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Section 8
- PATHOLOGY
Prepared by Averill A, Liebow, Lt, 051,, MC
The observations are'preeehted: o

1, Ina summapyroeeed‘uponlﬁhe presumed pathogenesis of the lesions.

2, Ina systemauio=oréahtby organ description, with a statistical
account of the material:available and of the changes observed in detail,

3, Ina seriés*offiiiuéﬁfations to which reference is made both in the
‘summary and in-the more deteiied-descriptions.

The actual specimens .and records which are described in “the text or in the
captions of the illustfations4 are accessible fof review at the Army Institute
of Fathology. |

| 1, SUMMARY:

This seetion is devoted to a summary in broad outline of the_changes
observed in the tissues, The known.injurious factors and the types of injury
have been summarized in table 1 of the clinical section (%H), For the purposes
of the presenu discussion, the chief effects may be stated as tgauma,lburns,and
radiation effect,

Blast and Trauma“' The blast 1n3ur1es can be brlefly dlsmlssed No section nor

even a gross. descrlptlon of the mlddle ear of any patlent is available Foci

of atelecta31s and emphysema are. observed in the 1ungo of a few patlents

(flgure l and 2) but the mechanlsm of thelr foruatlon 1s not neceosarlly blast

The other 1n3ur1es dlSplay no speclal features except that proeres31ve 1nfect10n

and nemorrhage often resulti

: ong those who, ‘as a. result of the radlatlon, suffer

from leukopenla and thrombocytopenla

“Flash burns-"' The burns are of 1nterest hlstologlcally 31nce there is evidence

that deplgmentatlon of the sklnjcan occur even if uhe eplthellum is not

completely deetroyed. -At the mergins there is hyperpigmentation. No material
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is available tO“demonstletE‘éhe histological structure of the depigmented zone
1aterally of the. hyperplgmented area, In the deeper derma and fat uhderlying
the burned tissue, edema fluld and myxomatous material appear and fibroblasts
may proliferate and macrophages infiltrate the tl°SLe " As in the case of the

injuries, infection often;occurs and there may be hemorrhage in association

with aplastic'anemia (figures»28 - 34),

Effect. of Ionizing;RadiatiOEi The action of the gamma rays and neutrons
is manifested in chenges‘enalogous to those seen intanimals after exposure to
X-rays, They are found in the skin, gastro-inteStinal tract, gonads, lymphatic
tissues and bone marrow, | '

a, vThe skin: l

Very few sections are available indicating a direct effect on the squamous
epithelium of the surface, Suggestive evidence of such an effect is |
oemonstrated in figures 134 a, b, and ¢, Here the epithelium of the surface
contains extremely vaouolated cells with collapsed nuclei, The changes beoome
progressively severe as the margin of an ulcer is approached, The pigment in
the malpighian stratum is scanty and irregulafly distributed as are the dermal
melanophores, WMitoses are not found in the basal layer, The ulcer itself has
a hemorrhagic base embedoing bacterial masses;'bThe éollagen here also has
assumed a- basophlllc stalnlng quallty. No polymorphonuclear leukocytes are
present, The blood vessels where thc derma is better preserved are dllated and
some have collars of small mononuclear and plasma cells Both the-factors of
direct radlatlon effect, and the aplastic anemla on- account of: which the Skln

may. become eas1ly 1nfeoted probably collaboratod 1n the pathogenes:s of” such;;e :

les1ons o

The epllatlon observed cllnlcally, whose 1nc1donce and dls tribution have

been described in Sectlon 5, is accompanied by extremely interesting
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histological changes (figures 138 to 148, and 175 to 177).

If a typical hair is examined microscopically = (figure 137) it is foundv;
to consist of an internel root sheath which rises from the matrix substance at
the base of the follicle by differentiation of a trichohyaline~bearing membrane
(Henle's and Huxley's sheath) from which a kenatinized shaft is developed,

In the irradiated subjects there is feilure of differentiation of the internal
root sheath*, At the same time mitosis ceases in the matrix and the connective
tissue papilla beeomes less vascular, There is then left a plug of cpithclium
at the base of the follicle resembling an external root sheath, The pigument

ef the hair now becomes irregularly distributed through thie increasingly
narrow cord of epithelium, At the same time the basément membranes, both the
external cellular comnective tissue and the intefnal clearihyaline membrane,
become greatly thickened, ’The glassy membrane, ey elastic tissue stains, is
found to be composed of coliagenous rather than elastic substance, With the
failure of the internel root sheath, the halr shaft now takes origin dlrectly‘
from the external root sneath by & process analogous to parakeratosis, The
point of origin of the shaft comes closer and closer to the surface as the
matrix substance atrophies and finally there remains only a bulbous plug of
keratin at the mouth of the follicle, The hair in the meantime has become
completely extruded, When examzned under the mlcroscope such & hair 1s found
to have a 1ong taperlng attached end* The beglnning of the decrease in calibre
correspondc to the beglnnlng of tho atrovhlc procass Startlng with the middle

of October at a tlme when cllnlcal regeneratlon of the halr is 1n progress,

.there is ev1denCe of regeneratlen Thls 1s characterlzed by the appearance

of a new zone of dlfferentlatlon of the 1nterna3 root sheath w1th 1ts typical
layers The grow1ng halr gradually pushes 1ts tlp forward to the surface

I

through the subgtanco of the old remnant of the external root sheath, Finally
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'the plug’of keratin at the mouth of the follicle is reached and penetrated by

Fay

pointed tip of the hew hair, This is keratinized directly from the
trichohyaline bearing portion of the new internal root sheath,

It is remarkable that the process just described is a recapitulation in
every detail of the usual process of loss and replacement of the hair as
described by Auburtin and others (figure 178), Usually a hair lives for 3 or
4 years and is then cast off, The process of'atrophy accompanies this hair
loss and the regeneration of the hair takes place exactly as outlined in this
presentation, with regrowth thrdugh the old external root sheath, Atrophy of
the sebaceous glands goes hand in hand with the chaﬁgeé in the hair follicle
and cannot be interpreted as a dircct radiation effect, \Sweat glands in skin

that has not been burned show relatively little change although occasionally

the acini appear shrunken and have thickened basement membranes and tiny

vaguoldted epithelial cells with pyknotic nuclei, The epithelium of the surface
of the scalp is in a much thinner layer than usual with very shbrt blunt rete
pegs, .Occasionally there is hyperpigmentation of the basal layers. There is
also in some cases an increase in phe keratin at the surface,

b. The Gastrointestinal Tract: As early as the 4th day remarkable
histological changes are observedjin the gastpointestinal tract of some
patients who had been close to tﬁe center of ihe bomb (figufes 15 - 17),

These consistvof the appearance of extremely bizarre cells, some with emormous
niclei with a coarse chromatin network and an abundance of cytoplasm, Other
cells display atypical mitoses? and tripolar figures aré occasionally observed,
In one Nagasaki patienﬁ who,daﬁe to necropsy 11 d@ys after the Edmbing,‘there
is also a largeuzope of ui¢era£ion underiain by edematous tissue. The exposed
lamina propfia and'éubmuéosé éontéin large bdctérial iasses, Polymorbhonuclear

cells are not present. Direct injury of epifhelium and leukopenia probably

~lm (8) 4
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both play a role in the pathogenesis,
In the pharymx and tongue of a patient dying on the 10th day there are

remarkable changes resembling those following X-ray irfadiation of the skin

. (figures 25 - 27), These consist of swelling of the squamous epithelial cells

involving both the cytoplasm and the nuclei, Both become vacuolated and wany
o% the. miclei become fragmented; The epithelial cells at the surface desquamate
aﬁd otheré within the deeper layers of epithelium become separated from their
neighbors and appear as brightly acidophilic homogeneous masses, At the same -
time ﬁhe epithelial cells of the surface undergo parakerﬁtotic changes, The
remainder of the wall of the pharynx displays a tremendous edema and |
1ymphéctasia, The lymphoid tissue itself, however, undergoes a remarkable
atrophy which will be described, Scattered plasma cells and large mononuclear
elements represent the only exudate in the pharynx, This epithelium ultimately
becomes completely desquamated énd bacteriai masses are found within the
areolar tissue, which itself becomes necrotic, A polymorphoﬁuclear barrier is
lacking in this lesion, |

¢, Gonads,

Even at the 4th day remarkable chahges are fourd in the tostes (figure
21), These consist of a sloughing of the germinal epithelium frém the base-~
ment membrane of the tubules, At the same time there is ah increase in the
Sertoli cells, Ultimately in patients dying toward the end of the first month
there is complete loss of the germinal epithelium and its derivatives which
ultimately become discharged from thé,lumen or undergo necrosis in situ.
(figures 100-109 and 166;167). - Similar changes have been observed in animals
folldWing massive radiétion..jOCcasionally, however, a‘germ cell remains near

the basement membrane, where it appears as a large element with a hyper-
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chromatic coarsely reticular nucleus and basophillc dytoplasm. Remnants

of the spermatids dlsp exist in the lumen for a considerable pericd of

time, The cytoplasm of these nay unite and what appear to be giant cells
may be formed, After the 5th week, in some instances, the tubules begin to
display a thickening of the basement membrane, The blood véssels of the
interstitial tissuc often display deposits of a'brightly écldophilic

¢

refractile material beneath the endothelium. The interstitial tissue in a
feow casés, particularly after the end of the 6th week, becomes increascd in
amount, This is fhe result of actual hyperplasia and not of mére compaé¢tion,
Ultlmately some tubuleg become completely hyalinized, It is remarkable that
similar changes may occur aé a result of oxtreme malnutrition, such as has
Beeh observed amdng prisoners of the Germans at Dachau, Consequently in our
studies we have concentrated ﬁpon well-ﬁourisﬁed patienps. |

In a few instances castratidn cells are found in the pituitaries
(figures 123 and 124), |

Much less striking are the changes in the ovaries (figures 110 - 118),.
Only in a few iﬁstances has it been possible to demonstrate primary follicles
in process of atresia and a decrease in the number of ova, The mogt cons-
tant finding is- that of the absence of doveloping folliclgs despite
persistence of primafy follicles. Thﬁs, with a very'f§W'exceptions,
fhere are no corpora lutea.};The.endometrium correspoﬁdiﬁgly'éhows
an absence of'é§rpusl1ﬁteum effect and appears iﬁ the resting phase
with short réctilinear glandaiand a compact stro@a of deéeply basophiliec
spindle-shaped cells, In ohé.case there was found a corpus lutéum of
pregnancy ln process of invﬁlﬁpion. This occurred in d woman who hachomé
to abortion at the fifth moniﬁ.. The fetus in this case did not apéeér to be

abnormal, The patient herself died of a necrotizing gastro-enteritis, The
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resistance of the corpus luteum of pregnancy to Roentgen—irraaiation is well
known, | )

Clinically, heavily exposed male patients have shown 0ligospermia or even
azoospermig; and there has been in the women an even higher incidence of
yamenorfhea than was prevalenf in wartime Japan,

d, Lymphoid Tissue,

The lymphoid tissue is known to be remarkably sensitive to ionizing

‘radiations and is strilinglyefPected by these patiedts, (Figures, 3-11, 50-

63, and 153-154), The earliest manifestation of their action appears to be

a fall in the peripheral lymphocyte count, This was observed to be the case

in fhe few patients who héd had blood counts within the first week, At

necropsy, even after 3 déys, there is a remarkable degree of étrophy of the
lymphoid tiSsue.: Mature lymphocytes have almést completely disappeared from

the spleen and lymphoid folilicles, 80 that nothing but the reticular skeleton
remains, The cells of the gerﬁinal centérs have by<this time also suffered necro-
biosis, ﬁeginning on the 5th day large, atypical mononuclear cells begin to
appear, both in the spleen and lymph nodes, The atypical cells in‘sbme instances
resemble lymphoblasts, Others are larger and have bizarre folded nuclei and an
abundance of ba§Ophilic'cytoplasm. Ma@y-of the létter suggest the Reed-Sternberg

cells in their appearance, . They become very numerous in some cases and may

_persist for at least 3 months, "The lymphoid tissue in most cases fails to

regeneraté completely by thé end Bfrthat'time-but in a few cases secondary
lymphoid follicles have reappeared. ‘ |

‘ In‘the spleen‘fﬁe_process-ofvregeneration is:ushéred in by a condensation
of retiéulum alqng\the centfal arteries.‘ The lymphocytes begin to appear

between the c¢entral vessel and the condensed feticulum, apparently taking

¢
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aplgin py differentiation of the latter, Ultimately 1afgevcells‘resembling
those of the peripheral reticulum appear near the center of the folliele and
the external band of reticulum becomes .inconspicuous,
e; Bone Marrow, |
1, During the First 6 Weeks.
Remarkably extensive and rapid ehanges also occur in the  bone

marrow of heavily exposed patients .even within the first week of the bombing

(Figyres 12-14, 64-84, and 155-163), There may be a total disappearance of

the typical hematopeietic_tissue usually with the exception of small islets
of erythropoietie cells which appear at first to be more resistant than the
myeloid tissues, Even at the 5th day, however, there is already evidence of
& regenerative process manifested by proliferation of small numbers of
reticulum cells which Iie within the adipose tissue, The reticulum at first
appears not to differentiate into m&eloid cells but to form chiefly plasma
cells and lymphocytes, Many eleﬁents intermediate in appearance between
plasma cells and reticular elements are present, These observations were
also hade clinically in aspirations of the sternal marrow performed as eafly
as 8 days after the bombing and a severe 1eukopehia was noted in some patients,
The platelets proved .more resistant and effects of thelr reductlon were not
apparent for at least 2 weeks after the bombing. -

Even by the 12th day, the retlculum cells may have prollferated
to a remarkable extent formlng thick septa among the fat cells.r Aga;n_'

there may be. faulty dlfferentlatlon -= into plasmacyt01d elements ln:some

,instances, however, after 3 to 4 weeks, .there is dlfferentlatlon 1nto

Le

myelocytes Th1s process may take place dlrectly w1thout 1ntervontlon of the

usual basophlllc blasts, merely by the appearance of granules in the cvtOplasm

8- (8) 8
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of cells_thatrresembie retiéﬁlum»cells but which have acduired a somewhat
coager nﬁclear membrane and largé nucleoli, The cytoplasm does not beoome
intensely basophilic dm-;{ri_g this transformation,

In a few pafieﬁtsrd§ing toward the end of the first month the
mérrow may show a focal myeloid differentiation with 1arge aumbers: in
myelocytes or in some instances thére may be a tremendous hyperplasia of the
marrow with, howeyer, e;idence of maturation deféct in that the patient
manifested a 1eukopenié clinically, Most cases, however, display a hypoplastic
marrow such as the one that has been first described, if tﬁey die at any time
before the end of the 6th week,

. Whatever the lesion in the bone marrow, patients dying before
the end of the 6th week cliniéally experience a lcukopenia, In all but one
the couﬁt had at one time fallen below 2,500 and in most below 1,000, Not
6nly the léukocytes but the megakaryocytic tissue and the erythropoietic
tissue ére involved, with a dorrésponding thrombocytopenia ana anemia,

2, After the 6th weok, | |
After the sixth week more and more of the marrow in the fatal

cases tend to show hyperplasia of myeloid cells, but there is still

_persistence of relatively énd absolutely great mmbers of reticulum cells,

plasma cells, and lymphocytes, AsAthé»marrow recovers;.polymorphonuclear
cells become'numéfous in whafev;r iésidns browghtgﬁﬁégétientd %0 mueropsy B
(usually avnecrotizing pnégmonifis or entéritis) and hemorrhage céases to
be an important;féétors.f . |
£, Indirect Effects of ‘the Ionizing Radiaﬁioﬁs;
During the,fi?éf‘six ﬁeeké, whatevervthe‘hisﬁolpgic appearance of

the marrow-(and'this-tissué is usuélly hypopiasfic) there is clinically in

9- (8) “ 9
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fatal cases a«strikingxiencopenia, and, after the second weck, a thrombo-
cytopenia and anemia, éonseouenfly.the pathologio ehenges of aplastic
anemia take place. All_snrfaces accessible to bacteria are invaded and
there is necrosis and hemorrhage, which borders upon'normel,or edematous
tissue without a leucocytic barrier, except for scattered plasma cells
end large mononuclear elements, The skin may be involved in this process
with the formation of ulcers (figures 134 and 135), Essentially similar
lesions may involve the lips, gingiﬁae, tongue, tonsils, pharynx, larynx
and trachea (figures 125-133, and 174) \The lungs become the seat of a.
necrotizing and hemorrhagic focal pneumia, without'polymorphonuclear
leucotytic response (figures 38-49, and 149-152), In the intestines
multiple small or large bulging ulcerated and hemorrhagic lesions develop
particularly upon the ileo-cecal valve (figures 85-94).

Hemorrhages were very common in bhe skin, gingivae and viscera from
the third to the sixth week, Usually there was an associated thrombocytopenia,
but the bacterial infections and the vitamin C deficiency bhat was demonstrated

in some patients were probably contributing factors,

‘General Observations.

Capacity for Prollferatlon of Tissues Exposed to Ionlzlng Radlatlon.

-Desplte the trans1tory 1nh1b1t10n of mltoses that has been observed to oceur:

experlmentally follow1ng exposure to X—rays, there is in a1 avallable

material some ev1dence of prollferatlon of cells even though 1t is at tlmes

vatyplcal Thlo is true of flbroblastlc, retlcular, and epxthellal elements

In some 1nstances the formatlon of granulatlon tissue is delayed in
the burned skin (flgure 28) but burns and other 1e51ons may heal well w1th

eplthellallzatlon, even when the bone marrow remains extremely hypoplastlc

~10- (8) | - 10
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A rapid proliferationVof tne~retigu1um cells is manifested in the . -
spleen and lymphnodes and even in the bone marrow, but in all of these

tissues they may differentiaﬂe ihto atypical cells, Epithelial cells of the

-intestine, even in heavily exposed persons, at Iy days show mitoses, but

these are often bizarre.

érythrophagia and Hemosiderosis; As in experimental auimals
erythrophagia may be observed wiphin a few de&s after exposure to ionizing
radiation, It is not known‘whether the reticuloendothelial cells fail to
dispose efficiently’of the phagocysized red ceils or whether phagocytosis
is increased. Very feu.of.the patients show an elevation of the icterus
index. Erythrophagia is constantly manifesﬁ to a moderete extent in all
reticuloendothelial tisSues within the first 6 weeks, Hemosiderosis is
especially prominent in m;ﬁ& patients after the Lth week, The hemorrhage
that takes place just before an&:during this period, with subsequent break-
down of the extravasated biood douBtleSS contributed to this.

Classification of Cases:“ On both clinical and anatomical considerations,

the fatal cases can be readily classified into three groups, deoending upon
the interval between the bombing and death. This classification is
elaborated in the maln descrlptlve chapters of thls sectlon, but may be
epitomized as follows‘ Tiiﬁfyhj ~_ _ ‘ ,

Group I (Patlents dyrngldurlng the flrst and: second weeks) Iu'this
group there was hlstologlcal ev1dence of radlatlon effects upon the skin,.
gastro-lntestlnal tract, bone marrow and gonada Wthh have not become
cllnlcally manlfest._ . i | . ’. » - , | '

‘ Group II (Patlents dylng durlng the thlrd fourth, flfth and 31xth

weeks) .In this group the radlatlon effects, partlcularly the results

-11-(8) - - 11
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of damage to the bone marrow, arc.at their h‘eigh‘p, The pathology is
largely that of aplastlcanemla dssociated with epilation,

| Group III (Patie§£é=ayi’ng-~after the sixth week): In this group the
bone marrow has usually recovered, The hair maypbe Vin process of replace-
ment, but testicular atrb‘phy. persists, Polymorphonuclear leukocytes are
present in éhe lesions (usually necrotizing pneumonia’ or enteritis) that
prove fatal; these lesidﬁs may have had their inception during the leuko-
penic phase, : _ -

Thga mn.fn sxndbemicel changes are summarized in table 1,

12°
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2. SYSTEMATIC DESCRIPTION OF THE LESIONS

~Classification: After a pfeliminary histological review, the cases were

classified according to the factors that seemed important, as follows:

A, By date of death,

The anatomical changes in those who ﬁpparéntly recelved 1arge
doses of radiation depended upon whether the patient died,
1, before the 15th day, ‘
2, Dbetween 15 and 40 days,
3. 41 or more days after the bombing.

B, By distance,

It was expected that the patients had or had not received
considerable doeas of radiation depending upon thelr position:
1, within 1500 meters,
2, beyond 1500 meters from the center,

C. By whether burns had been sustained.

It ié known that large areas of burned skin in ‘themselves
may be associated vith‘lesions in remqte organs, According
to the critefia.empioyéd.in'fﬁg4ciihiﬁai‘analysisAthepe were
patiénts: _ f:' ‘A | | : | B
1, %ithoﬁtiéévéfe bﬁrns;
2. w1th sovere burns
Throe digits are used to clas51fy each case‘accordlng to the numbors ;
vapplled to the subd1v181ons of the three main categorlos The flr t dlglt

refers to the date of" death, the second to dlstance, and the thlrd to

AU (8) 14
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whether or not the patient:Suffered burns. Thus, "212" indicates a

.patient who dies between 15 and 4O days after the bombihg, who was with-

in 1500 meters of the center, and who has severe burns. Considering
variations in shielding as well as in susceptibility, it was not expected
that the classificatios would Be sharp.,

Almost all patlents in the pathologlc studj showed some changes inter-
pretable as radiation effect, especially in the lymphoid and hematopoietic
tissues despite the fact thap some,wefe stated to be as far as 2000 meters
away; none were further remove@. Some of these may resresenﬁ individuals
hypersensitive to radiation; in others, the distance may not have been ac-
curately recorded, Most of those beyond 1500 meﬁers have some major lesions
in addition to radiatioﬁ effect. It is true that -the latter may have com=
plicated the former. In other instances, death from the main cause merely
brought to autopsy tissues that otherwise mlght have escaped the scrutiny
of the microscope,'

There are thus extremely few truly control observations, Nevertheless,
for the sake of presentlng the facts in this section with a minimum amount
of blas, as many maJor vurlables are 1ntroduced 1nto the classification as
will not overburden the tablc,s.' S ’\

The subd1v151on 1nto greups accordlng to date of - death should not be

taken to 1mp1J that the tlssues of all ﬂxposed patlents passed through these

‘"stages" although ln a general way the tendency was An that dlrectlon even

in non—fatal:gases.;‘The;generdl=greup1ng 1s,mere1y<forAconvenlence=1n_des-~

‘ cfiptionfOfpthe_typesfef_lesiens,in:persehs_dying:during-ceftain'intervals.
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The Hiroshima material-was‘found to be more suitable for analysis on
the basis of the plan just outllned for the following reasons:

1. A more contlnuous series of cases had come under study,

2. It was possible to briné together more of the early necropsy

material in the Hiroshima gfoup.

3. .Data as to distance.in the Nagasaki cases were almost always

5lacking, exéept, fo; the 17 ?atients who had been autopsied by

members of the Joint Commission. These all fall into the latest
group.

It may be unequivocally stated, however, that at least'the temporal
scquence of anatomical changes in adequately expos~d patlents in the two
cities was 51m11ar. Lamentably, exact comparison by dwstance from the
bomb is not‘possible on the basis of the material at hand.

After poorly fixed or otherwise uninterpretable cases were eliminated

representative material was available as shown in table 2. The three main

groups, based on date of death, are indicated by Romen numerals.

- GROUP I

(Pati?nts}dying'daring first two weeks)

General Remafks: In this éfage tﬁéfe'are.already,profound evidences of

radiation effect 1n the tmssues but many of. the more spectacular results
cf damage to the bone marrow such as petechldc of the skln and necrotizing
lesions of +he guns and pharynx have usually not as yet appeared. leeW1se>

epilation’ is not ev1dent upon gross 1nspect10n.

The cllnlcal data are summarlzed 1n all avallable detall (table 3)
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Table 2

Iypes of Cases from which Necropsy Specimens ave Avallable.

 Fumber S Puzber

of Cases Tyve of Cogen ' of Coases

(urrosuIma) || (With Identifying Bumbar) (Nﬁgﬂ SAKI)
||

T — Oroup L .

(Dead before the 15th day)

3 111 || Yo Durnse
Within
8 112 || Burna 1500 m. 1
1 2z || s | e ";JL_
L dee || Surng 11500 _m, SN
—  Group Li
__(Dead 15th to U0Oth doya)
58 211 || No Burns | :
v Within

5 212 |l Burns | 1500 m. 52

~ ' T Bayond

2 [ 222 || Burns 1500 m. |L e '

Group 11T ' ’
(Dead aftor LOth dey)

g 311 || No Burna| Within 6

) ' 1500 m,

& 3_!.2 Blu‘_ga 3

L 321 || ¥o Burne| Beyona 1

. ‘ 1500 m.

3 322 Il Burne 590 m “ 6

= Dota Wot Given 7
gl Grzad Total - 76
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The few recorded estimations of the white blood count do not show leuko-
penia. There are records of other patients, however, who did not come to
autopsy in whom a leukopenia{was demonstrated duringythe.first week (see
Section 6). . |

Radiation effect is manifest in striking‘changes in the lymphoid
tiésues, bone marrow, testes, and the epithelium of the pharynx and tongue.

Unfortunately, skin from sites that were not burned is unavailable.”

The three cases”ofAGroup 171 repreéent'the only necropsy material

"~ available from persons who-died within the first two weeks without apparent-

ly adequate mechanical or thermal injury. Theyvdied at a time when the
medical emergency demanded a concentration of energy upon first aid rather
than upon scientific investigation. Consequently necropsies were rarely
performed, According to Japanese medical observers, however, tﬁe nunber of .
such obscure deaths wefe larege,

Little light is cast upon the mechanism of death in thesé patients
by examination of the tissues.. Perhaps there is a very sudden and éver—
whelming bacterial invesion, with minimal tissue response., Some evidence
that this may occur is the presence of bacteria in.such tissﬁes as the
bone marrow,(figurés 82—8h) in latér sﬁages; In the cases illustrated,

however, there are massive foci of infected necrotic material as in the

lungs, intestines.or skin from which the bacteria could have gained access

to the blood st}eam.

Coas® 18




 HIROSHTMA, Table '3

GROUP I

(Paticnts dying bofore 15th day)

~19-(8)

Clinieal Sympboms
1 .
’ ]
Egs g
3 ' a”F " 2 §
43? Q 383"3' 3 O §§
' :a.d ] v d "q;g R
Sy g HE i g
=0 e 5 B g 3@33%:\3 £ &, | g
spp 28 44 3838RE 5y g 3 8
Subgroup 111 _ ’
2 & 24, M 0,8 £ £ £ 0 Yeakness, exoito-
. . . ‘ ‘ment to coma o
5 6 39 M 1.0 £ £ 0 0  Headaches, Simple s
' fracture of femuy SR
9 8 25 M 1.5 £ I 1 . 7500 £ g
< 1 - () £
-Su.bgroup 12 '
13 13 M L34 | |
35 15 M 1.0 4 L4 9500 Y
| . | £2a)
L 6 32 N 1,0 # 0 A | w7y
& 6 ,_134'17_“1,5 AE LA Sleeplessness
7 7 34 M 1,0 / 0 4 "Cerebral symptoms?, )
. I type unstated o
8 8 29 1.2 A 4 Simple fracture A?
' . . S of femur
L8 25 M L2 44 . 0 0 ‘ 5500 £ AL
- {7a)
12 .9 33 M 07 A A4 £2
-  Subgroup 122
109 2 F 2.0 A 4  Bxoited memtal = 9500 f A
| | B _ state; then coma = (8d)
19
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KEY

No notation - no information given in record.

"0 - indicates that éign or sympton was stated to have been absent,

Burns
Minor Burns
Severe Burns
WBC3
Figure in ( ) indicates day on which stated count was made.
evers
Fever to 390
Fever to uOO
‘Fever to 41°
GROUP I
(Died before 15th day)

Heart
Subgroup 111: (Withln 1500 meters; no burns)

There‘are no notable gross changes except for a few subepicardial
hemorrhages in the two'hearts of which there is record. Microscopically
in one case there’is observed edema df the perivascular tissues within the
myocardium, The otﬁer myoeafdium is histotynical. | |

There are no remarkable changes in the large or small vessels.

Sabgroup 112- UJlthln 1500 meters, burns)

Petechlae of the eplcardlum are commonLy found in. thls group._ These
represent the only grosq changes of note. Unfortunately, there is’ no des-

cription of whether'the_blood was,clotted within the chambers of the heart
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in these cases. Microscopically, perivascular edema is again occasionally

in evidence. Only once is a lesion detected in the endocardium and myocar-

"dium. This consists of plasma cell infiltration just beneath the endothe-

lial cells. A few muscle fibres in the immediately adjacent layers of
myocardium likewlse are preserved in shadowy outlines and the myolemma
COntains-a few small mononucléar or plasma cells. In other places, only
the fibrous stroma surrounding the fibres is~preserved. These changes

are not present in the deeper layers of the myocardium, Such changes have

been described in various infections, as in scrub typhus and in burns.,

~

«  TABLE L, Hiroshima
GROUP'I '
Heart
Observations : , B Subgroup
' 111 112 122
Specimens available
(Gross) ’ : 2 8 1
(Micfosoopic) 2 8 1
Epicardial hemorrhages =~ | | o R Y
Perivascuiar edema o | ? N >  o Iﬁ 2 1
Plasma or mononuclear cell 1nf11- ’ ; . 1
tration of myocﬁrdlum C
‘Thrombus in venule . o :,i : " o . 1
Plasma or mononuclear cell, 1nf11—' IR _ 1
tration of endocardium : 7
-21-(8) , 21
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GROUP I

Lungs

In most instances, pulmonary lesions consisted of atelectasis and
emphysema and edema of:the iﬂterstitial tissueé, No other lesions were
found in patients dying before the-l5th day who were not burnéd. Among
8 burn cases only once was there an aplastic pneumonia and once a focal
pneumonia of tﬁé'usual type with a rich polymorphonuclear exudate, In
this instance the marrow wﬁs,hyperplastic. Such an'individual might well
have been among the survivors if it had not been for thebburns.

