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GRAWULOCYTOPENTA

Since the advent of this so-called disecse entity some
oighteen years ago there has been little mention of it in the
text-books of medicine, many suthors even refusing to zrant the
existence of such a process, Ilost mention is made of this
disease ‘n the journals where hundreds of cases have been cited,
many of these being doubtful, the disease being merely a dump-
ing ground for conditions showing pharyngeal lesions and having
an unusual blood picture. The past few years have shorn a marked
increase in the number of cases, this being due, perhaps, to the
profession becoming aware of the condition, After reviewing
several hundred cases, it is my impression that this increase
parallels the rise of chemotherapeutics where drugs are either
given continuously over a long period of time or where a certain
concentration of the drug within the blood is desired.

DEFINITION

Granulocytopenia is an acute medical emergency of
doubtful etiology characterized by a marked leukopenia with =
drastic reduction in the percentage of granulocytes and by lesions
of the gastro~intestinal %trect, the latter usually being situated
in the mouth or pharynx., The disease may be acute or chronic,
the majority of the reported cases being of the acute variety.

HOMINCLATURE
The credit for discovering and naming this disease is

given to Verner Schulbzl who in 1922 gave the nsme of "Agranulocytosis"
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to a syndrome charscterized by leukopenia, loss of granulocytes,
pharyngeal lesions, and jaundice. As state by Beck® this term

is obviously incorrect since the word "agranulocyte", was orig=
inally intended for a condition in which the neutrophils lacked

' would therefors mean an increase

granulations. "Agranulocytosis'
in the number of neutrophils lacking granulations which cc-dition
is not intended. In 1923 Friedmann® gave this syvndrome the term
"terenulocy tic Angina" sinece the throat lesions, in his oninion,
were the most importent menifestations and the blood nichure of
secondary importance. This term is also unfortunste since the
phrayngeal lesions are only a menifestation of the dissase due %o
the loss of granulocytes and the nrotection they give mucosal
surfaces which are at all times grossly cantaminated. (Baldridge
and Yeedles%)e Due to the inability of either of these terms

to clarify the disease picture numercus attempis wsre made to

find a name which was both descriptive and accurate. The result
kas been a confusing array of terms all applied to the same
disease entity. Baldrid-e and Needles® did not feel that the
rresent lmowledge wos adequate to divide the syndrome arbitrarily
and suzgested that all cases of unexplained neutropenia with
secondary infectiop be grouped under the general head of idio=-
nathic neutrormnia. Roberts and Kracke® gave the disease the name

"agranulosis"” since it indicrted the rathological orocess as

clearly and possessed the added virtvues of brevity, simplicity,
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and easy pronunciability, the latter being no small factor in
my estimation, Fitz-Hugh and Krumbhaer® sugrested the neme
"pernicious lenkopenia", inasmuch as there is an sbsolute reduction
in lymphocytes in the blood streem as well as neutrovhils and
becatse of certain analogies with psrnici@us anemia. Lemb’
surgests referring to the idiopathic type of the disesse as
the Schultz syndrone of pernicious neutropenia just as one
refers %o the Addison-Biemer tyve of rernicicus anemia. Rose
and Houser8 regerd the use of the terms "agranulocytosis" and
"agranulocytic angina' as unforiunate and suggest the use of a
descriptive term such as "sensis with gramilocytopenia", or

"aeranulocytic infection", as suggested by David® end FeerlCO.

The theory behind the fwo preceding terms is that the leuk-
openic state is due to an overwhelming ‘nfeetion, the basis for
which has not been borne out by later experimentsl work and
revorts of ceses, Little can we sained by discussing tho
brain-children of vario:s authors who are at odds regarding
the etiology and significance of the disease rrocess. In this
paper the disease will be referred to as grmulocytopenia, this
trrm covering all cases characterized by the loss of granulocytes.
HISTORY

The eredit for recognizing the svndrome is given to
Sehultzl, who, in 1922, described what he believed to be a
disease entity characterized by the following: (1) sudden onset
with high fever and general malaise. (2) ulcerations, necroses,

diphtheritic or gangrenous processes, especially of the tonsils,
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rill: rs .of the fances, uvula, valete and pherynx and occasionally
similar lesions of the gums, tongue, lerynx, and genitals.

(3) absence of hemorrh gic diathesis. (4) presence of icterus.

(5) Oceasional enlorgement of the liver and spleen. (8) cherac-
teristic hlood ricture--profound depression of the white blood
cells, usually less than 1000, ith disavpearance of the poly-
morphonuclear leukocytes, the red blood cells and platelets

not being d'sturbed, (7) rapid fatal course. (8) almost complote
absence of granulocytic eells 'n the bone marrow, The spectacular
nature of the disease makes one wonder under what rame it was
classified prior %o 1922, since it secems highly improbabls that
such a condition did not exist before that time, although it

is Beck's? opinion that had it existed before it would have been
described, Although no defimite conclusions can be drawn, it

is interesting to note that in 1870, before the era of blood
comnis, Peter,ll in writng of gangrenous angina, describes the
gross characteristics of the wlood quite carefully. ackenziel?,
‘n his "Manual of Disesses of Trrost and Nose", lists a condition
under the heading of "Putrid Sore Throst" and defines it as follows:
"Prinitive sangrene of the pharymgeal mucous membrane, consiituting
an affection ver se , and originsting ‘~dependently of any other
maledy, such ss diphtheria, scarlet fevsr, ete." Trousseaul$,

in 1873, mentions four casss, two of which defini tely answer the
description of agranmulocybtic angina., e also cites a c¢case of
Gublersl4, in which a malignent membranous and gangrenous sore
throat, complicated by diphtheria of the nssal fossae was nresent,

It is my impression, therefore, that the syndrone was not new since



together with the foregoing descript ons, Brownl3, in 1902, re-
ported a fatal case of acute primary infectious pharyngitis with
extreme leukopenia, TurklG, in 1907 a case of severe sepsis
with a low granulocyte count, and Lealel?, in 1910, reported
a case in a male child, under the title, "Recurrent Furuncu-
losis in an Infant Showing an Unusual Blood Picture”. This latter
case is interesting in that twenlty ysars later the nabtient, then
twenty=-one ye-~s old, as reported as a case of "Recurrent Agran-
ulocytosis™ by Rutledge et. al. 8. The case revorted by Lovettl9d,
in 1924, was the first one recognized in A.erica and LautercO, in
1924, was the first to report a recovery from the disease. Since
1922 several hundred cases have bsesen reported with the number of
annual cases increasinge
PHYSIOLOGY

Since we are dealing with a problem that involves the
lenkoeytes it is only fitbting that something be said of their
formation, TFrom the light of rresent day “nowledge it is the
e mnsensus of opinion that the disease rrocess is due to an
injury of the leukovoietic tissues, the details of which will
be deslt —ith later, As stated by Beck? "On ths basis of this
norledge of the rhysiology of granulopoiesis, a theory of nathe
orenes’s may be formuleted",

The leukopoietic or more specifically the granulo-
poietic tissue is localed in the red marrow, found in the ribs,

t+e vertebrae, the sternum, the bones of the skull, and the
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os innominatum, The sum of the bonevmarrow, as detarmined by
Toppich21, ‘n two newly born ! rfants, was egquivalent %o épprox-
imately 2,3 rer cent of the body weight. Since ‘nfant bone nmarrow
is practically all of the red tyne, this figure represents the
funciioning mass. Mechrenik?2 determined the merrow volume of
thirteen adult cadavers and found the marrow mass to vary from
1600 to 3700 gm, With‘én average of 2600 gm., He believed the
red and yellor vportions of the marrow were abont equal, giving
an average value of asbout 1300 gme to the act’ve vortion, squi-
valent o approximatsly 2.3 per cent of the body weight, Tetzel?S
reported a red marrow volume of 1419 c.cs in the skelston of a
twenty yoar old man. This waild conpare favorably with that re-
ported by Jlechanik?2, Tyec4 in experimental work upon the bone
marrow volume of rabbits found the number to he 2.6 and 2.0 per
cant in two rabvits examined, making an average of 2.3 nur cent,
This figure is identical with the f igure fcund for new born
infants?l and is one-half the value siven for adults@2. As
can b e readily seen, the granulopoietic system is an organ of no
small size, heing almost equal in size to the liver, The amount
of granulopoietic tissue., (Doan and Zcrfes)<d, This seans odd
when one thinks of the vastly rreater number of erythrocytes
than granulocrtes but it must be remembered that the life of
the red cells is some six times that of the granulocytes,

Doan26, in 1922, proved that the eirculation of the bone
marrow vas closed, 2s in all organs of the bodw, but noted that
the "transition capillaries" leading from artories of the third

and for th order were not the functioning capillakies, but lead
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to sinusoids which make the functioning vascular bed of the
bone marrow. iie found that this ted of wenous sinuses were
in far greater rmber t an could be natent at any one time,
die %o the narrow confines of the marrow cavity. *he closed

"intersinusoidal capillaries" were demonstrated to

sinuses or
be the actual or potential site of red cell formation, 21inot27 Je
Doan and Sabin®8 made the statement that the mec-anism that
¢ ntrols the nroportion of collapsed to dileted s 'nuses regulates,
in part, the erythroid-myeloid ratio.

