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While erythroblasts (i. e, immature, nucleated erythrocytes) aze see-not
infrequently I the blood of newborn children and infants, notmally as weli as
even after mild infectious disease.,, their occurrence I adults in.relativolg large
numbers iS nearly always a sign of disfunction of erythropoiesis, a reactior to a

serious toxic attack on the crganism, or evidence of a reparative or compernsatory -
measure on the part of the organism. P

Tables 1. ST . T

,__-Sun'ey of the More Important Diseases in ddults assocrated with an Increase tn the Pro-

duction or Occurrence of Erythroblasts in the Bone Marrow_or Blood Stream.

I. With preponderant erythroblast production in the bone marrow: -~ ~—— =~ T TUoT 0 T

a. Beparalire or compensalory. - R

1. Hemolytic anemias (congeaital or acquired forms, in infectious disesaes or poisoning with

benzene (benzol) aad its derivatives, sulphoramide, acetanilide, etc.).

2. Remission in simple acute or snbacute soemias. - oo
b. Disturbances <n thz maluralion of erythroryies.

1. Pernicious snemia (increasing in degree with decreasing hemoglobin percentagze).

2. Sprue. . e . -
¢. Neoplastic. -

1. Acute ervthromyelosis (morbus Di Guglielmo). -

2_ Caronic erythromyslosis (Di Guglielmo, Heumeyer, Schoner).

3. True erythevleukemia.

4. Terminal crythroblastosis in polyerthemis (partiv dne to extramednllary ervtheopoiesis;.

II. With preponderantly cxtramedullary ersthroblast production resulting from changes in errthro-
poiesis in the bone marrow.
- 1. Calcinosis of the bone marrow, myelomatosis, ete.
9. Symptomatic erythroleukemia, i, e., compensatory ersthroblastosis in leukosis.
3. Osteoxclerosis.
4. Panmyelophthisis, aplastic anemia.
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Eveun in the absence of any sharp borderline, the morbid conditivas with in-
creaszd occurrence of crythroblasts in the blood stream may rough!? be divided
into two main groups according to whether the erythroblast production be mainly
intramedullary or extramedull ary A thorough study and deficition ¢f these con-
> ditions has been possible only after the introduction of bicpsy of the Lone marrow.
-~ In hemolytic anemias and I remissions of simple, acute or subacate anernlas

the erythroblast productlon refresents a reparative or cOmpensaory measure

ou the part of the organism. Here, prﬂumablv the producnun of tze red blood

2 «ells proceeds so rapidly tiui {ull waiuriicy of these cells is pot atteived. In jo-

" fectious diseases or other toxic conlitions vrythropoiesis may conceivably tale
Place in response to a stimulus, possibly m order to effect a corpensation. In
renisisne anamia and cnens the annearanee of megaloblasts in the blood stream is
qQue to disturpances of maturation icaaing 1o extramedullary erytiropoiesis.

Too Thes Ml e L s e ...:-t‘-*”--‘"i; iz reversible once the toxic
SiTilade 1 climi.ua.lcd, tue aucuus a.uuuaucu, vi tis specn;c anti-azemic factor
provided. In the »neopiastic ervibrobiastoses» the positivn i3 quite different:
Here we meet with acute or chronic ervthromyelosis and e'vthro]m.a’m.a some-
.times also-the terminal &.age.in pol"rvthﬂma vera.

IN1917—1926 Giovanni Di Guplielmo was the first to try to elucidat= the clinical
_picture he designated as erythemia, or erythromyelosis, as this morbid condition - -
- - later has been-called. - - ' -
' The principal symptom of this disease was a severe and progressive anemia
. terminating fatally. .

. The bLlood stream prerented a grcat number of erythroblasts, on".natmz from
a primary, isolauted, proliferative change in the erythropoietic systexm with very i
slight tendency to maturation of the cells, and in which the leukopoictic’ system
di not take part. The bone marrow was filled with cells belonging to the ersthro-
_poietic system, and other medullary elements were suppressed partly or completelv

Further, proliferating erythropoietic tissue was found in the liver, spleen and

-1ymph nodes and other organs. In spite of the enormous activity of the erythro-

Ppoietic tissue, the erythrocytes matured only sparsely, and the new-formed erythro- .
cvtes were imperfect and had a shorter life-span than ordinary erythrocytes. :

- ;;—Thodest-ruotion of these was increased and the production lowered. A resemblance

