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INTRCDUCTICN

Although there 1g reference in literature of the

t
Nineteenth Century to syndromes simileting the dlsease
(granulocytopenia) =28 we know it todey, it was not un-
t1l the year 1822 that Schultz actuslly described his
cose as s dlsease entity and by so doling, stimulsted
the interest of the medical profession to further in-
vestigation. Thig preliminery investigetion hse re=
sulted in unlimited publicstions on the verioug phesges
of grenulocytopenia and, 2g with any recently recognized
diseese, hag flooded the litersture with numerous hypo=
theses a2g to the etiology =2nd rationszle of trestnment,
some of which 2re rether blzerre, other of which are
very logicsl, btut 211 of which are necescary steps in
the clarification of such an uncertain dlisease. After
reviewing the litersture on the subject, it 1s guite
apperent that the finsl word has not zg yet been writ-
ten but thet the work of the last five yesrg hes seem-
ingly sccomplished the most toward thet end.

In this paper an attempt will be made to correlste

the various msnifestations of the disease with special

reference to etiology, pathology snd treatment. No at-

"o

tempt ig made Iin this psper to discuse the granulopenic

syndrome under the various clesgeifications that have been

guggested because no classgificestion hes ag yet been zd-

vanced which is catisfactory.
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DEFINITICH

Granulocytic cytopenia is 2 gresve diseazse in-
volving & number of disputed etioclogicsl fectors and
characterized by 2 merked reduction in totzl number of
white cells with 2 complete or nearly coumplete reduc-
tion in the percentege of granulocytes, accompsnied by
aplesstic, normal, or hyperplastic myeloid tiscue.
Following the peripheral granulopenia there may be any
number of lesiong or symptoms which might follow the
removel from the body of such an important defense me-
chanism. The disease may be acute, recurrent, or
chronic.

Thig definition is taken with modificztion from
an article published in the Journal of The‘American
Medical Association of 1933 by Regina C. Beck, M. D.
(1) |

HISTORY

As stated in THE JOURNAL (2), the first description
of 2 condition eimilsting grenulocytic cytopenia wasg
made by Turk in 1907. However Turk failed to distin-
guish hls ceges from the commoner leukopenies of overw

whelming infection. This suggestion made by Turk ap-




perently d4id not stimulate sufficlent interest for
further study until 1922 when Werner Schultz (3) deg-
cribed a number~of caseg which revealed an z2lmost com-
plete asbsence of granular cells sssocisted with 2 group
of pathological findings and symptome which he declared
formed 2 clinical entity. It wes not until the follow-
ing year that Friedmann gave the neme of agranulocytic
angine to this syndrome described by Schultz. (4)

Although there ieg no reference to ezrlier descrip-
tion of 2 syndrome which can definitely be clssgsed zs
granulocytic cytopenis., However there is no doubt that
such a symptom complex wae described before 1907. As
early =s 1857, Gubler described = gengrenous angins
which he differentizted from diphtheria, snd in 1865
Trousseau published a similsr description. (5) ¥orrell
¥eockenzie (6) in 1880, in his "Menusl of Diseases of
the Throat and Nose", described 2 gangrene of the phar-
ynx, diestinguighed it from diphtheria and sesrlet fever,
and called it "putrid sore throat". This term was used
commonly for about twenty years thereafter.

Pepper (4) stsﬁes, "It is further interesting to
note that by the beginning of the new century the text-
btooks of nose and throzt disesses hed begun to omlt the
hesding "putrid sore throat", until by the time Schultz
dsscribed‘the syndrome there wees no description in the

" text~books which corresponded st a1l to the picture of
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agranulocytic angina. In recent text-books, of course,
this e&ission hae been rectified by the desecription of
the syndrome under its present name."

Since 1922 there has been 2 constant and increzg-
ing study of this disease. In 1927, Kastlin (7) col~
lected reports of 43 cases and reported two more, with
only three recoveries, a mortality of 93 per cent.
Kestlin belleved thet the disesse was not a clincial
entity becsuse of t he varigtions in the cases reported.
Blumer (8) in 1930 reported a2 case beginning with nu-
merous boils that became large abscesses, the blood and
the clinical course egsentislly the same 28 in the ceges
described by Schultz. Harkins (9) reported eight cases,
four of which he considered to be zgrasnulocytlic sngins
and the otherbfour of which he c¢alled granulocytopenis
because of the snemis 2nd hemorrhagic disthesls, 2l-
though it answered Schultz's description otherwise.
Farley (10) has coilected reporte of a2 geries of cages
followling the administration of argphenamine, which had
an agranulocytle period following the therspy.

It ieg clear that there may be a variéﬁy of condi-
tions sssoclisted with the low granulocyte count. Stocke
(11) in 1930 divided the cesgegs into three groups; one
group answering the description of Schultz, 2 second
ghowing the presence of anemis, and the third 2z tenden-

¢y ito hemorrhage.




Becteriologic study has not as yet yielded
anything definite. Friedmsnn isolezted Bacillus Pyo-
cyeneus from the blood stresm once. (2) Lovett (12)
fouﬁd the same organism in ﬁhe throat and determined
thai the igolated organiesm in the throat cesused =2 reil-
ative lowering of the granulocyte count in rebbite.
Dasse (13) found the orgenism in the throast in almost
pure culture and confirmed Lovett's animal experiments.

Since Kastlin's report of forty~three csses in
1937, there has been a merked increase in the number of
cageg reported and in 1934 Madison and Souler (14) esti-
mated that there were over flve hundred casses on record.

In the last few years, along with the increasing
incidence and incresging number of cages reported, there
hag been zn unlimited amount of meteriesl written on the
different phases of the digsesse 2znd much progress hasg
been made toward solving the etiology, z2s well 28 in

the trestment of the digesse.

NCMENCLATURE

Werner Schultz (3), in 1922 proposed the name sa-
grenulocytogie. The supply of hemstologic terms ig eo0
abundant that there ig little excuse of choésing guch

an ambiguous term. The term eame into the nomenclzture
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no doubt, on account of its brevity. Schultz uﬁdoubt-
edly chose the word agranuloccyte to describe "neutro-
phils without gresnuletion" which he had scen in blood
smears from cases of leukemiszs (1l). Friedmenn (15)
being impressed by the usual severe loczlizetion of the
procesg in the throast, suggested the name angina sgren-
ulocyticae.  This name wae likewise unfortunate in that
it implies that the grenulocytopenia ig a result of the
angina rather than a syndrome of unknown etiology. It
is now known that cases do rarely occur wlthout angina.
Baldridge and Needles (16) pointed out that if the der-
ivation of sgranulocytosis 1s assumed to be agrsnulo-
cyteosis it would mean 2n incressed number of these very
special abnormal neutrophils. ©On the other hand, if
the derivation ig a=granulocyte-ogis it would mean an
sbsence of incresse granulo cytes, or 2 normsl count.
They, therefore suggested the name Idiopathic neutro-
penié, thus meking it znalazgous to idiopathic aplastie
anemia and idiopathiec thromboctopenia. Kracke (17)
brought out the term granulocytopenls asg more exsctly
expressing the actual condition existing in the disesase.
Boerner's (18) nomenclature is widely accepted and is
congistent with that of Kracke's. Hig nomenclature
describes both varistions in numberg and percentages

of white bloocd cells. It 1s ag follows:
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NMEUTROPENIA-=2 decresse in neutrophils
LYVPHOPENIA~~a decrease in lymphocytes
GRANULCPENIA--2 decrease In granulocytes
The terms suggested ig fitting to such 2 clagsification
and expressive of the pathology. Many terms have been
suggested, some of which sre: (1) Mucositis necroticensg
agranulocytica, monocytic sngina, sepsis with granulo-
cytopenia, and agr2snulosis. Some of the better nsmes
thst have been suggested sre: 1idiopathic neutopenia |
by Beldridge and Needles (16) malignant neutropenis
by Schilling (19), malignant (fatsl) 2nd benizn (re-
covered) neutropenia by Rosenthal, granulopenis by
Boerner (18), 2nd grenulocytopenis by Kracke. (17)

If 2 term were to be used which would most acurste-
ly coincide with the definition of the disease one
would be forced to admit thet granulocytopenia would
be the most fitting term. It not only sccurstely des-
cribes the dicease but 2lgo, by similarity of nsme, is
suggegtive of the mieleading but more widely used terms
of agranulocytosls and agrenulocytic angina. For these
ressons, this syndrome will hereafter be referred to as

granulocytopenisa.

CLASSIFICATION

Wnen Schultz (3) first described his cases of "a-

granuloecytie angina" he thought them to be z disease en-
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tity snd it ie st1ll regarded ss such of some authors.

(21) 8chultz described only the rspidly fatal type end
thought it to be 2 disease peculisr to women asround for-

ty who were approsching the menopausge. However, since

~that time meny excellent articles have appesred in the

litersture tending to prove that there are different
phases: of this malady, a2nd thet it 1e well to classify
them under the primary and secondery types. Kracke (17),
Roberts and Kracke (22), =nd likewige Piersol and
Steinfield (23) have classified the different tyves of
granulocytopenia in 2 most‘excellent‘manner. Robertsg
end Kracke clossify them azsg follows:

1. Agranulocytic stetes due to chemical’l

polsong, =g benzene or arsenic. Agran-

ulotoxicosis.

