


ALIMPENTARY TOXIC ALEUKIA
{ spideaiology, etlology, pathogeneais', c¢linical manifesta-
tions,therapy)

Y. V. Efremov

ATA epidemiology

Mret cases of slimentary-toxic aleukia (ATA)} were reported
in the USSR in 1932; in 1933 it was revealed in Kazakhsetan,1n
1934 in Sverdlovsk and Chelyabinsk oblasts, in Bashkirias, West
Biveria; Kazskhstan and Kii-ghizia. In 1935 the dipeaps spread
to the Saratov oblast, in 1947 ~ in the Altail kraj, in 1942 -
in Molotov, Eirov and Chkalov oblasts, in 1943 - in the Baratov
oblast and in Kazakhstan, in 1544 - in Kazakhstan and Chkalov
oblast, Then the incidence dropped abruptly, and sporadic cases
alone were reglstered in certain regions of the USSR from 1951 t0
1954, Thie a.pim.rent;ly was the result a thorough large scale pre-
verntive and agrotechmical efforts.

The amjority of ATA outbreaks occurred between the 50th and
60th geographical perallels; the outbreaks began in April or the
beglnning of May, reaching the peak in May - aid June and ter—
ninating in July, and, as an exceptioz, in October and December.
This was due to the consumption by the population of cereals
and produce of their pfocesaion which wintered in the field.
Even in sporadic ATA cases among urban population it was poo-
sible to trace the cause: the purchase and consumption of
grain, groats or flour of unknown origin in the market. More
than that, the toxic grain and flour were accidentally brought
to warehouses, mills and bakeries.

1t was not always that the cereals, left in the field,
became toxic after wintering, This occurrsc only when intact
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rooted plants wintered standing erect, or in swaths, hemps; -
lsheaﬁ:n, unbundied or in cut splkes and ecattered grain because
of an inadequate harvesting. The toxic cereals were mainly plant-
ed in lowlands whereas on elevated plots they were absent.The ac~ '
cuaunlation of toxiclity in cereals and ATA cutbreske were main-
1y promoted by autumn rains and warm heavy snows., And quite the
opposite a dry autumn and a eold mnow-scarce winter prevented ATA
outbreaks, All this polnts to the significance of the weather
conditions and the topography which promote the accumulation of
the toxic matter in wintering cereals. The winterinz cereals
difirer am to the level of their toxicity. We assume ailiet to
be the most toxio; next intoxicity is buckwheat, whereas wheat,
rye, barlcy, oats, rice and other cereals are less toxic. fhis
ip confirmed as well by prominent Soviet mycotoxicologista
.M, Pidoplichkxo and V.I. Bilay (1946), they believe millet
and buckwheat that wintered under the anow to be most strongly
‘affected by toxic fungi ,wheat and rye being affected lesser,.
In appea.ranc# the wintered cereal grain, in particnlar aillet,
differ from normal grain by being "puny"”, friable and lighter,
with a damaged germ, They mold rapidly and are covered with
black spots. It 18 sometimes very difficult, however, to dit-
ferentiate botween the wintered and normally barvested grain ‘
without & laboratory analysls. The simplest technique' is
the germination test:-. The wintered toxic grain has a low ger-
mination powar,'if eny at all, M.,M, Pidoplichko and V.I, Biley
apcertain that 30-80% of millet grain retain the germination
capacity after the wintering in stacks and shocks, 25-60% -
when intact roofad nillet wintered standing, and 31% and less
= in pwaths and heaps.
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The experiments conducted by 8.G, Mironov and A.Z. Ioffe
(1947) on sn experimental field with wintered millet revealed
that the cereale acquired toxic propertias only during the win-
ter-spring season and manifest them with the thawing of snow.
Our previous findings alsc confiram that the cereals obtained
from under the snow before thawing failed to induce ATA after
belng eaten,

These findings have been confirmed by V.G. Geimberg, A.M,
Bacusenko and G.K. Shlygin on an experimental field in the area
previously affected by ATA. Sawples of millet cereals collected
from the field in different winter and spring months failed
to reveal any toxicity.

The AlA incldence was the highest among the individuals
aged from 10 to 40, The female and male incidences was almost
the pame; infants contracted the disease only when fed the
produce of the wintered grain, The disease never occurred in
breast-fed infants,

The most widespreud test for toxicity of wintered ceresals
is the test on rabbit skin, I,S. Pentman discoversd in 1934
that the ether and alcohol extracts of the millet that wintered
in the field, inducing ATA disease when eaten, caused a marked
inf lamuatory reaction, i:oaulting in necrosis when applied to
the epilated rabbit skin. In 1942 this test was widely used by
A.Kh. Sarkisov, and in 9943 - by V.V, Efremov to determine the
toxiclty of several samples of the wintered grain and the pro-
duce of 1ca procession (groats, flour, etc.). This substantiat-
ed the official approvel of the skin test as a toxloity orite-
rion for the wintered cereals,

In experiments on swine in 1944 V.V, Efremov and L.S. Lyass
obtained stable' leukopenia and granulocytopenia by feeding the
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animals with the toxic wintered millet, In 1945 A.Kh. Sarkisov
‘et al, ware the first to reproduce clinical symptoms of ATA on

cats fed with the millet, conteminat.d with Fusurium sporotri-

¢ghioides, Fusarium sporotrichiella toxic fungi.