The granulocytic elements of the blecod arise from ret-
icular cells locatazd outside tre intersraces of the sinusoids.
These cells grow torard the vessels with the most mefture forms
being nesrest the endothelium of the vessel wall, As maturation
proceeds the granvlocytes mass up agalnst the vessel, gradually
wedging their way into the ciroulation, the endothelium closing
behind them. (Doan, Cunningham, and Sabin28), It is interesting
t: rnote the nlace of formation of both erythrocytes and granulo-
eytes and %o correlate this with the oxygen supply. The granulo-
cytic elements as they mature, move toward the sourece of the best
oxysmen supply iwdiéating their need for a relatively high oxygen
tension. The red cells, however, mature in a position of relatively
low oxygen tension.

A discussion as Lo the origin of the granulocytes would
entail a great deal of t'me and would leave the reader with no def-

inite impression regarding the exact cell from which the granulo-

8
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By the processes of basophilia and mitochondria the myeloblasts
develop into promyelocytes and crrries then into level tro.

Level two detsrmines the type of cell which develop
from the myeloblaste £¢ the chenistry of {the gronules changes
promyslocytes, eosinonhilic, basovhilic and neutrophilic myelo-
cytes develop. In this level granulation increases as mito-
chondria and basophilis in the cytoplasm decrosse. Mo cell
division occrs in level twoe. In the latter p-ri of this
stage the cells gain ameboid movement and are knovn =2s metamyelo-
oytess These cells may arpear in the blood stream,

11re third level contains the granulocytes of the cir-
culating blood which are of uniform size an? content of specific
pranules. Ls thase cells become older they lose thelr amseboid
movement and become more fragile.

Thet the number of leukocytes in the circulating
blood is variable was demonstrated by Sabin, Cunringham, Doan,
and Kindwall30, who found a characteristic rhythm of the total
white blood cells with an interval of approximately an hour's
duration. The total number of leukocytes was found to be in-
creossed in the afternoon, regardless of whether food had heen
taken or not, and this entire incrssse was shown %o be the re-
sult of an increase in the number of nsutroohilic leukocytes,
Shawo} showed the total leukocytes of man to exhibit two tides,
each ocecupying arproximately twelve hours, The day tide begen

in the forenoon, reached its height during the afternoon and
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completed its ebb in the evening. The night tide started in
the evening, attained iis height in the hours after midnight
and ebbed away in the early forenoon. The tidel waves were
thought to be the summitlon of ranid oscillations in the num-
her of leukocybtes, the oscillations occurring at intervals
of fifteen minutes. These variations occurring at fifteen
minute intervals are probably due %o the nsutrophils dying out
in shovers, often in considerable numbers, end being promptly
replaced. (Sab n et a1%0), According to Shaw3l, the curve
of the tobtal neutrophils closely follows the course of the tides
and is largely respmsible for the characters of the latber,
and his observations showed that the lymphocytes and other
cells do not follow the tidal curve, Yarner3? in his work
upon the diurnal leukocyte tide of the rat, found one curve
~ith its low point at about 10 ve. m,, ascending at an increas-
ing rate until 8 a. m. and then falling at a decreasing rate
until the low point is again reached at 10 p. m. His work on
_ the rat differed from Sabin's®0 and Shaw's3l in that he found
the lymphocytes more responsible for this diurnal tide than
the polymorphonuclear leulkocytes although all cell types share
to a smaller exbtent,

Litte is known of the factors concerned in meaturation
of the granulocytes. Bacon3? and his co-workers considered
shat in infections the stinmulus to an increased activity of

the marrow comes from altered body nroteins. Such bacteria



that produce a sustained lsukocytosis introduce a maturation
factor since they produce an ‘neressed division, growth and
maturation of the less mature lsukocytes in the marror far be-
vond the normal amount, Since the use of livar extract in
the treatment of pernicious anemia this substance has bseen
used, more or less empirically, in the treatment of agranulo=-
cytosis, but %o no availl, To sum up the knowledse of metura-
tion factors of the granulocytic series it may be said thet the
stimulus given by infestions is, at the oresent time, the only
way by which the bone marrow will show ayy multiplication of
young types of granulocytes.

lore is knowm of the chemotactic factors of the bone
marror. Around the latter part of the nineteenth century it
was known that the introduction of a nuclein solubion would
cause an increase in the number of granulocytes within five %o
ten minutes. (Ames and Huntley3d) Vaugan snd McClintockd4 iso-
lated a nuclein froam the blood and demonstrated its germicidal
power. Tells®d believed the key to the oroblem for leukocyt-
osis and immunity waes to be found in the principle of chemo-
tropismus or chemotaxis., TomlinsonS® also noticed an increase
in leukocytes following the injection of nuclein solution.
Doan, Cunningham, and Sabin?8 brought about a temporary leuk-
ocy tosis by administering inactivated typhoid baecilli, This
depleted the bone marrow of myelocytes and left only the vpro-

myelocytes and myeloblasts. Doan snd his associastes3® showed



that there was an outpouring of new cells from the marrow
within forty-five minutes to two and one-half hours after the
injeetion of sodium nucleinate, adenine and guanine nucleo=
tides, They also demonstrated ths chemotactic sffect of the
nucleic acid with the massing of leukocytes around the natent
sinusoids, a warked diapedesis into the vessels and vacant
areas - f marrow from which the granulocytes had been with-
drevn. Doan3” later gave the following comclusions regarding
the use of nucleic acid and its degradation nroducts:
(1) Hucleic acid and its degradation products exert a
chemotactic offect on normael myeloid focl with a prompt
effective increase in 'the delivery of granular leukocytes
%o the peripheral circulation under a controlled ophy-
siologic or rhythmic mechanism,
(2) Repeated large intravenous injections tend neither
to exhaust nor to cause a malignant hypervlasia of the
myeloid elements in normal animals,
(3) A short course of injections stimulates a myeloid
hyperplasia of normal marrow without othesrwise injurious
consequences, which 1s reflected by a relative and abso-
lute increase in the amphophilic granulocytes in the
blood stream of rabbits,
That the cells of the granulocytic sories are
essential for the maintenance of 1life and health has long been

recognized, Uvon the recognition of the disease nrocess "granulo=
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cytopenia", this fact has been impressed upon the medical
nrofession even more, Granulocytes are thought to be the
source of complement and the amount of couplamnent present in
the plasme is probably due to the conbinued destruction of these
cells, Ietehnikoff3® attributed the ability of the blood to
destroy bacteria to the power of the nolymorphonuclear leuko=-
cytes to devour bacteria or phagocytic nower, Buchner®? dis-
proved this theory by freezing the cells and then thawing thenm,.
The power of the cells to destroy microorganisms was not dimine-
ished, proving the lethal action %o be due %to precipitins, bac=-
toriolysins, or hemolysins.

Experimental work upon the normal life span of the
polymorphonuclear leukocyte was done by ’-‘."»?eiskotten‘m, who
proved the existence of these cells to be from three %o four
days. The number of these cells necessary can he readily seen
to be quite large, since they sre motile for only itwo %o
three days and are intact for four days at the most. Follow-
ing this they are excreted through the saliva and probably
thrmughot the entire digestive tract. Although such an in-
ference is premature in this part of the thesis it can be
seen that when such & mechanism is ranoved from the body the
mucous membranes are laid wide open to invasion by any bac-
teria present. “ith advancing years there is a reduction
in the amount of granmulopoietic tissue, the hasic cells being

replaced by fat and fibrous %’ ssue,
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- THEORISS OF PATHOGHNESLIS

The number of theories as to the etiology of granulo-
cytopenia are as numerous as the number of terms applied to this
condition. An attempt will be made to deal with these theories
as they developed during the past eighteen years.

