6 4515 h—p
Hoonnl 168 T 2% 82,7 2 5.0 52 489 2 ¢9 < 30 Q5 N -1 1017
mpolutum 118 3059 0.9 2 ¢ 5 a9 227 4y 33 - 0n 32 —n 10—17
r-.-m- 12 o B0 9B = 3.7 0 ary = e 47 39 060 32 =M 1—17
ete}
= s S It

Tble 2. pPrevalence rale (PR) snc¢ prevatence raic ratios [PRRS) lor peripheral neuropathy in sub-

ovPs ol Seveso residenls in 1873,

|

A

With predispasing

tactors
Jouel cases of
sizheral neuropathy 17
1otzl aumber of subjects 85
A (] 20
! -
1.2—-56

?‘Ia confidence Lmils

, Evaluzied versus group C,

B c
With indicalors of e

enosure Wahou! A er B
12 13
55 168
22 7.7
2.8 1

1.2 -6.5

|
l
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RPN L AP ST
pioup A o B houp C) Far the subjects in the upper and  lower limbs) we
of proun A ahe PRI was significantly  significant)y associzted  with  peripht® f
porenter than one, as one would expect, The  neuropathy in the three subgroups of

'y than
Ao for the subjects of group 13
Table & 'RV of peripheral
acuropathy Tar <ubjecis with
~GT. GOT, und GPT aclivitics
subjects with chloraene  veesus
without of these mumifestations.
PRI wax sipnificantly
fur the

wos rignificantly  preater une
~hows the
ingreased
and for
subjects
The
different {rom one
abnormal hepatic
cnzyme levels and was greater than one
fur the subjecly with  chlarnene, even
though the lewer 85 *w CL owas equal 1o
once.

I

subjects with

Relationship hetweeaw clivical symptoms
and sigus, and pervipheral newropathy

Clinieal symproms and signs (puoresthesia,
hyposthenia, weakness, hypo- ur areflexia

cxpuscd popuiation (Ladie 4).
with symplomalic neuropathy and six
asymptomatlic neuropathy and six witt
clinical symploms and signs only, \xunu-
clectrophvsiological evidence of pcrm‘l?"
ncuropathy, were found in the group Wit
indicators ¢l heavy exposure to dioxit
The arms and legs were involved for 5
polyncuropathic subjects with ch]oracne.c
raised serum hepatic cnzvme levels, i
legs of one and the arms of five (the Ji
five subjecls were children with chlow
acnce).

.1
\tl-

Discussion

It is cvident [rom the preceding rcsul‘
thut a very high prevalence of perlphef‘-

Toble 3. Provaiesce rate ralios for peripheral newopathy in Seveso subjecls wilh chlorecne &

abnormal hepatic ensyme levels in 1970

— e ——

Abnormal heba:ic

racne !
cnzyme levels ® Chio

Actlual cases ol paripheral nevropathy
Tolal subjecis
Frovalence rale ralio
25 ®/c configence limils

_ -—_—
with Without With withoul
4___———"
6 19 [ 12
18 205 2¢ 192
36 2.6
1.3—10.2 1.0=7.2
P

> "Calculzled only lot subjects wilhoul predisposing faclers o peripheral neuropathy,

Table 4. Relationship between clinical
¢! Scvesy residenis.?

symploms and signs and peripheral neu}o;a:hy in subgrov®

A B c
With predisposing Wilh indicalors of .
Sub {a:lors exposure Without A or B

ubyecls -t m— e
Svmploms tio symploms Symploms No symploms Symploms No sy#;D'O":‘.

nnd signs  or signs and signs,  or signs 8nd sipns  or Sighs
- — - A — —— — B -

. . 11 (65) 6 (35) 6 (50) 6 (59 9 (69) ¢« G
tcuropathic 130! (12) 150} e 160) [%
. 20 (361 2 (62) 6 {13) 37 (E5) 6 (¢ 143 (%
rormal (70} [85) (50) (6] (<0} b
“=385  p<005° *= 715 p < 0.0 7 = 630 p <00

* The row percentages indicile the pereentape distribution of the symploms and sighs of ¢

nocwopiihe anc normal sebjecls for cach subgroup, and the column percenlages indicsle

o]

percentage disltibution of the cases ol neuiopalhy and notmality for lhe symploms and SiP’-“
b Thece was 0 signilicantly higher prevalence ol neuropathy for subjects with symploms and sigh
versus subjecis with no symploins and signs in each subgroup.
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i Jects under 20 2 of :
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:CL, 12380), a v
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, Jects of 211 ages. I:
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.+ @nd the polyne
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' not severe. The cl:
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vere -_{ -péuropalhy \s_‘asvobscr\'cd among subjects
eral "1 who shuowed indicators of heavy cxposure
the i to diexin {12 out of 55, 22 %¢). This prev-

: d . L
cels zlence  Was almg:‘. three times preater
with ‘-j thep thot of subjeeis who dud not show
weith “-’1 ihese indicators. The high !rv:‘,ucncyl of
Loult ! ~europathy found for subjecis with chier-
cral §  ocne ds in'.grcs’.mg because chlorucne s
with 4 2 good indicator ol exposure 1o dioxin,
axin 'i Morcover, cduring the monitoring, chlor-
r six ‘;?l scne was found ornly in lhc’).'oun;; age
neor } group {0 to 20 a) (8), for which the {re-
the E guency of ncuropathic signs was very low.
: last T lafact, the PRR of neuropathy {or the sub-
hlor. + 3 jects under 20 a of age with chloraene ver-
4 e those withoul it reoched 4.7 {99 %
3 CL, 1.2-—18.1), a wvalue greater than the
.3 one (2.6) observed in the chloracne sub-
Ill jects of all ages. In contrast, since abnor-

ma) hepatic enzyme levels were more com-
i mon in the adult age group, their asseeia-
“" gon with peripheral neuropathy may not
.. be so.unusual. .
* ]| must be stressed that no acule paly-
.. jeuropathy was found during the study,
S. spd the polyneuropathic cases found were
ot severe. The clectrophysiological diug-
gosis of peripheral neuropathy was con-
- gdered the most appropriale procedure
" gith- which to sludy the possible chroaic
!lects of dioxin-TCDD exposure on the
Periphern] necves ol & general populaliung.
At the follow-up examination the rate of
" poaattendants was high, about 56 “%. An
8 snalysis was carried out (o determince
5% chether the group of 277 subjects recx-
L ;’,:5 ;frﬁned in 1978 was positively self-selected
id ¢ regards the discase under study because
4 -, o 1he presence of symploms and clinical
- gans which could have encouraged the af-
% fected subjects to come to the clinic or
“pecause of the presence of factors pre-

thy-related factors was not signilicantly
pigher among those reexamined with re-
{ to those nol recxamined. Moreover,
pore subjects with chloracne and abnor-
. “ mal serum hepatic enzyme levels were not
23X ¢ _ovamined in the second screening. The
17 IE:; 'b-?a'.hcsis thalt subjeets who relurned
W pere positively self-selccted with respeet
‘4p the Cisease under study was not there-
L :Sort confirmed by this analysis, The co-
and signg S 2

e s hy and chloracne amon
8n0 sig g s prstent neuropathy ne. € ‘ Iy
SN it “mbjects exposed to dioxin may represent
. R
3

T neen o

an umpurtant gualita

tree Drcding der the

identifieasion of subjeets ot risk,

A neurvlugical fulfow-up of tos poju-

tation is in progress. The principal objec-

tives e o enweeane the examnatios at.
tendanee to ot Jeast 83 "W and o anprove
the snformatan on the “exposore udéi-

cators.”
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