Subgroup 111: (Within 1500 meters, no burns),

The lungs in the three cases exhibit no characteristic gross lesions,

Histologically, there is usually edema of the pleura and in the comnective

" tissue of the bronchovascular rays, In one instance, a few scattered hem-

orrhages are dlso noted in the parenchyme, In two lungs there are apparent
microscopically, but not grossly, focal zones of atelectasis and emphysema,

In one of these there is also a finely granular, pink staining material

in the lumina of the alveoli and the bronchioles which is interpreted as the

result of pulmonary edema., There is no necrosis, Several éf the small pul-
monary vessels- contain miﬁute organizing thrombi._ The lymphoid tissues at
the bifuréations of the bronchioles partake of the general atrophy of the
lymphoid tissues, |

There is no definite evidence of blast effecf. ‘The distribution of
the hemorrhages in the lung of the one case where they appeared is not re-

corded, Hemorrhage was found more often and was more extensive in specimens
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removed after the second week (See Group II),

Suberoup 112: (Within 1500 meters, burns).

Generally, the changes resemble those of pat'ients without burns;

.

i,e,, there are usually focal atelectasis and emphysema (figure 1) and

edema of the pioura and other intcrstitial connective tissues, Petechiae
are observed in the pleura in about one-third of the cases, The hilar
lymph nodes are stated to be small grossly in one case, Microscopically,
the lymphoid tissue in the-lungs'is very scanty, Invgddition to these
findings, however, foci of consolidation are noted in two cases and one
of thesé is found to be produced by what hereafter will be réferred to as
"apiastic pneunonia," The folléwing descriptionAis from Key No, 11 (died
8th day): |

The large alveoli have thick walls and their lumina contain large
quantities of finely granular, pink staining material and, in some in-

stances, interlacing threads of fibrin. Groups of leukocytes are found

in the lumina of the small blood vessels, It is difficult to idenfify

their exact nature, but in some instances, where the shadowy outlines of
nuclei can still be made out, some appear t0 be polymorphonuclear leuko-
cytes or stab cells, Invthe:lumina of some of the alveoli are seen clumps
of fincly granular, purple staining‘tacfefial; fhése are not qssociéted
with a cellular exudate exéépt' in the\éase‘of é few alveoli, The septa of -
the lung and the pleﬁra arefbotﬂ edematous;‘ Only small quanfitiés of fine-
ly granular black pigméht a;gzpresent within tﬁeSe structures, It is

[y

notable, however, fhat thisgpaiient‘has a hyperplastic‘bone.marfoﬁ, but
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apparently few polymorphonuclear cells are being delivered to the lesions
in the lungs.

In one instance, Key No. 12, despite the fact that the distance of

the patient is recorded as having been only 700 meters, there is focal nec-

rotizing pneumonitis, in which there are numerous polymorphonuclear leukccytes.

Burns in this individual are also found to be relatively slight.

TABIE 5. Hiroshima

GROUP I

Lungs
Observations o 111 ' 112 122
Microscopic
Specimens Available , 3 8
Focal Atelectasis and
Emphysema _ 1 6
Edema of Interstitial
Tissue 2 6
Edema Fluid in Alveoli 1
Thrombi or Emboli in
Pulmonary Arterioles 1 1
Focal Parenchymal .
Hemorrhages . 1
Focal Aplastic L
Pneumonia e S ' 1
Focal Necrotizing o -
Pneumonia with PMN . - ' 1
Additional OﬁsefvationSfiﬂ )
FocallFibrpéaseous.Nddulé -
Fibrous Pleural Adhesions - : : 30
Chon's Complex R . 1
Apical Fibrous Scar - ' 1l
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GROUP I

Splecn

General Remarks: The spleen usually is reduced in size but may be enlarg-

ed, either on account of congestion or on account of proliferation or ine

filtration of cells, The reduction in size is apparently associated with

a striking disappearance of lymphoid tissues that is evident as early as

the third day, and which may.ﬁersist for at least threé months thereafter.
After the fourth day there is in many spleens an increase in atypical

large mononuclear cells, resembling lympﬁoblasts, larée plasma cells, atyp-

ical reticulum cells or eveh Reed-Sternberg cells,

Subgroup 111: (Within 1500 meters; no burns),

The weights in two eases are respectively 65 and 135 Gm; All three
available specimens have a dark red cdlor and pulp& consistency, Little
material is yielded to the knifeAupoﬁ scraping. ~Ma1§ighian corpuscles are
invisible to the naked eye but the ﬁfabeculae are distinct,

Microscopically,‘it is apparent that remarkablé changes have oc¢urred
in the spleen, Lymphocytes have almost coﬁpletely disappeared. Tﬁe sites
of the malpighian_cofpﬁég;és are»dnly'Vaguely Qutlinedvby the whorled

s y

structure of ﬁhé~collagénou$‘énd retidulaf’tiésﬁe that immediately surrounds
the central arteridlesv(fiéﬁr¢é~3;'4; andAi), TheAsuﬁendotheiial tissue

of the latter contains a brightly acidophilic refractile material, The
endothélium itself is we;l-ﬁréservéd Ané'in many cases the mﬁScle fibres
also sfaih weil.;'Thé lﬁmeﬁLin most iﬁstanéés is patent, In the immediate }

vicinity.of these'ceqtral'vesée;s are'foundronly a  few small mononuclear
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cells. Some of the'laﬁter-as well as the nmuclei of certain larger cells,

presumably those of former gernimal center cells, are in process of karyo-
lysis and their cytoplasm has become shrunken, opaque, and granular (figure
L). Among these cells are present many apparently empty spaces. The pro-

cess appears to be one of necrobiosis and there is no evidence of phagocy-

tosis. Not a single well-preserved malpighian corpuscle is found in two

large sections ‘that are examlned. There is no apparent change in the fibre-
elastic structure of the capsule and trabeculae, At the insertions of the
latter upon the former there are deep indentations of the surface.

The histologic structure of all three spleens -is identical in the fea-
tures just described., In one case (figure 8) ﬁho died on the 8th day,

there is in addition a tremendous prolifsration of atypical cells. These

‘are irregular in shape and possess neutrophilic or basophilic cytoplasm

and usually hyperchromatic nuclei ﬁith thick nuclear membranes and prominent
nucleoli. Some resemble meture reticulum cells, Others have the appear-
ance of lymphoblasts and some are so large and so biagere as to resemble the
Reed-Sternberg cells. Many cells are found in mitosis and some of these
mitoses are atyplcal. In the-case Just descrlbed, the size of the spleen is '
not reduced Wt 135 Gm, desplte atrophy of the 1ymph01d folllcles. This
apparently is the result of prollferatlon of the atyplcal cells.v |

Erythrophagocyt051s 3nd hemos1der051s of moderate degree are.in ev1dence3

AT

in all of these spleens., ?1f} : ;;',

Subgroup 112 (Withln 1500 meters, burns)

In four of 51x caoes, the spleen was found to weigh less than 100 gm.

In one instance,. the welght of the organ was 220 Gm. Gross observations
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are as described in the preceding section. In one instance, a rupture of
the spleen with a sllght quantlty of blood in the peritoneal cavity was
found.- This patient had sustalned trauma to the head and possibly this
lesion was also of traumatlc orlgln.

-Microscopically,tthé appearahce is as in subgroup ill. Usually there
is striking atrophy of the lymphoid tissue and atypical derivatives of
reticulum cells are usually-prominent. They resemble the Ysplenic tumor
cells" described by Rich, Lewis & Wintrobe.*

Perifoéllicular and intrafollicular hemorrhages_éreAnbted in X-3 (fig-
ure 5), Brythrophagocytosis is striking in one instance (f;gure 6 and 7)
and small quantities of iron—céﬁ%aihing pigment areldemonstrated even in the
earliest autopsies (3 to 5 days) by the Prussiaﬁ blue reaction., The gene-
ral problem has been discussed in the Summary at the'beginniﬁg of this sec-
tion and will not receive a special mention in the text, In the case of
the enlarged spleed, numerous plasma cells and large spindle-shapéd or
polygonal cells containing prominent eosincphilic granules-are fouhd through-

4

out the organ.,

rRlch, A,. R., Lew1s, M. Ro, and Wintrobe, M. M., "The Act1v1ty of ‘the Lvm—
nhocyte in the ‘Body's. Reaotlon to Foreign Proteln, as establlshed by the -
Tdentification of -the Acute- Splenlc Tumor Cell." Bulletln of the Johns
Hapkins HOSplt”l, 65 311—528 1930 ' - ,
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Q TABLE 6, Hiroshima

"GROUP I

_ Spleen
- Observations ~ , 111 112 122
A~ : ‘
Specimens Available 3 8 T 1
3 Wt. less than 100 g. . 1 of 2 : L of 6 1
Rupture ) 1
_Decrease of
Lymphocytes _ 3 : 5 1
Absence of Germinal
Centers : 3 5 , 1
Atypical Mcnonuclear
N Cells - 3 6 1
: Hyaline Change in -
u Vessels ' 3
T
Heavy Plasma Cell
Infiltration : 1
Perifollicular
Hemorrhage ' _ ' -1
Numerous Ecsinoﬁhiles . - 1
j -GROUP I »
7 LYMPH NODES a 7
s ‘ Unfortunately no materlal 1 avallable from subgroup lll. The essén—
t1a1 change seen in most nodes of subgroup 112 1s dlsappearance of the
. -l‘g, mlnal centers und reductlon of the numbers of the small 1ymphoqyteso(

The retlculum of the node thus at firqt becomes conpacted, Thls connactlon

T is dcmonstrated to a remarkable degree 1n a patlent who dled on the 10th day.
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Unfortunately, the disfance is not known (figure 9, - see also figure 10).
As early as the fifth day large cells with the mérphology of lymphoblasts
or more bigzarre élements resembling the atypical cells seen in'the spleen
are suspended on the reticulum (figure 11). An occasiénai large cell is

found in mitosis,

TABIE 7. Hiroshima
GROUP I

Lymph Nodes

Observations 111, 112 122

Specimens Available 0 4 0

Decrease of .
Iymphocytes 3

Absence of Germinal
Centers 3

Atypical Mononuclear o N
Cells IR :"T'- - :2‘ B

:GROUPf I

Bone Marrow

s

General,Rémarks-: As Judged by the. appearance of femoral marrow 1n two

1qscances and conflrmed by the absence of cellular exudates in 1nfected

1e31ons, hypopla51a of bone marrow may occur as early as the 31xth day
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and probably earlier,, ‘There is already evidence of sllght prollferatlon
of reticulum and of the formatlon of pla sma-llke‘cells. Sternal marrow
shows a similar hypoplasia or by the end of the seeondrweek there may be

a focal reticulum hypefplasia.of remarkable'degree@ The hypoplasia of
marrow as seen histologicelly is confirmed also by sternal aspiration in
patients who may be assumed fo have received a considerable dose of radiat-
ion. .

In other patients, in like circumstances es to disﬁance from the bomb,
whose lymphoid tissue has become atrophic, the bone marrow under the sti-
mulus of infected burns may actually show a hyperplaéia before the 15th
day. The capacity or inability of these marrows to produce leukocytes for
delivery into the lesions is indicated by their presence or absence in ob-
viously infectedvburns or other lesionsj either condition may exist, It
may be that such patients would have been among the survivors had the burns
not occurred,

Subgroup 111: (Within 1500 meters: no burns).

One specimen of marrow (figure 12) is available from a 39-year-old
man who died on thevsixth day.(Key No. S) Unfortunately, the material is

derived from-a long bone, elther the humerus of femur, rather than from a

" source where more. active hematop01e51s usually would be in progress. Among

-

the fat cells there are small amounts of cellular tlssue, and w1dely dllated
blood vessels. Many of the cells resemble plasma cells and in the hemato-
Xylin and’ eOS1n preparatlons they have W1ne-colored, deeply stalnlng cyto-

plasm: and pyknotlc nuclel.\ Other elements are larger, 1ntermed1ate in size
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,1s dlscussed 1n Group II and‘i

between them and the large stellate elements. of the reticulum., Some
of these exhibit the phagocytic property since their cytoplasm is fllled
with erythrocytes, .Occasionaily-a cell resembling a reticulum cell is
found to have an enormous-maes'of cytoplasu and e much-folded vesicular
nucleus, These cells are not neerly as large as tne megakaryocytes and
their cytoplasm is more basophilic, Only a rare myelocyte is found, There
is nothing %hat suggests well-functioning hematopoietic tissue, |

Evidence of the insufficiency of hematopoietic tissue im this case ie :
the total absence of 1eukocytes in a small portion of burned skin (figure
28),

Subgroup 112: (Within 1500 meters; burns),

The material removed from a-long‘bone in Key No. 6 closely resembles
the tissue just described and there are likewise.no polymorphonuclear
exudates in the burn,

In a specimen of marrow from the sternum (Key 98,'fiéure 13), the resi--
dual tissue is slightly richer in cells, but their morpnology is similar,
Many plasma cells are found in long strings, applied adventitially to the

thin-walled vessels of the marrow, Unfortunately'the distance of this pat-

ient is unknown, but 1t 1s assumed that he belongs An subgroup 112

b_ In another patlent (Key lOO, flgure 14) who dled on the 12th day and

Wi 0se dlstanco from the bomb 1s agaln unknown, there is in sectlons of

shernum focal hyperp1a31a of retlculum together w1th numerous plasmacytold

~ce1ls ‘This tyoe of response termed "marked focal retlculum hyperpla31a"

kY
=

ts descrlptlon w1ll not be further elabroated

here
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In Key 11 and Key 12, stated to have been at 1200 meters and 700

meters respectively, there is hyperplasia of the marrow in the long bones

with shift to the left, 'Grantihg the position of these patients to have

been correctly stated, this occurrence represents an individudl variation.

in response., Had there been no burns these patients probably would have

been among the survivors.

..

TABIE 8, Hiroshima

GROUP I

Bode Marrow

Observations 11 112 122
Long Bones
Specimens Available 1 3 1
a. Hypoplasia 1 1
b. Marked Focal Reti-
culum hyperplasia
c. Focal Myeloid
Regeneration
d, Marked Myeloid L
Hyperplasia 2 -1
Flat Bones. S : ’}*_-
Specimens Available- .. - 2%
- a; Hypoplasia : ',,‘ l’x'
. ¥, Marked Focal Reti= . . - =~ . R )
culum hyperplasia -~ . » ‘. . ' A
¢, Focal Myeloid - . ]
regeneration. T .
de Marked-Myeloia'f
Hyperplasia
#Includes case in which distance is not stated,
-32-(8) 32
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GROUP_I

Gasfrointestinal Tract

General Remarks: The most notable changes in the gastrointestinal tract

are the atypical MltOSGS in the ephlthellal cells observed 1n the intes-
tines of certain patlents dylng before the seventh day. They closely re-
semble lesions found in anlmals. The period of time during which this
change may be observed is probably brief, It is not found in Hiroshima ‘
patients. that came to autopsy after the'seventh day. The atypical cells
apparently die quickly and are replaced, | _

| | OcceSional ulcerative lesions are found in the small and large intes-
tines toward the eighth day. éomerf these ulcers may have had their origin

as the result of the destruction of portions of the epithelium but the leu~

 kipenia which is present in some patients at this time is probably also an

importaot factor,

In one patient at Nagasaki (Key No, 175) who died on the 1ith day
after the bombing'and whbseidistance from the cemter is unknown, there ¢éan
be. seen, despite some postmortem changes, bizarre eplthellal cells at the
bases of - some of thercrypts. Other crypts -are llned by typlcal eplthellum.
Most of the cells at the surface have sloughed (flgure l7a) Focal nec-
rosis of - the mucosa and the submuCOsa has taken place. Bacterlal masses

B

line and flll some of the crypts and are found also in the superflclal parts

of the underlylng submncosa Wthh 1s tremendously edematous., No leukocytesf"i

are found in these 1es1ons, (flgure 17b) ‘;ﬂ; L :' f:f}“3/7;77'1“e

Both the dlrect effects of the radlatlon and the absence of the leu—

*

kocytlc defense mechanlsm may have contrlbuted to the pathogene51s Nf the
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lesions in this case.

Subgroup 111: (Within 1500 meters; no burns). -

Stomach: Petechiae are seen grossly in two cases., AOnly one histo-
logicél seption is available, The outer parts of the mucous membrane con-
tain very many plasma-like cells whose number decreases as the muscularis
mucosae is aporoached., Some §f the epithelial cells near the surface are
Spindle—shaped and shrunken, and occasionally their nuclei are gigantib
and hyperchromatic. Deeper in the mucosa the acid and chief cells are well
differentiated. A few very small foci composed of small mononuclear cells
are situated below the muscularis mucosae,

Small Intestiness No iesions are described grossly in any of the three

cases in this group. Micfoscopically, in two bases who died respectively
on the fourth and sixth:day after the boﬁbing, there are remarkable changes
in the intestinal epitheiium. The following is a description of the lesion
in Key No. 5 (died 6th day).

In a section of ileun fhe superficial parts of the lamina propria are
intensely congested, The epitheliuﬁ of the surface hésvin part sloughed,
That which remains-is eiﬁ:émely'irregular. Many epithelial cells are
spindie;shaped aﬁd‘séme'possess vesicular nuclei with-large clumps of chro-
matin and irregular masses of basophilic cytoplasm (figure 15 and 16). Few
small lymphocytes are left in the mucosa and there ére'reiﬁtively léige’
nubers of plasma cells together-with reticulum cellé. The'submucqéa‘is
edematous;'.Ulceréﬁion‘hAS-hot occurred. The changes in ﬁhé intéstinéé
of Kgy No°;2; died 6th &ay,‘are similar, A tripolgr.ﬁitosis is iilﬁétpgted

(figure 17).
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~ to consist of isosely arranged collagenous material which extends cutward -

Colon: In Key No. 9, superficial ulders of the large intestine
covered with fibrinous material are described, Unfortunately, sections

are not available,

Subgroup 112: (Within 1500 meters; burns),

Stomach: .Petechiae again are common, In one burned patient (Key No, 8)
there is an acute ulcer of the cardia of which there is no histological

section,

Small Intestines: A superficial ulcer and hemorrhage are found once,
There is only one case in which fhere arc even suggestively atypical mi-
toses and large bizarre nuclei in the epithelial cells (Key No, 11).

Large Intestines: Superfidial ulcers {histological sections not avail-

able).are described in one case, All of these superficial ulcerative le=-
sions are'found in patients dying on the seventh day or later,

GROUP I

Liver

Subgroup 111: (Within 1500 meters; no burns),

Grossly, in all three cases the organ is of the usuai size.
Microscopically, the cells appear finely granular and display no fatty
changes.' The nuclei of séme,of the cells near the pericentral vein are

large and hypérchrdmgtic; The central ends of the hepatic cell "cords are

" narrower and.the sinusoids here are more widely dilated than elsewhére.‘lIn

=11 thfeelinstances the walls of many central veins appear to be thick and

in strands amcng‘the cell cords (figure 18), This change is interﬁreted'to
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- TABLE 9. Hiroshima

GROUP I

Géstrointestinal Tract

Observations 111 112 122
Stomach
Specimens Available
(Gross) 3 8 1
(Histologic) 1 7 o]
Petechiae 2 3 1
Acute Ulcer 1
Plasma Cell Infiltration 1 1
Atypical Epithelial Cells 1
Small Intestine
Specimens Available
(Gross) 2 8 1
(Mi.croscopic) 2 5 1
Ulcers and Hemorrhage 1
Atypical.Epithelial Cells
and mitoses - 28 1
Petechiaev . 1
Large Intestine L :
Specimens Available 1 8
Superficial Ulceis . 1 1% -
Additional
Ascariasis 2 3 o
*Gross Only . - Do o , K -
#*#There is also a Nagasaki case with similar changes in the epithelium
together with uleers of the intestines.
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be the result of edema, The Kupffer cells are not strikingly enlarged

nor do they contain unusual quantities of pigment.

Subgroup 1123 (Within 1500 meters; burns) .

A common feature is the abéénce of fatty»ch;nge° The cytoplasm of the
hepatic cells is finely granular, There is.slight congestion of the sinus-
oids‘at(the central ends; The significance of this is difficult io assess.

TABIE 10, Hiroshima

GROUP I
Liver
Observations | | 111 112 122
Specimens Available - X 3 8 1
Giant Nuclei in Peri- :
central Hepatic Cells 3 1
Central Congestion
~ (Slight) 3 8 1
Edema of Periesentral ,
Connective Tissue - 3
Heavy Plasma Cell Infil- ;
tration of Portal Zomes: - i U0 .o oo o]

 GROUP'I - ¢ B

. " . Panereas’

. General Remarks: :‘There are no'gross or microscopic lesions in the pancreas.

B () R |




GROUP T
Kidneys

Subgroup 111: (Within 1500 meters} burns).

Hemorrhages are observed.benéath the mucous membranes bf the pelvis
in two instancesj; otherwise, there is nothing remarkable grossly in the
three specimens available, |

Microscopic: Except for evidence of cloudy swelling of the epitheliai
cells of the convoluted tubules in two cases, there aée no significant
changes., The blood vessels do not contain fibrinocid or hyaline material,

iIn the sinusoids of the cortico-medullary junction in‘one section
(Key No, 9; figure 19) there are remarkable collections of small and large
" mononuclear elements, Some are small and:have‘almost sphericgl, deeply
bésophilic nuclei and scaﬁty remnants of basophilic cytoplasm. These re-
semble small lymphocytes., Other cells are much larger an& have relatively
greater quantities of deéply hematoxylinophilic cytoplasm, The nuclei of
such cells often have:coarseiclumps of chromatin, Such cells resemble
blasts,  Mingled with these are véry large cells which lave large masses
of neutrophilic, at times vacuolated, cytoplasm that encloses a small
flattened or bean-shaped nucleus.‘ Such cells resemble macrophages. Occa-
sionalLy some of the large basophilic elements appear to bg attaéhed to
the wall and hére tﬁey are f1a£. They give the impressién‘of being endo-
thelial célls in process"of<becqming{détached:and roﬁﬁded, iOgdéSionally,
a cell ié_ﬂdund'iﬁ @iﬁésig.fiThéréiéreno,éélls!amonéjtﬁééé ﬁhét have the
appeafénpé Ef matﬁfevh¢rmgbl§é£$;"Théfgﬁiégaiéguﬁé evideﬁéeléf specific
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gramulation of cytoplasm to suggest that these groups are meylocytes.
Their significance is difficult to assess, They‘have\been noted in oﬁher
conditions, as in scrub’typhus*.

Subgroup 112: (Within 1500 meters; bﬁrns).

The usual gross deséription is that the kidneys are pale and slight-
ly swollen, Usually there are minute hemorrhages beneath the epithelium
of the pelves and microscopieally, the evidence of cloudy swelling is
striking. In two instances, (Key No. 11 and 12) the peculiar mononuclear
cells found in the cortico-medullary sinusoids are agaiq visible (figure
20), 1In one ﬁgtient whovhad severe burns (Key 11) there is a very heavy
plasma cell infiltration about the glomeruli, These cells occur also in
large numbers elsewhere in the tissues of this pafient, as in the spleen
and even in the heart.

TABLE 11, Hiroshima

GROUP I
_ Kidneys
Observations 111 . 112 | 122
’ Speciﬁens Available _
(Gross) 3 8 0]
’(Microscopig)v - L 2 e
Hgmofrhagés’bf Pelvis;f;lf ' -2 :6_ 1
Cloudy éﬁelliﬁg..; "_‘; - ) 2 T
Smali’an@ LargeVMonéaucleéf Cells -
in Cortico-medullary Sinusoids 1 -2
Heavy'glasmé géllixnfiltigtion ‘ 1"'

#Allen, A, C., & Spitz, S., "A Comparative Study of thé Pathology of Scrub
Typhusv(Tsutsugamushi_Disease)_and other Rickettsial Diseases". Am.J.
Pathol., 21: 6032681, 19L5S.
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GROUP I

Ureters and Bladder

There are no remarkable changes in the ureters or bladder.
GROUP_T
Testes

Subgroup 111: (Within 1500 meters; no burns).

Grossly, the tubules string out easily. There are no apparent

changes in the size or consistency of the testes. Descriptions are avail-

‘able in two cases. That of Key No, 2 follows:

Microscopioally, even a@per four days, there are striking changes.
The germinal epithelium has largely sloughed from the basement membranes.,
In these memhranes, there are now masses of Sertoli cells which in some
places form an almost continuous sheaﬁh. Spernatogonia are largely in the
lumina of the tubules.' A few cells are found in mitosis”and there are re-

latively few spermatids and spermatozoa (figure 21) Many spermatogonia

and their derivatives have pyknotic nuclei. The interstitial tissue, which

-

is not hyperplastlc, consists of large vacuolated polygonal cells replete
with flnely granular brown plgment. The rete testls contains not only

spermatogoa but remnants of thelr precursors that have sloughed away in

various stages of necr051s (flgure 22)

Subgroup 112.1 Oﬂlthln lSOO meters, burns)

In one instance, Key No. 7, the changes are entlreLy analogous to
those descrlbed 1n Key No. 2 1n subgroup lll. In another case, Key No. 12
the tlssue 1s poorly preserved but no deflnlte mlcroscoplc changes are

detected.
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gROUP I
Ovaries

Subgroup 112: (Within 1500 meters; burns).

In one patient,‘aged 13, who may be assumed not to ha&e passed the
menarché, there are nuﬁerous primordial follicles énd-small follicular
cysts but no developing follicles nor corpora albicantia.

A1l of\the patients in subgroup 111 are male,

GROUP I
Brain

Subgroup 111: (Within 1500 meters; no burns).

Descriptions of two brains are recorded in the protocols. Both show:

striking congestion of the vessels. In one, there are superficial contu-

i}

sions and hemorrhages in the occipital and temporal lobes and the cerebro-

‘spinal fluid is blood tinged. This lesion is probably of traumatic origin.

Histologically even the Purkinje'ceils are well-preserved:“Neither cellu-
lar exudate nor gliosis is in evidence,
TABLE 12, Hiroshima
GROUP I

Brain

Observations | L 111 12 122
WMV

Specimens Available | S

(Gross) 2 | 7

(Microscopic) - o 2 | 5"
Congestion ° - - | 2 | o .
Multiple Contusiohs o
with hemorrhages = | 1
Edema of pia , 2
Capillary hemqrrhages . 1
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. GROUP I

Adrenals

4

General Remarks: Even in the early cases there is evidence of a decrease

in the cortical lipoid.. In some instances, the cells of the zona glomeru-

losa. have become atrophic and edamatous collagenous tissue extends in the

»thickened septa among them, Little change, except for the loss of lipoid,

is detected in the adrenals. There is no alteration in the structure of

the medula.

Subgroup 111: (Within 1500 meters; no burns).

Gréssly, the medulla is’descfibed as relatively narrow in one instances
Otherwise, the structure is said to be typical with an abundanée of lipoid
ﬁaterial in the cortex. _

Hicroscopically,'in the fifst case'of this subgroup (Key No, 2, died
hth day) there is evident a striking atrophy oflthe cells in the zona glo-
merulosa, Edematous collaééﬁous méterial extends inwardé from the capsule ,
into this layer. The nature of this changé is similar to that of the peri-
central tissues of the liver (compare figure 18). Thelremainder of the
cortical cells also show rélatively,little vacuolation and have finely granu-
lar‘cytoplaém. -There ig abundance of fine brown pigmept in the reticula-
ris.\ The medulléry substance is preservéd in its typical histology.

In another case, which is not otherwise unuéﬁal, fibrinous material

has appeared in the septa of the areolar tissues that traverse the peri-

adrenal fat.

Cee®) | k2




TABLE 13, Hiroshima

GROUP I
Adrenals
Observations | 111 112 122
Specimens Available 3 : 6 1
~ Atrophy of cortexit 1 3 1
Fibrinous material
in peri-adrenal fat , 1
Heavy plasma cell ) :
infiltration _ 1

Hyaline change of
capsular arterioles , 1

#Usually with special involvement of the zona glomerulosa.
GROUP - I
Thyroid
In material from one case in subgroup 111, no_changés are detected
grossly or microscopically.
GROUP I
Parathyroid ’
One parathyroid from subgroup 112 is found to cbnsistvalmost entirely
of chief cellSlOf'typicél appearance.' -
' GROUP I
Subgroup 111: (Within 1500 meters, no burns)

Pituitary: - Only one section is avallable (Key No. 2 Lhth day).

Despite poor fixation, it can be established that there is predominance
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of\acidophilic cells among the~chrompphiles,'which is to be expected in
a 2l-year-old man. |

Subgroup 112: (Within 1500 meters, burns).

Two specimens are‘availéble, one from a female and the other from
a male, In both of these there is a predominance of acidophilic cells,

Thzmus

“Subgroup 112: (Within 1500 meters; burns).

' Interpretation of changes in the thymus élways is difficult but the

aﬁpearande of the organ in a 13-year-old boy dying on the third day is

compatible with that of the lymphoid tissue (Key No. 1, figure 2l). The

connective tissue is edematous, The lobules of parenchyma consist of stel-

‘ late reticular elements supporting small cells'with ovoid nuclei which like-

wise have stellate proceéses. Small round cells indistinguishable frdm
lymphocyteévare rare.’ Occasional mononﬁclear cells with eosinophilic gran-
ules indtbe cytoplasm also are occasionally found, Hassal's corpuscles ﬂ
are numerous but small, They are anuclear at their centers in most instances,
and .some have become calcified,
In other specimens from this group, according to the gross descriptions,
almost total atrophy of the organ hésidccurred.
o o GROUP I
| Neck Organs
Remdrkable ;hanges_have'occurred in the epithelium of the pharynx,
tonsils;‘tongué and esophagus, in Key No. 98, Unfortunately the
distance aqd exposﬁre:of this patient are unknown, All that is known

of the clinical history is that he suffered trauma and burns, It may be

presumed from the appearance of the lymph nodes (figure 9) and of the
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sternal bone marrow (figure 13) that é massive dose_of ionizing radiations
was received.

In the pharynxvthe;epithelial cells héVe begome'remarkably swollen,
vacuolated and gragmented, as have their nuclei, Much of the epithelium
has become deséuamated. The conngctive tissues are tremendéusly edematous
and'there is wide'lympﬁectasié.‘ Scattered plasma cells and large mono-
nuclear cells.occur in the aréolar tissue, The lymphoid tissue has become
remarkable atrophic here as elsewhere. .