These data were confirmed by Yu.I. Ruoinshtein in experi-
ments on cate in 1946 end on monkeys in 1y47. ihe diseass,
{nduced 1in the latter case was identical to human ATA both cli-
nically aud pathohistologically.

ATA etiology

The chemlcal nature of Fusarium sporotrichiell: toxins was

studied by L.E. Olifson et al. in 1965-1972. The toxin(s) was
referred to the group of sterolactones. An amorphous white powd-
er, called sporofusarin was obtemined from the ethanol-chloro-
form extracts of the fat-free grain conteminated with ¥, sporo-
tricniella. This preparatiqn contained two molecules of glucose
and one = of ribose per oue asglycone molecule; the melting point
18 245-248°C, it 1s readily scluble in water, methyl and ethyl
alcohols,

L.E. Olifson et al. (1971, 1972, 1974) revealed that sporo-
fisarin administration to different enimals (mice, cat, rabdbblt,
frog) promoted a rapld development of toxemia, similar to that
followlng the conmumption of the grain, conteminated with
Rusarium sporotrichiella. The cats exposed to 0.1 DL100 of sporo-

fusarin, developed characteristic APA symptoms the next day
after its administration.
01ifson et al, showed that bthe ¥, sporotrichiells metabo-

1ite - sporcfusarin w:s apparently the cause of ATA, They pro-
posed in 1975 a chromatographic method for the determination
of the grain toxicit'y with a thin-layer chromatography and

luminescent analysis. According to their data, sporofusarin is
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s highly toxic substance; the DLSO for mice 1n an intraperito-
neal administration was 22.1 mg/kg. A higher dose of 25-30 mg/kg,
was lethal for 100 per cent of the animals within 4~6 hours,
Rabbits perished 30-6C min after an intravenous injsection of
S wg of the toxin.

AfA pathogenesis

Local efrect of the ATA toxin

Mycotoxin(s) Fusarium sporotricihiells present in the winter—

ed cersals induces local and general effects when accldentally
consumed by wan. The local effect is expressed in the migas gf '
irritation similsar to those of a burn in a person with a normsl
roactivity, Alony,side with an unusual bltter or insipid taste,
the patisat often has a burning sensation in the mouth, palate,
fauces, esophagus and stomach, or a loss of taste, tongus numb~
ness, bausea and vomitins « These symptoms disappear

rather rapidly. Pathohistology following the applicaticn of

the toxic grain extract on the epilated rabbit skin was des=-
cribed by A.I. Strukov in 1947. An inflamnatory reaction with
dominating exudative-proliferative symptoms and the accumula-~
tion of an enormous number of leukocytes were evident in this
case without the genera.l involvenent of the whole organism,

The effect on wan is similar, The pathogenesis of the general
effect of the wintered cereals toxin on man lies in a severe
intoxication., There seems to be no total insusceptibility to
the toxini however, the degree of the body sensitivity to the
toxin differs and is defined by many as yet undeciphered fac-
tors, among which the preceding qualitatively and quantitatively
unbalanced nutrition is of paramount importance. Asthenic end

dystrophic individuals were the first to contract the disease,
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and its course was severe, The nutrition balanced as to biclogl-
oally valuable proteins and vitamins, particularly of group B,
and C (meat, milk, especially sour milk produce, eggs, vegstables
and greens) may attenuate to a certain degres the effect of the
toxin in the wintered cereals. The ATA toxin apparently posses—
ses a cumulative effect. Those individuals who consumed productas
from the wintered grain at lengthy intervals still contracted
the dipeases and developed all ATA stages, Further we ghall see
that early disturbances of cardlac activity can be also attri-
buted to the toxin's cumulsetive effect.

ATA mycotoxin{s) which accldentally gets into the organism
with food is absorbed in the gastrointestinal tract; acoumulates
in the organs and tissues and is then excreted with urine, and,
to a lesser degree, with feces, The severity of the disease and
its course are determined by the amount of the toxin and dif-
‘ferant reactive properties of different organs snd tissues to
this toxin, Presh evidence has been obtained of late 1n respect
%o the damaglng mechanism of the ATA mycotoxln on the subcellu-
lar structure membranss and its particularly harmful sffect on
the lysosomal membranes (L.A. Pokrovksky, V.A., Tutelyan, L.V.
Kravchenko, 4976, and others). According to them the ATA woo-
toxin is & typical toxin of lysosomal membranes,

General ATA toxin effect. Hematopoleeis disturbance

The organa of hemopoiesis and those controlling this process
are the .lesast resistant to mycotoxins of the wintered cereals,
At the pame time they are the main target of intoxication.