2. Agranulocytic ststeg due to bacterial
infectlion. Agranulosepsis.

3. Agranulocytic stetes due to irradistion,
- ag efter redium snd x-ray. Agresnulo-
radiation.

4. Agranulocytoxis, a dlsesse entity, in
which an unkown cssue resulteg in merrow,
blood, and clinieal onsets in the order

- named and characterlzed by single or re=-
current scute attacks.

5. Aplagtic znemia, with or without sacute
terminal infection. :

6. Pernicious anemia, terminal state.

7. Acute aleuvkemic lymphstic leukemlas with
or without acute terminal infection.

8. Bizarre snemias and bizarre proportions
of the lymphocyte znd monocytes.




9. Roseole infantilis.

10. Acute infectiouns disesses associlsted
with or followed by leukopenis and
rarely nesr sgranulocytic steteg--
typhug, typheoid, mumpe, meagles, mela-
ria, influenza, dengue, phlebotomus
fever, Eygptiszn splenomegaly, =and
certain pneumoniag.

Piersol end Steinfield (23) believe that the syn-
drome described by Schultz merite the terms of primery.
grenulopenia, and that instances without dlscoverable
czuse egnd corresponding to his originsl description
should properly fit into this category. The term sec-
ondary greanulopenis, they think, seeme appropriste for
the larger group of cases due to known causes. The
term primery granulopenis therefore, seemg to corres-
pond favorasbly with number (4) or (Agranulocytosis)

of Roberts and Kracke's clsssificetion. Pilersoll and

Steinfield sumgested the following clasgsificstions

PRIMARY GRANULCPENIA SECONDARY GRANULOPENIA

1. Acute (Schultz) 1. Genersl infections
‘ Influenzsa
2. Chronic (recurrent) Typhoid

Some exanthemass
Sepslis, etcec.

2. Focal infections.

3. Chemicsal (afsphenamine,
benzene) .

4, Irradistion (x-rays,
radium).

5« Blood diseases (leuk-
emla, spleenic dig-
eage, a2plastic anemie,
etc.) .




Seches (21) fesle that the primary group should be
e divided into the acute, subzcute, 2nd chronic recurrent.
He adde the subacute because twé of hig cases were gube~
acute andrnot of & chronic recurring nsiure.

Rosenthal (20) in his classificetion made sccording
to ihé clineiel manigfeststions and courge, divided neutro-
penis into melignent (fatzl) 2nd benign (recovered) cases.
Beck (1) suggests that 1t might be well to divide these
into two main classes as follows: (1) primery benig
and primery mallignant neutropenia, 1ln which the etiology
is unknecwn; (2) sscondary benlign and secondsary melig-

nant neutropenia, the caseg in which the eticlogic sgents

»

are evident or in which one is dealing with exsmples of
well recognized clinicsl entities.

¥edison'e classification ig similer to that of
Plersol and Sﬁeinfield except that he adde znother sub=
dlvision to that of secondsry granulopenias, nemely,
that of allergy. However he admits thet the guestion
of 2llergy 1g still far from settled insofar as 1its
etiolozicel roll is concerned.

From the sbove, it is cuite evident how unsstisfac-
tory atlempts at @ clesgeificetion of this dleease have
teen. The numerous clegsifications suggested 2ll zre
bzged on sn etiological bacsisg and as the etiology of
thie disessge 1g still guite obscure, is it not foolhardy

to éttempt to clageify the disesse on such a basgis?

PN




PHYSTOLOGY

Yuch of the accuraecy in interpretation of the
blood picture in disease is dependent upon sn understand-
ing of the underlying mechenlem of hemopoesis. The many
technics which have been developed for the study of the
cells of the blood, together with data on cell origins
and differentstion obtzined from embryologic and experi-
mental investigations, now provide 2t lesst a working
basis for the spproach of the dyscrasiaé involving the
hemopoetic system. There are very few paﬁholegieal cone
ditione with which the body has to deal, in which one,
or more, of the types of cellg represented in the cir-
culating blood igs not secondarily involved. That these
circulating cellular elemsnts may represent an import-
ant and powerful increment in the defense forces of the
btody 1¢ a fact attested by repeated observstion. G.
Lowell Gulland (25) looks forward to the time when the
differential count willlbe more important than the aug=
‘cultation of the heart.

Maximow( 26) describes the grsnulocytes in the f0l-
lowing manner. In contrast to the lymphoeytes and mono-
cytes, the granuloeytes 2lways contain granules elsbo-
reted in thelr protoplasm. These granules are the same
in 2 given cell but vary in different species and in

the different cells of the same gspecies. Another gen-
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eral characterigtic of the mature granulocyte is the
shepe of its nucleus,vit being lobeted instead of con-
stricted or sphericel zs in the monocyte and lmyphocyte.
The granulocytes f211 into three general groups desig-
nated ss: (1) acidocphil, (2) basophil, snd (3) heter-
ophil leucocytes, In the first the granules in the
protoplasm are most often spherical or cvalian@ are e-
lectively stained with acid dyes; in the séconé, they
eare of gimilar form, but stain electively with basic
dyes; while in the third group the granule%, although
congtant in particulsr sgpecleg, differ as t¢ fbrm, slize,
and staining reaction according to gpecies.

Cne of the striking properties of the ieucocyte is
amebism. This property ie most prominent 1@ the heter-
ocphils. The amebism probsbly explsins in p%rt why the
leucocytes sre not confined to the system of blood or
lymph vessels, but may be found everywhere in the tigs~
guess The leucocytes, in 211 probability p?rform their
functions only when outgide the wascular sy%tem. If
these cells sre needed in any plece of the #rganism,
they assemble rapidly in the blood vessels ¢f the region
and migrate into the tissues.

The phagocytic activity of the leucocyte is inti-
mately connected with ite ameblsm and as oné would expect
is most pronounced in the heterophils. Phagocytosis ig

of great biologicsl importance 2s it is one of the means
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by which the host destroys bacterla.

It hss 8lso been ghown thet the heterophil gran-
ulocytes contain proteolytic and cxidizing enzymes.‘

The eosginophils display phagoecytogis rarley’if eVer;
however thelir granules gilve a marked oxidase reaction.
The functlion of the bagso phils and the chemicsl nature
of their granules is unknown.

Roberts and Kracke (22) have found timmt the loss
of the grenuloeytes from the body for seven days 1s in-
compatible with life. Greanulocytes are one of the chief
gourceg of immunity, and with their disintegrstion and
releage of ferments, they give much active daily immunity
to the body; The heterophils sre zlso thought to be the
gsource of complement as well z2g the verious immune bodies
such as hemolysins, precipltins znd bacteriolysins. (1)

The life span of the neutrophil in the blood gtream
has been shown to be spproximetely four days. (22) From
this gome idea can be obtalned of the enormous numbers
of granulocytes congumed daily by physiological degen-
eration.

The bone mzrrow throughout extra-uterine 1life is
the natural source of erythrocyteg, thrombocytes, and
the three £ypes of granulocytes. (27) The phagocytic
mgerophages (clasmastocytes), while alweys present in

the marrow, are gquite as regularly and normally found
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in spleen, liver, and diffuse connective tissues of
the bodye However thelr size and =blility to arise

in situ throughout the body, 2s the need presents,
tends to minimize thelr appesrance in the circulstion.
(28) (29) Lymphocytes and monocytes, the remasining
elements, which utilize the vasculsr bed as an avenue
of distribution, develop in the lymph nodes, spleen,
end in the more diffuse lymphold and connective tige
gueg of the body. Hence, hemopoesis in its broadest
sense involves bone marrow, spleen, lymph nodes, con-
negtive ticssue 2nd the vagcular snd lymphstic systems.
(27)

Confugion hasg existed, and still prevails, among
hematologiste relstive to the origins and relationehlps
of the cells of the blood. However it is agreed that
211 take thelr first beginning from the mesenchymal cellsg
of the megodermsl layer in the embryo. But thefeafter
the theories and hypotheses diverge more or less radi-
cally; however the egeentlial differenceg arise more
in the interpretation and nomenclature then in opposing
‘objective observations. 1In ihe usual hyperplasstic red
merrow, where blood cells are developing, it 1s diffie-
cult to distingulsh the tissue landmarks, which separate
and segregate the unite comprieing different cell stralns.
This difficulty has been obvisted by certain investigstors
through é stu&y of legg complex areas, either experiment-

211y produced (30) (31) or naturslly occuring, 2s in the
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zone between red and yellow merrow when hemopoeglis is
extending. (32) Under these conditions erythroéenesisu
has been observed to occur in focl sepsrate snd dig-
tinect from'myelogenic céhtere and it 1a‘from this ma;
terial thst we have 1éarnea mogt zbout the relastive
locsation, distribution, snd independent origin of er-
vthrocytes and grasnulocytes. One of the'principal air
ficultiegs to an unsnimous azgreement upon these inter=-
cellular relationghips resides in the fact that the

2ll of the cells of the blood continue to arise threugh-
out 1life ag "primitive, immature elements incapsble of
performing‘their specific functions until after'comple-
tion 6f = definite maturation cycle. Nost of the cri-
teris charscteristic of the definitive cells, and which
form the basis for morphologicel differentisztion and
clasgification, are -elsborsted during this msturstion
period. Hence, ihe esrlier précursors of each gtrein
of cells lack, in direcﬁ proportion to their immaturity,
clear cut distinguishing'features upon which hemetolo-
glets can sgree.