__ ‘canthus be noted to megaloblastlc anemias. The megalocvtes have also a shortened

 lifrsimes o oeetestone - :
'-_: Besides the anemia the clinical findings consnsted in Ieukopema th.rombocyto-

___penia, moderate enlargement of the liver and spleen, intermittent fever, slight

T jaundice and'a hemorrhngxc diathesis. The acute form might terminate fatally within

a few weeks. s
-« -—=-1n1940Moeschlin published acritical review of the cases reported up to that time L

_and came to-the conclusion that only 5 cases conformed to the criteria set up by ‘

Di Guglielmo, namely: besides the two cases reported by Guglielmo, 3 cases re-
. ported by Lazarro, Bénedetti & Paradiso. Later, 2 cases were described by Liidin .- .
. and by Israéls. In addition, Heilmeyer and Schéuer, and Liidin have reported

cases havmg a more chronic course. Whether the disease map be classifisd under
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N. I. NIZ3EN AND A. 39EQURO OHLIEN.

one or other form will depend me think on the maturing teadeacy in the prolii-
erating erythropoietic twsue. In addition to the acute apure» ervthromsyelosis
- cases of so-called strue wrythrolenkemias have been described DY Guaolieimo and
other Italian hematologists and also by others e ¢., Bluckbura and Lajt;‘m. Moesch-
lin, and Lidii. In these cases the boue marro® presents a combined proliferatron -
of both the erythropoietic and leukopoietic system leading 10 erythroblastosis
as well as myeloblastosis, Thus condition shorld not be mistaken for symplowed o
- - erythroleukemia in which the eryrhroblastoss is mainly. due—to -compensetony—
extramedullars production of red blood ceils because the medullary erythropoiesis
has been suppressed or ichibited by the leukopoietic tissue. ThO coaclusive evi-
dence of true erythroleukemia i3 claimed to Le the much hizher ervthroblast
percentage in the bone marrow than in the blood srrearm whereae the oppesite
applies to eymptomatic erythroleukemia. -

Guglielmo considered erythromyelosis analogous to leukosis — somethin~
Papperheim bad been looking for as early =3 in 101¢ A0t - T
Gu&qlielmo mentjoned that Ellermﬁnn in his studies on transferahle chinlan lan'acis
had succeeded in producizg suUch a type. Maliguaus oy PRV VSIS Ve L
seldom, for which reason it has been described ouly exceptionaily m the text-
books and this may perhaps be one of the reasons why the diagnosis is not made
frequently." In this connection it will be speropriate to refer to Handbueh der
Ingeren Medizin (Bergmmana and Stashelin) in which Heilmeyer recognizes ervtaro- .-
myelosis as a malignant lesion.

.As to the differential diagnosis, hemolstic anemia has to be taken intu.considera-
tion and — before the introduction of liver therapy — also .pernicious anemia.
Perhaps cases Of erythromyelosis may have been included among the vague
clinical pictures as Jaksch-Hayem's anemia. leukemia. sleukemia hemorrhagea
Franck, and others. Like leukosis. malignant ervthromyelosis is also taken to
be & neoplastic lesion, the eliciting factor of which has remained obscure to the
above-mentioned authors. So it is of considerable interest that in benzens (benzol)
poisoning it has been possible to demonstrate pronounced hyperplasia of the-eryth--
ropoietic System with clinical features corresponding to those of acute ervthro--
myelosis (Mallory, Gall and Brickley). -t -

Such a case has been admitted to the Medical Department E Of.-F;ed;iTk-s'S;g-_
hospital, Copenhagen, apparently the first case of this kind described in Denmark.

- SR Case eeord. -

The patient was a gas-worker 60 ~earold (Ree. So. 753/31). Parents did of old
age, 8 sib, all well. .. .

The patient had always felt well until December 1950, wben he started to feel constantly
tired, lost appetite, lost weight. and became readily drspnoeic, and also dizzy.