This is reflected in the names of the disease in literature:
alimentary asramlocyto;ais (M.A, Lyass, 1940), elimentary
aleukia (I,V. Davydovsky and A.G. Kastner, 1935), alimentary
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panhemoparesis (A.L, Myashikov, 1935), cereal aplastic mssen-
;ohymopathy (M.i. Koza, 1944), acute myelotoxicosis (E.M. Manburg
m E,A, Rakhalsky, 1947)., Different levels of reactivity on

the part of the bone marrow morphological elemants can be traos
_‘by a detalled analysis of the hemopoietio organs affected by ATA.
The inwlvement of the myelold tissue results in irritation,
which 18 followed by leukopoieslis inhibition manifested in the
development of the agranulocytosis of the Schaltz type and the
diminishing absolute granulécytes count,followed by a more or
less sharp inhibition of leukopolesis,erythropoiesis snd thrombo-
poiesis, resexbling the onset of Frank type aisukia. However,
these reactions are not stable; they are more or less 1nd1v1;
dual not onl.y in cne and the same ATA outbreak, bubt also in
different ATA outbreaka. This seeas to be connected both with
differences in the reactive capacity of patients and the amount
of the toxin t{hat penetrated into the organisa, Some ATA inves—
tigators, M.A, KEoza (1934) being among them, reported a serious
bone warrow impairment in this disesse in particular a reduged
Togonerative capacity and almost total arrest of hemopoiesis
(panmyelophtvhisis) ; this allowing Koza to call the dipease

a "cersal aplastio lemchylopntl':y" » 5hat ie an aresctive ir-
reversible condition of the mesenohyma. As fsar as 1935 I.V. Da-
vydoveky reported regenarative phenomena both in the erythro-
blastic and myeloid elements even in the aplastic bone marrow

and emphasized that this points to the possibility of the re-
versibility, of the processes ogourring in gome cases rather
econ, A valusble contribution to the astudy of the ATA p.ahhogo-
nesis was msde by A.I. Strukov and M.A. Tishchenko (1944, 1947)
who convincingly demonstrated that the hemopoiesis disturbance

developed againbt: the background of  the viable bone marrow.
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In ATA it 1s not the bone marrow that is destroyed {(panmyelo—
phthisis), but only a temporary, qulte reversible inhibition and
disturbance of hemopolesis occurs.These morphological data are
oonfirmed by leukocytosis that replaces previous leukopenia when
the ATA patients contrect some intercurrent infection,for example,
pneumonia, Infection seems to be m stimulant, lifting the tem—
porary blockade of the bone marrow, A.IL.Strukov (1947) and
B.V. Alyoshin (1947) assumed that the toxin of the wintered
ceresls mainly affacted not the bone marrow, but the extra-
medullary wechanisns of hemopolesls regulatlon (the vegeta-
tive nervous and endocrine systems). We consider, however,
that in the conditions of general and severe intoxication the
toxin affectie both the vbone marrow and the extramedullary me-
chanisng, regulating hemopoiesis.

In ATA the activity of mesenchymal cells does not diminish,
The retliculoendothelial systém maintains its absorptive capa-
olty even at the terminal stages of the dlsesse; the compensa-
tory hyperpleasia of reticulsr elements is wore intensive. This
was also evidenced by B.A. Alyoshin in his expariments of
aleukie reproduction in rabblts with benzene. He states that
in this cese there was no general involvement of the reticuio-
endothelial systen, but only a selaotive tranaformation of the
reticular tissue areas, located in the foci of hemopolesis,
A decreased body resistance in ATA is due not to the aresc-
tivity of the ret;iculoendothelial system, but to the disturb-
ences of. other body protective propertieas, for example, to the
absence of neutrophils with phagocytid functions. As is right-
1y stated oy A.I. Strukbv and B.V. Alyoshin, the body remsins
blologically protected in ATA, Naturally, we back this opinlon,
ap even in most severe conditions with the drop of the leuko-



- 9 -
cyte count fo 300-200 per c.mm a sudden regemerative ghift
and rapid recovery were sometiwes observed (V,V. Efremov, 1944,
4948). Similar evidence was obtained by Q.L. Gordon and L.M.
Levitsky (1945). ‘ihua, the opinion ot Kozs holding that the
aplastic condition of the mesenchyms can be the basis for ATA
pathogeneeis, is erronecus. An splastic cobdition, if any, is

an exception,

Genaral ATA toxin effect., Hemorrhagic dimthesisg

Another significant and a rether complicated problem of
the ATA petihogenesis is the disclosure of hemorrhegic diathe-
ais in thig digease, Undoubtedly, the major role here is pleyed
by the disturbance of thro-booytopoi_lesis resulting in severe
thrombocytopenia, It would be erroneous to assume that the
thromboeytopoiesis disturbance is & comparatively iate phano-
menon, All depends on the individual resistance o the nature
of the toxin, Tn some cases we encountered early aieturbances
of erythropoiesgis and thrombocytopoiesis, ‘

Hemorrhagic diatnesis, however, can hardly be caused by
the thrombocytopoliesis disturbance alone., A toxic destruction
of capillaries resulting in hemorrhagic phenomena, also geean
to be of some significance in this case. Deereased blocd proth-
rombin and, hence, vitemin K deficiency, revealed by V.M, Kara-
tigin end Z.XI. Rozhnov (1947), can also play & certain role in
this,

It is quite possible that a profound recomstruction of the
functional capacities of body tissues under the effect of the
wintered cereals toxin mffects mot only the bone marrow, but

8180 the extramedullary apparatus, regulating hemopoietic
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processes (vegetative nervous and endocrine mystems} as A.X.
Btrukov and B.Y. Alyoshin (1947) assumed. The same concsrns
the CNS whose functions are also disturbed in ATA, as can be
Been below,

The damage of lysosomal mesbrane of the heomopoistic organs
caused the destruction of the formed elements in the bone mar-
row with the symptoums of leukopenia, iymphopsnia, thrombooyto-
penia and erythrocytopenia (A.A. Pokrovsky, V.A. Tulelyan,

L.V, Kravcheoko, 1976).