Weximow (33), in hisg studieg, including both embry-
onic end sdult tilesues, wes convinced of the hemocyto?
génic function of the "lymphocyte", in which exits sole-
ly to be played upon by the verious forces of the body,
with the corresponding cellular differentiation being
s direct regult of the need of the moment. Cunninghsm,
Sabin, and Dosn (34) conclude from their studies that

a primitive sgtem cell for the white blood cells may be
reco
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recognized in the bone marrow, lymph noées, spleen,

eand connective tiscues. Flxed cellg in the reticulum
of thesgse orgeng glve rise by mitosisg to 2 free prim-
1tive cell, the size of the emell lymphocyte. During
timeg of increassed demand for myeloid or lymphoid ele-
ments these small‘round celles mey be found increazsged

in number in sesocistion with the more meture cells of
the régpective str&ins. Thelr studies differentiste
this primitive stem’cell from the lymphocyte, which
they observed to dévelop into other definitive forms.
Numerous suthors have taken sides with elther one or
the other hypotheses. May 1t suffice to say, thsat

our precgent iInformstion justifieg both the position
tezken by those who héve contended that the "lymphocyte-
like" cells msy differeﬁtiete into other specific de=
finitive cell types, 2nd thosé who have seen no evidence
of such 2 transformstion. Those who have used the super-
avitel 2nd fixed techniqueé extensively together feel
that the early precursors of the "lymphocytecycle, the
lymphoblaste, may be distinguished from the "primitive
stem cell" of the whites and also from the myeloblast
and monoblast. (34) They claim that the lymphoblaste
have 2 relatively deeper basophilia,llarger rod shaped
mitochondris, and fewer nucleclil {one or two) than do

the leucoblasts of the other twe strasing of white cells.
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Neither hypothesies may be considered zs mutually ex-
cluding the other, but rather the difference seems to
be 2 gqusgtion of interpreting just where, if ot 211,
séecificity begine and reversible dedifferentistion

becomes impogsible.
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Diag'mm OfF Maloralion Of Gr\anulacyfes

The sbove diagram by Ssbin (35) expresses very com-
pletely certsin criteris in the maturetion procegs of
. the granulocyte. On this chart maturstion ies represent~
ed 28 2 geries of varying factors, constantly chaﬁging.
In some levels, the factors\may incresse together, in
others, some may increase while others decresase.

B8abin gives the following explanetion of the chart.

Level I ig besgt gtudied in a2 completely aplastic adult
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bone marrow from which sctive merrow is readily end
guickly regenersted. (31) In such 2 culescent mesrrow,
only three types of cells can be seen: fat, endothe~
livum, end reticulum. OFf these three, the fat ig but
accessory to blood formatlon. Evidence indicstes that
the red cells regenerste fromr the endothelium, while
the white cells regenerste from the reticulum.

The reticular cells are easily found because they
ere the only cells lying betﬁgen the fat celle 2long
the reticulsr framework. The nuclie have go little
chromatin 2s to make them scarcely more baSOphilic than
the cytoplasm. These cells 2re probably as cloge to

primitive embryonic mensenchyme as occurs in the adult

~znimsl. WYallory (36) describes the reticular celle as

a type less differentiated than the fibroblsst but =2lso
says they mey differentiaste into a fibroblest. These
reticular cells were described by Cuhningham end others
(37) as to there charscteristics and relation to the
origin of the white blood cells. These cells cesn elways
be found in bone marrow, lymph glands, and spleen, 2znd
have been reported along the blcod vessels in connective
and brain tissues, snd nervous tissues in géneral. (38)
In regenerstingvmarrow, this primitive reticular cell,

with repeated divigiong, gives rise to a primitive free

. cell. 1In this process, a few mitochondria are elaborated

in the cytoplaesm and basophilia graduaslly develops. (37)
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Finally, asg the basophiliaz of the cytoplesma and the
numbers of the mitochondris resch & maximum the cell
becomes 2 myeloblest. It 1e thieg small primitive free

cell which hes csused go much confusion in hematology

. because of its Bimilsrity morpholozicslly to the smsll

mature lymphocyte.

The classificaticnvof the myelocytes, Level 1I,
by the number of granuleg was introduced by Cunningham,
Sebin, Austrian, =nd Doan. (39) ¥yelocyte type & is |
derived from the myeloblasgt. It ig of meximum bago=-
philia end mitochondria but contains a minimum of gren=
ulation, Type B represente the gtage during which gran-
ulation ig incressing, while Type C 1s the stage a2t which
granulestion Pfeaches its maximum. The conventlonal clags-
ification of Level I1 is promylocyte and myelocyte de-
pending on the changing chemictry of the granules. At
the end of Level II basgophilia and cell division ceases
while aﬁoebcid activity is initieted. The cell first
showing smoebold movement is termed 2 metamyelocyte.

The third level, merking the end of maturstion, 1ls
charzcterized by cells of 2 pproximately uniform size
and content of gpecific granuletion. These factors mean
functioﬁal matufity. The nuclei fragment, but cell di-
vision hes cessed. The leucocytes become more mature
in the‘circulating blood and finslly pase 1into the

Arneth pattern invelving muclear chasnges and finslly in-
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- to the non-motile, fragile forme.

Granulopoesgis occurs in the more vascular areas
énd develops around the patent ginuses and moves toward
their berders 28 the cells become more mature; in con-
treet to the red celle which develop in the eres of the
clogsed sinuses, the moré mature cells mgﬁing toward the
center of the sinusoid.

With the concept in mind théﬁ bone marrow aé sn
organ ls the place where two types of cells ore moade,
that 1t holds = large store of each strazin slmost ready
for delivery, znd that its store of immsture forme is
small in numbers, but of excéedingly high potentiality
toward multiplicaticn, growth, and maturation, the
gquestion of the mechanism whereby e normel structure in
both ﬁhe marrow end blood 1g malntezined becomes the ma-
jor problem of hematology.

Dozn (40) and otherse have shown thsat whatever con-
trols the pr@portibn of collapsed capillaries to open
sinuges 1g an important factor in the regulstion of the
proportion of red cells to myeloid elements in the mar-~
row, the ratio belng directly proportiocnsl. Thig mech—)
anism, they claim, involves both vagomoter a nd chemical
control. Doan 2nd Zerfas (41) give the following mye-
loid--erythroid rstios: 80:5, 8034, end 71:13. Sabin

(35) after anazlyzing the works of Krogh, Hooker, Richsards,
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Rich znd others, stotes that it is not clear what part
the vegomoter nerves and what part chemical stimulation
of the loczl endothelium playe in collapsing the sinuses.
Eegides the factors controlling the mechsniem of
maturation, one must also consider the mechanism of de=
livery of the cells to the circulstion. Sabin (35) finds
that for admission of cells into the circulation two
structures sre involved: the endothelisl wells 6f the
sinuses, and the blood cells themselves. The granulo-
cytes, 2g maturation progregses tend to become magsed
ageinet the capillary wsall and eventually bend it in-
ward until fineslly the tense membrane ruptures between
two endothelial cells., The number of leucocyteg in the
blcod is dependent upon two factors: firet, the rate
of maturation, end seeondly, the rete of delivery into
the blood. Sabin (35) calls the second factor, = chemo-
tactic fsctor (C) while the former she designstes és 8
maturstion factor (¥). Doan 2nd oﬁhers (40) have =zd-
mingtered insctivated typhoid becillii to 2 rabbiﬁ and
followed the blood through the stsges of leucocytosis.
The merrow wag finelly found entirely depleted of mye-
locytes C 2nd E and reduced to a low level of amyélo-
cytes A =2nd myelotlasts. Sabin (35) expresses their
results 2g = conditlon due to 2 chemotzctic factor
minus & meturstion element. Thig éoncept of leucocy- .
tosles 2nd leucopenlisz postuletes the infecting orgesnism
2s introducing both 2 chemotactic and a maturationifaé

ctor when leucocytosis results and chemotactic factor

alone when s leucopenisa follows 2 temporsry leucocytosis.
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An important contribution on the subject of chem-
otexis was introduced in 1928 by Doan, Zerfas, Warren
and Ames (42) in 2 study of the effect of large dbses
of nmucleic scid. Their studies of the bone merrow show-
ed clearly a chemotactic effect of the nuclelic acid,
with the megeing of leucocytes around the patent sinus-
oldeg, 2 marked.diapedesis into the vegsels, snd the
vacant areazs of the marrow from which the granulocytes
hed been drewn. They then found that the grsnulocytes
could be c2lled from the marrow by the #plit products
of nucleic acid, adenine and gusnine nucleotide. From
this they conclude that nuclelc acid 2and its deriva-
tives sre important physiclogiczl factors in the chem-
otactic sction, and thet the ghowers of non-motile,
ﬁraéile 1eucc¢yﬁes in the circulating blood may zive 2
rythmic discharge of such products into the circulation
snd s0 be responsible for the rythmic dischsrge of leu=
cocytes from the bone marrow which actuslly occurs
normslly.