On admission 9/2 51 he was very pale and slightly cyanotic. So definite abnorzality
could be demonstrated on examination of the heart and lungs, no enlargement oi the
liver, spleen or lymph nodes. So petechiae seen.
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1y 51: percentage hemogiobin al.out 52; red blood count 2.6 millions. Colotir index
ahout 1. White blood count ubour 3.500; thrombocyte count abous 13,000, Icterus
index: 132,
ih s 31: lst sternal puncture wuich pave the striking result shown in table 2. The
uwarrev showed 21 enormens increase in the ervthropoictic tissue which by fsr excreced
anviiine we had previeusiv <sen even in severe hemolvtie anemia. Oa comparisby of
the zra;;hic presentation (Fig. 1) with the numerical values for the norma!l ervihropoistic
sverem oblatued by countincg 40U ceils of the »white nysterus and ai the sarce time count.
inz elemens of the ervthropoietic system (showing the distribution of the latter to be
a few proervthronlasts, somewbat more basophil erythrohlasts, with eosinophil ervthro-
hlasts 13 the majority) the red tlood picture presented by cur patient was compietelr
reversed, with an erormous texndency towards proliferation, especially in the numbler
of preervthroblasts.
Tha biood sirmam showed a pronouaced degree of erythroblastosis. (Fiz. 2.) Onr first
impre=siun Was.toat this nig Lt peruxps be a case of severe hemolytic apeciia, and hence
effuris were made by further exurunation to prove or refute this possibility. Tze osmotic
- resistance_of the erythrocytes was found to be normul. The icterus index was slizhtiv

irczeased {(Table 3). Proturombin index 64. Bleeding time 5 min. Gotlin's capulary
T - " resistance test: 5 petechise. No irregular antibody was demonstrated; and no Rh sub-
) tyje entibody. Bloud group: 0. Rk neg. Coomnbs test negative. Liver functional test:
"~ thyreoi 0.0n0.-Takata-Ara test normal. Urine: 4 urobilinogen. -

h e —— - - - m————

. e - Table £,

| B - e ’

Dijferential count of smear: from sternal puncture. (400 cells counted.)
Tt T | .28 {835
- L

' i -

, tec 0l 12850,

E Pruwnzeioeytes .. vannnss . 3.50 % 5.38
Neurrophil myelocytes .o 12,25 € 19.50 9,
Eu.iinfphi] myelocytes . 7, "trTrrerTe s e saressasrsarsaraaaas ’ 3.25 96 [ %1 %
.Basophil myeltcytes «ucuuriiriitnitiirssssssssnssnnasnnnnnns N 0
Meramavelocrtes and stab cells svuvvevnnrnsnsnnnnsasnnnnnnsnsanr 1375 9 12.58 9

) Pclymorphonuclear 1cucocytes rreeeriisrrrrrnnnsssssnnnnnnnnnanp 115 % 3.50 5

- Eo0s:20Dhil 1eucocytor 1vrresrinrsnmanin s snn s rnnnnnnnns i 225 % 215 5,

p asophil lrucocytea .... 1 8 0 [

: Y DAOLIASTS h ...~ . 0

. . Lywphorytes ... R R YR 1A 23.25 o, }

s Dlouccytes ... et T 1] )
Figupicels ‘, 0.25 %o 3.25 9, |
- N 2ak S I 0.25 ©;
s RN Il I ss0 % 6.35 % ;
S .. - .. . |
) Per 400 cells of sthe white systems were found: . (I ! ‘
7| Proirihroblasts (mitosee 16/2 =6, §3 =179 ... .......c.... 100 | 1833 ” -
) Lurir basophil erythroblasts (mitoses: 16/2 = 21, §3 = 65) ........] 565 P10
Late evsineophil erythmbluu....................................‘ 80 i 102 ]

e = .- s - . - .
I -

. ' The reticulocyteA values were at first from low to slightly increased; later they were
.- quite Jow, T e A

The disineter of the erythrocytes, however, measured between 2—3 and 9—10 microns,
and they often differed greatly from the normal by the occurrence of oval forms and

- proncunced anisochromia.
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Fig. 1. Sternal puncture countinss diagrammatically in relation to pormal countin;;
Table .
Qucn’itatice frayility test. _ _ B L
' . H . [ -
I I O R R T A
Beg. Hem. | 0.48 ) 0.50 . 0.48 | 0.16 ; Cas | 044 | ‘ -
_Tot.Hem. | 0.341 034 034} C3s 032} 03z} . - | . i
Icierus Indez . I
‘ 1212 12w 15 10|

Serum iron

31
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62 N. I. NISSEN AND A. SUEBORG OHLIEN.