General ATA toxin effect, Neurotropiem
In 94) wo assumed that the wintered cereals toxin is a neuro-

tropic poison, The evidence collected by a number of neuropatho-
logiste (Z.A. Gurevich, 1944; M.M. Kovalev, 1934; A.B, Poinansky,
1947, and others) points %o the fact that the nervous system

'is saverely affected in ATA, They reported mainly the early ve-
gotative chenges;, apparently induced by the disturbanoe of the
vegotative centres of the hypothalsmic area; acute onéophmtu.
encephalic, meningeal, and meningoencephalic myndromes st the
anginal stage. This was also confirmed by a whole anmber of
phatoanatomists who identified morphologlcal changes in the ner-
vous system. M.A. Koza (1944), V.A, Zhukhin (1945) and others
described destructive lesions of the brain neural elements in
ATA, A.Y, Strukov revealsd promounsed lesions in the sympathetioc
nemﬁs aysten, both in its tTunk and in the sanglia of an acute
genglionitis type, Thus, the wintered cereals toxin is definitely

a newrotropic poison,

Ge;nral ATA toxin effeot, Necroses dewelopment

In the process of a profound body reconstruction in ATA
even an insignificent stimulus is sufficient to cause necroses
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with the tissue invasion by wicrobes, tuat are usually present
on mucosa or the skin., A mipor injury in the form of a scratch,
abrasion, cut, prassure on bonse prominenges (sacrum and trochan-
ters) in bed-ridden patients can be a trigger mechanima. Broai=
ons and ulcers on the gastrointestinal tract mucosa can prowote
& deep necrosis, Concomitant infection by itself, c¢an play an
important role in case of abrupt changes in the reactive capa-
city of the body tissues. At the anginal-hemorrhagic stage of
ATA the metabolites of pathogenic or condltionally pathogenic
microves, usually present on mucosa of the uwouth, fauces,
poarynx, etc, can trigger tissue necrosis. This was justly
stated by M.A, Koza (194%4), The effect of some druge (sulfamide
coupounds peniciliin, salversan, etc.) on necrotic angina and
other patbological processes in ATA is apperently due to the
bacteriostatic effect exerted on previcusly harmless microbes,
Only in the body poisoned with the wintered cereals toxin did
these mlicrobes begin to plsy an active role in the devslopment

of necrosis,

ATA pathological anatomy

According to & number of works, pathoanatomicel changea
in ATA mainly concern the third, anginal-hemorrhagic stage,
of the disease, and only partially, the fourth stage -~ that of
the regenera;ion and possible complications. There is no evi-
dence as to the pathomorphology of the first and sacond ATA
stages in pertinent literature, which is only natural, since
at thes: steges patients could dle only by chence (acci&ents,
intercurrent disease, etc.), The chenges at the third ATA
stage that were coanprehensively dascribéd by I.V. Davydovsky
and A.G, Ksstmer (1935) were substantially aupplaﬁuanted by
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d.h. Koza (1944), A,I, Strukov and M,A, Tishchenko (1947) and
others. They mainly consist of hemorrhagic diathesis, necrotic
processss and oone marrow changes, I,S, Pentman (1935) found
rigor worktis to begin sarlier in the individuals who died &s
result of ATA, tiese corpses hnd s lower propensity $o putre-
{actlon, as compr.d to the corpses of those who died of other
diseases. Such corpses had differenti degrees of hemorrhagic dia-
thesis with punctate and dirfuse hemorrhuges both in the skin,
the muscleg and viscera, Hecrotic processes begin from the sur-
face in the aress of the greatest lymphold tissue accumulationt
at the root of the tongue, on the soft palate, in the pharynx,
tonsilsg, and the gastrointestinal tract, penetrating deeply,
with necrotic tissue decomposlition, Microscopy fails to reveal
usual inflammatory reaction around the nacrotic foci. There are
no leukocytes, but mainly slternative changes with histiocytes
proliferation. Necroses can algo occur at the sites of former
némorrhages. 1ois is in favour of profound disturbances of 'the
tisoue trophism in ATA. The highest rick is presented by necrotie
foci in the pharynx,laxynx,bronchi,eaophagus,stomach and intesgtine.
Necrotie foci in the phmrynx and lerynx ¢an lead to aspiration
pneumonia and asphyxia due $o edema arnd laryngeal occlusinnlby
thelgangrenous tissue masses or cosgulated blood., Pneumonia as
a complication of ATA is rather of frequent cccurrence {50-60%) ,
and is expressed as focal or conf luent btronchopneumonia; gangre-
noug decomposition in the centre of a pneumonic focus is seen
rather often. Necrotic focl in the esophagus, stomach and in=-
testines can lead to severe hemorrhages. HEsophageal necrosis
with the symptoms of dibhtheritic esophagitis is most incident;
next in frequency ls the gastric affection
of the diphtheritic gastritis type, resembliny a burn by caustic
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agents, We have seun auch gastrites at autopsy. Necrotic foci
are pregent both in the anall snd large intestine,