‘However, of the msturation fzctor there is but little
known. The physioclogical maturation factors for white
cells are not known, but S2bin (35) has postulsted that
those bacteria that produce z sustained leucocytosils
introduce such a2 fazctor for they produce an incressed
divigion, growth, snd maturing of tﬁe less mature myel-~

ocytes in the merrow far beyond normal counts. Novy
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and Eppler (43) coneslder that the maturation factor
comes from sltered body protiens and not from factors
introduced into the body from the outeide.

Certainly the modern aspect of the problem involves
a shift in emphesis from the morphologicsl study to the
investigstion of the chemical maturation factors. These
chemical factors should be sought in bacteris known to
affect blood cellg, in certain organ extracts, as well
as in specific dietsry factors, some of which may be
vitaﬁines. Suech z knowledge of.these #enmical factors
ghould unrasvel the conditions which underlie abnormal

changese in mechanism, for example, granulocytopeniz.

Since the first report of Schultz (3) in Germany
thirteen years 2g0 and the report of Lovett (44) in the
United States but eleven years ago, cases of granulocy-
topenia reported have been constantly on the increage
until in 1934 Kracke and Parker (45) collected reports
of 473 ceoses from the American and Cansdlsn literature,
With this increasing frequence, many investigators have
directed their efforts toward the sclution of the etio-
19510 factors. The followlng presents a review of the

work which hss been done in thig field.
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GECGRAPHIC DISTRIBUTION: Parker and Kracke (45)

- have collected from literasture reportsyqf 472 cases

from 1922 to 1932 inclusive. They report an incressing

number of caseg each year probably because of the lerger

number of cesses and ite more widespread recoguition.

During this same perlod there have been reyorﬁed gome

350 cases in Germany, 100 ceses in France and but 6 cases

in England. Dennis, in s pergonsl communicsation with’

Kracke (45) reported 2 cases observed in Beirut, Syria

and states the physiciszsns from Pslestine and Eygpt had

seen cases. The rarity of the disease in England is sige-

nifiesnt and will be referred to lster. Granulopenis

gseems to occur chiéfly in the United States and Germany.
AGE, SEX, =nd RACE: PFitz~Hugh and Comroe (46) in

a series of 18 caseg find the average age to be 48.1 years,

the youngest 19 and the oldest 78. Madison 2nd Quier

(14) in s ceries of 14 cases, the youngest 22 »nd the

oldest 80, give an average age of 51 yeers. Kracke snd

Parker (45), from their report of 473 cases, find the

average agejto be between 40 2nd 50. These authors find

- that the digease occurs in a rstio of two femeles to one

mele. Kracke (45) reports only 8 colored cases to 465

whites. None of the suthors report any sesgonal varistions.
OCCUFPATION: Perker and Kracke (45) meke the follow-

ing statement: "It i1e 2 striking fact thet granulopenis

ie more prevalent zmong physiclsns and thelr relativesg,
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nurses, hospital employeses, and medicsl students than
in any other group of people. DBasgsed on the 1930 popu-
lation census of the United S2tes, it occurs 50 times
more frequently in physicisns than in teachers."
Madison and Sguler (14), Stelhorn and Amolsch (47),
Harkins (9), and Conner and associstes at the ¥ayo
Clinic (48) and others who have made a study of the
disease (46), have 2ll médethe remarkable observation
thet many of the patients were members of the medical
or 2llied profegssionsg, or were relstives or friends of
physicians. Thege men have also repeatedly called at~
tention to the fact the t this disease occurs for the
most parit in the better class of our people.

BACTHRIA: Lovett (44) in 1924, noted in her csase
the pregence of mouth ulcers infected with B. Pyocyaneus
and a2t once suspected thls organism ag etiologic. She
injected numerous lsborstory animals but failled to pro=-
duce the céndition. Windham (49), Keeney (50), 2nd
others have made similar obgervations. These findings
have led many to susgpect it as an etiologic factor but
up tot he present time efforts to reproduce the disease
in laboratory snimals with it, has been unsuccegsful.

Kracke and Parker (45), from their report of 473
ceses, find 74 of the cases to heave positive blood cule~

tures. Among the infecting organism were 26 different




types, which illustrates the wide‘variety of infecting
organismse. Fried and Dameshek (5), reported the experi-
mental production of granulocytopenls in rabbite by the
intravenous injeétion of Salmonells Suipestifer. How-
ever they falled to prodhce 2 sustained and prolonged
depression of the leucocyte count but only a temporary
depression, which has well been demchstrated to follow
the injection of any killed orgenisms or other matter

in a finely divided state . (23)

There are many reports in literature concerning the
efforts of various investigators‘to repreduce the dlgease
in laborstory snimals with organisms thet have been igo-
lated from their fespective patients, but =11l this work
has been unsuccessful. Plersol and Steinfield (23),
injected intravenougly into raebbits inactivated cultures,
Berkefeld filtrstés, and supernztant fluide of cultures
of many orgsasnisme and fziled to reproduce the condition.
They called attention slso, to the fact that a temporary
leucopenia may be produced by the injection of peptoﬁes
eand 2 large number of other protiens.

Since the works of Ruedeger (52) in 1905, Nzkayama
(53) in 1920, znd Gay and Oram (54) in 1931, it has been
known thst continued absorption o toxing from sites of
focel infections4hgs the property of déstoying white
tlood cells, particularly granulocytes. To this toxin

they geve the name of leucoéidin. . Dennis (55), was par-
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ticularly impressed by their findinge and in 1923 re-
ported g series of experimente 1n rabbits which show
great promise.> From Dennis' study of other cases reporte
ed in literature, he lesrned that the becteria most
ofien present were Streptococeci and Staphlococci. He
felt thet 1f viable cultures of such organisme could be
enclosed in 2 membrene which would permit egress of only
the soluble products of bacterial metabolism, leucocidins,
thet experimentsl sgranulocytosis could be induced. He
brought &Eout this‘condition by injecting 2 living eigh-
téen_hour culture of orgsnismeg into parchment capsules
and sealihg ﬁhe punctures with celloidin. After a thor-
ough sosking in 70»pefcent alcohol, these Gapsules‘were
introduced into the abdominsl eavitlies of twenty rebbits,
through small incision made under aseptic conditions.
Two rabbits received capsuleg of sterile broth as con-
trols and were entirely negative. Staephlococcus aureus,
Streptococci hemolytious, Streptococecl viridins, and B.
proteus asgiaticus were separately used, all producing
granulopenie. Strep. viridins produced, in two animals,
a syndrome practically identical with scute clinical
granulocytopenisa, terminating fatally. From this, Dennis
suggests that granulocytopenis in men is due to the a-
ction of leucocidin rather then s specific microorgan-
lam. | |

The injection of dead bacterisz in the course of

vaccinetion has been suggested as a posgsible cause.

Bromberg and Murphy (58), Kracke (57), and others have
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reported typlcalc ases followigg typhold vaccination.

However, these cases had received conslderable previous

medication.

GLANDULAR DYSFUNCTICN: The influence of the en-
deerine glands on the output of béth granulocytes and
erythrocytes heg been studied congiderably and heg long

been suspected. - Jaffe (58), studied 2 patient with gen-

“eralized infiltrastion of lymphadenoms which included in-

vasion and destruction of the adrenal cortex with the
patlent finally dying with a typical granulopenia. He
infers from this that the granulopenia wes due to 2 cor-

tical adrensl’ insufficiency. Britton and Corey (59),

- have reported that adrenal ingufficiency in csts resulte

ed in s marked degree of neutro@eﬁia with the return

of the granulocytic level to normsl following the ade
minietration of cortico-sdrensl extract. They did not
howeverrproduce the typicél granulopénic gyndrome. Kunde
and others (60) have noted the production of hypoplastic
and aplastic bone merrow in thyroidectomized rabbits.
Hubble (60) postulates ﬁhat bone marrow depresgsion may

be caused by a:pitgitary Basephilic ingufficiency, and

ne states th t there is much evidence to indicate that
grenulopenia may be csused by cortico-gdrensl dysefunction.
Evidence sccumulsted indicates tﬁat the @uctless glén&s

may play a part in the etiology, however, this concept

will have to await further confirmation.
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RADIATION: Excesgive exposure to radiastion has
been suspected ag a possible eticlogic factor although
it 1s sometimes used in minute cuantities 1ln the itreat«
ment of the disease. (45)

ALLERGY: A few authors believe that granulocyto-
renias may be & form of allergy in which the bbne marrow
is the point of least resistance. Shilling (19) proe
duced a blood picture gimilar to that of granulodytopenia
experirentally in snaphylaxis, so thet he thinke it may
be an anaphylactic reactlion instead of an individual
diseése. The ¢ agses of Bromberg and Yurphy (56), as well
as Kracke (57), who received typhoid vaccine, have al-
ready been mentioned. .It is possible these cases mey
hsave resulted from 2n overwhelming reaction to foreign
pfoteiﬂ in a sensitive subject, however 1t is interest-
ing to note tﬁat in 211 these cageg there had been pre-~
vious drue therapy. |