In the tongue the eiithelium consists of tremendously swalen, bizarre,

epithelial cells, with no definite.cell boundaries, The nuclei of many

‘have become multi-lobed and within each lobe there is a prominent nucleolus,

Micronuclei are present in some large cells, The cell boundaries are no
longer distinct. Some cells, however, have become sepafated from their
neighbors and appcar as refractile homogeneous acidophilic masses.. Thick
layers of parakeratotic material are present on the surface., In the con-
nective tissue underlying the epithelium thgre are dilated lymphatics and
small closely crowded spindle shaped fibroblasts,

The epithelial cells lining the crypts of the tonsils show changes
similar to those seen iﬁ the pharynx, Hefe élso are vesicular nuclei con-
taining multiple knots of chromatin. There is remarkable alteration of the
lymphoid tissue which is represented largely by compacted, spindie—shaped
elements of the reticulum, upon which are suspended only a very few mature
lymphocytes. The tonsillar substance has not become necrotice

There afe remarkable changes in ﬁhe esophagus, The squamous epithelium

at the surface in many places has been replaced by a purple staining ‘dull

-L5-(8) - b5




'General Remarks

necrotic material,” Only the éwollen remains of a few squamous cells cén
still be distinguishéd. In the immediatcly underlying tissue there is
edema, but no leukocytic infiltration, The cdema extends among the bundles
of striated muscle at the upper'end of the organ,

Discussion: Thesé changes in the tissues of Key No, 98 undoubtedly re-

present radiation offects, They are analogous to the changes in the intes-

tine demonstrated in figures 15 - 17, In this case, however, there were no

atypical epithelial cells or mitoses in the‘stomaéﬁé which represents the
only portion of the gastrointestinal tract available in histologic prepa-
rations,

Unfortunately, skin unaitered by thermal burns is not available from
this case nor from others with similar exposure in Groﬁp I, In Group II
one portion of skin near an ulcerative lesion is atypical, but the éhanges
are not the same as those described here (see figures 134 a, b, and c,),
The findings represent the effect of deeply penetrating radiations,

In sections of thé tonsils‘from another case, subgroup 112, Key No, 4,

dying on the 6th day, there is no necrosis nor are there-epithelial changes

of the type just,ngbti@é&f' As in;other lymph01d tlssues of Koy No. 4, how-

ever, there ‘is atrophy and ”1cal large mononuclear cells are numerous,

Necrosis_hds -not occurred;’

The materlal avallable con51sts only of burned skln, there 15 ‘none -

that has been subJected to the actlon of gamma rays alone
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Examination of slightly burned skin shows that depigmentation is
not necessarily associated with destruction of the‘epithelium. At the

margins of such leéioné there is hyperpigmentation of the basal layers.

The tissue response to the burns in most cases is aplastic.-

Subgroup 111: (Within»1500 meters; no burns).

Ina section from a small burned area from the skin of the face, re--
ﬁarkable changes have occurred (figures’Zé‘and 29). The epithelium has
completely sloughed. On the homogeneous, dull pink-staining masses of
cocci. Some of these occur in islets as much as 1 mm below the surface
and one clump is present in a bundle of smooth muscle (erector pili),
Squamous metaplasia has occurred in the ducts of ﬁhe‘sweat glands., There
appears to‘have been actual proliferation of the cells, many of which are
laréé and irregular with tremendous vesicular nuclei. The acini of the
sweat glands themselves show remarkable shrinkage qf‘the epithelium and
irregular thickeniné and compaction of the basement membrane, in some
cases with partial collapse of the écinus (figure 29). ‘Nowhere is there
a leukocytic infiltration in the vicinity of the bacterial masses, In
one small portion of ihg;Surfaéé:aEﬁéry'thin 1ayer>of squamous eipthelial
cells remains, Thesefé@lis.are/gréétly_éﬁglleq;1sqme.are,ﬁuitinucleated,
and in some instancés-?hélvgsiéularAhuﬁleicontainverf prbﬁihent chroma-
tin knots. The loose tiésué;;t~a diétance from the surf§§e in séﬁe places
contains increésed nﬁmbéré»éf iargé cells'whiéh qré fpuhd or stelléteiand
Which.in some p1aceé ére sﬁrfouhded ﬁy fibrin_or m&xqmatdusimateriai.

They are tﬁougﬁt‘tO‘be‘histiocyteS}drffibroblaéts.f Some of these elements
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are present deep within the subcutaneous tissue.f These changes are
ascribed to thermal effect but what direct role radiation played is diffi-
cult to assess,” The evidence of indirect'effect of the ionizing radiations
is‘thé total absence of leukocytic response to the injury and to the bac-
teria that are seen in the section, |

Subgroup 112: (Within 1500 meters; burns).

Skin: In a section from another case with large burns' (Key 3, died
Sth day, figure 30), the myxomatous, purple staining material among the
collagenous fibres of the deeper layers of corium is remarkable, as are the
large basophilic cells withiﬁ it, Some have the granules of mast cells,
The tissue response appears to be largely monocjtic.' One vessel is found
to have a necrotic wall and a lumen fillgd with a thrombus consisfing
largely of fibrin (figure 31).

Where the burns are more superficial and there has been less destruc-
tion of skin, the changes are étriking not only in the fact of the minimal
leukécytic response but also in the nature of the pigmentation (Key L, died
6th day, figure 32 - 3L). ‘In that portion of the skin which has been. more
severely burned, the epithelium at the surface is necrotic.and contaiis
pyknotic nuclear remnants, perhapé of polymorphonucleaf cells and lérge
mononuclear phagocytes. Very few leukocytes are present in the adjacent ‘
corium and the deeper.lying perivasculaf tissue, At the ﬁargins of the
denuded area there is a large zone of depigméntation, vacuolation and
disarray of the squamous epithelial cell%. Farther away, the epithélium is

relatively well-preserved and its basal léyers have become hyperpigmented,

" More laterally still, there is a much less pigmented zone but there is
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again evidence of a more'deeply penetrating burn, The zone of hyper-
pigmentation corresponds to that seen grossly in many clinical cases (see
Section 5)., In this particular case, however, there has also occurred
some injury peripherally of this zone which precludes complete interpre-
tation of the gross appearénce. These observations indicate that complete
destruction of epithelium is unnecessafy for depigmentation to occur.

Even when a polymorphonuclear exudate is present, éé in two patients
whose marrow was hyperplastic, the response is not as vigorous as would be
expected in normal individuéls. This suggests a relative insufficiency of

the marrow despite the hyperplastic appearance,

TABLE 1li. Hiroshima

GROUP I
Skin
(Burns) ’
Observations 111 112 122
Specimens Available
(Microscopic) = - Q}*l::‘if'/flﬁ o ;f>b3 5i  6
Aplastic Tiésue ReSpbnseuyfﬁf,:ill'Eii 'fii:<l’f}-f,f- )
PMN in exudate - o0 ot Co o T T g
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Q GROUP IT
(Patients dying during 3d, 4th, 5th and 6th weeks)

General Remarks: In this group changes characteristic’ of radiation such

as cpilation, testicular atrophy and particularly the effects of damage to
the bone marrow, despite attcmpts of this tissue to regeherate, are at
the acme, The pathology is largely that of aplastic anemia, Petecchiae
are present in almost all patients, often together with necrotizing gin-
givitis and pharyngitis, A4l1 surfaces to which bacteria may have access -
skin, mouth, pherynx, bronchi and lungs, and the gastrointestinal tract -
become the scat of foci of ‘necrosis accompanied by hemorrhage, but with

. plasma cell or mononuclear letkocytiC‘response, if any, This in large
measure is the result of leukopenia and thrombocytopenia, When bacteria

;.-> gain access to the tissues they produce necrosis which aoes;not sparec
the blood vessels; consequently hemorrhage is fufther increased, Hemor-
rhages, however, occur apart from evident infection in such orgahs as
the kidney,

The clinical observations in the group of patients from Hiroshima

are. summarlzed in table 15 a. and b Herevalltthree sufvival groups are

: compared The hlgh 1n01dence of hemorrhaglc and necrot1z1ng lesions in
’Group IT 1s obv1ous ‘ These observatlons are epltomazed in table 1 of the
summary of thls sectlon - ‘

In Group II the mlnorvvarlationsAlnduced by dlfferences in exposure

receive llttle dlscuss1on 1n the text but are’ summarlzed in the tablea
The severe burn cases dled chlefly durlng the flrst two weeks followlng

the bomblng.
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Tabla.lﬁa

’1'Pa$ient§'coming to Necropsy

Clinieal Date

Group I Group II Group III
C1ll) 112{ 1229 211) 212f 222 31l1| 312y 321| 322
- Toval Number. 3 & il 58 5 2 g 1 L 3
Male 37 o %6 sl 1 1 3 2
Fomnle of 3 oy . o iff . o i 12
Well Nouriched 42 L 1 W oo 0 0
" Poorly Hourished 16 1 3 5 gt h 3
Burng hEoen gL el TQ0 tvE| wep wayl 3] mey
Mecharleal Injury 3 1 33 5
HBeuneee & Yomitiaz '
on_day of bonb 2 W 12
Toilatieon - o o o sof 1 6 il 1
i Purpurs 0 ) 381 1 2
“Yleers or Abgcesaes '
of Skin 0 3] 3 X
_ ' o ’ i
Gingivitie (211} o 0 37 2
Gingivitis (necrotic) £ 0 3
- Pharyngitia ox , :
Tongtliisis {s32) 1 52 3
Pherynzitie or ) -~
Topaiilibin LUEerobic) o 0 5
i
Disrrben (all) ¥ 5 wooek o3 n 3 1
’ §
Dierrhea (Homorrbege) (AN T AT N | I 2
i { . H :

*G1light

LR € ey mn
RESevere
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Toble 15D @

Patients coming to lecropny

Clinical Datae " : -
Group 1 Group 11 Group 111 b
111 112 122) 211} 212| 222 31 32| 321| 322}
Bplatexis 6l 3 1 -
Rectal Hemorrboge 1
Yoginal Hemorrhege 2
Hemoptyelo [ 1
. To 39°0 1
Fever
(Meximam) | Po kOOC i A 2 3 1
4090 2 6 1 2
w@!ﬂpa .
Unstated & e 17 “ 1
0= 8500 _ 20 : 1
WG — v ,
(Lowest £03~1000 6 2 1
recorded - ,
count) 11001-1%00 2 2
15012000 L
| 20012500 , 1
£501~3000
3000 il 2 1 2 1 *
] 0‘3 2 3
BRBC 1,6=2,0 ) - ' | o
(Lovest _ | €
recorded| 2.0-2.5 : 9 ‘ 1 o
count)
2'6“3".0 5 1 >
3.1-3.5 6 ; R
%06 5| 3 3l 2 \

=52(8) S 52



@

: leslons. "’;" e ;f@;;,"'¢ , ,"'~ ,; -

GROUP IT.

Heart

P

Epicardial hemorrhagesfare usnally present (figure 35) and occa-
sionally there are_hemorrhages:beneath the endocardium which may occur in

the neighborhood of the conduction bundle (figure 36), Fluid blood which

does not clot upon standing is frequently found in the chambers of the

heart, Perivascular hemorrhages in the muscular layer are occasionally

present and there is sometimes edema of the perivascular connective tissue,

- as observed in the specimens from the earlier deaths, In five instances,

there is seen immediately beneath the endothelial tissues lining the cham-
bers an exudate of plasma cells sometimes mingled with or predominately
composed of small and large mononuclear cells. These may also be present
in the myocardium, as shown in flgure 37. In two cases there is evidence
of previous #rheumatic! disease., |
GROUP II
Lungs

General Remarks: The. characteristic 1esion in Group II is that of focal

necrosis’ of the lungs centered upon mlnute bronchloles. These'lining mem-=

'branes themselves have become necrotlc and there are surroundlng brllllant

red zones of hemorrhage. There are usually almost no ]eukocytes 1n these ]

~

Subgroup 211;

Generally the parenchyma 1s translucent and. edematous and the septa

_are thlckened and gelatlnous as shown in flgure 38._ In some | 1nstances
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TABIE 16, Hiroshima

GROUP IT
Heart
Observations o . m 212 202
Specimens Available
(Gross) ‘ 55 5 2
(Microscopic) ' L9 5 2

Epicardial Hemorrhagesx | 33 3
Endocardiél He@prrhages* 6
Fluid Blood in Chamberss ‘ 8 2
Perivascular Edema ' N
Perivascular Hemorrhages :

of Myocardium . 7
Focal Necroéis of Myocardium 1 1
Plasma:or Mononuclear Cell
Infiltration of Myocardium 1 1
Thrombus in venule 1
Plasma or Monomuclear cell .. .
Infiltraﬁiqn\of eq@qcardinM' 7 1

© Additional Diagnoses |
Chfé@iéﬁ&éﬁfﬁcéﬁsﬂEndocéraiﬁis | 2
,*quséﬂdiééhoSis a
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dull yellow, gray or gray~greon fooi of necrosis predominate (figures
39 - 40) but in others, hemorrhage may be the outstanding feature (figures
41,‘42, 43). But in each case a minute focus of necrosis is visible upon
gross inspection near the center of the lesion, Even tuberculous lesions
may be surrounded by massive hemorrhage at this stage (figure 44) so that
vigilance is necessary in gross interpretation, The pleura is usually
the seat of hemorrhagic extravasatiou, - The following description of. (Key
No, 21, figure 45, Also, see figure 46) applies to most of these cases:
There is a striking degree of edema of the pleura and peribronchial
and perivascular tissues, The parenchyma shows lérge foci of ne-
crosis which aro situated about the bronchioies, whose lumina'are
filled with a finely granular, pink staining material .containing
large clumps of bacteria which have coccol form and which take the
hematoxylin stain, fhe_lining membrane of these bronchioles has
-become completely necrotic and only a portion of the basement mem-
brane is still recognizoble. In the vicinity of these bronchioles
the shadowy remnants of alveolar walls can be seen but in some
places even'those are,oot visible, 'The alveoli aré filled with
fibrin;énclosiug numerous érythrocytes but no polymorphonuclear
leukocytes'are fouhd Occa31onal large mononuclear elements with
hagocytlzed, flnely granular brown plgment are scattered throughout
the tlssue ‘ - \ |
In some cases the alveoli contaln relatlvely few. er&throcyteg

'but relatlvely more amorphous aCldophlllC substance, and fibrin is
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a prominent featﬁre:(figure L7). Large blood vessels at the level
of section are not obstruoted by thrombi., In some casesvthe lesion
has a focel distribution so that certain bronchiocles are lined by
oerfectly preserved epithelial membrane. Oceasionally a few poly-
morphonuclear leukocytes are péesent (figures h8'and hé};

In several instanees,ethe walls of minute vessels were found to
be involved in necrosis of theladjaoent tissues (figure 49). This may
be a source of bacteremia.

In the few instances where there is a heavy polymorphonuclear
exudate in the lungs, the bone marrow is found not to be hypoplastic.

GROUP IT

Spleen

, General Remarks: Usuelly the malphighian corpuscles show various degrees

of atrophy whlch is sometlmes extreme, occasionally with all of the features
manlfest in Group I as late as the 18th day after the bombing (figures 50 and
51). Atyplcal large mononuclear cells are frequently seen., In some, how-

ever, there are early ev1dences of regeneration (figures 52 - 56), The re-

generatlon is of a remarkable type and appears to be associated with a con-

densation. of syncytial spindle-shaped reticulum cells ‘upon the recently al-

_most naked central arterlcles of the malpighian corpuscles. Occasional

mitoses are- found among these reticulum cells. ©Small lymphocytes are seen

"in close assocmation with them and perhaps are derived from them, They apf

pear both between the syncytlum and central arterioles but,also 1n’e halo
externai}yvof the former. in-Some.instances, among the central groups‘of
lymphocytes there are tiny knots of large cells with more abﬁndent cytoplasm
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TABIE 17, Hiroshima

GROUP II

Lungs
Observations - 211 212 222
épeéimens Available 57 ; 5 2
Focal atelectasis and
emphysema. 1 1.
'Edema of interstitial '
tissue only 1
Edema fluid of alveoli 1
Focal parenchymal hemor-
rhages and edema 1la 1
Focal éplastic'pneumonia 32 1
Focal necrotizing pneuménia
with polymorphonuclears 3 2
Focal tuberculous pneumonia 1
Fibrinous pleurisy N 1
Fibrinopurulent pleurisy 1_ |
Hemorrhage in pleura1 cavi£y X
Serous effusion - A 2
:Asca"rfis'f_ in"pieﬁgra_, R 1
Additional Diagnoses.
Fibrous pleura;.adhégiéhg N 13 1
‘Healed tuber#uléﬂs;fbéi}: if 6 |
Organizing tﬁbérgulqﬁs;" pleurlsy 1
Tuberculosis of hllarlymph nodes 2 R

a. Six of these patients had severe ulcerative enteritis and five
others necrotizing tonsillitis. ‘
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like that of the germlnal center cells in typical lymphoid follicles,
They become more promlnent Ain the third stage (after the 6th week) .

Such cells resemble those~of the ring of reticulum at the periphery but
are more rounded, They are particularly well seen in figure 56,

TABLE 18, Hiroshima

Generel*Remerks.‘ The typlcal features of the 1ymph nodes in thls stageo*-»'

GROUP II
Spleen
Observations ) - 211 Y 222 |
Specimens available 51 5 . 2
Perisplenic adhesions | L
Decrease of lymphocytes |1 3 - 1
Absence of germinal centens- ' h9 ]
Atypical mononuciear cells : 13 2 2
Heavy plasma cell infiltration T
Infarct ’ | l 1 ]
Regeneration with perifollicular z
condensation of reticulum 8
GROUP II }
Iymph Nodes N .?
|
}

‘are dlsappearance of the small lymphocytes and germlnal centers and dlffuse o _ i
inflltratlon of the node by atyplcal large mononuclear or. plasmacyt01d ele- ' ?
: ments. In two 1nstances, the nodes are greatly enlarged on account of the ;

large numbers of these cells~ usually the nodes are small or of the usual size.
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Germinal cehters afé only farely preserved in the nodes., Usually
there is disappearance ﬁotuonly of the germinal centers But elso of the
typical small 1ymphocytes, The bare reticular skeleton found in some of the
earlier cases only rarely'oersists as such as.late as_the 3rd week (fig-
ure 58); usually there are many atypical large cells; some resembling lym-
phoblasts, (figures 59 and 60), some with plasmacytoid characteristics and -
others represenfing very biéarre polymorphous de?ivatives of the reticulum,
(figures 61 and 62) occasionally with the morphology of Reed-Sternberg cells.,
Tﬁe last méoﬁioned are well seen in Key No, 28 (figure 63). In the Giemsa
stains, the cytoplasm of tﬁese cells is deeply basophilic. There is no rem=-
nant of tybieal lymphoid tissue in the node, 1In some places the reticulum.
cells have proliferated and there are elements intermediate between bizarre
monoruclear cells with folded nuclei and the elements of the reticulum,.
Plasma cells of all sizes also are present, In the Fiemsa-stained pre-
paration numerous pypical eosinophiles and many large basophilic elements
with irregular granules are present. These correspond to msstAcells.
Spindle shaped elements resembling the more typical rounded mast cells are
also found, PR

4» GROUP II

Bone Marrow

. General Remarhs-— The tlssue avallable 1s unlque s1nce relatlve y'little is.

known concernlng the effects of 51ngle mas31ve doses of 1on1z1ng radlatlons
L &
to the whole body upon the bone marrow 1n man. The remarkable regeneratlve

capa01ty of the marrow fo]loW1ng such an exposure is apparent in- thls materlal.

‘.

| -59-(8) 59




C

0“‘!‘"

Y

T

]

' TABLE 19, Hiroshima
GROUP II

Lymph Nodes

Observations = . - 211 212 222
' e ==
Specimens Available 39 2 o1
Marked enlargement of nodes 2% 2 1
Decrease of Lymphocytes ' . 36

7

Large Nodes composed of typlcal
lymphocytes, but without germinal

centers . T 1
Absence of germinal centers 36
Germinal centers present 2

Atypical mononuclear cells 25 1 1

_Additional Observations
Tuberculosis o | 2

Bacterial masses in node, with
necrosis , 2

#Key Numbers 22 and 23,
There is ev1dence of4d1rect transformatlon of reticulum 1nto myelocytes

w1th ellslon of the basophlllc blast stage, and 1nto plasma cells or

,lymphocytes, as descrlbed by Rohr Detalls of the structure of

depleted "gelatlnous" marrow are woll shown as are the earllest stagﬂs

_of regeneratlon withlpithls tlsoue. Er,'je }L{*i"_isir ‘

;;*Rohr, K Das menschllche Knochenmark selne Anatomle Phy31olog1e und

Pethologle nach Ergebnissen der 1ntrav1ta1en Sternalpunktlon 286 pp,

Berlin, G, Thieme, 1940
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Grouping of the Material: In patients dying between the 15th and LOth

days after the bombing there is increasing evidence bf the capacity of the
marrow to regenerate despite the extreme depths of hypoplasia to which it
may fall. Theré is proliferative activity on the part'of the reticulum
cells which appear to differentiate into plasmacytoid—égd lymphocytoid ele-
ments as well as into blast cells or myelocytes, In many of the marrows of
this g?oup, the differentiation, if any, is predominantly in the first two
directions, These marrows may be grouped according to phe degreé and ty?e
of regeneration as follows:

A. Marrows showing marked hypoplasia.

B. Marrows showing marked focal reticulum hyperplasia,

C. Marrows showing focal myeloid regeneration,

D. Marrows showing marked myeloid hyperplasia,

These groups will now be discussed in turns:

Type A. Some marrows éiill retain the almost totally aplastic character
éxhibited in the first stage, with only minimal evidence of the prolifer-
ation of reticulum and of the formation‘of varying numbers of plasma-
cytoid and lymphoid cells, .This process is observed sven in the ribs, stern=
um and ierpebrae (figufeé éﬁ;and 69). in-some inStéﬁcéé the reticulum begins
to form thin septé Of-proliferéted tissue émong»thé rat>éells. There is some
Fvidenéeof diffgrehﬁiationjinto plasma_cells andilymphocyteé, or rarely and_
to a very slight‘éx;ent"ingb5ﬁyelpid_eleménts. Somg-of the réticqlum celis 4
tend to'roﬁnd’upvahd to#bgcéme divorced from theif;fellbws;while the ﬁuclear~

membrane becomes thicker and knots of chromatin become more prominent in

" some of the larger cells, The chromatin tends to clump at the périphery
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and all transitional stagssscén be demonstrated between such elements and the
typical ovoid plasma cells on the one hand and the reticulum cells on the
6ther;(figure 68). vInfmbst of the aplastic cases the megakaryocytes have
almost completely‘disaspearedAof they ma& be represented by small stellate
elements with very vesicular nuclei snd acidophilic cytoplasm about which
fibfin tends to be depbsited. Islets of erythropoiesis, however, often
persist despite extreme strophy of the remainder of the tissue (figure 69).
In some instances, even they have all but disappeared (figure 51). Clini-
cally, these pafients'all have a profound leukopenia aﬁd a moderate or
severe anemia (see table 15b),

ije B. In‘anothsr type, ﬁhich differs only quantitatively from that
just described, there is a striking focal hyperplasia of the reticulum and
plasmé cells and»lymphocytes may also be prominent in the cellular populst-
ion. There may also be the earliest evidence of differentiation into mje-
loid cells. In part the marrow is hypoplastic but elsewhere, particularly
near the trabeculae of.bohe, there has occurred tremendous proliferation of

large stellate cells, whose nuclei vary somewhat in morphology (figures 71-

7h and 76-79). Many are large and ovoid in shape, with thin nuclear mem-

branes and delicately reticular chromatin, Others have somewhat thicker
nuclear membranes and more prominent knots ¢f chromatin. Despite the ste-
llate shape of the associated cytoplasm these resemble the nuclei of plasma

cells and there are also founded large cells whose genéfalrmorphology is

Aplasmaqyt01d and some that resemble lymphocytes more than plasma cells,

(figures 73 - . A few cells with scanty basophlllc cytoplasm, thick
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nuclear membranes and prominent nucleoli also are present which are

thought to be blast cells (figures 7L and 79). They are felatively few,
In Giemsa-stained smear préparations some cells are found to contain the
fine violet-staining granules of undifferentiated myelocytes, Metamyelo-
cytes are extremely rare, Evidence for the origin cof ihe myélocytes
directly from the stellate geils of the reticulum is the presence of cells
transitional between the two, which contain very few granuies (figure 75).
The basophilic blast cells are rare, There are a few mast cells with
prominent basophilic granules closely resembling those of the lymph nodes
of this case., A few small islands of erythropoietic tissue also are found
during the examination of this section (figure 6lj). There are also some
large and small cells with complexly folded nuclei (figure 63). Many of
these have the morphology of meéakaryocytes, but some of the smaller are
intermediate in appearance between these and reticulum cells, |

Bacteria are found in two cases, streptocci in one (figure 82) and
thin elongated bacilli in the other (figufes 83 and 84)., 1In the latter
there is nécrosis of the tissue. _There isbno leukocytic infiltration in
either instance, This tissue was well fixed shortly after death, These
cases demonstratéithe occur;éhee of bacteremia, ﬁhich pfobably-was common
terminally in association with thelleukébéﬁié. ’ |

To somé, the>£remega;u%tfocaljhypefplésiaAof;réticuium ce1ls that ﬁay
occuf has'Suggéétéd'the‘appéérance of "reticulo-ehdothélioéis" brlléukemia.
In that instance, involvement of tﬁé 1ymph4podes or other tisSues rich in

reticulum cells would be expected§l In 2ll cases wheré‘"Type B" marrow was
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encountered, however, the Kﬁpffer cells of the liver showed little else
than a moderate degree‘of erythrophegia and hemosiderosis and there was
no unusual proliferation of these or similar cells., In one case, Key 22,
some cf the nodes were markedly enlarged and contained‘numerous atypical
1arge~ﬁononuclear and reticular cells. These, however, did not differ
ffom the similar cells of the spleens and nodes of many-ether patients in
whom the bone marrow was -notably hypoplastic, - Unfortunately norleukocyte
counts are available in’Key 22 but there appearsAto be differentiation of
the reticulum into myeloid tissue, despite elisien of the blast stage., It
seems preferable to regerd'this reticqlum merely as hyperplastic tissue,
little differentiated, but without obvious neoplastic properties.

A single case of leukemia'of monocytic type occurred amoeg the 14,000
odd cases seen in the tWO-CitiGS.V This case is presented in Group III,
Page 107, Appendix 1, (Section 8).: |

Typerc.' In a thifd type, definitely myeloid tissue comes to predomi-
nate iﬁ‘small foeci where-regeﬁeration is in pfogress. Here there may still
be evidence of proliferated reticulum and excessive numbers of plasma cells
and 1ymphocytes are stlll present. Mye101d hyperp1a31a in thls instance is
focal Megakaryocytes appear in 1ncrea31ng numbers. There is no sharp
tran51tlon between.the marrows of th;s type and of Type A and B.

Oc0331ona11y, 1n the Nagasakl serles, e051noph11es, mature and 1mma-tf

"ture, are promlnent in marrews of thls type, partlcularly 1n Group III

;';'.

(Patlents dylng after the 51xth week).‘. h
Type D.; In the fourth type, seen rarely at thls stage, the hyperpla-

sia is extreme and the fat cells arée hardly v151ble amld the mass of
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myelocytes, and in some 1nstances metamyelocytes. The cytology of
this marrow does not differ essentlally from that of Type C, except for
predominance of the more mature cells.

The last two types become predominantlafter‘the sixth week (see dis~
cussion of bone‘marrow in'Group iII), where illustrations will be found.

Comparison of Tissue from Various Bones: Cell counts of bone marrow

smears made at autopsy areisummarized in table 20, and in the chart (figure 8hLa)
fhey are grouped according to ciassification of histologic specimens.
Thus, by reading the chart horizontally, the cytology of the various bones
in a particular case can readily be‘compared.v The columns read vertically
show variations in the counts for any particular bone from case to case.

A common feature is the great increase in the reticular and lymphoid
tissue, largely at the expensebof the myeloid; The erythroid tissue also
has suffered decrease but the reduction is less in comparisorf with normal
values, | |

The femur takes partiin.the regenerative process along with the flat
bones and in some instanCeS'byperplasia, reticular, or other, in the femur
is extreme.}_Usually the smears from:the flat bones conform to the his-
tologlcal structure of the long bones, 1n a few 1nstances there 1s relatlve-
1y more mye101d tlssue in the former.> Smears even from long bones, however,
show the same contrast w1th flxed tlssue, probably because the - free cells
are more readlly y181dud to the glass than the retlculum. : _.

' Of all flat bones the sternum shown the earllest regeneratlon and

the greatest cellularlty but occas1onally even the femur exceeds the
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sternum (Key 43, flgure 84a)

In drawing conclu51ons from this mmterlal, both in histological and
smear preparations, it must be remembered that one is dealing with very
sﬁall, possibly unfepresentative; portions of the entire vast body of the
marrow,

Relation of Leukocyte Counts to the Hlstologlcal Structure of the Marrow:

Reference to Table 15b will show that in all but one of the 39 patients

in Group II on whom leukocyte counts have been recorded, the count had been
2500 or less at some time'before death and in most of these patients it was
Beldw 1000, This leukopenia has no relation to the type of marrow found at
necropsy, |

Maturation defects: In certain instances, there is striking evidence of

maturatibn defect, for despite diffuse myeloid hyperplasia, peripheral counts

‘may remain remarkably low, The history of Key No,_108 is detailed as an

example:
This 29-year-old man was at distance of 0,7 km, in Zone 1, near

segment 4, He was outdoors a few paces from a concrete building,
He was struck Byaa falii@g roof which inflicted slight injuries of the
head and neck, 1There ﬁas nausea on 6 August_and on the same day he
vomited bétWeéh'ZCﬁénda?O'times Malaise began on 6 August and last-

~ed untll the lOth, accompanled by anorexia, He again experienced
malalse beglnnlng with 21 August until time of death, Anorexia ap-
peared~4_day§jafter the second onset of malaise, There was epilation

and éingiYiiis*on121;August, which persisted, The“gingivgé began to
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bleed on 30 August. On the 25th there began‘purpufic manifesta-
tions and ther; was evidence of tonsillitis the same day. Both of
these symptons lasted unﬁil death on 1 September. There-was high
degree of fever between 2L Augdst and.time of death and there was

ES

cough and sputum beginning on the 25th, with a hemoptysis on 30 August{

LABORATORY DATA:. RBC Hgb WBC
2L August » | 3.95 78 370
26 August - 5.6, 80 1150
29 August : o L4219 = 65 200
30 August . ‘ : ) : 220

The urine examined on 29 August, was positive for albumin and negative
for sugar, No statement is made coﬁcerning,sediment.
Sections of marréﬁ in fhis patient, derived apparently from a cavity of a
long bone, are of Type D, showing vascular adipose tissue crowded by very
large numbers of young myelocytes. Mature polymorphonuclear leukocytes
and even stab cells are rare, There is an occasional megakaryocyte. Oc-

casional ceL}s are Tound in mitosis. A few small cells of shrunken nuclei

thought to be normoblasts also are found, Other important lesions at nec-

ropsy were petechiae of 'skin, epilation of scalp, focal négfdéis of pharynx,
tongue, tonsils and!larynx, necrotisiﬁg gingivitis, an,ébsceSS in the région
of the right ﬁandibular”joint! necrotizing anq hemorrhagié-aplastic pneumonia

minuté hemorrhages. of gastrointestinal tract, trachea and:renai=pelvis.