The third major link in the ATA pathological anatowy is
represented by the bone marrow c¢hanges - in the flat, not in
the tubular bones, The mlicroscopy reveals greater or lesser
disappearance of the myeloid slements and their substitutlon
by reticuloendothellial cells - hemocytoblasts. The changes in
other orguans are less characteristic: & moderate degree of or-
ganic parenchymatoue degewdration and nepatic hewosiderosis,
The spleen ir not eunlarged. Bepsisg 1s rare. The wmost frequent
causes of death in ATA are genersl severe toxemia, ssphyxia,
pevere heworrhage, paneumonia, Although pathoapnatomists had to
deal with the most eevere ATA cases, they (I.V. Davydovsky,
1935, A,I, Strukov and M.A. Tishchenko, 1947) etated quite
explicitly that the pathologicsal processes in this disease
were reversivle, and that recovery with proper treatment was

possible,

ATA clinical symptoms, Diagnosis of the disease
The anamnesis was thoroughly recorded at the initial exa-

mination of a patient, a suspuct of ATA. Of utmost importsnce
wap whether the patient had ever eaten, even once, the grain
(esrs) collected in spring. What were these cereals? How much
grain (ears), where and when did the patient gather 17 Dia ho'
excha_nge thie grain for pormal one? If pot, how meny times did
he and meabers of his femily eat the toxic grain? How much
grain had been eaten by his kin and in what form (gruel, pan-
cakes, flat cakes, bread, etc,)? Did the patient eat the toxic
grain alone or aixed witi. normal flour, and in what propor—-

tions? How much toxic grain has resained? IHd soy other of his
I-7
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kin contract the disease? Had he and his kin gather grain of
.the wintered crop the previcus years, did they eat this grain
and dld any of them c¢ontract ATA? If the patient did not gather
the grain ears, where did he get the suspected grain -~ at the
aarket or elsewhere?

Then the patient's temperature was messured. Among the com—
plaints attention was primarily paid tc such gemeral symptoms
‘as weakness, headache, "heaviness" in tne head, and “"mental fog"
(stupefaction), The skin was exemined for eruption, At the ini-
t1ial stage of the disease the rash is not easily discernible
and resembles flea bites. Mouth and fauces were examined tho-
roughly with due attention pald to the mucous membranes, hyper-
emla and edems of the anterior palatine arches, suvuls and the
sublingual fold, as well as %o the preseuce of punctate hemor-
rhages on the mucosa, the coated tongue, stomatitis with muco-
sel pallor, and to cell foruation and their rejection. Tonseils
" ware thoroughly examined for the catarrhal, follicular eor necro-
tic angine; the poft palate and feucial lesions were looked
for. Patient's complaints of irritetion, burning sensation and
pain in the mouth, pharynx snd escphagus, pain in the stomach
and intestine, nsusea, vomiting, diarrhea or constipatioﬁ, wore
ciuel;r noted. Speeial attention wads paid to complaints and die-
turbances concerning the central and vegetative nervous systems
and mental disorders: apathy, depression or hyperexcitability,
ipsomnia cr som;nolence, mydriasis, hyperhydrosis or dryness
of the skin. Early changes in the cardiovascular system were
identifieds techycardia, systolic murmur above the apex, hypo-
tension, Bleod was e&;amineds leukocyte and srythrocyte count,
dif ferential leukocyte count, hemoglobin and the E.S.R.

nasing upon bthe pathogencsis ATA ic divided into four stages:

£
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the firet is the stage of acute intuxicatlion, the second - of
latent development of the disease (leukopmic stuge); the third -
of clearly expressed clinical syeptoms (anglinal-henorrhagic
stage); and the fourth stage-that oi recovery and possible com—

plications.

The first ATA stuge, Acute toxeaia gymptoms

3oth local nnd general syiptoms can develop immediately
or several hours after eatin- a meal prepared of the toxic winter-
ed grain, lLocal symptoms can be rerresented by a bitter or in-
sirid taste in the mouth resulting in the full loss of taste,
tonsue numbness or swelling, a burning sensation in the mouth,
fauces and vharyns, pain on swallowlng. liouth examination dis-
played mucosal hyperemia uand edema, particularly of the ante-
rior palatine urches, soft and uard palate, uvula and the
sublingusl fold, Individual punctate hemorrhages were encounter-
ed. In less acute cuses focal or general mucosal pallor was
registered; some areas had desguamation of the epithelium in
the foru of white meubranes on tne lips, gums, cheek mucosa,
hard and soft palate, reseabling a scald by boiling water, weak
acid or alkall, Usually the tongue was whitish coated.
When no more toxic grain was eaten t.e above symptoms disappear-
ed within 2 or 3 days, but btincy reappeared as spoon as the pa-
tient started eating this grain again; one never gets accustom=
ed to the toxin effect. Severe forus of ATA followed even a
single toxic grain consumption. Cases with comparatively mild
general toxemia were more frequent than acute forms, Gensral
toxemia was expressed in weakness, malsise, rheumatic-like
pain, hyperhydrosis, a condition, resembling alcoholiec intoxi-

cation, insomnin., “hese symptoas uasually disappeared within
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3 ta 5 daya,