During the first eight years following the dis-
covery of this process the majority of cases were found in
vromen, most of these being past the age of forty. Hueper41
found the disease Yo be 77.5 per cent in women but this was in
1928 before the disease had gained much herdway as far as inter-
ost by the medical profession was concerned, Then too, Schultz
had stated that the disease was predominant among women in thet
#ce group, which would tend %to cause an error in diagnosis,
Since that time it ms been found that the diseamse is about
eqva lly distributed between men and women and although most
of the cases are in adulfs it is by no means limited to this
age group. The case reported by Lealel” in 1910 was in an in-
fant and showed the blood picture of granulocylopenia with re-
current furuncnlosis. Huepor and Garrison®? mention the poss-
ibility of previous disease of the liver and zallbladder in
cases of granulocytopenia. This has been shown by other
authors but does not seem corsistent enough to be of much

importance.
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The majority of the earlier authors regarded gran-
nlocytopenia as a direct result of overwhelming infection and
some of them still maintain this view, (FeerlO snd Meiss?d),
Schultzl believed it to be an infectious disease of unknown
origin with a special toxic affinity to the myeloid tissuve,.
Other auvthors believed the disease to be a seplicemia with
an altypical reaction of the hematopoietic system sither due
to bacteria wh' ch possess a specific affinity and toxieity
to the granulocytic system, (ZadeX*%, David®, Pelnar?d)
or due to an atrophy or low vibtality of this organ in the pre-
sence of a virulemt septic infection. (Zikowslky46), Fried and
Dameshek?7 in their work upon the experimental agranulocytosis
~sed Salmonella suipifester organisms intravenously in rabbits,
A severe lsoukopenia developed rapidly and en almost complete
granulocytopenia resulted. There was but little tendency ‘to-
ward regenerative activity on the part of the granulocytic
series, The animals usually died within forty-eight hours
after infection and the bone marrov, postmortem, rsually
showed but little evidence of regenerative activity. 7ith
smaller doses lmmature gramlocytes appeared in the blood siream
within three to four hours and at times a monocytosis developed,
treir numboer exceeding the number of lymphocytes. They concluded
that there were close similarities betreen apgranulocytosis in
rebbits and that observed in men. Other authors found that a
long-continued 7 ranulocytopenia could not he induced in healthy

rabbits by the use of a small group of common bacteria. (Piersol
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ard Steinfield®8), 1In rezard to bactsria cultvred from or-1
and vharyngeal lesions in cases showing the gr-nulocytopenia
blood pichure there have been found Rlsbs Loeffl-r hacilli re-~
ported by Schultzl, Vincents snirocheties by Skiles49, Pietti5o,
David?, Bantz51, loore and Tiedsr52, Pnemococci by Schultzl,
Bantz%l, Bacillus pyocyeneus by Lovettl9. Blood cultures have
shown Streptococcus viridans, (Cannon®3), Streptococcus hemo-
tyticus (Lenter?©, klkeles54), Starhylococcus by Schultzl,

and Schultz and Jacobwitz99, It has been demonstrated numerous
times that the granulocytopenia precedes the appearance of the
mouth lesions, Three cases of granulocytopenia were seen

to develop in the hospital while having routine blood counts,
The patients were admitted for (1) unexpvlained jaundice (Bhrmann
and “reuss96), (2) tuberculons arthritis (Bantz51) and (3) frac-
ture of the tibia (Hunterd7), An interesting case is reported
by Roberts and Kracke 98, in which the pa’ient had recovered
from the first attack, Before the reriod of the second =tiack
tvhe leukocytes were seen tv diminish with the granulocytes
bearing the brunt of the loss. Two days after this all poly-
morphonuclear leukocytes were absent bhut the ratient was men-
tally alert and felt fine, tn the morning of the third day

the patient seemed to wilt before the eyes o the o:servers,
areas of ulceration appeared upon the tongue and four days
later the ratient exvired, having existed for seven days

without a demonstrable granulocyte in the blood stream. The
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oredominate organism isolated from the sputum, throat, mouth
ulcers, feces, urine and from embolic abscesses was Strepto-
zoccus hemolyticus,

From the foregoing disssrtation it is quite evident
that no narticuler organism is responsible for all cases, so
the assumption may bhe drawn that the oral and rharyngeal lesions
are the result of the loss of the circulating polymornho=-
nuclear leulkocytes which normally form a protective barrier
for all mucous membranes, which are the least protected from
the normal bhacterial flora and are always contaminated. This

view is concurred in by Doan®9, Jackson®0, Pepperfl, Kasﬁlinez,

Baldridge and Heedles%, and Roberts and Kracke9, As stated by
Hueper?l, "The demonstration of bacteria in the blood of pat-
ient's with granulocytopenia is not proof of %he infectious
nature of the disease, because bacteria are also frequently found
in later stages of leukemlas and {"eir presence is due %o in=-
vasion of the body through areas of necrosis.”

The bellief that granulocvtoperia is the result of a
septic or toxle action uvon the myeloid tissue is held by a

few menl, <6, 56.

Stocke63, believed that granulocytopenia
was not & specific entity but an abnorwel reaction to sepsis,
this belief being shmred by Dameshek and Ingallﬁé. As stated
in the previous two paragraphs this conception is difficult %o

belleve since in many of the cases the loss of granulocytes

precedes +the infection®ls 56, 57. 58 gtidies of the myeloid
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tissue both before and after death in meny cases showed a
normal or increased number of myelocytes, this state causing
Fitz=-Hugh and Krumbhear® to reise an objection to the hypo-
thesis éf "grenulocytic aplesia” as constituting the "primary"
pathologic mechanism of the disesse and coined the term

"matura tion arrest" for consideration and future study. Rosen-
$+818% had noticed this condition of the marrow in what he
termed a benign form of granulocytopenie as the resnlt of in-
fection, DenniSSS, after experimental work on rabbits in which
they had produced granulocytopenia be embedding capsvles of
nacterial products in the tissues, concluded thet pyogenic
organisms, under conditions simulating a focal infection,

are capable of producing a granulocytopenia, which may allow
generalized infection and death. He suggested that gramilo-
cytopenia in men is due to the action of a leukocidin, rather
than to a specific microorganisme It was his impression that
pyogenic bacteria were capable of ovroducing granulocytopenia
only when they were restrsained from active penetration into

the tissues, yet they were so situated that thelir toxie pro-
ducts could be absorbed; otherwise they stimulated the leuko-
poietic system and pnroduced a leukocytosis,. Since the injec-
tion of filtrates of organisms had ®o consistently failed to
induce a depression of the granulocytes (KreckeS7), it appeared

to Dennis that the castancy of the supply of toxin was a

highly important factor in the production of a detectable leuk-



openia, For the most part these conditions are satisfied
in a chronic focal infection,.

The possibility of granulocytorenie having an allergic
background in which the bone marrow is the point of least re-
sistence has been mentioned to some extent in the literature
but the natire of this action is not mede clear, as thers is
come overlapping betreen sensitivity to orgzsnic compounds
and to drugs and chemicals, Schilling68 produced a blood pilo-
ture sinmilar to thet of granulocytopenia by anaphylaxis and it
is his impression that it may be an snanhylactic condition
rather than an individual dissase, DBromberg and Murphng, and
Kracke’0, reported cases following the administration of pro-
rhylactic typhoid vaccination. Pepperﬁl surgested that gran-
uleocytopenia might have allergy as the background, not of the
angina but of the lsukopenia, and cited cases to substantiate
ris theory. Kopelowitz7l, believed that some factor, possibly
allergy or endocrine, was present whiéh rendered the granulo-
poletic system susceptible %o a noxious agent. That some factor,
whether inherent or acquired, which renders the bone marrow
suscebtible to the action of foreign proteins or to drugs and
chenicals exists, is very probable, but to state that the
condition is due to an allergic sensitivity I believe to be un-
vorifled.

There has been very little work done upon the nutritional

aspect of granulocytopenia and little, if any, mention is made



of any dietary deficiency in any of the reported cases. In
experimental work done upon dogs and monkeys wilh diets de-
ficient in vitamin G (Bp) it was found that together with

the ulcerative stomatitis typvical of the lack of this vitemin
there was also & marked leukopenia and anemies., (Miller and
Rhoads72, Day, Langston, and Shukers75). A maturation defect
of the myelcid elemenis of the bone marrow was slso found in
the dogs which were given a diet deficient in the factor that

. 72
prevents black tongue,.

Perhaps the most recent theory regarding the etiology
of this discase is that in vwhich the spleen is believed %o be

-ty 5
the causative factor. (oore and Blerbaum,74731seman and Doan7d)

In three patients showing the granulocybopenic syndrome the
spleens ware removed and the white blood count returned to
normal, Histologically each of the three spleens removed

showed extreme clasmatocytosis with excessive Dhagocytosis of
granulocytes. All other factors were ruled out in these three
cases before splenectomy ~as nerformeds’? The belief of Moore
and Bierbam’® is that the neutropenia is nroduced by an ab-
nomal phagocytosis of leukocytes hy the spleen, Reismen’ o
reported a case of chronic grenulocytopenia which was treated
by splenectomy in which the grenulocytes returned %- a normal
level after failing to respond to pentonucleotide, liver ex-

tract, vitamins, and bone marrow concenirations. His be-

lief was that the spleen had heen exerting a hormonal de-
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pressant effect upon the myeloid elaments in the bone marrow.

The endocrine system as being an etiological factor
wns first mentioned by Friedmann® who believed in an endo-
crine di sturbence wwhich effects en lmpalrment of the trans-
portation of leukocytes from %-e place of production into the
blood and also of the rroduction itself of the myeloid tissue
resulting in a decrease in the number cf leukocytes in the blood.
4s he referred in his explaration mainly %o the ovary as the
gland involved, granulocytopenia in men would be excluded.