Rising Counts:. Q¢Qésioﬁa11y, however, patients who had héd anprdfound leu-

kopenia manifésted,affise in counts to approximately 5000;'béfore death,
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This is demonstrated infkey No, 86, (subgroup 211), At the time of the bomb-
ing, the patient, an. 18-year-old girl, was at home in bed at Kawaramachi,

situated in Zone 1 near 7 of the Joint Commission Map, approximately 800

" meters from the hypooenter; . She was injured by glass fragments which

entered both upper extremities, the left submaxillary region, the back and
the left knee joint.’ She became unconscious et the time, Since then the
wounds progressed favorably. Or 20 August, she noted epilation and suffered
dierrhea. Suddenly in the night of 30 August, there was high fever, accom-
panied by severe sore‘fhroat.' She was admitted to Iwakuni Naval Hospitel
on 31 August 1945, >OnnthiS'dete the WBC numbered 960 per cmm, on the next
day 620, then they fell-deily,lto a minimum of 100 on 5 September 1945,
After\thar the count gradually increased to 480, 1680, 3200, 4980, Her
general condition, however,‘worsehed and she died on:9 September,

At necropsy the bone marrow showed a moderate focel hyperplasia.with
myeloid dlfferentlatlon (Type C), The other findings included epilation
of scalp, scattered petechlae of the viscera, atrophy of the lymphoid
tissue and a necrotlzlng focal pneumonia,

The flndlngs 1n Key 117, (subgroup 211) whero the marrow is of Type A,
were . 81m11ar, the count rlslng from 200 on 5 September succe881vely to 5900
on 15 September, tho day before the patlent dled L -

' Tnls rlse in count 1s much more frequently recorded 1n patlents dy1ng

later (Group III) for they are able to res1st uhe ultxmatoly fatal 1nfcct- B

ions” for a~longer-t1me 0bv1ous1y, moreover, many patlents 1n whom the

: marrow, after a perlod of depross1on, became capable of produclng a 1eu~

kocyt0s1s recOVered and escaped 1nclu31on in the autopsy series,
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Summary of Pathologic Changes: The available material consists of sectiops

of tissue from either a Ibng or flat bone, in many-instqnces supplemented
by smears stained by the Giemsa or Wright-Giemsa methods. The subolassifi-
Qation is by the four types as oresented in thg preceding paragraphs.

If a flat Bone is available, the case is classified according to the
histology of that bone, If only material.from a long bone is at hand, the
case is classified according to its histology but additional information,
derived from examination of supplementary smears from the rib, sternum or
vertebra, is applied, |

' InAsome instances,'neither marrow tissue nor smears are available.

In that case, foci of necrosis in the lung, intestine or skin are examined

‘to determine whether polymorphbnuCIear leukocytes are present, This indirect

classification is employed with reservation since even hypérpléstic marrow
may deliver remarkably few polymorphonuclear cells to the tissue in these
cases., ,

The various categories are made mutally exclusive, without overlap.

Bone Marrows, GROUP II, General Summary: The findings may be summariged

by. type as follows:

Typé“A;f Most marrows:;re extfemely hypdplasiic buﬁ-shOW'proliferat-
ion of réticulum, o L

Type B; In;some'there?is a égfiking»focal h&perplaéia 6f:the reti- -
culuﬁ;' | . »v

_Type-C. Othefs.manifest focal differéntatiob 6f'myeloid tissué.' -

.Tyﬁe D._ In some-theré'is a very striﬁing'degfee'o£,myeloid hyperplasia.
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TABLE 21 Hirosﬁima
GROUP II

Bone Marrow

Observations

21l

212

222

Long Bones
Specimens Available

Type A:
Hypoplasia

Type B:
Marked focal
Reticulum hyperplasia

Type C:

Focal myeloid regeneration

Type D:
Marked myeloid hyperplasia

27

18

Flat Bones
Specimens Available

Type A:
Hypoplasia
Type B:

Marked focal
reticulum hyperplasia.

Type 0; '. .

Focal myeloid'regenération;'\

TyPéD:" :

22

10

Marked myeloid hyperplasia;,i'

‘No Marrow

‘Tissue .Response aplastic

PMN in Tissue -

11
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In all of these histological types there is an absolute and relative
increase in reticulum and plésma cells, which is very striking particular-

ly in the Type B marrows. In almost all patients dying between the 15th

and LOth day, there was at least a temporary profound leukipenia clinically,

whatever the histological'type,of the marrow at necropsy. In some there is

evidence of a maturation defect.

GROUP II

GéstroiﬁtestinalfTract

Hemorrhages and>ulcsrétion ocour very frequently in the gastrointes-
tinal tract in pafients dyihg between the 3rd and 7th weeks, The tissue
response is usually aplastic.»

Petechiae are almost constantly present in the stomach. They areb
most numerous on the side of the Magenstrasse but oecur also in the re-
mainder of the mucous‘membrane (figure 85). The necrotizing lesions are
usually surrounded by small and large extravasations of blood. Ulcerative

lesions are most freqpent in the large 1ntest1ne but they may occur anywhere

" in the gastrointestinal tract. At times the necrosis is dlffuse. A strik-

ing example of thiS'is found in Key 21 (flgure 86) where almost all of the
mucosa ofvthe stomach'has-bsoome greatly thickened and where the;surface
has assumed a dull gray—green lusterless apoearance which borders w1thout
visible transition upon the typlcal pale p1nk translucent membrane.. The
necrotlcrmaterlal 1s;underla;p by thick edematous and'hsmorrhaglo:mucoSs._
Histologically slsost—no po1Ymorphonuclear cells are found (figureo87);but
there are numerous plasma cells in-the lamina propria. Among these‘there

are also splndle-shaped elements whose ‘nucleus resembles that of the usual
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plasma cells but whose cytoplasm is an elongated mass like that of a fibre-
blast. At the neck of the glands are found numerous mitoses of the epi-

thelial eells. Most of these are in metaphase and they do not appear to

“be atypieal. At the veryfsurface-of some places there has been nesrosis

\
and hemorrhage and in some places the necrosis extends halfway to the muscu-

laris mucosae, Purple-staining bacterial masses exisb in the superficial

portions of the necrotic tissue. No leukocytie barrier delimits the latter.

 The submucosa is greatly thickened by edema and here ere present very large.

- stellate cells, presumably fibroblasts. The bundles of the muscularis are

also widely separated by edematous connective tissue, Irregular hemorrhages
euist also within the submucosa and~here near the muscularis mucosae, there
are scattered lymphocytes, plasma cells and rare eosinophiles.

In the large intestine, the necrosis may also be diffuse (figure 88)
but tue lesions usually'are,discrete. The region of the ileo-cecal valve
is almost invariably involved (figures 89 - 92). Theue is usually a pro-
jection of edemateus and hemorrhagic.tissue into the lumen of the bowel l
rather than a cauity. The projecting mass is covered by an opaque yellow
or ,gray-green materlal and is surrounded by a halo of hemorrhage. Histolo-
glcally the tissue response is usually agaln aplastlc (flgure 93) or 1arge-
ly of the plasma cell type (flgure 9h)

Only 1n L 1nstances are 1arge numbers of polymorphonuclear cells

found in: the exudate at the base of the ulcers of . the 1ntest1nes. 'Most

>of these patlents d1ed toward the middle of September when the’ marrow was

'experienc1ng a con51derab1e measure of return of functlon.
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TABIE 22.

Gastrointestinal Tract

GROUP IT

Hiroshima

Observations 211
~ Esophagus

Specimens Available ,
(Gross) 58
Ulcers 2
Petechiae 2
Leukoplakia 1
Stomach

Specimens Available _
(Gross) 58
Petechiae 36

Diffuse necrosis and hemorrhage 1

Ulcers and hemorrhages b

Plasma cell infiltration 1
Small Intestine

Specimens Available
(Gross) 58
Petechiae 19
Ulcers and hemorrhégesi}:“ 7
Large Intestine = -

Specimens Available -
(Gross) = - 58
Petechize = .. . .- 1
Ulcers and hemorrhages ' 26
Additional ' '
Ascariasis 16

Chronic ulecer of pylorus 1
Perforation (agonal) of cardia 1
Scars of ileum 1
Absence of appendix 1
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- GROUP IT
Liver _ .

General Remarks: Contrary to gross descriptions of the Japanese

pathologists, fatty change is rarely encountered in this stage. It is éresent
only in 3 cases. Necrosisvalso ié rare, occurring oniy once in periceﬂtral
and once in periportal position. When present, the 1esions.are widely scat-
tered throughout the ﬁarenchyma.’ The exudate is scanty, has itself largely
become necrotic and consists largely of plasma cells (figure 95); In one
instance, some of the large intrahepatic portal veins are the site of pyl-
ephlebitis, There is no evidence of Ascaris in the liver in this case

but there are focal necrotizing lesions of the intestine.

Slight central congestion is again frequently observed és in Group I
and there is occasionélrthickening of the walls of the.central Qeins. Large
nuclei are also occasionélly observed in §uch hepatic cells as are at the
central ends of the cords;

| GROUP II
Pancreas

Lk

General Remark8° “No 31gn1flcant changes are seen in any pancreas that was

seen grossly nor in the 25 that were 1nspected mlcroscoplcally.
L arovp I
 §;i Kidney |
Perirenal and pelvic hemorrhages are extremely éommon in Group 1I.

Hlstologlcally these con31st merely of enythroqytes dlssectlng.loose con-

nective tlssue beneath the eplthellum and pe1v1s, without admixture of

other cells (figure 97). Occasionally, the hemorrhages are diffuse (fig 96)-
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TABIE

~‘Liver and Gall Bladder

23, Hiroshima

GROUP II

Observations 211 212 222
Specimens available 55 l 1
Perihepatic fibrous adhesions 3
Subcapsular hemorrhage 1
Giant nuclei in pericentral and

hepatic cells h
Central congestion 2L 2
Edema of pericentral connective 8 1
tissue o :
Edema of periportal connective 2
tissue L
Focal Fatty changes - Periportal 1 2
Midzonal 1
Irregular 1
Focal Necrosis .- Periportal 1
-Pericentral 1
Pylephlebitis 1
"Hyaline bbdiés" in:cytbﬁlasm" 1
. Gall Bladder.

Petechiae 1

Additional - . -

4Hepétoma_ - 1
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and occasionally the ufeter and bladder are involved,

Glomerular hemorrhm (figure 96) | arc demonstrated less frequently
under the microscope than seem to be present grossl&. They are found in
about 10 per cent of the kidneys of individuals dying during the second

stage, Grossly such kidneys have the flea-bitten appearance found in acute

}glomerular nephritis, The nephrons in these cases, however, ﬁerely show

hemorrhage into the subcapsular space and tubules, There are no notable

" prolifecrative changes in the glomeruli, Often a fow minute scars are found,

within and about which plasma célls and occasionally large monomuclear
cells represent the only elements of a cellular exudate, The cells par-

ticularly of the proximal convoluted tubules often show evidence of cloudy

swellihg,uhich in association with anemia accounts for the pale appearance

of most of thése kidneys. In one instance, there is a hemorrhagic éyelone-
phritis associated with a similar lesion in the prostate,

The atypical large mohonuclear cells found in the medullafy sinusoids
in kidneys of patients in Group ij occurred once in this series (figure 98),

GROUP II

v Urgters and Bladder

General Remarks:’ In7fUﬂn:instances,'foéal hemorrhages are found beneath

the mucous mémbréné offthe.ureters, Suchhlesidns also occur in the blad-
der in three cases, in another_tﬁe process is diffuse (Key No; 30, fig 99)
and in a fifth there was:diffuse hemorrhage associated with an acute nec-

rotizing eystitis,
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TABIE 24, Hiroshima

GROUP II
Kidney
. Observations } 011 212 222
Specimens available 56 5
Hemorrhages of peivis . 33 b
Cloudy swelling o 13 1
Glomerular hemorrhages _ 6
Hemorfhages in pyramid> : 1 1
Hemorrhagic pyelonephritis 1
Scars of Kidney 17
Abscesses (with PMN) 1
Atypical large mononuclear cells - 1
‘in sinusoids
Additional
Leiomyomata of pyramids 1
Double pelvis and ufeter‘ ) 1
“ ' GROUP II

" Prostate and Seminal Vesicles °

General Remarks:' The hémorfhagic pyelonephritis of the patient méntioned'
previously is asépciated ﬁith a'necrotizing and hemorrhagic<1esionvof the
prostate, A fewAieuchytes éhiefly éf the stab cell type are present with--
in the latter, but they:gfe verj rare in the kidney, |
The seminal‘vesibleé éhow no changes except fhat in one instahqe the
. S ) ~

contents histoiogic§lly_are noted to be an acidophilic material containing

almost no spermatozoa.

-78-(8) ‘ 8




w

(2

GROUP II

In all 36 of the available testes in this group of L6 male patients
there is atrophy. Since the effect of inanition ** is weil known, an
attempt was made to detérm;ne from the records whether or not the indivi-
dual was malnoufished. ‘This usually war recorded in the grosé description
by the Japanese pathologists or coﬁld be determined, when severe, by in-
specting.the‘subepicardial, subcutaneous or perirenal adipose tissue in
histological sections. vElevsn patients were diagnosed as slightly or se-
verely malnourished; thé>ofher 25 were in a good state of nutrition,

Only in oﬁe case 1s there a notable reduction in the size of the tes-
tes (figure 100). Histqlogicallj all show sloughing of most or all of the
germinal epithelium away from the basement membrane, which now is lined by

a continuous layer of tali-Sertoli cells, Partly necrotic remnants of ger-

minal epithelium and its derivatives are seen in the lumina of the tubules

(figures 101-103).  Spermatids and spermatozoa may, however, remain embedd-
ed within the Sertoli cellsb(figure 103). There is occasionally found near

the basement membrane orbin.thé.lumen a:large ovoid cell with a hyperchromatic,

¢Testes of patlents from the German prison camp at Dachau under study by -
Captain E, B, Wert at the Army Institute of Pathology show all of the changes
described in this section. These 1nd1v1dua1s welghed in the nelghborhood of
80 pounds at the time of death.

Most of the irradiated patients had only a short bout of high fever be-
fore death 'so that this could hardly be considered a factor in the atrophy
of the testes and noe have the generalized lesions of typhus fever, 4allen
& Spitz, in a recent article (Am, J, Path,, 21: 603-681, 19h45) describe -
testes in their scrub typhus patlents that resemble those illustrated here.,
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densely re£icular nucleus whigh‘from iﬁs morphology is thought to be a
relic of the germinal epithélial cells (figure 105).

Occasionally there occur in the lumina of the tubules what appear to
be multinucléated giant cells. Inspection of such material seems to indi-
éate that these are formed by fusioq of the cytoplasm f remnants of sperma-
tids. Successive stageé are shown in figures 106 - 108.’ This fused mass
then may become molded inﬁo a rounded ball in & manner somewhét analogous to
the formaﬁion'of corpera amylacea., The nuclei of .such “giéht cells" have a
‘dull, homogeneous, non-reticular staining quality unlike that of viable cells
(figure 108). |

The basement membranes of ﬁhe tubules within the first § or 6 weeks
usﬁally remain thin But aré seen to be slightly thickeried in a few instances
(figure 107). In one malnouriéhed boy of 8, there is a remarkable thicken-
ing éf thé basement membranes of the tubules iﬁ the immafufe testes (figure
109). The epithelium, whose exact nature is unknown, is well preserved, The
| fate of heavily exposed non fatél cases will be of great interest. The
small Bldod vessels of the 1n£erstitium sometimes show deposits of a re-
fractile acidophilic material1beneath the apparently unharmed endothelium,
with considerable reétriction of the lumen (figuré 102).
| Even before. there is'a marked shrlnkage of the tubules there may be an
increase in the interstitlal eplthellum. Thla occurs uncommonly but is evie
dent in flgures 103 and 10L.- It is apparently the result of actual hyper-
plasia of this tissue_rather thanvcpmpaction. | o |

Associated.éhagges inftﬁe hypbphjsis‘are discussed létér in this

report,
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TABIE 25. Hiroshima
' GROUP IT

Testes

Observations g om 22 222
Well Nourished Patients ‘

Specimens Available. 25 1

Atrophy of germinal eplthellum 25 1
and derivatives

Thickening of basement meme L -1
branes of tubules

Hyaline changes of blood 7
vessels
Hyperplasia of interstitial ‘ 2

tissue

‘Malnourished Patients

,Specimens Available 11 ' ‘ 1
Atrophy of germinal epithelium 1n

and derivatives
Thickening of basement membrane I

of tubules
Hyaline changes of blood ves- o

sels : el 1
Hyperp1a51a of 1nterst1t1al ' .i - » : |

tissue : : o -
Hemorrhagerf‘tunica albpginea 1

| GROUP IT

~ Ovaries and Uterus

Generéi Remarks: LittleAsuitable material is available. There are sections of
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ovaries in 10 of the 12 fehale patients éf Group 1I, Of these, 3 are of
postmenopausal and 2 of prémenstrual age, The latter show numerous undevel-
oped follicles -and some in process of atresia, In the former theré is cbm—
plete involution. All L ovaries ffom-npn-pregnént Wémen_in the functional
age group have in common the presence of corpora albicantia and primary
follicles, without developing follicles or corpora lutea. In some instances,
the primary follicles inva young woman are remarkably few and many of those

that are left may be seeq\in‘the process of atresia (Key No. 119, figures

V 11L and 115). In some instances the ova have become shrunken (figures 111

and 112) and nurse cells may form a compacted ball in the center (figure
115). The endometrium of all ﬁhese cases is in the "résting phase" and the
simple glands are 1ined by columnar epithelium that shows no evidence of
corpus luteum effect, nor do the elongated spindle-shaped cells of the endo-
metrial éiroma (figure 113), |

One patient, Key No. 61, aged 39 years, who had been in a Jépanese

"house at 1,1 km and who subsequently became epilated, died apparently on

account of ulcerative enteritis shortly after she aborted a S5-month fetus.

The exact date of the apparently spontaneous abortidn is unknown., A corpus

luteunm of pregnancy is found in the ovaries and there are still fragments

of decidual tissue in the uterus (figures 117 and 118). The resistance of

the corpus luteum of pregnancy to radiation is well known.
Neither the uterus nor its appendages escape the hemorrhages that in-
volve the other tissues. They may occur in the endometrium or serosa of

the uterus, the ovaries of Fallopian tubes (Key No. 36, figure 110).
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TABIE 26, Hiroshima

GROUP IT

Ovaries and Uterus:

Observations o 211 212 222
e U
Ovaries ' :
Specimens Available 10
Postmenopausal v 3,
Pfe-menarche 2
Deveioping follicles absent, - L
- corpora albicantia present
Markéd atresia of follicless 1
Gbrpus luteﬁm of pregnancy 1
Specimens Available
(Microscopic) - 6
Endometrium in resting place | L
Postmenopausal ‘ | 2
Decidual reaction, followingv' 1
pregnancy
#Key #1119 .
- GROUP II
_B_IE.}E‘

Congestion’of the ;eptoméninges and the cérebral‘vessels is usually
in evidence, In several instéhces, there'ére large subpial or multiple
punctuate subepenéjmél ﬂeﬁorrhéges (figure 119). ‘Pétechiae‘or ring hemorrha-
ges are found:alsb in séveréi sites within the bréin, including the corpus

callosﬁm. In patient Key 60; figure 120; masses'of'bactéria are found within
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vthe necrotic tissue at the centers of hemorrhages within the medulla.

There is no leukocyﬁic response.

In several instancés, there is.evidence of former trauma as in an
epidural hematoma but most of the hemorrhagic Jlesions probabiy have the
same mechanism at‘play in their formation that is involved in the case of
the other organs.’ _ | | |

TABIE 27. Hiroshima
GROUP II

Brain

Observations f. o 211 212 222
. , .

Specimens Available

(Gross) ( _ ) 37

(Microscopic) 7
Subpial hemorrhages 5
Subependymal petechiae 1
Ecchymosis of dura 1
Epidural hematoma 1
Focal hemorrhége and necrosisv 1

,Adrenéls

General Remarks: = The adrenals are‘almost‘élwaysfremarkablé for their small

size, This has no relation to the nutritional state of the individual,
The cortex is usually remarkably narrow and is composed of translucent
yellow-gray rather than orange~yellow opaque tiséue. This change usually

occurs diffusely but may be foqél. The cortex at times somewhat resembles
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the medullary substance. In scme instances, cortical or.peri-adrenal

‘hemorrhages are seen but in no case is there a marked disruption of the

organ. Often, in association with hemorrhage, there is an exudate of
protein-containing material or fibrin into the aréoiaf septa of the peri-
adrenal fat.,

Microscopically the cells of allvlayers usually have finely granular,
rather thanivacuoiated cjtoplasm, indicating loss of cortical lipoid. The
cells of the deeper fascicular and reticular layers tend in some measure
to retain their vaéuolation._ In some instances, scattered goups of célls,
éspecially in the fascicularis, have extremelj foamy cytbplasm and pyknotic
centrally placed nuclei. In one such there is also focal necrosis with in--
filtration of large fat-filled:phagocytes. Abremarkable finding in a
similar case is the presence of a large numbef of mitoses in the midsectioh
of the fascicular layer (Key LS, figure 122),

Plasma~like‘ce11s are usually preéent in small‘numbers in the medulla
or cortlco—medullary Junction and at times also in the cortex. In one in-
stance, the number of 1nfiltrat1ng cells . 1s.very great for no apparent
reason,. There is no ev1dence thap these cells represent erythropoietic

or myelopoietic tissue,
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TABLE 28. Hiroshima

- GROUP II
Adrenals
Observations | 211 212 222
Specimens Available \
(Gross) - 58 5 2
(Microscopic) L7 . oy 1
Gross evidence of loss of lipoid, 11 1

no microscopic sections available

Atrophy of cortex - ' 30 2
(especially of glomerulosa)
Focal necrosis ) , 1 1
Fibrinous material in periadrenal 3
fat '

" Periadrenal hemorrhages S 8 1
Hemorrhages of cortex » 3 1
Heavy plasma-cell-infiltration - 1
Thrombus in arteriole : 1

GROUP II
Thyroid

General Remarkss: The fellicles are usually small and are lined by low cu-

boidal epithelium and filled with palely staining colloid.

}.‘TABLE<29._,Hiroshima :

- GROUP II
- Thyroid . : .
Observations = -y o212 222
Specimens Available . T g |
(Gross) = - T 'y A 5 - o 2
(Microscopic) . : T 12 2 2
Slight thickening -of inter- ) : 1

stitial connective tissue
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GROUP IT

Thymus

General Remarks: The changes are not remarkable.

TABLE 30, Hiroshima

GROUP II
- Thymus
Observations ‘ ' 211 . 212 222
Specimens Available
(Microscopic) 2 1 0
Atrophy | 1 - 1
Calcification of Hassals 1
corpuscles
Hemorrhage ' 1
GROUP TIT
Pituitary

Twenty pituitaries are available in which the types of cells are
well enough preserved to be recognizablé. Fourlwere from female and 16
were from mélé patients. Fixation; howevéf, was imperfect in most of
‘these, since the glaﬁd had:merelf'been;thfown inﬁb'the fofmalin fixative
with its capsule unopened, V'; S -

s TR, o
. Large basophilic vacuolated "castration cells" were.found in h_of

v

“the 16 maleipatients,. Thesefére‘bést:seenlin‘gections from Key No. L2,

figures 123 and'12§;i In gégéfal‘thé basophilic célls are large and sone
have huge”vesiéular’nuclei;-ﬁin'many bélisyvacuoles'have formed in‘the‘

cytoplasm and the basophilic ’granules are scattered within the trabeculae
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of cytoéiasm. In some enormous cells the vacuclation is'extreme, the
basophilic granuleé'are‘few, and the nucleus is displaced to one side in
b"signet ring" fashion., Cells of this type are found in most species of
animals following castrations,
. 7 Some coarsely vacuolated basophiles were found also in one female
patient who had shortly before abofted a S-months':fetus. Groups of |
largé neutrophilic prégnanqy cells were also present in this pituitary.
No‘other fémale patients showed significant changés. ‘

In one other male and in one female patient the basophili? cells were

thought to be unqsually;largé and numerous., It is, however, difficult to

~ draw conclusions from these sections without stétistically adequate measure-

ments and counts. Unfortunately only single slides are available.
An interesting incidental finding in one case (Key # 38) was the

presence of a minute chromophcbic adenoma,

Comment: It is of note that these changes in the pituitary take place,

ngpite-the fact that the iﬁterstitial cells remain intact, or even in-
crease following complete atréphy of the germinal epithelium. This sug-
gests-an“endocriné function:fof th§ germinai»epithelium, assuming the
functional as We11 as'§truc£gra1 integrity of the interstitial cells to
have been maintained, :Exécﬁly~simiiar changes héVe been obsérvéd,ithﬁe'

s~

#Severinghaus, A, E,- The'Cyfology bf'the Pituitary Gland. lﬁ:'ASSOGia;
tion for Research in Nervous and Mental Disease, - The Pituitary.
Chapter III, pp 92-94. Baltimore, Williams & Wilkins, 1938,
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testes and pituitaries of rats following X-irradiation. (1, 2).

The adrenals in almost all of the patients remarkably small, No
information is available concerning the effects of castration upon the
adrenals in man. In male mice, however; an increase -in the thickness
of the reticularis has been observedi#. The pathogenesis of the atrophy

of the adrenal, especially of the glomerulosa in the patients at Hiroshima

.is unknown,

GROUP II

Neck and Mouth Organs

Hemorrhagic and necrotizing lesions of the mouth and neck organs are
frequent at this stage, especially in the gums and tonsils. They appear at
a time when the effect of Ieugopenia has made the patients most susseptible
to the infection. What role direct radiation effects play in their causation
is problematical, The clinical description of the gingivitis has already
been given, All of this part of the lining df the mouth and pharynx may be
involved., Occasionally there are hemorrhagic and necrotic lesions in the
lips. At autopsy there is often a livid discoloration of the gums. JPreas-
sureﬁreleases quantities.of hemorrhagic material from the périodontal tis-
ues. In other instances, the hemorrhage is more 6bvibﬁs, 'Frequently the
(1) von wattenwyl H.: Ueber d1e Wirkung der Roentgenstrahlen auf den
Rattenhoden, - Schweiz. med. Wchnschr., 72: 765, 19L2.

(2) Joel, C. A.: Veranderungen der Hypophyse nach Rontgenbestrahlung
der Hoden, Schweiz., med Wehnschr., 72:  795-796, 19&2
#Masui, K, & Tamura, Y.  The Effect of Gonadectomy on the Structure of -

the Suprarenal Gland in Mlce. Jo Coll.of Agri. Imper. Univ, of Tokyo,
. 353, 1926, (Ouoted by Moore, C. R.) The Biology of the testis.

'In. Allen, E.r Sex & Internal Secretions, Chapter VII p. 338

Baltimore, Williams & Wllklns, 1932,
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gums esp901a11y in the incisorial regions have a dull gray-green or gray
color, a rough, shredded, lrregular surface .and a remarkable friability.
In such instances, they have shrunken far below _their usual level but ’
the teeth do not become loosened. Healing with superficial scar formation
and leukoplakia is illustrated in figure 62 (5).

Occasiocnally the ‘anterior portion of the'tongue is the seat of nec-~
rosis and hemorrhage (figure 125)., In the tongue necrosis is much more
frequent, however, on the'dorsum Wherg it involves the lymphoid follicles
(figures 126 and 128),

. More common than lingual is faucial tonsillitis. The tonsils are
usually moderately, and sometimés greatly enlarged, but on occasion\there
is no increase in size despite total neérosis of the organ (figure 127).

There is also often cbmplete ﬁecrosis of lymphoid tissue elsewhere in
the wall of the pahrynx or in the lining membrane apart from the lymphatic
tissue. Such lesions often are outlined by he@orrhagic borders and are
seen also in the epiglottis, larynx and trachea (figures 126,129 and 130).

Histologically these lesions have in common a uniform necrosis of
the tissue with no barrier of polymorphonuclear leukocytes‘(figure 132).
There is, héwever, frequently edema and sometimes hémorrhage of the‘sur-
rounding tissue, 'The celluléb exudate when present consists of scattéréd

plasma cells and. occa51onal small and large mononuclear elements (flgure

131)., Often, as in the ton31ls, the necrosis 1nvolves lymph01d tlssues, whose

mature lymphocytes as elsewhere have almost completely dlsaopeared and in
whlch there is a compactlon of retlculum. The reticulum has in many cases

differentlated 1nto the large atypical cells that have prev1ously been des-

cribed. In one case the lesions of "thrush" are observed (Key No. 56, fig 133)
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TABLE" 31.