CHEMOTACITIC AND MATURATION FACTCORS: It has been
previoﬁsly mentioned that two different processes must
be considered concerning the mechanism to maintain Pro=
duction and destruction of granulocytes 2t z econgtant
level(35): ‘(l) the mechenism of delivery of cells to
the circulastion and (2) the mecngnigm of maturation.
Fitz~Hugh a2nd Krumbnasr {(62), from sutopsy study of the
bone marrow are of the opinion that there may be a de=

finite hyperplasis up to the myelocytic level but that
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maturetion cesses at that point. Rosenthal (65) and

Ay

Kracke (64) have independently reported czses in which
there wees 2 definite hyperplastic bone marrow zt sternal
puncture at 2 time when there was a periphersl neutr-
openia. Beck's conception of such casis is as follows:
In typical cages of malignent neutropenia with myeloid
aplasia, the paft of the bone marrow that manufactures
the granular leukocytes, level I, has ceaged to functlon,
or nearly so. The life of the granulgrlcells of the
blood stream being but from 3 to 5 days, when level II
snd III are exhsusted, the granulocyteg of the blood
stream will totally disappesr in from 3 to 5 days there-
after. There 1g little evidence that the granulocytes
are abnormally destroyed in the blood stream. The bulk
of the evidence points to the fact that the primary
lesgion, so fer z¢ ig known is the granulopoetic zrsa of
the bone marrow, and that this condition precedes the
clinical symptome and loecal infections. She reassons
thet the primary lesion 1g not in the bone marrow but

in the organ or ﬁissue which give rise to the substance
(meturation factor) that keeps the granulocytes to a
normal blood level or keeps the destructlion and produce
tioh 2t a constant level. She pointe out that thetext
bock picture of perniclous anemia can very aptly be gub-

stituted for that of malignant neutropenia and zg a ma=
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turation fesctor for erythropoesis has been found, s0
it remaing but to find the maturation factor for gran-
ulocytes. She suggests that a2 chemical analysis of
Bacteria known to produce a leucocytogis might lead to
a solution but that 1t seems more logicazl to gesrch
within the body for the particular orgen extract re-
-guleting granulopoegis.
The other group” of patients shbwing péripheral
neutropenis with slight‘hypoplésia, normal, moderate,
or marked hyperplacsis of the myeloid tissue, sie con=-
gsiders as due to a lack & +the chemotactic factor.
The cellg mey be growing and maturing but are nd being
-celled to the circulating blood. The normal stimﬁlus
for calling the granulocytes from the marrow to the cir-
culating bood has been shown by experimental work (42)
to be the liberaﬁed prbducts (nucliec acid, sdenine,
guanine, and ete), from disentegrating granulocytes in
the blood gtream. This theory, she points out, could
account for féiiures in the trestment of patients with
nucleotides who cliniczally were gimilar to those who re-
covered under such treatmen£. If the maturstion factor
1z absent, a chemotactic factor would be of 1ittle value.
CHEMICALS; It has long been known thast various
chemicalg will depregs the bone mw rrow function, result-

ing in partisl or complete inhibition of one or 211 cel-
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lular types. Farley (10) givesg Labbe znd Lenglols the
credit for describing the first case of depression of

the bone marrow function following the use of arsphen-
smine. This was in 1919, just nine yesrs sfter the in-

i

troduction of gazlvsrsan and neogalvasrsan by Ehrlich.

Since thst date, up to and including 1929, Farley collect-

ed 39 such cases from literature. OFf these, 2% patients
died and 16 recovered. The gymptone varied from those
of purpuras hemorrhagica to thoge of severe apiastic g-
nemia, and malignsnt neutropeniz, depending on whether
the principal effect was on the granulopoetic, megaker-
yopoetic, or erythropoetic tissues or on 211 of these

combined. Farley cummarizes hig casesg in saying that

it geems likely that the direct cause 1s the disinte-

gration, in vivo, ©of the arephensmines so it hat s benzol-
like action takes place, and eguggests that the rarity

of occurrence may be explained on =z preceding weakness
of the hemopoetic apparatug of the individual,

Selling (65) in 1910 reported three casses of ben-
zene poigsoning, cheracterized by granulocytopenla and
complicated by purpurs and hemmorhsges, in girls work-
ing in a rubber factory. One of these girls had cuit

her work long before, which illustretes the delayed
and cumuiative effects of the chemical., In 1916 Selling
(66), experimented with benzene by subcutaneous injec-

tions into rabbits znd demonstrated the production of
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leukopenia without z2n erytnropenisa. Since 1510,

benzene poisoning has become 2 fairly well recognized
syndrome 10 the medieal profesgsgsion with nunerous fea
portg of casses. These coses for the most part show =
depregsion of more than one of the bone merrow functions.
In 1932 Kracke (867) wesa ble toproduce = seléctive act=
ivity on the granulopoetic tigsues without disturbing
the erythroctic znd ' thrombocytic elements.

There have been numerousg cases reported from France
following the Injectione of certain weparstions of gold.
(45) |

The fact thet typicel grasnulopenia can be produced
by gold preparstions, by arsphenamine, and by cosl tar
derivities (to be sgubstantiated later}, all of which
contain 2 benzene ring ls evidence thet 211 of these
substances must have some common factor which menifests
a selective activity on the granulopoetic tiscue. In
following this hypothesis 1t may be well to outline
briefly the works of Krscke =nd Parker (45), in which
they studied the relation of drug therspy to grznulopenisa.

From reports to a questionalre, they gathered thst

there existeg almost a2 direct proportion between the in-

.cidence of granulopenis and the incidence of usage of

drugs contelning the benzamine (benzene amide group)
grbup, ies, 3 out of 4 nurses or 3 out of 5 phyeiclans

but only 1 out of 4 laymen 2nd 1 out of 8 negroes will
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gselect a2 coal ter drug for use 2¢ an znelgesic. They
feel thst the prevelence of the disesse in the United
Stetes and Germany parallels the ugzge of cosl tar
drugs, while in Eﬁglaﬁé thesge d ruge are used but 1little.
These d rugs have been intrcduced only in the lazst ten
or twelve year period which corregponds to the period

of granulopenia.

It is there opinion thet it 1s not the direct sction
of benzene that produces the depressent sciion upon the
bone marrow, but the action of one of the oxidstion pro-
ducts ofkbenzene. In support of this contention, they

.injected rabbite subcuteneoucly with mixtures of egual
parts benzene and olive 0il s nd upon znalysis 18 hours
later found oniy traces of benzene but considersble phe=
nol gnd éatechol. Control animels showed these substances
to be abéent. Marthermore, the hone marrow of the in-
Jected anlimels wasg analyzéd end showed the presence of
both phenol and ¢astechol but no trace of benzene. Con-
trol znimals were negetive in this case algo.

The oxidation of hydoguinone or cstechol to para-
guinone znd orthoquinone respectively can eaglily be car-
ried out both in vivo aznd in vitro. In vitro the re- -
action is activated by the enzyme phenolagse which 1s
present in the leucocyte. This progressive oxidstion
ie 1llustrsted on the accompenying chart beginning with

e the originsl substance, benzense.

e
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Oxidstion beyond this point would bresk the ring
2nd 8o reduce the gserious toxic zction. The relation
of coal tar derivities to grgnulbpenia hag previcusiy
been meﬁtioned. These drugé 8ll have gubstituted amine
groups on the benzene ring which maske them primary amines
and sre designated as "benzamine druge”. The benzamine
druge include neosrsphenamine, arsphensmine, acetanilid,
phenacetline, and smidopyrine. There gtructuasl formuls
can be studied from the chart. The samine group seis
thege benzamine drugs apsrt from other cosl tar derlva-
tisg, such as zspirin which do not have such a group,
because of the much greater esge under which oxidstion
can occur. Kracke snd Parker have worked out the p@ssible
oxidstion products of the benzamine drugs in sn attempt
to arrive st o2n end-product common to all. The reactions
are logical and gound-chemicelly but highly theoretical
physiologically in that they have noﬁ been pfoveé to occur
in vivo. The progressive oxidation products of these com-
pounds are illustrsted on the accompanyling chert. The ox-
idetion of phenacetine and zcetanilid to parsesumino~phenol
hae been egtebliched in vivo.

Voegtlin (68) has well established that srephenamine

- or neosgrephenamine, when administered intravenously, 1is

readily decomposed by breakege of the double bond with
the resulting formation of two molecules of arsenoxide.

Kracke znd Farker theorizes on their further oxidstion.
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Kracke and Parker have been able ﬁo produce mild
and severe grades of granulopenia experimentally by uee
of the oxidation products in only an occasional animsl.
However, théy amend thig fact by sayihg that one must
remember thst not g1l laboratory arimale have an infer-
lor bone marrow and the same situstion may eXist in the
rabbit a2g in the haman, nsmely, only an occaslional human
teing develops granulopenia while many thoussnd of in-
dividusls have taken benzsmine drugs indiscriminstely
and have shown no depregsion of the bone marrow,.