Occasionally there were symptoms of acute fuod poisoning
repulting in scute esophagitis, gastritlis or gastroenteritis,
accompanled by hypersalivation, nausea, vomiting, pain in the
esophugus and stomscn, diarrhea, and fever up to 39°C; therse
was also giddiness, teadache, mydriasis, tachycardia, cyanosia,
limb coldness, and sometiwes convulsions. Hemorrhagic dliathe-
sis with skin and mucossl hemorrhuges and epistaxis was also
noted,

In such cases the blood count can suow hemopeoiesis anifts
a8 soon as in =4 days: the leukocyte count could fall; to
2,000 per c.mm, This was accompanied by neutropenia and relative
lywphocytosla, thrombocytopenia und some E.5.R. acceleration
(".I, Chilikin, 1945; E.M. Hdanburg, 1947). The disappsarancse
of the above gymptoas and the regeneration of the blood took
place rather slowly, during one-three weeks., The acute poison~
ing by toxic grain can be due to (1) marked changes of the body
reactive cimpacity (unbalanced mutrition with a considerable de-
ficiency in bislogically valuable proteins and vitamins, in par-
ticular of vitemin C and group B vitamins, snd general low ca-
lorie c¢ontent oi tocd; (2) nign grain toxicityt (3) great quan-
tity of the consumed grain, At the init ial stage the differen-
tial disgnosis of an acute polisoning was facllitated by'

an adequate enesmnesis.

fecond ATA stage. Ieukopenia.

With the subsequent consumption of the toxlc grain the
disesse progresses and within several days enters the second
stage. Local By.ptoms cen recur, a8 there 1s no habituation

to the toxic product. The patients elther psy no attention to
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the changes in the mouth, or try to somewhat nlleviate patn.

A comprehensive study of the leukopenic stage was ol primary
significance f‘or physicians, sluce it was a‘t this stage that
the inetitution of therapeuntic messures guaranteed maximum Buce
cess, However, tils period is the loant luscident with regard
to the clinieal egymptoms, pathological physiology and morpho-
logy.

The duration of the ATA leukopenic stage was different:
sometimes it lasted 2-3 weeks or ococuld po on for 6-8 weeks and
even 3-4 wonths, depending on the patient's reactive capacity
on the toxicity and the awount of the wintered grain eaten. At
this stege the clinical mymptoms were not clearly manifested
and were, thus, often oOverlooked. Clinically, the leukopenic
stage developed with the domlnation of the central and vegetative
nervoue eysteans symptoms (V.V. Efremcv, 41944, 1945, 1948), The
patients complained of weakness, spathy, fatiguability, vertigo,
headache, poor sleep or, on the contrary, somnclence tachycardia
developed even under minor physical strain, In a number of cases
they had an inversed Ashner's sy ptom - the pressure exerted on
the eyeball failsd to reduce the pulse-rate, The patients' skin
was pale, dry, with an esrthly colour and the symptoms of late
dermographisn; mydriasis was vividly promounced. Some of the
patients had a lowered blood pressure and diminished heart
sounds. The ECG revealed changes in the T-wave which became
diphasic in all the three leads (Z.I. Malkin, N.N. Odelsvskaya,
1945), Subfebrile conditions lasted 2-3 daya snd then dissppear-
ed., The hemopoiesis disturbance began several deys after eating
the wintered grain products and slowly developed into the pro-
grossive inhibition of leukopolesis,erythropolesis and thrombo-
cytopoiesis. leukopenia, neutropenia and relative lymphocytosis
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gradually increased, At the same time the erythrocyte and
thrombocyte count dropped. In certain cases hemoglobin lowered
perallel with the erythrocyte count. In other cases, however,
it persisted at a relatively high level for a long time, prog-
ressive snemia acquiring a hyperchromic nature in this case.
The leukocyte count differed essentially during the second
ATA stage., There were discreparncies, between the patiencs’
subjesctive complainta and the peripheral blood leukccyte count,
Sometimes tnese patients having 3,000-2,000 c,mm leukocytes and
eveu less continued to walk aid o work, untll the syaptous of
heaorrhagic diathesis, fever amd progressive weakness forced
them to become bedridden.

When timely snd adequately treated the leukopenic stage

wap usually followed by recovery.