GROUP II

Neck Organs

Hiroshima

cutaneous hemorrnages at the tlme of death

-91-(8)

These varled from petechlal

9l

Observations 211 212 222
Specimens Available - 53 5 2
Gingivitis (all) 23

(hemorrhagic) 12
(necrotizing) 9
(type unstated) 2
Necrotizing glossitis 3 ) 1
Necrotizing tonsillitis
(faucial) L0 1 2
(1ingual) 25
Necrotizing pharyngitis 13
Necrotizing epiglpttitis 21
Hemorrhages of epiglottis L
Edema of epiglqttis 3 )
Necrotizing laryngitis 7
Hemorrhages of larynx ‘ »fh’i
Edema of larynx f;é;,-‘
Necrotlzlng tracheltls~ : 1;i:z : L
Hemorrhage of trachea %k ?i" : " ji;ﬁ
e ’céoﬁp'ri_"fﬁ;
N Vit Skln R
General Remarks~‘ Flfty—three of 58 patlents 1n thl grhub*ﬁeféﬁnoted to have
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size to that of large ecchymoses involving also thé subcutaneous tissue.
Ulcerative lesions of the skin were also frequent and in several
there were pustules, Am ulcerative lesion of common'type is described
(Key No. U7, figures 13L, A, B, C, and D). As the region of denudation of
epithelium is'approached, the superficial layers of cells become swollen
and frequently the nuclei are found as contracted, deeply staining struct-
ures; situated within vacuoles. The deeper layers are relatively well
preserved, and the nuclei here are large and finely dotted with chromatin.
The pigment within the cells also is plemtiful. As the margin‘of the ul-
cer is approached, the epithelium beccmes more and more vacuolated and
ultimately becomes anuclear. In some places, there is parakeratosis of
the supefficialAlayers of epithelium, The base of the ulcer itself con-
sists of necrotic collagen which in some places is infiltrated with num-
erous erythrocytes. There are no leukocytes except in the septa of areol-
ar tissue which course in the deeper layers of the subcutaneous fat,
These are of small mononuclear %Fd plasma cell type., Even at a distance
from the ulcer, the appendages of the skin are surrounded by groups of
small mononuclear cells and plasma cells. So also are the vessels of the

papillae, In another case (flgure 135) exudate is more abundant, but it

. eonsists largely of plasma cells and large mononuclear elemcnts.

The mechanlsm of orlgln of the ulceratlve 1e31ons is of 1nterest

Are they merely the result of 1nfectlon of the skln in the patients with

.leukOpenla or are the 1681ons in part also the dlrect result of radiation?

The Japanese desorlbenthe appea;ance of "bllsters“;ln the skin of some of

EH

the exposed patients, .In the iecordsiof 2jautopsieslof recently dead
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petients fhe skin was saidiiolhave'"peeled" easily;\revealing a pink raw
surface Beneath, (Key'NeS] 98 and 109). The tongue, pharynx and eso;hagus
of one of these caseS'showA}emarkable-changes in the squamous epithelium
with sloughing over 1arge areas. This»is described elsewhere (Key 98,
figures 25 - 27). This patient died on the 12th day'following the bombing.
Unfoftunately skin from this individual is not available and there is no
supporting evidence foﬁ’the concept that such ulcerative lesions are direct
radiation effects in patients who died at a later date.

The only unburnedrskin'available from most of these individuals is
the scalp. The changes:is the epithelium of the surfece are-slight here,
and there is no evidence of telangiectases nor of any remarkable alterat—
ion in the eollagen. The changes in the hair follicles are of great inter-

est and are 1llustrated in all stages in heavily radiated individuals. If

a typlcal hair follicle 1srexam1ned (Key 1L, figure 137) it will be seen

that from the matrix at the root there is differenfiated’a'layer of tri-

chohyaline~bearing tissue (Henle's and Huxley's layers) forming an intern-
al root sheath which is separeted aleng a cuticle from the external root
sheath, The latter is an 1nvag1natn.on of the eplthellum of the surface,
Keratlnlzatlon of the halr beglns 1nterna11y from the trlchohyallne-bearlng

cells of the 1nternal root sheath very near the base of the folllcle. LA

large keratlnlzed shaft of ha1r consequently passes through the corlum on

its way to the surface separated for much of 1ts course from the external

root sheath by a space.-;'

In folllcles of the scalp of the 1rrad1ated patlent however, the R

trlchohyallne layer: falls to dlfferentlate so that a- plug of eplthelLum

-93-(8) | 93




/

‘results which hasithe morpho10gy of and is continuous with the external
'root sheaﬁh The plgment, moreover, is found irregularly distributed
throughout the eplthellum even at a distance from thc papilla (figures
- 138 and 139), The eplthellum of the matclx becomes flat and less basophi-
lic and mitoses aﬁong its.oells become rare, whereas usually they are
numerous, The matrix now forms a shallow cap rather than a long hood over
the tip of the papilla (contrast figures 137 with 138 and 141), The
papilla now becomes less vascular and smaller and its component elongated,
spindle~shaped cells are compacted. Often the papilla ceases to be lntin
mately applied to the matrix eplthellum and a space appears between the.
two tissues, The plug of epithelium at the base of the folllcle becomes more
and more narrow, and a whorled, pearl-like arrangement of cells may result,
figure 140, At the same time the glassy menbrane and the more cellular fibrous
membrane externally become considerably and often greatly thickened, Spaces
appear between the glassy sheaths aﬁd the shrinking plug of epithelium that
is now the vcore of the follicle (figure 138), Stains for elastic tissue-
demonstrate that, despite its wavy refractile character, the glassy membrane
is of collagenous rather than elastic naoure (figure 142)., The immense
thickening of the basenient mezrlbranes tha.t may occur is demonstrated in
figures 140, 143 and 144 In the last two flgures also 1s demonstrated how
every folllcle may be 1nvolved, even in‘a 14 year old chlld (flgure 144)
W1th the fallure of formatlon of the 1nternal root shoath the hair
-shaft now apparently takes orlgln dlrectly frcm the external root sheath
by a process analogous to that of Darakeratos1s The p01nt of or1g1n of the-
shaft comes. closer and closer to the surface as, the matrlx substance atro-
§ phles and stlll there remalns only a bulbous plug of parakeratotlc mater-
18l near the mouth of,the follicle (flgures 145, 146, and 147). This
process is reflected in the structure of the cast-off hair (figure 148),




which tapers near its formerly attached end and which is devoid of the
remnants of the internal root sheath that would usually adhere as a cuff.

The follicle? despite these changes, does not lose its capacity for
regeneration, as shgwn in séglps from Group III, in patienté dying after
the sixth week, The process of regeneration and the analogy with the nor-
mal process of replacement of hair are described with Group III.

Other changes in the scalp are inéonspicuous. There may be atrophy of
the rete pegs and a general thinning of the epithelium at the surface, some-
times associated with hyperkeratosis (figure 143 and 1Lk4). The keratotic
material is particularly abundant in the mouths of the hair follicles. Hy-
perpigmentation is sometimes observed_in these epilated scalps. The pigment
is situated in the basal layer of epithelial cells. In the same specimens
and in figures 1L6 and 147, is illustrated the atrophy of the sebaceous
glands that is frequently observed, This process goes hand in hand with
atrophy of the hair follicle and cannot be intefpreted as a direct ra-
diation effect, The sweat glands, in skin that has not been burned,‘show
relatively little change, although occasionally the acini appear shrunken
and have thickened bangent*méﬁbﬁépéé-apdniine'?écuolated epithelial cells
with pyknotic nuclel . R | |




- TABLE 32. Hiroshima
GROUP IT

Skin

Observations ' 211 212 222

Specimens Available 58 5 ' 2

Epilation -
| ( all)} - L8 2
(axillary) 8
(pubic) 6
(eyebrows) = : - L 1
2

(veard)
Hemorrhage 53 L 1
Ulcers : 20

Pustules : ' o 3 , 1
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© GROUP ITX

Generdl Observations: In the grou§ of patients sarviviné beyond the 6th
week the state of nutrihion'usually‘has become markedly reduced. The bone
marrow is usually hyperplastic and capable of delivering leukocytes to

the tissues where needed, Despite this fhere is occasional evidence of a
maturation defecty also a few marrows in patients dying after the beginning
of the 7th week are still hypoplastic. Concomitantly with the recovery of
the marrow, the hemorrhagic lesions are how relatively rare despite the ne-
crosis in some tissues,

The important lesions-at the time of death are focal necrotizing pneu-
monia (sometimes in the process of organization) or necrotizing entero-coli-
tis. In both of these, polymorphonuclear leukocytes are now prominent ele-
ments of the exudate. It is probable that the temporafy depression of
hematopoiesis that-many of these individuals suffered is important in allow-
ing these infections to have'gained headway.

Stigmata of radiation effect, particularly the epilation and testicu-
lar atrophy are still present but in some patients considerable regenerat-
ion of hair has oceurredAwhich.iS'mahifeSt‘histologically.

[

GROUP III

R

Hearts A51de from the apparently adventltlous le31ons regarded as

frheumatic® and- for one 1nstance where a gross dlagn081s of "fatty change"
was substantlated mlcroscoplcally, there are no notable changes 1n:the

heart, . oo LU LT Do e

Lungs: -In mOSticaseS'there?afeihéeroﬁiZihg_1eeidgs efgthe_luhg heavily

infiltrated with polymorphonuclear leukocytes. In 2 instances

-97-(8) | o




TABLE 33
GROUP IIT

Heart

Observations - Hiroshima Nagasaki
311 312 321 322 311 312 321 322

Specimens Available

Epicardial hemorrhages

[ 2ad = N0
Ny
)

Endocardial hemorrhages
Fatty c¢hange of myocardium 1 : 1

Focal necrosis of myocardium 1

Additional
Fibrous pericardial adhesions 1 1

Chronic verrucous, mitral endo- 1 2
carditis

Chronic verrucous tricuspid, 1
mitral and aortic endocarditis

(figures 1L9 and 152), there are abscesses W1th fibrosed walls surrounded

-by large zones of organ1z1ng pneumonla. TW1ce there is again evidence of

Haplastic necrotlzlng pneumonlaﬂ. The marrow of one of these exhlblted
reticulum- hyperplasxa (Type B) and 1n the other case the .marrow was aplastic
(Type A) Two patlents died of advanced flbrocaseous pulmonary tuberbulosls.
Spleen- The 1ymph01d tlssue stlll 1s usually atrophlc and atypical large
mononuclear cells tend to per31st but there is ev1dence of recovery in

certain cases, In h there are abundant lymphocytes about the central ves-
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TABLE 3L, GROUP III

Lungs

Observations

Hiroshima Nagasaki

311 312 321 322 311- 312 321 322

Specimens Available 9 1 kL 3 6 3 1 6
Focal atelectatis and émphysema 1 1
Multiple hemorrhages 1
Focal aplastic pneumonia 2 1
Focal necrotizing pneumonia 6 L2 3
with pmn (all)
S&ﬁe (with organization) 2 2
Fi?rocaseous pulmonary tuberculo- 2 1
sis '
Fibrinous pleurisy 1
Fibrinopurulent pleurisy 1
Additional
Fibrous pleural adhesions 2 1 1 1
Healed tuberculous foci 1
Interstitial pulmonary fibrosis . | 1
Tubercuiosis‘of'iraéheébronéhialj; ‘l'
lymph nodes - - -
Hydréghérgi , S ‘ 1
-99-(8) 99




TABIE 35, GROUP III

Spleen

Observations - B Hiroshima 3 - Nagasaki

311 312 321 322 311 312 321 322 -

1 N 2 6 3 1 5

Specimens Available

Perisplenic adhesions

9
2

Decrease of lymphocytes - 6 3 5 2 2

Absence of germinal centers 7

Atypical mononuclear cells 6

Germinal centers present 2 1 1 1 2 1 2

Many lymphocytes, no germinal 1 1 1
centers :

Heavy plasma cell infiltration 1
Focal necrosis,(bacterial emboli): 1
Infarct ‘ “ 1

Hemorrhage in capsule 1

-Tuberculosis B . : : 1

. -100-(8) - . _ 100




Q..) ~ sels of the malpighian corpus¢les and in two of these germinal centers had

begun to appear. In certain of the corpuscles bf Key 50, figure 153, a

few large reticulum cells are still discernible in compact arrangemgnt about

i T the periphery of the collars of mature lymphocytes.

Lymph Nddes: Lymph nodes were laggard as regards restoration of germinal

centers. These were present in the nodes of only one patient. Most still

manifested loss of mature lymphocytes, compaction of reticulum and atypical

large cells as previously described (figure 15L).

TABLE 36, GROUP ITI

Lymph Nodes

&

Hiroshima Nagasaki

Observations

311 312 321 322 311 312 321 322

< , ) Specimens Available

™ Decrease of lymphocytes 3 1 S 1 1
Lymph nodes composed of ’ 1
typical lymphocytes, but
without germinal centers
Absence of germinal centers 5 1
Germinal centers present 1
Atypical mononuclear cells 6 1 2
Additional -
Tuberculosis of hilar nodes - 1
ol Tuberculosis_of tracheoﬁfoh- S 1
chial nodes - .
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Bone Marrow: Although the marrow may remain hypoplastic there is usually

hyperplasia (figure 155) espécially in the myeloid series, manifest in the
long bones as well as in the ribs, sternum and vertebrae, Despite the-
myeloid hyperplasia, most patients dying at this stage have a severe anemia,
This may in part be associated with the severe infections which were inva-
riably present., A typical example is found in Key 50, which is described:
In a section of vertebra, the marrow appears to be extremely hyperplastic.
The cells are supported within congested and even hemorrhagic tissue. The
most numerous elements in the cellular population appear to be the younger
neutrophilic and eosinophilic myelocytes, There are relatively few late
myelocytes, étabvcells and mature polymofphonuclear leukocytes, Occasional
blast forms are seen and some cells are in mitosis, There are also many
megakaryécytes and numerous small islands of erythropoietic tissue., Fair-
ly large numbers of plasma cells, some multinucleated, also are in evidence
together with lymphocytes and large stellage pahgocytes filled with hemo-
‘'siderin pigﬁent. |
In sections of rib there is still én abundance of "gelatinous marrow,"

within which are islands of*héma%oppieiic-tissue,,again containing a pre-
dominanéerdf yéhnger.forms Cfigure,156).'_Theiti§Sue is essentially &imi-
lar to thé véftéﬁréi mafrow‘QXFeptifor“thé larga-ahounts’of.interstitial'
material. . - .

| In portibns of-tissge-réﬁbved‘fromlfhé‘femur'éf the same patient, there
are denselglumpé of &oung cells with coaraély reficulérlnuclei and abundant

basophilic cytoplésm. These often. are assqéiated with islands ‘of normoblasts

. -102-(8) | 102
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and are thought to be basophilic erythroblasts. There are also myelo-

cytes and scattered plasma cells within an abundant "gelatinous" matrix.
Smear preparations of these various tissues stained by the Wright-

Giemsa method aré excellently preserved, The oniy unusual feature is

’

the presence of large numbers of lymphocytes and of plasma cells, some of

" which are multinuclear, The granules of the myelocytes are everywhere

well-stained even in the youngest forms. There are some cells resembling
myelocytes, but with ciear cytoplasm, These may be forms intermediate be-
tween the reticular elementsfand the myelocytes; they also suggest lympho-
cytes. For a detailed discussion see the Clinical Section on the Marrow (7).
Stab cells and a few polymorphohuclear leukocytes also are found.

-The background substanée in gelatinous marrow deserves some comment.
It has a delicately fibrillar structure, which is apparent in the H & E
preparation, In Masson and PTAH stains, this material gives the reaction
of fibrin (figures 161 and 162). It is deposited most densely about cells,
some of which have the morphology of megakaryoqytés. Smaller elements,
more like reticulum cells and some cells intermediate between these and
megakaryocytes also act as cenfers upon which fibpin is deposited (figure
163). o |

Relation to Peripheral Leukocyte Count.,

Relaﬁively few pétiénts who lived beyond the sixth week éhowed a per-
sistent leukopenia, Aﬁ hécfopsy, the bone marrow in theSe cases ‘showed

. P . ’ i
either evidsncg»of,mgturation defect and was hyperplastic, as in Key 50;~
which has just_béeﬁ:deséfibed, or the marrow was of Type A. In Key 50,

despite the hypefplasia of the marrow demonstrated in figures 156 and 157,

4
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T4BLE 37, GROUP III

Bone Marrow

Observations

Hiroshima

Nagasaki

T 312 321 322

Long Bones
Specimens Available
Type A:

Type B: Marked focal
reticulum hyperplasia

Hypoplasia

Type C: Focal myeloid
regeneration

Type D: Marked myeloid
hyperplasia

T 312 321 322

Flat Bones
Specimens Available
Type As Hypoplasia

Type B: Marked focal
reticulum hyperplasia

Type C: Focal myeloid.
regeneration .

Type D: Marked myeloid
hyperplasia _

No Bone Marrow

PMN in tissues

Tuberculosis

additional - . . -

-10L-~(8)
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the counts ranged from 3200 on 19 September to 6500 on 15 October.

. LABORATORY DATA - Key No. 50
Blood Date RBC Hgb WBC PUN - Mature Stab.Myelo.Meta. Ly L.M. E. B.

——

19 Sept. 2.2 36 3200 - - - - - - - -

8 Oct. 1.5 31 5100 - - - R
15 Oct., - 1.8 62 6500 L9.5 25 0 6 13.58.5 0 0
8 Nov. 1.7 35 L300 8 53 5 8 1 7 3 2

Reticulocytes (15 October 1945): 18%
Platelets (15 Octobervl9h5): 45,000
Protein (CuSOhMethod) 6.6 g.%
Notable‘features of the differential counts are the anemia, and the shift to-
the left in the granulocytic series. A large number of reticulocytes also
was observed, indicating a regenerating but insufficient erythropoietic tis-
sue, This patient died on the 15th of November 1945, of a necrohizing and
organizing pneumonia (figures 11,9-151). |

In most individuals surviving into Stage III,, there was leukocytosis.
associated with hyperplasia of the bone marrow, This may occur.despite pre-
vious leukopenia as 1n Key 118 (subgroup 311)

CLINICAL HISTORY - Key No. 118

ThlS 56 year old woman: Was at O 7 km. She Wa's thrown a dlstance by the

blast. Falllng walls effected a sllght centu31on of the back and of the -

Tlegs. At the tnme of bomblng she was out of doors cuttlng grass close to

a wooden Japanese bulldlng. Few flndlngs are recorded 1n the cllnlcal his-

tory.~ There was nausea whose date 1s not stated Onxthe 26th-of August there

appeared diarrhea whlch per51sted to the tlme of death. It was of hloody
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type. Epilation was present but the date of onset is not stated, and
there was also pigmentation of the skin. She was unconscious shortly after
the blast and was carried to Izumite where she regained consciousness.

During the entire course the patient had only a slight fever, She died on

S October.
LABORATORY DATA: ' ' Rﬁb : Hemoglobin WBC
29 August 2.4k 56 1050
1 September : 1.74 49 570
7 September - 3.30 . 60 - 1040
15 September ‘ 5.3l ‘ 65 2900
25 September - 3.92 : 80 _ 3600
29 September O 3.72 92 11400
1 October , - 3.85 ' 90 17700

The important lesions at hecropsy were a hemorrhagic pneumcnia and

an 'ulcerative ileo-colitis..

In this case there is recovery also of the erytﬁropoietic tissue. -The
bone marrow shows reticulum hyperplasia (Type B), as illustrated in figure
159 and 160. There 1s con51derable dlfferentlatlon into myeloid tissue but
numerous plasma cells are stlll present. In the 1ymph nodes of. thls case
there is lymvhoblastlc hyperp1a81a but there 1s no ev1dence of leukemlc infil-
tration. of the tlssues.n.;‘ ;; .
‘ In some " 1nstances, myelold hyeerplesla 1n patlents dylng in thls period

is extreme and the adlpose tlssue of the marrow has almost completely dls-

appeared (Key lh, flgure 158) The marrow in this case is of Type D. This

patient had a moderate leukOCyt031s before his: death fromzacute pyelonephrltls
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on 22 September 1945.

Interpretation of the Leukocytosis.

The leukocytosié is interpreﬁed as the result of stimulation by
bacterial products of a bone marrow that has nearly regained its capacity
to produce nyéloid cells, Iﬁ is prpbably not anagolous to the leukocytosis
observed among the patients in the Nishiyema district of Nagasaki who were
apparently exposed to split products of the atomic fission.

Occurrence of Leukemias _ P

The single case of leukemia is presented in appenaix 1 (Section 8).
The leukemia is of the monocytic type, occurring in a 19-year-old boy who
had severe radiation effects including purpura and stomatitis and a leuko-
cyte count as low as 850 on 10 September 1945, What relation the leukemia
had to exposure to ionizing radiations is completely unknown. Papers concern-

(1)

ing the leukemogenic action of X-rays have been reviewed by Furth . Re-

peated expoéure of €57 .mice to.large doségo(a total of 1200 r administered

monthly in 200 r doses) have been followed by an increased incidence of

) - (2)

leukemia (Henshaw ). Also radiologists are known to have a death rate

(3)

from leukemia greater than that of other physicians . It is concluded

that Roentgcn rays are only weakly leukemogenic and then only after a
. (1
long 1ncubatlon perlod " In the present instance the interval between

exposure and'the appearanceiof 1eukemia was less than 90 days.' In view of

(1).Furth, J.. Recent Experlmental Studies on- Leukemla.; PhYsioineviews.

26: L7 - 76, 1946,
12), Henshaw,: Paul S.: Luukemla in Mice Following Exposure to X—Rays.

Radiology, L3:" 279 = 285, 194k,

(3). March, Herman C.. Leukemia in Radiologists, W3: 275 - 278, 19Lk.
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this fact and eince thie caee to date has been unique, it is prebably
most reasonable to consider it ae,pufely adventitious. The possibility
that leukemia may occur'in~seﬁe of fﬁe exposed populetion, however, must
still be kept in mind.

Gastrointestinal Systems = .

‘Complete and detalled gross descrlptlons of the heart and detalled clinical

Ulcerative lesions of the bowel occur occasionally. .They again tend-
to be superfieial and to be‘covered with fibrin, Sometimes ﬁhe foei of
necrosis bulge into the lumen., In this group polymorphonuclear leukocytes
may appear in the lesionsg In at lease one case, however, the ulcefs contain
relatively few of these cells despite ﬁhe hyperplastic marrow and they are
histologicallyvsimilar_to those of the aplastic stage. |

| An~intussusception ef ihe ileum and localized peritonitis occurred
in one patient., Only one case of amebic colitis was found in the Hiroshima
series. |
Liver:
Fatty‘changes in the livefeare much more common at this stage than

at any other. ThlS may be assoclated with malnutrition. The change usual-

“ly is mldzonal or perlportal in dlstrlbutlon and sometimes involves more

than one-half of the lobule.' Necrosis, apparently in association with
central congestion, is 1n eV1dence in.one instance, Key No. 1h, flgure 165,

The mechanism of the ceptralﬁcongestlon is not clear as there are no evi-

‘dences of acute 1esione-3f the~myocardium in these patients, despite the

verrucous endocardltls that was encountered in two cases nor are there chro-

nie le51ons such as’ marked mltral stenosxs to account for the congestlon.

3
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TABIE 38, GROUP III

GastrointestinalNTract

Observations *  Hiroshima

Nagasaki

311 312 391 322

311 312 321 322

Stomach
Specimens Available (gross) 9 1 4 3
Acute ulcer 1
Petechiae , ’h 1 1

Plasma cell infiltration

Small Intestine

Specimens available (gross) 9 1 L 3 6 3 1 6
Ulcerative enteritis 1 : 1 2 1
Petechiae 1 1 2
Intussusception of ileum 1

Large Intestine

-109-(8)

Specimens Available (gross) 9 1 L 3 6 3 1 6
Petechiae ' A ' Lo 1 1 2
Ulcerative colitis SRR 2- 1 3. 2 2 2
Strongquidosis ‘ L1

Additional - -
Ascariasis 1_ - : 17.72;i . 3 1
Amebic colitis . B O R T
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TABIE 39, GROUP III

Liver and Gall Bladder

QObservations

Hiroshima

Nagasaki‘

311 312 321 322 311 312 321 322

Specimens Available 9 1 |  h‘ 3 6 3 1 6
Giant nuclei in pericentral hepa-l 1
tic oells
Central congestion (all) 3 1 1 1 2 1 1
(with necrosis) i 1 1
Edema of pericentfal connective 2 1
tissue ‘
Focal fatfy changes
) (periportal) 1 v 3 1 2 2
(midzonal) 3 1
.(pericentral)-z 1
(diffuse) 1
Focal necrosis 2
Additional |
Calculi in ga11>biaddep~  1
Chrpgiciqho1eqystitié 1
(Ascaris in»ﬁile;ducti 1
(calgplps-iﬁicholgaopﬁal duct) 1
,(chronic‘cHOIanéiéis) ‘ 1
Tuberculoéis: ) | 1
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information, however, arefhﬁt available,
J ‘Pancreas: | B
- No significant lesions are discovered., The acini are frequently small,
perhaps in association with the malnutrition, but otherwise the cells are
typical in morphology and there is no evidehce of fibrosis,
Kidneys:
The kidneys are not remarkable except for one case where there are mul-
tiple abscesses. Polymorpﬁonuclear leukocytes are present in large ﬁumbers
in these lesions. In ohe patient there are the atypicél large and small mono;

nuclear cells in the cortico-medullary sinusoids that have been described

previously, o
TABLE LO GROUP III
Kidney
. Observatiéns ) ' Hiroshima Négasaki
Q o : 311 312 321 322 311 312 321 322
Specimens Available A 8 1 h -3 6 3 1 6
Hemorrhages of pelvis 2 1 1 1
Cloudy Swelling 3 1 1 1
Scars of Kidney . . _ 3 1 1 1 1 1 )
Abscesses (with pmn) S N 1
Atypical small and'iarge 1
mononuclear cells in sinqsaids
* Infarcts - o ;; :V'7;‘ . ? | - i :
Acute.PyelOnebhriﬁis _ 5:.éi  f;; - R : : ; ;fl_
s Addivional . —
Leiomyoma of Pyrémid o \;- 1-
) Caleulus of pelvis A R T 1

: ; Tuberculosis ‘ ‘ - 1
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'»Uretefs and Bladder:

There are petechiae of the bladder in 2 cases of subgroup 311 and in
cne of subgroup 312.

Testes:

In this group, all of whom malnourished, the atrophy is much more
complete than in the preceding group (figure 166 and 167). The basement
mehbranes are usually thickened and the Sertoli cells are’shrunken. Within
the old basement membranes thére devélops in a broad band a less celluiar,

- : \
delicately fibrillar connective tissue, Spermatogenic tissue has complete-
ly disapﬁeared. The tubules. have beccome shrunken and occasionaliy are com-
pletely hyalinized, The small blood vessels often have brightly acidophilic

deposits of material beneath the endothelium and muscular wall, as seen in

the earlier stages, In relatively many cases there is now a slight but def-

~inite increase in the interstitial tissue,

TABLE L1, GROUP III

Testes

Observations Hiroshima Nagasaki
311 312 321 322 311 ‘312 321 322

Malnourished Patientss
Specimens Available 3 5.t 3 2 2 2 o0

Atrophy of germinal epithelium - 5 1 - 1
and derivatives o

No atrophy =~ o S S :

‘Thickening of basement membranes 5 1.1 1 2. 2 2
of tubules L o

Hyaline changes of blood ‘vessels b o 1

Hyperplasia of 1nterst1t1a1 tlssue 3 1 o 1 -
Infantile ' 1

Atrophy of 1nterst1t1al tissue; L - . 1

with hyperplgmentatlon
#A1l - *¢Patient aged 83
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Prostate:

An 83-yecar-old man, Key No, 66, who wes reputedly at 1800 meters, has

" an edenocarcinoma, grade 1, in the prostate. The testes of this patient,

despite his age, are among ﬁhe very few that show no. evidence of atrophy,
In Key No, 50, an emaciated 31-year-old man dying on the 100th day, in whom
the testes are extremely atroéhic, the prostate is also remarkably small
grossly as are the acini and epithelial ceils histologically (figufe 168),
Ovaries;

In 2 premenstrunl femeles who were within 1500 metefs numerous primary
follicles are still présent, Developing follicles are absent in >2 in whom
both corpora albicantia and primary follicles are in evidence, There is much
less appareﬁt atrophy than in the male,

Braime |

Suppurati ¢ complications arc relatively frequent, There are in this
group, 2 patients with suppurative méningitis and one with a ccrebral abscess,
The latter may possibly be a tuberculous lesion since the patient had caseat-
ing pulmonary tuberculosis but histological sections are not available,

It may be that gdme 6f’the lesions interpreted as "hemorrhqgic“ during
the ggrly stagés'may r@allyrrepfésenf infected lesions, Too often histolo-
gical sections are not avallable ta dete"mlne this mattor accurutely. In
one patlent in Group IT,: the medullu deflnltely contalned large bacterial

masses (flgure 120)
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TABLE 42, GROUP IIT

Ovaries and Uterus and Tubes

-114~ (8)

- Observations Hiroshima ‘ Nagasaki
' 311 312 321 322 311 312 321 322
Qvaries
Specimens Available b 0 1 1 3 0 1 3
Postmenopausal 1 1 1 1
Premenarche 1 1 2 1
- Developing follicles absent, 2 1 1
corpora alblcantia present
Hemorrhages 1
. Uterus and Tubes
Specimens available | 1 0 1 0 1
(microscopic)
Endometrium in resting-place 1 1
Myomata 1
Postmenopausal 1
~ Endometriosis . 1
Acute Salpingitis' 1
Tuberculosis | 1
Chronic vaginitis 1
114




TABLE 43, GROUP III

Brain

~ Hiroshima Nagasaki
311312 321 322 311 312 321 322

Dot v e v om.
ooy m—- Wt Sonpamingm s deresartvaspee
bttt e R Ve R R S

Observations

.Specimens Available

(gross) - 8 1 4 3 6 2 1 6
(microécopib) 5 0 .3 1 1

Petechiae of ccrebrum .1 1

Suppurative meningitis with 2

pip. .o

Abscess of occipital lobe* . 1.

Thrombus in superior ° o 1

longitudinel sinvs

Additional
(Senile plaques) 1
(Microgyria) - _ = ‘ 1
(Cystic change of lenticular 1
nucleus) '

*Groes .only

v Adrenals:

The atrophy that has been noted previously is extreme and in some
cases involves all layers but eSpecially the glomerulosa (figures 169 and

170), Again it must be emphasized that these patients are emaciated,
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: TABLE Lh, GROUP III

"Adrenals

Observations : ' Hiroshima Nagasaki

311 312 321 322 311 312 321 322

Specimens Available

(gross) 9 5 3 1 5
(microscopic) -8 5 3 1 5

Gross evidence of loss of 1
lipoid, no microscopic sections
available

Atrophy of cortex (especlally of 6 1 , 1 5 2 1 5
glomerulosa) .