Havine discussed the elinical picture of the lesion we realiced that here wa were faced Ly
a condi‘ton we bad ot ceen before and we considersd the possibiiiiy of erythmmyiosis.
¢35 51: 2nd sternal puncture, waich vave similar findinss as toe first, oniv more pro-

pounced. [a particulur the proerythroblasts, varyinz in size between 12 and 22 rucrons.

rarger Wre pee sy

P were 2 dominant {eature showing maay mitoses and alio poiynuciear forms (pataersthzo—
! blusts).
) Furtbermare tae prohfemting tepdency and cell atspia were most marked amon:z
the proeryrhroblasts — a feature also mentiozed by Guglicimo and by Ludin. Oa C=-
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Fig. 4. The temperature curve NNd treatment.
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parizon of thia type of bone marrow with the marrow fourd In mecaloblastic anemia
with 3 Jow lLiemoglobin percentage, the latter is also found to present nu increase in the
number of cells but the hyperpliuia involves bnth the repaloblastic erythropolesis
and the myelocytic system. In the present case, however, the ¢rythropoietic system
made up pedrly the cntire marrow. In hemolstic anem:a, too, the myelocstic: ceils
coustitate a relatively greater part of the total — as ii evident from the cell count.

In our case the apemia persisted in spite of treatrment with Hepsol Mco., vitamin
B 2 and terofolin. A further 9 blood transfusions were miven with only transitory eifect.

The temperature was slightly elevated throughout the course of the disease — as
showr ia Fig. 4.

Arzitiotics as Dipenicillin Leo and Aurcomycin End no particular effect.

A replacement transiusion was planned but a considerabi= arcravation of the patient's
cozdilion now occurred I the form of severe bemorrhauic diathesis, and before the
reciacernent tranafusion could tie carried ou* the putient died after about thre= months
& .t -

. Auwlopsy. Among the autopsy findings should Le meativned in particular that the spleen
welzhed +40 G, was deep red acd very soft.

Tle Lver was considerably eularged. There was no enlargement of lymph nodes. The
bemorrhazic diathesis was found in'many organs. The hone marrow was red and hyper-
plasticz- Miseroscopy showed the enormous kyperplasia of the boue mnrrow aiready ob-
served, With marked preponderance of the proliferating ervthroblastic tissue. Further,
the splenic pulp showed a very pronounced hyperplastic proliferative erythropuiesis, __.
The liver showed moderate erythropoiesia.

The spleen, liver and lymph nodes showed also small numbers of myeloblasts and myelo-
cytes expiaining the occurrence oOf these cell-types in the peripheral blood.

The cliznical diagnosis was_thus verified by the autopsy findings.

-

We thank dr. L: Heerup for the Kind permission to use the material.
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Fig. 7. Paraerythroblast in atypical mitosis x 1,000,
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Fig. 12. Hematopoietic infiltration in splenic tissue X 400.
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Recapitulation of the Symptoms.

Nt
.

Savere progressive anemia.

. Ervthroblast, present in the pecipheral blood.
. Hyperplastic proliferative erythropoiesis with slight tendency to maturation
in tho bone marrow, and also in the spleen, liver and lymph nodes.
Continuous elevation of the temperature,

Leakopsnia.

Progressive i2ticulocyronenia.

. Turombucytopenia.

lctervs index slightly increased.

w N

00 =1 O LA

Etiology, Pathogenesis and Discussion.

Our patient had been employed at the Eastern Gasworks, Copenhagen from
) 47, from %/, 47—/, 48, from ¥ ,—1/, 48 and from /-’ 48;

at Velby Gasworks from #/,—%;;, 49 and finally, fran #j, 49 to the onset of

illness 3/, 51. For about six months before the onuet of his illress he had been. .

working at the benzene (benzol) plant — thoughnot in it —occupied with trans-
posting »tar acid» from the plant to a pool. ThiS was done by means of a wagon
with a taok holding about twe hundred litres. The wagon was hauled by a motor
truck 2z4 at the pool two men tipped the tank, standing on the wagon, and emptied
it rapidly. This transport t00k about one hour, twice a day. Under certain weather
conditions the patient was greatly inconvenienced by the fumes from tbe star
acids, with imitation of the nose and throat and coughing spells. He had
often to wear rubber clothes to avoid corrosion of the skin. Sometimes he felt ill
during this work. The star acid# was a byproduct of benzene (benzol), for which
92 9, sulphuric acid was used; it was said to consist of sulphonated, unsaturated
hydrocarbons, sulpburic acid and presumably sulphurous acid. ItS benzene @ea-
zol) content was assumed to be about 1 %. The development ofintense heat when
the star acido was poured into the pool must be taken into consideration.