77, and Jackson and Merr‘11178, have reported cases

hompson
associsted with the menstrual cycle. In seventeen out cof
aighteen young women with cranulocytopenia, the onset of sub-
jective symptoms occurred within a day or two of the onset of
the regular mensbtrual period and all were menstruating unon
admission to the hospital. OUne or more recurrences wore ob=-
served in six of these eighteen ratients snd each recurrence
preceded, by a day or two, the onsat of catamenia. ' He
concluded that a relationship existed between the hormones
associated with menstruation and the neutropenic episodes.
Another case shoving recurrences of the granulocytopsenic syn-
drone was followed for seven months, All relapses came on the
first day of the menstrial veriod following which the gran-
ulocytes would be absent for two to three days and then re-
appear but their rise was not up to the previous levels,

TWith the use of pentonuclcotide the white blood cells cowld be
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raised prior to menstruation but the fall on the first day of
menstruation could not be preventeds The cmclusions reach in
regard to the covrse taken by the leukocyltes sesemed to
indicate that two factors were at work; one slowly vrogressive
and fundamental, the other related to the mensitrual cycle

and periodically =aggravating the first., Antultarin-S was used
prior %o a menstrual period, after the granulocytes had been
steadily fallins for seven months, and 2 ce.c. was given daily
for %en days. There was a sharp rise in the number of total
polymorphonuclear levkocytes on the first day of menstruation
end they reached the highest level for seven months, A few
days latsr the ve tient cavght a cold, developed diarrhes,
nausea and vomiting, and her white blood cells fell to a low
lavel. Ier conditim beceme worse and the matient died on
approximately the first day of her menstrual period78. Follow=
up stidies on a case of recurrent granulocytopenia previously

77

7 5 s .
d,l"l“ was done by Thompson''s This patient, a male

reporte
age 25, shored a granulopenia every twenty-one days. Dur‘ng the
neutropenic pcriod there -ms a drop ‘n the amocunt of female

sex hormone in the urine and a%t the same time ‘there was an
increase in Prolen., This men showoed a great deal of female

sex hormone in his urine and was sexually immature in regard

to his genitalis, body-contour, etec. A cyclic decrease in

the granulocytes haed been noticed in this natient since he

was an infant, the first report being prior %o the discovery

of the granulocytopenic syndrome.



Corey and Britton?9, in reporting on the blood
cellular changes in adrenal insufficiency, and the effects
of cortico-adrenal extract, noted an increase in the red blood
cells of 50 to 100 ver cent following adrenalectomy., This
was probably due to fluid loss but the total white blood cells
were decreased to a similer extent, especially the neutro-
phils, with a relative incrsase in the number of lymphocytes,
Upon the administration of cortico-adrenal extract to animals
sufforing from severe adrenal insufficiency ard showing the
above profound blood celluler disorgenization, a complete
restitution of the normal cell value was observed. Control
expriments with adrenalin, glucose and saline solutions were
negative, with the exception of the partly effective action
of adrenalin on the white rat. They forwarded the possibility
that the neutrorhilopenia of sdrenal inswfficlency is related
to the clinical condition of "agranulocytosis".

Hubble30 postulated that bone marrow depression
may be due to a pituitary insufficiency end concurs in the
opinion held by others that granulocytopenia may be caused
by cortical adrenal malfunction. Kunde, Gree and Burns 1
noted the production of a hypoplastic and aplastic bone marrow
in thyroidectanized r-~bbitse.

From the above evidence presented it seems very
possible that granulocytopenia may have an endocrine mal-
function as the basis for its etiology, with the primary
injury, in cases where drugs have been taken, vei-g on the

endocrine system causing an inbalance with secondary injury



to the granulopoietic tissues due to the loss of this mech-
anisme

Reznikoff82 presented a series of cases, in thirteen
of which fatigue due to excessive worlk, lack of sleep and
worry was more frequently sncountered than any othzsr etiologic
¢ ndition,

Xrace and Garver®d noticed leukopenia in ratients
exposed to excess sunlight., These patients when ta'en %o
higher altitudes recovered due probably Lo the fact that more
clothes were worn and the mmount of solar irradiation was de-
creased. This is the only reference made %to leukopenia due to
the sun's rgys. MartlandB84 made mention of the fact that in-
ternal radiation v th x-rays can affect the marrow output
in & number o -rays, the occurrence of & simple leukopenia
being rare, there being mors often an affect upon the pro-
duction of the red blood cells also.

According to the observations of Hoff85, there is
some proof that the vegetative nervous system influences the
circulating leukocytes. Trey mention the action of wverious
drugs such as adrenalin, atropin, pilocarpin, end ingestion
cf milk as being exsmnles of reactions on the vegetative
nervous systeme Ineller86 showed tm+%t the intredsrmel in-
jection of forseign protein, such as aolan, produces a peri-
rheral leukopenia. He believed that there is a splanchno=-

visceral correlation, so that when the lesukopenia occurred
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in the individval blood vessels, there was a marked inecresss

in the white blood cells in the splanchnic area, The injection
of adrenalin produced s reversal o the leukocyiic distribution,
(Mueller and Hoelscher®' ).

The constitutional factor may be of great importancs,
and may explain the increased frequency of the idiopathic type
of granulocytopenia ‘n females. It is nobt infrequent for so:e
of the vrat’ients who develop granulocytopenia to have a constant
leukopenia or a tendency to leukopenia as a result of soms
primery disturbance of the granulopoietic tissues. These
tissues may e somewhat diminished, or mey be sluggish in pro=-
duction, or the bone marrow may "ecome rapidly exhsusted so
that no defense mechenism exists. Thether certain patients have
a constitutional and an abnormally functionally limited bone
marrow for making blood is as yot a theoretical question,

The last and perhaps most importent etiological agents
rather tlan theories are drugs used in increasing amounts
during the nast few years, ©1um®8, Kracke and Parker89, hold
that practically all neutropenic patients have taken drugs,
Jacksnngo found that only 26 per cent of his ratients up to
1934 had taken smidopyrine or allied drugs, 30 ver cent had
taken drugs bubt these could not account for the disease amd
44 ner cent had talken no drugs.,. Rosentha1®! states thet only
55 nsr cent of his patients developed gremulocytopenia because

of medication. The fact that granulocvitopenia hos increased
29 Y TOY
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markedly in recent years, together with the lmown leukotoxiec
effect of the benzene, would ssem to indicate that scome, if
not all, cases are due to the administretion of drugs containing
the benzene ring.

he first report of benzene hLeing the cause of leuko-
penia was by Sellinggz in 1910 in which he noted cases of
factory workers subject to henzol fumes. Two of these patients
died and the bone marror showed the white cells Lo be the
most effected, especially the granular elements. ''pon ex-
perimenting with vure henzene the same results were found as
in the factory workers, (Selling®®), Yraoke®3® 1ater nroduced
granulocy topenia experimentally by subecutaneons ‘njections of
benzene in olive o0il and by inftraperitoreal irjection. "he
intravenous injection of benzene resulted in immediate death
so the conolusion was drawn that the leukocyte-depressing
properties of benzene were due to its oxidation products.
Climenko4 inhibited the leukogenic activity of the rabbit
with certain cyclic compounds and upon posimortem examination
noticed a marked degree of hyperplasia of the bone marrow with
an increase in the numbsr of primitive haemocytoblasts,

Xracke’0O was the first observer to ineriminate drugs
containing the benzene ring as an etiological factor in gran-
nlocytopenia. Amidopyrine was first stated to cause granulo-
cytopenia by ‘ladison and Squier95 after they had produced a

marled depletion of granulocytes by s’ wngle doses of the drug
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given to two patients, A few months later Benjamin and Biederman®

reported a simil~r case produced by one dose of the drug. racke
and Parter®? collected 153 cases of granulocytopenia following
the use of amidopyrine and concluded that in the clinicsal

or experimental development of granulopenia it is necessary

to presupoose the existence of a previously weakened, damaged

or idiosyncratic bone marrow which may be congenital or acquired.
Flum®8 collected 267 cases following amidopyrine,

The evidence incriminating this drug has been su»ported
by clinical experiments in which natients who have recovered
have been given smll doses of the drug and the dissease re-
produced in them,53,95,9, (Sturgis and Isases®9, A clinical
exveriment by Dameshek emd Colmes99 with the intradermal injec=
Yion of & mixture of blood serum and a solution of amidopyrine
on four natients who had recovered fran nrevious attacks of %the
diseasse rasulted in strikingly positive reactions in three of
the four and in two instances was followed by the develoovment
of the disease in all its clinical and hematological asvects.
Skin tests by the scratch method were negative in these cases,
They suggested a drug-protein linkage as the bas’is of the reaction,.
HorzlO0 states tha’ amidopyrine is a pnyrazolon derivative con-
taining the highly toxiec N-H (imido) radical, is derived from
Phenyl Hydrazine and resembles the latter in its rapid reduction
of granular leukocytes in the blood stream and bone marrow,