And so one may conclude that the etiology of gran-
locytopenia 1eg still unknown. DBut thzat there has been
much promiging work done in the past few yesrs, the most
outstanding of which includes Eennié‘ work on leucidins,
Beck's work on the maturstion snd chemotactic factors,
and last but orobably the most important, thet of Kracke

and Parker on t he benzanmine drugs.
PATHOLOGY

The pathology of the disease ig in diepute. Much
of this confusion zrigeg from feilure on the pert of many'
even to attempt the differentiastion, either c¢linically
or pathélogically, of the veriousg conditions glving rise
to the siriking but fer from pathognomonic sign that

of extreme granulopenis. Confusion glsgo arises from too
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great rellsnce belng placed on the interpretation of
gtained éme&rs teken from the bone marrow, From smesrs
of the bone marrow one gets abgolutely no idez of the
number or srrengement of the cells 2nd upon such factérs,
se well as upon the nature of the individusl cells, the
dizgnosis of any merrow lesion must be based. Custer(69),
Pesbody (70), and Jackson 2nd Psrker (71) have 21l ex=
rregsed this seme opinion. Finslly, the normal variations
of cellulerity from bone to bone musgt be recognized go
that one will not meke the mistake of pronouncing the
Eone merrow "aplestic" from sn examinotion of the tibia
slone. (71)

Roberts and Kracke (72) say that there 1s an unenim-
ity of opinion that the essential pathology of granulo-
cytopeniz ig 2 marked and practically complete hypoplszia
of the myeloecytic tissues. In one of thelr cesses, sternal
puncture and smear showed s marrow entlirely devold of grane
ular cells of =2ny type, including even myeloblssts. Dodd
and Wilkinson (73) stste that the bone msrrow ig aplastic,

but thelr case wes 2 colored glrl of eleven yeasrs with he-

-reditery syphllis who after treatment with sulphsrsphen=

smine developed extreme leukopenis. This condition could
hardly be celled true idiopethic grasnulocytopenia. Sc@ultz
cften thought thet the marrow might be zplesstic. However,
Leon (74) who described the marrow in Schultz'e caszes,

merely says that there were neither me ture neutrophils nor




myelocytes to be found and that the femur was vartly
red, pertly fatty. In the case under consideration,
only the tibisz or mid femur was examined so is it any
wonder that the histologieal picture of the disease is
regarded ag confusing.

Jaffe (75) found a bone marrow rather more cellular
than norwal With gsigns of marked degeneration in the gran-
ules of the myelocytes. He believed the majority of the
white .cells to be myelocytes with a moderate or consider-
eble number of plasma cells and lymphocytes. Megakaryo-
cytes found in normsl or increszsed numbers. Fitz-Hugh
" end Kfumbhaar (62) as well as Jackson and Parker (71),
postulate a maturstion arrest at the stem cell gstage
with the a2dded poseibility of an end stage which might
be regarded as aplastic.

Jackson and Parker (7l), after an exemination of
the marrow from twenty-five cases dylng in various stages
of what seemed clinicelly znd hematologically to be clags=
$éal agranulocytosis, make the following generalizstions.
They found the marrow of the vertebrae, ribs, sternum and
mid femur esgentielly the'same. The degree of cellularity
wag usgually normal. Rarely the femur remained fatiy as
in the normsl zdult. They thought thst in such instances
desth occurred too goon for the merrow asctivity to epread
peripherally. In some sternal and vertebrasl marrows,

particulafly 1n‘patients dying lster in the disgeacse, a
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certain amount ofhypoplasisa existed. Cn the other hand

in the fulminating cases the marrow was perhaps unusually
rich in cells. The degree of«cellularity, nowever, varied
but little 2nd they think this fact to be of minor import-
ance. They found little or no 6is£urbance in the red
cell series. Erythrotlste, normoblasts and nuclested red
celleg occurred in normel or slightly incressed numbers

end ghowed no ebnormel features. The megakaryocyteé aslo
were found in the ususl numbers ané histologlically sesppear-
ed perfectly normal. Rotter (76) =nd Jaffe (75) agree
with the latter. However Roberts and Kracke (72) ere of
the opinion. thet the hemorrhagic teﬁdeﬁcy which they~re¥
gard aeg 2 very common sympton of the disease may be traced
to a merrow disfunction involving megskaryoccytes and 2z de-
creace of plaztelet formatlon.

Jackson 2nd Earkéf report that the most merked bone
merrow chsnges naturally occurred in the cells of the gran-
ular‘éeries. ¥No mature granulocytés elther neutrophils
or eoginophnilg, were found in =2ny marrow, nor were thnere
any true myelocytes. Very rerely they report a promyele-
cyte. ?réctically every cell belonging to the granular
series was a2 stem cell.‘ Occasionally; in pstients desd.
from pulmonary embolug, sepsis, or some other complicstion
they found myelocytes, metamyelocytes, and young neutro-
phils in profuslion throughout the bone merrow which weg

R
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generally hyperplastic. But in those cases which, 2t
the time of death, chowed extreme leulopenis and gran-
ulopenia, bnly stem cells, plasma cells or lymphocytes
were found. Fitz-Hugh and Krumbhaser (62) contrue this
fzet to evidence a maturation arrest rather than s fall-
ure of delivery of cells into the blood stresm. Jackson
and Parker zgree with this theory. The parent cells were
often seén in sctive mitosie but further matur&tionrwas
denied. | |
In thoée patients who survived the ravages of infec-
tion for 2 congidersble period (eight to twenty days) the
bone marrow picture was somewhat different. It wag then
found to be relstively hypoplastic. Graduzlly 2g the
diezse progrescsed the gtem cells dimished iﬁ number and
thelr place was teken by lymphocyteg and plasms cells
znd in ceges dying 2s lsts ag the fifteenth~day after
the gpparent onget of the éiseaae thege celle constituted
virtuelly the only white cells in the me T oW . Rotter
(76) ie in sgreesznce with t he a2bove findings. Pepper
(77) and Jsffe (75) streés the degenerstive changes oc-
curring in the marrow. However other authors (71) szre
of the opinion that when such chsnges occur they sre the
result of bacterisl invasion of the bone marrow itself.
Beck (1) stétes that infection of the bone marrow in
benizn and melignant neutropenia hss never been demonsgtrat-

e@ except in terminal septicemla. However she admits
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thet the work along thieg line hess not been exhaustive
and further resgesarch may ehow this to be a2 grest factor,
egpecially in fulminéting caged.

The reaction in the spleen Eeck (1) found to depend
on the predominence of toxie or geptic symptoms. In cases
observed =t sutopsy, a-splenie¢ tumor, partly of gplenic
charscter, wae digclosed in come ceses. Enlargement of
the spleen in some czses she étates ag due to a2 great ine
crease in the reticulo~end-thelisl cells, which outnumber
the lympnoid cells. The lymph follicleg are not rrominent
on the cut surface. Wicroscopically, the sinuses sre fill-
ed with erythrocytes, prolifereting reticulo-endothelisl
cells end lymphoid cells. The liver, Beck cays, mey be
gsomewnat enlarged and chow cloudly swelling. Wilcroscop-
icelly, some cases have shown fetty degeneration, 2nd oc=-
cagionally emell multiple foci of necroslis. There isg an
incresge in Kupffer's celle, There 2re tlle cests in the
tile capillaries and bile pigment in the hepatic cells.
Sometimes there are interstitizl lymphatic infiltrastions.
Hueper and Gerrison (78) describe the petholozic-
chenges in the lyuph nodes 2g follows: The submexillary,
cervicsl, peribronchisl and mesenteric lymph nodeg are in
general enlerged and they sometimes contaln hemorrhages.
Microscopic exsmination reveals atrophy of the lymph fol-

licles; there are no young lymphocytes in the germinal
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centers, only mature lymphocytes being present. There

ig 2 proliferstion of the reticulo-endothelisl cells.
SYMPTOMS

A great many patients give 2 history of weskness
or lack of vitelity for varying periode before the on-

set of the condition, esgpecially in the chronic recurring

ceges. Some patlents state thet there weg 2 lack of en-

ergy for yesrg and a marked weskness for s few weeks or
monthe before the onsget of the acute gymptoms. On the
other lrend, neutropenle occurs in some peatients who have
always been well and who were active phyeically end men=-
telly until the sudden onset. (1)

Beck (1) says thet the usuel mode of onset is mark-
ed by fever, chill and sore throst, which mey be sudden
or gredual. To theée may be added headzche, merked pal-
pitation with a2 tumultus heart beat, genersl aching,
drowslness and occaglonslly delirium. Some patients are
nsusezted and vomit, and, as 2 rule, there ig dysphegle.
There it an-offensive, fetid odor to the bresth, and
the tongue ils often heavily cozted.

The petients are wilted in apﬁearaﬁce; the skin
is pale, but the mucous membranes are of good color,

The weskness, marked prostration and toxic appearance

are out of zgll proportion to the few physical signs.
Jaﬁndice ig rare In typical ceseg. The liver and spleen
may be enlarged. The patients are characterized by weak-

nesg, easgy fatigue, drowginess and tendency to infection,




especlally in the orasl cevity. Beck stetes thet there

ig evidence that just mere lack cof neutrophils will

ceuge guch symptoms ag fever, weaskness, inertis znd men-
tal and physical collspse. Roberts and Krack (72) found
that compleints of weakness, exhgugtion and faztigue were
twice se¢ frequent in the neutropenic patients as in those
showing a normal white cell count. Furthérmore, they
found thst the severity of the symptoms paralleled to a
remarkable extent the degree of neutropenis found. The
fulminating cases are repid in progress, with 2 comatose
condition ususlly preceding desth. The disease may last
from three days to three months, in rare cages 2 number
of years, and end with death or with recovery. The benign
group usuzlly correspond to the fatal group of czses as
fer as the éarly symptomg sre concerned.