Focal fatty changes of cortical 1 1 1
epithelium

 "Focal necrosis of cortical epithelium . 1 1

Periadrenal hemorrhages 1 ' 1
Hemorrhages of cortex 1 1 1
Chronic passive congestion 2

Addi tional

Tuberculosis ' : : 1 1

Thyroids

Occasionally in £heseZemaciétéd-individﬁais the thyroid shows variat-
ion in the size 6f ﬁhe'folliéles. There are many minute folllcles llncd
by low cuboidal epithelium and thlck septa of connectlve tlssue 1nf11trated
with lymphocytes traverse the organ. In view of the malnutrltlon, the sig=

nificance of this lesion is dlffloult to assess, Two of 3 patlents sheowing

this change are stated to have been beyond 1500 meters.,
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J . TABLE L5, GROUP III

Thyroid
, Observations B Hiroshima ~ Nagasaki
. 311 312 321 322 311 312 321 322
Specimens Available -
(gross) - 8 1 L 2 -5 3 1 6
o (microscopic) ~ k 0 0 1 h o2 1 5
Slight thickening of interstitall 2 1 2
tissue, and lymphocytic infiltration
GROUP IIT
Pituitary
Six pituitaries are available in histological sections, In Key No. 50,
) figures 171 and 172, the baSOphilié cells are remdrkable for their large size.
C.Ii> A few are vacuolated, They are pfesént in groups-in all parts of the gland,
The eosinophilic cells on the contrary are minute and inconspicuoué. The
changes in this gland are much less striking than in Key No. L2, figures 123
and 12, The testis of Key No. 50 is illustrated in figure 167,
One other pituitary showed slight vacuolation of the pasophiles, whose
number, however; was small, The éatieﬁt wésra 78 yeairo;d‘woman, This change
i is constantly.found:in Senilé_females (Severinghaus, ~loé. cip{i._&f”
¥ : - -

Neck Organs:
Necrosis of the_toﬁsils;may‘occur in this group, but it is ﬁsﬁally focél
rather than diffuse, There is only onec case availablé with microscopic

sections showing_éplastic necrosis-but here fhere is hypoplasia of the bcne

marrow (Type A). The patient died 17 Sept. l9h5,(figufe 174). In some cases
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where microscopic sections are available and the marrow is not aplastic,
pclymorphonuclear cells are found within the necrotic tissue lining the~
crypts. There is no hemorrhage, Necfdtizing gingivitis still occasionally is
in evidence. There is usually no necrosis of the larynx or epiglottis,

; TABLE L6, GROUP III

‘Neck Organs

Observations Hiroshima - . Nagésaki
' 311 312 321 322 311 312 321 322

Specinens Availéble | 7 1 N 2 6 3 1 6
Gingivitis (all) 3 | 1 1
(hemorrhagic) 2
(nécrotizing) 1 1
Necrotizing focal tonsillitis L 1 2 1
Scars of tonsils | 1
Chronic glossitis ' ‘ 1
Laryngitis | o 1

Petechiae in theseAiate cases are rare, Hair fo11ic1es in this ggoup‘
often show évidence of regeneratién. There is renewed‘diffefentiation of the
internal root sheath; a regroﬁth of the,papilla and decreasé in the thickness
of the basement membrane;aﬂd a new hair shaft burrows its way outwards through
the plug of keratinized epithelium at the mouth of the folliéle, A completely

atrophic follicle showing all of the changes described in Group II is illus-
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trated in figure 175. In figure 177 are shown the beginnings of the re-
generativé process. A hair well advanced in regeneration from the same
patient is shown in figure 137. This process of atrophy and regeneration
is a recapitulation of the usual procésses of lnss and replacement of the
hair, Tt has been described in detail by Auburtin (figure 178), In the
adult hair usually grows from the same root for 3 or L years. Then there
is failure of differentiation of the internal root sheath, the basement mem-
brane thickens, pigment becomes irregularly distributed and therhair is
extruded, just as in the irradiated individuwals, Regeneration takes place
apparently from the same folliecle and the keratinized_tip of the new hair
capped with a new internal root shéath bﬁrrows its Qay through the cld plug
at ‘the mouth of the follicle. In the irradiated individual the process is
condensed in time andvinvolves the great majority of follicles at a blow,

Perhaps also in these folllcles the atrophy is more complete, the thickening

 of the glassy membrane is greater,‘but regeneration'nevertheless occursa.

Regeneration is evident cliniecally in individuals with severec epilation
within 7 weeks after the explosion,
In emaciated individuals of'thié group decubitus ulcers occasionally

occur, as is to be expected,

s*Auburtin, .G. Veber phy31ologasche und pathologlsche Verschledenhelten des
Haarhodens. Inaug. - Dissert., Berlin, 1895,

Auburtin, G. Das Vorkomnen von Kolbenhaaren und die Veranderungen derselben
beim Haarwiederersatz, Archiv. f, mikroskop.Anatomie: 47: L72-500, 1896.
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| TABLE 47, GROUP IIT

Skin

Observations

"

Hiroshima

Nagasaki

31T 312 321 322

311 312 321 322

Specimens available 9 1 L 3 6 3 1 6
Epilation 5 1 1 2 1 3
Hemorrhages 3 2 1
Decubi tus ulcers‘ 1 1 3 2 2
Eczema 1

-120-(8) 120




Appendix 1 (8H)
4 Case of Monocytic Leukemia
Case Repoft*: M. Matsuo, Autopsy Key #224

This 19-year-old schoolboy was at a munitions factory in Nagasaki,
approximately 1 kilometer removed from the center, He lost consciousness
énd sustained a slight burn of‘the right leg at the bombing, A few days
later he suffered from anorexia but gradually recovered,

Oﬁ 28 August opilation appeared and on 3 September therc was fover
dccompanying the onset of petechiae and sore throat.

He wes admitted to the hospital on 8 September. At this time thore
were petechiae over the whole body, particularly upon the abdomen, The
pharynx was congested but tﬁere waé no necrosis, At this time therec wos
é narked decreaéo in the red count although the hemogiobin wes 100 per
cent, There was marked 1eukopgﬁia and thé sedimentation rate was in-
éreased, The nucléated cells of the marrow were only 22,606 and there was
an excess of lymphocytes and plasma cells, Vitamin B and liver cxtract
were admiﬁistered and the bones were irradiated with "ultra short wﬁve."

He improved, the white count reaching 5500 shortly before his dischorge

~on 30 September 1945, His red count was ﬁow 3,29 with 77 per cent

hemoglobin,

He returned to school after leaving the hospital and had no complaints,
For 3 days after 4 November he worked hard at the rice harvest and con-
*Abstracted,xin part, from "Report of a base of Monceytic Leucenia. Occurring

Following the 'Atomic Bomb 'Disease'" by Dr, Tando Misao, Dr, Yoshimichi
Harada and Dr, K, Hattori,  Faculty of Medicine, Kyushu Imperial University,
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plained of a tired feeling., On the evening of 6 November there was a.

" sensation of fever accompanied b& headache, swelling of the gums with

.bleeding, pharyngitis with pain in the throat and difficulﬂy in swal-

lowing.

The next day he had a high fever and there were petechiae of the
extremities, On 9 November he had some sanguineous stools and was
re-admitted to the hospital on 12 November,

At this time his pulse rate was elevated to 120. There was edema
and pallor of the face, Petechiae were scattered everywhere, The gums
were swollen. Petechiae were noted on the mucous membrane‘of the cheek.
The soft palate, particularly on the right side, was remarkably swollen
and was bartly covered with a thick white membrane, There was gangrene
of the right tonsil. Erosions were seen on the nasal muCOus membrane and
there was hémorrhage from the drum of the left middle ear. Hemorrhages
were seen also on each retina. The lymph nodes of the neck were enlarged

to the size of the thumb and several axillary nodes of this size were also

seen, Both the liver and spleen were found to be slightly below the costal

margin upon clinical examination,
Laboratory exaﬁinations showed a few red blood cells in the urine.
The stools were tarry‘éndAdiarrheal'and were strongly positive for blood.

Hematologic examination showed a white count of 390,000 with a predominance

_of cells thought“tdgbe monocytes. Eighty-one per cent of»{hese cellé '

phagocytized charcoal in living preparations. Two and ope?half per cent
of all cells were positive by the peroxidase reaction and -0.9 pericent'of

the monocytes were positive. At this time the nucleated cells of the marrow
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‘numbered 566,400 per cubic millimeter, Ninety-one and two-tenths per cent
of them consisted of monocytes, including many young fofms. A Tew of

these cells were in mitosis and some vacuolated forms were also found. The
hepatic and splenic punctureé showed cells of s%milar type.

Course in Hospital: His temperature was sustained at 39° to LO° C.
and the pulse rate was 100 to }20. He was given 1000 cc. of Ringer's
Solution, vitamins B and C, "cardiac tonics" and gargles. At approximately
0130 of 16 November dyspnea appeared, the respiratory rate being Ll to L8
and there was tachycardia-df 140 to 160,‘and he died a few hours later in
collapse. |

The important léboratbry and temperature data are summarized in the
accompanying chart. |

Findings at Necropsy: Gross Notec: There were petechiae of the skin,.

pericardium, pleurd, peritoneum, Glisson'é capsule,vrenal pelves, pharynx,
esophagus, large intestine aﬁd submucosa of oral cavity. Approximately

100 cc,. of fluid blood were found in the peritoneal cavity., Small foci of
hemorrhage were seen in the pulmonary parenchyma. There was necrosis of

the right ton51l and a gray membrane involved both ton51llar regions and the
soft palate.” On the mitral valve a few verrucous masses wWere seen, Foocal

pneumonia was, found in the lower 1obe of the rlght side, The spleen

weighed 230 grams and on the cut surface had an 1rregu1arly mottled dark

red apnearance.z The trabeculae were 1ndlst1nct; ~The lymph nodes of the
cervxcal, medlastlnal and ax1llary reglons were -enlarged as were thoge of

the stomach and 1ntest1nes. Hemorrhaglc erosions and small ulcers were seen
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‘throughout the gastrointestinal tract, \Pyramidal yellow-gray zones

were found in the kidneys which were thought to be infarcts,

Microgscopic, Notes:

Large numbers of mononuclear cells arc found throughout most of the
tissues, The cells occur in cldsely compacted groups and conseqguently
some are polygonal in outline, and an occasional cell has a spindle shape,
Most of the cclls presont spherical or slightly in&cnted nuclei with
prominent‘nucleoli. The cytoplasm is apparently much less abundant than in
the cells as-seen in the peripﬁeral blood, In many places groups of the
atypicél cells have become necrotic,

quch mononuclear infiltrations are situated among the muscle fibres
of tho hcart some of which consequent;y have bccome atrophie, " The small
blood vesscls of the interstitium also are filled with atypical cells,

The walls of the alveoli of the lungs are thickenedvby large numbers
of tho-atypical mononuclear cells, There is also focal necrosis about the
bronchioles, whose walls also have become.necrotic. Polymofphonuclear
cells are not seen,

In the liver the pericentral sinusoids are especially involved and
there are only occa51onal monomuiclear cells in the perlportal connective
tissue, The«hepatlc cell cords at the:r‘central ends have become
strikingly atrophlc ‘ - A

In the 1ntest1nes there are tremcndous submucosal 1nf11tratlons but

’theqe are fewer in the mucosa  The 1atter,_however,»has;become necrotic

“ in large foci in manyvplaces,
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In striated muscle there is massive infiltration of cells among the
fibres, some of which have become atrophic, Oécasionally one of the
mononuclear elements is found in mitosis, Groups of cells have become
necrotic but for the most part the tissue is well-preserved,

In the pharynx there are striking infiltrations in subepithelial

- position, The epithelium in the section available, however, appears

intact;

- Large interstidial and perivascular infiltrations are found throughout
the kidneys. Mahy cells of the mononuclear type also occupy a subcansular
position,

The lymph nodes consist of solid masses of the mononuclear cells
ﬁhich have previously been described, There are large foci of necrosis,

The small fragment of marrow that is available contains only a few
large fat cells, There are large septé qomposed of masses of mononuclear
cells; these have the same morbhology as they have elsewhere in the tissues,
No islands of erythropoietic or myelopoietic tissue of the usual type are

seen,

The vessels of the brain contain large mononuclear cells in massive

 numbers; there is no interstitial infiltration in this orgun,
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Notes on Case of Monocytic:Legﬁeﬁia:by Consulting Hematologists:

The smear and the sections were submitted first_to Professor DOWney,
then to Professor Bloom for examihation. Dr. Downey was in agreement.that
monocytic leukemia was‘the proper diagnoéis on fhe basis of ths predominant
cell type. However, he felt after study that it was a Scﬁilling type -

properly.designated reticuloendotheliosia. He pointed out cell types

where this seemed evident to him.' There were preponderantly "retifﬂlar
like" forms in the peripheral blood., Because of the close packing of the
leukemic cells in the tissues he was unable to observe any isolated
instances of the reticular "budding! or préliferation which he believes
is a usable feature of the state.

Dr. Bloom, on the othér’hahd, while agreeing with the diagﬁosisA
of monéoytic 1éukemia, contended that it was'thé Naegeli type, with the
monocytes originating from blasts in the myeloid apparatus,

Neither wouldlexpress an opinion on the)probable relation to the

effects of ionizing radiation.
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: ~ Appendix 2 (8H)
“\ - 'PATHOLOGIC CHANGES IN THE EYE

By Helenor Campbell Wilder

F23s

wl

The following observafidns were based on.ﬁhevmicroscopic examination
» of 18 eves removed at autopsy from Japanese who died QL to 33 days follow-
’ ing the Hiroshima bombing. The eyes had been sectioned in Japan ahd only
- a single microscopic slide and celloidin block of éach Qas submitted to

this Laboratory, In no instance Qﬁs an entire globe or both eyes of a

patient received., It is possible that pathologic changes other than

those notzd in the sections examined may have been present in areas not

available for study,

Three pathologic conditions were observed which appearéd directiy or

indirectly relafed to irradiation: cataract mustAbe considered the -direct
‘.-> ) effect of irradiation;’hemorrhage the result of blood dyscrasia; septic
choroiditis the result of the subsequent severe infegtions accompanied by
sépticemia.

Degenerative changes in some degree were seen iﬁ the lenses of 15 eyes,

These were linmited to the.cortical fibers and were usually most prominent

at the posterior pole Hére the flbers were swollen and pale staining,

o

Vacuoles of varlous 817es appea*ed 1mmed1dt@ly benoath the capsu] whwch'

- was wrlnﬁled over areas of more advancad degeneratlon (FJg. l and 2)

i

Anterlorly and at the equator the changes were uSunlly less marked, “the

w ?fvacuoles smaller and the overly1ng subcapsular eplthellum was 1ntact (pr 3)

L
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In two instances (key'No, 22 and 43) the lens was not included in the
blocks and in one (Key No,-48) it appeared normal,

Although degenerative chéngés may occur in the lens rather soon after
death, the brief period which elapsed between death and auﬁopSy in these
cases, the excellent preservation of other stfuctufes of the eyes, parti-
cularly of the retinas, and the rather marked degree of cortical degenera-
tion, indicated that the cataracts were due to irradiation, rather than to
postmortem degeneration,

In one eye (Key No, 29) a conjunctival hemorrhage (fig. 4), noted .
clinically, was identified on microscopic examination, The surrounding
conjuncvival stroma was infiltrated by mononuclear cells,

A smali préretinal hemorrhage (fig, 5) was found in one eye (Key,
No, 28) and a few red blood cells were seen streaming out into the vitreous
chémber. In one retina (Key‘Nb_ 28) therc was a sﬁgll arca in which the
nerve fibers appeared swollen (fig, 6). This may have represented a
region of edema,

Septic choroiditis® was present in 17 eyes, This was manifested Ly

*Friedenwald, J,‘S;,_and'Rones, B., Arch, of Ophthal,., 5: 175-188, 1933,
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infiltration, particularly of the posterior choroid, by large mononuclear

: dells, a scattering of lymphocytes (figs, 7 and 8), and occasional plasma

cells and Russell bodies (fig. 9). Largé mononuclear cells, similar to
those which in varying degrees infiltrated the choroidal stroma, fre-
quently packed choroidal veins (fig, 10) but were rarely seen in the
arteries, In one case (Key Nb, 39) bacilli, resembling those found in
the boﬁe marrow of the same patient, engorged many of the capillaries of
the choriocapillaris (fig..ll).

In the absence of reports of ophthalmoscopic examination of these
18 eyes, it is not known whether‘cataracts, retinal hemcrrhages and

exudates, or other intra-ocular pathologic conditions were observed

clinically,
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Fig. 1--(8). Autopsy Key # 1. Harada. Age 13. Male. 1300 meters.

Died 9 August 1945, 34 day.  Lung. ZEmphysems and atelectasis. Edema of.

pleura. X 100. (Photo File # HM 104; A.M.M. Accession #158930-73.) .
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Fig. 2--(8). Autopsy Key #4. Kume. Age 32. Male. 1000 meters. Died
12 August 1945, 6th day. Edema of peribronchial and perivascular
tissues. Thickening of some interalveolar septa resulting from edema
and swelling of the cells lining the alveoli. Emphysema of other alve-

~oli. X 125. (Photo File # HM 135; A.M.M. Accession #158930-76.)
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Tig. 3--(8). Autopey Key # 2. Onishi, Age 24. Male, 800 meters.

Died 10 August 1945, 4th day. BSpleen, Marked shrinkage of malpighian

body. Disappearance of lymphooytes and of cells from Billroth's cords.
Acidophilic refractile material in subendothelial position of central

~vessel. X 100. (Photo File # EM 102; A.M.M. Accession #158930-Tk.)
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Fig. 4--(8). Autopsy Key # 2. Onishi. Age 24h. Male. 800 meters.
Died 10 August 1945, 4th day. Spleen. Disappearance of lymphocytes
from sites of malpighian corpuscles. "Necrobiosis' of lymphocytes and
of larger (germinal center?) cells. Acidophilic refractile material
in subendothelial tissues of central arteries. X 400. (Photo File

# HM 100 (K); A.M.M. Accession #158930-75.) '
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Fig. 5--(8), Autopsy Key # 3. Sakuma. Age 15. Male. 1000 meters.

Died 11 August 1945, 5th day. Spleen. Malpighian corpuscle. Paucity
of lymphocytes. -Gient cell resembling Reed Stermberg cell., ‘Hemorrhage

'in end about malpighian ‘follicle. X 165. (Photo File #HM.107 (K);
A.M.M. Accession # 158930-75.)
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Fig. 6--(8). Autopsy Key # 3. Sakuma. Age 15. Male 1000 meters.
Died 11 August 1945, 5th day. Spleen. Erythro-phagocytosis. Atypical
large mononuclear cells. X 750. (Photo File # HM 120 (K); A.M.M.

. Accession #158930-75 and -T7k.)
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Autopsy Key # 3.

Died 11 August 1945, 5th day.

(8).

large atypical mononuclear elements.
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A.M.M. Accession # }158930

(Photo File # HM 121 (K);
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Fig. 8--(8). Autopsy Key # 9. Sekamoto. Age 25. Male. 1500 meters.
Died 14 August 1945, 8th day. Very slight burms. . Tissue in neighbor-
hood of central arterioles. Only rare lymphocytes are present. Numer-
ous large atypical mononuclear elements, some in mitosis. X L0O.
(Photo File # HM 138; A.M.M. Accession 158930-81.)
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Distance unknown.

Collapsed reticular skelton

. Age 19. Male.
X 160.

Tanmadi
.Lymph node.

Autopsy Key # 98.

(8).
Died 16 August 1945,

(Photo File # HM 282;

.)

10th day.
-145
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supporting a very few mature lymphocytes.
M

Fig.
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Accession 158930
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Fig. 10--(8). Autopsy Key # 3. Sakuma. Age 15. Male. 1000 meters.
Died 11 August 1945, 5th day. Prepancreatic lymph nodes. Only a few
lymphocytes remain. No germinal centers. Compacted reticulum. X 90.
(Photo File # HM 111; A.M.M. Accession 158930-75.)

140

o

K. ¢

R4

»

f



)

Fig. 11--(8). Autopsy Key # 3. Sakuma. Age 15. Male. 1000 meters.
Died 11 August 1945, 5th'day. Prepancreatic lymph node. Only a few
mature lymphocytes remain. Compacted reticulum. A few atypical large

free cells, one with peculiar nuclear figure, perhaps in atypical mitosis.
X 350 . (Photo File # HM llO, AM.M. Accession 158930 -75.)
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Fig. 12--(8). Autopsy Key # 5. Yano. Age 39. Male. 1000 meters.
Died 12 August 1945, 6th day. Bone merrow derived from long bone.

Reticulum cells. Plasma-like cells. Some large cells intermediate in.
appearance between the latter and the reticulum cells. No normal hema-
topoietic tissue. Erythrophagocytosis by some of the reticular elements.

This is the earliest histological specimen of bone marrow available.

would be classified as marked hypoplasia, "Type A," (see Group II).
(Photo File # EM 131, (K); A.M.M. Accession 158930-77 and -68.).

It -
X 650
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Fig. 13--(8). Autopsy Key # 98. Tamai. Age 19. Male. Distance wn-

known. Died 16 August 1945, 10th day. Bone marrow, sternum. Hypoplasia.
Plasma cells arranged adventitially in relation to the sinusoids. Some

. -large cells intermediate in appearance between the plasma cells and ele-
-ments of the reticulum. ' This is the earliest histologic specimen of
marrow available from a bone where there is usually active hematopoiesis.
Its classification is "marked hypoplasia" "Type A" (see Group IT). X 400.

(Photo File # HM 283 (K); A.M.M. Accession 158930-145.)
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Pig, 14=--(8). Autopsy Key # 100. Ueki. Age 32. Femele. Distance un-

known. Died 18 August 1945, 12th day.

Bone marrow., Many plasma cells.

Focal hyperplasie of reticulum. Some cells intermediate in appearance
between plasma cells and elements of the reticulum. The atypical plasma-

" cytoid differentiation is remarkable.

No erythropoletic tissue or mega-

karyocytes are in evidence. This marrow 1s classified as "marked focal
reticulum hyperplasia,” Type B (see Group II). X 400. (Photo File # EM

284 (K); A.M.M. Accession 158930-147.)
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Fig. 15--(8). Autopsy Key #5. Yano. Age 39. Male. 1000 meters. -Died
12 August 1945, 6th day. Ileum. Epithelial cell with enormous nucleus
at base of crypt.. Relatively abundant plasmacytoid cells in the lamina
propria. X 810. (Photo File # HM 127; A.M.M. Accession 158930-77 and
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Pig. 16--(8). Autopsy Key # 5. Yano. Age 39. Male. 1000 meters.
Died 12 August 1945, 6th day. Ileum, epithelial cell of intestinal
gland. Irregular clumping and scattering of chromosomes in cell ‘that
1s in process of mitosis. X 810. (Photo File # HM .128; A.M.M. Ac-
cession 158930-77 and -68.) B ‘
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Fig. 17--(8). Autopsy Key # 2. Onishi. Age 2h. Male. 800 meters.
Died 10 August 1945, 4th day. Intestine. Base of crypt. Epithelial cell

"in tripolar mitosis. X 650. (Photo File # EM 125; A.M.M Accession

158930-7h and -75.)
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Fig. 17A--(Section 8). Autopsy Key # 175 (Nagasaki). Yameda. Age 18.

Temale. Distance unknown. Died.20 August, 1llth day. Intestine. Atypi--
cal epithelial cells at base of crypt. X 600. (Photo File NM159; A.M.M.
Accession # 158930-175.) : '
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Fig. 17B--(Section 8). . -Autopsy Key # 175 (Nagasaki). Yamada. Age 18.

Female. Distance unknown. Died 20 August, 1lth day. Intestine. Super-’
ficial ulcers lined by masses of bacteria. Edema of submucosa. No leuko-
t:ytit): infiltration.. X 25. -(Photo File MM 160; A.M.M. Accession #158930-
175. ‘ : :
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Fig. 18--(8). Autopsy Key #2. Onishi. Age 24. Male. 800 meters. Died
10 August 1945, 4th day. Liver. Central congestion. Fibrosis of peri-
central tissues. Large nuclei in the cells of the cords nearest the central
\'renuJ)._es . -X 250. :(Photo File # HM 126, (K); A.M.M. Accession 158930-Th and
=5 ~ S N
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Fig. 19--(8). Autopsy Key # 9. Sakamoto. Age 25. Male. 1500 metérs.

" Died 14 August 1945, 8th day. Kidney. Venules at cortico-medullary junc- -
tion containing large mononuclear cells, one in mitosis. X 400. ' (Photo

File # HM 137, (K);_ A.M:M, Accession 158930-81.)

151




Fig. 20--(8). Autopsy Key #12. Komiya. Age 33.'Male. 700 meters. Died

15 August, 9th day. Kidney. Sinusoids of outer section-of medulla con--
taining small and large mononuclear elements. X 115. (Photo File # HM
255; A.M.M. Accession 158930-85.) S : :
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Fig. 21--(8). Autopsy Key # 2. Onishi. Age 24. Male. 800 meters. Died
10 August, U4th day.- Testis. Sloughing of spermatogonia from basement mem-
brane whereon rest increased numbers of Sertoli cells. Decreased numbers
of spermatids and mature spermatozoa in lumina of tubules. Mitotic figures
are relatively rare. X 160. (Photo File # HM 122, (K); A.M.M. Accession
158930-T4 and -75.) ' ‘ : :
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Fig. 22--(8). Autopsy Key # 2. Onishi. Age 24. . Male. 800 meters.

Died 10 August, Uth day. Rete testis. The lumina of the tubules contain
not only the mature spermatozoa but also the remnants of their precursors
that have sloughed away in various stages of necrosis. X 230. . (Photo File
#BM 123, (K); A.M.M. Accession 158930-74 and -75.) '
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Fig. 23--(8). Autopsy Key # 2. Onishi. Age 24. Male. 800 meters. Died
10 August, 4th day. Atrophy of zone glomerulosa. Loss of lipoid. Edema
of subcapsular connective tissue. Masson stain. X 60. (Photo File # EM
12k, (K); A.M.M. Accession 158930-T4 and -75.)
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. .=~ Fig. 2k--(8). Autopsy Key # 1. Harada. Age 13. Male. 1300 meters. Died
) 9 August 1945, 3d day. Thymus. Scarcity of mononuclear cells. X 165.
‘ " (Photo File # HM 105; A.M.M. Accession 158930-73.)
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Fig. 25--(8). Autopsy Key #98. Tamai. Age 19. Male. Distance unknown.
Died 16 August 1945, 10th day. Wall of pharynx. - Remarkable swelling,
vacuolation, fragmentation, and desquamat_ion in the squamous epithelium.
Edema of connective tissues. Atrophy of lymphoid tissue. Tremendous
lymphectasia. Occasional plasma cells and large mononuclear cells E

: scattered throughout the areolar tissue. X 100. (Photo File # HM 336

' "~ (K); A.M.M. Accession 158930-145,) ‘

';1'
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known. Died 16 .August 1945, 10th day.

Accession 158930-145.)

Fig. 26--(8). Autopsy Key # 98. Tamai. Age 19.
Pharynx.

Distance un-
Epithelial swelling and
fragmentation. Edema of wall. X 450. (Photo File # HM 332, (K); A.M.M.
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Fig. 27--(8). Autopsy Key # 98. -Tamai. Age 19. Male. ' Distance un-
“known. Died 16 August 1945, 10th day. Swelling and vacuolation of 'some
squamous epithelial cells. Atrophy of others. Swelling and loss of
staining qualities of nuclei. Micronuclei (?) in one cell near surface.
Parakeratosis at surface. Dilatation of lymphatics and edema of tongue.
X 130. (Photo File # HM 330, (K); A.M.M. Accession 158930-145.)
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Fig. 28--(8). Autopsy Key #5. Yano. Age 39. Male. 1000 meters. Died

12 August 1945, 6th day.
outer layers of derma.

action.

Changes in sweat glands.

Skin, burned zone.
Bacterial masses in derma, without cellular re-

X 50.

A.M.M. Accession 158930-77 and -68.)

Necrosis of epithelium and

(Photo File # HM 130, (K);
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Fig. 29--(8). Autopsy Key # 5. Yano. ®Age 39. Male. 1000 meters. Died
12 August 1945, 6th day.- Skin, burned zone. Bacterial mass within
erector pili muscle. Squamous metaplasia of epithelium of duct of sweat
gland. Vacuolation and shrinkage of acinar cells of sweat glands. Thick-
ening of basement membranes. Collapse of some acini. X 100. (Photo File

 # EM 129; A.M.M. Accession 158930-77 and -68.)
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Fig. 30--(8). Autopsy Key # 3. Sakuma. Age 15. Male. 1000 meters.
Died 11 August 1945, 5th day. Skin, beneath burn. Edema and myxomatous
change of connective tissue. Proliferation and swelling of histiocytic
and fibroblastic elements. X 100. (Photo File # HM 118, (K); A.M.M.
Accession 158930-Th and -75.).
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Fig. 31--(8). Autopsy Key # 3. Sakuma. Age 15. Male. 1000 meters.
Died 11 August 1945, 5th day. Skin from burned area. Minute thrombus in
blood vessel where wall has undergone necrosis. The exudate is almost ex-
clusively of large mononuclear cells. X 350. (Photo File # HM 113; A.M.M.
Accessin 158930-75.) . o o

163




Fig. 32--(8). Autopsy Key # 4. EKume. Age 32. Male. 1000 meters.
Died 12 August, 6th day. Partly burned skin, general view. Zmne of
greatest destruction of epithelium at "A." Epithelium partly preserved

at "B." Note depigmentation. At "C," zone of hyperpigmentation.
(Photo File # HM 134, (K); A.M.M. Accession 158930-76.)

X 15.
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Fig. 33--(8). ‘Autopsy Key # 4. Kume. Age 32. Male. 1000 meters. Died
12 August 1945, 6th day. Necrosis of epithelium. Infiltration with
large mononuclear elements, which also are in process of necrosis. En-
largement of Section "A" of oriemtating photograph. X 100. (Photo File
# EM 133, (K); A.M.M. Accession 158930-76.) - o
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Fig. 34--(8). Autopsy Key # 4. Kume. Age 32. Male. 1000 meters. Died
12 August 1945, 6th day. Hyperpigmentation of skin at right. Large
numbérs of stellate melanophores among the epithelial cells. Enlargement-
of section junctional between "Bo" and "C" of the orientating view (Fig-
ure 32). X 200. (Photo File # HM 132, (K); A.M.M. Accession 158930-76.)
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Fig. 35--(8). Autopsy Key # 28. Kawaura. Age 22. Male. 1000 meters.
Died 1 September 1945, 27th day. Heart: radiatlon effect, aplastic
anemia, petechiae in epicardium. (Photo File # BS 307, (K), A.M.M. Acces-
sion # 158930-92.)
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Fig. 36--(8). Autopsy Key # 43. Horinouchi. Age 33. Male. 1000
meters, Died T September 1945, 334 day. Heart and kidney. 1. Intra- and
sub-capsular hemorrhages and intreperenchymal petechlae of kidney. 2.
Subendocardial hemorrhage of left ventricle in region of conduction bun-
dle. (Photo File # HS 326 b; A.M.M. Accession # 158930-107.)
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Fig. 37--(8). Autopsy Key # 29. Murakami. Age 22. Male. 1000 meters.
Died 1 September 1945, 2Tth duy. Heart. Périvascular and interstitial
infiltration with small and large mononuclear cells and plasma cells.