Davis and FrisselllOl take issue with the statement

that the benzene nucleus per se. or the benzene nucleus in assoc-
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jation with a substitubed amino group, is causative of granulo-
oytopenia snd the points aga’nst th's reasoning are "(1) The
henzene nucleus is the foundation stone for all sromatic come-
nounds, hence, one must assume that all aromatic compounds
are similarly toxic, which supposition we lnow to be false,.
(2) If the benzens nucleus in association with an amino group
is toxic, is it not aurious that two of the most fundamental
hormones in the human body, namely thyroxin and epinephrinse,
both contain the benzene ring in association with, although
not atbached to, an amino group. Incidentally, in thal ess-
ential amino acid, tryptophane, the substituted amino group
is attached directl; to the henzens nucleus, and in meny of the
other essential amino acids the henzene nucleus is nresent,

It has been shom in Demmark 58 tiat prior %to the
advent of amidopyrine anl its derivatives that the incidence
of greanulocytopenia was nractically nil, As the use of the
drug increased so did the incident of the diseese until in 1934
the importation and use of the drug was vrohibited following
which the number of cases dropped to its previously low level,

It has been definitely proven, howsevser, that some form
of sensitivity must exist before amidopyrine will be toxic %o
the granulopoietic tissues since RawlslOZ used the drug in large
amount on 400 arthritic patients., Of this numbor only four de-
veloped granulocytopenia, three of these dying of the disesse.

Hoffl03 cited three cases of the disease following the use of
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allonal, an amidopyrine derivative, itwo of the patients dying,
ys%t he had one patient who had taken two to four tablets every

night for four vears without demonsirable injury. Davis and

%}

.

FrisselllOl administered t irty grains of amidoryrine %to thirty-

o patients daily for from two weeks to three nonths with no

chan;e in the leukocyte count. It would seem, therefore,

th2t the occasional person who acquires the diseass after the

administration of amidopyrine does so on the basis of a hyper-

sensitivity to it and that the smount of the drug given plays

little part in the woduction of the disease, In a report

of the Courdl on Pharmscy and Chemistry of the £, 1M, A, 104

the eonclusion was reached that there is no ques®tion thet ami-

dopyrine is vory imporiant in the vroduction of granulocytopenia",

but no implication was mode that all cases were due to the drug.
in interesting aspect of the diseass concerning amido=-

ryrine and its derivatives is that it appears most frequently

in persons apt to be taking drugs, . 2. physicians, nurses,

ard those directly under the care of = nhysician.gs
KrackelOS pnrepared a 1list of drugs that should be

used with caution due to the fact that they may depress the

leukocytes. To this list may be added sulfapyridine, which

is really a sulfanilamide derivative,

preparations cantaining sminopyrine

Allonel Lmidonine Amifeine
Llohebin Amidophen Aminol
Amarbital fmidopyrine Am-Phen-Al
Amidol fmidos Ampydin

Amido-Neonal  fimidotel compound Amy tal compound
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Analgia Eu lied Tod

Anbabs Gardan Optelidon
Raramid Gynalgos Peralga
Barb-Amid Hexin Phensmnidal
Benzedo compound  Ipral-Amidopyrine Phen-Amidol
Cibalgine Kalms Phenopyrine
Cinchopyrine Lumodrin Pyramidon
Compral HMidol Pyraminal
Cronal Mylin Seequit
Dymen Teonal compound Yenst-Vite
Dysco Heurodyne

drugs nown to produce depression of the marrow

Dinitrophenol Antipyrine
Wovaldin Sulfanilamide
Arsphenamine Sedormid (thrombocytopenia)

In a similar mammer to that of amidopyrine, dinitro-
phenol has been shovn to be the apparent cause of the disease
in certain instances., (Davidson and Shapirolo6, Bohn107, Damseshek
and Gargill 108, SilverlQ®, Imemean and ImemanllO, Goldman
and Haber 111.) Hearly all of these patients were women who had
taken the drug to reduce their weight. The drug had been talken
in relatively large a.ounts and for the most part over a consid-
erabls length of time, The use of this drug attained the peak
of its use rather rapidly and at the rresent time is condemmed
by the medical profession, there being much hetter methods of
weight reduction without the untoward effects found after the
use of dinitrophenol,

In addition to the previous mentioned drugs there are
a few mentioned in the literature but are not of such great ‘me
portance., Arsphenamine is perhaps the largest factor in this

smaller groups Farley 112, and Blew 113 reported cases following
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the administration of arsphenamine, and Plum
literatire of the neutropenic diseases following the administra-

tion of arsvhenamine with and without preparations of bismuth,

In fourteen of these latter cases the hematologic dafect was

limited to the granulocytes. It was Farlev's 112 impression that

the direct cause was disintegration in vive of the arsphena-

mines s that a benzol-like action takes place, the vresumption

being made that a preceding weakness of the hematopoietic system

was present,

Other drugs being mentioned are Antipyrine (Groen and
Geldmenll4), Acetanilid Tatlkins 115, and Hudnutt 116), Phenac-
etin (Kracke and Parker117, and Costen 118), Cinchophen (Shapiro
and Lehmanllg), Pentavalent antimony compound (Neostibosan, Zia
and Forkner 120), Gold salts 88 (Taylor 121), and Amytal (Watkins 122),
The barbiturates have been occasionally reported as etiological
agents but in nearly all cases they were in conbination with
amidopyrine or one of its derivatives.

During the past thrse years a new series of drugs, or
rather a drug and its derivative, have been used in large amounts
by both the médical vrofession and the general public, the latter
being due to the helpful hints given by medical columnists and
unknowing reporters in ssarch of something new to toss at a re-
coptive public eager to try the magic medicine, uraware of its
dangers or limitations,., Sulfanilamide and its derivatives, which
have »roved to he of wvalue in the treatment of hemolytic stren-

tococcus infections and here of late in the tresment of staphylo-
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coccic infuctions, is not without its dangers to the blood forme
ing organs, Bafor@ any reports had been made of granulocytopenia

n2%55 19037 stated; "Although

caused by sulfanilamide, Fitz=Hug
I would no% recommend these bonzol=-sulphonamid compounds promiscu-
ously in cases with already es‘ablished bone morro~ suprrpession
I think their theoretical danger is outweighed by their value in
combating the hemolytic Streptococcus, Nonetheless, I predict
that sooner or later this group of drugs may be added to the others
wrhich in a rare idiosyncrasy role may czusc the syndrome of sagran-
nlocytic angina.” It can be seen by this that medical men are
recognizing in advance that drugs containing the benzene ring
when given in large quantities will, in certain ceses, cause a
sunpression of bone-marrow functions.

Krackel0%in reviewing the literature up to October of
1938 found eleven cases of granulocytopenia definitely due to
administration of sulfanilamides. In every instance the patient
had taken over 40 grems of the drug, which may indicate that the
mechanism of granulopoletic depression is different from that
folloving a single dose of amidopyrine. An obssrvation mede by
Youngl24 showed that serial leukoocyte counts failed to give any
warning of the impending injury %o the granuloroietic tissue,

125 51 which the patient had

A paradoxical case is presented by Ives
an idiopathic granulooytonenia with a complste loss of granulo-
cytes and the typical ulcerations of the throat. This p-tient

was treated with Prontosil and sulfanilamide for the streptococcus

lesions of the throat and with pentonucleotide and liver extract



for the granulocytopenia. The patient recovered but there was

a lo7 number of neutrophils in the blood following recovery. The
low neutrophil count wss not significant since no coneclusion could
be reached as to whether it —ras due %o the drug or to the disease,

Johnston126

in remarking upon the value of premonitory

sicns and syvmptoms in regard to granulocytopenia folloring the

use of sulfanilamide staes that the most constant sign of impend-

ing disaster is pyrexia or an increase in pyrexia already present,
Experiments with ocultures of human bone marrow and the

effect of various concentrations of sulfanilsmide were performed

by Osgood}27 who found that concentrations of less than 1-1000

did not grossly affect the growth characteristics of marrow cells

of the majority of marrows for a period of eight days or less.