™ird ATA stage, Manifest clinical syamptoms (enginal-hemorrhagic

stage)

In case due measures (hospitalization, etc,) had not oeen

taken in time the disease progressed into its third stage,
usually within two or three(rarely six or eight) weeks after
the wintered grain had been eaten, The third ATA stage is cha-
racterized by acute symptoms: rash, hemorrhages, necrotic angins,
high temperature snd tachycardia. At the end of the leukopenic
staege the patients discovered petechial rash of scarlet or
dark cherry colour on the breast, the internal surfaces of the
brachial part of the upper extremities, the lateral abdominal
areas, tue internal femoural and innowinate regions

The rash had nothing to do with the hair follicles of the skin
and this differed it from petechial rash of scurvy; it was
polymorphic and lebile, At fifst the rach spots were rather
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pnall; later they assumed the size of lentil or haricot beans,
their coleur turning into dark viclet, or nearly black. The
rach, the first and an obligatery symptom o’f the anginal-hemor-
rhagic stage, the first and an obligatory symptom of the angi-
nal-hemorrhagic stege, usually preceded angina. The leuko-
cyte count continued to drop, Granulopenis, neutropenis and
relative lymphocytosis increased to 80% and higher; the toxic
granulerity of the remaining graenulocytes was almsost 400%, The
E.S.R, mounted to 40 mm/h, The erythrocyte ocount dropped to
2,5-2.0 million, and hemoglobin - below 40%, followed by the
development of micro—- and macroanisocytosis and poikilocytosis.
The plateled count decreased to 80,000-20,000 per ¢.ma and
lower. Hemorrhages ocourred with the platelet count of 50,000
per ¢.mm; the bleeding time increased and the blood coagula-
bility was delagyed. The clot retraction time increased. The
Euspel~Lesds (rubber bandage) and Moser (pinch) tests were po-
sitive in spproximately half of the cases, as opposed to scurvy.

There were hemorrheges from the nose, pharynx, esophagus,
intestine, kidney, urinary bladder and uterus, Being one of
the gravest ATA symptoms hemorrhages can be prolonged; they
are rather diffiocult to arrest and very often result in severe
snemisation and even death. Nasal, pharyngeal (most frequent),
asophagenl, gastric and intestinal hemorrhages are particular-
1y dsngervus. The stexnal puncture 1s an ieportant criterion
for assessing the condition of the hemopoietic organs.

The study of bone merrow punctates at the third ATA stage
showed (V.1, Chilikin, 1947) complete bone marrow aplasia
to be relatively rare. More frequent is the depletion of form-
ed elements and "embryohlzation" of the bone merrow (replace-

mont by yourg, poorly differentiated cells of myeloid serles
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and lymphoid cells),

Geveral days after the appearesnce of rash the patients de-
velop angina which in severe cases c¢an be necrotic or gangre-
nous, and catarrhal or follicular in wild ones. The swollen
red aucosa in the fauces was covered in the area of one or both
tonsils, firet with greylsh-white, tuen dirty yellow, and fi-
nally dirty brown coat that was difricult to rewove, The fore-
ed removal left a deep bleeding uefect without an evident
purrounding inflamuatory reaction. In woderate cases the de-
marcation occurred within 5-7 days, with the further rejection
of the gangrenous area and the subsequent f1lling of the defect
with the granulation tissue. In Beverc cuses necrotic foci were
transforned into gungrencus massees involving ocotn tonsils,
enterior and posterior arches, scft palate, woula, pharynx,
posterior pheryngeal wall and lingusl tonsil. becrotic pro-
cess penetrated deep into the pharyngeal ring, transformlng
all tissuee into fetid masses of green-yellow-brownish colour,
T™e complete decomposition of t:e tonsils was accompanied by
acute edema of the laryngeal vestubule and occlusion within
3-8 days with necrotic masses and blood clots. This resulted
in apphyxia end aphonia and rather often caused death at the
third ATA stage., The gangrencus process further spread % the
sott palate, guws, tongue, lips, cheeks, ale nusae, which in
turn led to the loss of teeth, and cheek perforation of the
nowa typa. These sympboms were most frequent mmong the indivi-
duals with unbalanced nutrition and in children. In severe
cages of the third ATA stage lethality was high, death occur-
ring within 4-2 weeks after the development of the anginal pro-
wm.%wwmthwmeewwwofmeﬁmuemme

in patients' recovery within the same period. Severe anginal
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syaptoms were accomponied by the intensification of the hemor-
rhagic diatheeis. The slze of the rash eleaents could be that
of a 10-15 kopgcka coln, uwerging into spobs.and stripea and
forming blood blisters, Hemorrhages at thie stage are csused by
thrombocytopolesis disorder,decreased blood prothroucin level,
toxic demage of the capillaries, as well as by the destruction
of the varcular walls 1n the necrotic foel of the nasspharynx,
lunrs, stomach, intesiine, efc. In this perlod the leukccyte
count can drop to 300-200-100 per c.mm and even lower, Neutro-
phile and eosinophils fully disappear. The platelet count
drops to several thousand per cubic millimetre. The srythro-
cyte count decreases to cne willion and less and hemoglobin
drops to 20, 10» sud even lower. The KE.S,R, elevates to 70-90
ma/h, All these symptoms were accompenied by fever: 38-33°C in
the wmorning, and 39-4000 and higher in the avening. The pulse
rate exceeded 100 per min and was highly labile; the blood
prassure dropped essentially, respiration was greatly asccle-
rated. Anoxia end anoxemia, aspirstion bronchiopneumonia, and
pulmonary abscesses developed aloxn;; with general toxemia,