In the past 20 years clinical observations and experimental research have now
fally established that benzeme (benzol) and its derivatives can not Only
produce the classical picture Of aplastic snemia but also act ss & cancero-
gonio irritant ON the bone marrow and produce NOt only reversible leukemoid
conditions but also irreversible features Of leukemis, erythroleukemis rad —
probably mest infrequently — an attack upon the erythropoietic t h e sclone,
resuliing i erythromyelosis. For information oa this matter, see W. C. Hueper:
Occupational tumors and allied diseases 1942, p. 552—602, J. P. Greenstein:
Biochemistry of Cancer 1947, p. 52 and A. Hamilton and H. L. Hardy: Industrial
Toxicology 1943, p. 268. We wili not here enter further into this comprehensive
literaturs but merely mention a work from Massachusetts General Hospital by
Mallory, Gall and Brickley, who emphasize that Santesson’s and Selling’s classical
experimental and clinical observations on benzene (benzol) poisoning as an aplastic-
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anemia have been interpreted erroneously as necessacily dependent upon aplasia
of the bone marrow: »that such a picture in the periphetal Llood does not, however,
necessacily indicate an aplastic marrow hal3 been recogaized by numerous ob-
servers in recent years. Blumer, Thompson, Richeter and Edsall, Rhodes and
Miller have presented abundant evideoce that the presumption of an aplastic
marrow is uot always warranted uader such conditions. Tn fact relatively few
cases cited by these authors showed any diminution of bon: marrow activity,
whereas the majority exhibited mari2d medullary hyperplasia. o

Mallory, Gall and Brickley further zepurt 19 cases of henzene (benzol) poisoning,
with a fatal course in 14 which were examined and followed closely. OF these
patients £ shawed tha cliniral picture usually described with aplasia of the bono

msnow, whercas 5§ presented o picture exactly corresponding to that of acutns

]

PO Ry

Lt

o M-ﬂ:i‘\-r;ﬁx««a 1, ' m,umum,cww, sad oms resembled myeloid leukercia snd one lymphogenous
e e XTI joubcuiia. The3d authors — and clio U-"-‘er — emphasize as a significant point
T PR i R e ".f“".‘";"'.""':f'_ '......,;m.: vl Li v.:u: cl.matx_ou _of_ e‘:posure_to the activn
_::za,-a_-g___s_; e oy 4 ot nanzene (Denzoi} tne sensitivity alsu of the given individual to this action must
R T FHRL A = he highly wnriahle inst ae the sensitivity to the toxic effect of other compounds

Tpon the hone marrow (o o amidopyrin, arid methyl thioaracil}. Turthermore,
Hunter who observed 89 individuals expesed to benzene (beutol; fumes has pointed
out that it may tske some leagth of time Lefore the first symptoms of poisoning
manifest themselves.

Firally the hypothesis was advanced by Mallory, Gall anil Brickley that prog-
: nostically the hyperplastic reaction of the marrow is the more favourable form,

allowing continuous exposure of the individual to the benzene (benzol) fumes
for many years whereas the aplastic form is far more serious unless the patient
is removed from contact with the toxde agent. The hyperplastic reaction may
- conceivably represent au overcompensation of the bone marrow as a mesns of

: defence against the toxic agent. Something analogous is assumed to apply to
chronic radium intoxication (Martland).

According to recent research, the polymorphous pathologic-anatomical picture of ben-
zene (benzol) poisoning hasio be looked upon as an establisied fact, and thw it cannot be
ezcluded that benzene (Denzol) — together with indimidual hypersensitiveness —
must have played a rile in the developrent of acute erythromyelosts in our patient.
. The possibility of benzene intoxication being the causa of the illness was not
o admitted by the insurance board. -

ced e e

. Summary.

A brief survey of erythroblastosis is given together Kith the report of a case
of acute erythromyelosis (morbus Di Guglielmo) that appeared in A gasworker
employed in the benzene (benzol) plant.

The toxic effect of benzene (benzol) on the bone marrow is discussed, with
particular emphasis on the point that hyperplastic reactioa of the erythropoietic
system has to be looked upon as more frequent than usually assumed, 'and some-
times leading to erythromyelosis.
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