Jackson ang Pafker (71) point out thet the fever has
notning characteristic sbout it and most authors sgree
with this. As a general rule the temperature reaches a
maximum of 103° or 104° F. Rarely 1t‘may rise to 1l06° or
even 107° F. In some patients only 2 very moderste hyper=
pyrexlia is the rule. A steady, high, unremitting temper-
sture is of extremely grave prognostic import.
™ The locael legions seen in behign and malignent neu-
tropenia usually occur on the mucous membranes, more rarely

on the skin. Lesions of the mucous membranes when present,




ere localized m2inly in the mouth and involve various

structures, such ag the gums, tonesilg, coft palste, lips,

pharyni and buccal mucous surfasce. ¥ore rarely the nose,
uterus, veglina, rectum, asnus and skin are invovled. Lo~
cel lesions may also occur any place along the gagtro-
intestinal trszct or in the lungs snd the sgymptoms are sc~-
cording to the areas involved.

Owing to the absgence of neutrophils there ie none
of the usgual inflammatory reactions about the ulcerstlomns.
But 2 peculisr brawny edema may be most extensive and
in the throst constitutes 2 grave menace to the patient's
life. This edema, as stressed by Jzckeson and Psrker (71)
may be so grest and so extensive zsg to preciude the pog=
gibility of ewsllowing and render breathing well-nigh lme
pogsible

There may be reglonal adenopathy with neerosis and
sloughing of the overlying tissues and skin. The tonsils,
when invelved, hasve in some czses gloughed away. Gan-
grene and congeguent éloughing maj occurs this 1lg par=-
ticularly dengerous event when 1t occurs in the gastro=
intestinal trsct. Two patients in the serles of Jackson
end Parker (71) died from rupture of a necrotic intestine.
In one the blood picture had 2lready become normsl too
late, however, to be of avail.

The classical clinical description given sbove ig a=
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greed upon by most authors some of which are Beck (i),
Jackgon and Parker (71), Jackson H. Jr., (79) Bsldridge
and Needles (16), Kastlin (7), Doen (80), snd Fitz-Hugh
and Comroe {(46).

In 2 serieg of 103 cazges reported by Jacksgon and
Parker they found the following blood counts. (71) The
white count wes rerely as high s 2500 per cmm. and is
often 1000 or less. Freguently it is in the hundredg.
Thirty had white counts less than 500, twentywéight had
white counts between 500 and 1000, thirty-eignt hed whité
counts between lOOO and 2000, and only seven had white
counts of betwsen 2000 znd 3000. Neutropenle of zn ex-
treme grade was the rule. Only seven of thelr cases
showed neutrophils of over 5 per cent st the helght of
the disease. Eosinophile werer ather éonsistently eb-
gent. Such neutrophils zs remained were old znd often
degenerasted. The majority of the white cellg present
were lymphoeytes, for the most pesrt of the adult type.

Most authoritlies agree that in the true disesse
there is little or no materiasl alterstion of the red
blood cell picture, or zany notabie diminution of the
platelets. {7), (76), (81), (82), (71).. Aubertin and
Levy (83) fing, on the other hand, & constent thrombo-
peniz and Roberts and Kracke (84) believe that the plste-
lets 2re markedly reduced. Yost suthors point out that
such ceses of reported thromhopenias are to bhe regarded sg
en indicstion thet some.other digease, notably aplastic

snemia or acute leukemia, 1g under considerstion.
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DIAGNOSIS

Neutropenia must be disgnoged early 1f the morta=
lity isg to be reduced. There should be more critical
cytologic examinations of the blood, as there is much
evidence in the literature that the neutropenis pre-
cedeg 211 other syumptoms. To walt for the appearance
of gore mouth, sore ﬁhroat, fever and prostration le
only giving the army of orgénisms time for invasion.

The patient 1s usuelly i1l from geversl dsys to geveral
weeksg, or perhaps monthg, before the acute stége in
‘many cases. Thersymptoms end bloed piclture 2re as chare=
sctericstic as those cceurring in pernicious znemis in
mogt typicel eases. The symptome and blood picture have
already been referred to and will not be repested st this
time. The rule should be to follow up each case of con-
tinued fover with freguent 1eukocyté snd differential
countg. If anginas and fever ére both abgent and there
only weaknese, maleise, zné drewsiness, 2 frecuent
leukocyte and differential count should be mede. The
dlagnoglg is made on the low total count snd the reutro-
penia. Burcky (5) goes so far as to say that the diesg-
nogle o zgranulocytosis can be definitely made only when
the whitekblooé count 1s greatly reduced, usually below
1000 cells per cublc millimeter, asnd when the granulocytesg

are elther completely absent or found in very emsll nuumbers,

d

and usually abnormal in charscter. The presence of guch
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csymptoms ag great progtration, necrotic mucous memn=

brene -ulcerations, and high fever, he gays, sre very

important corroboratery findings.

The prognosis of sgranulocyteglis is extrenely grave',
gtoteg Burcky (5) in =n srticle published in 1935. He
points out that before the use of the present theraphy
(nucleotideg), the mortslity renged between 80 a2nd 90
per cent for firgt asttack with recurrenceg the usual
thing, nesarly alwsye terminating fatally. Ksetlin (7)
in 1927 geve the mortality ag 95 per cent.

Herkins (9) in 1931, reviewing the ceses in liter-
ature, obtained a mortslity of 82 per cent. In the same
vesr, Rogenthal 6% reported a mortality of 46.2 per cent
in & serieg of twelve "melignent" 2nd fourteen "benign"
cases. . The geme year Teuscig and Schnoebelen (87) in »o
review of 328 casges found 2 montality of 75 per cent in
czses wlthout special therapy and miscellaneous forms

of treatment; 63 per cent with transfusion; snd 53 per

cent with Roentgen trestment. With the introduction of

nucleotlide therapy the prognosis hefs become more favor-
able. Jackeon and Perker (71) in 1935 report a2 mortality
of 3% per cent in a2 serieg of 103 ceges recelving such

trestment. In csges presumably due to drug therapy, the
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mortality is nearly 100 per cent with the continued use

" of the drug in gquestion. (14)

It is evident ihat with the logs of immunity to bac-
teria, the loess of etrength, the prostration of the men=
tel function, the rising fever and the gulck sepsis, that
death is‘inejiﬁable unless a new crop of granulocytes is
guickly restored to the blood stresm., This becomes more
difficult 2s the total white count and greznulocyte count
falls. The more fevoréble prognosig since 1927 can un-
doubtedly be attributed to two factorg: first, the earl-
ler dlagnosie of the disease, and secondly, the use of
nucleotlides as 2 therepeutic measure. The increasgeing
use of blood counte should csuse the mortelity rate to

continue to decrease.

TREATMENT

The treastment of any disease, t he pasthogenegis and
nature of which is uncertain, is 2t best unsatigfactory
and more so when that condition mzy be easily confused
with other pathologicsl entities of & protsble different
fundamentsl neture. NMany messures have been advocaﬁed to

combet grenulocytopenia. None is spparently specific.

‘Almost all authorities sgree that the major problem ie
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thet of restoring the bbne marrow to its normel act~
ivity end thus raising the peripherel white count; for
the loss of leucocytes removeg one of the body's great—
est defenses ageinst infection., Without bone nmarrow
recovery, there can be no cure.

NON-SPECIFIC THERAFY, The injection of sgsterile
milk, turpentine, reticulin, metsphen, and formic acid,
in conceded by almost evgryboﬁy to be ugeless. Doan
(80) in 1932, found a mortality of 74 per cent in 178
patients receiving such trestment. That one gets 2
white cell responge in normal patiente by such therapy
ig not the slightest reason for supposing that a gimiler
response should occur in grasnulocytopenis where there
are no neutrophils in the bone marrow to call forthe.

The probsble effect of such treatment in normel patients
ig chemotactic end not an increacge production of white
cells. Doan (80) compiled mortality statistics on 2
lsrge group of patients which received verious types of

treatment., His figures are asg follows:

THERAPY CASES DEATHS MORTALITY %
Untrested NMany Kany 90
Migcellaneous therapeutic :

meagures 178 133 T4
Argphenamine 33 o4 72
Blood Transfusion z3 34 64
Irradistion : 64 34 53
Yucleotide 44 11 25

The three most efficaclous methods of trestment as
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In the lsegt three or four years the enthusiasm of the
efficacy of tlcod transfusions has been lost in the
grester enthusiasm for pentnucleotides (71), (88), (89},
(5). |

X-RAY ., Stimuleting doses of X-ray have been advo-
cated by many (89), (87), (90}, (91), Friedmenn asnd
Elkeles trested 4% cases with irradistion with s mortsl-
ity of 82 per cent. Teussig snd Schroebelen had a more
tality of 50 per cent in four cases. Lic%lerstein trest-
ed 20 cagee with improvement in seven but.a year léter
only two were slive-=-a mortallty of 90 per cent. Heuber
(86) enthusissticelly recommends radistion. Reznikoff
(92) has expressed the idez and Jackson znd Perker asgree
(71), that even small doses of X-ray tend to deprese the
marro w and they point‘out thet four or five days must
elspse before the effects of any meturstion slement can
be detected in the periphersl blood. It ig usually claime

ed by advocstes of radistion that favorsble changes occur

within 2 few hours. When guch changes occur Jackson snd

Parker szttribute the rise ss spontaneous, sr, if actuelly
dué to redistion, to 2 redistributlion phenomenon rather

then 2 meturation factor. Llke transfueion, X-ray thersapy

has come to be disapproved in the lsst few yesors.