Acute parenchymatous hepatitis without or with mild Jaun-
dice almost alwoys occurred at the third ATA stage, The liver
was somewhat anlarged, whereas the spleen was normal, Thers
was microhemeturia and, less frequently, hematuria. The urine
contained a snall amount of protein and cylinders. In spite
of perious conditions the patlents were fully conacious,suffsr-
ed from thirst, had hypohydrosis, but thelr appetite was
pormal. Sharply enhanced neuropsychde disorders developed
into apathico-abulic syndrome (P.N, Serafimov, 1946) connect-
ed both with ceretral asthenia and the affection of the fron-

. tal lopes of tne brain cortex, rather senmitive to the ATA
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toxin, All this affected the behaviour of those patients who
developed evening and nocturnal hallucinations; the mentioned
disorders were reversible and disappeared in several days,
As to tne digestive tract - constipation wsse the ruie, but diar-
rhea ocourred in the severest cases, All these ayuptoms
began to subside in several days. Necrotic focl cleared; fewver
aropped lytically and the patients recovered froa acute toxemia
rather repidly. Even in grave cases a sudden change for the
bettor and even recovery within 1-2 weeks are quite possible
o In the gravest caseg death resulted froa heart para—
lysls, uncontrollable hemorrhages, usphyxia, pnoumonia with a
Pulmonary abscess and gangrene

Fourth ATA stage (recovery and possible complications)

Yhen pathogenetic therapy was provided the disease progres—
sed into the fourth stage lasting 10-14 days. During this pewiod
the nscrotic fool began to heal and hemorrheges subsided; a
lytid drop of fever indicated the recovery from mcute toxemia.
However, residual toxioc sy.ptoms {(tachycardia, hypotension, eys-
tolio murmur at the apex, heart dilatation Vo the left, dyspnea,
wosknese, vertigoe, gastritlie, gastroenteritis, hepatitis,
central and vegetative nervous gystems disordera) persiasted
for a long time. The evidence concerning hemopoiesis regeners-—
tion was controversials sometimes the leukoocyte count inaresased
5.40-fold in several days, or the normalization of blood CORpO~
sition was slower and took ons to one and a half mﬁhs.

Erythropolesis regensatated more rapldly than tiroabopoiesis,
the latter reaching the normal value only in four end & half
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to Bix months, The E.8.R. normalized within one to one and &
half months, All the hemopoietic regeneration processes were

.

rapld and complete in children.

Late ATA sequelse
An expedition of the Institute of Nutrition of the Acadeay

of Medicasl Sciences, USSR (V.V., Efremov, L,8, Lyass, 1945)
examined 94 individuamls for residual affects one yesr after

the recovery from ATA of diverse severity., Nine (30%) of 27
patients who sustained severe ATA had leukopenia (2,000-3,000
leukocytes per c.mm); in the rest the count was 3,000-4,000
cells, without granulopenis. Abou$ 50% of this group had throm-
bocytopenia down to 50,000 c.mm and hypochroaic aneaia. Sternal
punctate revealed an incresse in immature myslold elements and
lowered neutrophil count, poor srythropoiesis or the embryonic
type of hemopoiesis, with megaloblasts. A group of patients who
had ATA of moderate severity (49 individuals) a year earlier
and mild (18 iadividuals) had only relative thrombocytopenia
and snemia that was not marked. This indicates that after the
toxin elimination processes the body regeneration could last

for a reletively long period,

ATA treatment

The therapeutic measures at the first stage of the Jdisease
are almed at excluding from nutrition different wintered grain
products and flour, s.ndl systematlic plood cheek: leukocyte,
erythrocyte, platelet and leukocyte differential count,

The therapeutic measuree at the second stage envisage
balanced nutrition, in particular containing biologically
valuable protelns snd vitamins: ascorbic acid, thismine, ribo-
tlavine, niasein, vitamin Hg, folacin, vitamin E, Food should
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include milk, preferably sour milk produce, among them "kefir",
"acidophyllin", “giran", "matsoni", "kumys" "equine sour mliik),
"shubat" (camel sour milk). Constant medical gupervision with
Bystewatic blood check is compulsory. If the leukocyse count
dropse below - 3,000 c¢c.ma the patient sihould be hospitalized.
General and hemopolesis-stimulating means und drugas are requir -
sd.

At the third stage of t:e dlsease the patient should be im-
nediately bospitalized, an. put on a bualanced diet, which, in
case of necessity, can ve aduinistered enterally, lhe required
measures include early prescription or large doses of sulfamide
compounds end adequate antlpiotico, tue use of gencral and
hemopoiesis stimulantsy blood transfusion and sutohewotherapy,
the application of hemostatlic, detoxicating and cardicvascular
activity-stimulating agents, the local treatment of the necro-
tic foei,

Medical weassures ut tne fourth APA stage should be simed
at elevating the boly reactive capascity by general bracing and
nemopolesis stimulation, as well as at eliminating the toxic

resddusl efiects with detoxicatin, drugs.
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