Cultures containing l=250 and 1=500 showed slighily lower counts

on the fourth to the eighth day ‘than the controls. This would

indicate to me that the effect upon the granulocytes is not through

the granulopoletic apparatus direccetly or either this drug is so

changed by digestive and cellular processes that its products

exert a toxic effect., This latter point migh%t be a basis for an

interesting experiment if a method could be evolved to subject

the drug to processes occuring in the gastro-intestinal tract and

the body tissues and then subjecting the bone marrow to the pro=-

duct obtained and noting the effect on the activity of that tissue,

In addition to the cases caused by sulfanilamide and

its derivatives,Prontosil and Neoprontosil, there have be:n record-



ed, recently, instances of the disease cayss?! by one of the new=-
er derivatives, sulfapyridine, The %toxicity of this drug seems
%o be less than that of sulfanilamide accoring to Llowy and
Ersklnelg8 The first cases following sulfapyridine were report-
ed in England where the first use was made of the drug. (Johns’con],'z9
Coxon and Forbeslso) Since then cases have been reportsd in the
United States, (Dolgopol}31 Rosenthal and Vogel}ﬁzSheoket and Price}35
Shullenbergerlsé) but in all probability the number of these cases
will not be as great es those due to the parent drug, since the
use of sulfapyridine has a more limited use, at least it has at
present. The dosage of ‘he drug nesded in the iréatment of pneu-
monia is considerably less than the amount of sulfanilamide nesded
for a strentococcic infection, (Barnettl®%) which together with
the decressed toxicity of the former would tend to reduce %the
number of cases of granulocytopenia. In the future there will
probably Le cases of granulocytopznia recorded dus to other sulf-
anilamide derivatives, sulfthiaszol and sulfmethylthiazol,

. PATHOLOGY

The om1l and pharyngeal lesions present in granuloe-
eytopenia differ from other inflammetory lesions in that no
granulocytes are ‘nfiltrated ‘nto the swrounding tissues, Any
cellular r esction occurring is due %o the invasion of lymph-

ocy tes and macronhages, Although the mouth and throat are the

usual cites of ulceration, the entire gastro-intestinal tract,
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and vagina have been seen to show areas of necrosis, This is
due to the fact that bacteria are rresent on their surfaces
at all times and with the loss of the circulating granulo-
cy tes no protective mechanism remains, the bacteria simply
invading a defenseless btissue, The lesion of the mucosa in
the eariest s tage is white w'th a yellorish cast, with a ten-
densy 4o undermine %o a snot & to 1 cm. away from the margin
of the tonsil or gums.118
The pathology of the bone marrow is not agreed unon
by numerous anthors so:we of whom believe it tc showr an aplasia
124, 58, 1 (Jarre 136, Isaacs1S7), and others stating that the
hme marrowr shows a myeloid cell hymerplasia with a mataration
arrest.6'4’ 64, Aftor reviewing the literature it is my ime-
nression to liken this discussion to that of the blind men
and the elephant, sach of them having a df'ferent imnression
due to their having come in contact with different -arts of the
animal, So‘it is in this case where each author draws his
impressicns from the apver mnce of the bone marrow at the part-
icular place from Which.it was taken, According to Jaclkson
and Parker 198 confusion arises from too great a reliance being
placed on the interpretalion of stained smears talken from the
bone marrow. He states that such smears are of importance in
identifying certain cells not easily recognized in sections
stained with eosin-methylene-blue, but no ;dea is given regard-
ing the number or arrangement of the cells,

The impression of Sehultzl was that the bone warrow
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s ored an aplasia and th'is was the impressi-n uuder which the
early authors on the subject labo'red. Since that t'me the
majority of reports have been to the comtrary, the typical
bone mar -ow lesion being a hyperplasia. %s 6, 64, 101, 60,
(Custer,139 Schwartz, Gorvin and Koletsly,140) Darling, Parler
and Jackson 141 separate cases into two categories, the first
heing the rapidly fatal cases which shovw a lack of maturation
in the granular seriss and hyperplasia of the stem cells, the
second being cases where death took place aftser & longsr period,
these cases usually showing a hynoplasis of myeloid tissue
writh the coinc’ dent apmearance of many plasma cells and lynmph-
ocytes. This is a logical way to abttack the qusstion since
the time element should be of as much importance as in any
othar dissease process. Another point that in my opinion has
not recelved any consideration is that the cases showing myeloid
hypoplasia vere recorted before the use of amidopyrine and
allied drugs and were usually of the idiopathic type and pro=-
bably of longer standing., The theory of "maturation arrest” 6
was proposed in 1932 after the use of amidopyrine had been in
vogue for some time, These casus ars for the most part rapidly
fatal, the toxic vroduct acting in greater concentrations
over a shorter psriod of time,

Jackson and Parker 138 made the following generalizations
after examining the marrow from twenty-five patients -tho died
in various stages of whal seemed clinically and hematologically

to be classical agranulocytosis. "The marrow of the vertebrae,



ribs, sternum, and mid femur were essentially the sames The
degree of cellulerity was usually normal, Rarely the femur
remaired fatty, as in the normel sdult, It vould seem that

n these instancaes deatl occurred tco soon for the wmarrow

3o

activity to spread peripherally, although this view cannot be
edvanced with any enthusiasme TIn some sternel and vertshral
marrows, varticularly in patients dying leter in the diseass,
a cerbain amount of hypoplasie existed., On the other hand in
the fulmineting cases the marrow was perhaps urusually rich
in cells, The degree of cellularity, however, varied bub
little and is, we believe, an unessential feature of the con-
dition." Loter in their article they make the statement that
in those patients who survived the ravages of infection for a
cons iderable poriod (eight to twenty days) the bone marrow
picture was scomewhet different, It was then found to be
relatively hypoplastics.

There is little, if any, disturbance of the red cell
formation. Irythroblasts, normoblasts, and nuclested red
cells occur in normal numbers and shor no abnormal features. 188

Megakaryocytes and platelets are also in normel numbers and of

El

normal character, 1°0s 190
As regards the nathology of other orsans of the body
it may be stated that most of these are secondary and due to sep=

ticemia following the loss of the granulocytes and the invasion

of bacteria inbto the blood stream. In the three cases reported



by 7isemen and Doan 7S the spleen when removed during life
shored extreme clasmetocytosis vith excessive phagocytods of grane
ulocytes, This is the only report of such a finding.

LABORATORY DATA

The use of the laboratory data is very important in
this disease sinee in many cases the differential diagnosis
can only be made through the use of continued total and diff-
srential counts,

The characteristic features of the disease demon-
strated by the use of blood counts are the marked leukopenia
and granulopenia, The total count in neerly all cases of eny
severity is below 2,000 and is usually below 1000, at times
falling to as low as 200 to 600, Lven more typical than the
lovr white oount is the even lower granulocyte count, in the
majority of cases these cells being completely absent or at
most 2 to 3 ver cent., The few cells that do remain are usually
of normal morphology 2. Beock 2, in 1933 stated that in most
of the fatal cases of this disease, the maturation factor is
absent, but the chemotactic factor is rresent, causing the
granulocytes to continue being delivered to the eciroculation.
until the supply is exhausted., But as has been stated pre-
viously most cases show a plentiful supply of immature granulo=-
cytes in the marrow, so in these cases it is probable that the
chemotactic factor rather than the maturation factor is absent,

If such is the wase then the nucleic acid derivatives should
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be effective in the treestment and are to a limited extent,
but not as much as would be exnected,

The viability of the circuleting grarulocytes during
an attack of the disease has been reported uvon by only one
anthor 18 who states that nreceding the onset of the attacls
of eyelic granulocytovenia the 1life of the cells was about one-
half of the normal time, the motility being reduced also.

Usually the lymphocytes are at first mesent in about
their normal numbers, but later in the course of the diseass
there is an absolute decrease. [0 reason can he given for
this reduction,.

The erythrocytes, in a true case of granulocytopenia,
are usually in normal numbers although later in the disease
wen there has been blood strean invesion by bacteria the
red count may fall due to these secondary fachors.

In idiopathic cas=ss of the disease the blood rlatelets are
normal in emount and formstion but in cases dve to drugs, more
especielly to henzene, there is a raded reduction,

There is insufficient proof of the toxicity of the serum
in this diseasses It has been reported that when leukocytes of
g normal rerson were mixed with the serum from a patient with
granulocytopenia, the motility was lost and some of the cells
vecame dissolved.i® This finding was not borne out in another exper=-
iment where the whole blood from two natients, one normasl end

one with the disease, was oxalated and mixed, MNo neutrophilic



destrucbion could he shown by this experiment but the motility
or viability could not be determined,

Bllod cultures are in reality of very little importence
as far as any 'movledge into the disease is concerned since
they are .ecrely secondary invaders having no direct relationship
to the disease process,

The hacteria that have been removed from the throat
and cultured have been reviewed in another part of this paper and
are also of little significance since all of them except the
Vincent's organism are found normally in that location.

SYITPTOMS

In the earliest stame of the disease the symptoms
are due to the loss of the polymorphonuclear leukocytes. Usually
by the time the patient has become 1ill enough to send for a
physician he has already undergone the first three stages of
the disease mentioned by Roberts and YrackeS, These stages are:
(1) Bone marrow onset, (2) Blood stream onset, (3) Clinical onset.
Prior to the time when the physician sees the patient the complaints
are usually fatigue, weakness, freguent headache, or fever of the
occult type, all of the symptoms being out of proportion to the
nhysical findings. Closely following the above symptoms is %the
complaint of sore throat which may be scratochy in character.
This is soon followed by ulcerations of the mouth and pherynx,
together with a fever and chill. The breath is usually of a

foul odor and the tongue is often heavily coated. In one reported



cese where routire blood counts had been done and the granulo-
cytes seen to disappear before the clinical onset the patient
seemed to wilt and become so weak that she could herdly sit up. 58
The severity of the symptoms is largely dependent uvon the degree
of diminution of granulocytes with collapse occurring in the
nost severe tyre of granulocytopenia., Following these symp-
toms delerium and come usuelly supecrvens and the patient dies
unless the therapsutic measures are effective.