LIVER BXTRACT. Liver extrsct has been advocated by

many, forsn (93), injected the ecgulvalent of 100 grams
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of liver into the veins or muscel every 8 to 12 hours

¢

‘until & definite riee in the white count hed tsken place.

Four casseg were sgpparently succegsgfully trested. How-

4
¥

sogeshaell's (94) case failed to respond to six

Py

ever,

ale of liver extrect intravenocusly each day. Four of

foute

v
the patients in Jsckeon end Perker's (71) series received
liver sxtrect =g well =g pentnucleotide yet =211 died.
S8ilver{95) trested = caose apparently due to dinitro-
phenol without benificial results. FRFonsdorff (96) treast-
ed two ceges with liver extrect with recovery in both
ingtences. However Parker (71) points out that one csse
wasg probably s pernicious anemla and the other due to
novaergsenobenzol and bigmuth which when removed may have
been of congidersble prognostic importance. Walker (97)
states thet the value of liver therspy is doubtful be-
csuge 1t ieg not known definitely if it hes a stimulating
effect upon granulopoegis. However he thinke it does
no herm, and in ceges of anemiszs is beneficial.
NUCLEOTIDES. "The higtory of this remedy zoes back
to the days of freguent sepsis and 'leudable' pus", says
#elker. (97) Pus wag easily obtained in those early
deys, and from it nucleic acid was prepared, being 80
celled becazuse it wag belleved to be chiefly derived from

the nuclel of leucocytes gnd other cellg., Later it was
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found that nuclele acids occur in combination with

varioug protiens in the form of nucleoprotiens. By 2

process of hydrolyesls the purine baseg adenine z2nd guanine

were lgolated, and derived from thege produclts wag pentosge
nucleotide, found to exigt chiefly in the nuclel of living
cells. In 1924 Jackson (85) definitely demonstrated the
presence of pentose nucleotide in normel human blood.

In 1930 Reznikoff (98) advocsted the use of sdenine
sulphate in the trestment of granulocytopenia. In 1933
(99) he summarized the resulte in fifteen cases with
eleven recoveries. He algo trested eight €ases in which
the diagnosis wag doubtful, with but one recovery, and
twelve casgses complicating other disesses, with two re-
coverieg, snd these only temporsry. His conclusions
were congervatively optomistic. The treatment with a2den=-
ine sulphate conslstes of digsoclving one gram of the salt
by boiling two or three minutes in 30 to 40 ce of normal
geline solution, allowing to cool slightly, filtering
through 2 emall adspter contezining cotton to Tilter out
all undissolvéd crystels, aznd injecting intravenoucly
while etill warm (105° to 110°F.). This dose 1s to be
used three times a day for st least three days. (5) The
drug is non-toxic, gives no disagreesble reaction, =znd
may be used 1in the pressnce of myocardial discase.

Inagmuch ag it had been sghown by Doan, Zerfas, Wsrren




55

and Ames (42) in 1928, that pentose nucleotide could
définitely raise the peripheral white count in normsl
animels, Jackson and his co-workers (100) decided to
try the effect of thls substance in those conditions
cheracterlzed by extreme leukopenis., In 1831 they re-
ported the results of such therapy in twenty casseg of
granulocytopenia with fourteen recoveries. 1In 1932
they (101) reported on 69 cases treated with pentose
nuclectide (i%cluding the original twenty) with a totsal
mortality of éé per cent. Eince 1932 Jackson and Psrker
(71) have added 34 cases to this series making a totai
of 103 cases %ith a mortality of 33 per cent. Only those
cases treated%for lese than 48 hours or tnose which dled
of some entir%ly unrelated disesse were excluded. They
have followedjall these cases to date (1935), including
21l deaths in%their mortality figures.

Pentose éucleotide was introduced zs "Nucleotide
K 96“; but is now merketed under the trade name of
"pentnucleotide". It ig obtsinable in 10cc. rubber-stopper=

ed viale, each containing the ecquivalent of 0.7 grams of

the g0lid material. In the average casge of granulocyto-

penie with g white count between 1000 snd 2000 per c.mm.,
0.7 gram is g%ven intramugculerly two, or preferrsbly,

three times aﬁday until the white count has definitely

|
risen'and-you¢g neutrophils have sppeared. Thig change
|

ugually accuré on or zbout the fifth dasy of trestment.




0.7 grems 1s then glven deily until the white count has
been normal for sevéral éays. In caseg which sre extremely
gick, and egpecially in those in which the total white
count ig below 1000, 40 cc. should b e given daily until
the white count hes definitely risen and young neutro@hils
sre present. Fifty cc. may be given even more advantage-
ously. The drug may 2lso be administered intrévenouely,
well diluted in saline, by the continuous drip method,

the speed of injection teing such thet no untowerd re-
zc¢tlon oeccurs. Ususlly 50 to 100 drops may be‘given per
minute when 20 ce. zre diluted in 100 cc. of normal saline
solution. The drug shguld be continued in larger doses
until the white count hae definitely risen znd in some-
whet smaller amounts until it hae been normal for several
deys. ' If there has been no response in ten days, most
suthors conegider further therspy uselsss.

Fitz~Hugh and sssociates (46) report = reazction of
slerming character but do not state whether the drug was
ziven intramuscularly or intravenously. They also say
that one of thelr patients rezcted violently with fever
up to 104 degrees with each intramuscular dose but toi-
erated the same dose intravenouely without resction. In
some, there ig a trgnsiént genge of discomfort at the
gite of injection. In qthefs there may be precordisl

distress, dyspnea and nsusea. Very rarely sre the symptoms
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alerming. If however they are sufficiently severe
syrptoms to upset the patient, Jaéksan and Perker (71)
suggest thet smeller doges of the drug be given szt wmore
freguent intervals until‘the requireﬁ'amount is given
deily. They also point out that the drug should never
be given ﬁo an gnaphylactic individual nor to one with
severe cardlasc donmage.

Doan (80) pointe out that the first sign of a favor-
able reaction to pentnucleotide is evidenced by the ap=-
pearence of myelocytes in the‘blood gtream. These celle
may reach twenty per ceht of the total white cells. Thisg
change, he séys; ususlly occurs sbout the fourth day fol-
lowing trestment and corrésponas in some measure to the
reticuldcytic,rise in pernicious anemisa. ghortly there=
after the tempsrature falls, the total white count riges,
and more mature neutrophils toke the place qf the imma~-
ture cellg. |

Pentnucleotide has veen used successfully by many
and st pregent ig the trestment advoceted by mosgt suthors.
(102), (103), (104), (105), (106), (107), (109), (93.).

GENERAL C&RE.‘ It stande to reason thet intelligent
bedslde cars, caréful nursing,‘adeéuate'nourishment, and .
fluids are all o néceasary and orvioug parte of the ireat“
ment. The patient. must be pro@ected in so fer as_pbssible,

from infection. DRut asttemptes to gterilize the ulcerated
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legiong is detrimentsl. Freouent wesghings of the mouth

nd

v}

ahd throst with soothing solutions msy 21lay pain
make the patient more comfortable.

It had been suggested by some (Walker (97), Beck
(1), Roberts and Kracke (109), thet sufgical interven=
tion ise contraz-indicated. Lintz, Thompeon, Jackson and
Parker (71), however, do not agree with this. They ad-
vige zny immediste surgery ss Wbuld be done in & patient

with a normal blood count.

CONCLUSION

An sttempt has been made In thls paper to review
the literature on granulocytopenia and complle thig in-
formetion in more or less of & textbook fagnhion. A4 re-
view of the physiology of granulopoesis and psthological
conditions occurring in granulocytopenlia was given in
order to gein & more accurate underétamding Qf’pOSSible
etiological factors =nd the validity of each treatment
pregented.

From this study, the following facts seem to be of
primery importance: Whether granulocytopenia ig to be
regzrded ag 2 dlsease entity or = gyndrome, cannot asg
yet be dogmaticelly steted, but it is probasble that such
a disesse entity does exist. Tﬁe etiology of the dig=

esse lg as yel uncertain, however those particulasr drugs




containing the benzamine nucleus undoubtedly  -do have
much to do with the development of certain cases. The
pathological changeg in the bone merrow consists of 2
maturstion arrest 2t the stem cell stage. Effective
specific treatment is as yet largely limited to the

" use of nuclleotideg. The more favorzble mortality in
the past yew yesrsg has more Or lesg paralleled the more
repid diegnosis of -the diseage and the inﬁro@uction of
the use of nucleotides in the treatment. Until the
nature, etiology and pathology of granulocytosis is une
eguivoecally placed upon 2 sound basis, the disgnogis,
treatment and prognosis of the condition will remain

little chenged.
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