X 220. (Photo File #HM 15L; A.M.M. Accession # 158930-93.)
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Fig. 38--(8). Autopsy Key # 36. Morita. Age 21. Female. 1000 meters.
Died 3 September 1945, 28th day. Focal necrotizing bronchiolitis and

focal necrotizing aplastic pneumonia with surrounding hemorrhage. (Photo
File # HS '319; A.M.M. Accession # 158930 100.)

l

170

Y.

&



]

L

- Fig. 39--(8). Autopsy Key # 40. Motoyama. ;Age 29. Male. .1000 meters.
- Died 5 September, 30th day. ZILung.. Focal necrotizing bronchiolitis and
focal necrotizing aplastic pneumonia with surrounding hemorrhage. Fibrin-
ous pleurisy. (Photo File # HS 322 (K); A.M.M. Accession # 158930-10L.)
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Fig. 40-~(8). Autopsy Key #41. Tekano. Age 22. Male. 1000 meters.
Died 5 September, 30th day. Lung. Focal necrotizing aplastic pneumonia.
(Photo File # HS 323; A.M.M. Accession # 158930-105.)
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s, Fig. 41--(8). Autopsy Key #u44. Araki. Age 22. Male. 1000 meters. Died
8 -September 1945, 33d day. Lung. Focal necrotizing bronchiolitis and
focal pneumonia with surrounding hemorrhage. (Photo File #HS 329; A.M.M.
. ~ Accession # 158930-108.) '
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Fig. 42--(8). Autopsy Key # 26. Kitsunai. Age stated variously as 22
or 28. Male. 1000 meters. Died 1 September 1945, 20th day. ILumg:

Focal necrotizing bronchiolitis and focal pneumonia with surrounding hem-
‘orrhage. (Photo File #HS 305 a; A.M.M. Accession # 158930-90.)

17k

4




.

Fig. 43--(8). Autopsy Key # 46. Kurihara. Age 22. Male. 800 meters.
Died 8 September 1945, 33d day. Lung. Necrotizing bronchitis and nec-
rotizing aplastic pneumonia with surrounding hemorrhage. (Photo File

# HS 331; A.M.M. Accession # 158930-110.)
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Fig. 44--(8). Autopsy Key # 29. Murakami. Age 22 or 24k. Male. 1000
meters. Died 1 September 1945, 26th day. ILung: Focal necrotizing
tuberculous bronchiolitis and focal tuberculous pneumonia with surround-
ing hemorrhage. Organizing tuberculous pleurisy. (Photo File # BS 311
(K), A.M.M. Accession # 158930-93.)
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Fig. 45--(8). Autopsy Key # 21. Teeoka. Age 45, Male. 1000 meters.

Died 30 August 1945, 24kth day. Iung. Necrosis of bronchiole. Bacterial -
‘masses attached to wall.' Necrotizing and hemorrhagic pneumonia. X 100.

(Photo File # HM 145; A.M.M. Accession # 158930-85.)
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Fig. 46--(8). Autopsy Key # 47. Neka. Age 35. Female. 800 meters.
Died 24 August 1945, 18th day. ILung. Focus of "necrotizing and hemor-
rhagic aplastic pneumonia." Bacterial masses near center of the lesion.
Lining menbrane of bronchiole near center of lesion is completely necrot-
ic. X 50. (Photo File # HM 242; A.M.M. Accession # 158930-111.)
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- Fig. 47--(8). Autopsy Key # 119. Nagato. Age 26. Female. . 1300
~.meters. Died 27 August 1945, 21st day.

- 288 (K)s'A.M.M.'Accession # 158930-9.) .

Lung. Edema of pleura. Necro-
tizing and hemorrhagic "aplastic pneumonia." X 115. (Photo File # EM
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Fig. 48--(8). Autopsy Key #45. Akagi. Age 28. Male. 1000 meters.
Died 8 September 1945, 334 day. Bronchicle. Part of epithelial lining
has sloughed away. Lumen is filled with small and large mononuclear
cells and with occasional polymorphonuclear leukocytes and stab cells.
X 130. (Photo File # HM 240; A.M.M. Accession # 158930-109.)
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Fig. 49--(8). Autopsy Key # 4O. Motoyama. Age 29. Male. 1000 meters.
‘Died 5 September, 30th day. Lung. DNecrotizing and hemorrhagic pneu- =
monia. Necrosis of portion of wall of blood vessel. This indicates a
possible mechanism of bacteremia. X 130. (Photo File # HM 230; A.M.M.:
Accession # 158930-104.)

}
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Fig. 50--(8). Autopsy Key #47. Naka. Age 35. Femalse. 800 meters.
Died 24 August 1945, 18th day. Spleen. Malpighian corpuscle. Almost
total disappearance of typical lymphocytes. A few small and large plas-
macytoid elements remain. Deposition of hyaline homogeneous , acidophil-
ic, refractile material beneath endothelium of cemntral arteriole.

X 135. (Photo File # HM 247, (K); A.M.M. Accession # 158930-111.)
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Fig. 51--(8). Autopsy Key # 121. Sakinishi. Age 45. Male. 1000 " = .
meters. Died 30 August 1945, 24th day. Spleen. Atrophy of lymphoid tig-
sue. Atypical large mononuclear elements. Hyaline changes 'in walls of
central arteries. X 400. (Photo File # HM 306, (K); A.M.M. Accession
# 158930-46.) ‘ , " . :
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Fig. 52--(8). Autopsy Key # 35. Takahashi. Age 31. Male. 1000

meters. Died 3 September, 28th day. Spleen.

# EM 223, (K); A.M.M. Accession # 158930-99.)

Condensation qf reticulum-
. about central arteries of malpighian corpuscles. X 120. (Photo File

18k
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Fig. 53--(8). Autopsy Key # 35. Takahashi.: Age 31. Male. 1000 meters. :
Died 3 September, 28th day. Spleen. Condensation of syncytial reticulum
about regenerating malpighian corpuscle. Giemsa stain., X 235. (Photo
File # BM 224, (K); A.M.M. Accession # 158930-35.) -
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Fig. 54--(8). Autopsy Key # 35. Takahashi, Age 31. Male. 1000 meters.
Died 3 September, 28th day. Spleen. Condensation of syncytial reticulum
at margin of regenerating malpighian corpuscle. Giemsa stain. X 400.
(Photo File # HM 225, (K); A.M.M. Accession # 158930-99.)
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Fig. 55--(8). Autopsy Key # 38.  Kamihara. Age 22. Male. 1000 meters.
Died 4 September, 29th day. Spleen. Condensation of syncytial reticulum
at periphery of regenerating malpighian corpuscle. Beginnings of germi-
nal center. See Figure 56. X 145. (Photo File # HM226, (K); A.M.M. Acces-
sion # 158930-102.) . : - :
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Fig. 56--(8). Autopsy Key # 38. - Kamihara. Age 22. Male. 1000 meters.
Died 4 September, 29th day. Spleen. Syncytial reticulum condensed at
margin of regenerating malpighian corpuscle. At the right, among the small
lymphocytes, are large, pale cells resembling the germinal center cells, as
well as the reticulum at the periphery. Enlargement of Figure 55. X 550.
(Photo File # HM 227; A.M.M. Accession # 158930-102.)
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Fig. 58--(8). Autopsy Key # 28. Kawaura. Age 23. Male. 1000 meters.
Died 1 September 1945, 26th day. ILymph node. Disappearance of lympho-
cytes. . Numerous mast cells. Giensa stain.: X 500. (Photo File # HM 295,
(K); A.M.M. Accession #.158930-92.) o -




Fig. 59--(8). Autépsy Key # 104%. Yoshitomi. Age 14. Male. 1000 meters.

‘Died 27 August 1945, 21st day. Lymph node. Absence of germinal centers.

Mature small lymphocytes are very few. Numerous large lymphocytes, cells
with the morphology of lymphoblasts and some elements intermediate in ap-
pearance between these and the elements of the reticulum. X 115. (Photo
File # EM 286, (K); A.M.M. Accession # 158930-151.)
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| Fig. 60--(8). Autopey Key # 104. Yoshitomi. Age 14. Male. 1000 meters.

Died 27 August 1945, 21st day. Lymph node. Mature small -lymphocytes are
very few. Numerous large lymphocytes, cells with the morphology of lympho-

‘cytes and some elements intermediate in appearance between these and “the

elements of the reticulum. X 400. (Photo File # EM 285, (K); A.M.M. Acces-

‘sion # 158930-151.)
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Fig. 61--(8). Autopsy Key # 30. Nagashima. Age: variously 23 or 28. )
Male. 1000 meters. Died 1 September, 26th day. Lymph node. General - ' ‘
view. Absence of secondary follicles. TVery few small lymphocytes remain. '
Numerous plasma cells and larger cells intermediate in appearance between

them and the elements of the reticulum. Large mononuclear cells with ”
vacuolated cytoplasm in peripheral sinusoid. Thickening of capsule by N
granulation tissue. X 120. (Photo File # HM 213; A.M.M. Accession
#158930-9k.) A
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Fig. 62--(8) Autopsy Key # 30. Nagashima. Age: variously 23 or 28.

Male. 1000 meters. Died 1 September 1945, 26th day. Lymph node. Pau-
city of mature typical lymphocytes. Numerous plasma cells and large
cells intermediate in appearance between these and the elements of the
reticulum. TLarge mononuclear cells with vacuclated cytoplasm in periph-
eral sinusoid. X 430. (Photo File # HM 214, (K); A.M.M. Accession

# 158930-9%.) . ‘ -

193

et e ey




Fig. 63--(8). Autopsy Key # 28. Kawaura. Age 22. Male. 1000 meters.

'Died 1 September 1945, 26th day. Lymph node. Near edge of focus of

necrosis.. large mononuclear elements with folded nuclei, probably atyp-
ical reticular cells. Occasional plasma cells. Hemorrhage. X hjo.
(Photo File # EHM 152; A.M.M. Accession # 158930-92.)
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Fig. 64-—(8); Autopsy Key # 119. Nagado. Age 26. Female. 1300 meters.

Died 29 August 1945, 23d day. Bone marrow. Rib. Extreme hypoplasia. -

Type A marrow. X 13. (Photo File # BM 340, (K); A.M.M. Accession
# 158930-9.) IR |
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Fig. 65--(8). Autopsy Key # 39. Takeuchi. Age. 29. Male. 1000
meters. Died 4 September 1945, 29th day. Bone marrow (rib). Hypo-
plasia (Type A marrow). Reticulum and plasmacytoid elements. Giemsa
stain. X 180. (Photo File # BM 184, (K); A.M.M. Accession # 158930-103.)
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Fig. 66--(8). Autopsy Key # 39. Takeuchi. Age 29. Male. 1000 meters.
Died 4 September, 29th day. Bone marrow, femoral. Group of reticulum
cells. Giemsa stain. X 1200. (Photo File # EM 187, (K); A.M.M. Acces-
sion # 158930-103.) - '
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Fig. 67--(8). Autopsy Key # 23. Satoi, Age ?. Male. 1000 meters. Died
31 August 1945, 25th day. Bone marvow (femoral). Type A marrow. General
view. Small clumps of reticulum cells and plasmacytoid elements. Occa-
sional megakaryocytes. Giemsa stain. X 235. (Photo File # EHM 191, (K);
A.M.M, Accession # 158930-87.) :
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Fig. 68--(8). Autopsy Key # 28. Kawaura., Age 23. Male. 1000 meters.
Died 1 September 1945, 26th day. Bone marrow. Femoral (Type A marrow).
Reticulum and plasme cells. Erythrophagocytosis. X 1000. (Photo File

# EM 200, (K); A.M.M. Accession # 158930-92.) ' '
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Fig. 69--(8). Autopsy Key # 25. Shintaku. Age ?. Male. 1000 meters.
Died 31 August 1945, 25th day. Bone marrow (femoral). General view.
Groups of reticulum cells, lymphocytes, and plasmacytoid elements. Is-
lets of erythropoietic tissue persist. Type A marrow. X 230. (Photn
File # EM 195, (K); A.M.M. Accession # 158930-89.)
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Fig. 70--(8). Autopsy Key # 27. Omura. Age 22. Male. 1000 meters.
Died 1 September 1945, 26th day. Bone marrow, stermum. Reticulum cells,

Accession # 158930-91.)

plasma cells, and young myelocytes. X 1000. (Photo File # HM 250; A.M.M.,
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Fig. T1=«(8), Autopsy Key # 22. Michihara. Age 1T or 23 variously.
Male., 1000 meters. Died 31 August 1945, 25th day. Vertebral marrow.,
Ezper?lasia of retioulum eells (Type B marrow). X 450. (Photo File # EM
147, (E)j AM.M. Accession # 156930-86.) ;
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Fig. 72--(8). Autopsy Key # 22. Michihara. Age 17 or 23 variously.
Male. 1000 meters. Died 31 August 1945, 25th day. Bone marrow, verte-
bral. General view, Numerous reticulum cells and occasional blast cells.
Groups of streptococci near dilated blood vessel. Giemsa stain. See
gégvire 82. X 230. (Photo File # EM 182, (K); A.M.M. Accession # 158930-
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Fig. T73--(8).

Giemsa stain.

# 158930-86.) -

Autopsy Key # 22. Michihara. Age 17 or 23 w}ario‘usly.
Male. 1000 meters. Died 31 August 1945, 25th day. Bone marrow, verte-
bral. Reticulum and plasmacytoid elements. Occasional blast cells.

X 1200. (Photo File # HM 181, (K); A.M.M. Accession
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Fig. T4--(8). Autopsy Key #43. Horinouchi. ' Age 33. Male. ' 1000 meters.
Died 7 September 1945, 32d day. Some cells with nuclear characteristics '
of reticulum cells. Others have prominent nucleoli. Some cells are found
to have myelocytic granules in giemsa stained smears. Note sausage sha.ped
and polymorphous nuclei of certain elements. : Plasma cells are also pres-

ent in large numbers. Type B marrow. X 1020. (Photo File # EM 317, (K);

A.M.M. Accession # 158930<107.) : -

" 205




Fig. 75-~(8). Autopsy Eey % 43. Horinouchi. Age 33. Male, 1000
meters, Died T September 1945, 324 day. Myelocytes and similar spindle-
shaped cells without granules or with very few granules, transitional
between these and reticulum cells. Plasma cells and lymphocytes. . Blast
cells are rare. Such observations suggest that the myelocytes can de-
velop direotly from the reticulum, without passing through the blast
stage. X 800. (Fhoto File # EM 320, (K); A.M,M. Accession # 1568930-107.)
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Fig. 76--(8). Autopsy Key # 41. Takano. Age 23. Male., 1000 meters.

- Died 5 September 1945, :30th day. Reticulum hyperplasia. ' Prominent
nucleoli in some cells. Some cells are still spindle-shaped and others
~ have becoms rounded. Some plasma cells are present. Giemsa stain, -
X 1020. (Photo File # BM 324, (K); A.M,M. Accession # 158930-105.) :
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AM.M. Accession # 158930-105.)

Fig. T7--(8). Autopsy Key # 41. Takano. Age 23. Male. 1000 meters.
Died 5 September 1945, 30th day. Reticulum hyperplasia. Giant cell

(young megekaryocyte). . Prominent nucleolic in some. cells. Plasmacytoid
nuclei in others. Giemsa stain. X 1020. (Photo File # HM323, (K);
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Fig. 78--(8). Autopsy Key # 29. Murakami. Age: variously 22 or 2k,

. © Male. 1000 meters. ‘Died 1 September 1945, 26th day. Bone marrcw,.
- femoral. Proliferated reticulum. Islands. or erythropoietic tissue.

PN  Giemsa stain. X 1000. (Photo File # HM 203, (K); A.M.M. Accession -

# 158930-93.)
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Fig. 79--(8). Autopsy Key # 29. Murakami, Age: variously 22 or 24,
Male. 1000 meters. Died 1 September 1945, 26th day.  Bone marrow,
femoral. Proliferated reticulum cells and blast cells. The basophilic
cytoplasm of the latter is shrinking. Giemsa stain. X 1000. (Photo
File # HM 204, (K); A.M.M. Accession # 158930-93.) ' :
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Fig. 80--(8). Autopsy Key # 68. Tokui. Age 36. Male. 1000: meters. -

~Died 5 September 1945, 30th day. Hyperplasia of bone marrow. Polymors .

phous cellular characteristics (see high pover: view, Figure 81). X 210,.
(Photp File # EM 326, (K); A.M.M. Accession # 158930-128.) S
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Fig. 81--(8). Autopsy Key # 68. Tokui. Age 36. Male. 1000 meters.
Died 5 September 1945, 30th day. Hyperplastic polymorphous marrow. Some
cells are spindle-shaped and have the delicate nuclear membrane and chro-
matin stippling of reticulum cells. Others have the prominent nucleoli,
thicker nuclear membranes, and basophilic -cytoplasm of blagsts. Some
cells have the granules of myelocytes. Others are plasmacytoid. X 800.

(Photo File # EM 327, (K); A.M.M, Accession # 158930-128.)
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Fig. 82--(8). Autopsy Key # 22. Michihara. Age: variously 23 or 17.
Male. 1000 meters. Died 31 August 1945, 25th day. Bone marrow, verte-
brae. Streptococeci in wall of sinusoid, without local tissue respanse.
gée:;lsa stain. X 1100. (Photo File # HM 183, (K)e;é~Av.,lqli.;l;§&{;Acess‘1on # 158930=
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Fig. 83~--(8). Autopsy Key # 39. Takeuchi. Age 29. Male. 1000 meters.
Died 4 September 1945, 29th day. Bone marrow. Rib.  Focus of necrosis.-

Giemsa stain. X 230. (Photo File # EM 197, (K); A.M.M. Accession # 158930~ E T
103.) ‘ : *
3
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= Fig. 84--(8). Autopsy Key # 39. Takeuchi. Age 29. Male. 1000 meters.
Died 4 September 1945, 29th day. Bone marrow. Rib. Bacilli in large
. numbers withou cellular reaction. Giemsa stain. X 1000. (Photo File # Hh
s -198, (K); A.M.M. Accession # 158930-103.) ‘ :
! 3 St
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Fig. 85--(8). Autopsy Key # 26. Kitsunai. Age 22 or 28 variously. Male.
1000 meters. Died 1 September 1945, 26th day. Stomach. Petechiae of
gastric mucous membrane. (Photo File # HS 304; A.M,M. Accession # 158930-
90.) ' Co
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Fig. 86--(8). Autopsy Key # 21. Isecka. Age 45. Male. 1000 meters.

. Died 30 August 1945, 24th day. Stomach. Edema, hemorrhage, necrosis, and
superficial ulcers of mucosa of stomach. The process is diffuse, except

for a narrow band of well-preserved mucous membrene along the lesser cur-.

vature and in a few places elsewhere. (Photo File # HS 301, (K); A.M.M.

Accession # 158930-85.)
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Fig. 87--(8). Autopsy Key # 21. Iseoka. Age 45. Male. 1000 meters.

Died 30 August 1945, 2hth day. Stomsch. Focal necrosis. Bacterial
masses at surface. Plasma cell infiltration of wall X 81. (Photo File
# EM 1h6 AM.M, Accession # 158930-85. )
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Fig. 88--(8). Autopsy Key # 38. Kamihara. Age 22, Male. 1000 meters.
Died 4 September 1945, 29th day. Large intestine. Superficial uicera-
tion of mucous membrane. Fibrinous exudate adheres in large irregular
shreds. Diffuse hemorrhage of submucosa. (Photo File # HS 321; A.M.M.

Accession # 158930-102.)
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Fig. 89--(8). Autopsy Key # 27. Omura. Age 22. Male. ' 1000 meters.
Died 1 September 1945, 26th day. Intestine. Necrosis .and hemorrhages

of mucous membrane. Ileocecal valve involved (Photo File # HS 306
AM.M. Accession # 158930 51.)
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Fig 90--(8). Autopsy Key # 35. Takahashi. Age 30. Male. 1000 meters. ‘ .
Died 3 September 1945, 28th day. Intestine. 1, focal hemorrhages of - -
ileum. 2, hemorrhages and ulcers of ascending colon and ileo-cecal

valve. 3, hemorrhages of descending colon. (Photo File # HS 317, (K); R )
A.M:M. Accession # 158930-99.)
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Fig. 91--(8). Autopsy Key # 24. Chiba. Age 27. Male. 1000 meters.
Died 31 August 191+5, 25th day. Ileo-cecal valve. Radiation effect,
aplastic anemia, focal hemorrhages and necrosis of mucosa of ileo- cecal
valves and ascending colon. (Photo File # HS 302 A.M.M, Accession

# 158930-88.)
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Fig. 92--(8). Autopsy Key # 37. Takeda.
Died 4 September 1945, 29th day. Ileo-cec
rhage of ileo-cecal valve and ascending co
A.M.M. Accession # 158930-101.)

Age 25. Male. 1000 -meters.
al valve. Necrosis and hemor-
lon. (Photo File # HS 320;
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' Fig. 93--(8).  Autopsy Key # 103. Yokota. Age 1l4. TFemale. 1800 meters.
Died 23 August, 14th day. Colon. Necrosis. Absence of leukocytic. re-
C . action., Edema and lymphectasia of submucosa. X 30. (Photo File # HM 25T;
A "A.M.M. Accession # 158930-150.) B -
s . i
> .
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Fig. 94--(8). Autopsy Key # 43. Horinouchi. Age 33. Male. 1000
meters. Died 7 September 1945, 324 day. Margin of ulcer. The exudate
consists of small and large mononuclear cells and plasma cells, without

polymorphonuclear leukocytes. X 130. (Pheto File # HM 235; A.M.M. Acces-
sion # 158930-107.) . '
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Fig. 95--(8). Autopsy Key # 89. Kurcki. Age 23. Male. 1000 meters.
Died 27 August, 2let day. Liver. Focus of necro®is. The cellular exu-
date is scanty and consists almost entirely of plasma cells, many of which
are represented only by granmular pyknotic debris.'. X 200. (Photo File
# HM 273; A.M.M. Accession # 158930-20.) -
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Tig. 96--(8). Autopsy Key # 30. Nagashima. Age: variously stated as
23 or 28. Male. . 1000 meters. Died 1 September 1945, 26th day. - Kidney.
Petechise in parenchyma of kidney, hemorrhage in mucous membrane of
pelvis. There 18 no evidence of glomerulonephritis histologically. (Photo
File # HS 312; A.M.M. Accession # 158930-9k.)
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Fig. 97--(8). Autopsy Key # 42. Moriseko. Age 27. Male. 1000 meters.
Died 6 September 1945, 31lst day. Pelvis of kidney. Hemorrhage and
edema. No leukocytic infiltration. X 130. (Photo File # HM 234; A.M.M.
Accession # 158930-106.) ' ‘ i
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Fig. 98--(8). Autopsy Key # 91. Kato. Age 24. Male. 1000 meters.
Died 29 August 1945, 23d day. Kidney. Large mononuclear cells in tu-
bules of sinusoids in outer parts of medulla. X 400. (Photo File # HM
275, (K); A.M.M, Accession # 158930-27.) o

230



Hemorrhage in mucous membrane of bladder. (Photo File # BHS 31k4; A.M.M.
Accession # 158930 9h ) :

'Fig. 99--(8). Autopsy Key # 30. Nagashima. Age: variously stated as
23 or 28, Male. 1000 meters. Died 1 September 1945, 26th day. Bladder.
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Fig. 100--(8). Autopsy Key # 30. Nagashima. Age: variously stated as

23 or 28. Male. 1000 meters. Died 1 September 1945, 26th day. Testes.

‘Atrophy. (Photo File # HS 313; A.M.M. Accession # 158930-9%.)
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Pig. 101--(8). Autopsy Key # 27. Omura. Age 22. Male. 1000 meters.
Died 1 September 1945, 26th day. Testis. Atrophy. Necrotic remnants of
germinal epithelium and its derivatives in lumina of tubules which are
‘lined by Sertoli cells.. X 125. (Photo File # EHM 149; A.M.M. Accession
#158930-91.)
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Fig. 102--(8). Autopey Key # 28. Kawaura. Age 22, Male., 1000 meters.
Died 1 September 1945, 26th day. Testis, Atrophy. Necrotic remmnants of
germinal epithelium and its derivatives in lumina of tubules. Edema of
interstitial tissues. Hyaline subendothelial changes of small blood
vessels. X 125. (Photo File # HM 150; A.M.M. Accession # 158930-92.)

23k




EY

Fig. 103--(8). Autopsy Key # 31. Veda. Age 45. Male. 1000 meters.
Died 2 September 1945, 27th day. Testis. Disappearance of germinal epi-
thelium. Heads of spermatozos and spermatids remain embedded in distal

parts of.the Sertoli cells. Hyperplasia of interstitial cells (slight). "
X 120. (Photo File # BM 217, (K); A.M.M. Accession # 158930-95.) :
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Fig. 104--(8). Autopsy Key # 39. Takeuchi. Age 29. Male. 1000 meters.
Died 4 September 1945, 29th day. Testis. Atrophy of germinal epithelium

and its derivaties. Hyperplasia of interstitial tissue.
File # BM 228; A.M.,M. Accession # 158930-103.)

X 115. (Photo
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Fig. 105--(8). Autopsy Key # 46. Kurihara. Age 22. Male. 800 meters.
Died 8 September 1945, 33rd day. Testis. Atrophy of tubules. Near
basement membrane, amoné the Sertoli cells, is an ovold cell with a
hyperchromatic nucleus thought to be a persistent element of the germinal

epithelium. X 450. (Photo File # HM 241; A.M.M. Accession # 158930-
110.) ' : '
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Fig. 106--(8). Autopsy Key # 40O. Motoyama. Age 29. Male. 1000 meters.
Died 5 September 1945, 30th day. estis. Atrophy. Tubule containing
"glant cell," apparently produce®®by fusion and compaction of the cyto-
plasm of spermatids. (Photo File # HM 231; A.M.M. Accession # 158930-104.)

)
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Fig. 107--(8). Autopsy Key # 41. Takano. Age 23. Male. 1000 meters.
Died 5 September 1945, 30th day. Testis. ~Tubule containing "giant cell."
See Figure 106. (Photo File # HM 232; A.M.M. Accession # 158930-105.) -
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Tig. 108--(8). Autopsy Key # 91. Kato. Age 24, Male. 1000 meters.

Died 29 August 1945, 30th day. Testis. Atrophy. "Giant cell" in lumen

of tubule, which is lined entirely by Sertoli cells. The "giant" cell

has probably resulted from compaction and fusion of spermatids. See

Figures 106 and 107. X 400. (Photo File # HM 274, (K); A.M.M. Accession . A
# 158930-27.) '

.
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Fig. 109--(8). Autopsy Key # 128. Fukuhara.

_Age' 8. Male. Between 500

and 1000 meters. Died 15 September 1945, 4Oth day. Immature Testis.

Thickening of basement membranes of tubules.
served. X 100. (Photo File # HM 338, (K); A.

The epithelium is well pre-
M.M. ACcessiop # 158930-40.)
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Fig. 110--(8). Autopsy Key # 36. Morita. Age 21. Female. 1000 meters.
Died 3 September 1945, 28th day. Pelvic organs. Hemorrhages in endome- -
trium and in right ovary. (Photo File # HS 318; A.M.M. Accession # 158930-
100.) | . ‘ |
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Fig. 111--(8). Autopsy Key # 36. Morita. Age 21. Female. 1000 meters.

Died 3 September 1945, 28th day. Ovary. Shrunken primary follicles. No
developing follicles. Corpora albicantia present elsewhere in this ovary.
X 235. (Photo File # HM 216; A.M,M. Accession # 158930-100.)

243




Fig. 112--(8). Autopsy Key # 47. Naka. Age 35. Female. 800 meters.

' Died 24 August 1945, 18th day. Ovary. Shrunken primary follicle. X 500.

(Photo File # HM 244; A.M.M. Accession # 158930-111.)
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Fig‘. '113--(8). Autopsy Key. # 47. Naka. Age 35. Female. 800 meters.
Died 24 August 1945, 18th day. Endometrium in "resting phase.” X 50.
(Photo File # HM 245; A M.M.  Accession # 158930-111.) L
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Fig. 114--(8). Autopsy Key # 119. Nagado. Age 26. Femals. 1300
meters. Died 29 August 1945, 234 day. Ovary. 7Paucity of primary
follicles. Atresia of surviving follicles. No developing follicles.
Corpora albicantia present elsewhere in this ovary. X 115. (Photo File
# EM 303; A.M.M, Accession # 158930-9.) :
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Fig. 116--(8). Autopsy Key # 119. Nagado. Age 26. TFemale. 1300
meters. Died 29 August 1945, 234 day. Ovary. Deposits of hyaline re-
fractile acidophilic material beneath endothelium of blood vessels.
Similar to changes seen in stroma of testis. Compare Figure 102,

X 175. (Photo File # HM 304; A.M.M. Accession # 158930-9.)
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Fig. 117--(8). Autopsy Key # 61. Shimizu. Age 38. Female. 1100

‘meters., Died 11 September 1945, 36th day. Ovdary. Involuting corpus

luteum of pregnancy. X 100. (Photo File # EM 334, (K); A.M.M. Accession
# 158930-121.) . ‘ L T ' :
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Fig. 118--(8). Autopsy Key # 61. Shimizu. Age 38. Female. 1100
meters:; Died 11 September 1945, 36th day. Fra.gmem‘:s of decidua from
uterine cavity. X 100. (Photo File # HM 335; A.M.M. Accession 158930-
121.) o
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Fig.'119--(8). Autopsy Key # 42. Moriseko. Age 27. Male. 21000
meters. Died 6 September 1945, 31 days. Brain. Sub-pial hemorrhage
of frontal lobe. Massive hemorrhage in medullery cistern of sub-
drachnoid space. Petechiae of subependyma of lateral ventricle. (Photo
File # HS 324; A.M.M, Accession 158930-106.) .
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Fig. 120--(8). Autopsy Key # 60. Shigeta. Age 44, TFemale. 800
meters. Died 11 September 1945, 36 days. Brain. Focus of necrosis

in medulla, surrounded by hemorrhage. A small bacterial mass which
appears black in the photograph lies near center of the lesion. X 100.
(Photo File # HM 333, (K); A.M.M. Accession 158930-120.)
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Fig. 121--(8). Autopsy Key # 95. Akagi. Age 28. Male. 1000 meters.