The temperature ranges from 101 to 1060 and is the
continuous type.

As far as previous health is concerned a great many
of the patients give a history of tiredness or weakness,
The question is raised as %o how much of the weakness in acute
infectious diseases is due to the disease itself and how much
to the granulopenia and whether or not an inerease in granulo-
cytes stimula tes strength and energy.s' The complaints of weak-
ness, exhaustion, or fatigue are twice as frequent in the granulo-
penic patients as in t ose with normal whits counts o9

The grenulocytopenic state my be chronic or sacnte,
subacute, recurrent or cyclic, The chronic condition of moderate
leukopenia may either mesn a normel physiologic equilibrium
mainteained at a level somewhat lower than the average with no
detectable influence on the normal health of the individual, or
it may reflect a low myelocytic reserve in the marrow with

constant potential danger of marrow insufficiency and decompen=
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sation 37, The aoute fulminating type presents a crisis that
is rapidly fatel if recovery of marrow function is not init-
isnted promptly. The subacute tyne shows a more prolonged ill-
ness cheracterized by several days o fever, followed by a mode
erate, sof't, tender enlargement of the lymph nodes and spleen,
accompanied by moderate to extreme leukopsnia and a reduction
in neutrophils, The recurrent tyve of granulocytopenia may
ocour weeks or months apart 'O, The symptoms when the disease
is in progress are usually similar to those of the acute or
subacute type. The patient may die during ome of these atbacks
or may completely recover, The cyelic type shows a characteristic
regularity in which the attack can b forecast almost to the day.
17f 18 (Embleton 1%3) Some of these cases are associated with
the menstrual cycle, the fall in granulocytes preceding the
onset of menstruation, 77, 78.
DIAGNOSIS

The diagnosis of this disease is dependent upon the der=
onstration of the granulocytopenic blood picture, ths lethargy,
weaekness, malaise, headache and the throat uleerations., But to
wait for the *hroat uleerations will mean thet many patients
i1l be lost ~hereas they might heve recovered, had the diagnosis
teen made sooner., The patients are ususlly sick for days, weeks
or even months before the tynical picture of granulocytorenia
presents 1tself, during which time treatment can he instituted
and prognosis bettereds The answer to this problem of diagnosis

is more frequent blood counts upon thosepatients with 111l defined
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complaints where no rhysical signs are present. The history is
of ecual importance due Lo the possibility of the patients
having taken some of the drugs Ynon definitely to be stiologic
in this conditions. The ircidsnce of those cases which have
taken drugs has been mentioned elsewhere in this paper. The use
of sternal marrow biopsies has been stated to be of use in
diagnosing the condition,z but since the marrow varies so much
from ons part of the body to another it would seem that the
only conclusion that could be reached by this means is whether the
marrow is apnlastic, hyperplestic or normel, according to the
region from which it was teken., This one biopsy would fail to
indicete the condition of the marrow elsewhere in the body.
DIFFERENTIAL DIAGNOSIS

In differentiating the throat lesicns of granulocyto=-
penia from those of Vincent's angina, diphtheria and acute foll-
icular tonsillitis, a routine leukocyte and differential count is
nacessary tosether with smears and cultures from the ulcerated
area, In writing on the differential diagnosis between diphth-
eria and oral lesions of blood dyscrasias Gordon and Litvaxl4s
state that a complete blcod study is indicated in every case of
suspected diphtheria in the presence of any of the foéllowing:

(1) Persistence of the membrane after the administ-
’ ration of diphthsria sntitoxin,

(2) Lesions in the mouth in additi-n to those on the
tonsil.
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(3) Cutaneous snd nucous membrane hemorrhazes,

(4) Marked vellor,

(5) General glandular enlarzement,

(6) Enlargecent of the spleen.

In other diseases of an acute nature that show a leuk-
onia the white co'nt rarely goes below 3,000 and granulocytes are
usually elevated,

The aleukemic tyne of acute leukemia or acute leukemisa
in the aleukemic phase very closely simulates granulocytopenia
and the two iiseases are frequently mistaken for one another. The
findings which would point toward a diagnosis of leukemia are:

(1) Absence »r marked diminution of vlatelets., (2) Anemia of
moment, particulsrly if progrossive, (3) Hemorrhages, especially
from the mucous membhranes of the mouthe (4) XNoteble snlargement
of the snleen and enlarzement of lymph nodes, not readily sexplain-
able by adjacent ulceration and infections ! In the majority of
leukenia cases the blood smear shows a great number of immature
cells, while in granulocytovenia it is rare for yvoung forms to
make their anpearance,

The aplastic anemias must be differentiated n making a
diagnosis of granulocytonenia, In the former thsre are subcutan-
eous hemorrheges and hemorrhsges from the mucous membranes. The
bone marrov is for the most part aplastic and is completely bharren
of erythrocytes, leukocytes and megakaryocytes which is different
from thet of granulocytornenis in —~hich if the marrow is aplastic

Y ~

the ervthronoietic and mesakervocytic function is not Jdisturbve
N Y z Y OC

(o}



Other diseases which musl be considered in making a
differential diagnosis are infectious mononucleosis, pernicious
anemia in the aplastic stace, and moetastatic bone involvment,

In infectious mononucleosis the injection of forei-n protsin such
as aolan will cause an increese in the porirheral leukocytes and
in this disense the onset is not so abrupt snd severe as in
granulocytopenia,

TREATMENT

The ftreatment of this diseaze as a whcle s quite un=
satisfactory. During the first few years following its discovery
the m=jority of attention was paid to the oral and pharyngeal
lesions, but since the medical proiession has come %to the realize
ation that these are secondary, the main part of the treatment
is directed toward stimulating the bone marrow to funciion,

The first essential in the treatment of granulocytopenia
is that any drugs that the pstient has been taking should be
stopped immediately, since from 40-60% of the cases are dus to
the ingestion of amidopyrine or the newer sulfanilamide and its
derivatives,

Blood transfusion is used in nearly every case and
perhaps it is beneficisl in a fev ceses, Theoretically 2nd
practically it is of wery little use since the trouble is not
due %o an anemia, the red count ususlly being normal in all
resvects., Polycythemia hes occurres due to excess erythrocytes

following transfusion. (Griffith145) The number of wh®te cells
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gsiven to the patient are relatively fevw in number and their durat-
ion in the blood sir~em is quite short,.

In 1927 Friedmannt%0

radiated the long bones in four
cases glvirmy one to three trestments at intervals of from two to
several days, All four of the patients recovered, e suggested
using 1/20 of an erythema dose over each of the bones, Later
Friedmam!4” re-orted thirteen recoveries in fifteen nonfulminst-
ing cases uncomplicated by sepsis or pneumonia, treated exclusive~
ly by radiobtherany. In reality forty-thres cases were treated but
of thase, tenty-thres had either sepsis or onsumonia or died with-
in thirty-six hours and all were discarded in so far as evaluating
the effects of treatment was concernel, #As stated by Jackson and
Pﬁrker}41 the mortality in the unerpurgated series was 382%. Call,

Gray and Hodges148

reported & case treated by irradiation that
Mo a . 149 . a4
recovered, Taussig and Schnosebelin treated four cases by irrad-
iation with a mortality of 50%. I am not convinced that one of the
cured cases was one of granulocytonenia, The two fatal cases
tronted by them showed a rise in the white blood count srhich was
only temporery, the lsukocytes falling in numbers Soonr-afterward,
Roéntzen therapy had no =ffect unon its second administration.

-
Gager and Speertof

treated two cases successfully by irradiation,
this being the only therapeutic arent employed. The rationale of
emoloying e movn bone merrow depressant in the face of an already

depressad marrovr is not sound reasoning. A temporasry effect may

he received by so=-called stimulating doses of x-ray149 hut following
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this the marror can not resnond to normal stimuli,
Splenectomy has heen used in a fer cases4’74’75’76‘
ut in most instances the patients condition is too poor Lo sub-
ject them %o such a major proceecdure, OSufficient cases treated
by this method havs not been revorted to warrant any st-temsnt as
to its effectivensss,

Diet is no doubt a large factor in the %treatment since
it has been demonstratced that rations deficient in the vitamin B
comnlex nredisvose to leukopenia and stomatitis, 2,73 4 high vit-
amin diet would thsrefore be indicated, more or less empirically
perhaps but of some value and certainly not harmful.