Died 8 September 1945, 33d day. Adrenal. Focus of necrosis in fascicu-

lar stratum of cortex. Infiltration of large fat-filled phagocytes. -
X 265. (Photo File # HM 236; A.M.M. Accession 158930-109.)
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Fig. 122--(8). Autopsy Key # 45. Akagi. Age 28. Male. 1000 meters.

Died 8 September 1945, 33d day. Adrenal. Fatty changes of scattered

cells and groups of cells in the cortex. Several cortical epithelial -
cells in the fascicular stratum in mitosis. X 210. (Photo File # HM 23T;

A.M.M, Accession 158930-109.)

©

@l

254



"o

ﬁ{\

£ ;3.{5
%
‘% k

AT
e '
Iy a9 »
@‘ : )

o :

Fig. 123--(8). Autopsy Key # 42. Moriseko. Age 27. Male. 1000
meters. Died 6 September 1945, 31st day. Pituitary. Vacuolation of

groups of basophilic cells (castration cells).

297, (K); A.M.M. Accession 158930-106.)

X 175. (Photo File # EM
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Fig. 124--(8). Autopsy Key # 42. Moriseko. Age 27. Male. 1000
meters. Died 6 September 1945, 21st day. Pituitary. Vacuolated large
basophilic cells (castration cells). Hyperplasia of basophilic cells.
X 400. (Photo File # HM 298, (K); A.M.M. Accession 158930-106.)
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~Fig. 125--(8). Autopsy Key # 29. Murakami. Age: variously stated as

22 or 2k, Male. 1000 meters. Died 1 September 1945, 26th day. Tongue.
Necrosis and hemorrhage.. (Photo File # HS 310; A.M.M. Accession 158930-

93.)
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Fig. 126--(8). Autopsy Fey # 44. Araki. Age 22. Male. 1000 meters.
Died 8 September 1945, 334 day. Viscera. Radiation effect, aplastic
anemia, acute ulcers of epiglottis with gsurrounding hemorrhage, acute lin-
gual tonsillitis, multiple hemorrhages of mucosa of gall bladder, focal
necrotizing pneumonia with surrounding hemorrhage. (Photo File # HS 328;
A.M.M. Accession 158930-108.) g .
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Fig. 127--(8). Autopsy Key # 46. Kurihara. Age 22. Male. 800 meters.
Died 8 September 1945, 33rd day. Neck organs. Edema and necrosis of epi-
glottis and aryo-epiglottic folds. Necrosis of faucial tonsils, (Pnoto
File # HS 332; A.M.M. Accession 158930-110.) ‘ .
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Fig. 128--(8). Autopsy Key # 35. Takahashi. Age 30. Male. 1000 meters.

Died 3 September Al91+5,' 28th day. Larynx. Radiation effect, aplastic
anemia, necrosis of tonsils, hemorrhage and edema of epiglottis and aryo-
epiglottic folds. (Photo File # HS 316, (K); A.M.M. Accession 158930-99.)
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Fig. 129--(8). Autopsy Key # 26. Kitsunai. Agef variously 22 or 28.

Male. 1000 meters. Died 1 September 1945, 26th day. Neck organs. Radi-

ation effect, aplastic anemla, necrosis and hemorrhages of epiglottis.
(Photo File # HS 305; A.M.M. Accession 158930- 90 )
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Fig. 130--(8). Autopsy Key # 21. Iseoka. Age 45. Male. 1000 meters.
Died 30 August 1945 , 25th day.  Neck organs. Necrosis of lining membrane’
of epiglottis, larynx, and trachea. Necrosis and enlargement of left
tonsil. Foci of necrosis in the right tonsil which is somewhat smaller.
(Photo File # HS 300; A.M.M. Accession 158930-85.)
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Fig. 131--(8). Autopsy Key # 56. FKawamura. Age 51.. Femals. 1100

meters. Died 11 September 1945, 36th day. Epiglottis. Necrosis and in-

" filtration of small mononuclear and plesma cells. Occasional polymorpho-

nuclear leukocytes. Cartilage intact. X 115. (Photo File # HM 270; A.M.M.
Accession 158930-116.) ST . ' :
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' Fig. 132-—(8); Autopsy Key # 47. Naka. Age 35. Female. 800 meters.

Died 24 August 1945, 19th day. Tonsil. Necrosis. Absence of polymor-
phonuclear leukocytic barrier between the necrotic and non~hecrotic
tissue. X 130. (Photo File # HM 264, (K); A.M.M. Accession 158930-111.)
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Fig. 133--(8). Autopsy Key # 56. Kawamura. Aze 51. Female. 1100 meters.
Died 11 September 1945, 36th day. Pharynx. Thrush. Mycelium (probably of
monilia). X 130. (Photo File # BM 271, (K); A.M.M. Accession 158930-116.)

’
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Fig. 134 A--(8). Autopsy Key # 47. Naka. Age 35. Female. 800 meters.
Died 24 August 1945, 18th dey. Skin. Low-power view of margin of ulcer.
The labeled sections correspond to fields enlarged in the subsequent photo-
graphs. X 30. (Photo File # HM 344; A.M.M. Accession # 158930-111.)
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Fig. 134 b--(8). Autopsy Key # 47. Naka. Age 35. Female. 800 meters.
Died 24 August 1945, 19th day. Skin. Ulcer. Necrosis-of outer layer of

epithelium. Pigment remeins in basal cells. Congestion of blood vessels

and hemorrhages. Bacteria In necrotic material at surface of ulcer. No
leukocytic infiltration. X 115. (Photo File # HM 299, (K); A.M.M., Acces-
sion 158930-111.) ' o ‘ '
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Fig. 134 C--(8). Autopsy Key # 47. Naka. Age 35. Female. 800 meters.
Died 2L August 1945, 18th day. Skin, from gection 2 (see Figure 1344).
Vacuolation of epithelial cells; shrinkage of nuclel. Irregularity of
distribution of pigment and absence of mitoses in basal layer. ©Small
mononuclear cells about dilated blood vessels in corium. X 150. (Photo
File # HM 345; A.M.M. Accession # 158930-111.)
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Fig. 134 p--(8). Autopsy . Key # 47. Naka. Age 35. Female. 800 meters,
Died 24 August 1945, 18th:day. Skin, from Section 1 (see FPigure 1344).
Vacuolation of epithelial cells ang shrinkage of nuclei. Irregularity of
distribu'ti_on of pigment and absence of mitoses in basal layer. Small '
Iononuclear cells about dilated blood vessels in corium. X 150, (Photo
File # HM 346; A.M.M. Accession # 158930-111.) - '
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Fig. 135--(8). Autopsy Key # 29. Murakemi. Age 24 or 22. Male. 1000
meters. Died 1 September 1945, 26th day. Skin. Ulcer. Bacterial mass-

es in necrotic meterial.

Plasma cells, large moronuclear cells and extra-

vasated erythrocytes at base. X 115. (Photo File # HM 296; A.M.M. Acces-

sion 158930-93.)
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Fig. 136--(8).. Autopsy Key # 45. Akagi. Age 28. Male. 1000 meters.
Died 8 September 1945, 33d day. Scalp and neck. Radiation effect, . _
aplastic anemia. a. Partially epilated scalp. b. Cellulitis of soft
tissue of neck. (Photo File # HS 330; A.M.M. Accession 158930-109.)
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Fig. 137--(8). Autopsy Key # 14. Yamamoto. Age 25. Male. 1000 meters.
Died 22 September 1945, 47th day. Scalp. Regenerating hair follicles.

Occasional mitosis among matrix cells.

Well defined Henle's and Huxley's

layers, and external root sheath. Cuticles forming. To the left is
another hair follicle met 1in section nearer its externmal opening. Here a
keratinized hair shaft is separated from the external root sheath by a
space. This 1s a regenerating hair from a case in Group III, but is used

to illustrate the typical structure.
A.M.M. Accession 158930-33.)

X 225. (Photo File # EM 210, (K);
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Fig. 138--(8). Autopsy Key # 45. Akagi. Age 38. Male. 1000 meters.

Died 8 September 1945, 33& day. Scalp. Atrophy of hair follicle, thick-

"ening of glassy and bagement membranes, failure of differentiation of in-

ternal root sheath. Irregularity of -distribution of pigment vacuoles be-
tween epithelium and glassy membrane. X 130. (Photo File # EM 238, (K);
A.M.M. Accession 158930-109.) ,
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| Fig. 139--(8). Autopsy Key # 31. Ueda. Age 45. Male. 1000 meters. | S
e ' Died 2 September 1945, 2T7th day. Scalp. Hair follicle. Atrophy of
. follicle. Failure of differentiation of matrix. Irregulerity of distri- B
bution of pigment, X 120. (Photo File ,# HM 219; A.M.M. Accession 158930~ :
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Fig. 140--(8). Autopsy Key # 33. Ikeda. Age 36. Male. 1000 meters.
Died 2 September, 27th day. Scalp. Hair follicle. Atrophy. Failure of
differentiation of matrix into intermal root sheath. Irregularity of
distribution of pigment. Tremendous thickening of glassy membrane. Re~
meins of external root sheath have shrunken away from it. X 130. (Photo
File # BM222; A.M.M. Accession 158930-97.)
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Fig. 141--(8). Autopsy Key # 28. Kawaura. Age 22. Male. 1000 meters.
Died 1 September 1945, 26th day. Scalp. [Failure of differentiation of
internal root sheath and keratinized hair shaft. Irregularity in distri- -
bution of pigment. Thickening of basement membrene. X 90. (Photo File

# EM 153, (K); A.M.M. Accession 158930-92.) ‘ ' ' -
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Fig. 142--(8).. Autopsy Key # 30. Nagashima. Age: variously 23 or 28,
1000 meters. Died 1 September 1945, 26th day. Scalp. Atrophy of hair
follicles. Failure of differentiation of matrix substance into well-
defined external root sheath and internal root sheath. Irregular distri-. .
bution of pigment. Enormous thickening of basement membrane and of glassy
membrane which is proved not to be elastic tissue in Verhoeff's stain. ’
Note that elastic fibers of derma stain well. X 110. (Photo File # HM
215, (K); A.M.M. Accession 158930-9k.) ‘
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Fig. 143--(8). Autopsy Key # 24. Chiba. Age 29. Male. 1000 meters.
Died 31 August 1945, 25th day. Scalp. Atrophy of hair follicles. Enor-
mous thickening of basement membranes. Atrophy of sebaceous glands.

X 20. (Photo File # HM 294; A.M.M. Accession 158930-88.)
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Fig. 144--(8). Autopsy Key # 104%. Yoshitomi. Age 14. Male. 1000 meters.
Died 27 August 1945, 21st day. Scalp. Atrophy of all hair follicles.
Enormous thickening of basement membranes of hair follicles. ' Atrophy of
epithelium of surface and of sebaceous glands.  (Photo File # HM 302, (K);
A.M.M. Accession 158930-151.)

279




{
i
|
!

Fig. 145--(8). Autopsy Key # 22. Michihara. A:ge: 17 or 23. Male. 1000
meters. Died 31 August 1945, 25th day. Scalp. Atrophy. TFailure of sep-
aration of keratinized shaft. Irregular distribution of pigment. X 90.
(Photo File # EM 151; A.M.M. Accession 158930-86.)
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Fig. 146--(8). Autopsy Key # 45. Akagi. Age 28. Male: 1000 meters.
Died 8 September 1945, 33d day. Scalp. Hair follicle. -Atrophy. Hair
remains fused to extermal root sheath. Process analogous to parakera-
tosis at surface. Irregularity of distribution of pigment. X 130.
(Photo File # HM 239, (K); A.M.M. Accession 158930-109. )
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Fig. 147--(8). Autopsy Key # 31. Ueda. Age 45. Male. 1000 meters.
Died 2 September 1945, 27th day. Scalp. Hair follicle. Atrophy. Creat-
1y thickened basement membrane. TFailure of. development of Henle's and
Huxley's layers. The hair appears to spring directly from the external ‘
root sheath. Irregularity of distribution of pigment. Excess of keratin
from surface in the mouth of the follicle. X 120. (Photo File # HM 218;
A.M.M. Accession 158930-95.) :
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s . Fig. 148--(8). 'Autopsy Key # 35. Takahashi. Age 31. Male. 1000

meters. Died 3 September 1945, 28th day. Hair, removed from head partly
epilated person. Tapering of shaft toward attached end; evidence of atro-
Phy of matrix. .Absence of remnants of internal root sheath. X 50. (Photo

) " File # Hm 262 A.M.M. Accession 158930 -99. )
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Fig. 149--(8). Autopsy Key # 50. Kijima. Age‘31. Male. 1000 meters.
Died 15 November 1945, 100th day.. Right lung. Gangrene of upper lobe
with sequestrated lung tissue. Abscess cavity in lower lobe. Diffuse

necrotizing and organizing pneumonla. (Photo File # HS 333, (K); A.M.M.

Accession 158930-66.)
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Fig. 150--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters.
Died 15 November 191L5, 100th day. Lung. Fibrous wall of abscess cavity.
Rl X 50. (Photo File # HM 269; A.M.M. Accession 158930-66.)
- .
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B - 285



‘{'F \”"‘

O RS

58 LIS
LA ey
e

w_ (5300 R

‘Fig. 151--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters.

Died 15 November 1945, 100th day. Lung. Organizing pneumonia. Some"
alveoli contain numerous large mononuclesr fat-filled phagocytes. X 130.
(Photo File # EM 265; A.M.M. Accession 158930-66.)
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Fig. 152-~(8). Autopsy Key # 96. Sakoda. Age 33. Male. lOOO_méteré.
Died 12 November 1945, 97th day. ZIung. Orgenizing pneumonia. X 130.
(Photo File # EM 278; A.M.M. Accession 158930f19.) - : o
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Tig. 153--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters.
Died 15 November 1945, 100th day. Spleen. Germinal center in malpighian
corpuscle. X 200. (Photo File # HM 267; A.M.M. Accession 158930-66.)
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Fig. 154--(8). Autopsy Key # 82. -Oku.. Age 15. Female. 1200 meters.

Died 17 September 1945, ¥2nd dey. Lymph node. Enormous atypical ‘cells.
resembling Reed-Sternberg cells. X 400. (Photo File # HM 301; A.M.M.
Accession 158930-138.) ‘ : ' '
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Fig.. 155--(8). Autopsy Key # 133. Nagai.

Age 9. Male. 500 meters.

Died 29 September, 54th day. Rib. Costochondral junction. Hyperplasia
of bone marrow. Type C. Compare with figure 64 (8). X 13. (Photo File

# EM 337, (K); A.M.M. Accession 158930-23.)
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: Fig. 156--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters.
- - Died 15 November 1945, 100th day. Bone marrow of rib. Focus of regen-
.erating tissue within the gelatinous marrow. Type C. The vertebral
marrow in this patient is much more cellular. X 115. (Photo File # HM
1428, (K); A.M.M. Accession 158930-66.) - ' o
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Fig. 157--(8). Autopsy Key # 50.
Died 15 November 1945, 100th day.

Kijima. Age 31. Male. 1000 meters.
Myelocytes and a cell with clear cyto-

plasm resembling a lymphocyte. X 800. (Photo File # HM 309, (K); A.M.M.

Accession 158930-66.)
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‘ Fig. 158--(8). -Autopsy -Key # 14. Yamamoto. Age 25. Male. 1000- meters.
. Died 22 September 1945, 4Tth day. Bonme marrow. Extreme hyperplasia.

Type D. Numerous myelocytes and metamyelocytes. X 130. (Photo File # HM
261, (K); A.M.M. Accession 158930-33.) : :
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Fig. 159--(8). Autopsy Key # 118. Inaba. Age 56. Female. TOO meters.
Died 5 October 1945, 60th day. Hyperplasia of reticulum. See Figurée 160
for description. X 400. (Photo File # EM 315, (K); A.M.M. Accession 158930-
165.) _ o o
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Fig. 160--(8). Autopsy Key #118. Inaba. Age 56. Female. 700 meters.
Died 5 October 1945, 60th :day.  Hyperplesia of reticulum. Some.cells have
more prominent nucleoli than are seen in the typical reticulum cell and may
be forms in transition to myelocytes although the granules in the cytoplasm

are poorly preserved. Blast cells are Tare. X 750. (Photo File # EM 316
(K); A. .M:M. Accession 158930~165.)
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Fig. 161--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters. ”
Died 15 November 1945, 100th day. Femur. Red gelatinous marrow in upper
portion of shaft. Gelatinous and fatty yellow marrow in distal portion
of the bone. (Photo File # HS 334, (K); A.M.M. Accession 158930-66.)
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Fig. 162--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters.
Died 15 November 1945, 100th day. Bone marrow.. Rib. "Gelatinous marrow"
showing atrophic fat cells, and granular interstitial material containing
large quantities of fibrin. Masson Stain, X L400. (Photo File # HM 266,
(K); A.M.M: Accession 158930-66.) :
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Fig. 163--(8). Autopsy Key # 110. Watanabe. Age 56. Male. 1000
meters. Died 2 September 1945, 27th day. Bone marrow, sternal. Fibrin
deposited about megakaryocytes. X 500. (Photo File # HM 287, (K); A.M.M.
Accession 158930-157.) . ' :
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. Fig. 164--(8). Autopsy Key # 131. Takatini. Age 39. TFemale. 1500
- . meters, Died 21 September 1945, 46th day. Colon. -Amebae in edematous

areolar tissue of the submucosa. X 350. (Photo File # EHM 339, (K);
A.M.M. Accession 158930-41.) . C RS ;
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Fig. 165--(8). Autopsy Key # 14. Yamamoto. Age 25. Male. 1000 meters.
Died 22 September 1945, 4T7th day. ZLiver. Central necrosis; thickening of
wall of central venule. Exudate of small and large mononuclear cells.

X 115. (Photo File # HM 212; A.M.M. Accession 158930-33 )
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Fig. 166--(8). Autopsy Key # 14. Yamasmoto. Age 25. Male. 1000 msters.
Died 22 September 1945, 4T7th day. Testis. Disappearance of germinal epl-
thelium and its derivatives. Thickening of basement membranes of the.
‘tubules by deposition of finely fibrillar collagenous material within the
0ld basement membrane. Deposits of refractile acidophilic material be-
neath the endothelium of the blood vessels in the interstitium. X 115.
(Photo File # EM 211, (K); A.M.M. Acession 158930-33.) ’
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Fig. 167--(8). Autopsy Key # 50. Kijima.
Died 15 November 1945, 100th day. Testis.

|
Age 31.} Male. 1000 meters,
Complete cessation of spermato-

genesis. The tubules, whose basement membranes havé not become thickened,
are lined exclusively by Sertoli cells. The interstitial tissue is not
hyperplastic. X 115. (Photo File # EM 143, (K); A.M.M. Accession 158930-

6.)
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‘Fig. 168--(8). Autopsy Key # 50. Kijima. Age 31. Male. 1000 meters.
Died 15 November 1945, 100th day. Prostate. Atrophy. ' Grossly this pros-

- tate was approximately half the usual size. X 95. (Photo File # HM 14k4;
' A.M.M. Accession 158930-66.) .

Y

303




&

=
e
(401
3
L b P
8823
&
QO i~
O~
24
w
© — M
— O
g O
Mlx
)
« O P
~ - &
NP 0 o
0o °
%
A
a2
maP6
g 0\
o O M |
.J,uto
43R
R
. -ml
Q khun i
NG oo
d_m.m
Jeiy
o
SRR
— Q
B g
B3 .
‘o &=
POH .
Z7 8%
4 O <
.mW;
~~ 1 O
Lo )R TN~ Re
~ Pp OmM
i
Sl
ll.w_#
.dme
WO o~
ot ord &4 ot
A &



ot

<

o

3o

2

.ok

e

e T F I TR
? - e M St

@t

.

4

Fig. 170--(8). Autopsy Key # 96. Sakoda. Age 33. Male. 1000 meters.
Died 12 November 1945, 97th day. Adrenal. Focal atrophy with decrease

in thickness of cortex. "Focal fatty changes in cortex.
File # BM 277; A.M,M. Accession 158930-19.)

X 130. (Photo
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Fig. 171--(8). Autopsy Key # 50.
Died 15 November 1945, 100th day.

Kijima.

Pituitary.

Age 31.

g

Male.

1000 meters.
) Large basophilic cells.
X 200. (Photo File # EM 140, (K); A.M,M. Accession 158930-66.) :
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. Fig. 172--(8). Autopsy Key #50. Kijima. Age 31. Male. 1000 meters.
. Died 15 November 1945, 100th day. Pituitary. Large basophilic cells.
X 600. (Photo File # HM 139, (K); A.M.M., Accession 158930-66.)
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Fig. 173--(8). Autopsy Key # 133. Nagai. Age 9. Male. 500 meters.
Died 29 September 1945, 5Lith day. Rib. Costochondral junction. No
apparent effect on the growing cartilage or bone. X 100. (Photo File
# EM 341, (K); A.M.M. Accession 158930-23.) '
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Fig. 175~-(8). Autopsy Key # 14. Yamamoto. Age 25. Male. 1000 meters.
Died 22 September 1945, 47th day. Scalp. Hair. The complete follicle
in longitudinal section. Atrophy of matrix. Failure of differentiation
of internal root sheath. Irregular distribution of pigment; thickening
of glassy and connective tissue sheaths. Remmants of atrophic shaft fill
the dilated mouth of the follicle. Parakeratotic plug around this shaft.
Atrophy of associated sebaceous gland. X 50. (Photo File # HM 280, (K);
A.M.M. Accession 158930-33.) o
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Fig. 176--(8). Autopsy Key # 17. Shintani. Age 39. Male. 1000 meters.
Died 23 September 1945, 48th day, Hair. Failure of differentiation of in-
ternal root sheath. Shaft appears to develop by process of parakeratosis
from external sheath. Atrophy of associated sebacecus gland. X 130. ‘
(Photo File # EHM 260, (K); A.M.M. Accession 158930-36.)
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Fig. 177--(8). Autopsy Key # 14. Yamemoto. Age 25. Male. 1000 meters.
Died 22 September 1945, 47th day. Skin. Hair follicle. TFailure of sepa-
ration of keratinized shaft. ©Process analogous to parakeratosis. Regen-
eration of a hair is beginning at the base of the follicle by a renewed
differentiation of matrix cells (in close apposition to the connective
tissue papilla) and of the internal root sheath. Compare with later

stage (Fig. 137). X 115. (Photo File # HM 208, (K); A.M.M. Acces-

~sion 158930-33.)
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b, 186, Entwickiung cines Kolbenhaares: a unmitfelbar nach der Trennung, b langerl mthclstmng, ¢ d e Regeneration desselben

mcn, dunkel dargestellt, die Zylinderzellenschicht), bei e \o]leuduug der Regeneration und Absetzung gegen das Ko\benlagcr,

f erste Haaranlage, g fertiges Junges I{aal (Aus ALBURLIA )

Fig. 178--(8). DNormal cycle of loss and replacement of a hair. At a an
external root and an internal root sheath are still differentiated. At

b the latter is no longer visible, and the former has become shrunken.
There is thickening both of the glassy and external cellular basement
membranse. At ¢, d, and e there are successive stages of that process and
the o0ld halr is being extruded. At f, the internal root sheath is being
differentiated aneﬁ; and at g, the new hair is pushing outward in the old

follicle. (From Pinkus F. Die Normale Anatomie der Haut. Der Haarwechael.

In: -Jadassohn, J. Handbuch der Haut und Geschlechtskrankheitemn. I/1,
Berlin, Sprlnger, 1927.) (Photo File # EM 307 ) : -
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Fig. 1--(Appendix. 1 Section 8). Autopsy Key # 224 (Nagasaki).' Matsuo.
Age 19. Male. 1000 meters. Died 16 November 1945, 97th day. Blood Film.
Cells of momocytic type. X 1100. (Photo File # NM 163; A.M.M. Accession

# 158930-22k.) o ' :
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Fig. 1A--(Appendix 1 (8) ). Copy of Japanese photograph of blood smear
.of: 14 November 1945, showing phagocytosis of carbon by the atypical mono-

nuclea.r cells. (Photo File # WM 158 )
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Fig. 2--(Appendix 1, Section 8). - Autopsy Key # 224 (Naggéaki). Matsuo.

Age 19, Male. 1000 meters.

Died 16 November 1945, 97th day. Bone

marrow (probably from long bone). Large mononuclear cells forming thick

gsepta among the fat cells.

. # 158930-22k.)

‘X 400. (Photo File # NM 164; A.M.M. Accession

FRA
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. Fig. 3--(Appendix 1, Section 8).  Autopsy Key # 224 (Nagasaki). Matsuo.
i ‘ "Age 19.. Male. 1000 meters. Died 1€ November 1945, 97th day. Striated
. muscle. Atypical large mononuclear cells infiltrating among the fibers.

_ Phosphotungstic acid - hematoxylin stain. X 500. (Photo File # MM 161;
A.M.M. Accession # 158930-22k.) ,
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Fig. 4--(Appendix 1, Section 8). Autopsy Key # 224 (Nagesaki). Matsuo.
Age 19. Male. 1000 meters. Died 16 November 1945, 9Tth day. Liver.
Pericentrel infiltration of large mononuclear elements. Atrophy of

central ends of hepatic cell cords.
Accession # 158930-224.)

X 120. (Photo File # NM 162; A,M.M.
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Fig. 1--(Appendix 2, Section 8). Autopsy Key # 4. Araki. |Age 22. Male.
1000 meters. Died 8 September 1945, (33 days). Lens: posterior cortical.
cataract. X T5. (Photo File # EM 347; AM.M. Accession 158930-108.)

‘Fig. 2--(Appendix 2, Section 8). Unidentified case. ILens: poéterior
cortical cataract. X 75. (Photo File # EM 348.)

Fig. 3--(Appendix 2, Section 8). Unidentified case. Lens: anterior and '

equatorial cortical cataract. X T5. (Photo File # HM 349.)
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Fig. b--(Appendix 2, Section 8). Autopsy Key # 28. Kawaura. Age 23.
Male. 1000 meters. Died 1 September 1945 (26!days). Bulbar conjunctiva.
Hemorrhage (x) and mononuclear cell infiltration. X 75. (Photo File
# EM 350; A.M.M. Accession 158930-42.) |
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Fig. 5--(Appendix 2,vSection 8). Unidentified case. Retina. Preretinal
hemorrhage. X 200. (Photo File # HM 351.)

Fig. 6--(Appendix 2, Section 8). Autopsy Key # 28. Kawaura. Age 23. Male..
1000 meters. Died 1 September 1945 (26 days). Retina. Area of swollen
nerve fibers, X 160. (Photo File # HM 352, A.M.M. Accession 158930-42.)
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Fig. T--(Appendix 2, Section 8). Autopsy Key # 39. Takeuchi. Age 29,
Male. 1000 meters. Died 4 September 1945 (29 days). Choroid. Mononuclear
cell infiltration. No leucocytes in artery. X 2b0. (Photo File # HM 353;
A.M.M. Accession 158930-103.)

Fig. 8--(Appendix 2, Section 8). Autopsy Key #'43. Horincuchi. Age 33.
Male. (1000 meters.) Died 7 September 1945 (32 days). Choroid. Large mono-

. nuclear cells and a few lymphocytes in stroma. X 750. (Photo File # mM 35k;

A M.M. Accession 158930-107.)
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Fig. 9--(Appendix 2, Section 8). Autopsy Key # 29, Murakemi. Age

variously stated as 22 or 2k, Male. 1000 meters. Died 1 September 1945
(26 days). Choroid. Russell hodies, plasma cells and large mononuclear
cells in stroma. X 600. (Photo File # HM 355; A.M.M. Accession 158930-

93.)

Fig. 10--(Appendix 2, Section 8). Autopsy Key # 31. Ueda. Age L5.

Mele. 1000 meters. Died 2 September 1945 (27 days). Choroid. Mononuclear
cells in large vein. X L435. (Photo File # HM 356; A.M.M. Accession
158930-95.) ’ S o o
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Fig. 11--(Appendix 2, Section 8).  Autopsy Key #39. Takeuchi. Age 29.

Male. 1000 meters. Died 4 September 1945 (29 days). Choroid. Bacilli in
capillary of chariocapillaris. X 1600. (Photo File # HM 357; A.M.M.

Accession 158930-103.)
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	Observations
	(Gross)
	(Microscopic )

	Epicardial Hemorrhagesx-
	Endocardial Hemorrhageste
	Fluid Blood in Chambers-%
	Perivascular Edema
	Myocardium
	Focal Necrosis of &ocardium
	Infiltration of Myocardium
	Thrombus in venule
	Infiltration of endocardium
	-5 Chronic Verrucous Endocarditis
	Observations
	Sp e cimens Avail able
	emphysema
	tissue only
	Edema fluid of alveoli
	lla
	Focal aplastic pneumonia
	with polymorphonuclears
	Fibrinous pleurisy
	Fibrinopurulent pleurisy
	Hemorrhage in pleural cavity
	Serous effusion
	Ascaris in pleura
	Fibrous pleural adhesions
	-Healed tuberculous foci
	Organizing tuberculous pl
	Tuberculosis of hilar lymph nodes
	Focal atelectatis and emphysema
	Mu1 tiple hemorrhages
	Focal aplastic pneumonia
	h2
	Same (with organization)
	Fibrocaseous pulmonary tuberculo-
	c3
	Fibrinous pleurisy
	Fibrinopurulent pleurisy
	Fibrous pleural adhesions
	Healed tuberculous foci
	Interstitial pulmonary fibrosis
	Tuberculosis of tracheobronchial
	Hydro thorax
	Giant nuclei in pericentral hepa-1
	(with necrosis)

	Edema of pericentral connective
	(periportal)
	(midzonal)
	(pericentral)
	(diffuse )

	Focal necrosis
	Calculi in gallbladder
	Chronic cholecystitis
	(Ascaris in bile duct)
	(chronic cholangitis)

	Tuberculosis