The use of transfusions of blood from nstients who have

151

recovared from the disesase has been used (Farkins ) with good

resultse This is no% an indicotion of the efTectiveness of the

Py

treatment since the patients had bheen given everything else prior
to the transfusion of so~called immune blood with the recovery
oceurring at about the same time as spontaneous recovery would have
come about.

The use of yellow bone marrov extracts has been used to

152

some extent and good results reported by Marberg and Tiles who

sreated trenty cases of granulocytonenia, obtaining a rise in the

lenkocyte count within trenty=f-ur to thirty-six hours, this rise
usually being to normal ficgures,

Parenteral administration of liver extract was first

153,154

used by Foran who reported pood results by it~ intravenous
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use in large quantities, Reichl®® in experimental work with
liver extract upon rats noted the best response to occurr in ani-
mals that had been subjected to benzol poisoning. He belisvsi
the liver extract vrobably acted by stimulating the bone marrow
since the number of nolymorphonuclear leukocytes were increased
not only in the peripheral blood but in the bone marrow as well,
He did make the statement thet the results are far from start=-
ling so it is probablye thet this method of trestment will be of
little value in treating granulocytopenia,

The use of leukocytic cream has besn used by Strumial?d
with good results in the treatment of severe neutropenias, This
product is obtained by centrifuging the blood from several donors,
after it has been trested to prevent coagulation. The layer of
leukocytes is drawn off and injected intramuscularly. It is
stated that following the use of this material there is a rise in
the mumber of mature granulocytic cells in the circulation along
with considerable clinical improvement, This resnonse usually
occurrs within 48 hours following injection., The preparation of
this material is rather time consuming and expensive due to the
great amount of whole blood needed for the preparation of a few
cubic coentimetsrs of the leukocytic crean,

About the end of the last century a product known as
nuclein was first used in the treaiment of infection where the
leukoeytic response was inadequate., Vaughn and MeClintockS®

isolated a nuclein in 1893 and demonstrated its germicidal vower,
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This substance was used with apparent success, an inerease in
leukocytes heing noted within fifteen to thirty minutes following
its injection.ss'36 Huelein has been used very little in granulo-
cy tooenia but allied substances, adenine sulphate and pentonueleo=
tide have besn used to a great extent, the latter being the mein
tre~tment at the present time, Reznikoffl57 used adenine sulphate
therapy in fifteen uncomrliecated cases of granulocytopenia with
recovery in elevsn of the vatients., He noted that in severly com-
plicated cases of the disease or in aleukemic leukemia and aplastic
anemia the drug was not effective in the doses used in the uncomp-
licated cases. The dosage used by him was 1 gram of adenine
sulphate bailed in 35«40 cc, of s&line and given intravenousiy
teieds for at least three days. This dosage was non-toxioc,
McLester and Parsonsi®8 treated two cases of granulocytopenia with
adenine sulphate, One of these cases followed the use of typhoid
vaccine and quinine and the other followed quinine alone. In the
first case the resnonse to treatment was an immediate, continued
increase in white cells, The second case responded but more
gradually over six weeks.

Doan,»Zerfas, Tarren and Amesl® noted that the nucleo-
tide products would raise the raerinheral white count in normal
animals and since then there has been much work upon this phase
of treatment, In 1931 Jackson, Parker, Rinehart, and T&ylorlso
treated twenty cases of malignant granulocytopenia with intr-

muscular and intravenous injections of nucleotides, fourteen of



the cases recoverinc, The time beireen adninistration of the dr:~
and clinlcal and hematologic imprevemert wes about five days,
They believed that the nucleotides might have s definitely favour=-
able efeect on an inactive bone marrow in certain cases of malig-
nent neutrovenis, The term iractive is g-ite indefinite and leaves
a doubtf:l impression as to just what condition of *the marror is
inferred, In 1932 Jackson, Parker, and Rinehertl0l presented an
analysis of 58 casss ftreeted with pontose nucleotide K=96 with
a mortality of 29.,4%. The favourable clinical and hematologicel
response tock rlace rather sharply about the fifth day of the
treatment, irrespective of how long the patient had been ill prior
to the administration of pentonucleotide, Some of the cases were
Aiasgnosed as "malignant neutropenie", this term covering cases
followin: a septic process, although they believed the prognosis
to be the same as those of the idicpathic type for which they
used the term "agranulocytic angina". 43 of the 58 cases were of
the latter type, the mortality being 35% in this group.

The method of administratlion and dosages of pentose

188 w1y the average case of agranulo=

nucleotide are as follows:
eytosis with a - ite count beilween 1000 and 2000 per c. mme, 10 cc.
of Pentnucleotide are given intramuscularly two, or preferadly,
three times a day until the white count has defiritely risen and
young neutrophils have appeared. Ten cc, are then given once a

day until the white count has been normal for several days. In

cases which are extremely sick, and especially in those in ~vhom
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the total white count is below 1000, 40 cc, should be given per
day until the vhite count hass definitely risen and young neutro-
phils have anperred. The drug may be administered intravenously
—gll diluted in saline by the conbtinuous drin method, the spesd of
injection heings such that no untoward reactions occurr, If there
has been no response at the end of ten dsys, further therapy with
Pentnucleotide is useless,"”

Various other <ethods of therapy are the use of foreign
protein, use of leukocytic extract, and the intrevenous injections
of gentian violet and acriflavine., None of these methods are
preparetions have been of any use in the treatment of this Jisesse.
It was also thought at one time and perhans still is that the
therapeutic introduction of bhacteria subeubsneously in an attemot
to csuse abscess formation wes beneficial in that the formetion
of granulocytes would be stimulateds This method of therapy was
due to observaetions that recovery was noted following the spon-
taneous formation of abscesses, The ratiopﬁle in this therapy is
not sound, in that if infection and inflammation is needed there
is plenty to he had in the throat ulcerations, without the intr-
duction of more tissue injury.

The trestment of the throat les’ons is o” secondary
importance and the mein object is bo relieve the vain, since no
healing will occur until the level of the granulocytes 1s brought
up to ~“here the body will combst the infection, “arm saline
162

throat irrigations are used an’ Iamburger reconiiends soraying
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of the mouth and throat with a saturated solution of potassium
chlorate follovwed by swabbing of ulcerated aress and gums with a
solution of copper sulphate, 10 grains per ounce,

Operations of election whould be avoided in the face of
the disease but in cases of ompyema, ischiorectal abscesses, and
other instrnces of encepsulated and burrowinsg nus surglcel inter-
vention is indicated,

PROGHOSIS

The mortality rate in this discase has becn decreasing
since its discovery eighteen yeasrs azo, The disease wrs at first
uniformly fatal due probshly to a lack of knowledge ss to its
etiology, and to the fact tha ¥ the oral and pharyngeal lesions
wore regarded as the most important factor and the treatment
directed to this ende In 1927 Kastlin®? renorted a mortality of
95% and in 1931 Harkinsl®l reviewed the literature consisting of
one hundred and fifty cases, the mortality heins around 82%,
Rosenth3165 reported a series of trenty-six cases with a mortal-
ity of 4642%, Taussig and Schnoebelen %2 peviewed three hundred
and trentyeeight cases and found that the mortality was 75% with-
out special therapy and miscellaneous forms of treatment. This
serises included the secordary types folloring drug thersvy. In a
series of 103 cases graduated according to the scverity of the
leukopenis it was found that among seven cases which had white

counts of 2000 and over, the mortality was 16%, wheras 197 of
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those whose vhite connls were 1000 to 2000 died and of those
~hose counts were below 1000, 557% died. It can he readily seen
that prognosis hecomes worse as the'Whife count drops lower.
The above cases were treated wilth entnucleotide, —hich is at
the present %time the best method of stimulating bone marrow, so
those figures would be the most acceptable for the mortality
rate at this tims,

STMMARY

(1) The term "granulocytopenia" is used to designate
all cases of a disease characterized by the reduction in numbers
of cells of the granulooytic serieé in the peripheral blood
stream, secondary inflammatory lesions, uswally in the mouth and
pharynx, malaise, weskness and pyrexiz, irresvective of their
course and duration, but exclusive of the diseases of a malignant
nature and those affecting other elements of the hematopoietic
system.

(2) The disease is probably on an allergic or hyper-
sensitivity basis of an extrinsic or intrinsic nature.

(3) The pathology in %the bone marrow, 4s to whéther an
aplasia or a hyperplasia with a maturation arrest is shown, is
dependent upon the duration of the disease,

(4) The primary injury is possibly unon the endocrine
system, causing a hormonal imbalence, —ith a secondary effect upon

the bone marrow,
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(5) Amidopyrine and sulfanilamide and its derivetives

have been shown to have caused granulocytopenia, & preexistent

sensitivity to the drug being assumed,

(6) The treatment of choice is at present Pentnucleo=

tide.

(7) The mortality of treated cases is about 507,
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